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I. FOREWORD 

Once again it is a pleasure to express on behalf of all who 

profit from reading the Maize Gen~tics Cooperation News Letter our 

appreciation of the dedicated labors of Miss Ellen Dempsey in publishing 

these annual reports. She and she alone has been responsible for carry

ing out all of the editorial and supervisory details entailed in the 

assemblage of informal reports from maize geneticists throughout the 

world. Here is a demanding task which is done exceedingly well~ 

The cost of publishing the 1972 News Letter has been met from a 

grant by the National Science Foundation to the Maize Genetics Stock 

Center at the University of Illinois. Without this financial assistance, 

there would be no News Letter and it is with heartfelt thanks that we 

acknowledge the help of the National Science Foundationo 

M. M. Rhoades 



2 

II. Announcements 

1. Maize Virus Information Service 

The Library of the Ohio Agricultural Research and Development 

Center (Wooster, Ohio) in cooperation with the Center 1 s maize virus 

research staff is developing a "Maize Virus Information Service" (MAVIS) 

which will cover information on maize viruses and corn stunt. The pur

pose of this service is to accumulate all available information on these 

subjects and to have it readily available to interested persons~ Along 

this line the Library is now accumulating copies of all papers, abstracts 

and theses on these subjects. Furthermore, the Library is planning to 

produce a yearly computer listing of all publications in these areas~ 

Retrieval of information from the computer listing will be mainly by 

author and subject matter (keyword)e Photocopies of articles and of the 

computer listing will be sent to interested persons upon request at 

regular library rates. 

2. Method for producing cytoplasmic male sterility patented. 

Our attention has been called to U.S. Patent 3,594,152 issued in 

July, 1971 to D. F. Petrov, E. S. Fokina and N. B. Zheleznova of 

Novosibirsk, USSR. The patent describes a method for producing cyto

plasmic male sterility in maize by treatment of sprouted seeds with 

various concentrations of streptomycin. A brief announcement concern

ing the patent was made to the participants of the annual corn meetings 

at Allerton Park by Dr. Robert I. Brawn. 

3. Microfilm 

Volumes 1-29 and Volume 33 of this News Letter have been placed 

on microfilm. The price of the microfilm has recently been increased to 

$9.50. Copies may be obtained from this laboratorye Checks should be 

made out to M. M. Rhoadese 



IIIm REPORTS FROM COOPERATORS 

AGRICULTURAL RF.SEARCH INSTITUTE 
Hungarian Academy of Sciences 

Martonvasar 9 Hungary 

1. Heterosis of the ield com onents in sister-line h brids of lines 
related to B 1. 
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We studied the heterosis of the yield components of lines related 

to B 14 and their sister-line crosses~ The rate of heterosis was ex

pressed by ''heterosis index," which is the ratio of the yield component 

in a sister line hybrid to the average yield components of both parents. 

A sample of 15-20 ears per entry was collected and those were evaluated 

individually. 

The inbred lines related to B 14 studied were American A 632, · 

A 635, A 636, donors: Mt 42 and Nd 203, France F 522 9 F 542, F'546 9 

donors: le 201, F 47 and 11 Hungarian lines including H Mv 1327 9 H Mv 

1329 and others 9 in which the donor was: 01 early dent Hungarian line. 

Yield components and yielding ability of these inbred lines as well as 

the recurrent parent and the donor are summarized in Table 1. Beside the 

yielding ability of B 14 relatives 9 it is remarkable that they are 11-20 

days earlier than the original B 14. 

Table 2 contains the heterosis index values of the diallel sister

line hybrids of A 632, A 635 and A 636 and the same 14-14 sister-line 

hybrids, produced by two tester lines: A 632 and A 636. From Table 2 

it can be seen that the heterosis index values of 28 sister-line hybrids 

practically are the same or are better than the corresponding mean values 

of the diallel group 9 respectively. These data indicate that the parent 

lines of the 28 sister-lines and the diallel group are genetically close 

to each othere At the same time it can be stated that the sister line 

hybrid produced on A 632 and A 636 tester lines gave a 21~2% higher 

yield and was three days earlier(4o8%) than the hybrids of the diallel 

group. 

.. 



Table 1. Yield components, yielding ability and earliness of inbred lines related to B 14 ~ 

Ear Number Number Kernel Thousand Shelling Yield Days to 
of grain Lines length of length per- per mid-tas-kernels weight plant cm rows mm centage seling per row g g 

A 632 14 .. 9 15 .. 4 22.8 7.3 263.9 80.9 73.5 86 
A 635 12 .. 1 13.2 17 .. 0 6.o 226 .. 1 80,.1 43 .. 4 86 
A 636 14.8 13.2 22.0 4.o 256.9 76 .. 4 69 .. 1 87 
F 522 18.8 18 .. 2 33.4 5.5 229 .. 6 82.5 127.5 82 
F 542 18.4 12 .. 3 22 .. 5 4 .. 5 304.,9 77.3 78.7 87 
F 546 16.7 13.0 23.3 4.o 298 .. 8 71.8 59.4 83 
H Mv 1327 14.7 14.3 29.7 7.8 264.3 87.5 96.9 81 
H Mv 1327-2 14.3 15.1 29.8 7.0 221.6 86.3 87.6 81 
H Mv 1329 13.8 15.8 26.3 6.5 212.7 87.1 75.9 80 
H Mv 1329-4 11.6 12.7 24.8 7.6 218.6 89.3 62.9 78 
H Mv 1331 15.0 15.8 25.6 8.o 230.0 81 .. 0 71 .. 7 78 
H Mv 1331-1 14.2 14.6 25.0 6.o 189.,7 85.5 73.4 78 
H Mv 1331-2 12.4 18.0 24.4 7.0 177.8 84 .. 6 73.1 72 
H Mv 133l-3 14.o 16.3 30.9 7.5 159.5 83.2 69.5 74 
H Mv 1331-4 14.5 15.1 19.3 5.5 210 .. 2 81 .. 4 65.1 74 
H Mv 1331-5 14.8 17.6 28.3 6.o 222.6 83.4 94.7 73 
H Mv 1331-6 15.7 17.0 31.8 6.o 197.8 82 .. 2 70.5 73 
B 14 15.9 14.8 23.4 7.1 234.6 70.8 76 .. 1 92 
01 14.2 14.7 22.4 7.2 217.9 88 .. 3 49 .. 0 75 

Mean 14.7 15.1 25.7 6.2 228.5 82.4 76.0 79.5 



Table 2 .. Yield components, yielding ability and earliness of the sister-line hybrids 

produced from lines related to B 14 

Ear Number Number Kernel Thousand Shelling Yield Days to of grain 
Sister=line hybrids length of length per- per mid-tas= kernels weight plant cm rows mm centage seling per row g g 

A 632 x A 636 16 .. 8 14 .. 5 30o4 5 .. 8 268.,2 8lo0 112 .. 4 81.0 
Heterosis index value 113 .. 1 10104 135.,7 102 .. 1 103 .. 0 103 .. 0 157.,6 93.,6 

A 632 x A 635 18 .. '+ 15.,9 33 .. 6 6.5 258.,2 84.,4 13lo5 81.,0 
Heterosis index value 136.,3 111..2 168 .. 8 97,.7 105 .. 4 104 .. 8 22500 94.,2 

A 635 x A 636 16.,8 13 .. 8 28 .. 2 5 .. 5 273.,6 8lo5 95 .. 4 81.,0 
Heterosis index value 124.,9 104.,5 144<>6 110.0 113()3 104 .. 2 169.,6 93.,6 

Mean 17o3 l4o7 30.,7 5.,9 266 .. 6 82.,3 113 .. 1 81.,0 
124 .. 8 105 .. 7 149.,7 103 .. 2 107 .. 2 104 .. o 18400 93.,8 

A 632 x B 14 rela-
tives (14) 18 .. 4 16 .. 4 34.,6 8.,o 275 .. 8 85.,4 147.,3 79 .. 0 

Heterosis index value 123.,9 106 .. 1 140.,4 118 .. 2 120 .. 4 104 .. 1 19405 96.,3 

A 636 x B 14 rela= 
tives (14) 17o0 1600 3306 6.,2 263.,3 83.,0 127 .. 0 77o0 

Heterosis index value 118.,5 112.,3 138.,4 120.,6 109.,6 10300 17209 94ol 

Mean 17 .. 7 16o2 34 .. 1 7 .. 1 26905 84 .. 2 137.,1 7800 
121 .. 2 109.,2 139.,4 119 .. 4 115 .. 0 10306 183.,7 95 .. 2 

Ratio of the yield 
components in the per-
centage of the diallel 
group 10203 11002 111 .. 1 120.,3 101 .. 1 102 .. 3 121 .. 2 96 .. 2 

\JI 
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With the presented A 632 1 and A 636 9 sister-line crosses, the 

following correlations were ascertained between the same yield component 

of B 14 relative line and its hybrid: 

N b 1 r = 0 .. 9164
+++ 

um er of kerne a per rowg 

Kernel lengthg r = 006427+++ 

Sh 11 . t 0-6550+++ e ing percen agei r = _ 

Thousand grain weight: r = 0.6539+++ 

Ear lengthi r = 0.5461++ 

Dry grain yield: NS9 but significant at 10 per cent level 

Row number: 

+++ = 
++ 

= 
+ = 

NS 

Significant at 0.,1 per cent level 

Significant at 1 per cent level 

Significant at 5 per cent level 

BOSTON COLLEGE 
Chestnut Hill, Massachusetts 

Department of Biology 

1. Synaptonemal complex in teosinte. 

A study on the chromosome fine structure of maize and teosinte 

was continued last year. Anthers of diploid Michrona teosinte (Mexico) 

were fixed in glutaraldehyde and post fixed with osmium tetroxide. Then 

they were dehydrated by following alcohol series and embedded in Epone 

The sections were generally 1000 A0 in thickness. Stainings were made 

with both uranyl acetate (0.5%) and Reynolds lead citrate. The deter

mination of division stages of the anthers for electron microscopy was 

made by following the standard aceto-carmine squash techniques by which 

one of the three anthers in each floret was fixed in aceto-alcohol 

fixative. 

Particular attention was paid to the fine structure of pachytene 

chromosomes. At this stage, the synaptonemal complex was consistently 

observed. Three elements of this complex, two lateral elements and a 

central elementg were clearly showne The lateral elements measured about 
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300 A0
9 while the central measured 430 A0 e The two clear zones flank~ 

ing the central element were approximately 4oo A0 crosswiseo There= 

fore 9 in frontal view 9 the diameter of the complex was about 1830 A0 o 

In the cross~sections of the complex 9 these elements were also dis= 

cernibleo 

With some of the clear electron micrographs it was possible t o 

identify two fibrils 9 100 A0 across 9 within t he central elemen t of the 

complex. These fibrils were parallel with the central elemen t o However0 

the transverse fibrils reported in several organisms were not revealed 

in my micrographse 

In addition, cytoplasmic invaginations in t o the nucleus were fre= 

quently observed~ With the same pro cedures, these invaginations were 

never found in either haploid or diploid maizeo Whether t his is due t o 

genetical control is unclearo 

UNIVERSITY OF CANTHO 
Cantho 9 South Viet-Nam 
Faculty of Agri culture 

Yo Co Ting 

lo Iden t ification of the genotype of cu1ti var I onia as t o t he Rf geneso 

Drm Jm R~ Edwardson 9 University of Florida 9 has kindly provided 

the senior author with a seed sample of the cultivars Moldavian (cyto= 

plasmic male sterile) and Ionia (the maintainer) 9 which he had obtained 

from the Soviet Uniona He has identified the cytoplasm of the former to 

be S-typeg although it is called M~type in the Soviet Union (Edwardson 9 

personal communication)o At the same time 9 he identified the genotype 

of both lines as rf# 39 but he has not examined them for Rf1 and Rf2o 

To identify the genotype of these materials 9 Ionia was crossed as 

the male to Minn A158T and R273N* female parentso The genotypes of both 

lines had been identified as follows & 

*These genetic lines have been provided by Drw D© Nw Duvick 9 

Pioneer HiBred Corn Coo~ for which we are gratefulo 
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Minn Al_58T 

R273N 

(T) rf 1r :r1Rf2Rf 2r r
3

rf
3 

(N) Rf 1Rf:l:rf 2rf 2 

Fifty F1 kernels each of the crosses Minn Al_58T x Ionia and 

R273N x Ionia were planted on the experimental field of the Faculty of 

Agriculture, University of Cantho. Of these, 42 and 48 germinated, 

respectively 9 and were grown during the dry season of 1971G Anthers 

were examined for male fertility or sterility in 42 and 46 individuals, 

respectively .. 

All of the anthers of the F1 hybrids involving Minn 158T were 

small in size, slender in shape, brownish in color, and empty; that is, 

practically no pollen grains were observed. On the contrary, all of the 

F1 hybrids involving R273 had normal anthers with fertile pollen grains~ 

From the above observation it can be concluded that the genotype 

of Ionia is rf 1rf:l:rf
3

rr
3

• It was not possible, however, to identify the 

genotype for Rf2 from the present experiment. 

CORNELL UNIVERSITY 
Ithaca, New York 

and 
FAIRCHILD TROPICAL GARDEN 

Miami, Florida 

Yasuo Ohta 
Phan van Chuong 

1. Retention of Euchlaena as a genus separate from Zea. 

During the 3 decades since Reeves and Mangelsdorf cited cyto

genetic evidence in support of the transfer of the genus Euchlaena to 

the genus Zea, as originally proposed by Kuntze in 1904 and subsequently 

ignored by Hitchcock and other grass taxonomists, much additional 

botanical and archeological information has become available that does, 

in my opinion, fully justify the retention of Euchlaena as an autonomous 

genus·.. Reeves and Mangelsdorf conceded that Zea and Euchlaena are mor

phologically distinct, but argued that their cross-fertility, the 

similarity of their chromosomes and linkage relations, and the observed 
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prevalence of natural hybrids in certain areas of sympatric association 

with indigenous races of Mexican and Guatemalan maize 9 justified a con

generic statuso Retention of Tri psac um as a separate genus was recom

mended by Reeves and Mangelsdorf although admitting that it was very 

similar to Euchlaena with respect to various morphological ~haracteris

ticse They had also produced maize-tripsacum hybrids and obtained 

fertile progeny from backcrosses to maize 9 as others have done in con

ducting cytogenetic studies of their homeologous chromosomeso 

The occurrence of fertile teosinte-maize hybrids would be a more 

convincing argument in favor of the congeneric status of Zea and 

Euchlaena if it were not obvious from field observations of populations 

where sympatric associations are prevalent that teosinte has retained al l 

of the more important morphological characteris t ics - by which its generi~ 

status was first recognized by Hooker 9 the famous English taxonomist 9 

nearly 100 years agoo 

In evaluating the taxonomic status of Euchl aena 9 Tri psa cum and 

Zea, very thoroughly reviewed by Wilkes in 19679 it is noteworthy that 

they were first classified as members of the tribe Maydeae by Hackel in 

1890, and less closely related genera such as Manisuris and Elionurus 

were placed by him in the Andropogoneaeo Members of this latter tribe 

have perfect flowers and differ chiefly in this respect f ro m the Ma.ydeae 

which have staminate and pistillate flowers arranged either in different 

positions in the plan t 9 or in different parts of the same inflorescence-

the former occurring in Zea and Euchl ae na and the latter in Tri ps acu mQ 

Subsequent retention of Hackel 0 s treatment by Bentham and Hooker 9 

Hitchcock 9 and other grass taxonomists has conti nued to meet with the 

approval of horticulturists, agronomists and plant breeders who are 9 like 

many other plantsmen, dependent on readily recognizable morphological 

differences to identify plants they are working with in the field and 

garden--as well as in the herbariumQ 

It is well known that teosinte and maize have the same number of 

0chromosomes and the same frequencies of genetic crossing-over that have 

been testede Howe\7er9 the significant differences in reported frequencies 

of occurrence of intercalary and terminal chromosome knobs 9 especially 
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in Guatemalan races of teosinte and maize, suggest that the homology of 

their chromosomes is not as intimate as generally assumed; or 9 perhaps 

in areas where teosinte-maize hybrids are most prevalent 9 as in neglected 

corn fields near Chalco 9 Mexico, such differences in chromosome mor

phology do not exist~ 

Emphasis on chromosome homologies in evolutionary studies of 
' natural relationships is well deserved, but many obvious limitations to 

their usefulness that have been experienced by taxonomists concerned 

primarily with the naming of plants is coming to be more generally recog

nizedo Now it is becoming increasingly apparent that archeology and 

anthropology also are making important contributions to existing knowl

edge of the evolutionary history of maize and teosinte. 

Very recent archeological discoveries in the Valley of Mexico 9 

which I have been privileged to discuss with Dr .. Peter Lorenzo, director 

of the Department of Prehistory in Mexico City 9 have revealed the exist

ence at Tlapacaya near Chalco of well preserved teosinte kernels of an 

age contemporary with that of the oldest Tehuacan cobs, established as 

approximately 79 000 B.P. Also, in the Oaxaca area of southwestern 

Mexico kernels of teosinte, much like those of triangular shape char

acteristic of existing populations in the neighboring state of Guerrero 9 

have been discovered recently by Dr. Kent Flannery, professor of anthro

pology at University of Michigan who, in personal conversations a few 

months ago 9 estimated their age as dating from about 1500 A.D. Thus 9 it 

appears from these discoveries and other less relevant archeological 

evidence that teosinte has retained for at least 79 000 years its unique 

and highly efficient method of seed production and dispersal 9 comprising 

caryopsis and seed case structures wholly different from the caryopsis 

and cob morphology evolved under domestication by the races of maize 

with which it was closely associated for prolonged periods of time. 

The possibility, suggested by Reeves and Mangelsdorf, that 

several of the characteristics of survival value possessed by teosinte 

and not by maize probably would be the first to be selected against if 

the domestication of teosinte were undertaken,appears at the present 

time to be of relatively little significance in relation to questions 
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concerning the taxonomic status of Euchlaena as congeneric with~; now 

it seems more relevant as having been a portent of the current interest 

among maizologists in exploring more thoroughly than in the past the 

possibility that teosinte was lli progenitor of domesticated maizea 

In the accompanying table are listed contrasting morphological 

and ecological characteristics of major significance in differentiating 

modern maize and teosinte 9 and in this same table there is also a 

separate listing of similarly contrasting traits of archeological maize 

and teosinte that have been identified in the well prese rv ed oldest 

Tehuacan maize cobs 9 possibly in early stages of domestication and 

dating from about 79 000 BoPoi and in the equally well prese rv ed seed 

cases and enclosed kernels of teosinte of contemporary age from Tlapacaya 

in the Valley of Mexicoo Of the 14 traits distinguishing modern maize 

and teosinte 9 seven (noso 1 to 49 69 7 and 10) similarly distinguish 

existing races of Mexican maize and all known species of tripsacumo In 

addition several species of tripsacum have culms as slender or more 

slender than those of teosinte 9 equally strong responses to photoperiod 9 

climatic and edaphic tolerances 9 and even more restricted distributions 

in Mesoamericao But these many similarities of teosinte and tripsacum 

were not considered by Reeves and Mangelsdorf to be ampl e justification 

for treating both Euchlaena and Tr i psa cum as congeneric with Z!!, ~ per= 

haps because the Tri psa cum karyotype is more dissimilar to that of Zea 

than is the Euchla ena karyotype and Tripsacum=maize hybrids are less 

fertile than those -0f teosinte and maizea 

From comparisons of the above mentioned differences separating 

Zea~ Euchlaena and Tr ip sa cum with those appearing in descriptions of 

related genera of the Andr opogoneaeg there is ample justification for 

the retention of Euchlaena as a separate genuso The partial similarity 

of maize and teosirite chromosomesg exclusive of their knob morphologyg 

their similar linkage relations and the fertility of their hybrids 

should not be considered of primary significance in evaluating the 

taxonomic status of Zea and EuchlaenaQ It is now cle arl y apparent from 

field studies of teosinte populationsg including those in which intimate 

sympatric associations with maize have produced apparently significant 



Table 1. Characteristics of Taxonomic Significance Diff~rentiating Zea and Euchlaena 

Maize Teosinte 

Comparisons of modern maize and teosinte applicable to their representative 
exis ting races and cultivars 

lo Paired pistillate spikelets lo 
2a Pedicellate pistillate spikelets 2e 
3. Outer glume of pistillate spikelet membranous 3. 
4. Rachis (cob) intact at maturity and non- 4. 

corneous 5. 
5. Cobs borne singly at one or few nodes 
60 Cobs of large size bearing many kernels 6. 
7o Large kernels adhering to surface of mature 7. 

cob at maturity 
8. Mature ears enclosed by numerous husks 8. 
9. Culm diameter and leaf width exceeding 

those of teosinte 9. 
10. Culms unbranched at upper nodes 
11. Terminal staminate inflorescence has 10. 

central spike llo 
12e Weak response to photoperiod 
13. Broad climatic and edaphic tolerances 12. 
14. Worldwide distribution in temperate and 13. 

tropical climates 14. 

Unpaired pistillate spikelets 
Sessile pistillate spikelets 
Outer glume of pistillate spikelet corneous 
Rachis disarticulating at maturity 
Bundles of cobs ordinarily produced at many 
nodes 
Cobs of miniature size bearing few kernels 
Small kernels within seed case shattering at 
maturity 
Mature ears rarely fully enclosed by single 
husk at maturity 
Culms more slender and leaves narrower than 
in maize 
Culms often branched at upper nodes 
Terminal staminate inflorescence typically 
has no central spike 
Strong response to photoperiod 
Narrow climatic and edaphic tolerances 
Limited distribution in Mesoamerica 

I-' 
I\) 



Table 1 (Continued) 

Maize Teosinte 

Compar i sons of arc heol ogi cal maize and teosinte incl udin g oldest Tehuacan maize cobs and 
conte mpor ary Tlapa caya teosinte k ernels of the Valley of Mexico dated from abou t 79000 BoPo 

lo Paired pistillate spikelets le 
2Q Pedicellate pistillate spikelets 2o 
3a Outer glume of pistillate spikelet membranous 3a 
4o Kernels not completely enclosed by glumes of 4o 

pistillate spikelet at maturity 
5G Cobs not disarticulating at maturity 5o 
60 Cobs at maturity of chiefly noncorneous 60 

tissue 7o 
7o Glumes of pistillate spikelet chaffy and 

nonfunctional at maturity 80 
80 Effective method of seed dispersal lacking 

Unpaired pistillate spikelets 
Sessile pistillate spikelets 
Outer glume of pistillate spikelet corneous 
Kernels completely enclosed by outer glume 
of pistillate spikelet at maturity 
Cob disarticulating at maturity 
Cobs at maturity corneous 
Kernels at maturity enclosed within seed 
case by outer glume 
Shattering of seed cases at maturity pro= 
vides effective method of seed dispersal 

I-' 
\,J 
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numbers of fertile hybrids and backcrosses to one or both parents, that 

teosinte has retained its status as a good species having most~ if not 

all 9 of the identifying characteristics listed in the table as 

differentiating modern races of maize and teosintea This retention of 

its identity in recent years is now known from reliable archeological 

evidence to have extended into the remote past when the domestication 

of maize ~as being initiatedo It is equally apparent from comparisons 

of the oldest Tehuacan cobs with those of modern maize that there is an 

equivalent similarity between archeological and modern maize with 

respect to the 8 characteristics listed in Part II of the tables The 

possible significance of such apparent genetic stability over prolonged 

periods of time in related species 9 of which one is cultivated and the 

other not 9 is of current interest in relation to unsolved problems con= 

cerning the origin of maize that are amenable to experimental verifica= 

tion and will be discussed in more detail latere 

Participation in a teosinte mutation hunt in November9 1971 at 

the invitation of Dr~ George Beadle, president of the Chicago Horti

cultural Society, provided a favorable opportunity to examine closely 

large populations of teosinte growing in intimate sympatric association 

with indigenous races of maize in southwestern Mexicos Near Mazatlan in 

the state of Guerrero 9 between 20 and 30 km south of Chilpancingo 9 there 

are large populations of teosinte adjoining corn fields and in neighbor

ing areas not being actively utilized for farming purposeso The group 

of participants with which I was associated examined large numbers of 

plants at four separately located sites in this area where teosinte 

was most abundanto Large populations at three additional sites on canyon 

slopes where altitudes ranged from llOO to 1350 meters approximately 

37, 45 and 69 km southwest of Valle de Bravo in the state of Mexico also 

were inspected for maize-like mutants and naturally occurring hybrids 

of maize and teosintea At two of the Mazatlan sites Tripsacum 

dactyloides was growing together with teosinte at the edge of a corn

field, where earlier in the season it had been noted that all three were 

silking and shedding pollen at the same timee But a diligent search in 

the surrounding area within range of their windblown pollen for hybrids 
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either of tripsacum and maize 9 tripsacum and teosinte 9,, or teosinte and 

maize resulted in the detection only of 6 teosinte-maize hybridso 

The following pr ocedure was found to be effective in examining 

individual plants for mutants (including se~tors as well as whole=plant 

mutants) and hybrids not readily identifiable ex~ept from cob and kernel 

characteristics=-especially those resulting from first and second ba~k~ 

crosses to teosinteo When first ent ering a site of maximum pl ant density 

within a teosinte population usually near one or more corn fields 9 where 

densities of 20 to 30 teosinte plan t s per cm2 were not unusual 9 an over

all inspection of nearby plants was made to detect exceptional phenotypes-

especially F1 teosinte-maize hybrids which often could be spotted in 

this JIJannero A more careful inspection was then made of indiv i dual teo= 

sinte and off-type corn pl antso This included the examination among 

teosinte plants of the clusters of distichous spikes (ears) 9 preferably 

from at least two successive midculm nodes to minimize the possibility 

of overlooking sectorial mutants involving not more than one or a few 

ears 9 such mutant sectors having been identified previously in tripsacum~ 

The number of plants examined individually in this manner was recorded 

by placing a seed from each plant in a "Beadle bottle" supplied by the 

ingenious organizer of the expeditiono The kinds of mutant s of special 

interest 9 which would make teosinte a more acceptable food plant in= 

cludedg intact nonshattering cobs 9 cobs of softer noncorneous tissue 9 

paired pistillate spikelets~ spikelets with noncorneous outer glumesg 

pedicellate rather than sessile spikelets~ and increased caryopsis size 

and/or number per individual earo Since the oldest Tehuacan maize had 

most of these characteristics it must have been a more attractive food 

plant than teosinte even at that early stage of its domestication 9 and 

its spontaneous hybrids with teosinte would have had appreciably more 

food value than either parent if they were at all like the F1 hybrids seen 

during the mutation hunto 

Dur ing 5¼ days in the field at Mazatlan and in the Valle de Bravo 

area 9 approximately 4500 plants were examined individually for mutant 

and hybrid characteristicso During 11/2 days at Mazatlan Site IVg my 

tally count was 1568 but somewhat lower numbers were examined daily at 

,, 
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less accessible sites elsewhere in these areas. A total of 8 teosinte

maize hybrids were identified at 3 of the 4 sites in the Mazatlan area 9 

but none was discovered in an equally thorough inspection of 3 sites 

at Valle de Bravo~ Two of these 8 hybrids were classed as F1 °s 9 one as 

resulting from a first or second backcross to maizej and 5 as being 

from first or second backcrosses to teosintea These classifications 

were made with the assistance of Dr. Walton Galinat 9 who has been 

especially interested in the comparative morphology of teosinte 9 maize 

and tripsacumo The 8 plants classed as hybrids, with one exception 9 

exhibited 2 or more of the parental characteristics of cobs 9 kernels 

and spikelets differentiating maize and teosinte; in addition there 

were intermediate expressions of cob and outer glume induration, husk 

development 9 culm diameter and leaf widtho The exceptional plant 

appeared to differ from normal teosinte plants only with respect to 

such an extreme modification of the seed case in which the caryopis 

ordinarily is enclosed that more than a single gene difference was 

suspected of being involved; for this reason it was tentatively classed 

as a hybrid rather than as a mutant. 

It was not possible definitely to identify, in the teosinte 

populations, progenies from successive backcrosses to teosinte beyond 

the first and second generations, although it was obvious from the 

fertility of the backcrossed plants previously identified in these 

populations that such backcrossing might be taking place. However 9 

none of the various maize characteristics readily identifiable in the 

F1 maize-teosinte hybrids and backcrosses to teosinte was detected among 

the many otherwise typical teosinte plants of these same populationso 

Perhaps the negative survival value of such apparently nonrecoverable 

characteristics explained their absence in these wild populations 

actively competing with other rank-growing tropical plants, farm animals 

and a climate in which the morphologically less well protected seeds of 

these hybrids may fail to survive from one growing season to the next~ 

There was 9 however, in all of the populations inspected during the muta

tion hunt ample evidence of residual heterozygosity for traits such as 

extreme amounts of tassel branching and tillering, secondary branching 



at upper nodes, many conspicuous variations in seed case color and 

differences in seed case size and shape ranging from triangular to 

trapezoidale Very few, if any, of these variants plausibly could be 

attributed to introgression from the nontillering maize with sparsely 

branched tassels being grown in nearby fields 9 or to environmental 

effects~ 
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Although the search for variants definitely identifiable as whole= 

plant mutants was unsuccessful 9 interesting sectorial mutants were found 

with no more than one or a few ears of individual axillary bundles being 

involved. Among these were ears with intact rachis and delayed shatter~ 

ing of seed cases, extremes of seed case condensation and multiplication 9 

and ·one noteworthy occurrence of reduced seed case developmen t 9 partly 

exposed kernels and more pronounced glume development like that of the 

ancient indigenous race of Chapalote popcorn described by Wellhausen 

et ale as being of very limited distribution in northwestern Mexicoo 

As possible examples of weak penetrance at least some of these variants 

may prove to be heritable and 9 as more prominently developed phenotypesg 

serve as encouraging indicators of the mutability of these and other 

loci that might have made teosinte a more attrac t ive food plant in pre

historic timese 

Unfortunately 9 there are conflicting reports concerning t he mode 

of inheritance of the various characteristics differentiating modern 

and archeological maize and teosinteo From currently available data 

including his owni Dr0 Galinat told me re cent ly that at least t wo genes 

probably are involved in the expression of the first 4 and possibly 

other characteristics listed in the accompanying table as appl ic able to 

modern maize& Only for alleles at the tunicate locus 9 described by 

Mangelsdorf et ale as having pleiotropic effects on rachis 9 seed case 

and cupule development, is there convincing evidence of monogenic in= 

heritance. With respect to dominance, our inspection of several F1 
teosinte-maize hybrids during the mutation hunt showed that the 1st and 

4th characteristics listed in the table as appli cable t o modern maize 

are inherited as dorninants 9 the 2nd 9 5th 9 6th and 10th as recessives 

and the other 4 of the first 10 as intermediate e~pressions of differences 
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between maize and teosinte. Thus, it appears that mutations in both 

directions--from recessive to dominant as well as from dominant to 

recessive states--and at more than 4 loci 9 would be required to trans

form teosinte into a primitive maize-like plant with respect only to the 

first 4 of these items. Also 9 the mutation frequencies observed by 

L. J. Stadler for dominant to recessive endosperm characters, ranging 

from about 1:150,000 to 1:2 1 000,000 or more, might be much less frequent 

for the loci under consideration since at some of these loci reverse 

mutations from recessive to dominant would be required and all would in= 

volve reproductive structures which have been shown by the archeological 

record of the past 7,000 years not to have changed significantly during 

that timeo However, after having accumulated the required mutations it 

could be assumed that teosinte would have a bright future as an important 

food plant .. 

CORNNUTS'l INCORPORATED 
Salinas, California 

Plant Breeding Department 

1. Non-liguleless liguleless-1. 

L., F., Randolph 

A narrow-based Cuzco flour corn synthetic was found to be segre= 

gating for upright leaves as a discrete phenotypic class~ Plants having 

the extreme upright leaves were sib pollinated and outcrossed to 26 

standard inbred lines~ The sibbed progeny was uniformly extreme upright= 

leaved, and have bred true for this phenotype in two further successive 

generations. The 26 F
1

1s involving standard inbred lines were each back= 

crossed to the respective inbred parent, and then selfed once .. The com

bined BC1I 1 populations segregated cleanly in the 7;1 ratio expected if 

the trait were monogenically inherited~ In all 26 backgrounds 9 the gene 

was clearly expressed and always produced the extremely upright leaf 

condition .. Development of the ligule was normal or nearly normal in 

all inbred backgroundse 
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BC1I 1 segregates were outcrossed to 1g_
1 

and ,!£
2 

synthetics as 

a test for allelism$ Progeny of the 15.2 outcross was all normalo 

Progeny of the !.z.1 outcross all had extremely upright leaves and nor mal 

liguleso 'We propose the nomenclature for t his new allele of 1g_
1 

t o be 
u 111g_1 

11
9 the "u" superscript designating "upright leaves o n It is i nterest= 

ing to note that if 1£1u had been the first allele to be described at 

this locus 9 it might have been named "ul" instead of 'lE.i "o 
D® Lo Shaver 
Dennis Chamberlain 

2. Tp fails to replace pe in the express i on of perenn i alism- in 2n maizeo 

Shaver (Jo Hereda 58~271-273, 1967) showed that perennial 2n 

maize could be produced on the basis of a simple genetic change involv~ 

ing only the three genes id 9 ~ 9 and ~ 0 However 9 t he eviden ce for the 

existence of~ as a single gene was only circumstantial e Upon at tempt= 

ing to transfer this locus to diploid maize singly 9 he su cceeded only 

once in identifying a clear phenotype t hat coul d be as cr i bed to the pre

sumed gene 9 when there was a clear segregation i n the i nbred l i ne back= 

grounds, K55W and K64W9 for the~ phenotype~ Ear bran ches were replaced 

by a semi~vegetative branchg plants had a slightly slower growth rate 9 

but later achieved a somewhat grea t er heighto In follow i ng years 9 

further evidence for~ was obtained in experiments wherein perennial 

plants were obtained only from crosses involving stocks having th e pre= 

sumed l?!:. gene 9 with stocks having zi and !!!_o 

Dr., L " M,. Josephson furnished a stock of "Petch Teopod" whic h 9 

besides having the extreme tillering phenotype 9 has the ear on the main 

culm replaced by a semi-vegetative branch 9 similar to t he once-obse rv ed 

effec t of~ in K55 and K64m However 9 upon attempting t o produce 

perennial diploids of the genetic constitution 9 ~ & i!V, i d !Pf!:e.g none 

was found to be perennial~ 

D., L e Shaver 
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3m Perennialism attributes from Cuzco flour cornG 

In our very long growing season at Greenfield 7 Califo we have 

never seen black spot formation in Cuzco maize as long as growing cul

tural conditions are maintainedo Vegetative senescen ce is likewise 

delayed indefinitely, until the intervention of an outside conditiono 

Upon using Cuzco as a parent in crosses to an W, i d ~~ stock and 

sibbing to recover multiply recessive plants 9 vigorously perennial 9 

vegetatively totipotent segregates were obtainedo A field work thin

ning error prevented determination of a meaningful segregating ratio 9 

but it is certain that Cuzco carries~ or a factor(s) that can produce 

the same effect in combination with homozygous & and 2:2.e Anyone wish~ 

ing to repeat this work should remember that Cuzco Flour Corn is a very 

heterogeneous populationQ Good insurance would indicate the use of a 

population of Cuzco, rather than single plants 9 in initiating an experi

mento 

D~ L& Shaver 

4~ Failure to obtain ear-fer t ile perennial 2n maize~ 

Even though perennial maize can produce tassel seed (and under 

certain conditions regularly does so) without undergoing senescence 

and death of the seed-producing plantg it is regularly ear-barreno 

Dr. D. E. Johnson (Hamill) only once succeeded in obtaining a normal 9 

many kernel rowed ear from the classical clone 7 65-32-1 9 in a Brook

haven Lab. greenhouse from a very tall, old 9 potbound propagation of 

65-32-1. 

It seemed that the major reason for barrenness might simply be 

related to the fact that all perennial maize is ill i do Homozygous g 
maize is almost invariably barren, even in a very early background which 

permits flowering at a time of the summer very favorable for ear forma

tion. Accordingly 9 a project was undertaken to incorporate id into an 

early Gaspe-based synthetic in which selection for ear fertility could 

be practiced. By sibbing with mass selection among the initially infre

quent ear~fertile l9/: i d plants a highly (more than 9~) ear-fertile 
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l2fid synthetic was finally derived5 However, upon introducing the 

other two perennialism genes,~ and .s.:!:_9 into this ear-fertile synthetic 

background, it was found that only ear-barren plants were perennial~ 

while those producing ears never were .. The latter were often able to 

produce more than one successive vegetative generation 9 but each was 

successively less totipotent 9 and inexorably "ran out" in a manner 

described for the~~ phenotype (Shaver 9 Genetics 50g393-4o6, 1964)0 
This work indicates that the differentiation of the ear as a floral, 

rather than as a vegetative, branch imposes difficulties or even pre= 

eludes vegetative totipotency in maize .. It may be that the addition of 

tassel seed genes to the perennial genotype would be the best way to 

regularly produce perennials from seedm 

Dm L .. Shaver 

5o id/id as a "macromutation" in maize .. 

Students of speciation have often turned up presumptive evidence 

for sudden origination of species or biotypes. "Cataclysm" was once a 

respectable word among taxonomists and paleobotanists. It has often 

occurred to me that the id gene in maize ought to qualify as a concrete 

example of how a sudden origination could occur .. This one genetic step 

exerts a profound spectrum of changes in the maize plantg Vegetative 

development is drastically slowed, though many more plastochrons are 

eventually completed .. An W,id plant is much like sorghum in its ability 

to tolerate long unfavorable periods and then respond vigorously to the 

restoration of good cultural factorso New leaf types appear in the form 

of beautifully regular decussate (opposite and rotated 90°) phyllotaxyo 

Other plants have regular and equal triphyllous nodes .. At the ear

bearing node, either two or three equal ears are formed as axillary 

branches, depending upon the number of leaves at the node. Wid plants 

are aphid-susceptigle before flowering, but become very aphid-resistant 

afterwards& The flowering period is made drastically later than in an 

equivalent non Wid population, . and the plant would thus be immediately 

isolated reproductively from its ancestral form~ It would not be diffi

cult to conceive of conditions in nature which might favor a so-different 
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phenotype. Addition of complementary genes via the Baldwin Effect to 

reinforce the changes conveying selective advantages would stabilize the 

admittedly variable W,id phenotype in whatever form most "fitted" in the 

new niche. 

D .. L., Shaver 

6., Non-Mendelian inheritance at the P locuso 

In attempting to produce maize hybrids specifically tailored to 

the needs of human-consumption as milled products of corn 9 cob color is 

a criterion of desirability. In all of our standard lines 9 if the line 

has a red cob, we convert the line to white cobo On the other hand 9 if 

the line is originally white-cobbed, we convert it to red., Neither con

version is easy to make, and in neither case does the inheritance of cob 

color behave as a simply inherited trait~ However, the latter conversion 

of a white condition to a red state is the more instructive., Several 

such lines, instead of giving a simple lil segregation in the advanced 

backcross generations 9 have something like a 2:1 ~1 wherein about 1/2 of the 

progeny are white cobbed, as expected, but the other half segregate for 

deeper and lighter colors of red in about equal numbers,. This seems to 

vary widely from line to line, though we have never used sufficient 

progeny sizes within a line to adduce comprehensive datao However, if 

one backcrosses the progeny from a lightly colored cob, all may be found 

to have white cobs~ In such a case, one would have to assume that the 

red cob was present as a maternal effect, rather than from an autogenous 

gene, since the trait was thus not passed on in heredity., In other 

cases, even though one selects a progeny from a deeper red cob to fur

ther backcross, all t~e progeny may have white, or only very pale, cobs., 

D"' L" Shaver 

7. Apparent parahereditary transmission of infectious viruses in maize., 

In conducting the first winter breeding nurseries in Hawaii, out

breaks of Hawaiian Corn Mosaic (described by Brewbaker, Crop Sci .. 

5g412-415 9 1965) were sometimes suffered because of infestations of 
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plantings by the leafhopper vector. As with the California virus 

disease of corn 9 nsugar Cane Mosaic Virus," if infections occur later in 

a plant 9 s ontogeny, damage to the plant may be minimal or subliminal, 

and the plant will produce seed normally. Several times we have grown 

seed from Hawaii in which specific lots of seed germinate poorly and 

produce plants which have abnormal chlorophyll development~ so that the 

leaves appear finely mottled or textured. Upon reproducing these plants 

sexually 9 normalcy is restored. 

A much clearer case of apparently temporary inheritance of virus 

effects has occurred in plants infected with the Califo SCMV virus. We 

placed the long-time inbred B37 in a disease nursery in California 0 s San 

Joaquin Valley. By delaying the time of mechanical innoculation with 

the virus 9 we have been able to increase the SCMV resistance of this 

line by taking advantage of within-line variability and/or mutatione The 

progeny of such innoculated B37 was grown in the 1971 Hawaii winter 

nursery, where it segregated for frequent (11 of 308) plants having many 

degrees of chlorophyll striping, similar to the Iojap pattern~ These 

plants were perfectly typical of B37, came from a continuous lineage of 

ear-to-row selfing, and had no known striped ancestors. Chlorophyll

deficient areas included whole plants or only portions thereof~ Sectors 

sometimes included all or part of an ear or tassel or leafe Sectors 

were white 9 yellow, pale green, and sometimes tinged with anthocyanin0 

Sexual structures within normal and abnormal sectors were selfed, 

sibbed, and outcrossed to an unrelated lineo Defective x defective sibs 

and/or crosses were never fertile, but normal x defective and defective 

x normal sibs and crosses did succeed, especially the former. However, 

upon selfing such plants having one defective parent, chlorophyll

deficient progeny were never obtained, again a case of heredity effective 

for only one generation. 

These two non-Mendelian occurrences are tentatively explained as 

cases of transmission of viruses through the gamete(s) in an integrated 

form so that they influence the phenotype of derived cell lines in onto

geny9 but are not effective in further transmission either in heredity 

or infectione In such a state, the virus must not be perfectly attuned 
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to equality of distribution of cellular components at mitosis~ thus 

accounting for sectoringo Moreover~ it would seem to have lost a 

primary quality of infectiveness in its failure to reproduce independently 

of cellular reproductiono Hence 9 its state might be described as imper

fectly integrated., 

D .. L., Shaver 

8 .. Another case of simple inheritance of highly variable partial 
pollen restoration .. 

The inbred lineg K64 restores partial and seemingly complete . 

fertility to T cytoplasm which is variable according to environment 9 

dosage effects, and genetic background, similar to the behavior of the 
' 

classical inbred line, Ml.40 Shaver (MGCNL 30:159) showed that the 

seemingly complex restoring characteristics of that inbred were aGtua),ly 

controlled by a single locus which could be converted to nonrestoring 

state by simple backcrossing techniques., This finding was later con

firmed~ extenso by Duvicko Likewise, in K64g all of the seemingly 

endless degrees of restoration are controlled by a factor that segre

gates as a single gene in backcross recovery progeny,, 

D .. L., Shaver 

9a The use of id/id in production of super early corno 

In maize 9 the physiological limit to earliness would seem to be 

the need for a sufficiently long vegetative period to develop a plant 

"'factory 11 large enough to support ear and grain production,, Galinat 

has hypothesized that very early New England sweetcorns are always highly 

tillered because selection pressures have produced main culms which 

flower so early that they have insufficient photosynthetic capabilityg 

without tillers~ to produce a realistically sized ear of table corno 

Brawn9 and later Shaverg have shown that Gaspe is so early that the main 

eulm is florally induced as a maternal effect embryonicallyg while the 

meristematic apex is still within the seed~ If one wishes to inbreed 

and thus further reduce an already minimal size of plant~ special di _ffi

cul ties are experienced in barrenness or very marginal yield performance 

in the seedfieldo 
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~f, however, one works such super early types within the !,!!/ i d 

state or phenotype, the very adverse effects of super earliness are 

avoided 9 since the plants are only cryptically early 9 and in reality 

grow to normal sized (!9/ i d) plants before flowering and ear production0 

Such plants produce large ears and shed copious~ fertile pollen over a 

long period and would thus be very desirable seedfield parents. If the 

other parent of the hybrid were normal (W.! !!)9 the derived seed would 

all be of normal phenotype, and thus the super-earliness of the g(i d 

parent would be unmasked and made economically available in the form of 

an early hybride 

Following this line of reasoning, one can immediately seize upon 

the idea that 9 in working for further earliness cryptically in W id , 

one might be able to supercede the former limits of earliness described 

above, and proceed to a whole new plateau of earliness in maizem How

ever, the maternal induction effect might set a limit to earliness in 

W,i d, but this should be tested in other backgrounds than Gaspe Flintm 

At any rate, it is certain that one can by using g;'. i d 9 develop super 

early lines ef maize without paying the penalty of small plant size and 

utter dependence upon a long summer day environment for their successful 

production. 

FUNK BROTHERS SEED COMPANY 
Bloomington, Illinois 

le Cytoplasmic restoration of ms - steriliti. 

Cytoplasms may occur which restore fertility in single recessive 

genetic male sterile lines. That is, the various.!!!!:!_ genes may be 

analogous to the rf genes and produce male sterility in the presence of 

a specific cytoplasm or conversely a specific~ gene may not produce 

male sterility in the presence of a certain cytoplasm. If such a cyto

plasm should be found, a male sterile (S) ~~ line could be increased 

using the male fertile counterpart (F) .!!!!!~ as a malee The female rows 
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in hybrid seed production fields would consist only of genetic male 

sterile plants (Hermsen 9 1968)e 
The hybrid production system could be represented as followsg 

FOUNDATION 
SEED FIELDS: 

COMMERCIAL 
SEED FIELDS: 

~

nbred A~ J 
(S) ms ms 

~ale sterile 
X 

l ~

nbred A o'J 
(F ) ms ms 
male fert i l e 

~

nbred A ~ J Gnbred B o'J (S) ms ms X (S) Ms Ms 
male sterile male fe r tile 

l 
[ !:I:;e;:uJ 

This hybrid production system is not handicapped by a single cyto

plasmic background as is true with the maize seed production with T9 C9 

Sor other sterile type cytoplasmse The genetic male sterile character

istic could be incorporated into the cytoplasmic background of any seed 

parent. The cytoplasm restoring fertility would only be used as the 

male pa.rent for foundation seed increasec 

All presently used maize lines are (S) Ms~ and would restore 

fertility in commercial grain fieldsc Any inbred could be converted to 

(S) ~~ by backcrossingo We have not identified the (F) cytoplasm@ 

(F) cytoplasms may not have had many opportunities to be identi~ 

fied in maize genetic studies because the genetic male sterile is usually 

used as the seed parent~ In addition 9 only a small number of cytoplasms 

may have been samplede The (F) cytoplasm 9 if it occurs 9 could be identi

fied through two different approacheso 

lo Crossing the unknown9 hopefully (F) 9 cytoplasms using (S) 

Ms~ as a male parent and determining if non-segregating fertile F2 popu

lations are presento If all F2 populations are male fertile 9 the unknown 

female parent contains the (F) cytoplasme 

2. A second approach involves using the male sterile (S) ~~ as 

the female and the unknown9 hopefully (F) 9 cytoplasm as the male parente 

If the F1 is (S) ~~9 all plants will be sterile and the fertile 



cytoplasm has been identifiedo The male parent would not be able to 

shed visible pollen unless it had an (F) cytoplasmo If the F1
1 s are 
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all fertile~ then the cytoplasmic source must have dominant male sterile 

genes and may or may not have the fertile cytoplasme 

The first approach is more expensive per cytoplasmic source 

tested; howeverg it will identify an (F) cytoplasm in an Ms Ms genetic 

background. The second approach will not provide such identity. 

The author is not aware of attempts to locate this type of cyto

plasm in maize. This is a preliminary report on an attempt to identify 

an (F) cytoplasmQ Genetic male steriles ms 1, 29 5, 6, 7, 8, 99 10 9 12 9 

13, 14 and 17 are being crossed on each of 25 distantly related genetic 

sources. About half of the genetic sources involve diverse sources 

which conform to the general plant type common in commercial maize 

hybridso The remainder involve exotic tYPe plant introductionso 

At this date, 82 different genetic male sterile and cytoplasm 

crosses have been observed in the F.2• Six F2 populations did not demon

strate sterile plants. These six conformations are being re-evaluated~ 

One of the six may be a result of small population size, while the other 

five are unexplained at this date. 

References 

Hermsen, Th. G. J. (1968)~ A discussion on cytoplasmic restoration of 
~-sterility0 Euphytica Suppe Noe l:63-67. 

Richard F. Washnok 

2. Complementation among EMS-induced lemon endosperm mutants. 

There was a relatively large number of lemon endosperm mutants 

among those previously reported in MGNL 43:23-31 9 1969 and MGNL 44:11-17. 

Eleven of these mutants were crossed together in a diallel and the F1 
ears were examined for complementation. All possible crosses among these 

mutants were not obtained; however, results of the partial diallel show 

complementation for three of the mutants. This does not mean that three 

separate genes are involved, for these three mutants could be at the 

same locuso One of the mutants that showed complementation was pheno

typically classed as slightly lemon; hence, it might have been expected 
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to show complementationo All of these lemon endosperm mutants produce 

plants with green coloro 

There is good indication from the data available that EMS could 

be used to induce lemon endosperm mutants in material and the prob

ability is high that the mutan ts would be at the same locus~ These 

data are also of practical value ,since corn with lemon c:oltQJred endosperm 

is valued in the human food industryo 

UNIVERSITY OF GEORGIA 
Athens~ Georgia 

Department of Agronomy 

L, Inheri t an oe of a new br a chyi ~ o 

Robert Wo Briggs 

Four experiments with Tx61M (Texas stock) and T61 (Tenno storck) 

on the inheritance of brachyism (above the ear) revea that two pairs 

of genes differentiate the parents for this new charactero Partial 

phenotypic dominance toward the T61 non~brachytic parent o~curred in 

three out of four familieso 

A negative association with an r va l ue of =o43 exists between the 

brachytic trait and plant heighto The r value of 018 between brachy i sm 

and stalk diameter is much lowero 

The lack of a significant correlation be t ween ear height and 

brachyism may give the new brachytfo an advantage over other brachytfo 

genes in that a reduction in plant height i s not a~companied by a reduc= 

tion in ear heigh t and yieldo 

J ·o Go Legg 
A.,, A., Fleming 

2o South American flintso -
Flint corns from South America in 1971 av eraged 74 buo/a in 

yield ~ompared to 139 buo/a for UoSo dents and 98 buo/a for a flint~dent 

South American hybrido 

A., A'" Fleming 



3. Differential reaction of cytoplasms and genotYpe s to H. maydi s 9 

Race T,. 
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H. maydis (Race T) on green maize plants was first found in 1971 

in our nurseries and tests at Athens on July 9 on corn that was planted 

May 20. Inbreds were rated for reaction on the standard 0 7 - 5,.0 Ho 

maydis scale at 10-day intervals from July 14 to August 24e 

The following results indicate a differential reaction not only 

for cytoplasms but also for genotypes (genes on the chromosomes) .. 

Inbred 

GA 152 (N) 
GA 152 (T ems) 

Pa 33 (N) 
Pa 33 (T ems) 

NY 821 (N) 
NY 821 (T ems) 

WF 9 (N) 
WF 9 (C ems) 

M 14 (N) 
M 14 (S) 

Reaction to H .. maydis, Race T 

Athens, Georgia 

7/14 7/24 8/4 8/14 8/24 

1.0 1 .. 0 L.O 1.,5 2.,5 
2.0 3 .. 0 4 .. o 4.,5 5 .. 0 

1.0 1 .. 0 1.5 3 .. 0 4 .5 
2.5 3.,5 5.0 5 .. 0 5 .. 0 

2.0 2 .. 0 2.5 3 .. 0 4 .. 5 
3 . 0 4.o 5 .. 0 5.,0 5.,0 

1.0 1.,0 2 .. 5 3.5 4.,o 
2.0 2 .. 0 2 .. 5 3.5 4 .. o 

.8 1.0 1.5 2.,0 2.,5 
1.0 1 .. 0 1.,5 2.,5 3.0 

A., A~ Fleming 

UNIVERSITY OF HAWAII 
Honolulu, Hawaii 

Department of Horticulture 

L, The maize per oxidases ; designat i on of seven lo ci gover ning per oxi das e 
poly mor phis ms in maize. 

Maize peroxidases have been the subject of our continuing genetic 

studies, although descriptions have been published for only one of the 7 
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genetic loci we have encountered (Hamill 9 MNL 42:36-7 9 1968)0 These 

loci have been referred to briefly in a summary of 30 maize isozyme 

genes (Macdonald and Brewbaker 9 Jo Heredity 9 in press 9 1972) 9 and are 

described in detail belowo 

There are ten principal peroxidases of maize 9 as defined by the 

presence of 10 principal regions of activity on starch and acrylamide 

gelsm These 10 regions are shown in Figure 1 9 as they occur on acry

lamide gels at pH 8ml (Brewbaker et als, Physiol~ Plant 2lg930-94o 9 1968)a 

Approximate Rf values are 74 for ~ 9 51 for~ and 24 for ~ 9 allele lo 

On starch gels 9 the peroxidases 7 9 99 and 10 are tightly clustered near 

the origin 9 while at lower pH levels 9 cathodal regions migrate very 

rapidly0 Below pH79 little movement occurs of the anodal bandso Eight 

of the 10 peroxidases have been characterized in our materials by mul

tiple isozymes 9 largely under allelic controlG Each of the peroxidases 

has tissue specificities or substrate responses that distinguish it and 

its respective isozymesm Further study will unquestionably reveal new 

isozymes within these regions0 

Peroxidase Px 1 was described briefly by Hamill (MNL 42:36-37) and 

is an enzyme present in most tissues (exceptions; pollen 9 seed)o Genetic 

polymorphisms are controlled by the Px1 locus 9 with three common isozymes 

governed by co-dominant alleles and a null form conditioned by an allele 
. null 2 ) designated Px1 0 Allele ,!2si is the most frequent (7CJ¼ of US inbreds m 

Peroxidase Px ·2 is an enzyme found in glumes and pollen~ two co= 

dominant alleles of the locus Px2 govern the two bands observed 9 with 
2 the slow allele Px2 rare0 

Peroxidase Px 3 is our standard reference region and is the most 

polymorphic 9 genetically~ of the peroxidasesm It is most active in leaf 9 

coleoptile and mesocotyl and repressed in pollen 9 silks and rootso It 

is derepressed late in the development of all tissues 9 and becomes very 

intense in senescing tissues 0 where multiple bands 9 diminishing in inten

sity and equally spaced 9 are observed (similar peroxidases are found in 

many grasses)m Genetic polymorphisms are under control of the Px
3 

locus 

with at least 6 alleles 9 of which one is an apparent duplicationo Alleles 

Px~ (in 6C/¼ of US inbreds) and Px~ predominate~ while Px~ (a very slow 



REGION ISOZYMES LOCI 

+ Px 8 1 
2 

1 Px 2 ~2 2 

Px 6 1 
~ 2 

5 

4 Px 3 ~3 1 
2 
3 

Px 9 1 

Px 10 1 
2 

Px 7 
l 

E!.7 
0 

2 

Px 4 2 
Px,, 1 

Px 5 l Px:5 
3 

Px 1 f Px;:I.. 

Figure 1. Ten principal peroxidases of maize as they occur on 
acrylamide gels at pH 8.1. 
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isozyme) and Pxj (a fast band) were obtained from the race Clavoo Px~ 

(extremely fast band) was obtained from the race Puya segregaciones 9 

where it occurred together with a unique twin-band phenotypeo The 
6 latter has provisionally been designated by the allele Px39 acting as 

an allele that governs synthesis of both isozymes 1 and 2o Alleles for 

the 1 and 2 bands are present in race Puya 9 as indeed they have been in 

almost all of the Bo races studiede The possibility exists that Px~ is 
1 2 a duplication of the Px
3 

and Px
3 

alleleso Null variants have never been 

encountered,. 

Peroxidase Px 4 is an enzyme that stains intensely in most mature 

tissues 9 but is repressed in juvenile leaf 9 endosperm 9 coleoptile and 

earm A single locus governs the common fast isozyme 9 Pxt 9 and a slow 

variant 9 Pxti, in Corn Belt materials; an intermediate band.9 Px~9 has been 

obtained from the race Clavo, and preliminary data suggest its allelism 

to this locusm Null variants have not been observed~ 

Peroxidase Px 5 is repressed in most tissues 9 and is perhaps 

observed best in the endosperm 9 pericarp 9 and etiolated mesocotylo A 

null phenotype (inbred L289) was studied in mature leaves and proved to 

be under control of a recessive allele at a locus designated Px;~ 

Peroxidase Px 6 is active in most tissues 9 but repressed in silks 

and mature leaveso A null phenotype, studied in seedling leaf and 

coleoptile 9 characterizes inbred Cl03~ sweet corn inbred P39 9 and related 
. null lines 9 and is under control of a recessive allele, designated~ ,. 

The Px 6 peroxidase clearly resolves into two closely paired bands on 

some gels,. A slow variant has been observed, but not studied genetic

ally9 in teosinteo 

Peroxidase Px 7 is a major enzyme of the silk 9 mature leaf 9 and 

pericarp 9 but is repressed in many other tissues,. The common slow band 
2 

(allele ~) 9 with an isoelectric point near pH 7o5 9 migrates a limited 

distance from the origin at pH Belo A fast variant has been observed in 

several inbreds (eqgc 9 sweet corn lines T249 T369 and T55) under apparent 
1 control of an allele 9 ~., A null or "extremely repressed" phenotype is 

observed in inbreds B379 CI66 9 W64A9 and others 9 and preliminary evidence 

suggests control by a null alleles 
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Peroxidase Px 8 is observed convincingly only in root tissues, 

although very low concentrations may occur in leafy tissues, and is often 

seen as two closely-paired isozymes. It shows high activity on eugenol 

and appears unrelated to other maize peroxidases& No genetic polymor= 

phisms have been discerned in the limited materials studied. 

Peroxidase Px 9, like Px 8, stains intensely in root extracts, 

although it is observed variably in the cobo It stains intensely on 

guaiacol, unlike most other peroxidases of maize. Genetic polymorphisms 

have not been observede 

Peroxidase Px 10 stains intensely in the coleoptile, mesocotyl, 

and ear, but is absent from leaf, silk, pollen, and other tissuesc Two· 

bands and a probable third have been observed in this region but have 

not yet succumbed to genetic analysis. 

James Lo Brewbaker 
Elizabeth Hamill Johnson 

2. Genetic marker stocks in tropical flint background. 

Through the years, we have been introducing various genetic 

markers, especially those affecting the endosperm, into a vigorous 

tropically-adapted stock to facilitate our breeding and academic studies 

(Brewbaker, M.N.Le 42:37-8). Despite the vigor and generally wide 

adaptability of stocks maintained by the Maize Cooperative, they lack 

resistance to several major tropical pests, and often require rather 

careful handling in the tropics. 

The line chosen for these conversions was CM104, an inbred recog

nized to have high combining ability from the Coordinated Maize Improve

ment Scheme of India. CMJ.04 was derived largely by sibbing from the 

Colombian yellow flint variety, Amarillo Theobromina, pedigree A THEO 21 

(B)-6#-15-7#. It has been converted in Hawaii to Mv (resistance to 

maize mosaic virus I or "corn stripen)'i and most marker stocks now carry 

this resistance. Conversions to BE,1 (.E_~ sorghi resistance) and Ht1 
(H. t urcicum resistance) are nearing completion, and will be used for 

future backcrosses~ 

A brief description of CMl.04 follows: 
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Seedsg I wr Hard yellow flint, C £.P.!:. and f (red cob, colorless pericarp); 

high weevil resistancee 

Pl ant g 60 + 70 days (winter) to silk 9 ieee, mid-late in tropics; 15 

leaves 9 505 feet tall with hi gh ear at 3 feet (leaf 10); internodes above 

ear dwarfed to 5 cmo; highly resistant to stalk diseases 9 borers 9 and 

many leaf diseases; large tassel; green plant with purple anthers, glumes 

and brace roots 9 evidently A .£.!1.$ Tillers raree 

~g 5" long 9 14 rows, with tight husks and high earworm resitance, high 

ear and seed rot resistance. 

The following is a list of available marker stocks0 As noted 9 many 

stocks are kept as segregating linesa Few conversions have been carried 

past BC49 as vigor has been favored over a high degree of inbreeding or 

homogeneity in the material$ All lines are grown at least twice a year 

in our breeding nurseries; therefore, alternative stocks 9 multiple marker 

crosses 9 etce, are also available. 

Mutant 
Gene(s) 

ACR 

ACRPr 

ABPl CRPr 

~; Dt1 
ad1 
ae wx 

B; APl 

ba1 
ba2 
Bf1 
bk

2 
bm2 
br1 ; r1 su1 
br 2 
bt 1 
bt 2 

Description 

Red aleurone 

Purple aleurone 

Purple plant, aleurone 

anthocyaninless 

adherent tassel 

amylase extender-waxy 

Booster 

barrenstalk-1 

barrenstalk-2 

blue-fluorescent 

brittlestalk-2 

brown midrib-2 

brachytic-1 

brachytic-2 

brittle endosperm-1 

brittle endosperm-2 

Map 
Position 

3:111 

1 ~ (lo8) 

22--

9:134 

9:79 

1:161 

1~81 

5:22 

4:71+ 

Best Current 
Seedstock 

71-1019rx CMMR 
(segr C) 

71-951S (segr CI) 

71-949x-1014 (segr) 

70-674# 

71-126# (3:1) 

71-960# 

71-1014 x CM (1:1) 

71-990# (3~1) 

71-991# (3:1) 

71-1026 x CM (1:1) 

71-979# (3i1) 

71-968brr# 

71-133# 

71-964# 

71-963# 

71-9691/-bt 



Mutant 
Gene(s) 

Ccms Rf/rf 

Ch 

Cg 

Cg; RPf 
cr 1 

~n 
1 

DB 
du 

fl 
fl 1 
fl

1
; y 

fl 2 
el 

et 

gll 
gt 

h 

Ht1 
jl 
Kn 

lgl 

lg2 

Lg3 
lw

1 
mn 

msa 
ms-si 

Mv 

Description 

C cytosterility 

Chocolate pericarp 

Corngrass 
tt 

crinkly leaf 

dwarf-1 

dwarf-tiny 

Dwarf-8 

dull endosperm 

fine stripe 

floury-1 endosperm 

'' 
floury-2 endosperm 

elongate 

etched endosperm 

glossy-1 

grassy tiller 

soft starch 

ResiBo to Ho turcicum 

japonica 

Knotted 

liguleless-1 

liguleless-2 

Liguleless-3 

lemon white 

miniature seed 

male-sterile-8 

male sterile-silky 

resiso to Maize Mosaic 
Virus I 

nana-1 

nana-2 

Map 
Position 

2&155 

3:31 

3:31 

3gO 

3:18 

3:18 

lg--

lOg33 

lg86 

2:68 

2:68 

4i63 

2gl2l 

8:21 

1&127 
2&11 

3g83 
3g (46) 

l: (128) 

Best Current 
Seedstock 

71-1046 x CM 

71-1045Ch x CM 

71..8670P (segr) 

71=837x-881 (lgl) 

71-141# (3:1) 

71-97'dl- (3g1) 

70-676x-678 (3il) 

71-208 x CM 

71-967#du 

71-959!1# 

71-1041 x CM (+/fl) 

71-978# 

71-1027 x CM (lgl) 

71-987S el/el 

70-656#et 

71-998# (381) 

71-965# (3g1) 

7l-968#h 

71..837xCM 

71-140# (3gl) 

69=746# (segr) 

70-6421@# 

71-139# (3~1) 
71-1039 x CM (l&l) 

71-10238 

71-950S 

71-977# (3:1) 

71-127# (3:1) 

CM-MR2 (l&l) 

71-992# (3&1) 

71-98'd/- (3g1) 
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Mutant 
Gene(s) 

01 

02 
o

2
;y 

o2; r2 v5 
pmo 

prr 

pvv 

pl;A 'i b 
Px4 

3 
Px5 

3 
PY 

r8J_, v
5 

o2 
ra

2 
ra

3 
d 

Rpl 

s1½_;ACR 

sh
2 

Terns Rf 

ts 2 , bm
2 

ts 4 
Ts

5 
vp5 
wi 

Description 

opaque-1 

opaque-2 

" 
" 

mosaic pericarp 

red pericarp 

variegated pericarp 

plant color 

Peroxidase-3 

ti 

pigmy 

colorless 

Navajo aleurone 

ramosa-1 

ramosa-2 

ramosa-3 

Resiso to Puccinia sorghi 

shrunken endosperm 

shrunken-2 

T cytoplasmic male 
sterility 

tassel seed-2 

tassel seed-4 

Tassel seed-5 

viviparous 

wilted 

waxy endosperm 

yellow/white endosperm 

" 
zebra necrotic 

Map 
Position 

7 ~16 

7gl6 

7n6 
lg26 

" 
" 

6~68 

lOg57 

10i57 

7i32 

3826 

1080 

9g29 
3glll .. 2 

l g24 

3g55 

4g56 

5:18 

9z59 

6:17 

6817 
10835 

Best Current 
Seedstock 

71-954#0 

71-958#oi 70=621#0 

71=66o# 

71-961#0 

71=994Pm0# 

71=104oPrrxCM (lgl) 

70-723Pvvx CM (lgl) 

71=973#Abpl 

71-1331-12 x CM 

71-1293 X 71-847~5 

71=989# (3gl) 

71=953S 

71-952S (segr) 

71-961# 

71-997# (3gl) 

71-998# (3~1) 

71-1780 x CM 

71-983#sh 

71-967# 

71=1036TmsRf x CM 

71-119# (3gl) 

71-974# (3gl) 

71-1020 x CM (lgl) 

71-145# (segr) 

71-984# (3gl) 

71-975# y wx 

71-1052 x CM(: +/y) 

71-978#yfl 

71-995# (3i1) 



Genotype Unknown (Origin in parenthes i s )g 

Hairy sheath (Mexican composites) 

Hoya arrugada~ rugose leaf (Chalqueno) 

Low ear position (Oh 43) 

Normal internode elongation above ear 

Square stalk (Roque 47 Y#9 R/F Mexico) 

Zebra leaf 
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71=1035 x CM (segreg) 

71=971# (segreg) 

71=966# (se greg) 

71=873 P x CM (se greg) 

71=1000S (segreg ) 

71=955# (se greg ) 

James Le Brewbaker 

ILLINOIS FOUNDATION SEEDS9 INCs 
Champaign 9 Illinois 

lo ACR genotype of Illini Xtra=Swe~ and Early XtramSweet hybridso 

Most corn varieties are of the genotype of A A;f!E..9 with some varieti es 

Ai~2Cro 

In 1970 an F1 cross of ~A 2CRy1 x _ ~l was planted to produce 

ears which would express the pheno ty pic ratio of 3 purple t o l whiteo 

This cr oss was planted adja cent to the Illini Xt ra=Sweet variety expect

ing the timing and the wind would fa vor a minimum of ~ontaminationo Both 

the silking and the wind were such that pollination of some_ ~z1z.1 silks 

with Illini Xtra-Sweet pollen o©curredo 

It was anticipated there would be an excess of pur ple kernels in 

the cases of cross pollinationo The sibbed ears were expected to express 

a 3 purple to 1 white seed color ratioo At harvest it was promptly noted 

many ears appeared to have both white and yellow seeds 9 as well as 9 the 

purple kernelso Some ears on the !i:~ rows immediately adjacent to the 

Illini Xtra=Sweet had onl y yellow and purple kernels 9 whi ch appeared t o 

be segregating on a lgl basiso 

Dro Earl Pattersong University of Illinoisg called it to our 

attention that~ and sh 2 are closely linked on chromosome 3o In the 

conversion of stocks from~ to ~ 29 ~sh 2 stocks mu.st have been used in 

the conversion program with the ~s~ linkage not being brokeno 

Subsequently in 1971g .Ai~z1z1 stocks were crossed g by hand polli

nation9 by both Illini Xtra =Sweet and Ear ly Xtra~weeto At harvest it 



was noted that in both cases the ears were segregating i n a 1 purple to 

1 yellow seed ratioo This identified the fact that Xtr a=Sweet varieties 

are both of the ~!:J._sh2 sh 2 genotype o t 

In 1971 ears whi ch would gi ve a seed ratio of 1 purple dentg 1 

yellow dentg 1 purple shrunkeng 1 yellow ,shrunken were being produ ced 
I' 

by planting a stock of A1 A2
CcRSh

2
sh

2
i.1z1 ii\ an isola ti on plot 9 detasse l = 

ling this hybrid 9 and allowing i t t o pollinate wit h poll en from t he 

Xtra-Sweet parentso The resulting crossed ears expressed no segregation 

for colorg all the kernels being purpleo This would ind ic ate that both 

Illini Xtra=Sweet and Early Xtra-Sweet are of a dominant CC genotype 0 

Clarion Bo Henderson 

2e Seedlings segregating on a 9g3 g3 :1 phenotypic ratioo 

It is relatively easy to have maize ears which express phenotyp ic 

ratios of 3gl and 9g3g3glo It is also easy to have seedlings which 

express a 3 21 ratioo To our knowledge there is little or no seed avail

able which 9 when planted 9 will produce seedlings expressing a 9g3 g3gl 

ratioo 

In working with both l!!i (lemon=white albino=chromosome 1) and !!i 
(dwarf 1-chromosome 3) the idea occurred to us to combine these t wo 

mutant s in su ch a way to produce seedlings which would exhibit 9 83~3 zl 

ratio 9 when plantedo 

The first attempt to produce this material was made by crossing 

heteroeygoua dwarf-1 by Lw1Lw1 (or Lw:J.;lw:l.) sto cks o At t he same t ime these 

Lw1~ 1 (or Lw~lw1 ) plants were selfed by progeny numbero The ~1!!.i_ plants 

crossed by Lw1Lw1 were discarded o Only the D1~ plants crossed by ~ 1lw1 
were harvestedo The cross of D1!!i_ x Lw11w1 was t hen plan t ed and ea ch 

plant selfed0 At the harvest of these selfs all ears not expressing a 

segregation for lemon-white were discarded (approximately 5CY}6 of the 

selfed plants)o The remaining ears were individually germinated t o 

as certain those segregating for both~ and lwi 9 not for just l w1 aloneo 

The second procedure selected was the crossing of Lw1Lw1 (or 

Lw~l w1) stocks by homozygous dwarf-1 plantso To more apt ly make t his 

cr oss the dwarf =l plants were carefully treated with gibberellic ac ido 
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Untreated dwarf-1 plants grow to a height of about 8 to 12 incheso With 

our gibberellic acid treatment 9 the dwarf-1 plants grow to a height of 

approximately 3 feeto 

At harvest all the crossed ears are saved and separately shelledo 

Some seed from each ear was then planted and selfed to determine whether 

the Lw1Lw1 or Lw1lw1 genotype was crossed by~ plantse Progenies pro= 

ducing ears segregating for lemon-white were saved and the remnant seed 

used to produce additional seed segregating for both lw1 and .!!i_e 

In developing this second procedure it was apparent that approxi

mately half the crossed ears segregated for both lw1 and ~o Of the 

selected progenies producing the lw1 phenotype 9 these rows contained 

plants of which~ were found to be segregating for both lw1 and ~o All 

the progenies and all the selfs produced seed segregating for dwarf-1 

expressiono 

The phenotypes produced by this second procedure would be for a 

9 tall green:3tall albinoi3 dwarf green&l dwarf albino ratio~ or for a 

3 tall greengl dwarf green ratioe 

Clarion B~ Henderson 

3a Studies and classification of cytoplasm variationso 

Because of the seriousness of both Helminthosporium maydis race T 

Southern Leaf Blight and Yellow Leaf Blight and their attack on corn 

varieties in the T cytoplasm background 1 a study was initiated with cyto

plasms that did not show susceptibility to these two diseaseso 

When this relationship of disease susceptibility and cytoplasm 

background became apparent 9 Dr~ Me So Zuber, University of Wisconsin, re

called some pre vi ous work of Dro Jack Beckett, while Drm Beckett was 

with the University of Illinoise Dr~ Beckett had accumulated and studied 

various sources of corn which gave some expression of sterility in the 

different backgroundse With the transfer of DrQ Beckett from the Univer

sity of Illinois < to the University of Missouri 9 studies of this project 

were discontinuedo Dr0 Zuber 9 in recognizing the potential availability 

and use of this mat erial~ accumulated these stocks and made them avail

able to research workerse Dr. Ae L~ Hooker 9 University of Illinois, and 
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Dro M~ So Zuber studied the correlation of the available cytoplasms with 

their reaction to the T maydis Southern Leaf filightg and released only 

cytoplasms not showing susceptibilityo 

Dro Zuber and Dro Hooker selected 26 cytoplasms from the pool of 

materialo Dro Beckettg in his work9 had incorporated these cytoplasms 

into 10 isogenic inbred backgroundso It was felt previously there was 

a high degree of similarity in these cytoplasms collectedo Howeverg it 

was never conclusively ascertained whether the cytoplasms were similar 

or dissimilar in their sterility 9 restoration 9 or disease reactionso 

Those 10 original inbreds are not widely used in present day hybridso 

Because of the outdated nature of the germplasm and the fact that many 

newer inbreds are more extensively used in hybrid combinations 9 it was 

decided to initiate an incorporation program and further study the cyto= 

plasmso 

Previous and more extensive work had been initiated in regard to 

both the C and the S cytoplasms so these were not included in this pro= 

gram. The remaining 24 cytoplasms 9 all in the 38-11 inbred background 9 

except for ML cyto in the Tr background 9 were secured from Dr0 Hookero 

Also included 9 as a check 9 in this program was 38=11 in its normal cyto= 

plasmo For crossing with these 25 cytoplasms 9 we selected 20 of the 

most common and representative inbredsG At the time the F1 crosses were 

being made in Hawaii 9 it was apparent there was little or no indication 

of good sterility with these cytoplasms 9 in the 38~11 background 9 with 

all of these varying from fully fertile 9 or restored 9 to light partial 

sheddingo It became evident from this that the BC1 or more advanced 

generations would be required before the desired in.formation could begin 

to be obtained0 

Backcross 1 generation was then made in a second generation Hawaii 

plantingo The seed from this was returned to Champaign for observation 

and continued backcrossinge At Champaign 9 additional ba~kcrosses were 

made to each of the 500 combinationsv selecting the most sterile plants 

appearing in the BC1 progenieso At the same timeg all rows were evalu

ated as to whether sterile segregates were presento 



Table 1~ Classification of BC1 progenies from crosses incorporating various sources 

of cytoplasm into twenty inbred lineso 

-: 
Sources of cytoplasm 

Inbred ~=11 
normal EK M MY G IA SD PS ML TC VG J H CA w L K I RB R TA F B 

FR2ATRf ~ rx ~ rx 
FR2BTRf X IX ? rx X' 
FR3 [X 
FR4 lX 
FR5 r.x 
FR14A [X 

Mal? IX IX rx lX ~ IX IX rx X X [X ~ lX X IX IX rx fX ~ rx [;< 
-

FR21E , 

C>< X [X lX X IX 7 [X [X I>< [X X rx [X X FRN28 . 
FR37 ~ IX lX IX rx [X [>< l>< D< IX IX [X ~ IX lX D< C>< ~ t>< lX [X t>< 
FR43 ·. 

B57 ~ [X ~ [X rx ~ IX [X rx rx · [X [X rx 
FR64A [X ~ ~ [X X ~ ~ IX rx rx [X ~ [X ~ [X rx )( rx 
FR103D ~ [>( 
FR619 [X [X 
FR632 

33=16 
CI64 
CI66 lX '? ? rx ~ ? [X • . I 

X )< lX X X X ~ ~ X [X X [X Ky226 ? . 

D ME T C 

I\. I/ ~/ 
,;r,.,. 1 .... l"'s: 
'- I/ ' / / I', l_..l',, 

\. / ' ! , ,.., I /I'\ 
" / ' , 
/'\. -;,,, 
' / 

' -_,, 
/i'-.. I/I", 

~ 
' / l's. _,, 

l/i'- [/ I'-... 
r\. / "I/ 

vi"\.. V i', 

?~ 

~ 

~ 
' ,, 

, ,,, 
I,, "' 

VI',. 

~ 
!'\.I_.. J"\.1/ 
I/ r--V'-

" ,, I, 

VI" /1' 

~ ""' Sterile segregates ~"' Row completely sterile m = Need further observation 

~ 
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Table 1 summarizes the crosses observed and those in which there 

appeared to be sterile segregateso In a few cases 9 especially with 

CI66, the stands and backcross generation were not such that results 

are indicated or reporteda In five casesi the BC1 rows observed were 

completely sterileo In the other identified cases 9 the rows were segre

gating for sterile plantso In some instances 9 we have question markso 

These rows were F1 crosses and the pattern of behavior would indicate 

these combinations especially should be checked furthero 

The investigations are being continued by making additional back

crosses and studying these furthero The five cases where the BC1 rows 

were completely sterile are in an annual program of three generations to 

speed along the incorporationo The rows segregating for steriles 9 as 

well as those progenies in question 9 are presently on a two generation 

programo The balance of the progenies will be continued on a one genera

tion per year basiso In this way9 we shall be recovering isogenic 

versions of all cytoplasmso The program is also being expanded to in

clude three additional cytoplasms 9 namely El Salvador (Es) 9 Brazilian 

Flint (Bb) 9 and Argentina Parana (PA)o 

Since in the BC1 generation all backcrosses were made to the most 

sterile plants 9 it is anticipated it will be possible in the succeeding 

generations to evaluate each of the progenies as to the fertility 9 or 

the degree of fertilityo This should give further evidence as to the 

relative similarity of the cytoplasmso 

It may be necessary to initiate a progeny selfing-backcrossing pro

gram since some variation in the results may be due to the genotypic 

difference within a given inbredo This program may be especially helpful 

in securing "non-restoring" maintainer versions of the various inbredso 

This progeny selfing-backcrossing program is being conducted on many in

breds in the C cytoplasm 9 sterile incorporation programm Here the attempt 

is to secure maintainer progenies 9 which~ used with their sterile counter

part9 will bring about complete sterility rather than a segregation for 

sterility and partial fertilityo 

Summary--Based on the preliminary studies of the sterile segre

gates of approximately 500 BC1 crosses~ it appears there is a difference 



in the cytoplasms being eva1uated~ The ~ytoplasms of EK~ M9 MYg G9 IA9 

SD9 and PS appear to fall into an almost identi~al patterno This 

pattern is different from that of the other 17 cyto pl asmsa The ML9 TC9 

VG9 and J cytoplasms appear to fall into a second groupo The H9 CA9 and 

W cytop l asms fall into yet a third gr oupa There is additionai variation 

among the remaining cytoso Further evidence secured by additional back= 

crossing should substantiate 9 or possibly disprove 9 the compr ehensive 

data obtained thus faro 

Clarion Ba Henderson 

4., Precautions for use of "!!2r mal" 33=16 i nbred" 

In the reversion from ear parent inbreds which are T sterile back 

to so called normal versions 9 a review of wh~t is normal must be con

sidereda This is especially true in the case of 33=16o 

Prior to the extensive knowledge an.d use of sterile and restorer 

inbreds in production 9 a case of scattergrain fill was reported with a 

hybrid which used 33=16 as its female parento It was later learned that 

33=16 had a special cytoplasm 9 which in some instances could be sterilea 

With this knowledge 9 the inbred 33-16 was delegated for use as a 

male parent 9 either in making seed of the single crosses for hybrid pro= 

duction 9 or as the male parent in the production of the fi nal hybrida 

During the time T cytoplasm material was being used 9 t he 33-16 in

bred was converted from its "normal" cytoplasm to the T cytoplasm ver= 

siono Here the use of blending~ or restorers for T cytoplasm 9 was relied 

on~ Hence there was little or no concern of ampl e pollination in the 

farmers 0 fieldo 

With the outdating of the T cytoplasm 9 33=16 with its regular 

cytoplasm was brought back into productiono Re©ently the 33-16 inbred 

has been classified as having the J type cytoplasm., The indisc:riminant 

use of 33-16 could again cause problemso 

In the use of regular 33-16 as the ear parent inbred either in a 

three way cross or in a 4 way hybrid 9 the following condition might 

exist 9 assuming that H219 K559 and Ky27 or similar i nbreds might not 
-; '. 

restore fertility to a·J sterileg 



44 

33-16 x W21 = .fil:. rf (all fertile) 

(33-16 X H21) X K55 
t1 X Ky27 
t1 x (K55xKy27) } 1 Rf rf (fertile) 

1 rf rf (sterile) 

Under ordinary conditions 9 and assuming that the 33=16 inbred 

fertility is brought about by full restoration of the J cytoplasm 9 one 

would expect 5o% of the plants would be fertile and the remaining would 

be sterileo However9 assume that the 33-16 inbred is more of a heavy 

partial type fertility, and in our judgment~ this may be the caseo Fur= 

therv assume that environmental conditionsv especially in the white cor n 

growing areat are not ideal at pollination timeo It would then be 

easily possible to have far less than 5o% of the viable abundant pollen 

which would be expectedo This ,might well have been the case in the 

scattergrain fill 9 as previously reportede 

Realizing the seriousness of the situation in regards t o 33=16v 

Illinois Foundation Seeds has taken the following three precautionary 

steps in preventing pollination problems from arisingi 

(1) The bulk of the foundation single cross production was made 

reciprocallyo Both versions will be available for seed pro

duction~ As an example 9 both 33-16 x Ky201 and Ky201 x 33-16 
are availablew thereby assuring that not all seed sold farmer 

customers needs to have the J cytoplasme 

(2) J cytoplasm crosses are being studied so that combinations 

can be recommended in which other inbreds can contribute a 

higher degree of restorationv or fertility 9 in case it is 

necessary to use only 33-16 J as the female parent~ 

(3) A 33-16 which has the cytoplasm of B37 has been increased 

and will be used in future productione This will thereby 

eliminate the concern of the J type cytoplasmo This 33=16 
strain came about, and was possible 9 through the program in 

which 33-16 was being converted to a floury endosperm typeo 

(The normal kernels rather than floury were selected and 

increased a) 
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Caution also might be advisable in the use of new cytoplasms 

where fertility might be the result of heavy partial restoration rather 

than full restorationo A case in question could be the restoration of 

the S type cytoplasm~ Even though some tes tc rosses appear to have a 

great amount of fertility 9 much of t his fert i lity does have more of a 

semblance of heavy partial rather than actual full and posi ti ve restora

tion .. 

ILLINOIS STATE UNIVERSITY 
Normal~ Illinois 

Clarion B0 Henderson 

1~ Translocations generated b~ monosome X diplo id crosses in Zea mazso• 

It is well documented that certain regions of the genome are 

preijent in duplicate in maize as well as in other organismso If a given 

monosomic chromosome bears a region which is also present on another 

chromosome, these two regions might occasionally pair in the monoaome 

and recombination might take place between the duplicate regionso If 

this happens~ reciprocal translocations would be found in the progeny 

of monosome X diploid crosseso 

Plants confirmed to be monsomic for chromosomes 2 9 49 69 7g 8g or 

10 have been used successfully as males and monosomes 4~ 69 79 89 and 10 

as females in our cultureso Large numbers of progeny from crosses 

between specific monosomes and diploid inbreds are being analyzed for 

plants with about 50'/4 ovule and pollen abortiono Three translocations 

have been cytologically confirmed from such crosses and 20 additional 

lines carrying transmissible semisterility have been isolatedo Thus 9 

translocations are obtained in the progeny of rnonosome X diploid crosses~ 

Through the use of a given monosome9 a specific chromosome is 

tested against the entire genome for re dundant segments~ thus such seg= 

ments can be determined chromosome by chromosomea If a specifi c trans= 

location were repeatedly found this would indi cate homology be t ween two 

chromosome segmentso However 9 if a random array of translocations is 

*Partially supported by A0 Eo Co Contract Noa AT(ll-1)-21210 
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found between a monosomic chromosome and the rest of the genome~ this 

might indicate that illegitimate recombination is taking place between 

nonhomologously synapsed segmentso 

David F., Weber 

2o The relative concentrations of different fatty a ci ds in monosomic 
Zea mays embryos as det ermined by gas l i quid chromat ography analys iso• 

Monosomes generated by the r- ~ deficiency are being used to 

detect genes that have a dosage effect on the relative concentrations of 

the different fatty acids of!"' mays embryoso By comparing a monosome 

with its diploid sibling it is possible to evaluate one versus two doses 

of every gene on a given chromosome at the same timeo Using this experi

mental approach 9 we previously demonstrated that genes or gene com

plexes that alter the total lipid content of maize embryos are located on 

chromosomes 2 9 69 and 10., No such genes were detected on chromosome 8 
(Plewa 9 1971~ Plewa and Weber~ 1971)~ thus monosomy per~ does not alter 

lipid contento The present study will determine the effect of monosomy 

on the proportions of different fatty acids composing the extractable 

lipid fraction of maize embryoso This paper discusses the procedure of 

the studyo 

Experimental kernels were obtained from a cross between a W22 

inbred line carrying the r- ~ deficiency and inbred Mangelsdorf 0s 

Mu1 tiple Chromosome Tester (~~ !s_19 !:J..; su1 ~ l?!,; 1,1 ; ~ -, J.1 ; !!!J .a,1) o 

A scutellum sample of approximately lo5 mg adjacent to the embryonic 

axis was removed from each F1 kernel (y r- x1)o Each , scutellum sample was 

placed in a separate vial 9 coded 9 and stored at -22°Co The corresponding 

kernels were planted~ The monosomic plants were detected at the seedling 

stage by expression of appropriate genetic markers and confirmed by cyto

logical analysiso The scutellum samples from the monosomes and their 

control diploid siblings were subsequently prepared for gas liquid chroma~ 
tography (GLC) analysis of the lipid fractiono The fatty acid extraction 

and methylation followed a modification of procedure 1 as described by 

Jellum (1970)0 The samples were analyzed using a Hewlett-Packard model 

•Partially supported by A.EeCe Contract No. AT(ll-1)-21210 
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5750 GLC with a 1/4 inch stainless steel column (lo% IDSS-X 100/120 gas 

chromatography-Q: Applied Science Laboratories)o The carrier gas was 

nitrogen and the column temperature was 190°C~ The samples were kept 

under N2 during lipid extraction and fatty acid methylationo The methy= 

lated fatty acid samples were stored under N2 at -22°Co 

Preliminary data from this approach are summarized in Table lo 

The fatty acids detected were: palmitic (16:0~ 9 stearic (18i0) 9 oleic 

(18:1) 9 and. linoleic (18&2) .. The fatty acid distribution of each embryo 

is expressed as the relative proportion of a specific fatty acid to the 

total fatty acid content of the sample., Since there were repeated 

diploid, monosome 8 9 and monosome 10 plants produced 9 an Analysis of 

Variance was conducted for each fatty acid fractiono Where rejection 

of the null hypothesis was indicated 9 the Fisher Least Significant Dif~ 

ference technique was employed to test specific differenceso 

Table 1 .. Average relative concentrations of fa t ty acids 

from ~ mays embryos 

Sample Fatty Acids 

Number Palmitic Stearic Oleic Linoleic 

2N Control MP34-24 0 .. 1661 0 .. 0254 0.,3378 Oo4707 
2N Control MP34-33 0.,1423 0.,0223 0.,3521 004833 
2N Control MP34-34 0 .. 1571 0.,0216 0.,3357 o.,4857 
2N Control MP34-35 0.,1468 0 .. 0207 003527 004798 
2N Control MP34-38 0.,1544 0 .. 0239 0.,3397 o.,4838 
2N Control MP34-45 0.,1310 0.0379 0.,3875 o.,4436 
2N Control MP34-47 001596 0.,0238 0 .. 3464 Oo4703 
2N Control MP34-54 0 .. 1757 0 .. 0199 0.,3356 o.,4689 
2N Control MP34-55 0 .. 1281 0 .. 0272 003647 o.,4800 

Aneuploids 

Monosome 2* MP34-37 0 .. 1467 0.,0301 0.,3945 o.,4207 
Monosome 7 MP34-16 0.,1375 0.,0120 0.,3045 0 .. 5460 
Monosome 8 MP34-57 0 .. 1999 0.,,0285 0.,3303 o.,4412 
Monosome 8 MP34-62 0.,2009 0 .. 0203 0.,3181 o.,46o8 
Monosome 10 MP34-19 0.,1108 0.,,0304 003578 005010 
Monosome 10 MP34-8 0 .. 1193 0.,0255 003735 o.,4814 
Double Monosome MP34-43 003968 0.,0743 0.,44o4 000896 

8-? 

•0~0079 of this proportion is involved with an unidentified fatty 
acid; probably 12gO. 



The statistics indicate that there is a significant difference 

(o( ~ Oo05) in the proportion of palmi.tic acid in both monosome 8 and 

monosome 10 samples as compared with the controlQ The data for the 

other fatty acids indicate no significant difference from the diploid 

controlo 

A double monosome plant 9 involving chromosome 8 and a presently 

unidentified chromosome9 was produced and its fatty acid distribution 

differs remarkably from its diploid siblings (see MP34,..,43 in Table l)o 

The data indicate that this approach merits further investiga~ 

tion and specific genes involved in fatty acid biosynthesis may be 

uncovered., 
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le Knob constitution and the rate of chromatin lasso 

Previous experiments with !3 !~ k3 ~~ plants 9 in which the 

knobbed chromosome was marked by A and the knobless by ,!!_g indicated 

that the knobbed chromosome was lost at the second microspore division 

more often than tne knobless chromosomeo Loss of the dominant Sh in a 

spore containing the~ chromosome was attributed to a prior crossover 

between the A locus and the knob and it was concluded that the only 

chromosomes undergoing loss were K ~!' noncrossovers or K .!!. crossovers" 



In order to test the correctness of this interpretation, a second 

experiment was set up involving a cross of 1£ k i!. sh female parents with 

ls.1!:..fil¥ !!.g_ KA Sh high loss male parentso F1 kernels of sh phenotype 

are produced when a sperm deficient for the Sh allele in 3L fertilizes 

the polar nucleio In the absence of heterofer t ilization 9 the embryos in 

these kernels arise from the second sperm i n the same pollen grain which 

contains a normal chromosome 3 predicted to carry the knob and the closely 

linked !!.g_ marker (cao 5% recombination 9 Dempsey9 unpublished). A total 

of 524 sh kernels was obtained in a population of 119 200 (families 

30131 & 30776)0 Although germination of~ kernels was poor, 147 !!.g_ and 

64 lg_ plants were obtainedo The majority of the plants carried the knob 

marker as predicted 9 but the sizeable group of~ plants .(presumed to 

have a knobless chromosome 3) was unexpe ct ed. The question arises as to 

whether the 64 lg_ plan t s came from spores with a knobless chromosome 3 

which nevertheless underwent chromosome loss or whether they can be 

accounted for by some other mechanism., 

The data may be interpreted in three ways~ (1) The knobless 

homologue undergoes loss approximately half as frequently as does the 

knobbed chromosome 3. Such a conclusion is at variance with the data 

from other crosses which indicated that B-chromosome-induced loss of 

knobless chromosomes rarely occurrede (2) Heterofertilization could 

account for lg_ seedlings arising from!:. sh kernelsG On this explanation, 

the embryo of the exception al !!. sh kernel would have a knobless 3. It 

would be necessary to assume that loss of a knobbed chromosome 3 in one 

microspore 9 producing a sperm defi cien t for the A Sh alleles which 

fertilized the polar nuclei to form the endosperm 9 was frequently 

associated with fertilization of the egg nucleus by a 1£~ sperm from a 

second pollen graino Nothing is known about t he frequency of hetero

fertilization in this experiment although in related tests it was lowo 

(3) It is possible that linkage of the !15_ locus with the K3 knob is not 

as close as previously indicated and that the exceptional!:_ sh kernels 

giving rise to lg_ seedlings are the result of loss involving a lg_ K 

chromosome coming from crossing over0 A limited sample of five lg_ 

plants has been examined cytologically; all had a knobbed chromosome 3 9 
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indicating that a crossover lg_ K chromosome rather than a noncrossover 

1£1 chromosome 3 had fertilized the egge These cytological data, 

fragmentary though they be 9 lend no support to explanation (2) and are 

in accord with the constitution of the embryo expected on explanation (3)e 

If loss is restri cted to the knobbed 3 and there is no hetero

fertilization9 all of the 147 ~ seedlings from~ sh kernels carried a 

~ K chromosome 3 and all of the 641£ plants should possess a crossover 

1£ K chromosomes If all ,!g_ plants from the exceptional~ sh kernels are 

the consequence of crossing over between lg_ and Kand if the same pro

portion of!£! recombinants occurs among the plants from the Sh kernels, 

the 1£ and! loci would be independently inherited and recombination would 

greatly exceed the 5% found by Dempseye There is no reason to question 

the validity of her estimate of recombination for this interval and our 

studies on preferential segregation would also place the 1£ locus close 

to the knobe Unlikely though it may seem 9 we have tentatively concluded 

that in the high loss strain a crossover between~ and ! 9 occurring in 

meiotic prophase 9 predisposes in some unknown manner the crossover chromo

some to undergo chromatin loss at the second microspore divisione 

Although our studies are incomplete we have yet to find an unequi

vocal instance of B chromosome-induced loss of a knobless chromosome 3 

at the second microspore mitosiso If knobless chromosomes are subject 

to loss at this mitosis it is an infrequent event compared to the rate 

of loss of knobbed chromosomese 

Data on knob size and the rate of loss crune from studies of high 

loss plants having the following chromosome ~.• '· constitutiong KL ,!g_ 2/ 
K

8 zg,,£e Both knobs terminate the end of the short arm but the KL knob 

is much larger than K8
9 which is approximately the size of the knob in 

Kyse The chromosome 9 with the large knob carries the closely linked ,!g_ 

allele while the homologous chromosome 9 has the small knob and the 

recessive zg_ allelee When silks of zg_,£_ individuals were pollinated by 

ic1' 1£ 2f K
8 

';IB. .£ high loss plants, all of the F1 kernels would have 

colored aleurone except in those cases where there was loss of the C 

allele in the sperm uniting with the polar nucleis If the colorless 

kernels arose from loss induced in the KL I£ microspores the embryos of 
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the exceptional kernels would have the !fi allele contributed by the 

sister sperm cell and give rise to green seedlingse Loss of the C 

allele from the chromosome 9 with the small knob would also resul t in a 

colorless kernel when the deficient sperm fertilized the polar nuclei 

but the embryo would produce a yellow green seed l ingo In short ~ a green 

seedling from a colorless kernel denotes loss of the r' chromosome while 

a yellow green plant from a colorless kernel is the consequen ce of loss 
s of the K chromosomeo In a preliminary experiment we obta i ned 37 green 

and four yellow green seedlfuge from colorless kernels. Not unexpectedly 9 

the chromosome with the larger knob is most frequently los t . 

M~ Mo Rhoades 
Ellen Dempsey 

2. Possi bl e causes of variations in the fr equ ency of chromatin loss 
induc ed by B chromosomes. 

In the 1970 growing season 9 unusually high rates of endosperm 

loss of A1 (around 20'/4) occurred when a number of high loss plants with 

6 or more B's were used as male parents in crosses with several a tester 

stocks. The high loss plants were derived by self and sib pollinations 

within a sto ck which in preceding generations had given uniformly lower 

rates (about 12%) in crosses with six different female parentso The 

higher frequencies were attributed to an undefined environmental effect 

since the segregation of modifying genes or the differential performance 

on different females appeared unlikely. Moreover, in 1970 two high loss 

individuals gave both high and low rates of loss when used as the male 

parent on two~ stocks. In both instances, the cross with the late 

maturing d1!£;#.1 stock gave a lower rate than did the cross with the 

earlier a1B Pl stock. Population totals are given in parenthesese 

~~~ # B's Endosperm loss of A with~ parent: 

~~~ ~~fl 
30785-24 7 12.7 (529) 21.7 (1634) 

30785-23 8 8.9 (615) 190? (2110) 

The different rates of endosperm loss observed in the two crosses 

could be ascribed to the ability of the female parent to affect the 
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pattern of fertilization~ Thus, the lower endosperm loss of both pollen 

parents in the~.!£ a crosses might be due to the preferential fertili

zation of the egg by deficient sperm while in the~ B Pl crosses the 

reverse would occurm If this indeed is the correct explanation, the low 

endosperm loss observed in the !!_lg_,~ crosses should be combined with a 

high rate of loss in the embryo and the high endosperm loss of the !:.~Rh 

crosses should be associated with low embryo losso That this is riot 

true was shown for plant 24. In field grown plants from the!::. B Pl 

crosses, 19.3% of the progeny came -from colorless kernels (loss of A in 

the endosperm) while the frequency of embryo loss was 9.4% (detected as 

anthocyaninless plants with 5o% pollen or ovule abortion). Comparable 

values for the ~lg!:. crosses were 893% endosperm and 3G6% embryo loss 

(detected by colorless plant phenotype 9 by pollen and ovule abortion, and 

by progeny testing)o There was no compensating increase in embryo loss 

if endosperm loss was low and vice versa~ The total loss rate in endo

sperm and embryo differed when the same individual plant was crossed 

onto two tester stocks~ 

It is possible that the 2Cf/o rate of endosperm loss reflects an 

environmental difference; the lower rate of loss found in crosses onto 

the ~l£.!! stock might also be assigned to an environmental effect were 

it not for the fact that, in both plants 23 and 24, the pollen tested 

for loss in the a B Pl crosses came from the main stalk and that used in 

the !!_lg!:. crosses was produced by a tiller& It is true that the second 

microspore division in the tiller occurred at a later time and presumably 

under different growing conditions than it did in the main tassel. This 

would argue for an environmental effect such as variation in temperature. 

However 9 a difference in genetic constitution of main stalk and tiller 

might be responsible~ Elimination of several B chromosomes from the 

tiller at the time it originated from the main stalk would give a tassel 

with a lower loss potential. Whether or not the main stalk differs from 

its tillers in numbers of B's has not been studied in maize, but this 

somewhat fanciful hypothesis is made more credible by the variation in 

the number of B0 s during tiller differentiation in Dactylis (Puteyevsky 

and Zohary, 1970). Mitotic instability in number of B8 s has also been 
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found in several species (see Battaglia, 1964 for references). The in

fluence of environmental factors on chromatin elimination induced by B0 s 

remains to be demonstrated~ as does the likelihood of somatic variation 

in numbers of B0 s between main stalk and tiller$ Experiments have been 

set up to resolve these questionso 

Mo M~ Rhoades 
Ellen Dempsey 

3o Effects of various segments of the B chromosome on recombination and 
nondisjunction~ 

A) Analysis of the B chromosome segments responsible for enhanced 
crossing over. 

Hanson studied recombination in chromosomes 9 and 3 and reported 

slightly higher values in plants with B chromosomeso These effects were 

not discernible until about four B0 s were present in the plant 9 at which 

time most of the enhancement was in double crossover classeso Since 

then Nel has found that B0 s appreciably augment exchanges in the centro

mere regions of chromosomes 5 and 9~ The most spectacular promotion of 

recombination by B chromosomes 9 however 9 was discovered by Rhoades. A 

segment of 3L was transposed to the short arm of chromosome 9 and inter

calated between.£ and Wx. Crossing over between the chromosome 9 markers 

was little affected when the transposition was homozygous 9 even though 

the physical distance was extended. This situation was drastically 

altered when a single B was present~ Recombination was increased as 

much as llo% by the addition of a B chromosome 9 and a dosage effect was 

evident~ The transposition line was utilized in crosses with selected 

A-B translocations in an attempt to determine which portion(s) of the B 

chromosome was involved in the enhancement of recombinatione 

Translocation stocks TB-4a, TB-3a, TB-6a, and TB-8a were made 

homozygous for the transposition and heterozygous for the markers.£ and 

Wxo Chromosomal constitutions of the resulting families were determined 

by pachytene analysisg root tip chromosome counts 9 and/or pollen abortion. 

The results of testcrosses are given in Table li and B chromosome break

points are shown in the accompanying drawing. 
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Table 1. Testcross data frQm .£ !E, '!jH .£. .'.!'.E. ~ female parents 

varying in TB-A constitution, and a drawing of the 

B chromosome with breakpoints indicated by 

horizontal lines. 

Total % C-Wx Constitution population Recomb. 

2030 26.5 88B 

1861 27.3 88 

4597 32.4 88B8• 

3499 38.,6 88~BBS•• 

3 

1486 21.,5 33 

3059 30.2 33B3 .. 

3115 36.0 33BB3•• 

2 
792 16.8 66 

4o48 27.7 66B6• 

6550 31.3 66BB6•• 

5704 37.,6 66BB6B6~• 

3154 22.4 44 1 

3169 28.7 44B 
4•• 

2395 33.,9 44BB4* 

4414 38.,2 44BB4B4* 

TB-8a 

TB-3a 

TB-6a 

TB-4a 

•,•• values are significantly greater than those in the compound 
immediately above ab the 1% (•) and 0.,1% (••) levels .. 

The lack of any increase in C-Wx recombination in the 88B plants 

in relation to the control 88 class indicates that the distal-most 

region of the B chromosome, containing only two chromomeres, has no 

activity in the promotion of crossing over. As might be expected, the 
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BS chromosome is an effective inducer when only one is present 9 and two 
8 B 9 s enhance exchange even furthere The higher recombination in the 

33BB3 class than in the 33B3 category indicates that the region of the 

B between the breakpoints of TB-3a and TB-8a is able to influence cross

ing overo The par t icipation of the region of the B proximal to the 

TB-3a breakpoint is demonstrated by the promotion of crossing over by 

B4
9 B3 g and B6

o The increase noted with the B4 chromosome indicates 

that the euchromatic segment of the B (region 1) probably has activity 

in this phenomenon (the short arm or the centric heterochromatin of the 

long arm could be the center of activity)e The heterochromatin between 

the TB-4a and TB-3a breakpoints (regions 2 + 3) may contribute to the 

enhancement of recombination or the B3 and B6 chromosomes could derive 

their activity from the presence of region 1 aloneo 

In an attempt to determine if segments 2 + 3 increase crossing 

over 9 the relative contributions of each portion of the B were estimated. 

Since the translocation lines were from different backgroundsg direct 

comparisons of recombination could not be made~ However 9 if the exchange 

increment of the balanced translocation heterozygote above the control 

(with no translocation and no intact B's) represents l0O)b of the effect 
A 

of an intact B chromosome~ the percent contribution of each B chromo-

some can be estimated by~ AABA - AA x 100/ AABBA - AA9 where AA9 AABAg 
B A and AA B are the percent recombination in plants of that constitution~ 

The results of these calculations are as followsg 

B
4 

- 55%; B6 - 75%; B3 - 60}6; BS - l0C1'/4e 

The B4 chromosome 9 containing only the proximal euchromatin of the B9 

has about 55% of the activity of an intact B chromosome~ The 75% con

tribution of B6 therefore suggests that 55% of the enhancement effect is 

due to region 1 9 while about 2(Jfo of the activity resides in region 2e 
8 The remaining contribution to the enhancement of crossing over by a B 

or intact B must come from segments 3 + 4e 

The 6Cf/, contribution to the enhancement of crossing over by B3 

is diffi cul t to understandm With the breakpoint more distal than B6
9 

one might expect that B3 would cause a greater increase in recombination 

t han B
6

o The region between the TB-6a and TB- 3a breakpoints (region 3) 

may be inhibitory to crossing over and may counteract the stimulatory 
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effect of the more proximal regions. Whether or not an antagonistic 

condition exists 9 it is difficult to assign a percentage contribution 

to the segments studiedo The most that can be stated at this time is 

that all segments of the B9 with the exception of the distal chromomeres 9 

appear to affect recombination in Tp9Tp90 

Since as yet no reliable data have been obtained on the effects 

of trisomics on recombination in the tested segment of chromosome 9 9 

the possibility remains that some of the enhancement attributed to the 
A B chromosomes may be due to partial trisomy for the A chromosome in-

volved in the translocation. Recombination in one trisomic 4 plant was 

not higher than that found in a closely related disomic. It is there

fore likely that the B4 enhance~ent of crossing over in Tp9Tp9 is a 

result of the presence of the B chromosome segment and not :t-riaomy for 

chromosome 4 chromatin0 

B) Control site for B chromosome nondisjunctions 

With the establishment of the B chromosome breakpoint for TB-8a 

it became obvious that the opportunity existed to test the activity of 

the few distal ,chro!Ilomeres in the control of B chromosome. norl.d.i@rJU.ne

tion~ If the controlling segment lies in the region distal to the break

point9 nondisjunction of the BS would occur only in 8BBB sporese However 9 

if activity is o_onfined to a portion proximal to the TB-8a breakpoint 9 
the B8 chromosome would undergo nondisjunction in both 8B8 and 8BBB spores. 

Plants of constitution 88B8 were crossed as pollen parent by 

normal (88) individuals and chromosome counts were made on root tips of 

the progenyo The results are given in Table 2o In a total of 507 seed

lings9 431 had 20 chromosomes 9 73 had 21 chromosomes 9 and 3 were mosaic 

for chromosome number. Of the latter three, cells with 20 9 21 9 and 22 

chromosomes were found in two of the plants while the remaining seedling 

had cells with ·either 21 or 22 chromosomes. No plants with 22 chromosomes 

were founde The transmission of the B8 through the pollen varied con

siderably, but averaged about 3Cf/4. 

A further test for nondisjunction allowed for selection of seed

lings which contained the B8 chromosome, and made root tip analysis of 

large populations unnecessary. The procedure was as follows: 



8v8v x 8v8vB8V 
~ 

8v8v 

8v8vBSV - from normal disju nc tion 

(8v8vBSVBSV) - could arise from nondisjunction 

57 

Only green seedlings were analyzed for chromosome number 9 and they were 

expected to have 21 chromosomes if nondisjunction did not occur~ Seed

lings having two BB chromosomes would result from nondisjunction at the 

second microspore division followed by fertilization of the egg by the 

hyperploid spermo Fourteen green seedlings were found in a total popula

tion of 119; all had 21 chromosomes. 

When the data are pooled from both experiments~ there were 87 

plants having a single BS plus three seedlings in which somatic nondis

junction was occurring~ Nondisjunction at the second microspore 

division was not observed in 88B8 plants~ However, nondisjunction did 

occur with a high frequency in 8~ 8 spores of 88BBB and 88BBSBS plantsD 

The most tenable conclusion from these experiments is that the 

control of B chromosome nondisjunction resides in the short distal 

euchromatic portion 9 containing only two chromomerese It is interesting 

to note that this segment had no effect on recombination and thus these 

two phenomena are controlled independently~ 

Table 2o 8 Root tip chromosome numbers from progeny of 88B males. 

Progeny chromosome number 
Male plant Total 

20 21 * 

461-4 76 20 0 96 

728-49 35 2 0 37 

728-33 102 17 l 120 

728-43 29 9 0 38 

728-25 52 2 0 54 

728-8 85 23 2 110 

7~-~ 30 0 0 30 

728-61 22 0 0 22 
-

Total 431 73 3 507 

*root tips were found to be mosaic for 20-21-22 chromosomes in 
two plants and 21-22 in the otherg 
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C) A new observation of the effects of B chromosomes on recombina
tiono 

The recombination in the balanced heterozygotes of each of the 

TB-A translocations in section A can be considered to be equivalent to 

the crossin~ over occurring in Tp9Tp9 when a single intact Bis present 

in the celle The percentage increases from the AA class to the AABBA 

group for each translocation were calculated and entered in Table 3e No 

balanced heterozygotes were successfully testcrossed in TB-8a, but 

absence of an effect on recombination by the distal chromomeres indi

cates that the B8 has 100"/4 of the activity of an intact B, and plants 

of 88B8 constitution were utilized in place of the balanced heterozygotee 

The data in Table 3 demonstrate that the lower the control value the 

greater the effect of the B chromosomeo Regardless of the amount of 

crossing over in the controlsi £-~ recombination is usually increased 

to about 33-34%. Rhoades 0 results with OB vs. lB classes are not in

consistent with these obs~rvations~ Recombination in his OB plants was 

17e7'/49 increasing to 37% with the addition of a B. This represents a 

lOg'/4 increase. 

Table 3e Comparison of the increase in recombination in Tp9Tp9 
' ' 

caused by the B chromosome as represented by the balanced 

heterozygotes of TB-3a, TB-4a, and TB-6a and by the 
8 B of TB-8a& 

Constitution %C-Wx 
Recomb. % increase 

88 27.3 1 88B8 32.4 

44 22e4 } 44BB4 
33.9 

51.5 

33 21.5 } 33BB3 36.0 

66 16.8 } 66BB6 31.3 
86.5 
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Kikudome found a comparable situation when he studied the effect 

of KlO on crossing over in a chromosome 9 bivalent heteromorphic for a 

knobless chromosome and a small 9 medium9 or large knob~ Crossing over 

increased from 26oCffo to 3lm5%9 from 17o7°/4 to 2608%9 and from l2o7°/4 to 

3003%9 respectivelyo These results represent increases of 1701%9 5105%9 

and 140'/40 It was suggested that there was an upper limit of about 30% 
recombination in the region investigatedo In tests of Tp9Tp9 recombina~ 

tion there is a dosage effect of B chromosomes~ therefore 9 the 33-34% 

commonly found with one B cannot be an upper limito 

Edward Ward 

4® Detect i on of somatic r edundancy for t he A~ gene of maizez 
a gene ti c strategy and prel i minary dat am 

With few exceptions 9 the genetic information specifying the unique 

amino-acid sequence of an enzyme-subunit polypeptide is transmitted 

through meiosis as a single cistron., A diploid cell contains "one" 

paternal and "one" maternal allele for each gene 9 where the number "one" 

connotes one unit of genetically transmissible information (allele) 9 as 

opposed to one unit of biosynthesis (here called "cistron")., Certain 

somatic cells might contain many redundant copies (cistrons) of one gene 9 

copies which are ·transmitted through mitosis 9 without violating Mendelian 

lawso Even gametes may be redundant for any genetically single allele if 

one invokes the speculative "master-slave" relationship (Callan 9 1960, 

1967) among the redundant cistronso Cytological and biochemical techniques 

presently available lack the resolution needed to detect small amounts of 

redundancyo This short note outlines a genetic strategy theoretically 

able to discover redundancies between zero and about twenty copies of a 

specific enzyme-specifying allele 9 and gives preliminary data for one of 

the alcohol dehydrogenase genes (A~; ADH enzyme 9 EC lalolole) in maize 

root primordial cellso This strategy may have general applicationss 

Experimental strategy~ 

There are two alleles for each gene in a diploid somatic cell., 

If each allele were represented by but one cistron 9 then the maximum 

number of different polypeptides specified by a particular gene is two 
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per diploid cell~ If 9 on the other hand 9 a number of cistrons represent 

each allele in a single cell 7 then a somatic mutation affecting one of 

the redundant cistrons could yield a single cell with three different 

polypeptides specified by only two genetically defined allelesa The 

following strategy may provide~ (1) a way to detect relatively small 

amounts of a mutant polypeptide; (2) a control to ascertain whether that 

cistron specifying the mutant polypeptide was really in the same cell 

with both non-mutant parental alleles; and (3) a simple method by which 

a single somatic root primordial cell can be cloned within the living 

planto 

Mutant cistrons which specify enzyme subunits with an altered net 

surface charge can be detected by electrophoretic procedures~ The A~ 

gene of maize specifies product which is assembled into ADH enzyme dimers 

(Schwartz 9 1966)0 A number of mutant and variant alleles exist for the 

Ad~ gene (Schwartz 9 1966)m For example, Figo 1 represents electrophoret

ograms--gels specifically stained for ADH activity--characterizing the 

three genotypes segregating on an Ad~ 8/ A~F self-pollinated ear, where 

superscripts "S" and "F" denote alleles which specify subunits conferring 

a relatively "slower" or "faster" anodal electrophoretic migration rate 

to the ADH dimers containing these subunits (Schwartz 9 1966)0 Most ADH 

dimers are stable in extracts and gels, and none has displayed the 

slightest tendency to dissociat'e and reassociate under standard in vitro 

conditionsc The presence of a hybrid enzyme, marked by an arrow in FigG 1 9 

implies that there are~ least two cistrons for the A~ gene per cell 9 

since there are at least two qualitatively different subunits synthesizedo 

This conclusion is triviale However, in the following test involving 

somatic mutation and clonal analysisg the presence of an "unexpected" 

hybrid enzyme may identify a somati cally redundant allelea 

Given a single somatic cell heterozygous for a normal A~ allele 

(,:!:) and an Adh1 deletion or mutant allele specifying inactive, non

dimerizing polypeptides (o), it is possible to treat this ±f.o cell with 

a mutageng wash out or discontinue treatment, allow clones to develop, 

and then electrophoretically analyze the cloneo The reason for using 

an o mutant allele is to permit the analysis of but one A~ allele of 
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Fig© lo Three example electrophoretograms repre
senting the three genotypes segregating on an 

M£J_S/ A~F self=pollinated earo The arrow 

marks the ''hybrid enzyme ~" 

Alternat i ve 
Mutant Types 

Enzyme 
Pro f ile 
of Clo ne 

Summary Interpr etat i on 9 * see text 

Non-mutanto 

Supports, wi t h one special excep~ 
tion 9 zero redundancye 

Unambiguouso Strongly supports 
somatic redundancyo Ratio between 
"bands" varies with number of 
redundant copieso 

Ambiguouso See "preliminary data" 
for detailed interpretation of this 
alternative a 

Uninterpretablee 

*All interpretations are based on the assumption that the 110 11 allele 
does not participate in the specifi cation of any enzyme profilea 

Figo 2a Alterna t ive t ypes of± allele mutations in a target cell as 
expressed in the enzyme profile of the mutant clone 9 with summary in
terpretations© See text for detailed interpretations and their bases~ 
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the somatic celle It is assumed that the rate of back-mutation or 

somatic crossover mediated£ reactivation yielding a dimerizing subunit 

(,2. • ±.or.!!!,) is negligible compared to the rate of forward mutation 

(.:!:_ • _!!!) of the normal + allele., 

Figo 2 diagrams some of the alternative types of.:!:. allele muta

tions in a somatic target cell 9 as expressed in the enzyme profiles of 

the mutant cloneso Interpretations assume that the o allele does not 

iarticipate in the specification of these electrophoretograms$ Alterna

tives II and III are most valuable 9 and ought to be mutually exclusive., 

Alternative II argues strongly against somatic redundancy since a single 

mutation (.:!:_ • .!!!_) changed all of the active ADH enzyme of the clone to 

a form with a new net surface charge, (but this can also be explained if 

a master Adh
1

mutant allele corrects all slaves at each mitosis)o In 

alternative III 9 one of a group of.:!:. cistrons must have mutated to a new 

cistron(m) specifying an active 9 dimerizing subunit with an altered sur

face chargeo This alternative strongly supports somatic redundancyo The 

more.:!:. cistron copies extant in the mutated cell 9 the more difficult it 

becomes to detect a mutant cistron (,!!!,) 9 since the mutant ADH O s would be 

a diminishing proportion of the total ADH specifiedQ Whether the 

"clone•• is actually a clone 9 or a mixture of mutant (.!!Vo) and non-mutant 

(±f.o) cells cer t ainly affects the feasibility of the test 9 but does not 

lead to erroneous interpretations~ Alternative II requires a clone to 

be expressed; alternative III supports redundancy in a clone or in a cell 

mixtureo 

In order to realize the alternatives catalogued in Fige 2 9 one 

demands a system where somatic "target cells" can be mutated and subse

quently cloned until enough cells are present for electrophoretic assaye 

Some cells in culture are amenable to such analysise The root system in 

higher plants may present a less obvious method for clonal analyseso 

FigG 3 diagrams a possibilityg some lateral roots 9 induced from the 

primary root by meristem excision 9 are clones 9 each of which develops 

from one and only one primordial cell in the embryoo If this hypothetical 

cell lineage were true for a reasonable proportion of laterals 9 mutually 

exclusive alternatives II and III would be detectablee In this case 9 



Embryo 

Primary 
Root 

Primary 
with Laterals 

- mutant "target cell" 

/ mutant cell(s) 

@~---~ 

mutant "target cell clone" 

Fig. 3. Possible lineage of the cells of one lateral root from one 
"target cell" in the embryo of the seed. 

• •••• Q ·• ... .. 

Explanation (2) Explanation (3) 
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Fig. 4. A representation of the electrophoretograms characterizing the 
two mutant-type lateral roots, with explanations (2) and (3) diagramed. 
Explanation (2): mixture of mutant and non-nru.tant cells. Explanation 
(3): somatic redundancy, here drawn as unineme for convenience only. 
See text for details. 
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seeds are treated with a mutagen and lateral roots are electrophoretically 

assayed~ As mentioned previously, if lateral roots do not develop as 

suggested the experiment will fail, but will not lead to erroneous con

clusions .. 

It is hoped that this experimental strategy might be generally 

applied in somatic mutation studies, and might serve as a test for gene 

redundancy. 

Preliminary data: 

Seeds of the ±IE.. genotype were treated with ethyl-methanesulfonate, 

washed, dried and subsequently germinatede 543 lateral roots from 89 
seedlings were electrophoretically analyzed following a brief anaerobic 

treatment to induce AD~ activity .. A known marker enzyme was present in 

every gel to exclude electrophoretic artifacts., Two independent 9 indis

tinguishable aberrant lateral roots were found, both corresponding to the 

ambiguous alternative .IV of Fig. 2. The 9ther 15 laterals from these two 

seedlings were normal. Fig. 4 diagrams what was seen in the aberrant 

electrophoretograms. Each of the following three explanations can account 

for these data. (1) The assumption on which this strategy is based is 

false~ the new enzyme "band" is totally or in part the product of a 

reverted.!?_ allele. This unlikely explanation is being tested by analy

zing somatic mutations of electrophoretically distinguishable.!. alleles 

in heterozygotes with the same.£ allele. (2) The aberrant lateral roots 

each contain two types of cells: ±f.o, yielding the normal enzyme, and 

.!!Y'.o, specifying the new homodimer "band.," In this case 9 both of the 

aberrant laterals must have had a very similar mixture of cells. (3) The 

lateral root primordial cell contains at least one.£ cistron, at least 

one.!. cistron 9 and at least one.!!!. cistron, the latter specifying either 

enzymatically active or inactive product which does dimerize. In this 

casei the new enzyme "band" is a hybrid enzyme, and somatic redundancy 

is supported; the m-m homodimer is not seen in the electrophoretograms 

either because it is inactive, or because many copies of the+ cistron 

existed in the target primordial cell, or both. Fig. 4 gives a pictorial 

representation of explanations (2) and (3). 



More mutants are needed to distinguish between these three ex

planations~ Schwartz (published and unpublished data) has selected many 

ethyl-methane-sulfonate-induced Ad~ alleles which are genetically trans

missible and which specify subunits with altered net surface charges$ 

These mutants specify certain charge transitions (eogo the net loss of 

two negative charge units per subunit), but not other~e The type of 

mutant required for explanation (2) to be correct has never been found, 

while that necessitated by explanation (3) is frequent~ 

Michael Freeling 

In response to the interest expressed by a number of corn 

geneticsts in kernel photography, the following article was contributed 

by the director of the Photographic Laboratory at Indiana University ~ 

5 • . Kernel pho t ogr aphy. 

Close-up color photographs of corn kernels with clear reproduction 

of patterns of color variegation may be obtained in the following wayo A 

camera of the single lens reflex type is used with Ektachrome high speed 

film. The lens used for close-up work is a 48 mm Micro~Tessar lensQ A 

five inch extension tube may be used to increase magnification slightlys 

Lighting from above and below gives a white background; without the light 

from below, the background is black. Polarizing filters are of utmost 

importance for avoiding glare from the surface of the kernelo Filters 

are placed in front of the lens, as well as on each of the light sources. 

The highlight reflections on the kernel may be used for focusing; they 

are then removed by turning the polarizing filters before exposing the 

film. Dust particles on the kernels should be removed with a static

master brushQ 

CG M. Flaten 
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INSTITUTE OF CYTOLOGY AND GENETICS 
Novosibirsk 9 USSR 

1. Effect of pollination condition on the expression of the gameto
phyte locus of chromosome 4. 

For the past 50 years the gametophyte locus of the fourth chromo

some has been the subject of a large number of reports, in particular 

those of American workers. This communication presents the results of 

studies carried out throughout 1969-1971 in the zone of northern sub

tropics along the coast of the Black Sea (Sochi, USSR)e The sowing 

dates were from the end of March to the middle of July~ Hybridisation 

was initiated from the second decade of June and was over by the third 

decade of September. One and the same F1 hybrid between popcorn and sweet 

corn was sown in different years at different times. This made it pos

sible to reveal the response of a definite genotype for the gametophyte 

locus to conditions prevailing during pollinationo The analysis was 

carried out as described by Jimenez & Nelson (J. Heredity 56:259, 1965). 
s F1 hybrids of the Ga~~~ genotype were used as testers. As a rule 9 

three phenotypically different classes were distinguished in the course 

of the experimentso The classes correspond to three different genotypes 

of F1 hybrids as follows: 

Percentage of~ in three 

Genotype of Fl 
types of crosses• Phenotypical 

hybrids 
® 

class 
0 

~ + 

Ga Su/ga SU 14 14 14 I 

GamSu/ga SU 25 25 14 II 

ga Su/ga SU 25 25 25 III 

•@=self-pollination F1 hybrids,~= F1 hybrid pollinated by 

tester pollen, ci" = tester pollinated by F1 hybrid pollen. 

The method of analysis used does not differentiate Gas and Ga alleles 

and they produce a constant pattern of segregation corresponding to the 

first phenotypical classe 



Table 1 .. Influence of pollination conditions on the results of the analysis of the F
1 

hybrids 

0 d"' Pollination Number of + Phenotypical Hybrid 
dates plants Total seed Total seed class 

number % SU number % SU 

Golden September 1969 33 9687 26<>64 7025 24.,70 III 

Bantam June 1970 3 733 25.,92 589 22 .. 68 III 

X Rice 6 1473 24 .. 58 954 14076 II 

10 2511 12 .. 44 25o8 13051 I 
corn 

June 1971 15 4619 24 .. 65 3088 23030 III 

July 1971 8 2605 25.,4o 1347 10 .. 25 II 

5 1469 23.,78 1089 22.34 III 

Golden September 1969 9 2019 25.92 2469 13 .. 14 II 

Bantam June 1970 6 1499 14.,14 1502 10 .. 33 I 

x Globe 3 1102 22.95 780 11.28 II 

White June 1971 14 3177 25.,13 3494 13 .. 36 II 

Shelled July 1971 7 1861 23 .. 15 1121 12"45 II 

5 1193 16.18 874 11.,71 I 

September 1971 14 3182 26 .. 15 3089 15.,22 II 

2 371 23 .. 62 4o8 21.,87 III 

(j\ 
--.J 
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Gam refers to the allele which combines the characters of the 

allele~ (when the F1 hybrid containing this allele is used as the 

maternal plant) and the characters of the allele Ga (when the same plant 

is used as the source of pollen) (Genetika 6~14~ 1970)e Garn is widely 

distributed in popcorn maize populations (Genetika 8g29 1972)e The 

initial popcorn maize may be either homozygous or heterozygous for the 

gametophyte locus; if it is heterozygous, the F1 hybrids are distributed 

into two phenotypical classes and if it is homozygous 9 the F1 hybrids 

all belong to a single phenotypical classe 

The results obtained in two F1 hybrids after 4 and 5 repeated 

sowings of seed from one corn-cob are given in Table 1 .. Similar or very 

similar results have been additionally obtained in 23 F1 hybrids. It 

should be noted that a part of the repeatedly sown hybrids were always 

assigned to the same phenotypical classe 

Thus, the capacity of pollen tubes having Ga and Garn alleles to 

compete for the allele~ varies considerably depending on the pollina

tion conditions. The environmental factors influencing the manifestation 

of the gametophyte locus were not analyzed., 

s .. L Maletzky 
B., N., Siritza 

2. Analysis of the gametophyte allele Garn in F2 hybrids. 

The gametophyte allele Garn, as compared with the allele~~ has 

the interesting feature of being active only in the male gametophytee 

However, all the alleles of the gametophyte locus are highly variable 9 

which makes difficult their identification and even makes their exist

ence very questionable. An allelic test between the alleles~ and Garn 

has been carried out earlier (Genetica 6:14 9 1970). This is a report 

of the analysis of F2 plants from the hybrid Golden Bantam x Globe White 

Shelled (see communication 1) and the analysis of the F2 plants from 

hybrids of Ga~~~ genotype~ This hybrid was used as tester in the 

preceding work. In addition to the analysis of genotypes obtained as a 

result of self-pollination of these F2 hybrids, a similar analysis of 

hybrids produced by reciprocal crosses between two of the f1_hybrids was 

carried out. The genotypes were identified by the method described in 

the preceding paper .. 
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On theoretical grounds, nine different genotypes heterozygous for 

su 1 are possible in the offspring of the four hybridso As shown in the 

diagram, the genotypical classes correspond to 6 phenotypical classese 

® 0 ;;;f class + 0 

Ga Su/ga SU 14 14 14 I 
m Ga Su/ga SU 25 25 14 II 
m m Ga Su/Ga SU 25 25 25 III 

ga Su/ga su 25 25 25 III 

Ga Su/Ga su 25 14 25 IV 
m Ga Su/Ga su 25 14 25 IV 

GamSu/Ga su 25 14 25 IV 

ga Su/Ga su 36 14 36 V 
m ga Su/Ga SU 25 25 36 VI 

Table 1 presents the relative occurrence percentage of pheno-

typical classes predicted in the offspring of four hybrids. 

Table 2 gives the actual figures obtained in the experiment. 

The sample is not large, but the actual figures are in good agreement 

with those expected on theoretical grounds, in spite of the influence of 

environmental conditions on the results (in particular 9 the expression 

of the phenotypical class 1 in the ~ .§¥~ ~ x Gam.eEJ~ ~ hybrid) e 

In this experiment the inheritance of the allele Garn is just as clear-

cut as that of the allele Gao 

Table 1 .. Theoretical phenotypical ratio expected 

in the F2 of four hybrids(%) 

Phenotypica).. class 
Genotype of F1 

1 2 3 4 5 6 

1. Ga Su/ga SU ® 52 40 8 

2. GamSu/ga SU ® 52 40 8 

3. Ga Su/ga SU X 

m 
... 

52 40 8 Ga Su/ga SU 

4. m I Ga Suga SU X 

Ga Su/ga su· 26 26 20 20 4 4 
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Table 2o Phenotypical ratios obtained in the F
2 

of four hybrids 

Number of 
Genotypes of F1 

analyzed 
plants 

1 .. Ga Su/ga SU 26 
m 

50 2., Ga Su/ga SU 

3., Ga Su/ga SU X 

m 28 
Ga Su/ga SU 

4 .. m Ga Su/ga SU X 

Ga Su/ga SU 
36 

Distribution according to 

1 2 

19 

21 

3 15 

10 9 

3 4 5 

":' 7 

25 

10 

7 4 3 

So I. Maletzky 
B .. N., Siritza 

classes 

6 

4 

4 

3,. Identification of multiple molecular catalase forms in different 
maize tissues .. 

Scandalios (Ann .. NmY., Acad .. Sci .. 151~274 9 1968) has described the 

locus Ct in maize endospermo The locus has 5 alleles corresponding to 

5 electrophoretic catalase variantso The line homozygous for 1 of . the 

5 alleles shows one zone of enzyme activityo An' isozyme pattern in the 

hybrid consisting of two parental and three hybrid variants of catalase 

has been establishedo In studies of a collection of self-fertilized 

maize lines we have detected 6 electrophoretic variants of catalase 

(Bullo Isozo 4g409 1971)., 

In 1971 lines were sorted out containing two electrophoretic 

variants of catalase in their endospermo Occasionally the two variants 

are represented by two zones of similar enzyme activity 9 but usually 

one catalase zone stains more intensely in comparison with the other 

weaker staining zoneo This additional zone is displayed best at fixa

tion during the early stages of endosperm developmenti on day 13 after 

pollinationo The main zone of catalase activity appears by day 16 and 

becomes more intense in the pro c ess of endosperm maturation 9 while the 

first fraction either remains weakly stained or disappears altogethero 

We have also found lines in which seeds of one corn-cob contain 

one or the other electrophoretic variant of the enzymeo No seeds had 
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a hybrid enzyme pattern .. That each seed possesses its own enzyme variant 

suggests that different loci 9 controlling catalase synthesis 9 function 

in each seeda 

The comparison of endosperm catalase with that of the leaves and 

seedlings within a single line has shown t hat the enzyme is t issue spe cif

i co The catalase of these tissues differs in the electrophoretic mobility 

of the enzyme and in the number of zones of enzyme activity. 

From the studies on the catalase of maize endosperm 9 leaves and 

seedlings it may be inferred that an oligogenic system functions to con-

trol the synthesis of multiple molecular forms 

presence of the catalase variant is determined 

its stage of development. 

IOWA STATE UNIVERSITY 
Ames~ Iowa 

Department of Agronomy 

1 . Attempted maize x sorg hum hybridization .. * 

of 

by 

E. 
s., 
L., 

the enzyme., The 

the type of t issue and 

Va Poliakova 
I,. Maletzky 
v., Meteleva 

Materials used in our 1971 maize x sorghum crossing nursery are 

listed in Tables 1 and 2,. Three dates of planting (delayed approximately 

10 days ) were usedG To reduce contamination from stray pollen~ maize 

stocks used as females were planted in isolation from their male counter

parts and were detasseled .. Also 9 male-sterile sorghums were isolated 

from male-fert i le sorghums .. A total of 1 9 293 reciprocal~ controlled 

pollinations (727 using maize~ and 566 using male-sterile sorghum~) 

were made by conventional methods and by a "vial method.," The latter 

technique involved attaching plastic vials (filled with water) to the 

maize or male-sterile sorghum plants at the bases of the ears or heads., 

Tassels or male-fertile sorghum he~ds were inserted into the vials and 

all components were placed under pollinating bags. Bags were tapped 

periodically to release pollen onto the stigmatic surfaces. Observations 

indicated that the "vial method" supplied viable pollen for 3-7 days., 

*Research supported by Rockefeller Foundation Grant. 
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Table 1. Maize cultivars grown in 1971 maize x sorg~um nursery. 

Cultivar 

A619a 

Bl4Aa 

MS214a 

(A619xA632)a 

(B37xB70)a 

(Mol 7xN28) a 
b Argentine Popcorn 

Japanese Hulless Popcorn 
b Maiz Chapalote 

Zapalote Chicob 

Syn B 4N (Late)c 

Syn B 4N (Early)c 

Syn B 4N (Isol. Bulk)c 

4N wxd 

4N sud 

4 
. d 

N gl
1 

Gourdseedd 
d Papago Flour Corn 

Tama Flintd 

Northern Flintb 

a From W. A. Russel~, Iowa State University. 

Ploi<iy 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

4N 

4N 

4N 

4N 

4N 

4N 

2N 

2N 

2N 

2N 

bFrom Wm. L. Brown, Pioneer Hi-Bred,Corn Company. 

cFrom J. w. Dudley, University of Illinois. 

dFx-om Maize Genetics Cooperative, University of Illinois. 



Table 2. Sorghum cultivars grown in 1971 maize x sorghum nursery. 

Cultivar 

Male-sterile 

Martin Aa 

Kafir 60Aa 

Wheatland Aa 
b 979 Sorghum x Sudangrass 
b 990 Sorghum x Sudangrass 

PS2A Sudangrass 

Plainsman a 

Tx7078a 

Redbine 6oa 

Caprocka. 

Ka.fir 60Ba. 

Sooner Miloa 

Durrah 

Ka.olianga 

Feteritaa 

H .a egari 

Shallub 

b 

Sorghum virgatumb 
b PS2B Sudangrass 
b PSlR Sudangrass 

4N Bulk IIc 

Martin x 4N Bulk Ile 

5AD X 198/12/ld 

5AD x 270/4/4d 

3D x 2d 
d Tet. Pop .. 72 

Male-fertile 

a From R. E .. Atkins, Iowa State University .. 

Ploidy 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

2N 

4N 

4N 

4N 

4N 

4N 

4N 

bFrom Wm. L~ Brown9 Pioneer Hi-Bred Corn Company. 

cFrom Wmm Ross, University of Nebraska. 
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dFrom L. V. Peters, Serere Research Station, Uganda, East Africam 

.. 
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The method was more valuable for pollinating sorghum heads, which flower 

over a period of 7-10 days, than it was for pollinating maize ears. 

Also 9 we cut, to 1/2-inch length, the silks of approximately one

half the maize ears pollinated. To reduce contamination, a new isola

tion bag was used for each day's cutting and the knife blade was 

sterilized with 95% ethanol before each ear was cut. 

Ears were removed from maize plants 15 days post-pollination 9 

examined in a portable, sterile chamber in the field, and any with seeds 

were taken into the laboratory where seeds were e~amined and embryos were 

excised and transferred to the culture medium described in Table 3. 
Approximately 30 maize ears and all pollinated male-sterile sorghum heads 

were sampled at maturity. 

Table 3. Synthetic nutrient medium used to culture seeds and embryos. 

Component 

Sucrose 

Agar 

Ca(No
3

) 
2 

• 4H
2
0 

KN0
3 

KCl 

NaH
2

P04 • H
2

0 

Mgso4 • ?H2o 
Fe Citrate (Ferric) 

MnS04 • 4H20 

Adenine 

Nicotinic Acid 

Pantothenic Acid 

Pyridoxine Hydrochloride (Vitamin B
6

) 

Ascorbic Acid (Vitamin C) 

Thiamine Hydrochloride 

Flavin Mononucleotide 

Myo - Inositol 

Succinic Acid 

Glycine 

Concentration 
(mg/ml) 

20,000.0 

7,500.0 

237.,0 

85 .. 0 

65.0 

16 .. 5 

36 .. 0 

30.,0 

o.,4 

0.2 

0.1 

0.05 

0.2 

17.8 

0.1 

0.,2 

10 .. 0 

25.0 

3.0 
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Conclusions drawn from analyses of numbers of maize ears setting 

seed should be viewed with caution since we had no estimate of normal 

amounts of foreign-pollen contamination for these materialse A few 

trends, however 9 should be mentionedo Highest frequency of pollinated 

ears setting seed was from tetraploid materials (x = 36%) 9 whereas. 

lowest frequency (x = 24%) was from "unadapted" maize cultivars 

(Argentine Pop. 9 Japanese Hulless, Zapalote Chico 9 Gourdseed 9 Papago 

Flour Corn 9 Tama and Northern Flints)e Twenty-nine percent of the 

pollinated ears from adapted materials produced seedm Adapted single

crosses set seed on 37% of their pollinated ears, whereas adapted in

breds set seed on 19%. 

The apparent influence of vigor on seed set may be a consequence 

of more vigorous materials (tetraploids and single-crosses) extruding 

silks from ear shoot bags or pollinating bags and, thereforeg being 

more prone to contamination~ Alternatively, vigorous rqaterials may be 

capable of overcoming physical and (or) physiological barriers to 

pollination and fertilizatione There was no influence of male-fertile 

sorghum genotype (used as pollen parents) on frequency of maize ears 

setting seed,. 

All seeds recovered from male-sterile sorghum plants came from 
I 

cultivated sorghumsG Maize pollen parent genotype was not correlated 

with frequency of pollinated heads producing seed~ 

When compared with the 11 9 000 seeds obtained in 1970 9 the 780 seeds 

recovered in 1971, represent a significant reduction in contamination by 

foreign polleno Precautionary measures taken at planting (isolated plant

ings) and during crossing (detasseling 9 vial pollinations, and sterile 

cutting procedures) were effectiveQ 

Data concerning presence or absence of embryos in seeds from maize 

and sorghum females are presented in Table 4e Only 34 seeds were re

covered from sorghum females. These seeds were dissected and the embryos 

were cultured .. Five sorghum female seeds (from three pollinations in

volving Wheatland Ax Maize Chapalote) were small and wrinkled; embryos 

from these seeds were small and failed to develop in cultureo From the 

29 11normal" seeds, 17 embry9s germinated'! developed normally 9 and are 

growing in the greenhouse. Four embryos from "normal" seeds germinated'l 
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developed abnormallyj and are being maintained in culture in hopes of 

stimulating further developmente 

Table 40 Data on seeds and embryos recovered from maize and 

sorghum females~ 

Maize ears with seeds 2o8 
Seeds recovered from maize ears 746 
Seeds dissected 15 days after pollination 627 

Seeds with embryQs 354 
Seeds with embryos -:S, 1.0 mm 114 

Seeds with neither embryo nor endosperm 273 
Seeds recovered from maize ears-mature 119 

Mature maize seeds cultured 42 

Male-sterile sorghum heads with seeds 20 
Seeds recovered from male-sterile sorghum heads-mature 34 
Sorghum embryos cultured from mature seeds 33 
Mature sorghum seeds cultured 1 

•' 

Of the maize seeds dissected 15 days post-pollination 9 43% were 

devoid of embryos (Table 4)e Many embryoless seeds displayed various 

degrees of endosperm developmente If these seeds were hybrid seeds, 

the 3N ploidy level (2N maize and lN sor ghum) of the endosperm may have 

buffered genetic imbalances and permitted this tissue to develop 9 whereas 

the 2N (lN maize and lN sorghum) nature of the embryo could not overcome 

genetic imbalance and resulted in embryo abortion at an early stage of 

developmente Alternatively~ pollination may have stimulated seed and 

endosperm-like development without f~rtilizatione Distinguishing between 

these alternatives would be difficult, requiring either that chromosome 

counts be made in the developing endosperm tissue or that quantitative 

measurements of DNA content of endosperm nuclei be made~ 

Seeds containing embryos were in various stages of developmente 

Fifty-two percent of the embryos we dissected were< leO mm in length 

and 15% were only slightly developed (usually< 001 mm long)c 

Success in culturing embryos was dependent upon their sizec 

Generally 9 embryos <0~2 mm long would not develop in vitro (several 

nutrient media and environmental conditions were used)e Although these 

very small embryos failed to germinate 9 nearly all remained alive for 



several months.,, Most larger embryos : (0.2 - 1.0 mm in length) grew but 

many of them developed abnormally 9 either forming an undifferentiated 

callus or only very small roots or shootso The majority of embryos 

.>loO mm developed normally and were eventually transferred to soil~ 
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These results suggest that the younger the embryos at the time of 

excision 9 the more heterotrophic they were, and therefore they were more 

dependent upon a complex nutrient mediumD Either the media we used lacked 

constituents required for normal development or they contained incorrect 

concentrations of essential growth facto~s0 

Our data showed no association of embryo size with pollination 

method 9 eliminating ' the possibility that many of the smaller embryos 

resulted from use of the "vial method" which could have caused pollina

tion t o occur several days after crosses were made., Therefore 9 small 

embryos may have developed slowly in .Yi:.!2. because of either genetic 

weaknesses or failure of the endosperm to provide them with optimi:irn:'' 

nutrients; ioe~ they may have been hybrids~ Therefore 9 further work to 

develop nutrient media which will stimulate and sustain development of 

extremely small embryos is needed. Only when such embryps can be grown 

to seedling stages which will permit chromosome counts and observations 

of seedling morphology will we be capable of presenting conclusive evi

dence on the feasibility of maize x sorghum hybrids., 

James J .. Mock 
Wayne H~ Loescher 

2., Pollen growt h in i n vit ro maize x sorghum pollinat i ons,.• 
== 

Many seeds recovered from maize x sorghum pollinations were 

devoid of embryos but contained endosperm tissue (see report in this 

Newsletter and MGCNL 45g78-80)o These seeds may be the result of either 

parthenogenic seed and endosperm development (possibly stimulated by 

pollination) 9 embryo abortion after fertilization 9 or restricted embryo 

development., The first of these possibilities suggests that pollen 

germination and gamete union may be the limiting step in maize x sorghum 

hybridizationo 

*Research supported by Rockefeller Foundation Grant. 
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To determine whether maize or sorghum pollen could germinate on 

stigmas of the other genus (i.ee sorghum~ maize d"and maize~ x sorgh um 

c:i'), we conducted in vitro pollen growth studieso The first experiment 

was conducted during summer9 197le We used silks f om MS21.4 and 

Argentine Popcorn and maize pollen from MS2149 Argentine Pop.g and 

Japanese Hulless Popcorn. We collected sorghum pollen from Tx7078g 

Redbine 60, Kafir 60B, Sooner Milo, Durra, Kaoliang, Hegari 1 (Martin x 

4N Bulk II), and 4N Bulk II. Ears, tasselsg and heads were removed 

from field-grown plants during early morning and transported to the 

laboratory in vials of waterD Microscope slides were prepared by 

affixing fresh pieces of silk to the slides, dusting the silks with 

appropriate pollen 9 covering the preparations with cover glassesg and 

placing them in moist chambers for 3-4 hoursD We prepared two replica

tions of 10 slides per maize~ x sorghum d'pollination, and on each day 

a new set (two reps of 10) of control slides (maize~ x maize ci'1) was 

preparedo Slides were examined under 400X magnificationg and pollen 

grains counted as definitely germinated were those with pollen tubes 

which had grown into the silk and which displayed protoplasmic streamingo 

Grains considered questionable showed stunted pollen tube growth and no 

protoplasmic streaminge Data in Table 1 are percentages of microscope 

slides containing at least one germinated or questionable pollen graino 

With two exceptions, sorghum pollen displayed only questionable 

germination when placed on maize silks. No maize~ x maize '1lpollination 

showed questionable germinationo MS214 x Kaoliang showed definite pollen 

germination. Positive results with Argentine Pop. x Sooner Milo may 

have been an artifact since the frequency of slides showing germination 

was low (both slides were from the same rep.) and MS214 x Sooner Milo 

pollinations showed only questionable responses. Germination was not 

influenced by amount of pollen on a silk. 

During winter, 1971 we conducted a second pollen growth study 

using greenhouse-grown plants. Maize cultivars used were MS214v SynB 4N, 

and Japanese Hulless Popcorn. Sorghums studied were Kafir 60Bg Kaoliangg 

Feterita, and 4N Bulk II (pollen sources) and Kafir 60A (male-sterile 

stigma source)o 



Table 1., Pollen grain germination in maize~ x maize d"and maize~ 

x sorghum ci' in vitro pollinations (Field)., 

% Microscope slides Average No., Pollination grains/silk Definite Questionable 
germination germination 

MS214@ a 52.5 o .. o 31<>6 

Argentine Pop .. @ 90 .. 0 o .. o 85.,1 

MS214 x Japanese Hulless 85 .. 0 o.o 155 .. 7 

MS214 x Redbine 60 o .. o 15 .. 0 18.8 

MS214 x (Martin x 4N Bulk II) o.o 30.0 24.,o 

MS214 x Kafir 60B o .. o 5.0 14 .. o 
MS214 x Sooner Milo o .. o 15.,0 4o.,7 

MS214 x Durra o .. o 15.0 52 .. 2 

MS214 x 4N Bulk II o.o 30.0 37 .. 0 

MS214 x Kaoliang 65.0 o.o 96 .. 0 

MS214 x Tx7078 0.,0 20.0 114.3 

Argentine Pop. x Sooner Milo 10.,0 o.o 89.4 

Argentine Pop. x Hegari I o .. o 55.0 108.8 

~our reps - 10 slides per rep. 
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Slides were prepared by affixing two fresh maize silks and two 

fresh male-sterile stigmas to a slide and dusting each with appropriate 

pollen (e.g .. MS214 silks and Kafir 60A stigmas were dusted with MS214 

pollen or pollen from one of the male-fertile sorghums) 9 covering with 

cover glasses 9 and placing in a moist chamber (room temperature) for 3-4 

hours., This procedure permitted examination of maize~ x maize ri', 

maize ~ x sorghum rJ' , sorghum ~ x maize a1 , and sorghum ~ x sorghum cl' 

pollinations each day. The number of replications varied., 

Another technique, used on a limited basis, involved making in 

vivo pollinations and preparing microscope slides (silks and stigmas) 

four hours after pollination. Results of this technique are listed as 

in ~ in Table 2. 



Table 2. Pollen grain germination in various combinations of maize and sorghum pollinations. 

(Greenhouse) 

% Microscope slides % Pollen grains Total 
Pollination Total pollen obs. Definite Question- Definite Question-

germina- able ger- germina- able ger- grains 

tion mination tion mination 

IN VITRO 

MS214® 26 100.0 100.0 4.5 10 .. 1 3860 
Kafir 60A x MS214 24 12.5 83.3 o.4 3.3 1632 
Syn B4N® 4 75.0 100.0 0.2 7.9 470 
Kafir 60A x Syn B4N 4 o.o 100.0 o.o 3.8 105 
Jap. Hull. (X) 8 62.5 100.0 o.4 9.6 1617 
Kafir 60A x Jap. Hull. 8 o.o 62.5 o.o 1.9 372 
MS214 x Kaoliang 8 o.o 100.0 o.o 8.8 1016 
Kafir 60A x Kaoliang 8 o.o 100.0 o.o 2.7 843 
MS214 x Feterita 8 o.o 100.0 o.o 6.3 1483 
Kafir 60A x Feterita 8 o.o 100.0 o.o 2.0 1223 
MS214 x Kafir 60B 18 o.o 100.0 o.o 7.1 7279 
Kafir 60A x Kafir 60B 16 5.0 94~ ' 0.1 2.4 2951 
MS214 x 4N Bulk II · 16 -o.o 87.5 o.o 4.6 2660 
Kafir 60A x 4N Bulk II l4 o.o 85.7 o.o 2.9 1630 

IN VIVO ---
MS214 ® 6 o.o 50.0 o.o 2.,2 182 
Kafir 60A x MS2l4 6 o .. o 33.,3 o .. o 0"8 241 
Syn B4N® 12 o.o 83.,3 o.o 6 .. 2 732 
Kafir 60A x Syn B4N 12 o .. o 16.7 OoO 1.,1 179 
Kafir 60A x Jap. Hull. 10 o.,o 10.0 o.o lol 95 

00 
0 
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In the first study we recorded only the number of slides having 

at least one pollen grain showing definite or questionable germinationm 

In the second experiment, we not only recorded the number of slides 9 

but also the number of pollen grains showing each type of germination& 

Results from this experiment were similar to those obtained in 

the first experiment, ime0 9 maize~ x maize cf pollinations displayed 

definite germination and pollen tube growth 9 and maize~ x sorghum cf' 

pollinations showed only questionable germination (Table 2)o Unlike 

the previous results 9 maize~ x maize cf'also showed questionable 

germination 9 and Kaoliang pollen did not germinate on MS214 silks. 

MS214 pollen germinated on Kafir 60A stigmas but pollen from SynB 4N 

and Japanese Hulless did not& Only Kafir 60B pollen germinated on 

Kafir 60A stigmas (Table 2)G Percentages of pollen grains showing 

either type of germination were low for all pollinations (Table 2)~ 

This may be a consequence of in vitro conditionso 

Several times during the second experiment slides were kept in 

the moist chamber for 24 hours before being examined for pollen germina

tion .. Neither germination percentages nor type of germination (i .. e., 

definite or questionable) had changed after 24 hoursm If pollen germina

tion in maize x sorghum pollinations requires more than 24 hours 9 it is 

doubtful that the pollen would be viable enough to effect fertilizationo 

Longer time intervals were not studiedQ 

Pollen (both maize and sorghum) placed on maize silks gave better 

germination responses than when placed on male-sterile sorghum stigmas 

(Table 2). Apparently 9 maize silks provided a better in vitr o environ

ment for pollen germination than did sorghum stigmaso However 9 maize 

silks may lack germination °stimulators" normally present in sorghum 

stigmas and 9 therefore 9 sorghum pollen eould not definitely germinateo 

The absence of germination in sorghum~ x sorghum d"'pollinations may 

have been a consequence of the in vi tro conditions we usedo However, 

since pollen from Kafir 60B9 which is the isogenic fertile counterpart 

of Kafir 60A9 germinated on Kafir 60A stigmas 9 the phenomenon may be a 

manifestation of incompatibility between less adapted sorghums 

(Kaoliang 9 Feterita 9 and 4N Bulk II) and adapted Kafir 60Ao 
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Generally in vivo pollinations resulted in poor germination. 

These results may be misleading 9 however, since the in~ technique 

was used at the close of the greenhouse study and pollen viability 

during this period was lowo Alternatively, poor germination may be a 

result of techniques not being perfected. The method deserves further 

study. 

In vitro studies of pollen germination on liquid nutrient media 

also were conducted. All possible combinations of four concentrations 

(0.00, 0.03, 0.06, and O.la-'/4) of calcium nitrate, two concentrations 

(0.00 and o.oz,6) of boric acid and four concentrations (10.0, 20.0 9 

3000 9 and 4o.C1'/4) of sucrose were tested. Sorghum pollen did not 

germinate on media which were optimal for pollen from two maize lines, 

but it germinated on a medium containing a lower sucrose concentration 

and no boric acid (Table 3). These studies were repeated using 0~10% 

yeast extract as a medium supplement but no significant effects were 

observed. 

Table 3. Optimal conditions for in vitro germination and growth 

of maize and sorghum pollen. 

Maize 

MS214a 

Syn 4Nb 

Sorghum 

Kafir 60Bc 

a6 replications 

b5 replications 
c4 . replications 

Sucrose Calcium Boron 

2C/X, 0.06% 0.0216 

30;6 Dalo% o.ozi6 

10% 0.06% o.OOJ6 

Although these data are preliminary, they parallel results from 

the microscope pollen growth studies (iee., abnormal sorghum pollen 

germination on maize silks, and vice versa). Perhaps stigmatic surfaces 

of maize and sorghum are chemically different and pollen from the other 

genus cannot germinate and grow when placed on them. 



Although we did not correlate in vitro with in~ pollen growth 9 

our results suggest that maize or sorghum pollen 9 when placed upon 

stigmas of the other genus 9 was incapable of sufficient pollen tube 

growth to effect fertilizationo Therefore 9 embryoless seeds from maize 

x sorghum pollinations may have resulted from parthenogenesiso Further 

research on this possibility and on physiology of pollen germination 

and growth is being conducted., 

Jrunes J., Mock 
Wayne HQ Loescher 

3e The distribution of meiotic stages in the develop
ing tassel,, 

Although the progression of microspore 

mother cell development in the developing 

tassel is well known to the maize cyto= 

geneticist, there have been few attempts 

to quantify this process with respect 

to the interrelationships of each 

region., 

\. 
\ 

11 

If one divides the developing 
'I 

\' tassel into four regions (I 9 II 9 

III and IV) as shown in this 

diagramatic mature tassel 

1' I 
\ 

' ' \ 

I 
I .. 

I JI 

V 

) 
'1 
' 
I' t 

' 
and then standardizes 

each of the stages 

~'• i ,1 t\ 
\( . numerically one 

can quantify the 

relation between 

the areas and stages of 

maturation0 The stages and 

their numerical assignment begin-

ning with Leptotene and ending with the 

immediate post-quartet microspore arei 

Leptotene 1 Anaphase I 5 
Zygotene 2 Meiosis II 6 
Pachytene 3 Quartet 7 
Meta phase I 4 Microspore 8 

' ~ 
t 
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, 
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Six inbred lines and seven hybrids were examined and four differ

ent tassels were used for each line and each of the hybrids except 

1019 03/709 101/4o9 and 01/70., The numerical values are shown in Table 

1. What is obvious to the practicing cytogeneticist is confirmed by 

these observations--i.,e., the four areas of the maturing tassel, from 

the most advanced (mature) to the least advanced meiotic stages, occur 

in the following order: II-I-III-IV. The numerical values assignable 

to each of the areas are significantly different. 

Table 1. The numerical average of meiotic stages in four regions 

of an immature tassel of seven inbreds and their hybrids., 

Area 
Line 

I II III IV 

01 7.25 7.,50 6.,00 5.,50 

03 5.,12 5.,25 4o75 4.50 
30 3,.25 4.oo 2 .. 62 1.50 
60 5.25 5.,25 4.25 3.,00 

70 4.25 5.50 3.,50 2 .. 75 
Bo 2.12 3e75 1.,75 1.50 
101 7.,00 8 .. oo 2.,00 2.,00 
Average 4 .. 89 5 .. 61 3.,55 2.96 

60/80 3.,25 3.,75 2.37 1 .. 75 
60/30 2.00 3 .. 00 2 .. 00 1 .. 00 

30/60 4.oo 4 .. 62 3.,25 2.37 
01/70 8.oo 8 .. oo 7.50 7.,00 

03/70 7.50 8.oo 7.50 4.,00 

70/102 6.50 6.,87 6 .. 25 5,.25 
101/4o 2.00 4.50 2 .. 00 2.00 
Average 4.75 5.,53 4 .. 41 3.,33 

Grand Average 4 .. 82 5.,57 3.98 3.14 

Sukunya Dharnrnaphonphilas 
Peter A. Peterson 



4. Isoz es of four enz 
leaves and roots of seven 

three tissues (meiotic mater i al 9 

The four enzyme types tested are esterasesi peroxidases~ 

phosphatases and leucine amino peptidaseo Bands found in starch gels 

were either tissue limited or general (fou nd in each of the ~hree 

tissues)e Of the 10 esterase bands, none were limited to meiosis and 

only one was tissue limited--imee, one appeared in the leaf only of 

several inbreds. Some of the peroxidase bands were tissue limited to the 

leaf but none was limited to meiotic tissue or rootso None of the three 

phosphatase bands nor the one leucine amino peptidase band was limited 

to any of the three tissuese 

5. Three CI alleles0 

In MGCNL 42 :84 9 it was r epor t ed that 

d . t. . h d Th CI(m ., coop) f is 1ngu1s e ~ ese were rom 
. I(mc) . - I(ZC) 

tive 9 .£ from Mai z Chapolote and.£ 

Sukunya Dhammaphonphilas 
Peter Ae Peterson 

three c1 
alleles could be 

the Maize Genetics Coopera

from Zapolote Chico, The 

distinction in the earlier report was by a color matching testo 

In a reexamination of this material using isogenic stocks and a 

colorimetric test this distinction has been conf'irmedo There are three 

distinguishable color-suppressing CI alleleso Isogenicity was accomplish

ed by successively crossing each of the alleles into the color converted 

W-22e The kernels for each of these isolated lines were obtained from 

testcrosses onto two color linesi W-22 and an early flinto 

Peter A0 Peterson 

6e Carbohydrases of s~ @ 

The relative activities of some carbohydrases in developing endo

sperm tissue of maize varying in gene dosage of the shrunken-1 allele 

were studiede The activities of ADP-glucose pyrophosphorylase~ soluble 

ADP-glucose: starch sy:nthetase 7 , and o<. ... amylase in shrunken' (sh
1 

s!!i s!!:.t_) 

endosperm approximately equaled those activities in normal (S~S~S~) 

endosperm 18 days after pollinationm The amylase activities in endosperm 
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controlled by all four gene dosage levels of the shrunken-1 allele 

decreased with the age of the kernele Glucosidase activityg present in 

normal endospermg was missing from developing shrunken endospermg and 

granular bound ADP-glucose gstarch synthetase had higher activity in 

normal than in shrunken endospermo 

J 0 Ce Linden• 
Dexter French* 
Peter Ao Peterson 

*Department of Biochemistry and Biophysicsg Iowa State University 

~ m(r- pa - pu) 7e Divers i ty of germinal derivatives o~ a 2 e 

As reported in MGCNL 45:77=78g the a
2

m(r-pa-pu) allele is stable 

pale in the absence of En; in the presen c e of Eng the phenotype is color 

less but is mutable expressing colorlessg pale and deep purple se ctors 

in the aleuroneo Full mutant colo rl ess and colored kernels not respon

sive to the presence of En ar e recovered in the te s tcross progeny of 
m(r-pa-pu) - . a2 e The colored muta ions occur as single kernels on the 

progeny ear and only one occurrence of an ear se ctor has been recovered~ 

Intensity of the aleurone pigment of these mutants varies from a dark 

pale color to full A
2 

expressiono 

In order to verify the visual distinction of these derivativesg 

a quantitative analysis of the pigment was madeo Four kernel types 
. ( m(r-pa-pu) were examinede These includedg uniformly pale colored a2 

without~) and full colored (independent germinal mutations of the 
m(r-pa-pu) ) a2 allele kernels andg for comparative purposes, the control 

included full colored and colorless typese The pale and full colored 

derivatives were isolated from tes tc rosseso 

Following methanol extraction of the ground kernels, a colori

metric reading of the pigment was made on a Beckman Model DB Spectro

photometer (510 or 530 mu - depending upon the Pr genotype). The mean 

was determined from three samples from each ear and the results are 

shown in Table 10 



mCr-pa-pu)/ Table 1. Pi gment content of pale kernels of a2 
a

2
m(r - pa -p u)/,!!

2 
constit uti on

9 
colored germinal mutations 

m(r -pa - pu ) of th e a2 allele, and colored and 

colorless controlse 
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Optical Sample Phenotype Genotype Density 

A. Control (colored) 

1 full colored A/A/a2 .. 71 

2 full colored A/A/A2 . 76 

B. Germinal mutants 

3 full colored A/V ~ .,70 

4 full colored A/!_ / a2 .38 

5 full colored A/ A/a 2 .. 13 

c. Pales 

6 pale m(r-pa-pu)/ m(r-pa-pu)/ 
a2 a2 a2 .07 

7 pale " " .. 05 

8 pale " " .. 05 

D. Control colorless 

9 colo r l ess a /a/ a2 .. 02 

10 colorless " .03 

11 colorless " .. 02 

12 colorless " .. 02 

The pale kernels, though low in anthocyanin content, were statis

tically differentiated from the colorless control. 

The three colored germinal mutations are decidedly different show

ing a wide range of anthocyanin content (70, 38 and 13). This is con

sistent with their variable phenotypes .. One has a value similar to that 

of the colored control .. This confirms that germinal mutant derivatives 
m(r-pa-pu) of the~ allele vary from colorless to full color A

2 
alleles 

including alleles showing var i able intermediate levels of color .. 

Robert Ga Fowler 
Peter Ao Peterson 
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IOWA STATE UNIVERSITY 
Ames9 Iowa 

Department of Genetics 

1. Disjunction and preferential fertilization in TB-9be 

Several studies have been made in which it has been possible to 

estimate the rate of disjunction and preferential fertilization of the 

B9 chromosome in the A-B translocations B-9b .. Roman4 found normal dis~ 

junction only occurred in a frequency of 1.8% and that preferential 

fertilization occurred in 66.3% of the pollinations involving pollen 

grains in which nondisjunction had occurreda Bianchi 9 Bellini 9 Cantin 

and 0ttaviano 3 found normal disjunction in frequencies of 33a3% and 22al.% 

in two sets of crosses and preferential fertilization 59~5% and 65.,3%9 

respectively. Carlson 1 found preferential fertilization values ranging 

from 64% to 6'1/o. However, he did find in some crosses that if one 

particular stock was used as a female parent no preferential fertiliza

tion was observed$ The rates of normal disjunction ranged from 'Zfo to 

18% .. 

In recent crosses to test for the presence off on the B9 chromo

some, plants of the putative genotype B9 (f) 9B/9(£) were crossed as 

males onto a homozygous purple aleurone stock which was homozygous for 

the R5
c~ allele .. This _r allele is not only responsible for colored 

-2 
aleurone but'.: also produces color in the scutellum.. If the genotype of 

the male parents is correct then it should be possible to determine the 

following facts from the resulting seeds~ 1) the frequency with which 

pollen grains carrying a normal chromosome nine and those carrying the 

translocated chromosomes participated in fertilizations 9 2) the rate of 

normal disjunction of the B9 chromosome and 3) the rate of preferential 

fertilization .. The results of the above crosses are given in Table 1 .. 

Before considering the results 9 two characteristics of the I 

allele should be reviewed .. First, in crosses of.!. to CC plants 9 

heterozygous seeds will frequently not be completely devoid of aleurone 

color but will show a tinge of pigment. Secondly 9 seeds heterozygous 

for I in such crosses will have spots of color where I has been lost 



Table L, ( scm scm) Classes of seeds produced f r om t he cross purple aleurone R
2 

R
2 

X B9 (!)9B /9(.Q) 

Phenotypic 'O 'C 'C ] 
+> Q) I Q) +> Q) +> +> +> I +> Classes +' ;:I bO'd +' 'O .µ i:: 'O +> bO "d ::I bO O ;:I 'C ;:s i:: 'O ;:s 

Observed 
Q) ;:s Q) 0 i:: Q) ;:s Q) ;:s 0 Q) ;:s s:1 Q) 0 s:: p. 0 Q) 0 0 Q) 0 

,-f 0 ,-j co ·rl +> 0 I +> 0 s:: ..µ 0 ..-I +> rn •rl ro rn +> UJ s:: +> rn 'cit P. rn p. • +> +> {f.l • +> rn e +> rn +> +> e +>! • 0 .µ e • +> • 
~ . ~ ,-f • 0 • ,-j O • ,-f O e e O ,-f • s:: ,-f ,-f O r-i ,-j O r-i +> 
~~ ~~ 

,-f p. ,-j Q) P< ,-f Q) P< r-l r-l Pi Q) r-i O Q) Cl) P< Cl) Q) P. Cl) 0 
Jl., UJ Jl., >-i UJ Jl., >-i !O Jl., ll-i UJ >-i p,. s:: >-i >,I Ill >-i >-i tQ >-i 8 

' 

Zl=9187- 2 
8181- 2 97 72 2 1 26 17 1 14 5 235 

7].._=8184-4 
8181=2 113 66 0 3 32 23 0 16 3 256 

71-8189=3 165 86 5 3 44 28 0 37 8 376• 9181-1 

71- 9183-4 138 50 1 9 25 12 3 33 5 276 9181-3 
71-8182- 1 151 71 0 1 44 24 6 14 8 319 9181- 3 
71-8182-2 134 64 0 7 34 31 3 17 1 291 9181-5 
71-8182- 4 121 67 6 1 28 26 0 22 2 273 9181-5 
71-8182-3 110 51 0 3 19 29 1 13 2 228 

9181-5 
71-9185-6 14o 57 0 3 21 45 0 39 3 3o8•• 

9181.1-5 
71=8186-2 106 62 0 6 36 11 0 17 2 24ou 

9192=6 

1275 646 14 37 309 246 14 222 39 29802 (X) 

'° 
*3 seeds questionable classification not included in total0 

**2 seeds questionable classification not included in totalc 
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from a cell lineage. The number of spots expected is inversely pro

portional to the number of,! alleles presento 

In Table 29 the probable genotypes of the phenotypes listed in 

Table l are giveno The class A seeds are the result of the functioning 

of pollen grains carrying normal (non-translocated) chromosomeso Class 

Table 2. Probable genotypes of the phenotypes shown in Table lo 

Genotype 
Phenotype Class 

Endosperm Embryo 

Purple endosperm; 
purple scutellum 999 (CCC) 99 (CC) A 

Purple endosperm; 9B99 (CC) B9B99B9 (.!!£) B yellow scutellum 

Purple tinged 9 spotted 
endosEerm 1 EUrEle scutellum 
yelloWg spotted endosperm; B9B99B99 (IICC) 9B9 (.£) C 
EurEle scutellum 
yellow, non-spotted endo-
sperm; purple scutellum 

Purple tinged, spotted 
endosEerm 2 lellow scutellum 
Purple tinged 9 non-spotted 
endosEerm 2 ;y:ellow scutellum B99B99 (!££) B99B9 (.!£) D 
yellowg spotted endosperm; 
;y:ellow scutellum 
yellow, nonspotted endo-
sperm; yellow scutellum 

B seeds have deficient endosperms and hyperploid embryos and thus are 

the result of nondisjunction. The class C seeds have a hyperploid endo-

sperm and a deficient embryo. Notice that in this class there is a low 

frequency of purple-tinged seeds and seeds with purple spotso (Spots were 

counted by using a binocular microscope and a magnification of 19o5 x). 

This is as expected if these seeds have two I alleles in the endospermo 

This class is also the result of nondisjunction~ Seeds of D class result 
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from the fertilization by pollen grains in which nondisjunction did not 

take place and thus the endosperm and embryo have only one ,!e This is 

shown in the embryo by yellow scutellum color and in the endosperm by 

a higher frequency of purple-tinged seeds and spotted seeds than observed 

in class Co The higher frequency of purple-tinged and spotted seeds is 

expected because only one!. allele is presento 

From Table 3 it can be seen that pollen grains carrying the A-B 

translocation function more frequently (54.5%) than those that had a 

normal chromosome (45G5%) .. This is a very significant difference (X2 
= 

22~6)0 Purple scutellum in the seeds with the normal chromosome was 

determined by cutting the germe Why translocation bearing pollen grains 

should be more successful in accomplishing fertilizations is not 

obvious., 

Table 3e An analysis of the data presented in Table le 

TYIJeS of Phenotypic class (see Table 2) 
Total 

fertilizations A B C D 

All classes of 
fertilizations 1275 646 360 521 2802 

Fertilizations in= 
volving trans-
location and 
normal gametes 1275 1527 2802 

(45.5%) (54.5%) 

. . 
Translocation 

fertilizations 
only 646 360 521 1527 

(42.3%) (23 .. 6%) (34 .. 1%) 

Translocation 
fertilizations 
involving non-
disjunction 646 360 1006 

(64.2%) (35 .. 8%) 
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If only the fertilizations which resulted from pollen grains with 

TB-9b are considered 9 it can be seen from Table 3 that normal disjunc

tion is occurring 34el% of the time (Class D)o Tabl e 4 summarizes the 

rates obtained for normal disjunction of TB-9b from several workerso It 

is obvious that the rate with which normal disjunction occurs is very 

variable and probably depends upon the genotype of the male parent 

although environmental factors can not be ruled outo In Carlson°s 

paper, 1 two different TB-9b pollen sources were used to pollinate the 

same two female lines. In one source (678-5) the pollination on the 

two female lines revealed normal disjunction in~ and 4% of the progenyo 

In crosses involving the second line (8o8-l) the values of 16% and 18% 

were observede The different rates may ~eflect genotypic differences in 

the two male lines. However, environmental influences can not be ruled 

out since nothing is reported on the differences, if any~ in environ

mental conditions surrounding the growth of these plants (e~go 9 planting 

dates, position in field with respect to each other 9 maturity dates 9 

etc.). 

Table 4 • . A summary of rates of normal disjunction and preferential 

fertilization of TB-9b from several studieso 

Source 

Roman4 

Bianchi, et al. 3 

Carlson 1 

Carlson 2 

Thia report 

Rate of normal 
disjunction 

108% 

33."5/o & 22 .. 1% 

range from 2% to 18% 

18% 

34.,1% 

Rate of preferential 
fertilization 

66.,3% 

59 .. 5% and 65 .. 3% 

64% to 6% 
67% 
64 .. 2% 

The rate of preferential fertilization in Table 3 is 6402% (Class 

B)., Table 4 gives the rates of preferential fertilization from several 

sources., It is obvious that the rate of preferential fertilization is 

relatively constant and not greatly influenced by the environmento How

ever, Carlson 1 found a female tester line which 9 when used in crosses 
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with TB-9b plants 9 did not show preferential fertilizationG This would 

seem to indicate that there is a genetic basis for determining whether 

or not preferential fertilization will occur~ 

References: 

1. Carlson, W. Ro Genetics 62~543-554 9 19690 

2., Carlson, W. Ro Maize Genetics Cooperation News Letter 44g91-92 9 

1970. 

3. Bianchi 9 A. 9 Bellini 9 G., Contin~ Me and 0ttaviano 9 E. z. Vererb. 
92~213-2329 1961 .. 

4$ Roman, H. Proc. Nat. Acadm Sci0 U .. S. 34:36-42 9 1948. 

Donald S. Robertson 

2., Location of the modifier gene of the cl i locus . 

The white-albino mutant cl 1 is located on chromosome three. Two 

alleles of this mutant are known w
7716 

and .£!._p .. These mutants have the 

white (or pale yellow) endosperms and albino seedlings typical of this 

class of mutants. Four dominant, allelic modifiers of these genes have 

been described (Heredity 21:1-7 9 1966) which, when present, partially or 

completely suppress the albino phenotype .. Depending upon the modifier 

present, the seedling can be pale gr een (pastel) or green .. The modifiers 

do not alter the endosperm phenotype .. 

Attempts to locate the locus of the modifier alleles have been 

frustrated by the rather widespread occurrence of modifier genes in 

genetic stockse In the F2°s of crosses of the cl 1 alleles to the in

bred Ml.49 pale green (pastel) or green seedlings segregated in the white 

endosperm class., These results indicate that this inbred carries two 

modifiers, one responsible for pale green seedlings and the other for 

green seedlings. To verify that the green MJ.4 modifier was allelic to 

the other known modifiers of the~ locus, plants of the following geno-

types were self pollinated: Ml4 4 MJ.4 4 
~716 ~ I .:!:. ~9 .:!:. ~ I ~ ClM and 

M14 4 
~ 716 ~ / ~ ~ .. From these sel f~, t he white or pale ye l low seeds 

were planted in a seedling bench. If ~Ml 4 is allelic to ~, no albino 

seedlings will be observed. Out of 2 9 221 seedlings grown, no albinos 

were found. Another allele test was made involving the~ modifier. 



In this test the white or pale yellow seeds from the selfs of the 

following 
3 

cl:l.. f4J• 

MJ.4 3 MJ.4 
genotypes were grown g .±. .£4t / cl:l.. ~ and w7716 .£41 / 
Out of 2g438 seedlings tested no albinos were observedo From 

the two tests a total of 4 9 659 seedlings were grown without the produc

tion of a single albinoo This would indicate that the ~ 4 allele is 

allelic to the other modifiers at the~ locuso 

Since the inbred MJ.4 carries a modifier allelic to the other 

known modifiers of the Cl:l.. alleles 9 a series of waxy translocations 

which had been converted to the Ml4 background were crossed to stocks 

carrying cl:l.. or ~
716 

without the modifiers~ The F1 °s of these crosses 

were self pollinated and starchy and waxy pale yellow and/or white seeds 

plantede Linkage with a particular translocation should result in a 

surplus of albino seedlings in the starchy class and a corresponding 

deficiency in the waxy class .. These conditions were found for only 

T 8-9
6673 

(Table 1) 0 

In spite of the deficiency in the waxy classi there is a definite 

indication of linkage with TB-9
6673 

(breakpoint at 8 L.35)e To obtain 

more reliable linkage data, a modified testcross will be made by cross

ing the F1 to a waxy OH43 line that does not carry any cl 1 modifierso 

The plants from the starchy and waxy testcross seeds will be grown 9 

classified for pollen sterility and self pollinatedo Plants segregating 

for pale yellow or white seeds will be tested -for the presence of the 

modifier gene to determine the association between the translocation~ 

waxy and the modifier locuso 

As mentioned above, the inbred M14 carries two modifiers of cl 1 
expression (iee., one responsible for green seedlings and the other for 

pale green seedlings). The allele tests reported above with~ and~ 

involved the green modifier from MJ.4, while the translocation used in 

the linkage test carried the pale green modifiero Since this latter 

modifier has not been allele tested with the known modifiers there is 

a chance that the gene carried on chromosome 8 might not belong to the 

same locus as the othersm This seems unlikely since so far five inde

pendently occurring modifiers have proven to be allelice However 9 to 

be sure that the same locus is involved, the pale green modifier from 

Ml.4 will be allele tested with one or more of the other modifierso 



Table le F2 seedling data involving the pale yellow and/or white 

seeds from the F1 between wxTB-9
6673 

and w
771

6 

Wx wx 
Plant 

Pale green Albino Pale green Albino (pastel) (pastel) 

66-7149-3 24 8 3 0 

-6 20 12 13 1 

70-3211-1 17 5 7 0 

-4 18 12 7 l 

-8 19 10 5 0 

-12 23 4 8 0 

-13 16 7 2 0 

-15 10 5 3 1 

-17 13 7 3 l 

-20 15 6 7 0 

-26 27 10 7 0 

-28 9 11 3 1 

-29 8 5 0 1 

219 102 68 6 

95 

Another series of tests is being ma.de to confirm the location of 

the modifier locus. This involves crosses of cl 1 cl
1 

~~plants with 

a series of waxy-chromosome nine translocations in the background of the 

inbreds OH43 or N25~ Since neither of these inbreds carry .£!.1 modifiers 9 

the F1 plants should be heterozygous for the modifier locus, waxy and 

the translocations. It, therefore, should be possible to obtain evidence 

of linkage from the F2 populations of these crossese 

Donald S. Robertson 
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UNIVERSITY OF IOWA 
Iowa City 9 Iowa 

Department of Botany 

1~ Selecting mutants of mitotic nondisjun ction with TB-9b. 

Nondisjunction of the B chromosome is under genetic control 

(Roman9 1949) and the isolation of mutants of nondisjunction should 9 

therefore, be possiblem Mutants lacking the ability to undergo non

disjunction should be the easiest class of mutants to detect 9 but there 

are problems in identifying such mutantse Rates of spontaneous muta

tion are extremely low 9 requiring large population sizeso In addition 9 

classification of the mutants requires testcrossing each individual to 

determine its rate of nondisjunction~ A partial answer to these prob

lems has been founds Selection for chromosomal mutation 9 rather than 

point mutation 9 greatly reduces the number of individuals that need be 

screenede Chromosomal mutations occur at a fairly high frequency for the 

B chromosome 9 and they have the advantage over ·point mutations of visi

bilitym Classification problems can be simplified by selecting mutants 

from the progeny of TB-9b plants that show a very high rate of nondis

junction (9.5% or more)0 Only kernels resulting from normal disjunction 

of the B9 need be tested for mutation 9 and these are few in numbero To 

test these ideas 9 an inbred TB-9b line with a high rate of nondisjunction 

was selected and crossed to a bz tester0 

sh bz wx B Pl X 
BWx BWx 

9
sh Bz 

9 9 B 

The Bz seeds from the progeny were grown and Bz plants selected for test

ing. Of 2 9161 progeny 9 only 57 were Bz in both endosperm and sporophyteo 

A further reduction in effort was made by analyzing nondisjunction from 

self pollinations, rather than testcrosses~ From the 57 self pollina

tions9 four apparent mutations were found. Two of these were found to 

be new isolations of the B9 isochromosomee The other two have not shown 

any easily identifiable abnormality in mitosis 9 and pachytene analysis 

will be neededo Selection of the isochromosome here depended on two 

factors: 1) The isochromosome generally has a low rate of nondisjunc

tionG 2) Self pollination does not discriminate between transmission of 
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the chromosome through the male vs. the female parenta Because of 

pollen competition 9 the isochromosome is transmitted mainly through the 

female parent and cannot undergo nondisjunctionm The finding of the 

isochromosome suggests that selection of chromosome abnormalities is 

possibleo In addition 9 the highly effective mutagen 9 ethyl methane 

sulfonate 9 might allow screening of point mutationsQ While a 9B 9B B9 

male was used in the present experiment to encourage chromosome 

abnormalities 9 a 9B 9B B9 B9 parent would be suitable with EMS. 

Referencei 

Roman~ He, 19490 (Abstract). Records of the Genetics Society of 
America 9 no., 18, pm 112. 

Wayne Carlson 

2., An unselected "mutant" affecting nondisjunctiono 

This summer, a series of crosses were made between an inbred 

TB-9b stock and the F2 of two inbred.£ sh!!. testers., The F2 plants 

were segregating for many different traits, but were homozygous for 

.£_sh!!!.~ Plants selected from the TB-9b line were hyperploid 
h BWx 9c Sh 9c Sh 

(9c 8 wx 9 B B )., Of several hundred ears produced in 

the cross(_£ sh~~ X TB-9b ci") all were typical except onem The 

abnormal ear contained an extremely high rate of C-_£ multiple sectored 

kernelso Classification of the ear was as follows: 

C Wx = 78 
C/c Wx = 35 

C wx = 27 
C/c wx = 15 

c Wx = 103 
C WX = 5 

of the total colored seeds, 50/155 are variegated., The ear with this 

high proportion of sectored kernels was produced in a cross (1818 X 

1819J) in which one pollen shedding from a TB-9b plant was crossed onto 

10-15 ears of the F2 .£sh~• Since only one ear was abnormal 9 the 

"mutation" must be attributed to the female parent. This '·'mutation" 

is interesting because it affects B9 stability, but is not located on 

the B-9b translocation~ If the ''mutation" acts by inducing nondisjunc

tion of the B9
9 it is acting at the wrong time (during endosperm 
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development) and without the aid of the 9B chromosome (note effect on 

C wx kernels)., The immediate question is whether the "mutation" is 

real or the product of a rare combination of genes from the F2 segrega

tion. The an~er is not yet knowno 

Wayne Carlson 

ISTITUTO DI GENEI'ICA VEGEI'ALE 
Universita Cattolica 

Piacenza, Italy 

1. Genes for spikelet bearing two fertile pistillate flowerss 

The cultivated varieties and hybrids of maize normally develop 

a pistillate inflorescence bearing spikelets with a single fertile 

flower. The second flower present in the spikelet aborts at an early 

stage. A few varieties with a fertile second flower and a spikelet pro

ducing two grains have been described& 

In 19669 we isolated from a plot sown with an open pollinated 

variety some plants having ears with two kernels in each spikelet .. 

From the preliminary morphological and genetical analysis of this char

acter the following conclusions have been drawni 

1) The appearance of two kernels per spikelet is associated with 

the development of a second flower with functional pistil .. 

The homozygous mutant ear has about 9a¼ of spikelets with two 

flowers .. 

2) In the F1 ears obtained from crosses between mutant plants 

and normal inbred lines, some spikelets (5% or less) located 

at the top part of the ear bear two fertile flowerse This 

suggests that at least one of the factors controlling the 

character is partially dominant$ 

3) The phenotype of the F2 ears is variableo About 50"/4 of the 

ears are normal (gr oup 4) 9 4o% show intermediate phenotypes 

classifiable into at least two groups (groups 3 and 2), and 

lo% fully express the mutant phenotype (group l)o 
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4) The F
3

_progenies obtained from group l reproduce the mutant 

phenotype, with some exceptions possibly due to incorrect F2 
classificationo 

5) The F
3 

ears derived from F2 inte r mediate groups segrega t e 

for normal 9 intermediate and mutant pheno t ypeso The pr ogenies 

from F2 ' group 4 contain phenotypically normal and intermedia t e 

earsc From the data at hand 9 it is possible to hypothesize 

that two factors control i. th ~ chara cter .. 

6) In the F
3 

progenies studied, mutant ears bear more seeds than 

the normal ones (4o4 versus 2a9) 9 with a slightly higher total 

kernel weight (69 versus 64 g per ear); the average kernel 

weight is lower (17 versus 21 g)o 

c .. Lorenzoni 
Fe Salamini 

2e Gametophyte factors in chromosome 9 of inbred lines .. 

The genetic stock marked with ;rg_2 s!'.!.i ~~ has been crossed 

with 60 inbred lines and the ensuing hybrids have · been self-pollinated., 

The ears obtained have been analyzed (in number, about six) as to the 

segregation ratios for the markers mentioned .. The following tab l e 

reports the cases in which the data suggest the presence in the inbred 

lines of~ factors~ with the exception of the line H 21 in which there 

is indication of a super -~ factore Obviously, in general 9 all the 

Marker rate significantly 
deviating from .,25 Ea.rs deviating/ Line tested Total ears sh w:x if.£ - -

H 21 .. 29 .. 29 4/8 
MIBO 4 cl7 3/15 
R 157 .. 16 .,17 1/ 4 
R 158 .. o4 .,00 1/4 
W 32H .,20 .,17 3/3 
W 64A .,18 3/6 
L 1047 .,20 .,17 3/3 
L 1057 .. 14 .,01 1/5 
L 1058 .,15 .. oo 1/6 
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cases reported in the table may also be interpreted as indicative of 

other Q!Y~ differences besides ~ 7 but all giving rise to significant 

deviations in the Mendelian ratios of markers in chromosome 9., In the 

F2 involving the line L 1047 9 a 4% frequency of colored kernels was 

observed in one ear which, however 9 showed normal ratios for the other 

markerso The inbred lines in which no significantly deviating values 

have been obtained are the following~ A 90 9 A 158 9 A 239 9 A 251 9 A 364 9 

A 374, B 2, B 6, B 14, C 103, Lo 5, Lo 11 9 Lo 12, Lo 22 9 Lo 32, Lo 389 

Lo 58, Lo 289, MIBO 69 MIBO 7 9 MIBO 9, OH 7, R 87 9 R 117 9 RNY9 Sel 2249 

W 99 W 15, W 229 W 23, W 37A9 W 75, W 79A, W 85 9 W 153R9 W 187d 9 W 324 9 

W 374, WF 9, WM 13, WM 13R, WR 3, W 374R, M 14, Minn cl, Minn C6g SG 14, 

C 123, OH 41, L 1038 9 L 1111. 

A~. Bianchi 

3. Inbred mutations on prolific type of maizeo 

E.M.S. (ethyl-methane-sulphonate) induced mutations were studied 

in a pop line. Dry kernels were treated 9 just before sowing 9 with a 

1 .. 4% water solution of E.M.S .. for 12 hourso The plants obtained were 

pollinated by a stock homozygous for several recessive markersQ The 

female parent possesses the corresponding dominant alleles .. 

The results obtained are reported in the tablez 

Examined Plants with mutations 
Treatment plants on 1 ear (1) on more ears (2) 

0 1077 0 0 

E.M.,S,. 1 .. 4% 2290 53 29 

(1) Position of the mutated ear 

Position 1 2 3 4 5 6 
Frequency 18 16 9 3 4 3 

(2) Position of the mutated ears 

Position 1-3, 2-4, 1-3-5 •• 1-2 9 2-3g 1-3-4 ..... all 
Frequency 15 6 8 
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The~ .), sition number is 1 for the lower ear on the stem. Even 

numbered ears, in a plant, are located on one side of the stem, the odd 

ones on the othere The ears segregating for the markers of the pollinat

ing stock are classified as mutated0 In some cases the mutation is 

lim(ted to a sector of the ear~ 

From the reported data, the following conclusions may be drawn: 

1) The treatment is effective in inducing mutations; 

2) The frequency of ears showing mutations decreasesttw 'i th 1:i,he 

ear insertion height; 

3) When two or more ears in a plant are mutated, they are fre

quently located on the same side of the stem. This suggests 

a common origin of these ears from a single mutated cell line. 

*Istituto di Genetica dell 8 Universita, Milanoe 

C., Lorenzoni 
M .. Pozzi 
E .. Ottaviano• 

KRASNODAR RF.SEARCH INSTITUTE OF A~RIOULTURE 
Krasnodar~l2 9 USSR 

1. Changes in weight 2 protein and lysine content in opague-2 kernels 
of corn during back cr ossing. 

Changes in weight in opaque-2 corn kernels as well as the changes 

in protein and lysine content were studied on segregating ears from 

selfed plants, phenotypically normal, but genotypically heterozygous9 

Studies were carried out in successive generations of backcrossing 

planted in one season. Segregation in every generation was considered 

on 7-10 selfed ears~ 

Lines A344, A198, Sg25 9 W155, Sg2, and WF9 were included in the 

experiments, and ..2,2r~& 1 and o2Syn A were included as opaque-2 gene 

sources having protein content of 9.75% and llcOJ6 and lysine content 

of 4~32% and 4050)69 respectivelye 

To eliminate possible size differences in kernels from top and 

bottom parts of the ears, adjacent translucent kernels up or down in 

the row were taken as controls. These two classes were weighed and 



102 

the mean weight of opaque-2 kernels was determined in per cent relative 

to the translucent kernels .. 

Protein content was determined on the whole kernel basis by the 

Kjeldahl micromethodo Lysine content in hydrolysates was determined 

by ion exchange chromatography on the Hitachi KLA-313 automatic amino 

acid analyzer6 Each sample was a composite of several ears in each 

generation. 

Weight depression rate of opaque-2 kernels in per cent of the 

normals during successive backcrossing is illustrated in Table 1. 

Weight reduction of opaque-2 kernels is significantly differentiated 

among the lines; e .. g., in A344 it amounts to 24 .. 2% while in WF9 it is 

only 6.6% in comparable BC3 generations. Thie confirms available data 

on differential reaction of separate line genotypes to the introduction 

of the opaque-2 gene. 

Table lo Depression rate in weight of opaque-2 kernels 

during various generations of backcrossingo 

Weight of opaque-2 kernel expressed as per cent of nonnal weight. 

Backcross generation of a selfed plant 
Line 

Fl BC1 BC2 BC
3 

BC4 

A 344 78.7 77.8 75.,8(6) 72.2(7;9) 

W 155 84.6 83.4 81 .. 5(6) 79.3(7;9) 

A 198 88 .. 1 95.,3 93.6(2) 89 .. 1(3;6) 90.6(4;7;9) 

Sg 2 82 .. 9 91.0(1) 87.5(2;5) 89.,7(3;6) 

Sg 25 90.,6 88.8 85 .. 5(2) 89,,5(3;8) 

WF 9 91.1 93.,6 93.7(2) 93 .. 4(3) 

Significant at P = 0 .. 05 

In parentheses: 

Significant when comparing 

(1) F1-Bc1 
(6) BC1-Bc

3 
(2) F1-Bc2 (7) BC1-Bc4 
(~) F1-Bc

3 
(8) BC2-Bc

3 
(4) F1-Bc4 (9) BC2-Bc4 
(5) BC1-Bc 2 (10) BC

3
-Bc4 



Table 20 Protein and lysine cont ent of opaque-2 kernels in successive generations of backcrossing 

Original Generation of selfed plants Mean of 

line genera ti ons 

Line Fl BC1 BC2 . BC
3 

BC4 t o th e ori -
gi nal in% 

A A A A i::: A -~ •n Cl) •n Cl) •n G) •n Cl) ·n Cl) •n Cl) Cl) 
Cl) A Cl) i::: Q) i:: Cl) i:: (I) A Cl) i:: Cl) i::: 
+> ·n +> •n +> ·n +> •n +> ·rl +> ·rl +> •rl 
0 UJ 0 UJ 0 Ill 0 CD 0 UJ 0 UJ 0 CD 
H >-. it >-. it >-. ~ >-. H >-. ~ >-. ~ >-. 
~ H H H H ~ H H ~ H 

A 344 i2.93 ~ ·. ~.,83 = - 10 .. 18 4.68 l0 .. 87 5 .. 20 11.18 4.87 11 .. 62 4 .. 98 rB¾i8~.1l1~;2 

A 198 11.87 2 .. 74 10 .. 37 4 .. 70 10.06 4.,57 11 .. 37 3.,5 11.62 4.93 11..75 4 .. 19 92.,9 159 .. 8 

Sg-2 10.75 2.55 10,.87 4.,37 10.69 4.68 10.37 4 .. 28 10 .. 31 4 .. 62 - - 98 .. 2 172.9 

Sg-25 11.94 2 .. 56 11 .. 12 4 .. 18 11.12 3.86 11.94 3.76 11.31 4 .. 72 - - 95 .. 3 161..3 

W-155 13.00 2 .. 78 - - 12 .. 00 4.48 12.,37 4.02 12.62 3 .. 57 13 .. 00 4 .. 36 96 .. 0 147.,5 

WF
9 

11.06 2.78 13 .. 06 4 .. 34 12 .. 12 4.36 11 .. 18 4-1)64 10 .. 81 4 .. 05 - - 106 .. 6 156 .. 0 

I-' 
0 
\>I 
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There is a tendency in some lines toward augmentation of the 

depression rate in weight of opaque-2 kernels from lower to higher 

generations (A3449 Wl559 Sg25), while in others the reduction is main= 

tained at the same level (Al98 9 Sg29 WF9)e Thus, it may be suggested 

that there are differences in modifiers in some genotYPeso Differences 

in depression rates were significant between non-adjacent backcross 

generations of the same line .. These results suggest that the bac:kcrbas

ing line for which the opaque-2 counterpa~t is developed plays the 

primary role in determining the depression rate. 

The protein content of opaque-2 kernela of backcross generations 

in all genotypes was somewhat lower than in the original lines,,. Signif

icant differences were noted only for line A344 (Table 2)o 

In the course of backcrossing, the protein content in opaque-2 

kernels comes close to the level of the original lineo It may be con= 

eluded that the reduced protein content in opaque-2 kernels is not con= 

trolled by the specific activity of the £..2 gene but by the possible influ

ence of the opaque-2 genotype source, by dominance of low protein content 9 

and by reduction of protein content in hybrid F1 compared with the 

parental lines,,. 

The lysine content in opaque-2 kernels exceeds that in the 

original line by 47-74% (Table 2) 9 and that is associated with the 

specific action of the opaque-2 gene and is not dependent on the protein 

level of the original line,,. 

The lysine content in opaque-2 kernels of the same genotype changes 

very little through generations of backcrossing. In our material, the 

lysine content of the protein in opaque-2 kernels in various counterparts 

is only slightly different; however, it may be assumed that with a wider 

source of material, greater differences would have been foundo 

M. I. Hadjinov 
K.. I. Zima 
A. A. Normov 
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lo St erili t y and ot her seed charac ter ist ic s i n natu rall y occurring 
populat i ons of teosinteo 
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In the fall of 1971 a hunt searching for useful mutants of teo

sinte in naturally occurring populations was headed by George Beadle and 

myself in Guerrero 9 Mexico. This opportunity to collect extensively for 

seven days a population over a 4o km transect near Teloloapang Guerrero 

enabled me to collect data on sterility in a wild population of teosinte~ 

The data reported below are derived from a sample for each plant based 

on the total number of fruitcases found in the third from the tassel 

(usually the most productive) fruiting nodes This node bears 3-18 spikes 7 

usually 5 to 109 with an average of 7 or 8 fruitcases per spikeo 

The seed in teosinte is enclosed in a rachis segment and the seed 

and rachis segment are referred to as a fruitcase0 If the rachis seg~ 

ment is totally white there was no pollination and no development of the 

seed0 The causes for this condition are numerous; examples are: late 

flowering 9 where the silks emerged but no pollen fell on the silks 9 the 

silks fa i led to emerge from the enclosing shucks, an insect ate the 

emerging silks 9 etc~ The white fruitcases are most abundant at the last 

nodes to flower (i~e ®, the nodes closest to the tassel and the most 

basal)o The first node to flower is usually the third node from the 

tassel and in this node only the last of the spikes to develop bear white 

fruitcases with usually the entire spike being white0 

If a single seed in a spike is unpollinated but the seed above 

and below are pollinated then the rachis tissue in the area of the 

vascular traces is colored but the rachis flaps and enclosing lower 

glume are white© In these fruitcases no trace of the seed or arrested 

seed is visible and these are recorded as non-fertilized fruitcases. 

The last class of fruitcases includes those in which the rachis 

segment is fully pigmented and only the enclosing lower glume is whiteo 

Such fruitcases conta i n a shrunken seed which is defective and to date 

IGve not been able to germinate any of these recovered defective seed. 
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These are recorded as defective seed in the charte The data for teo

sinte growing wild in Mexico are to a degree comparable with those for 

maize reported by Mangelsdorf (1926) and reviewed by Crumpacker (1967)0 

Number of Number of Number of Number of 
Si~e plants Number of white partial defective 
number fruitcases white seed in scored fruitcases fruitcases fruitcases 

l 187 3253 443 77 108 

2 344 3175 425 129 41 

3 1079 6005 875 212 103 

6 969 9229 1290 261 ··118 

7 908 4203 623 262 78 

9 855 7141 1035 99 82 

10 751 8071 1095 211 107 

11 1250 7917 1320 370 92 

13 552 7082 992 112 123 

During the intensive look at teosinte fruitcases, several further 

observations about the shape, size, and coloring of the fruitcases were 

ma.dee These observations and conclusions have been made over a ten year 

period, but this large collection of seed was an opportunity to test 

these conclusionee The fruitcase color of a single plant is constant 

but seldom do surrounding plants exhibit the same color. The color 

varies from ebony to a bluish steel grey and appears to be due to the 

interaction of a two color system--one for brown/white and the other for 

grey/white 9 which are inherited as incompletely dominant factors. The 

single seed per plant collections can be sorted into eight different 

classes and support my observations. The selective advantage of a 

diversity of fruitcase color classes is obvious for a dispersal unit as 

large.and heavy as that of teosinte, which when it falls to the ground 

is vulnerable to ground feeding animals, especially birds. The only 

birds observed to actually feed on teoainte were Cassidix mexicana (Boat-
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Tailed Grackle) 9 which take insects and occasionally seed from the node 

of the plant,, 

The fruitcase of teosinte is so heavy that there is good reason 

for it to be limited to hillsides where downhill dispersal is gravity 

affected and the triangular shape prevents rolling and promotes settling 

in cracks or behind rockse There also is a fruitcase polymorphism of 

medium-sized (as distinct from the large fruitcase types of the race 

Chalco) and smaller fruitcase types in the populationo This polymorphism 

is not correlated with the vigor of the parent plante It is true that 

large vigorous plants producing over a thousand seeds possess the larger 

seed 9 but so do some of the small plants producing less than a hundred 

seed per planto 

These observations lend support to the thesis that teosinte in the 

Balsas basin is a wild plant adapted to its surroundings and quite dis= 

tinct from teosinte of maize fields in the Valley of Mexico or Central 

Plateau of Mexicoo 

H0 Garrison Wilkes 

UNIVERSITY OF MASSACHUSETTS 
Waltham~ Massachusetts 

Suburban Experiment Station 
and 

HARVARD UNIVERSITY 
Cambridge 9 Massachusetts 

Bussey Institution 

1 .. Common ances t ry of the primitive races of maize indigenous to the 
Ayacucho area in Peruo 

We have studied an important collection of archaeological cobs 

extending back almost 4000 years from several sites (Ac 100 9 Ac 117 9 

Ac 244) at Ayacucho 9 Peru excavated by Dr. R. S. MacNeishe The material 

comes from the type locality of Confite Morochov an ancient race that 

Grobman et ale (1961) consider to be the most primitive living race that 

is ancestral to the more advanced races of both North and South America .. 

A preliminary inspection of the cobs revealed that some of the 

cobs fit Grobman6 s taxonomic data for the primitive races Confite 
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Puneno, Confite Morocho and Morocho still grown in the area. However 9 

at the time it seemed that a majority of the cobs should be classified 

as hybrid derivatives such as Confite Morocho introgressed by Confite 

Puneno on a basis of Grobman's datae But when the data on the age of the 

various levels in the excavations were received from Dr. Barbara Pickers

gill9 who gathered the plant remains from the dig 9 the reason for the 

intermediate nature of most of the cobs became apparento The inter

mediate types extended back a thousand years further in this material 

to 4000 BmP• than the so-called primitive raceso Thus it seems that 

the oldest cobs represent a common ancestor to these primitive races 

rather than being their hybrid derivativee We propose to name this 

ancestral race Ayacucho after the archaeological areae Grohman~ ale 

(1961) had proposed an ancestral race, Confite Chavinense, suggested by 

some ceramic replicas 9 that led to Confite Puneno but their presumed 

race was fasciated and 9 thereby, unlike the oldest cobs from Ayacucho. 

Previously the race Confite Morocho has been considered as being close 

to the ''wild state." It would now seem that the Ayacucho race was the 

more primitive and ancestral to several indigenous races in Perue 

W. c. Galinat 

2. A heritable phenotype for two-ranked ears in maize allelic to the 
same trait in teosinte. 

A mutation with a relatively stable phenotype for two-ranked ears 

was discovered in a single plant in the F
3 

from a cross between an old 

inbred line of Wilburs Flint and Siberian Red Flint. Unlike the 

depauperate phenocopies for tw?-ranked ear frequently found in stunted 

eight-rowed maize, this two-ranked type found in our ''Waltham Flint" is 

relatively stable in phenotype and has been inherited through three 

generationse Although the trait is 1000/4 heritable 9 some variations in 

the time of gene action are shown by a few ears with four-ranked butts 

immediately changing to the two-ranked phenotype. 

The poorly programmed action of genes in maize controlling this 

and certain other teosinte-like traits (i9~•, single female apikelets) 

indicates an unadapted genetic background. One result of such unstable 
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phenotypes is to distort the segregation ratios and to obscure the mode 

of inheritancee The unstable phenotype characterizes both the mutant 

and teosinte derived traitse 

On outcrossing of the two~ranked Waltham Flint to a two-ranked 

derivative from a maize-teosinte hybrid 9 all ears (36) in the F1 and F2 
were two-ranked, indicating allelism of the genes controlling this trait 

in the maize and teosinte parentse 

Segregations from maize-teosinte hybrids usually indicate that 

the two-ranked trait is controlled by two independently inherited unitso 

The origin of the two-ranked condition in the Waltham Flint may stem in 

part from the bringing together of the necessary re cessives during the 

recent hybrid origin of this variety and in part from successive muta

tions. In any case~ the recessive alleles for this trait in maize 

matched off in hybrid combination with the corresponding recessive 

alleles from teosintee 

W. C~ Galinat 

3. A possible role of condensation in a domestication of teosinteo 

Teosinte is highly variable in the development of its lateral 

branches on which its female spikes are usually borne® In some plants 

these upper branches are elongate and terminated by a tassel with the 

female spikes dispersed singly in the axils of its leavesQ At the other 

extreme 9 a telescoping of the branch aggregates its spikes in tight 

clusters close to the main culm and all are female Q In collecting seed 

from thousands of teosinte plants on a recent expedition in Mexico 9 we 

found that the harvesting of bulk seed was much easier from plants with 

clustered spikes because of the greater concentration of spikes and 

resultant accumulation of fruit cases within their overlapping and 9 

thereby, mutually protective huskse This suggests that an important 9 

if not the first 9 step in a possible domestication of teosinte 9 if this 

occurred, could have been selection perhaps unconsciously applied for a 

condensation of spikes into tight clusterse At first condensation in 

teosinte would serve something of the same purpose as the rigid rachis 

character in the domestication of other cerealse Once cultivation 
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(planting and harvesting) began, the more condensed forms would auto

matically take overo 

Selection for higher levels of condensation would go beyond the 

clustering of spikes and associated traits of reduced shattering of fruit 

cases and triangularization of their shape in the lower more condensed 

positions~ It would tend to force the developing spikelets out of their 

vertically compressed cupu1es as well as promote a proliferation in 

ranking0 Condensation of secondary branches onto the main axis may 

represent one system for the origin of yolking and whorling 9 as suggested 

by Anderson and Brown (1948)0 These authors did demonstrate that con

densation is a factor in the development of higher orders of polystichye 

The high degree of secondary branching apparent in the teosinte tassel 

might reflect a potential for polystichy through such branch condensa

tiono Furthermore, maize that is considered to lack condensation in the 

tassel according to Anderson, such as the northern flints and Confite 

Morocho9 still has more condensation in the female spike than teosinte 9 

as shown in its hybrids with teosinteo Distortions in the transition 

between two states of phyllotaxy may result from primordial slippage. 

This slippage should be expected in the maize cob under the stress of 

compaction, combined with a reduced nodal networko 

The carry-over in maize of the condensation that clusters the 

spikes in teosinte would result in the multi-husk enclosure of an ear 

terminating a telescoped branch 0 

David w. Galinat 
w. c. Galinat 

4e A possible inverse relation between degree of tassel bran ching and 
kernel row number in certain strains of corn. 

In a small population (20 plants) of string cob sweet corn char

acterized by a high degree of tassel branching, an estimate of the pro

portion of the tassel that was included in the branching zone was made 

and recorded on the tassel bag at pollination timee Later at harvest 

time we were surprised to find that the most highly branched tassels 

were on plants tending to have ears with lower kernel-row numbers (see 

Table)o 
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In this population (71-241-250) 9 a reduction in tassel branching 

appears to be associated with an increase in kernel row numbere The 

data could be interpreted as support for the suggestion of Anderson and 

Brown (1948) that a condensation of tassel branches increases kernel row 

number or is involved in the origin of whorling~ More extensive data 

are necessary. 

Degree of tassel branching vs kernel row number 

Proportion Number of Average 
of tassel plants kernel 
branched row noo 

6Cf/o 3 12.7 

7Cf/o 5 12.0 

75% 3 10~0 

8(1}6 8 9675 

8.5% 1 l0e0 

w. c. Galinat 

5. Preliminary stud ies of a Tripsacum chromosome partially homoeologous 
to maize chromosome l. 

A chromosome from Tripsacum dactyloides carrying the Bm2 locus in 

common with maize chromosome l but not several other loci on maize 

chromosome 1 9 including.§.!:,, ~ 9 and,!!!_, has finally been isolated on a 

marker gene stock of maize after repeated failures to accomplish this 

in the past~ 

As an addition monosomic (20 + 1) on maize, it failed to show any 

pairing associations with the maize complement at diakinesis and meta

phase I in 40 plants examined from two familieso 

Preliminary measurements were made on the univalent as a precau

tion against its possible alteration before isolation as a bivalent. 

Morphological data on the univalent are often unreliable because of fold

backs and distortions from stretching. Previously the bivalent condi

tion ·has been selected eventually, following self-pollination of such 
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monosoniic stocks in some cases (tripsacum chromosome Tr 9 and Tr 7), or 

following nondisjunction in other cases (Tr 5 and Tr 13), We should 

identify such a bivalent for the Bm2 chromosome from Tripsacum in the 

crop to be grown during the summer of 1972. 

From some 250 observations at pachytene often coursing around 

foldbacks, the length of the Bm2 chromosome averaged 34o7 microns. In 

10 observations, the position of its centromere was located and an arm 

ratio of 3m5:l determined. A terminal knob on the long arm was observed. 

On a basis of the above morphological features 7 this Bm2 chromosome 

was tentatively identified as chromosome Tr 3 in the complement of To 

dactyloidesG The corresponding data from Chandravadana et &G (1971) 

give Tr 3 an average length of 40.3 u, an arm ratio of 3Gl:l and a 

terminal knob in the long armo Their idiogram representing the original 

complement of the To dactyloides used in these studies is the basis for 

identifications in subsequent items. 

W., Co Galinat 
R. v. Tantravahi 
P. Chandravadana 

6m Preliminary studies of a Tripsacum chromosome partially homoeologous 
to maize chromosome 60 

A chromosome from!• dactyloides carrying the _!2 locus and possi~ 

bly the Sm locus in common with maize chromosome 6 but not the nucleolµs 

organizer of this maize chromosome has been isolated. A different 

tripsacum chromosome, at the 16th position in its complement, carries the 

nucleolus organizer. Chromosome Tr 16 from tripsacum is still in the 

process of isolation (see next item)o Nothing is known as yet of its 

gene content relative to that of maize. 

Again preliminary measurements were ma.de on the univalent in the 

absence of the bivalent condition and with recognition that eventual 

confirmation with data on the bivalent is necessarye From 27 observa

tions at pachytene of the~ tripsacum chromosome from 4 plants, the 

length averaged 41Q7 Uo The centromere was located in 3 observations 

giving an arm ratio of 2 .. 5gl .. There is a terminal knob on the long arme 

This tentative data on the univalent of the .Ez_ marked chromosome suggests 

the fourth position in the original complement of.!.• dactyloides .. 

We C .. Galinat 
R. V. Tantravahi 
Pe Chandravadana 
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Previously the tripsacum homoeolog to maize chromosome 3 has 

always immediately dropped out from the progeny of the second backcross 

to the marker stock maize~ In a single plant it has now survived to 

the third backcross to maize 9 although unexpectedly captured together 

with three other extra tripsacum chromosomes~ The four extra chromo

somes of this plant (2n = 20 + 4) appeared throughout meiosis as uni

valents9 indicating they are different from each othero At least one 

of them may carry A1 g Sh2, .!!,g2 loci corresponding to maize chromosome 30 

From 56 observations made ·~; pachytene 9 it was possible to tenta

tively identify two out of the four univalentso One is a very short 

knobless chromosome averaging only 12o9 u in length 9 or similar to that 

of chromosome 18, the smallest in the complement of T~ da ct yloides., 

The other is the important nucleolus organizing chromosome 9 Tr 16 9 of 

tripsacumo Tr 16 as a univalent was observed to associate with the 

maize nucleolus along with the chromosome 6 bivalent of maize~ The 

remaining two chromosomes each have a terminal knobo They could not be 

classified .. 

W., CQ Galinat 
R. V~ Tantravahi 
P., Chandravadana 

8., Trivalent fre uencies in one of the control crosses for 
heterozygote of maize chr omosome M 9 teosinte segment t 
tripsacum part i al homoeolog Tr 70 

In last year 0 s MNL (45gl01) we reported that when ,tripsacum chromo

some Tr7 marked by the Su1 locus was added to the heterozygous fourth 

chromosome segment of teosinte to give the triple heterozygote M49 t4s 9 

Tr7 a high frequency of trivalency of 60 to 7Cf/4 was observed at diakinesis 

and metaphase I .. One of the two isogenic controls, M4j M49 Tr7 9 has now 

been produced and studied .. The second control t4s, t4s 9 Tr? has not 

been studied., 

In the first control, M49 M4, Tr7 9 65 cells examined at diakinesis 

showed 24.,6% trivalency and 30 cells at metaphase I had 2Cf/4 trivalencyo 
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In addition to the true trivalency, 33% of cells at diak.inesis and 20.3% 

of cells at metaphase I showed a false association of the tripsacum uni

valent with one of the maize bivalentse In these cases the univalent 

was positioned in such a way that a chiasma could not be inferrede 

Thus, it could be that the higher trivalency in the triple hetero

zygote (65%) over that of one control (23%) was due to the presence of 

the teosinte segment. On the other hand, it is possible that mere 

heterozygosity for this segment had an effecte This possibility will 

be tested by combining Tr? with the homozygous t4s, t4s teosinte segmento 

In the triple heterozygote M4, t4s, Tr? reported last year, the 

pachytene spread was generally very poor. Whenever w, oould identify 

the tripsacum univalent in a small sample of analyzable cells, it either 

appeared as a univalent or it was clearly "hooked" onto the rnaize

teosinte fourth chromosome bivalent in the long arm and not with the 

short arm where the essential segment of teosinte has been assumed to 

be locatedo Additional linkage studies of this teosinte chromosome 

segment are necessary and are in progresso 

W., C. Galinat 
R. V. Tantravahi 
P. Chandravadana 

9e Altered morphology of the Gl
3 

chromosome in progenies showing a 
higher transmission rate. 

During a cytological study of a family of plants showing a higher 

transmission rate of the a1
3 

chromosome (Tr 13) in progenies of 20 + 1 

plants, a single plant was found where the original Tr 13 chromosome 

seems to have suffered a morphological change. This chromosome, which 

originally had a knob in its long arm9 lost it and appeared as a small 

fragment at pachytene. In 10 of the 15 observations made at pachytene 9 

the fragment was found to be attached to the centromere of a maize 

bivalent. In three cases it was found lying free and in two other cases 

it was found on a maize bivalento 

the Sud chromosome (Tr 7) has been 

(MNL 42:105-106). It is not known 

A somewhat similar fragmentation of 

reported earlier by Rao and Galinat 

if the fragment represents the knobless 

arm of the original Tr 13 chromosome, derived as a result of break.age at 
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the centromere and the centromere of the fractured chromosome sticking 

to the centromere of a maize bivalent (non-homologous centromere associa

tion)9 or an acentric fragment which would be lost in the next genera

tion. A large number of cells examined at diakinesis and metaphase I 

showed the fragment appearing separately from the rest of the bivalents 

and at anaphase I it showed a tendency to divide with the two sister 

chromatids attached by a "fiber." 

10. Comparative studies of 
III Mor holo of the 

2n = 1 

R .. V'° Tantravahi 
P. Chandravadana 
W .. C., Galinat 

Maydeae and the Andropogoneae: : 
chromosomes of Manisuris c lindrica 

The cytology of Manisuris cylindrica is of special interest in our 

cytological comparisons of the Andropogoneae to their close:relatives in the 

American Maydeae because of the speculations that Manisuris is both one 

parent of Tripsacum and the evolutionary link connecting their respective 

tribes., 

From about 250 observations made on individual Manisuris chromo

somes at pachytene, it was possible to identify each of the nine members 

of the complement by their relative lengths and arm ratios (see Table)a 

Due to poor spreading, not all ahromosomes could be identified individually 

in any single celle 

The chromosomes are knobless'° The position of their centromeres 

is median to submedian except for chromosomes 3 and 8 in which it is 

subterminal. The centromeres are oval achromatic regions with deeply 

stained heterochromatic areas on either size, as in Coelora chis and 

Tripsacum. :Manisuris (n = 9) has half of the number of chromosomes and 9 

on the averagei shorter chromosomes than those of the other two genera 

(n = 18). 

The nucleolar chromosome is assigned the 8th position. The 

organizing body itself is subterminal in the short arm as in Coelorachis 

and maize but not in the species of Tripsacum studied so fara 
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Morphology of the pachytene chromosomes of Manisuris 

cylindrica (2n = 18) 

Chromosome Long arm Short arm Total length Arm ratio Noo (microns) 

1 26.,3 

2 21 .. 6 

3 23 .. 4 

4 18.4 

5 17 .. 3 

6 15.,1 

7 14.,4 

8* 15.,8 

9 lOol 

*Nucleolus organizing 

11., 

(microns) 

19.,8 

16 .. 6 

9 .. 4 

13.,0 

9.,4 

10.,8 

10 .. 8 

1008 

7o2 

chromosome. 

(microns) 

47.,9 lo4 

39.,6 lo3 

38.,6 2o5 

33ol L,4 

2801 lo9 

27.,4 L,5 

27.,0 L,4 

2lo9 3o5 

1804 lo4 

P., Chandravadana 
W .. Co Galinat 

of Coelorachis racemosa 

The basic chromosome number in Coelorachis is 18 9 the same as the 

genus Tripsacum .. Meiosis has been found to be regular 9 18 bivalents 

being formed in almost all cellso Occasionally there are cells with 17 

bivalents and 2 univalents .. Extensive studies of chromosomes at the 

pachytene stage of meiosis in pollen mother cells have been made,. 

Most of the Coelorachis chromosomes can be identified by their 

relative lengths and differences in arm ratios (see Table l)~ In cases 

where their lengths and arm ratios are similar 9 they could be distinguished 

by comparing them together in the same cell., 

The general range in chromosome lengths and arm ratios is similar 

to that of some species of Tripsacum .. 



Table 1. Pachytene chromosomes of Coelorachis racemosa 

(2n = 36) 

Chromosome 
No. 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12• 

13 
14 

15 

16 

17 
18 

Long arm 
(microns) 

50 .. 4 

37 .. 4 

48 .. 6 

26 .. 6 

28 .. 4 

22.7 

22 .. 3 

18 .. 4 

25.,9 

42.3 

17.6 
22 .. 7 

14.o 

19.8 

16 .. 6 
12 .. 6 

10.4 

10.1 

Short arm 
(microns) 

23.4 

24.1 

11.5 

22 .. 7 

14.o 

17 .. 6 

12.,6 

15 .. 8 

6.8 

9.0 

12.,6 

6 .. 5 

12.2 

6.5 

8 .. 6 

10.8 

8.6 

4.7 

*Nucleolus organizing chromosome., 

Total length 
(microns) 

74.,9 

63.,0 

61 .. 9 

51.1 

44.3 

41 .. 8 

37 .. 1 

36 .. o 
34.,2 

33.,1 

32.0 

30 .. 2 

27.7 

27.,7 

26.6 
24 .. 8 

Arm ratio 

2.,2 

1 .. 6 

4 .. 3 

1 .. 2 

2 .. 1 

1 .. 3 

L,8 

1.,2 

3.,9 

2 .. 5 

1.,4 

3.,6 

1 .. 2 

3.2 

2.0 

1 .. 2 

1.,2 

2 .. 2 
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All 18 Coelorachis chromosomes are uniformly marked by hetero

chromatic regions on either side of the centromere as in Tripsacum .. There 

are no distinctive features as knobs or chromomeres that distinguish one 

chromosome from the other except for the nucleolus organizing chromosome .. 

Its nucleolus organizing body is located subterminally on the short arm 

of chromosome 12 in contrast to Tripsacum where it is on the 10th or the 

16th chromosome. The nucleolus organizing body is also subterminal in 

maize although it is internal in the Tripsacum species reported on so far. 

P. Chandravadana 
W. C. Galinat 
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le Progeny test of spontaneous chromosome aberrat i ons involving 
chromosome 1., 

The detection of chromosome aberrations caused by events of non= 

disjunction and breakage of chromosome 1 taking place in the male game= 

tophyte was reported in last year 9 s MNL (~gll9-123)a The chromosomes 

were counted and a preliminary genetic analysis was done on exceptional 

F1 individuals obtained in the cross bz 2 x ~ 2 Bz2 o 

Among different classes of chromosome aberrations 9 one group of 

15 individuals was given the most attention~ since 21 chromosomes were 

counted in each of the plants and odd ratios (far from disomic) were 

obtained in testcrosses ~o bz 2o A high percentage (30-40%) of shriveled 

pollen grains/ was produced by these plantso 

Samples of colored kernels(~) taken from ears developed on 

some of these plants after pollination by the bz 2 tester were planted 

last summer and reciprocally testcrossed to bz 2., The data are summarized 

in Table lo In many plants non-disomic ratios for the marker bz 2 were 

observed, mostly associated with a high pollen sterility (30~50%)0 On 

the other hand~ the majority of plants giving disomic ratios had normal 

pollen® Some near-disomic ratios are associated with pollen sterility 9 

but in most of these cases reciprocal crosses differ in this regard 

(disomic vse nondisomic) suggesting that a chromosomal aberration is 

still present,. 

Differences in reciprocal crosses were often observed with plants 

showing high pollen sterility 9 with regard to the ratio Bz g bzo In 

Table 2 the plants tested in reciprocal crosses are classified accord

ing to the ratios shown for the marker bz 2® The majority of non

disomic ratios with a large excess of bz are found when the plants were 

tested as the pollen pa.rents, while non-disomic ratios with a large 

excess of Bz were found more often when the plants were the pistillate 

parents., 



Table 1. Segregation types found in reciprocal testcrosses 

to bz 2 involving~ plants some of which are trisomic 

for chromosome lo 

Frequency of ears showing the 
following ratiosi 

Family Crossed disomic (or near) non-disomic Total as; 

N• t· N ~ 

1990 0 
9 1 0 3 + 13 

~ 9 1 0 3 
1991 0 

7 l 0 3 + 11 
~ 7 0 0 4 

1992 0 6 4 0 6 + 16 
~ 6 5 0 5 

1993 ~ 1 2 0 3 6 
~ l l 0 4 

· 1994 ~ 6 5 0 0 11 
~ 6 0 0 5 

1995 ~ 10 0 2 0 12 
~ 9 0 3 0 

1996 ~ l l 0 5 7 ~ 1 0 0 6 

Totals ~ 40 14 2 20 76 ~ 39 7 3 27 

*N c normal pollen 
t = pollen with high sterility (30-50%). 
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Many points of interest are emerging from the development of the 

present study. First of all, pollen sterility is found in the progeny 

of six out of seven families tested, suggesting that chromosome 1 was 

originally involved in events of nondisjunction and breakage at the same 

time. Moreover, if nondisjunction was common to all cases, the location 

of breakages is likely to be different from case to case (which arose 

independently). Obviously, pollen sterility would be transmitted from 

one generation to the other, if the interpretation of the data is 

correct 9 when a broken chromosome 1 is present in a gamete where a normal 
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Table 2" Analysis of the segregation types found in reciprocal 

testcrosses to bz 2 of the~ plants shown in Table 1~ 

Ratios (Bz;bz) obtained when the Bz/ plants were crossedg 

Famib as~ x bz 2 as d"x ~2 

near near large large near near large large 
1~1 1:1 excess excess 1:1 l gl excess excess 
~ and ~ only Bz bz ~ and cf' only Bz bz 
d" - - d" - -

1990 9 1 2 1 9 1 1 2 

1991 7 1 3 0 7 0 3 l 

1992 6 4 5 1 6 5 0 5 

1993 l 2 2 1 1 1 0 4 

1994 6 5 0 0 6 0 0 5 

1995 9 1 2 0 9 0 2 1 

1996 1 1 2 3 1 0 0 6 

Totals 39 15 16 6 39 7 6 24 

Note~ Ears with a large excess of Bz or bz are those giving signifi= 
cant x2 deviations from the 1 :1 ratio (P < 0"0l)" 

chromosome 1 is also present 9 or when two chromosomes 1 are deficient 

for different regions in the same gamete& Howeverg a possibili t y exis t s 

that pollen sterility is present in trisomic 1 plants regardless of 

chromosome brea.kages 9 since non~disomi c ratios are not found in plants 

with normal pollen, except for family 1995e 

Achille Ghidoni 

2~ Genetic and cytol osical investigati on of nonrandomly t ransmitted 
chromosomes in trisomi c 10 plants~ 

An instance of nonrandom transmission of chromosomes in trisomic 

10 plants was reported in last year 0 s Maize Genetics News Letter (45g 

115-119)" Among the progeny of the cross RnjRst r x rr the Rst class was 

significantly less than the Rnj classm Mo-;;eo~er~ th~RnjR st class was 



also deficiente After making reciprocal crosses to an!. tester, a 

greater discrepancy in the recovery of the same classes appeared when 

the trisomic plants furnished the polleno 

121 

As an interpretation of the data, it was suggested that a chromo

somal condition linked to Rst affected its ability to be inheritede 
st nj Accordingly, root tips were taken from samples of the R and R classes 

obtained in the cross cited abovem The expectation was that most Rnj in

dividuals would be disomic (Rnj!_) and that few would be trisomic (Rnj.!:£)0 

On the other hand, most R5t individuals were expected to be trisomic if 

a chromosome condition linked to Rst negatively affects the transmission 

of this chromosome 10 alone0 Thus, the chromosome bearing Rst would 

usually be transmitted in the presence of a normal chromosome 10 (which 

in this case carried r), or without the second chromosome 10 when a 
st crossover separated R from the unfavorable chromosomal conditiono 

Table 1 shows the frequency of trisomic and disomic individuals 

in the Rnj and Rst classeso - -
Table lm Frequency of trisomic and disomic individuals 

in the Rnj and Rst classes obtained by counting 

chromosomes in root tipso 

Chromosome numbers 

Rnj Class 

Rst Class 

20 

36 

23 

21 

13 

Bo 

Total 

49 

103 

The cytological data fit well with the expectation indicated abovem 

Other samples of the same classes were progeny tested by crossing recip

rocally to an!. tester0 The results are summarized in Table 2. 
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Rnj 

Rst 

Table 2a Frequency of ears showing disomic and non-disomi c 

ratios after crossing Rnf and Rst / plants to an r testero 

=== 
F.ars with disomic F.ars wit h non-disom ic 

ratios r ati os 

Class 9 3 
Class 1 55 

While the result for the Rnj class fits with the expectation (as was 

confirmed also by the cytological finding)~ the Rst class shows a 

remarkable deficiency of ears with disomic ratioso This suggests that 

a crossover separating the gene R6 t from the linked chromosome condition 

is infrequent~ It is obvious from a comparison of the genet ic data 

with the cytological data reported in Table 1 t hat many individuals 

giving non-disomic ratios for R8t i.!:. had 20 chromoaomesB 

A deficiency in the chromosome 10 carrying Rst cannot entirely 

explain the phenomenon~ unless the deficient chromosome is consistently 

excluded from pairing configurations and is therefore preferentially lost 

during meiosis o If the deficiency is small 9 it is unlikely to drastically 

affect the pairing ability of this chromosome~ On the other hand~ if i t 

is a large deficiency~ the chromosome may be t ransmissible only in the 

presence of a normal chromosome 10~ and this does not account fo r t he 

many plants with 20 chromosomes still giving non-disornic r atios a The 

problem requires further investigationo 

Achille Ghidoni 
Valeria Semini 
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18 Cytological localization of interchange breakpoints to the nucleolus 
organizer region or sa t el lite. 

Longley (ARS-34-16:1-40, 1961) lists the interchanges involving 

the short arm of chromosome 6 according to the relative location of the 

breakpoint between the centromere and the end of the armo For many 

studies it is desirable to know whether the breakpoint is in the nucleolus 

organizer region or in the satellite. Thus, we are listing below the 

interchanges with breaks in these two cytologically distinct regions. 

Homozygous interchange stocks were used in identifying the break

points. The interchanges with a break in the satellite have been re

ported previously (Phillips,~ al., Crop Science 11:525-528)& 

Breakpoints 

Nucleolus 
organizer 
region 

Satellite 

Stocks 

1-6 Li (formerly 4-6 Li), l-6(5495), 1-6(4986), l-6(6189) 9 

1-6(8415) 
2-6(8786), 2-6(027-4), 2-6(5419), 2-6(8441) 
3-6(032-3), 3-6(030-8) 
4-6(4341) 
5-6 f~ 5-6(8696) 
6-7(5181), 6-7(4964), 6-7(035-3) 
6-9 a, 6-9 d 
6-10(5519) 

1-6 b 
2-6(001-15) 
3-6 b 
4-6 c, 4-6(5227), 4-6(7328), 4-6(003-16) 
5-6 b, 5-6 d, 5-6(8219) 
6-7(7036) 
6-9(017-14) 
6-10 f 

R. L. Phillips 
s. S. Wang 



124 

2~ A cytogenetic method for utilizing nuclear male -sterility in hybrid 
corn production. 

Until recently 9 use of the "T" male-sterile cytoplasm has aided 

the efficient and economical production of hybrid corna High sus cepti

bility to Southern Corn Leaf Blight of varieties produced by ineans of 11T11 

type cytoplasmic male-sterility has led to a return to costly detasseling 

procedureso An attempt is currently in progress to develop and test a 

method of using nuclear (rather than cytoplasmic) male-sterility for the 

production of lines with all male-sterile plants; current methods only 

allow for the production of lines with 50}6 male-sterile plants~ Utiliza

tion of such a method (which we term the "double duplication method") 

would eliminate the need for detasseling and avoid potential problems 

associated with planting large acreages to varieties with a single 

source of cytoplasmo The double duplication method also should be immedi

ately applicable to various other agriculturally important speciese 

The method consists of selecting pairs of chromosomal inter

changes (designated by t1a" and "b" b~low) from currently available 

stock~ according to the following criteriaG First 9 the breakpoints of 

each of the interchanges ·must occur in the same arm in each of the 

chromosomes. Next, the order of the breakpoints must be reversed in the 

two chromosomes with respect to their centromerese Also~ a male-sterile 

(~) locus must be located in the arm containing the breakpoints in one 

of the chromosomesm The male-sterile locus ideally should be near one 

of the breakpointso A simple representation is diagrammed below. 

Ms 
I 
I 

---o----i-1----

Stocks homozygous for each of the two chromosomal interchanges 

and for the normal male-sterile allele are crossede The chromosome con-

stitution of progeny resulting from such a cross is represented belowo 

Ms 

-----0---:-- ---

t 
a 

Ms 
I 

' 
_ _, _________ . __ 

t 

I 

' ---o-------~*----:t 
a 

---o----·---
J 
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The progeny (each heterozygous for the two interchanges) are 

crossed 9 as the female parent~ with a stock possessing a chromosome com= 

plement that is normal but carrying the desired male-sterile gene in the 

heterozygous conditiono One-sixth of the total progeny from the previous 

cross should be of the desired genotypeo The desired progeny contain a 

duplication for the "between breakpoints" region of each of the two chro= 

mosomes involved (a double duplication) and a normal set of chromosomes 

carrying the recessive male-sterile allele~ This can be represented as 

below., 

Ms 

1 

2 

Ms 
\ 

\ 

\ 
---o---'-'- ...}( ) 

'1'-
a 

ms 
I 
I ---o------+----

3 

4 

The only chromosome combination to successfully be transmitted 

through the pollen is 2 & 4~ Chromosome combinations 1 & 3, 1 & 49 and 

2 & 3 all result in aborted pollen grains or ones that are unable to 

compete with normal pollen~ The line diagrammed above is crossed~ as 

the male parent 9 to plants homozygous for the recessive male-sterile 

allele and with a normal chromosome complement., All the progeny from 

such a cross should be male-sterile and the type to be used in commercial 

seed production,, 

A Donald F .. Jones Scholarship has been awarded to carry out the 

above research .. 

3 .. Pos iti on of b!!!:i in chromosome ,2_ .. 

R. L~ Phillips 
W. D. Springer 

The Tl-5 (8041) interchange was shown by diakinesis observations 

on intercrosses with the other Tl-5 interchange stocks to have the 
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breakpoints either in the short arm of 1 and the long arm of 5, ioee SL9 

or in LS. Linkage tests with markers show that the break in chromosome 

1 was in the long arm 9 indicating it is an LS interchange. The break

point in 5 is close to the centromereo A linkage test in a stock homozy

gous for the interchange shows that bm1 and .E!:_ are now independento 

Hence, b~ is not as close to the centromere as we had formerly believed 

or hoped, and is not absolutely reliable as a centromere marker. We 

list the breakpoints as being at 1L.80-5S.10. The break was in 51 in 

Longley 0 s original list., 

Part of work supported by NoS.FG Grant GB 8742 

Cm R .. Burnham 

4o ~3-chromosome triple interchange stocke 

The interchange stocks T8-9b (8So67-9Lo75) 9 T8-10 (5944) (8L.75-

10Le40) 9 and T9-.lQb (~_J.3-lOS.,4o) were used for the three possible inter

crosses~ In each intercross 9 the breakpoints in the common chromosome 

were in opposite arms in the two parents. The permanent 0 6 that arose 

by crossing over in the differential segment to produce a tripartite 

chromosome was established from each of the three interorosses. The 

studies of chromosome pairing in intercrosses between the 0 6 stocks 

will be reported elsewhere. 

By intercrossing two of the permanent 0 6 stocksg backcroasing 

to one of the parent 0 6 stocks, followed by selection of plants whose 

sterility suggested they carried the three different tripartite chromo

somes, a stock has been selected which is homozygous for those three 

chromosomeso The following testcross results verify this conclusion: 

1. cross with standard normal= 0 6 + 7II 

2o cross with each of the 3 permanent 0 6 =@ 4 +: 8tI .. 
In this stock in which the three interchanges are combined, chromosomes 

89 99 and 10 are marked by an interchange breakpoint in each arm. The 

efficiency of this 3-chromosome, triple interchange stock remains to be 

tested., 

C., R., Burnham 
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5~ The synthesis of two-chromosome double interchanges. 

Two-chromosome double interchange stocks were synthesized in 

maize by intercrossing single interchange stocks 9 each with breakpoints 

that involved the same two chromosomeso Combinations that combined both 

of the single inter changes into the t wo pairs of chromosomes were estab~ 

lished presumably by simultaneous crossovers that occurred in the two 

differential segmentso 

A series of interchanges involving chromosomes 9 + (1 through 10) 

were employed along with 1-5°s and 2-6 8 so Nine different opposite=arms 

double interchange stocks were obtained in maize involving the following 

chromosomesg 1~9 9 2-9, 4-9 9 5-9 9 6-9~ and 9-10 from 9 + (l through 10) 

series 9 one 2-6, and two different l-5°se The series involving 9 covers 

all chromosomes except 3 9 79 and 8. Five different I-IV same-arms double 

interchange stocks were also synthesized in Neuro spo r a cr assam 

Several of the synthesized two-chromosome double interchange 

stocks in both maize and Ne:urospora were tested for their effectiveness 

as linkage detectors by crossing them with rrrultiple marker stocks8 It 

appears that such stocks can be more effective than other interchange 

techniques in locating unplaced genes. 

UNIVERSI~Y OF MISSOURI 
Columbia 9 Missouri 

Department of Botany 

Richard Vm Kowles 

lo A rapid screening technique for photosynthetic mutants~• 

Photosynthetic mutants have provided a valuable approach to the 

resolution of questions concerning photosynthetic mechanisms (Levine 9 

Rm Po, 1969 9 Ann~ Revo Pl. Physiole 20i523-54o)m As the use of mutants 

necessitates their rapid identification, an in ,!i!2, screening technique 

was developed to locate photosynthetic mutants that have normal pigment 

•supported in part by NSF Grant GB-320230 
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and structural appearance$ This technique has been used to locate Zea 

~ mutants of the above type. 

A screening technique was developed by Levine for algal mutants 

which compared levels of chlorophyll fluorescencem Colonies which were 

blocked in photosynthetic electron transport 9 either by chemical inhibi= 

tion or by mutation 9 showed higher visual fluorescence than normal types 

(Bennoun 9 Pe and R0 Pa Levine 9 1967 9 Plant Physiolo 42~1284-1287; Levine 9 

Re P~9 1971 9 Ing Ao San Pietro 9 edo Methods of Enzymology 9 XXIII9 Part 

Ao Academic Press 9 NoYo 9 ppo 119-129)0 The feasibility of a similar 

technique for higher plants was suggested since in~ fluorescence of 

whole plant leaves could be observed and increased with photosynthetic 

inhibitors (Stokes 9 Gm Go9 1852 9 Phil. Transa Roy. Soc~ London 1852& 

463-562; Kantsky 9 Jo and AQ Hirst 9 1931 9 Naturwissenchaften 19&964). 

Young leaves of tomato 9 spinach 9 the plastome mutant of Oenothera 

hookeri (Stubbe, Wo9 1959, z~ Vererbungslehre 9oi288-298) and suspect 

mutants of Zea mays were used. 

Whole leaf riuorescence could be observed and photographed in the 

dark through a Corning 2030 red filter which transmits wavelengths above 

64o nmo .Fluorescence was excited by a tungsten light (2 x 104 ergs/cm 2
• 

secs) passed through a 6 mm heat absorbing glass (or 10 mm water) and a 

Corning 4305 blue filtero This filter had a peak transmission of 473 run 

and a range from 320 to 64o nmo Leaves were placed directly on the blue 

filter and covered by the redo An alternate method employed a spectrol

ine SL-3660 long wave ultraviolet lamp for excitation of fluorescence. 

This lamp had a peak output at 360 nm and a range from 315 to 420 nm 

at an intensity of 1 x 104 ergs/cm 2•sece The plant leaves were suspended 

7 mm from the lamp by a thin polyethylene sheet and viewed through a red 

acrylic cutoff filter (Rohm and Hass 2444) that transmits light above 

605 nm. 

In order to show that a variation in fluorescence was indeed 

correlated with functionality of the photosynthetic apparatus, a compari

son of the level of fluorescence was made between normal leaves and 

those treated with photosynthesis inhibitors~ Quite striking differences 

were noted in the visual fluore~cence when plants were treated with these 
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inhibitorso As a further proof~ the plastome mutants of Oenothera~ in 

· which variegated (mutant-normal) leaves are produced 9 were also 

examinedo Mutant sections fluoresced intensely compared to normal sec= 

tions~ When treated with electron transport inhibitors normal leaf 

parts fluoresced as brightly as the mutant sections~ but the fluores= 

cence of the mutant areas was no further increased by chemical inhibi= 

tion. These plants were reported to be PS-II mutants (Fork 9 C$ Do and 

U~ W~ Heber 9 1968~ Pl~ Physiol~ 43i606-612)o 

These results indicate that when electron transport is blocked 

between the two photosystems 9 whether by chemical inhibition or muta

tion9 the affected plant tissue can be identified visually by increased 

fluorescence.~ As further proof that the fluorescence technique is use

ful for screening higher plants~ we have isolated suspected PS-I and 

PS-II mutants of ~ m,ays seedlings due to their high in .ti:.!2. leaf 

fluorescence© A more detailed report has been submitted to Plant 

Physiology and additional work is now underwayo 

As a practical note 9 care must be taken that there is little 

variation in chlorophyll content or in th ic kness of leaves which are 

scanned,, These variations will alter fluorescence since more pigment 

or a thicker cross se cti on would allow more re-absorption by chlorophy llo 

We acknowledge the kindness of M,, G., Neuffer 9 University of 

Missouri 9 who supplied Zea mays seeds used for screen ing ~ 

UNIVERSITY OF MISSOURI 
and 

D., J,, Daniel 
C., D., Miles 

UNITED STATES DEPARI'MENT OF AGRICULTURE 
Columbia 9 Missouri 

lo Two new B-type translocations involving chromosome l,Q_,, 

X-ray-induced A-B translocations involving both arms of chromo

some 10 have been identified., TB-l0b 9 located on the long arm 9 is 

proximal to 12:,, £i 9 E. and .2£.z o The TB=lOS mentioned in MNL 45 g 144 is 
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now verified and can be designated TB-lOc; the breakpoint is on the 

short arm proximal to & and 5:Jl..• 

Je B& Beckett 

2& Location of new mutants by the A-B translocation method© 

Following the procedure outlined earlier (MNL 45gl44) 9 161 mutants 

were tested this year with a slightly modified and improved set of A-B 

translocations. The collection included 113 selected new mutants from 

EMS and NG treatments as well as 48 old cases that had received an 

inadequate test last yeare The translocations used were the same as 

last year except that TB-la was substituted for TB-le, and TB-2Lv 3L728
5 

and TB-6a were omitted. Translocation 10S has also been verified and 

designated TB-lOc (see Beckett, above)m 

Fifty-nine of the 161 mutants tested have been tentatively located 

to chromosomem They have been added to those found last year and placed 

on a revised chromosome map (figure 1). Temporary symbols are used on 

the map as follows; ~ (white), wl (yellowish white), 1 (yellow) 9 .!. 

(virescent), .EK (pale green),~ (pa.le green spotted), Zii (yellow green), 

cb (crossbanded) 9 .EE. (piebald),~ (striped),~ (green stripe), Z!}_ 

(yellow stripe), wlb (white leaf blade), fil (albescent) 9 spk (speckled) 9 

nl (narrow leaf), ad (adherent), d (dwarf),~ (necrotic),~ (glossy), 

bf (blue fluorescent),~ (etched endosperm), sh (shrunken endosperm). 

M. G. Neuffer 
J~ B. Beckett 

3. New mutants induced by ethylmethanesulfonate and nitrosoguanidine. 

Following procedures outlined in MNL 45:146 9 ears of vigorous 

genetic stocks were crossed by similar pollen treated with ethylmethane

sulfonate (EMS) or nitrosoguanidine (NG). The resulting kernels were 

planted, the seedlings were noted for mutants, and the mature plants 

noted and selfedo The selfed ears were observed for segregation of 

endosperm texture and morphology mutants (not for aleurone color, as£_ 

and.£. were segregating in the initial parents), and a sample was planted 

in sand benches to test for seedling mutants. Excluding mature plant 
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Figure 1 

Linkage map with A-B translocations and tentatively located mutants. 
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characters, a total of 12o8 new mutants was founde The results of this 

experiment are summarized in Table le 

Table 1. Summary of results from progeny tests of kernels 

produced from pollen treated with ethylmethanesulfonate 

(EMS) or nitrosoguanidine (NG) in paraffin oil~ 

Frequency x 10-3 in parenthesese 

kernels surviving selfed ears endosperm seedling 
planted plants* tested mutants mutants 

Control 587 523 414 0 (0) 3 (Oe7) 
EMS 7645 6007 4277 259 (61) 860 (201) 

NG 1130 493 160 13 (81) 73 (456) 

*These figures are low because of poor field conditionse 

In spite of poor field conditions and problems of handling that 

are reflected in the data, there are distinct differences in survival 

and ear production between treatmentse The NG treatment caused a strik

ing reduction in germination and viability of surviving plants~ while 

the EMS treatment did not. This difference was clearly seen when compar

ing the growing plantse Plants of the control and EMS progenies were 

vigorous and uniform, while those of the NG progenies were slow and 

extremely variable. Many did not survive till flowering, and only a few 

of those that did approached normal vigor and appearance. 

Examination of_F 1 seedlings and growing plants for probable 

dominant mutants yielded 24 pale green (,E,g_)g eight pale or yellow green 

sectored, one narrow leaf (nl) and one yellow green (zg) in the EMS

treated families, and three M. and one sectored in the NG-treated mate

rial& None was found in the control familieso All of these cases 

(except one) either failed to produce ears or were not transmitted~ The 

single exception was the yellow green case 9 which proved to be an ex

cellent dominant yellow green mutant. This mutant will be described 

later. 
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The selfed ears included many that were segregating for various 

types of endosperm texture and morphology mutants 9 the analysis of 

which is presently being deferred0 

A sample of thirty kernels from each selfed ear was planted in 

the sand benchg and the seedlings were examined for mutant typeso The 

yield of seedling cases was much higher than expected when compared to the 

frequency of endosperm casese The mutants included many of the known 

tYPes as well as some that had not been seen beforeo A breakdown of 

seedling mutants into broad categories is presented in Table 20 Each 

category includes a wide range of variant typeso 

The white (w) seedlings include types with narrow stiff leaves 9 

some with broad leaves 9 some that die quickly and others that grow 

normally to the 3-4 leaf stage. Some are chalky whiteg some almost 

translucent~ some are bluish whiteg and some have patches of cells that 

become transparento The yellowish white(&) mutants have similar varia~ 

tions but also have varying amounts of yellow pigment; the narrow stiff~ 

leaf type is rarely seeno The yellow(,!_) seedling types are more uniform 

and mostly normal in early developmentQ Some are bright yellowg some 

faintly green and some a dull deep yellowe Some bleach to white rather 

quickly 9 and others remain yellow until the endosperm nutritional source 

is depletedo All the w9 wl and 1. mutants are seedling lethalso 

The virescent (v) class is highly variable in terms of chlorophyll 

expression but not for leaf texture and morphologyo In all cases the 

mutant seedlings emerge with either reduced, defective or absent chloro= 

phyll0 After emergence they change at various speeds and in various 

patterns to something like normal appearance~ The background or initial 

color differs from case to case including white 9 yellowg pale green and 

yellow greeno Some turn green from leaf tip toward the base 9 others in 

the reverse order@ Some turn green uniformly over the leaf 9 and others 

do so in small streaksg giving the leaf a grainy appearance; still others 

turn green in large irregular streaks and stripese Many show indications 

of being sensitive to variations in light and temperaturee 

The pale green <.E.5) mutants have a reduced amount of chlorophyll 9 

which remains uniform during the life of the plante Some are faintly 
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Table 2., Breakdown of seedling mutants obtained in F2 from 

crosses involving pollen treated with the chemical nru.tagens 

ethylmethanesulfonate (EMS) and nitrosoguanidine in oil 

freqo freq., freq .. 

X 10- 3 X 10- 3 
control 

X 10- 3 EMS NG oil 

F2 ears tested 4277 160 414 

white (~) 53 12 6 38 0 0 

yellow white (wl) 60 14 8 50 0 0 

luteus (1) 32 7 5 31 2 0 .. 5 

virescent (v) 99 23 9 56 0 0 

yellow green (zs.) 14 3 1 6 0 0 

pale green (.:eg_) • 131 31 17 106 0 0 

Zebra stripe (zb)-
piebald(~ 28 6 1 6 0 0 

necrotic (~) 81 19 l 6 0 0 

lethal (11) 21 5 0 0 0 0 

dwarf (d)-small* 181 42 17 106 1 0"2 
adherent (ad) 21 5 0 0 0 0 

streaked and 
speckled 46 11 3 19 0 0 

striped (str) 15 4 1 6 0 0 

yellow stripe (~) 15 4 2 13 0 0 

glossy <&) 13 3 1 6 0 0 

other 50 12 1 6 0 0 

Total 860 201 73 455 3 0"7 

•These classes are inflated because of difficulties of classifi-
cation and the frequent occurrence of phenocopies .. 

green and die after endosperm depletion; others are darker green and 

live longer; some survive to maturity& Leaf texture and morphology is 

generally nearly normalo The yellow green (zg_) mutants resemble the :e& 

mutants but have varying amounts of yellow pigment .. This class varies 
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in viability, but in most cases the mutants survive to maturityo In ~ 

eluded are some which grow more vigorously than normal seedlings under 

winter greenhouse conditionsQ There are some mutants in this class that 

develop necrotic patches that cause withering of parts of the leaves but 

no iliethal damage o There is als o one dominant yellow gr een mutan t o 

The zebra stripe (zb)-piebald (.E£_) class in cludes t hose green and 

pale green seedlings that have diurnal crossbands or patc hes of lighter 

tissueo In some cases 9 the bands are regular 9 with sequen ces of two or 

more shades of green 9 yellow or white; in others, the banding is irregular 

and occurs in patches along the midrib or on the leaf bladeo Also in 

cluded here are a group of seedlings called white tip (wt) 9 whi ch are of 

two types: (1) those which ·emerge as a green seedling with whi te leaf 

tips 9 and (2) t hose which are initially observed as a white seedling wit h 

a faintly green leaf base 9 wi t h subsequent development of chloroph yl l in 

the direction of the leaf tip. 

The necrotic(~) class includes those that have an abrupt wilt

ing or browning of the leaf tips which advances down the leaf 9 usually 

causing death of the seedlingo Sometimes these areas are localized on 

the terminal third of each leaf or in zebra-like stripes 9 in which case 

the mutant is not lethalo In some the necrotic tissue gives off a brown 

exudate; in others the tissue wilts dry and turns white~ 

The lethal (11) class includes all those that die abruptly from 

various unclassified causes; closer observation may move many of these 

into the necrotic class. 

The dwarf (~)-small class includes all the small seedling mutants 

seeno A large number are typical broad leaf andromonoecious dwarfs whi ch 

respond to gibberellic acid; others have stiff narrow leaves, some with 

pale green flecking, some are dark green. Some are intermediate in 

growth; others are extremely small, being only three cm tall after two 

months growth. Some have large leaves with shortened internodes. Others 

have miniature parts and can be described as tiny or pigmy. 

The adherent (ad) class includes a wide range of types that have 

the common characteristic of having some leaf or coleoptile tissue adher

ing togethero In some cases this is extreme 9 and the seedling bunches 
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up in a knot. In other cases only the first two leaves are stuck to

gethe~9 and the plant grows normally~ In some cases the leaves are all 
"----

rolled tightly 9 forming a smooth tube; in ,others 9 the leaves are bunched 

up and crinkled,. 

The streaked and speck.led class includes wide variations of green 

with small streaks or specks of lighter (including white and yellow) 

tissue or lighter green leaves with streaks and specks of darker green 

tissuee In some cases the leaves are narrow and stiff. In others they 

have normal shape and textureo 

The striped (str) class includes all variations of white~ yellow 

and pale green striping 9 ranging from an occasional stripe to those as 

extreme as striate (~ 2)o Some are associated with morphological differ

ences, and others are noto 

The yellow stripe (z~) class is quite narrow 9 including only in

dividuals which resemble the known;[!},, mutants,. The phenotype is that of 

normal green leaf veins and light yellow green tissues between the veins .. 

The glossy (z!.) class includes all those which have a glossy pheno

type at the 1-4 leaf stage~ Some are associated with changes in leaf 

morphology, and others are noto 

The "other" class includes a miscellaneous lot of interesting 

cases which were hard to classify in terms of known mutants .. 

M., G. Neuffer · 

4o Dominant yellow green,. 

A single yellow green seedling appeared among 56 normal seedlings 

in the F1 following EMS treatmento The plant~ which remained yellow 

green till maturity, was selfedo Sixty kernels planted from the selfed 

ear produced ten normal green 9 33 bright yellow green and eight pale 

yellow seedlingso The yellow seedlings died as soon as the endosperm 

reserves were depletedo The yellow green seedlings grew more rapidly 

than the green and produced normal tassels and ears. (This rapid growth 

occurs only in the winter greenhouse; in the field, the yellow green plants 

are much smaller than normalo) Yellow green plants were crossed on normal 

sibs and other genetic testers. In all cases, seedling tests of the sib 
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seedlingso 
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Yellow green plants were crossed by each of the A-B transloca

tions (MNL 45:144) and plantings ma.de from the resulting seedso All of 

the ears gave a lzl segregation for yellow green except the cross by TB= 

lOc, which had 69 green 9 29 yellow green and ten pale yellow seedlingso 

The pale yellow seedlings appeared to be hypoploids 9 thus indicating 

that the mutant has a yellow seedling phenotype when hemizygouso 

These results indicate that the mutant is a dominant yellow green 

in heterozygotes and a lethal yellow in homozygotes and hemizygotes and 

that it is located on the short arm of chromosome lOo It is tentatively 

designated as ~m 

M~ GG Neuffer 

5. Tan necrotic~ 

Two cases in which the mutant seedlings emerged with tightly 

rolled leaves were found in the EMS progeniesa When the leaves were 

unrolled, they were found to be tan in color with uniformly spaced bands 

of dark brown tissueo A slight amount of chlorophyll appeared on the 

coleoptile and under+ying leaf sheath at soil levelo The seedlings grew 

very little and died in a few days. A good but not exclusive test by 

existing A-B translocations failed to uncover either mutanto 

Mo Go Neuffer 

6. Pale green spotted. 

Several cases characterized as pale green with fuzzy dark green 

spots have been found in EMS, NG and mutator system progenies. One of 

these (~ 9 E-464) 9 which was found in an EMS-treated culture and has 

been located on the long arm of chromosome 2, can be described as an 

exampleQ The seedlings emerge as a moderate pale green with good vigoro 

At about the 2 leaf stage 9 small fuzzy spots of dark green (slightly 

larger than a pin head) appear and increase in number until there may be 

40~100 on a leafo Occasionally a spot may be much larger, in which case 

it will be elongated, conforming to the pattern of cell lineage of the 
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leaf. The border of the spot 9 however, is still fuzzy, as though a 

precursor for normal chlorophyll were diffusing into the light green 

tissueo Mutant seedlings lack vigor and rarely grow to maturity even 

under the best of culture conditionsG A second such mutant (~ 9 M-21) 

appeared in a mutator system progeny and has been located in the long 

arm of chromosome 1. 

M. G. Neuffer 

7. A tandem duplication and an intrachromosomal displaced duplication 
induced by irradiationo 

This project has been discussed in detail in previous reports. 

Simply, the procedure to obtain duplications is to irradiate diploid 

material which is heterozygous for two very closely linked markers in 

the repulsion phase and to select testcross progeny which have both 

dominant markerso Thia was done with ,!~a Sh kernels which were 

planted and crossed with.! !iEfa sh plants. The A Sh kernels produced 

were tested genetically for the presence of duplications. These kernels 

are of three types: (1) crossover cases, (2) trisomes--in which there 

has been nondisjunction and the constitution of the kernels is A~ 

_!~a sh 9 and (3) duplications. 

It was found that most of the A Sh cases were crossovers or tri

somes. Irradiation greatly increases the frequency of nondisjunction. 

However, two cases of duplications have been isolated and cytologically 

identified. 

The first is a tandem duplication (tDp3L a), which arose from a 

translocation between homologous chromosomes. It is a duplication of 

about 2(ffe of the long arm of chromosome 3. There is generally a large 

buckle in the chromosome 3 pachytene bivalent. The exact nature of the 

duplication is unknown--i.e., whether the proximal segment carries the 

A sh markers and the distal segment carries the.! Sh markers or vice 

versao Genetic data for this duplication are presented in Table 1. 
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Table 1 

No .. of No., of Percent 
Cross plants gametes 

A Sh A sh a Sh a sh -- -- -- --
1., A~-~ ~a sh X ~ 2.E/~ sh 7 29256 36G17 13 .. 34 11097 38052 
2. !:. ~a sh X A sh-~ filY'.a sh 28 35,4o2 2.71 34 .. 23 2.,07 60 .. 99 

3 .. A sh-~ ~a~ X !:. !iEf.a sh 10 3,381 38 .. 57 9.,41 52 .. 03 0.,00 

4 .. ~ !f!:/.a ~ X A ~ -!, fil!/a Sh 8 9,322 5 .. 59 26.,91 67050 0.,00 

It may be seen from the data in which the duplication hetero

zygote was the female parent that A~ and ~fil:. gametes are formed in 

about equal numberso The data from the reciprocal crosses indicate that 

the duplication is poorly transmitted through the pollen., In cross 2 

there is a great excess of A sh gametes over~ Sh gametes .. This is 

because most of the~ Sh gametes now carry the duplication; they a.re 

actually~ Sh-!_ sh. The relative proportions of A sh, A sh -!:_ sh\) !:_fil:.9 

and~~-~ sh gametes depend on where the markers are positioned in the 

duplicated segment and also depend on which markers are in the distal 

and proximal segments if there is polarity in pairing. There may be a 

greater tendency for the distal element to be paired and the proximal 

element unpaired (in the buckle) or vice versa. Polarity in pairing 

cannot be determined by genetic data without knowing the placement of 

the markers in the duplicated segments and may not be determined by 

cytological data 7 as the buckle may shift after the time of crossing 

over as . in the case of the displaced duplication of 3 in chromosome 9., 

This is explained in Table 2. 
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Table 2o Effects of different modes of pairing and crossing 

over on the frequency of recombinational gametes 

l( 

I O..M JI: 

Q,Sk 

M§L g x 
I o..."'-K 

a.S~ 

•======:o:::::= ~ A,J. 
;: x 

r o.1','JI 

I r.J., 
" 

Q..s:~ 
=======::a::======:: -=======::a::====::;::~======= 

I 
J\ 

I o.pJ, :,r 

Recombinational gametes 

A sh A sh-a sh a Sh a Sh-a sh ---- ----

c.o .. i n X X 
I 

c .. o .. in X X 
II 

c .. o .. in X X 
LI 

c .. o., in X X 
II 

From the genetic data there must be a greater frequency of modes 

2 or 3 than of 1 or 4 .. The position of the ~sh 2 loci in the duplication 

can be easily determined by the use of outside markers such as 1,g,2 and .!i· 
The second duplication is an intrachromosomal displaced duplica

tion (dDp3L-3S);a chromosome segment containing the!:. Sh loci has been 

interpolated into the short arm of chromosome 3,. If the sequence of nor

mal chromosome 3 is 1 2 3 4 ctr 5 6 7 8 9 10 1112 the sequence of the 
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dDp3L-3S chromosome isl 1110 2 3 4 ctr 5 6 7 8 9 10 1112. A pairing 

configuration often seen at pachynema is shown below~ 

4 

5 
1 

1 

12 

6 I 6 
9 9 

11 12 

The genetic data on this duplication are given in Table 3. 

Table 3 

No. of No. of Percent 
Cross plants gametes 

A Sh A sh a Sh a sh -- -- -- --
A 21:.-!!. fil¥. a sh X !!_ !fEI a ~ 21 8,029 24~54 23.90 24.21 27.35 

~!fE/.a sh X ,! sh -!!_fil¥.a ah 2 1,961 10.6135.8014e33 39.26 

As may be seen from the cross where the female plants were the 

duplication heterozygotes, the frequencies of the different types of 

gametes are about equal. This indicates that there is 50'}6 recombination 

between the two elements of the duplication, a frequency expected on the 

basis of cytological information. When the duplication heterozygote is 

the male parent, the data indicate that the duplication bearing pollen 
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does not compete on equal terms with the normal polleno The depression 

of the~ Sh class relative to the A~ class is probably because the 

~ Sh markers .are in the duplication segment in the short arm and gener

ally the~ Sh gametes are actually! . ~-!:_ sho 

Go Go Doyle 

8,. A telocentric trisome and its potential use in the production of 
commercial hybrid corn using genie male sterili t ;y_~ 

A telocentric trisome (2n + t6L) arose spontaneously in a culture 

of primary trisome 6 probably by the transverse division of a univalent 

chromosome 6 at meiosiso One telocentric trisome in an otherwise normal 

progeny was recognized by a peculiar ratio of Y kernels to z kernels on 

the earo There were 90 Y kernels or 250% and 248 ";[_ kernels or 74al.% 

instead of 38ozi6 Y and 6la8% z as found in a simplex primary trisomea 

In addition all t he Y kernels were noticeably smaller than most of the 

z kernelsa Cytological examination of this progeny revealed the presence 

of a telocentric chromosome consisting of the long arm of chromosome 6, 

along with the normal cornplementa 

At the pachytene stage of meiosis this telocentric chromosome is 

frequently paired nonhomologously with itselfo At diakinesis the tri

valent frequency has been found to be 3406%0 Only 133 cells have been 

observed so this is a rough estimatem The pattern of chromosome dis

junction can be determined by examining the quartet stage of meiosism 

Since the telocentric chromosome 6L does not have a nucleolar organizer, 

spores which have only this chromosome instead of a normal chromosome 6 

have a diffuse nucleoluso The frequency of quartets with two spores 

with diffuse nucleoli has been found to be only 3el5% (50 out of 1 9 585 

quartets). This indicates that the two normal chromosomes 6 generally 

disjoin from each othero If the disjunction of the chromosomes of the 

trivalent were at random then we would expect the frequency of quartets 

with two spores with diffuse nucleoli to be lle5% (1/3 X 34.6)e 

Spores with only the telocentric are inviable~ The resulting 

pollen abortion is very small (1/2 X 3~15% or lo58%)& Background pollen 

abortion would prevent the identification of the telocentric trisome by 

pollen abortion rateo There is no noticeable semi-sterility on the ears 
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of telocentric trisome plantso 

The telocentric chromosome (t6L) is transmitted when a normal 

chromosome 6 is also presento The transmission rates can be studied 

easily because the telocentric is marke.d with Y and the normal chromo

somes are marked with z~ The Y1 locus is very close to the centromere 

and, since there is reduced pairing of the telocentric and the normal 

chromosome, there is less chance of crossing overo See Tables 4 and 5o 

Table 4e Transmission rates of hyperploid gametes n .+ t6L 

Number of kernels Transmission 

No., of rates 
Cross plants Y-z % Y-z 

y 
mosaics z. Total % y 

mosaics -
YZ. x t6L Yyz. 36 3~1 30 19,149 199510 1.70 0 .. 15 

t61 YYz x ;uz 90 ' ~•,;774 3 18 9 494 239 271 20.,51 0 .. 01 

There were a number of kernels which were mosaic for Y and z. 
(generally half and half)., The telocentric chromosome is apparently fre

quently lost in the development of the endospermo The difference in the 

frequency of mosaic kernels in the reciprocal crosses reflects the 

different constitutions of the two endosperms, of course., In the first 

case it is t6L Y ;u ;u y_ and in the second case it is t6L Yt6L Y 
U ;ti . 'Ju·• The frequency of mosaic kernels when the female parent is 

the telocentric trisome theoretically should be the square of the fre

quency of mosaic kernels when the telocentric trisome is the male parent., 

The results of progeny tests of plants grown from Y kernels are 

given in Table 5., 
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Table 5 

Number of plants with 
constitutions of % 

Cross "cross-
t 6L Ytlt.. : Y-:tlz Yz "3/z Tot al overs" 

( t6L Yuz X uz.) x uz 1o8 0 1 2 111 0.92 

<uz X t6L Yui) x uz 21 0 2 0 23 8.,70 

There were two cases when the telocentric trisorne was the female 

parent in which the progeny of Y kernels was all -;[_m Probably the telo

centric was lost somatically. The data are inadequate but it appears 

that there is a very low crossover rate between the Y locus and the 

centromere when the telocentri c t r isome was the female parento When it 

was the male parent, there is a much higher apparent crossover rate, but 

this is not accurate because we are selecting for crossover events when 

Y kernels are used. The Y gene can be transmitted through the pollen 

only when it has crossed over on to a normal chromosome or is in hyper

ploid gametes which seldom function. If we multiply the frequencies of 

crossover events in the Y kernels times the frequencies of Y kernels in 

the total progeny and multiply this times two 9 the crossover frequencies 

are Om38% for the female (20.52 X 0.92 X 2) and 0.32% for the male 

(1.85 X 8.70 X 2). 

These data suggest the possibility of using this telocentric 

trisome in the commercial production of hybrid corn involving genie male 

sterility. A male sterile locus (~i' is ,:~ r·el:osely linked to the Y locus; 

the crossover rate is less than 1%. Since the hyperploid gametes are 

transmissible through the pollen, it is possible to get the telocentric 

trisome in different cytoplasms., Commercial hybrid corn could be pro

duced by the following procedure. 
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Procedure .f2!. producing hybrid rn 
Inbred B 

Inbred A 

ms 
(3) ---0------

---0------
ms 

X 

l 
Hybrid A/B 

ms 
(5) ---0------

---0------
ms 

ms Ms 

(1) 

(6) ---0------ 0------
---0------

ms 

Ms 

(7) ---0------
----0------

ms 

ms ms Ms 

---0------X(2) ---0------ 0-----~ 
---0------ ---0------0------

ms l ms Ms 

telocentric tetrasome 

''° ms Ms 
4) ---0------0-----

---0------
ms 

Stock (1) can be maintained by crossing it as the female with 

stock (4) 9 the telocentric trisome.. Stock (2) can b_e produced by self

ing the telocentric trisome. The telocentric tetrasome should be fairly 

stable. It probably can be recognized by a distinctive phenotype. It 

has not been isolated yet. The progeny (4) of a tetrasome and a aisome 

should be mostly trisomic. The genie male sterile inbred A (stock 3) 

§iich is maintained in the same fashion as stock (1] is crossed with 

the telocentric trisome of inbred B (stock 4). The resulting hybrid 

should be mostly stock (5), which can be used as the female parent in a 

cross with another inbred for a three way cross, or with a hybrid pro

duced by detasseling, by cytoplasmic male sterility, or by one using 

another genie male sterile and another system for maintaining male 

sterile lines. The double cross hybrids would all be fertile. The 
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frequency of stock (7) is so low as to be tolerable. The telocentric 

trisome 9 stock (6) 9 which would also occur in stocks (1) and (3) 9 

could probably be removed from the field before pollinatione If its 

phenotype is not distinctive enough to be recognized 9 then it is possi

ble to translocate any dominant gene marker onto the telocentrico If 

white hybrids are desired~ it is possible to eliminate most of the tri

somes by using the Y1 gene markere Some of the telocentric trisomes 

could be eliminated by using only the heavier seed~ 

This procedure has some advantages over the method proposed by 

Dr. Earl Patterson in which a duplicate-deficient chromosome is used to 

carry the Ms allelee The duplicate-deficient chromosome is not trans

mitted through the pollen and it remains in the cytoplasm in which it 

was producedQ Thus 9 if this method is widely used, it would lead to 

homogeneity of cytoplasms which would be dangerous si nc e a new mutant 

form of a pathogen could arise to attack lines with this cytoplasm. 

(This difficulty could be overcome by crossing the duplicate-deficient 

line with a tetraploid. The resulting triploid could then be crossed 

as the male parent onto diploids and after a few generations the tri

somic progeny could be removed from the population leaving the duplicate

deficient chromosome in new cytoplasmic backgroundse) Since the telo

centric is transmitted at a low frequency through the pollen we do not 

have this problem. 

However, the main advantage of the telocentric trisome system is 

that the pollen parent (4) of the initial commercial cross would be 

almost all of the desired type 9 whereas in the duplicate-deficient 

system only half of the plants in the pollen parent rows would be male 

fertileo 

The disadvantage of the telocentric system is the transmission 

of the hyperploid gametes through the pollen; while the frequency is 

low (la85%), it is no~ tolerablee It should be possible by selection 

and structural modification of the telocentric by irradiation to lower 

this frequencye 

G. G~ Doyle 
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lo Evaluation of mass-selected populations based on perfo r mance of 
selected s2 line topcrosses. 
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In 1968 9 approximately 1000 plants of the Hays Golden variety (HG) 

and of each of three improved mass-selected populations were grown in 

the nursery~ The three improved populations were derived from HG by (1) 

mass selection for high grain yield for 12 generations (Cl2) 9 (2) thermal 

neutron irradiation of seeds plus mass sele ction for high grain yield 

for 13 generations (Il3) 9 and (3) mass selection for prolificacy for 7 

generations (P7)$ Approximately 3~0 of the best-appearing plants were 

self-pollinated in each population 9 and seed was saved from those that 

were disease-free and standing well at harvesto In 1969 9 selection was 

practiced between and within s1 lines of each population 9 and selfed seed 

was saved from the best plant of each selected lineo Further selection 

between and within s2 lines was practiced in 19700 Selected s2 lines 

were also topcrossed to Oh43 and to the single cross N?A x N7B., 

Table lo Grain yield (q/ha) of selected s2 line topcrosses~ 

-
Grain yield q/ha 

Tester Popn .. Noo of Range Best lines lines Mean 
Low High Top 5 Top 10 Top 20 

Oh43 HG 100 88 67 101 99 98 97 

Cl2 90 98 82 117 112 111 109 

113 80 96 74 114 109 107 105 

P7 72 97 77 114 110 108 105 

Checks 9 94 72 114 106 

N7AxN7B HG 99 90 69 108 104 101 99 

Cl2 119 96 70 114 112 109 107 

113 92 95 70 110 109 107 105 

P7 81 94 70 119 109 106 104 

Checks 9 84 69 107 93 
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The hybrids developed by topcrossing were grown in yield trials 

in 1971. Plot size was 5.8 M2 and plant density was 51 9 666 plants per 

hectareo Preliminary yield results are presented in Table lo 

Hybrids involving lines from selected populations show a definite 

superiority over those from the parent population whether you look at 

the mean of all lines 9 the highest yielding line or some subset of the 

highest yielding lines0 Although lines from the three selected popula= 

tions performed somewhat the same9 the Cl2 lines appear to have a 

slight advantage over Il3 linese We can also conclude that 7 genera

tions of mass selection for prolificacy was about as effective as 12 or 

13 generations of mass selection for high grain yieldo Hybrids involv= 

ing lines from improved populations compared very favorably in yield 

with the best Nebraska Experiment Station hybrids included as checkso 

One hybrid check, a cross between two related lines (N7A x N7B) was a 

relatively low yielder as shown in Table 1~ 

C., 0., Gardner 

UNIVERSITY OF NEW HAMPSHIRE 
Durham, New Hampshire 

Department of Plant Science 

1. Effects of genet ic and environmental factors on pr oduc tion of 
phyt oal exin fr om Hel minthos porium turcicum of Zea mays& 

Genotypes used were Ht Ht Bx Bx, Ht ht Bx Bx, Ht Ht bx bx, 
ht ht Bx Bx, and £:l ht bx bx (see MGCNL 45)" 

Production of inhibitory substances (presumably phytoalexin) 

decreased in the following order, as determined by a bioassay test with 

leaf diffusates on spore germination: Ht Ht Bx Bx, Ht Ht bx bx, 
!!! .!:I~ Bx, ht ht Bx Bx, ht ht bx bx 9 and control (sprayed with water 

only). Differences between genotypes were all highly significant., 

!!! ht Bx ~ was much less inhibitory than Ht Ht Bx Bx .. 

Environmental factors studied were: attached or detached leaf 9 

inoculum concentration, predisposing temperature, seedling age 9 and 

days from inoculation until collection of diffusateu These all signifi

cantly affected production of phytoalexin. 



Much more phytoalexin was produced by the attached than by the 

detached leaf., A high spore concentration increased both the rate and 

amount of phytoalexin over a low concentrationo A predisposing tempera

ture of 70° F produced more inhibitory substa nces than did 80-90° Fo 

Diffusates from seedlings inoculated at the fifth and sixth leaf stage 

inhibited spore germination more than seedlings inoculated at later 

stages& Production of phytoalexin increased up to the third 9 fourth or 

occasionally the fifth day after inoculatione After this time 9 the in

hibitory effect gradually disappearedo 

A .. G .. Calub 
Go Mo Dunn 
D., G .. Routley 
R., M., Couture 

NORTH CAROLINA STATE UNIVERSITY 
Raleigh 9 North Carolina 

Department of Genetics 

lo A new anthocyanidin in maizeg luteolinidino 

( ) ( rr The gene~ salmon silk in the presence of red pericarp P 9 

etc .. ) results in silks which are salmon in color .. The P locus deter

mines pericarp and cob coloro Of particular interest is the Prr allele 

which gives red pericarp and cob color (Emerson et al., 9 1935) .. This 

study was directed to the identification of pigments which cause salmon 

silk and red pericarp color in the genotype Prr.e!!Y,Prrsrno 
rr rr · A genetic marker sto ck 9 P Y Pl sm EY./P Y Pl sm + 9 which has 

salmon silks 9 red pericarp 9 and red cob was used for this study. Silks 

from this stock about 5 days after emergence were removed from the ear 

and ground in acidified 80'/4 methanolo Pericarp from mature kernels of 

the same stock was obtained by soaking kernels for 4 hours and hand

peeling the pericarpo Similarly 9 pericarp was ground in acidified Bo% 

methanol .. The pericarp and silk samples were allowed to stand for 24 

hours 9 filtered 9 and reduced at 40° C with a rotary evaporator. Separa

tion and identification of anthocyanins was accomplished by the usual 

techniques 9 paper chromatography, acid hydrolysis 9 and light and UV 



150 

/ 

spectrophotometry (Harborne 9 1967)., Four solvent systems were emp\ oyed 

for paper chromatography with No. 1 Whatman papero The solvents wik e~ 

BAW, n ... butanol-acetic acid-water (4:lg5'il top layer); 1% HC19 water-conco 

HCl (97:3); H0Ac-HCl, acetic acid-conce HCl=water (15g3g82)~ and Forestalg 

acetic acid-cone .. HCl=water (30g3i10)o Spectral determinations first 

were made in methanol containing .. 01% concG HCl and then after the addi~ 

tion of 6 drops of a 5% A1c1
3 

solution. 

Acid hydrolysis of salmon silk extracts yielded one anthocyanidin 

which was orange in color. Rf values and spectral maxima are presented 

in Table 1., For comparison 9 Rf values and spectral maxima for luteolinidin 

are cited (Harborne 9 1967). Rf values for the salmon silk anthocyanidin 

and luteolinidin are similar in Forestal and BAW solventso Spectral 

maxima for the two pigments were also similar in Me0H=HCl as were the 

bathochromic shifts due to the A1c1
3 

reagento Based upon these similar

ities, the unknown anthocyanidin derived from salmon silks is identified 

as luteolinidin. 

Table' 1. Colors 9 Rf Values and Spectral Maxima of Salmon Silk Pigments 

Anthocyanidin Visible Rf values (x 100) in Me0H-HCl A1Cl
3 color Forestal BAW 1% HCl H0AC-HCl A,max(run) ti.A (nm) 

Unknown 
Anthocyanidin orange 63 61 4 17 499 50 
(hydrolysate) 

Luteolinidin• .orange 61 56 -- -- 493 52 

Anthocyanin 

No,. 1 orange -- 27 17 39 -- --
No., 2 orange -- 57 33 42 -~ --

•values as cited by Harborne (1967). 

Two anthocyanins based on luteolinidin have been isolated from 

salmon silks~ Color and Rf values are reported in Table le Noo l has 



Rf values like luteolinidin 5-glucoside (Harborne~ 1967) and ia the 

most abundanto The identity of Noa 2 is unknowno 
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The same pigments were found in the red pericarp (Prr) as in 

salmon silkso Results given in Table 1 apply equally well for red peri= 

carp and are not repeatedQ Red pericarp color is 9 consequently 9 due to 

two anthocyanins based on luteolinidino 

Red silk color is common in corn and is easily distinguished from 

salmono This red pigment was isolated from the silks of the inbred line 

NC 236 by the methods previously describedo The anthocyanidin was pre= 

pared by acid hydrolysis and purified by paper chromatography~ Two 

anthocyanidins 9 cyanidin and pelargonidin 9 were identified by co= 

chromatography with authenticated anthocyanidins in two solv-ent systemso 

These two anthocyanidins have previously been reported to be responsible 

for plant and aleurone color in ~orno 

It 9 thus 9 appears that two distinct pigment systems exist for the 

determination of silk coloro The first is red silk color 9 which is based 

upon anthocyanins of cyanidin and perlargonidino Red silks are deter

mined by certain! alleles (Rrr 9 rrr 9 etc:o) when~ is present (Emerson 

.!:! alm 9 1935)e The second is salmon silk color 9 which is based upon 

anthocyanins of luteolinidino Salmon silk is determined by the~ allele 

when certain P alleles (Prr 9 etco) are presento 

A structural comparison of luteolinidin versus cyanidin and 

pelargonidin is revealingo Luteolinidin is deoxy for the 3 position 

while cyanidin and pelargonidin are ·hydroxylatedo This suggests that 3= 
deoxy compounds 9 flavonones or flavones 9 would be likely precursors of 

luteolinidino On the other hand 9 3=hydroxyl c:ompounds9 dihydroflavonol 

or flavonol 9 would be likely precursors of cyanidin and perlargonidinQ 

The need for different precursors could account for the two distinct 

genetic systems controlling salmon and red silk colore 
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2. Nonrandom fertilization by pollen in mixtures. 

Experiments have been underway to investigate selective fertiliza

tion effects involving pollen of strains with contrast i ng endosperm color o 

The varieties chosen for an investigation of the hereditary character

istics of the phenomena are Jarvis 9 which has yellow endosperm 9 and 

Weekley 9 which has white endospermo The technique used to measure the 

trait is to pollinate pairs of plants of each variety which flower at the 

same time with mixtures of their pollen0 At harvest time 9 100 kernels 

of each ear are classified for endosperm coloro Table 1~ which gives 

the results expected if fertilization by the two kinds of pollen in the 

mixture is random 9 shows the relationship between endosperm color and 

mating type on each earo Considering a pair of plants as a unit 9 the 

expected proportion of self-pollinated seed is given by the expected pro ~ 

portion of pure yellow seed+ pure white seed as followsg 

[p(100) + (l-p)(100)]1200 = l/2G 

In other words 9 in the absence of selective fertilization 9 the ratio of 

self:cross seed is expected to be 1:1 regardless of the relative propor

tion of yellow:white pollen in the mixture0 

Two samples of the original varieties, Jarvis and Weekley 9 have 

been examined for possible selective fertilization effects (Table 2)~ 

In the first testt satisfactory seed set was obtained on 42 pairs of 

earse The percentage of selfed kernels was 50o5Z% when averaged over 

all pairso The heterogeneity chi-square was significant 9 however 9 which 

suggests that variability exists among the pairs for percentage of self 

seedo Nineteen pairs showed significant deviations from the expe cted l gl 

ratio; 9 pairs had more self seed than expected (inbreeders) and 10 had 

fewer than expected (outbreeders). 

Out of the 42 pairs 9 18 pairs were selected for additional study& 

Self seed of these were planted in a winter nursery in 10 plant rows 9 

and each plant was self-pollinated to reveal misclassified seedo Segre~ 

gating ears were discardedm Nonsegregating ears were shelled in bulk to 

give s2 seed of each progenyo These were tested in 1967 as paired progenyo 

Pollinations were with mixtures of pollen of individually paired plants 

within each progeny paira Seed was obtained on 16 of the 18 progeny 
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Table lo Expectations of random fertilization by mixed pollen of a 

contrasting pair of parent plantso 

Pollination by mixed pollen with "Y" and 
"-;r" gametes in frequencies p and 1-p~ 

Parental Number respectively 

genotype of seeds 
classified Endosperm 

Expected Mating 

Color Genotype number of seeds type 

yy 100 Yellow yyy p(lOO) Self 
Cream YYy 1-p(lOO) Cross 

yy 100 Cream yyY p (l OO) Cross 
White yyy 1-p(lOO) Self 

Total No., 
200 200 kernels 

Table 20 Results of pollination of two samples of paired 

plants and their inbred progeny with mixtures 

of their pollen.o 

-
Average Chi-square 

Noo tests! Parent= 
Year Generation pairs per ce nt- offspring 

tested age of Hetero- regression 
s elf seed : l~l geneity 

1966 so Parents 42 50052 N.S. ** .,293 

1967 s2 Progeny 16 54 .. 59 
,. 

** 

1970 so Parents 25 50 .. 34 N.,S .. ** .290 

1971 Sl Progeny 18 49(1)74 N.,S., ** 

~Goodness of fit test for l~l ratio of selficross seed and the 
corresponding test for heterogeneous ratios among individual pairs of 
plants or progeny0 
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pairs, as indicated in Table 29 and the parent-offspring regression was 

estimated to be G293o The heterogeneity chi-square shows that signifi

cant differences exist among progeny pairs for percentage of self seed. 

The original varieties were again evaluated in 1970 and 1971 in 

the same way as beforeG Out of the 25 pairs of plants classified 9 there 

were 6 which showed a significant deviation from 5()"/4 selfed seed; 3 gave 

more than 5o% self seed (inbreeders) and 3 gave less than 50'/4 self seed 

(outbreeders). The self progeny of all 25 pairs were tested in paired 

progeny rows in 1971. Of these, 18 progeny pairs could be evaluated by 

pollen mixtureso Those not represented were eliminated because of 

differences in flowering time. 

Note the excellent agreement between the results of the two 

samples in terms of average percent selfing and in terms of parent

offspring regression. 

The progeny tested in 1967 were grouped into one of three cate= 

gories based upon the percentage of self seed. These are: (1) pairs 

with more than 51:/% self seed (inbreeders); (2) pairs with very nearly a 

1:1 ratio of selfs~crosses (neutrals); and (3) pairs with more than 50% 
crossed seed (outbreedera) •. Seed ~hich has been classified as self seed 

of each pair was planted and the progeny self-pollinated to reveal mis

classification and assure purity of the yellow and white strains~ This 

resulted in s4 seed of 4 pairs of lines in the inbreeder class and 5 pairs 

of lines in the neutral class and in the outbreeder classG These s4 
lines were then inter-mated within classes and strains to form subpopula

tions of each variety representing each of the three categorieso 

The subpopulations, which were the result of one selection cycle 9 

were evaluated in 1969 and their progeny in 1970 by the techniques 

already described. The responses to selection 9 summarized in Table 39 

provide estimates of realized heritability. These estimates are of the 

same order of magnitude and agree very well with heritabilities indicated 

by parent-offspring regression (Table 2). This indicates that the 

response to divergent selection is essentially symmetrical and is in 

excellent agreement with expectations based upon parent-offspring co

variances in the original populations. 



Table 3G Results of divergent selection for percentage of self 

seed on pairs of plants pollinated with mixtures of their pollenG 

Direction of 
selection 

Average percentage of self seed 

Selection Select i on Realized• 

155 

differen ti al response heritabil it y 

Inbreeders 

Out breeders 

191i73 

11 .. 12 

6053 

3<>07 

--
0331 

0276 

•computed as Sele ction Response/Sele ction Differentialo 

Table 4o Evaluat i on of subpopulations resulting from divergen t 

and canalizing sele cti on for percentage of self seed on pairs 

of plants pollinated with mixtures of their polleno 

Chi-square 

No .. Average tests! Parent-
Sub- Generation pairs per cent- offspring 
population age of Hetero- regression tested self seed 

1;1 geneity 

In breeders so Parents 19 57005 •• •• 

Sl Progeny 14 53072 •• ** .. 015 

Neutrals so Parents 19 50.,82 N .. S .. •• 

Sl Prbgeny 7 50.,06 N,.S .. N"'S" "096 

Out breeders so Parents 30 47.,45 ** •• 

Sl Progeny 26 47078 •• ** - .. 166 

!Goodness of fit test for lgl ratio of selfgcross seed and the 
corresponding test for heterogeneous ratios among individual pairs of 
plants or progenyo 
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Data of each of the 3 subpopulation pairs are summarized in 

Table 4$ The 19 pairs of ears representing the inbreeder class average 

57% self seed 9 which is a significant deviation from the 1:1 ratio of 

selfs:crosses. Eight pairs of the 19 pairs tested had significantly 

more than 50'}6 self seed and none had signifi cantly less than 50%0 In 

1970 the 14 progeny pairs averaged significantly more than 5(Y/4 self 

seed. Heterogeneity among progeny pairs is indicated; 8 of the progeny 

pairs had significantly more than 5o% self seed and none had signifi

cantly less than 50'}69 

The neutral populations averaged approximately 5o% selfing in 

both years of the test. 

The outbreeder class, represented by 30 pairs in 19699 had 

significantly less than 5Cf/4 self seed on the average~ Heterogeneity is 

indicated and 2 pairs of the 30 had significantly more than 5o% self 

seed while 9 had significantly less. The progeny pairs evaluated in 

1970 show essentially the same pattern, with only one pair with signifi

cantly more than 50;6 selfing and 10 pairs with significantly less. 

These data show quite conclusively that divergent selection was 

effective 9 and that populations which show a degree of selective fer

tilization have been developed~ The parent-offspring regressions com

puted within each selected population suggest that heritable variance 

for the trait has been exhausted~ This could be due to the effe ctive

ness of selection 9 but a more likely cause is inbreeding resulting from 

small effective populations. 

In order to study the mechanism governing this trait in more 

detail, inbred lines are being developed to represent the two divergent 

classes; viz. inbreeders and outbreeders. The lines, which originated 

in the selection study described above, were developed as paired progeny 

by selection within the inbred pairs through the s4 generation~ Data 

for pairs of lines which were eliminated because of differential flower

ing time, difficulty in seed classification, or variable expression of 

the trait are not included (Table 5)e 



Table 5. Pairs of inbred lines selected for nonrandom 

fertilization effects of mixtures of their pollen .. 

Designation Percent self seed from pollen mixture 
of inbred pairs 

Yellow 

Pl 

P3 

P5 

P7 
Pll 

Pl9 

Pl0l 

Pl03 

Generation of inbreeding 

White so Sl s2 S4 

P2 79.,5 82.,5 92.0 

P4 7905 82o5 97.,2 

P6 79 .. 5 71 .. 5 98 .. 5 

P8 63,.2 56 .. 5 93 .. 2 

P12 39o2 20.,2 49.,5 

P20 63 .. 2 56.,5 36 .. 5 

Pl02 47.,,0 42o0 3lo5 

Pl04 47 .. 0 38.,0 35.,,0 

Table 60 Percentage of self seed from pollen 

mixtures of related pairs of inbred linese 

White "Yellow" inbreds •· 

inbreds Pl P3 

P2 84 92 

P4 -= 95 

P6 64 87 

Mean 74 91 

Mean of diagonals= 87 

Mean of off diagonals= 73 

P5 

65 

55 

81 

67 

Mean 

80 

75 

77 

78 

157 

s6 

84.,o 

95 .. 1 

81.,4 

42.,5 
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The data show that the development of pairs of lines for the in

breeder class has been more successful than for the outbreeder classe 

Note, however, that three of the pairs which are distinct inbreeders are 

descendants of the same pair of s0 plantso The two pairs of s2 lines 

which appear to be in the outbreeder class are also closely relatedo 

The rather wide fluctuations from generation to generation seen in some 

of the pairs, like P7-P8 for example 9 are probably due primarily to 

environmental variations although genetic sampling error may also con

tribute. 

Since three.of the inbreeder pairs are closely related~ the possi

bility that major loci are involved will be considered in crosses with 

unrelated lines to be evaluated in the future. Preliminary evidence 

which bears upon this question was obtained by testing them in all 

possible pairs of contrasting endosperm color (Table 6)0 The diagonals 

of Table 6 represent the pairwise combinations in which the lines were 

developed. The off-diagonals represent combinations not considered in 

the development of the lineso The agreement between the two means 

shows that the selective fertilization effect is nearly as great in the 

unselected combinations as it is in the selected combinations, and 

suggests considerable genetic similarity among the inbreds of each endo

sperm type. The greatest difference observed involves line P3 9 which 

appears to result in significantly greater selective fertilization 

effects in combination with all 3 of the white lines tested. 

It should be mentioned that an examination of the pairs of ears 

of these inbreds, where the degree of selective fertilization is much 

greater than in the varietal material~ shows convincingly that the effect 

is essentially symmetrical~ That is to say 9 in the inbreeder class for 

example, the yellow line discriminates against the white pollen just as 

strongly as the white line discriminates against the yellow pollen. In 

all of the cases tried, however, the two inbreds will set crossbred seed 

normally when the pollens are not mixed together. The pattern observed 

here appears to be in contrast with patterns reported for known gameto

phyte factors. 

R.H. Moll 
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lo Behaviour of half-opaque maizeo 
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Eleven inbred lines have been selected for incorporation of the 

opaque-2 geneo After two backcrosses, the opaque kernels from the 

different lines were utilized in developing an opaque-2 synthetic. In 

the second generation of the synthetic opaque-2 9 several sectored 

kernels with normal (translucent) tissue were observed. These were 

classified into seven distinct types (s2 to s8 )0 Diallele crosses 

were made among these including complete opaque (S1 )m After two genera~ 

tions of selfing, certain crosses in the F
3 

gave mainly half opaque 

kernels (s
5

)., 

Table 1. Half opaque maize from certain diallele crosses 

Cross Fl F2 F3 

s 2 x s4 s5. ~5' S* 
5 s5 

s4 x s
3 s5 S* 

5 s5 
s 4 x s

7 s2 s5, S* 
5 s5 

s4 x s
7 s6 S* 

5 s5 

s4 x s
7 s5 s5, S* 

5 s5 

s4 x s8 s5 s5, s• 
5 s5 

s
5 

x s
6 s8 s5, s• 

5 s5 

s6 x s4 s5 s5 s5 

Note: S* 
5 = 1/3 / 3/4 02 

s5 = 1/2 £2 
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The lysine content of the sectored seed has been analyzed and it 

was found to be similar in all the types including half opaque suggest

ing that the sector size may not alter the lysine content. The modified 

opaque may be more useful in breeding high lysine maize and also may be 

more acceptable for direct consumptiono 

S., Annapurna 
G. M. Reddy 

2. Electrophoretic studies of half opaque endosperm (Sy• 

One of the s
5 

cobs from the cross s4 x s
7 

was selected for bio

chemical studies. The normal half, s
5

(!_), and opaque half, s
5 

(o 2), 

were separated and the soluble proteins extracted with .01 M sodium 
' . - 4 MED A pyrophosphate buffer oonta1n1ng 10 T . and 0.7 ml of mercaptoethanol. 

The s5 (,±) and s5 (o2) tissues were also subjected to three consecutive 

extractions with water, 5% NaCl and 7ff/4 ethanol. All these protein 

extracts were subjected to electrophoretic separation in 7.5% poly~ 

acrylamide gels. The saline extract was dialysed before electrophoresiso 

Table 1 gives the pattern of protein bands in both translucent and opaque 

tissues of s
5

• 

Table 1. Endosperm protein pattern of s
5 

!_ and s
5 

o2 

Extract Tissue 1 2 3 4 5 6 7 8 

Na Pyrophosphate s5 (+) I I M M A I M F 

. s5 (02) A M A M M M M M 

Water s5 (+) F A I M F F F 

s5 (02) M M M F F F A 

5% Na Cl s5 (+) F M F M 

s5 (02) F F A A 

?ff% Ethanol s5 (+) F F F 

s5 (02) A A A 

(I = Intense, M = Medium, F = Faint, A = Absent) 
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Though both opaque and normal tissues are from s
5 

kernels 9 they 

showed a significant difference in the protein patterno The pyro

phosphate extract of s
5 

(+) shows the maximum number of bandso Also 

s
5 

<.:!) showed a greater number of bands than s
5 

(o2) in all the extracts 

except the water fractiono The differences between these tissues were 

observed to be maximum in the ethanol extract where s
5 

(_~_2) is devoid 

of any protein bands. But in both tissues the intensity of the bands 

decreased with consecutive extractionso 

So Annapurna 
G. M .. Reddy 

3 .. Induction of seedling and endosperm mutations with DES .. 

A homozygous dominant multiple stock 9 ~ 2 ~ l ~ S~ Pr Y1 Gl1 
J 1 Wx G1 , was treated with three different con centrations of DES (MNL 

44:178)0 Seedling and endosperm mutations were observed in Oo006M 

treatment in M2 and M39 respectively (Table l)o The mutation frequency 

was calculated on the basis of the total number of independent mutations 

divided by the total number of~ ea.rs .. 

Table le Mutation frequency observed for various seedling and 

endosperm charactersc 

No .. of loci Type of mutation Mutation· 
mutated Seedling Endosperm New mutations frequency 

l - ~ - 0.01 

2 - ~yl - 0~02 

6 bm2, lgl ~' Y, wx Salmon silk Oo06 

8 lgl' gl ~' su, White leaf 

Y, wx sheath o .. o8 

14 bm29 lgl gl 9 gl al 9 su, White leaf 
sheath, unbran-pr, Y1 9 ched tassel, 

wx salmon silk 9 

dwarf, albino., 0 .. 14 

.. 
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The recessive mutations for the ten known markers were found to 

be allelic, with the exception of~ and .a!,1 which need to be tested. 

The recovered new mutants were found to breed true and allelic studies 

are in progress. 

4. High protein opaque - shrunken endosperm. 

V. S~ Bharathi 
G. Mm Reddy 

Induced opaque-shrunken endosperm (MNL 44:178) was found to have 

high protein (18.0%). Preliminary studies suggest that the shrunken

opaque is not allelic to either sh:_i_, sh 2, sh,
1 

or bt 2• 

5. Biochemical nature of bz1 and bz2 mutants. 

V. S. Bharathi 
G. M. Reddy 

The chemical nature of the accumulated substance in .!_2 mutant 

aleurone was reported earlier (MNL 45:169-171). Similar studies were 

conducted with bz1 and bz 2 along with certain other double mutant com

binations. 

The characterization of the isolated substances was made by the 

following: 1) Rf values; 2) absorption maxima; 3) visible color; 4) 

color reactions; 5) response to various diagnostic spraying reagents; 

6) thin layer chromatography (Silicagel); 7) paper chromatography. 

Absorption maxima of chromatographically pure compounds were recorded 

in 5% methanol-hydrochloric-acid solution on UV specord VIS. The rela

tive quantities of the pigments were determined on a Klett-Summerson 

photoelectric colorimeter. 



Table 1. Identification of substances accumulated 

in different genotypese 
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Genotype Leucoanthocyanidin cyanidin cyanidin-3-glucoside 

bz
1 

bz
1 

pr 

bz
1 

in 

bz
1 al 

bz1 a2 
bz2 
bz 2 in 

bz 2 ~ 
bz2 a2 

p p 

p A 

p p 

A A 

P A 

A TA 

A TA 

A A 
p A 

(P = Present; A= Absent; TA= Trace amounts) 

A 

A 

A 

A 

A 

p 

p 

A 

A 

These studies suggest that ~land bz 2 accumulate cyanidin and 

cyanidin-3-glucoside, respectively, indicating that the Bz1 gene may 

control a glycosidation step. The double mutants,~ bz1 , ~ E!i' 
a2 bz19 and .!!-2 ~, lack these pigments. 

A. RG Reddy 
G. M. Reddy 

6. The role of the modifying factors, In/in and Pr/pr9 

Colorimetric analysis of the pigment levels in bz1 in and 

bz 2 in suggests that the homozygous recessive in enhances the production 

of cyanidin in bz1 and cyanidin-3-glucoside in bz 2 tissue. The mutant 

bz1 Pr accumulates cyanidin and bz1 .EE. pelargonid:in. The accumulation 

of cyanidin in.bz 1 and cyanidin-3-glucoside in bz 2 indicates that Bz1 
might be involved in glycosidationG Further the Bz1 gene may act prior 

to Bz2 and both of them act after In, Pr, A1 and A2• These observations 

independently confirm the sequence of gene action proposed earlier (MNL 

35:95). 
A. R. Reddy 
G. M. Reddy 
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7. Action of c2 and Pr/pr. 

Seeds of .£_2 in E were germinated under incandescent lighto The 

aleurone of the triple mutant ,£2 2:!!.E developed a small quantity of red 

pigment, pelargonidin-3-glucosideo Also, the nonilluminated .£2 2:!!..E!. seed 

had a faint red pigment (pelargonidin-3-glucoside) indicating that the 

E!:/.E!. gene might act before the c
2 

gene in the gene action sequence. 

OXFORD UNIVERSITY 
Oxford, England 

Botany School 

A,, R. Reddy 
G .. M., Reddy 

1. Protein electrophoretic patterns of maize, teosinte 9 and Tri psacum 
dactyloides . 

EJ..ectrophoretic patterns of 7<:f/, ethanol extracts of ground seed 

of maize and teosinte are similar, but differ from that of Tripsacum 

dactyloides. The maize and teosinte bands have homologous migration 

velocities. The electrophoretic technique was similar to that of 

Johnson (1967). The nonspecific protein stain was naphthalene black. 

Extract with 0.5 M NaCl (Paulis & Wall 1969) of maize and teo

sinte gave almost identical electrophoretic patterns, using Johnson's 

disc electrophoresis technique. There are at least 8 bands with homo

logous migration velocities. The maize and teosinte patterns are 

different from that of T. dactyloides. There is slight pattern varia

tion among different races of maize and among different races· of teo

sinte, but over all, teosinte does not appear to have any bands not 

found in maize. Primitive races of maize from Peru have similar patterns 

to primitive races of maize from Mexico. 

Using this technique, the seed protein patterns of wild and 

cultivated diploid and tetraploid wheat, and wild and cultivated diploid 

and tetraploid cotton were shown to be almost identical (Johnson & Hall, 

1965; Johnson, Barnhart & Hall, 1967; Johnson, 1967; Thein, 1967; 
Johnson & Thein, 1970). Even though more tropical species of Tripsacum 
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and other maize relatives have yet to be investigated, the above data 

support the hypothesis that maize is domesticated teosinteo 

This work was begun at the Genetics Department 9 University of 

Missouri, Columbia, Missouri, U.S.Ae 

References~ 

Johnson, B. L. 1967. Science 1,58: 131-132. 

Johnson, B. Lm, Barnhart, D. & Hall,~• 19670 Amer. Jo Bot. 54~ 
1089-1098. 

Johnson, B. L. & Hall, O. 19650 Amero J. Boto 52: 506-513e 
Johnson, B. L. & Thein, M. M. 19700 Amer~ J. Bot. 57i1081-1092. 

Paulis, J. W. & Wall, J. s. 19690 Cereal Chem. 446: 263-273. 
Thein, M. Mo 1967. Electrophoretic studies of genome groups and the 

origin of the tetraploid species of Gossypiumo Ph.D. Thesis, 
Univ. Calife, Los Angeles. 

Je Giles Waines 

2. Leaf phenolics of Zea mays, Zea mexicana and Tripsa cum specieso 

A .project is underway to investigate leaf phenolic constituents 

of primitive races of Zea mays, geographically diverse collections of 

Zea mexicana and several biotypes of ' each species of Tripsacum. 

J. Giles Waines 
Tony Swain* 

*Biochemical Laboratory, Royal Botanic Gardens, Kew, Surrey, England. 

3. New chromosome techniques for knob detection in mitotic chromosomes 
in maize and teosinte. 

Recent advances in cytological techniques have ma.de possible the 

linear differentiation of mitotic chromosomes in many plant and animal 

species (Caspersson et al. 1969; Vosa, 1970, 1971; Pardue and Gall, 1970; 
Arrighi and Hsu 1971)0 

There are now two new main cytological methods; one exploits the 

differential DNA binding specificity of certain fluorochromes of the 

acridine group and the other the property of the Giemsa stain to differ

entiate, after various kinds of denaturation and reannealing 9 between 

repetitive and less repetitive DNA sequences in the chromosomeso The 
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exact biochemical implications of both methods are not fully known at 

present. 

The present note relates to a series of experiments carried out 

with both methods on the chromosomes of some varieties of Zea mays and 

~ mexicana. 

Fluorochrome method 

The technique used has been that suggested by Vosa involving the 

use of quinacrine dihydrochloride and quinacrine mustard as well as 

ethidium bromide. The results showed that in maize and teosinte there 

are no highly fluorescent bands or bands of reduced fluorescence and 

that in both species the chromosomes show uniform fluorescence along 

their length. The chromocentres, when present, are visible and show 

normal fluorescence. 

Giemsa method 

Several techniques were tried with variable results. The more 

consistent was a modification of the technique suggested by Sumner et al. 

(1971) using barium hydroxide as denaturing agent and a saline buffer 

(SSC) for reannealing (Vasa and Marchi, 1972). The results show dark 

staining bands in several positions in the chromosomes of maize and teo

sinte. In maize these bands seem to correspond in number and location 

to the knobs. 

Good agreement in band and knob position was found in two varie

ties of maize from Brazil. The teosinte varieties used were from 

Guatemala, Mexico and Honduras. 

The Giemsa technique as outlined above should prove itself to be 

an important tool in the study of knob polymorphism in maize and teosinte. 
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1. The use of linear regression graphs in the determination and pre
dict i on of yield behav i or in maize. 

Since the development of this method by Robbertse (unpublished 

D.Sc. (Agric.) thesis, University of Pretoria, 1969 and MNL 44~180)9 it 

has been extensively studied and used in practice. The results to date 

show it to be appreciably more useful in breeding and cultivar choice 

than any other known statistical determination. 

Due to the very high genotype-environment interaction in maize 

in Southern Africa, single trial averages are extremely unstable and 

relatively useless. Global averages over a large number of trials 9 

although more stable, have little predictive value for the varying con

ditions under which any maize cultivar will be grown. As Robbertse 

showed, grouping of trials in order to reduce genotype-environment 

interaction is so unstable over years, that its value is highly suspect. 

These conclusions were strongly supported by the work of Wickens 

(unpublished D.Sc. (Agrice) thesis, University of Pretoria 9 1971) on 

double hybrid predictions, using the above statistics as well as regres

sion graphs. 

The results of Robbertse and of later workers have shown that 

the regression of specific cultivar yields on average trial yields is 

highly linear with R2 values in the region of 9r::f/o. Only with very 

large numbers of trials (+100) do some cultivars give a significant 

although very slight curvature. Furthermore, when using the average of 



1~ 

the same entries as the independent variable, the linear regression 

graphs are amazingly stable over years so long as the variance of the 

independent variable is sufficiently largee 

The indications are that mean yield (the independent variable) is 

a sufficiently complete measure of the factors that influence specific 

cultivar yield. As a result, the regression lines are highly linear and 

stable. Furthermore, they give an extensive and easily seen indication 

of the adaptability of the cultivars over the range of conditions that 

have been sampled in the trials. 

It has been found by Nelson (personal communication) that in 

Rhodesia under the pertaining high yield potential, the graphs are 

sensitive to population density. This aspect is being studied and may 

have to be taken into consideration in the practical application. It 

would also affect other existing methodso Nevertheless, the method 

allows a uniquely high and acceptable degree of predictive accuracy in 

regard to yield. In extensive practical use in Southern Africa it would 

seem to be a very important breakthrough in maize breeding. Further 

research into the application of the method is under way. 

It is interesting to note that all the arguments in favor of the 

use of regression coefficients as stability selection criteria, as 

suggested by Finlay and Wilkinson (Austr. J. Agric. Res. 14:742-754) and 

Eberhart and Russell (Crop Sci. 6:36-4o), also apply to this use of 

regression, with the important expansion that this method not only 

allows the use of nearly all the definitions of stability, but also 

gives an extensive indication of the yield performance characteristics 

of the cultivars in the case of maizeo Its use for other characteristics 

and other crops has not as yet been tested. 

The one known disadvantage is that this method contains all the 

problems of common linear regression analyses. 

J. 
P. 
T. 
H. 

M. 
J. 
M. 
c. 

P. Geerthsen 
Robbertse 
Wickens 
Kuhn 
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1. X-ray induced reversion of sh-bz-x2? 
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The two genes involves in the x-ray-induced double mutant sh-bz-x2 

revert to the dominant state simultaneously but at an extremely low fre

quency (MNL 44gl83-185)~ In an attempt to increase the reversion rate 7 

stocks homozygous for sh-bz- x2 were x-rayed and testcrossed0 

Two experiments were performed in which the radiation was applied 

at different stages. In the first, sh-bz-x2 / sh- bz -x2 individuals were 

treated with ca. lOOOr at a stage just prior to the onset of meiosisa 

The proper stage was determined by sampling the sporocytes of a few 

plantsa Pollen from 28 treated individuals was applied to silks of~ bz 

plants in an isolation field to eliminate the possibility of contamina

tione 

In the second experiment, seeds of Yg sh-b z - x2 .EE. homozygotes were 

x-rayed with~- 1000 r, planted and pollinated by a yg sh bz Pr stock. 

Both 'ill£. and Pr served as contamination markers. This experiment was per

formed for the following reasons0 The two original cases of reversion 

are the only ones to date in which the source of the dominant phenotypes 

is certain; contamination and heterofertilization have been ruled out~ 

In both of these cases the revertants segregated on the ears rather t han 

appearing as single kernels 1 indicating that the causal event occurred 

early in the development of the plant. It was felt that the change giving 

rise to the dominant phe~otY,pes might be prone to induction at the embryo 

stage. 

Experiment #1 yielded a total of 75,323 kernels, none of which was 

Sh Bz in phenotypee Two possible Sh bz seeds were recovered but one of. 

these did not germinate when planted and thus, cannot be testedm It is 

probable that the plump phenotypes were spurious and the kernels were 

genotypically sh ~sh bz. The genotype of the plant which survived will 

be confirmed in a testcross0 

In experiment #2g 1221 testcross ears from treated seeds were 

harvested. If reversion was induced at the embryo stage in one of the 
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homologs 1 ears segregating for the Sh Bz and sh bz phenotypes would be 

expected. None was found but a total of 48 ears contained kernels of 

the following phenotypes: 33 Pr ~ Bz; 41 .EE. Sh Bz; 4 Pr sh Bz; 

4 .EE. sh Bz; 1 .EE. Sh bz; and 4 Sh colorless., The .E:. classes are most 

likely the result of fertilization by foreign polleno Rhode Island 

S11mmers are generally quite breezy, a condition which raises the com

fort factor appreciably but also increases the likelihood of con

tamination. The alternative of simultaneous reversion of sh-bz-x2 and 

mutation of Pr to .EE. is highly unlikely. The origin of the remaining 

classes will be determined by testing for the presence of ::ti£_ .. The four 

colorless Sh kernels could have arisen from Sh!!:. pollen since some of 

the sh- bz-x2 homozygotes used in this study were Y§! in constitution .. 

Since the above exceptional kernels occurred as single cases 

rather than segregating populations 1 it is unlikely that they represent 

reversions induced by the x-ray treatment. It is conceivable that the 

events which gave rise to the original reversions were discrete changes 

which might not be readily induced by ionizing radiation. Since EMS is 

known to induce genetic changes at the molecular level at a detectable 

frequency in maize (Chourey 9 MNL 43:53-54), treatment of sh-bz-x2 with 

this mutagen will be performed next summer. 

John Po Mottinger 

2. Tests of bz-x3, bz-x4 and bz-x5 with the Ac Ds and Spm systemso 

The x-ray-induced mutants bz-x3, bz- x4 and bz - x5 are mutable 

alleles which revert to the dominant state somatically in both endosperm 

and plant tissue .. (For background, see MNL 44:182-183). Tests have been 

conducted to determine if the mutability is due to the presence of either 

~ or Spm. 

Plants of the constitution ~-x3 ~bz ~, bz-x4 ~bz !'.!. or 

bz-x5 ~bz wx which exhibited reversion activity due to the presence of 
- -- m-8 

the ~ alleles were crossed with a stock homozygous for wx 9 an allele 

which responds to Spm~ In the progeny of these crosses, no kernels with 

Wx tissue were observed indicating that Spm was not present in the~ 

heterozygotes. 
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A . m-1 Tests for the presence of_£ were performed using bz • From 

4 m-1 crosses of bz-x 3 9 bz-x or bz-x5 heterozygotes with~ homozygotes, 

usable progeny were recovered only from bz-x3 crosses due to severe ear 
m-1 rot. Since the reversion patterns of bz and the bz-x alleles are 

quite distinct, there was no problem in distinguishing their respective 

activities. No kernels were observed with reversion patterns resembling 

th t f b m-l ' d ' t · th t A t t . th b 3 t k a o ~ in ica ing a _£ was no presen in e z-x soc. 

Preliminary tests indicate that mutability of the~ alleles is 

either autonomous or due to a tightly linked regulating element. Dis

tinction between these two alternatives and information on the nature of 

these systems await further tests~ 

John P. Mottinger 

SOUTH DAKOTA STATE UNIVERSITY 
Brooking 9 , South Dakota 

Biology Department 

1. Variation in pollen grain size of inbred maize lines. 

Pollen grain diameter was measured on a number of inbred maize 

lines in 1970 and 1971. The lines were agronomic stocks grown in the 

field at Brookings, South Dakotae Pollen collected in petri dishes 

throughout the day was stained with carmine and at least 50 grains meas

ured for each sample. A total of 172 diploid lines were tested and 

significant differences among them detected. A frequency distribution 

is shown in Table 1. The distribution was quite normal with a median 

diameter of 0.0960 mm and a range of 0.0216 mm. 

Similar measurements were obtained for five homozygous autotetra

ploid lines. Mean diameters of these lines ranged from a low of 0.1020 

mm to a high of 0.1200 mm. Only one 4N line fell within the range of 

the diploids. The difference between diploid and tetraploid means was 

highly significant (P<.01). Differences among the five 4N means also 

were highly significant. 

Banerjee and Barghoorn (Maize Genetics Coop. News Letter 45:244-

245, 1971) reported that position of the flower on the tassel, size of. 
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Table lo Frequency of average pollen grain 

diameters of diploid maize linesm 

Pollen diameter Number 
(mm) lines 

.. o84o 1 

00864 3 
,,0888 11 

.0912 32 

.0936 41 

m0960 44 

m0984 22 

.. 1008 15 

.,1032 2 

.,1056 l 

of 

the anthersi time of anthesis and anther dehiscence, and water depriva

tion cause variability in maize pollen grain size., Our system of bulk 

sampling of pollen by tapping the tassel over a petri dish made it 

impossible to test these factors .. We did detect real differences among 

plants within inbred lines and among days of sampling of the same plants. 

These observed differences are assumed to be due to the biological 

factors listed by Banerjee and Barghoorna 

Simple correlation among the two year 0 s data for the 10 lines 

most extensively sampled was r = 0.,88**0 

UNIVERSITY OF TEXAS 
Austin 7 Texas 

Genetics Foundation 

M .. D .. Rumbaugh 
R .. H., Whalen 

l., Relative amounts of DNA in mouse sperm and maize spores at late 
telophase IIo 

Freshly dissected mouse sperm were suspended in .2M sucrose and 

air dried on microscope slides .. Anthers containing maize spores at 
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early quartet stage were squashed in .2M sucrose and also air dried on 

microscope slideso Mouse and maize slides were fixed and stained in 

the same lot by the following procedureg fix 20 minutes neutral 5CJ'/4 

formalin, 4 washes (5 minutes each) distilled water 9 lN HCl room temper

ature (1 minute) 9 lN HCl 60°0 (14 minutes), lN HCl room temperature (1 

minute) 9 4 washes (1 minute each) distilled water 9 stain basic Fuchsin 

Schiff 0 s reagent (7 minutes) 9 3 rinses (5 minutes each) mixture 90 mle 

distilled water; 5 ml9 lN HCl; 5 ml lCJ'/4 aqueous potassium metabisulfite 9 

4 washes (2 minutes each) distilled water, graded alcohol series to 

xylene 9 mounting in index of refraction immersion oil matched (as nearly 

as possible) to the index of refraction of the cell backgrounde Mean 

nuclear DNA values in arbitrary units as measured with a Canalco-Zeiss 

Microspectrophotometer by the two wave length method in 123 cells each 9 

mouse sperm and maize spores, wereg mouse 264 9 maize 524e Estimated 

ratio of DNA per genome corn/mouse was 1~7681 ±. S&Ee 0.06129 Measure

ments of nuclei from a few cells each of maize telophase I and mouse 

genial cells, mouse secondary spermatocytes 9 and mouse spermatids were 

reasonably consistent with these estimatesu 

Me Pu Maguire 

2o Experimentally produced meiotic abnormalities. 

Meiotic abnormalities of undetermined cause in maize micro

sporocytes were reported in this Newsletter last yeare These have now 

included synaptic failure 9 failure of chiasmate association to persist 

until metaphase 9 irregular chromosome contraction at diplotene 9 presence 

of multiple nucleolar-like bodies at diakinesis 9 end-to-end association 

of diakinesis bivalents, cytokinetic failure at first and second meiotic 

division, and reorientation and abnormal separation of metaphase I bi

valentse In this latter case sister centromeres of previously normal 

appearing metaphase I bivalents seem to separate; then these sister 

centromeres seem to become cooriented on the metaphase plate and simul

taneously associated with homologous sister centromeres 9 similarly co

orientede Anaphase I then seems to produce equational separation, 

anaphase II disjunctional separation with occasional resolution of 
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chiasmata. Bivalents also sometimes separate completely into 40 monads 

at metaphase Io Following numerous tests it was discovered that these 

abnormalities were correlated with the use of 3 X 5 filing cards to 

support tassels of Zea whose stalks had been incisedo In response to 

inquiries to the manufacturers of the cards as to changes in their manu

facturing procedure (since the cards had been previously and often used 

without effect) we received samples of two different kinds of modified 

starch used by them for sizing in their cards. Starch from one of these 

samples (which had been treated with ethylene oxide) consistently pro

duced the abnormalities in several different maize stockse We have now 

isolated the active substance in crystalline form in small quantity. It 

is water soluble and unsuitable for gas chromatograph or mass spectro

graph analysis without modification., We are now hoping to obtain the 

biologically active, modified starch in sufficient supply for conven

tional chemical analysis and are planning studies of the mechanism of its 

action. 

M,. P. Maguire 

UNIVERSITY OF VICTORIA 
Victoria, British Columbia 

Department of Biology 

1. Pigments in hydrolyzed methanol extracts of maize tissues. 

Anth ocyani dins . 

Seah and Styles (M.G.C.N.L. 43:183-184) reported that seven 

anthocyanidin spots were present on thin-layer chromatograms of the 

hydrolysates of pigments extracted from various pigmented Pr strains 

of W22. Although cyanidin was the predominant pigment, lesser amounts 

of pelargonidin, peonidin, and four other unknown anthocyanidin-like 

pigments were also founde One of the unknowns was an orange pigment, 

and this has now been characterized as luteolinidin (3-deoxycyanidin). 

The colours 9 Rf values, and spectral data of the other three pigments 

and of two other pigments since found are shown in Table 1. Their 

properties do not match those of any of the previously reported 



Table lo Properties of five anthocyanidin pigmentso 

Colour Rf x 100 A max (mu) E44</Emax .. AA(mu) 
Spot No .. 

FHW1 Visible UeVe Forestal Me0H9HC1 xlOO AlC1
3 

in Me0H 

5. Purple Dull red 74(7)2 48(2) 275,544 (6) 38 (6) 4o (3) 

6" Purple Dull red 84(2) 54(2) 2659546 (6) 48 (6) 34 (4) 

7,, Purple Dull red 82(2) 52(1) 2749539 (3) 55 (3) 39 (2) 

80 Purple Dull red 36(5) 9(1) 275954o (6) 35 (6) 39 (3) 

9., Purple Dull red 39(5) 538 (2) 32 (2) 33 (1) 

1Formic acid - cone .. HCl - water (5:2g3) 

2Figures in parentheses indicate number of chromatograms or spectra from which mean values shown were 
derived. 

..... 
.....;i 
\.11 
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anthocyanidins. The fact that they undergo a bathochromic shift in the 

presence of aluminum ion indicates that they have at least one catechol 

group in their structure. It is not known whether they exist in the 

plant as glycosides, or whether they are a product of the conversion of 

some leuco substanceo We have good reason to believe, however, that 

they are not artifacts. 

Luteolinidin (3-deoxycyanidin) 

Luteolinidin can be isolated from hydrolyzed extracts of anthers, 

silks, tassel glumes, and in some cases leaf sheaths of pigmented Pr 

plants. It can also be found, in approximately the same amount, in 

rg b plants with no other detectable anthocyanidins, and in a2 plants 

that have only trace amounts of cyanidin resulting from the conversion 

of leucoanthocyanidin~ It is present in the same amounts also in .E!. 
plants, even in the anthers where the predominant anthocyanidin is 

pelargonidin0 No apigeninidin (3-deoxypelargonidin) is found in .E!. 

anthers as might be expected if the 3-deoxy anthocyanidins were under the 

control of the Pr gene. From this evidence, therefore, it would seem 

that the pathway to the 3-deoxyanthocyanidins may be separate from the 

pathway to the other anthocyanidins. That the two pathways may not be 

completely independent is shown by the complete absence of all antho

cyanidins (3-deoxy anthocyanidins included) in a1 plants. Reddy's pro

posed gene action sequence for the pathway to anthocyanin in maize 

_places th~ A1 gene after R9 but before h_2 • This presumably means that 

the Pr, R, and~ actions are required only for the pathway to the common 

anthocyanins 9 whereas the A1 action is required for both pathways. 

Probable origin of luteolinidin 

Luteolinidin is present in moderate amounts in the hydrolyzed 

extracts from silks of all genotypes tested except~• Chromatography 

of unhydrolyzed silk extracts does not yield an orange spot as expected 

from a luteolinidin glycoside, but a test for the presence of luteoforol 

(leucoluteolinidin) is positive. Thus it appears that the silks, and 

probably other tissues also, contain luteoforol which converts to luteo

linidin upon hydrolysis of the methanol extracts. 



177 

Probable origin of bz 1 pigment 

Hydrolyzed extracts of bz
1 

silks yield a relatively large luteo

linidin spot~ but no other anthocyanidinso When~ silks are extracted 

in 1% HCl in MeOH prior to their emergence from the leaf sbeath 9 the 

extract is light green and tests positive for luteoforol., Aft er the 

extract has been in the refrigerator for a period of t ime (two or three 

weeks) 9 it becomes orange-browno When chromatographed 9 a brown pigment 

is obtained that behaves in the same manner as the br own pi gment whi ch 

is obtained by extracting bronze coloured tissues of mature bz 1 plantso 

It seems probable 9 therefore 9 that the brown coloured bz 1 pigment is a 

phlobaphene formed largely if not solely from luteoforol., 

E .. Derek Styles 
Oldriska Ceska 

2m Repr es sion of an t hocyanin p i gmentation in young seedl i ngs by Pl G 

We have repeatedly observed that when our W22 rg B .E!_ and rg B .!:1 
strains are grown together under the same conditions 9 the rg B .P!_ seed

lings are always the first to become pigmented9 At the second or third 

in t ernode stages 9 plants of the two genotypes are virtually indistinguish

able9 and it is not until the fourth or fifth internode stages that the 

£.g B Pl strains are clearly darker than the rg B .E!,_o We have recently 

compared O.D. readings of extracts from several Pl and .E!_ strains, and 

have found that Pl not only represses~ pigment in the seedlings 9 but 

also pigment conditioned by an Rr factor (specifi cally 9 Rr Ecuador 1172)0 

The effect is most marked at the first internode stage 9 and becomes pro

gressively less as the seedling matures., In one experiment, measuring 

only the first internode plus the ligule region of the first leaf 9 

significantly lower O.D. readings were obtained from r g B Pl plants as 

compared to rg ~ .E!_ plants in samples taken every day for a period of 10 

days. In another group of seedlings at the early first leaf stage ~ Ecuador 

Rr Bb .E!_ seedlings were strongly pigmented in contrast to Ecuador Rr Bb Pl 

seedlings, which had little or no pigment and were indistinguishable from 

rg Bb Pl and rg Bb .P!_ plants of the same stage., The Pl seedlings did 

develop pigment later 9 but differences were still measurable even at the 
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third leaf stage, particularly in the younger (most recently developed) 

tissues. "Repression" may not be the right word to use for this Pl 

effect, but it seems clear that ,U can prevent or retard pigment forma

tion in plant parts capable of producing pigment in the absence of Pl, 

just as it can condition or enhance pigment production in other parts of 

the same plant (e.g. cob, anthers, etc.). 

3. C-glycosylflavones. 

E. Derek, Styles 
David J. Kyle 

Levings and Stuber (Genetics 69: 491-498, 1971) have recently 

reported that luteolin derivatives have been found in silks that respond 

to cutting by turning brown at the point of injury. One of these deriva

tives was identified as an isoorientin derivative, a C-glycosylflavone. 

We have found that 9 in our W22 strains, there is an abundance of 

C-glycosylflavones in the hydroly~ed extracts of the silks, anthers, and 

tassel glumes of !!.i A
2 

Rr plants, and moderate amounts in hydrolyzed 

extracts of silks and tassel glumes (but not anthers) of bz1 and ,!1 a2 Rr 

plants. We have found C-glycosylflavones in the hydrolyzed extract of 

tassel glumes from all stocks tested thus far, but we have not yet 

detected any in the extracts of leaf sheaths. 

Two of these compounds have been tentatively identified as 

C-glycosylflavones based on luteolin from the following spectral prop

erties and Rf values: 

#1 

#2 

')... max in MeOH 

256, 271, 349 
258, 269, 350 

.!!f values in 

BAW 

15 
24 

15% HOAc,· 

14 
26 

Oldriska Ceska 
E. Derek Styles 



UNIVERSITY OF WF.,STERN ONTARIO 
London, Canada 

Department of Plant Sciences 

1. Estimation of S period by different methodso 
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In previous News Letters, we have reported on the nuclear cycle 

in maize. The nuclear cycle calculations depend, at least in part, on 

the ability to estimate accurately one or more component and the total 

time. In earlier studies, estimates for tS (the duration of the DNA 

Synthesis period) have been extrapolated from the histogram plot (at the 

50 percent intercept) of the frequency of labelled prophases. Such a 

measure is valid for all populations possessing the following con

straints (Quastler and Sherman, 1959): 

(1) The cycle is in a steady state; 

(2) The cells are proliferating asynchronously; 

(3) The DNA Synthesis time (tS) shows no variation from cell 

to cell. 

However, the complete absence of variation from qell to cell in 

the duration of the component phases of the nuclear cycle is never o~ 

rarely found in proliferating cells. As a consequence of such varia

tion, the 1000/4 plateau of the percent labelled prophase curve is shorten

ed. In 1970, Gerecke introduced a new method for estimating the S period. 

The advantage of his method is the fact that it allows for any variation 

of ts, tG
2

, and tM so that the constraints about the cell system under 

observation can be reduced. The aim of this note is to report the 

application of Gerecke 1 s method to our data. The following equations 

were proposed by Gerecke (1970a, 1970b): 

D. (ts + ta) = D. J ~2 p (t). dt (1) 
1 

Therefore: 

tS +ta= 5~2 p (t). dt 
1 

(2) 
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Where 

p (t) = the percentage of labelled cells seen at different 

times after 3H - TdR incubation, 

D = the absolute number of cells in prophase (cells/unit 

time)o 

Jtt
1
2 p (t).dt= th d th t 1 b 11 d h . · e area un er e percen a e e prop ase curve. 

According to equation 2, the area under the curve is a direct 

measure of the sum of the mean DNA Synthesis period (tS) and incubation 

time (ta= 30 minutes). A third method has also been introduced in 

this study. The area under curve was calculated from a determination of 

the perimeter by the use of a planimeter. 

The estimates of the duration of the S period calculated by the 

three methods are presented in Table 1. Harvey 1_s (1970) method employ

ing the F-test was performed to test for differences among methods. An 

F( 2 , 6)=0.098 (ns) was ascertained. It was concluded that the three 

methods yielded similar results. It is presumed that the accuracy of 

estimating tS by any of three methods depends on the sample s~ze and the 

mechanics of plotting the curve. 

Table 1. The results of using different methods for estimating 

the DNA synthesis period (ts, in hours) in several stocks 

of ~ mays L. at 25°C. 

Methods 
Stocks 

Gerecke (1970a) Planimeter Q & S (1959)• 

Seneca 60 4.5 4.5 5.5 

W-23 5.8 5.8 6.o 
9-tester 5.0 5.5 5.0 

KYS 5.4 5.4 5.5 

*Quastler and Sherman (1959); (at the 5o:'/4 intercept). 
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2. Induction of mutations in maize with mitomycin C. 

181 

Mitomycin C (MC) is a mutagen in some strains of E.coli in which - --
it also increases the frequency of recombination (Iijima and Hagiwara 9 

1960). In Ustilago and Saccharomyces, Holliday (1964) indicated that 

MC is nonmutagenic in these organisms although it does increase the 

frequency of mitotic crossing over. The purpose of the present study 

was to examine the effect of MC on mutations in maize. 

In the first experiment, homozygous triple dominant stock of 

"Seneca - 60" (S-60) 9 !E,2, Sh1 , and~, and homozygous recessive No. 9 

tester were used. The experiment was carried out in the field. Before 

crossing, tassels of the S-60 male parent were treated with 0.0005% MC 

for 6 hrs. The time for treatment was 4-6 days before pollen shedding. 

The leaves surrounding the shoot were slit open with a razor blade. 

The tassel branches individually were imbedded tightly in cotton. 

Leaves were closed and wrapped with masking tape. A 0.0005% solution 

of MC was injected into the cotton with a hypodermic syringe until 

saturation was reached (about 20-25 ml per tassel). The cotton and the 

masking tape were removed after 6 hrs. of treatment. During flowering, 

the pollen from treated plants was collected and used to cross on to the 

No. 9 tester plants. Mutation frequencies of the ~ !!.!. loci were 

determined from the F1 seeds. 

The total mutation frequency (Table 1) induced by MC was 0.123% 

for the shi locus and 0.090% for the~ locus, as compared to 0.012% for 

shrunken and for waxy in the control, an increase of almost XlO. 
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Table 1. Frequency of mutants obtained in a cross of 

~ 2 sh.:i_ !!!. X ,!g,2 Sh1 Wx following MC treatment. 

Population No. of mutants Total mutants 

Treatment (no. of Single Double seeds) sh:i_ freq~ency wx fre~ency 
sh:i_ wx sh:i_ wx 

Control 7877 1 1 0 1 0.0126 1 000126 

0.0005% 
MC 8915 4 1 7 11 0.123 8 0~0897 

In the second experiment, F1 seeds (No. 9 tester X S-60) were 

soaked in one of three concentrations of MC (0.0005 9 0.001 or 0.004%) at 

22 .±. 2°C (room temp.) for 12 hrs. The numbers of seeds used for each 

treatment are shown in Table 2o In order to facilitate uniform absorp

tion during the treatment, the flasks containing the seeds were shaken 

every 30 minutes. 

The seeds were germinated on moist filter paper in Petri dishes 

at room temperature. Three days after treatment, six root tips were 

selected randomly from each treatment and fixed for cytological studies. 

The percentage of germination and the root length were also scored at 

that time. The germinated seeds were sown in the greenhouse. Seedling 

height was determined from 14 day old seedlings grown in the greenhouse; 

then they were transplanted to the field. Viable chlorophyll mutations 

of~ plants were scored in the field during the entire life cycle of 

plants. 

The effects of MC were studied on seed germination, seedling 

growth, root growth, mutation rate and chromosomal breakages. In Table 

2, seeds treated with one of these three concentrations showed that 

there was no effect on germination as compared to the control, but sur

vival decreased as the concentration was increased. There was no signif

icant difference in the mean height of seedlings in solutions of 0.0005% 

and 0.001%, but in the 0.004% solution, the mean seedling height was 

significantly lower. Seedling height and root length were drastically 



Treatment 

Control 

MC 

MC 

MC 

Table 2 .. Effect of the treatment of F
1 

maize seeds (Noo 9 x S-60) with MC for 12 hrs., 

at room temperature on germination 9 seedling growth 1 and viable chlorophyll mutation rateo 

Root length Plant height (3 days after (14 days) % of treatment) Survival Viable chloro-
Condi= Noe of germin- after 30 phyll mutation 
tion seeds ation Mean % re- Mean % re= days(%) (M1 plant basis) 

length duction height duction 
(cm) of control (cm) of control 

H 0 100 94 6.,6 - 24 .. 7 = 100 0 -2 

0.0005% 150 88 .. 7 4 .. 6 30.,3 20.,7 16 .. 2 90.,2 14 10.,5% 

0.001% 150 92 4.2 36 .. 4 21 .. 2 14a2 87.7 19 13. 7'/4 

0 .. 004% 200 91 2.,7 59 .. 1 17 .. 9 27.,5 85"7 23 12 .. 6% 

I-' 
co 
\.N 



I 

~ 
~ 

Table 3. Effect of the treatment of F1 maize seeds (No. 9 x S-60) with MC for 12 hrs. at room temper-

ature on chromosome breakage, as studied in first root tip mitosis 3 days after treatment. 

Concentra- No. of No .. of % of No. of bridges N f No. of lagging 
Treatment anaphase abnormal abnormal d d o. o 

tion an pseu o- chromosomes cells scored anaphases anaphases h " t fragments c iasma a 

Control H 0 
2 413 3 0.7 2 1 2 

MC 0.0005% 233 20 8.58 15 14 1 

MC o.om.% 242 31 12.81 14 26 5 

MC 0.004% 195 49 25.13 20 43 15 
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reduced at the high concentrations. The root length in the highest con

centration (0.004%) produced at 59.,1% reduction over the control value. 

The various types of cytological abnormalities of root tip 

mitoses and their frequencies are shown in Table 3. Anaphase bridges 

and fragments occurred frequently in the treated materials 9 although 

very few aberrations were found in the control materiale The frequency 

of chromosomal aberration was proportional to the concentration. The 

reduction of root length as well as the percentage of abnormal cells 

showed a correlation with the concentration. 

The most striking phenotypic changes in the MC-treated~ plants 

were yellow, albino, and pale-green longitudinal stripes of various 

sizes in the leaves. The frequency of viable chlorophyll mutations is 

shown in Table 2. One albino plant was observed in this experiment. 

No chlorophyll mutants were found in the control .. These experiments 

suggest that MC is also a mutagen in maize., 
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3. The effects of hydroxylamine sulfate on the nuclear cycle and 
endoreduplication in maize root tips. 

Two experiments have been conducted to study the effects of 

hydroxylamine sulfate (HAS) on the nuclear cycle and endoreduplication. 

Intact roots of "Seneca - 60" were exposed to ~-thymidine (1 uc/ml 

final concentration) for 30 min., followed by a 0.05% HAS treatment for 

2 hrs., After washing, the intact roots were returned to the germination 

chamber (24+1°C) for further growth and fixed at 2-hour intervals up to 

32 hrs. post-treatment. Autoradiographs were prepared according to the 

schedule of Douglas (MGCNL 42: 175-178, 1969) and from Feulgen squashes 

of this material. For each treatment and control, the mitotic index 

and prophase labelling index were determined. 



Time after 
treatment 

(hr -.) 

Control 

Mitotic 
index 

(%) 

Prophases 
labelled 

(%) . 

Table 1. Relation between the mitotic index and the proportion of prophases labelled 

at various times after a 2 hour treatment with 0.05% HAS. 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 

9.53 - - - - - - - 8.30 - - - - - -

10.01 7.37 1.84 0.85 lo24 0.77 9.04 11.31 9.,65 9.,78 9.,56 11.o8 8.67 11.,25 8 .. oo 

0 3.62 5 .. 56 9.,09 13.64 21~21 64.04 82.44 ?4 .. 14 62 .. 25 37.54 34.67 38.92 53.92 61.23 

~ 
O"I 

30 32 

- 9.34 

10.19 9.95 

42.24 33.24 
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The results indicated that the mitotic index was affected 

immediately, during the incubation periodo The relation between 

mitotic index and prophase labelling at various time intervals after 

HAS treatment indicated that the mitotic index had decreased to about 

0.7% - 1.8% during the 4 to 10-hour period after HAS treatment, which 

in turn indicated that those nuclei were in G2 and at the end of S 

period during HAS treatment. The mitotic index returned to the control 

value at 12 hrs. The data showed that the effect of HAS on the nuclear 

cycle was to inhibit and prolong the duration of G2 and to inhibit the 

transition of late S to G2 (treatment: G2 + P = 12.5 hr.; control: 

G2 + P = 2.1 hr.)& The S period was also increased 2e5 hr. by this 

drug (treatment= 7.5 hr.; control= 5 hre). 

In the second experiment 9 intact roots were treated with HAS 

(0.05%) for 2 hr., washed thoroughly, returned to the germination , 

chamber (24 .:!:. 1°C) for further growth, and fixed at 4-hour intervals up 

to 32 hr. post-treatment. One group of the intact roots was immersed 

in a 0.03% solution of 8-hydroxyquinoline for 2.5 hr. prior to fixation. 

A cytological feature of endoreduplicated cells is the presence 

during prophase and metaphase of the subsequent mitosis. At prophase, 

the chromosomes show a quadripartite structure instead of the usual bi

partite structure. The four threads of chromatids, coiled 2 by 2 9 form 

two major strands (each strand with 2 chromatids). Each centromere 

joins 4 chromatids (2 major strands). The centromere divides into two 

during late prophase or metaphase. The chromosomes reach their greatest 

contraction and the four chromatids lie in parallel. The number of 

chromosomes doubles and they remain arranged in pairs. These are called 

"diplochromosomes." Immediately afterwards the centromeres divide once 

more and the anaphase movement begins. T~e cytological behaviour at ana

phase and telophase is similar in diplochromosomes and in a tetraploid 

nucleus. 

The frequencies of endoreduplicated cells at metaphase are pre

sented in Table 2. These results show that the cells with diplo

chromosomes were first seen at 20 hr. after treatment. There was an 

increase in the frequency between 24 hr. and 28 hr. after treatment. 



Table 2. Frequencies of endoreduplicated cells (at metaphase) at various times 

after the intact roots were given a 2 hour treatment with HAS at 24 + 1°C. 

Treatment 
(cone.) 

0.05% 

0.05"/4 

0.05% 

0.05% 

0.2% 

Hour after 
treatment 

20 

24 

28 

32 

28 

No .. of 
metaphases 

scored 

71 

227 

266 

225 

353 

No .. of metaphase 
cells with 

diplochromosomes 

2 

l2 

19 

0 

36 

% of cells with 
diplochromosomes 

2.82 

5 .. 29 

7al4 

10020 

I-' co co 



At 32 hr. after treatment, no cells with diplochromosomes were observed. 

Apparently, the induction of endoreduplication by this drug occurs at a 

certain stage in the nuclear cycle .. If we compared the duration of 

endoreduplication with that of the nuclear cycle (Table 1) after HAS 

treatment, the endoreduplication might take place after (G2) and/or 

during (S) DNA synthesis at the time of HAS treatment (G
2

, because of a 

complete omission of mitosis between two DNA doublings; S, because of 

successive DNA doublings) .. Cells with endoreduplication should undergo 

two series of DNA replication in interphase before entering mitosis. 

Therefore the following question arose. During which stage of the 

nuclear cycle (Sor G2) can cells be induced to undergo the second 

series of DNA replication by HAS at the time of treatment? With a view 

to answering this question, 3H-th;rmidine and autoradiographs will be 

used for this study. 

UNIVERSITY OF WISCONSIN 
Madison, Wisconsin 

Department of Genetics 

M .. S .. Lin 

1. The effects of sexual differentiation and B-chromosomes on the rate 
of transposition of modulator from the Wx locus in maize .. 

This article describes the results of tests for possible inter

action between the heterochrornatic B-chromosomes of maize, and the 

transposable non-specific repressor element Modulator(~) which has 

been shown to interact with the partially heterochroma.tic abnormal 

chromosome 10 (KlO) segment (Williams & Brink, 1972). 

Numbers of B-chromosomes ranging from 1 to 5 were introduced into 
~ rn-1 W23 x W22 F1 hybrids carrying an unstable waxy allele WxMp (~ , 

Ashman) heterozygous with the stable recessive!!!.• To test transposi

tion in sporophytic tissues, equivalent numbers of plants carrying B

chromosomes and controls without B-chromosomes were crossed reciprocally 

with a W23 homozygous recessive stable '!!E_WX line. Numbers of whole 

kernel!'.!, selections on the resulting ears were tabulated, together 
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,.........._ 
with somatic sector size data for ears from WxMp/wx female parents. 

Fig. 1 shows the frequency distributions of the percentage of Wx 

kernels on ears derived from B-chromosome-containing plants or OB con

trols used as female and male parentsQ FigG 2 shows the frequency dis~ 

. . Wp/ tributions of the mean somatic sector size on ears derived from xM ~ 

female parents. Numbers of B-chromosomes in the range 1 to 5 do not 

detectably affect the frequencies of transposition mutations through 

the male or female side of crosses 9 and do not affect the timing of 

transposition (sector size) through the female side0 Since the produc

tion of whole kernel mutants in crosses of this type is mainly dependent 

on transpositions occurring in sporophytic tissues up to meiosis and in 

the functional spores before replication, it can be concluded that low 

numbers of B-chromosomes do not affect the transposition of Modulator in 

sporophytic tissues differentiating as male or femalem 

Fig. 1 also shows that the frequency of Wx mutant kernels is 
,.........._ 

significantly higher when WxMp is derived from the male side of crosses 9 

regardless of B-chromosome constitution (P<. 0.001, Mann-Whitney

Wilcoxon non-parametric test, Steel & Torrie, 1960, p 405). Such an 

effect might result from either an increase in the rate of transposition 

during tassel differentiation, or a constant transposition rate main~ 

tained over a greater number of cell cycles than occurs during ear shoot 

differentiation. 

To estimate gametophytic transpositions the concordance of embryo 

and endosperm for kernels selected as whole endosperm Wx mutants was 

tested as follows~ Samples of Wx mutant selections derived from male or 
,,..-.,. -

female WxMp/wx parents carrying OB-, 4B- or 5B-chromosomes were selected 

from the ears obtained in the previous test, grown out and pollinated 

with W23 homozygous recessive stable '!!,YWX e Resulting ears were scored 
,.-.,. 

for segregation of '!!E_wx (concordant) or WxMp/wx (non-concordant). 

Table 1 shows the results of concordance tests. Non-concordance 

is a result of certain patterns of transposition during development of 

gametophytes. For both 1970 and 1971 the incidence of non-concordance 
~ 

is significantly higher in OB controls when WxMp is derived through female 

gametophytes (X
2 

test; 1970, P < 0.025; 1971, P< 0.005).. An effect of 
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this type is expected on theoretical grounds from the differences 

between female and male gametophytic developmental pathways. If it is 

assumed that the transposition rate per mitotic cycle is constant and 

identical for male and female gametophytes, and that the two synergids 

of the embryo sac contain sister nuclei 9 it can be calculated that non-
-..__ 

concordant mutant selections with!!~ endosperm and WxMp embryo should 

be 4 times as frequent through the female garnetophyte. The data of 

Table 1 indicate non-concordance was 3•43 times as frequent through t~e 

female gametophyte for 1970, and 6•24 times as frequent for 1971. 

Table 1 

Derivation B-chromosome % non-
Year of constitution of concordant 

No. 
kernels 
tested 

1971 

1970 

1. 

2. 

3. 

The 

WxMp 

<i" 

d" 

if' 
0 
+ 

~ 
0 
+ 

Significantly 

Significantly 

Significantly 

WxMp/wx parents kernels 

0 
4 

5 
0 
4 

5 

0 

0 

different; 

different; 

different; 

{2.81 
0.70 
o .. oo 

1 17.53 

P < 0.005; x2 

P< 0.025; x2 

P < 0.025; x2 

higher incidence of non-concordance for 

test 

test 

test 

178 
143 

29 
194 
147 
16 

21 

21 

.,--... 
female-derived WxMp 

means that a greater fraction of Wx selections result from gametophytic 
r--- -

transpositions when WxMp/~ plants are used as female parents than when 

the same plants are used as male parents. Allowance for this fact 

increases rather than decreases the significance of the higher rate of 
.....--. 

sporophytic transposition for male-derived WxMp shown in the previous 

test (Fig. 1). 
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Table 1 also shows that for 1971 the frequency of non-concordance ,..._ 
for female-derived WxMp is significantly higher among selections derived 

from 4B- and 5B-chromosome parents than among corresponding selections 

from OB controls (X
2 test; P< 0.025) o This indicates that al though low 

" ...-----
numbers of B- chromosomes have no effe ct on~ t ransposition from WxME 

during sporophytic development, they may increase the rate of transposi~ 

tion during development of the female gametophytee There is no detect

able difference in the frequency of non-concordance among the different 
,...--,.._ 

B-chromosome levels when WxMp is derived through male gamete~~ 

In view of the fact that the~ locus is overtly expressed only 

in the gametophytes and endosperm 9 it is of possible significan ce that 

the female gametophyte is the only tissue in which an interaction of the ,,,-.._ 
abnormally-repressed WxMp compound with B-chromosomes has been detectede 
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Elizabeth Williams 

2. Synthesis of a set of B-A translocations involving a given segment 
of chromosome 10~ 

Because of their utility in various cytogenetic investigations 9 

a set of B-10 translocations was sought representing breakpoints in 

chromosome 10 at various positions between the centromere and the _g_ locuse 

Toward this end tassels of plants in an Rscm (self-colored mutant of R

marbled) subline of Inbred W22 carrying 7 to 10 B chromosomes were 

irradiated following the first pollen mitosis and then crossed to rgrg 

femaleso If the irradiation induced an interchange between an A and a 

B chromosome, the BA chromosome so formed should nondisjoin at the 

succeeding pollen mitosis~ providing that newly formed translocations 

behave immediately in the manner of previously established ones., When 

the break in the A chromosome involved that portion of chromosome 10 8 s 
10 10 long arm proximal to Ri and the B B sperm resulting from nondisjunction 
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fertilized the egg, a kernel having colorless aleurone (rgrg/-) but the 

strongly colored embryo-characteristic of Rscm should resulto 

Extensive matings to !.gr g (~nbred W22) females of forty plants 

treated with 500 R of X-irradiation yielded 102 colorless aleurone but 

colored embryo kernelse When grown and tested as staminate parents to 

E..g!.g the following year, all but 38 segregated self-colored and colorless 

aleurone in a 1:1 ratio and possessed corresponding embryo phenotypese 

Loss of Rscm from one sperm in these instances had not lead to detect

able alteration in the seconde The remaining 38 when similarly tested 

produced kernels of the selected parental phenotype in a high frequency, 

indicative of B-10 translocationo This experiment netted, therefore, 

nearly one translocation of the particular sort desired per irradiated 
~ plant, or, in terms of kernels screened 9 about 3 x 10 o 

Bor-Yaw Lin 

3. Effect of M
st on unstable plant color derivatives of Rst Rr 

heterozygotes. 

st r Among the progeny of R B, heterozygotes, near-colorless aleurone 

derivatives with unstable plant color occur with a frequency of approxi

mately 5 x l0- 5
e The phenotype and outside marker configuration of these 

new forms suggest that they arise by an intralocus recombination event 

which places the instability component associated with seed spotting of 

R
st into cis relation with the plant pigmenting determiner (P) of E,r. 

The net effect is that (_f) replaces the seed pigmenting component (Sc) 

of the stippled complex (ScIRNc) 9 yielding (PIRNc). The present report 

presents data showing that M
st , an enhancing modifier of stippling, 

located 5.7 units distal to B,, also increases the plant color instabil

ity of (PIRNc) forms. 

The plant color gene (P) is expressed most conspicuously in the 

young seedling, where it conditions colored coleoptile and roots, and in 
st the tassel, where it conditions pigmented anthers~ The effect of~ on 

unstable expression of (P) was investigated at both stages of develop

ment, in separate studies. Three (PIRNc) selections of independent 

origin, isolated by KQ V. Satyanarayana, were grown in each case as 



heterozygotes with rgMst (test) and rg+ (control)., Because the three 

selections gave similar results the data have been bulkedo 
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(a) Instability in the seedling. Five hundred seedlings of geno

type (PIRNc).±/rgMst and 500 of genotype (PIRNc).±/rg+ were scored for 

presence of pigmented sectors in coleoptile and roots& 

Genotype 

(PIRNc).±/rgM6t 

(PIRNc):!frg: 

Seedlings with red sectors 

Number 

77 

21 

The effect of Mst was significant (P < 0.,01) o 

(b) Instability in the tassel .. Separate populations of plants 

with genotypes identical to those in Part (a) were grown to maturity 

and the anthers scored for presence or absence of pigmented sectorsg 

GenotyEe Fraction of plants 
with anther sectors 

( PIRNc) .±/rgMst 
-- -- 46/48 

(PIRNc).:t/rg+ 0/93 

Anther sectoring occurred exclusively in the Mst class., This 

supports the seedling observations in confirming that plant color in

stability of (PIRNc) is of the same fundamental nature as seed spotting 

of R
st .. 

Although ant .her sectors were small 9 encompassing four anthers at 

most, a one-generation test for Mst in Rg stocks is now available., 

W. M., Williams 

4 .. Effect of hemizygosity on germinal mutation in the R-stippled and 
nrutable R- Navajo systems., 

In a limited test of plants hemizygous for R8t (i .. e .. ~ those 

having an Rst -bearing standard chromosome 10 but the lOB chromosome of 

translocation B-lOa in place of the normal homologue) Kermicle (1970•) 

obtained a self-colored (Rsc) mutation frequency of 39 x 10- 4 , while 
st; r ( ) 6 -4 plants heterozygous B, £ W22 source gave a value of only 1 .2 x 10 • 

In neither case was mutation to Rsc related to crossing over at meiosis. 

*Genetics 64~247-258 
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This suggested that hemizygosity may lead to an increased rate of 
R 

transposition of the element,! away from the_B-locus and, conceivably, 

this could be a general characteristic of transposable elements. Thus, 

an experiment was performed to compare the effect of hemizygosity on R6t 

with that on the mutable-Navajo (mRnj) system which is controlled by the 

transposable element, Modulator (I. Me Greenblatt, pers. comme). The 

systems were tested in hemizygous condition and in heterozygotes with 
1 

Plants hemizygous for the respective alleles were derived by 

pollinating R5t Mst and mRnj stocks of inbred W23 with material homozygous 

_for translocat~o~ B-l~a carryin g ~- In the inbred W22 strai~ of B-lOa 

employed, nond1sJunct1on of the B element of the translocation occurs 

regularly at second pollen grain mitosis, giving one hypoploid and one 

hyperploid male gamete within the same male gametophyteo Since the R 

locus is carried by B10, one sperm lacks B, while the other carries two 

doses. Recognition of progeny kernels carrying hypoploid Rst /- and 

mRnj/- embryos was facilitated 

plaid endosperms marked by~• 

by observation of their associated hyper

Because the hypoploid plants so generated 

were W23 x W22 hybrids they were vigorous and, although retarded relative 

to normal plants and semi-sterile, nevertheless yielded on the average 

more than 225 kernels per eare 

Corresponding R6 t/E....g and mRnj/rg heterozygotes were derived in a 

parallel fashion by use of W22 rg pollen parents. 

The hemizygous and heterozygous combinations were hand-pollinated 

with a W23 ACrg stock. Rsc and Rnj selections from the resulting kernel 

population were grown and the mutant phenotypes tested for heritability 

by pollinating with~ rg stock. 

Rst hemizygous plants (Rst / - ) yielded Rsc mutants at a frequency 

of 37 per 104 gametes, while R6t / rg material produced 16.5 per 104 gametes. 

The difference was statistically significant (P< 0.001): 

Parental st Number of confirmed Frequency Number of R 
genot~]:!e gametes tested R6 G derivatives of RSC 

mutation 

Rst 1_ 37,940 142 4 -4 37. X 10 
B.st/rg 46,560 77 6 -4 1 .5 X 10 
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As with Rst , mutable-Navajo showed a higher yield of germinal 

mutants per gamete tested in the hemizygous state than in the heterozy

gous state although the relative difference was not as largea Analysis 

of the mutable Rnj data was complicated by two factors not encountered 
st in the R studyo First, a number of somatic sectors involving mutation 

from mRnj to Rnj occurred .. Any confirmed sector of three or more kernels 

in size was counted as a single evento Associations of two kernels were 

not regarded as sectors but were considered, for the purposes of this 

experiment, as two independent eventsG Fewer than five sectors occurred 

in each genotypeo Secondly, besides parental-type kernels and Rnj 

revertants there was, on each ear, a class of 'light 0 mutable-Navajo 

kernels. No quantitative separation of the 'light' mRnj kernels was 

made because tbe phenotype overlapped with the parental typeso A sample 

was progeny tested and found to be a heterogeneous collection of types 9 

mostly lighter in aleurone phenotype than standard mRnj .. Tests of their 

capacities to cause Ds- induced breakage in an IDs tester stock revealed - --
that such 'light' mRnj types carried a second dose of Modulator in their 

genomes and are thus the counterpart of light variegated pericarp in 

this respect,. For the purposes of the present experiment these derivatives 

were included as part of the total population of gametes tested~ No 

attempt was made to determine whether they were equally represented in 

the two test groupsu 

The rraterial was grown in two separate tests in different years. 

x2 tests indicated that the Rnj frequencies for each genotype in the two 

years were not significantly different~ The data for the two tests were 

thus bulkedo Hemizygous mRnj/- produced a significantly higher frequency 

of Rnj mutants than did heterozygous mRnj/rg (Xi = 6 .. 55; P < 0 .. 025): 

Number of Number of Frequency 
Parental mRnj gametes confirmed Rnj of Rnj 
genotype tested mutations mutation 

First { mRn~/- 3,280 182 5 .. 6 X 10- 2 
test ii(1J/!!g 4,ooo 180 4.5 X 10- 2 

Second { mRn~/- 2,437 110 4.,5 X 10- 2 
test mRnJ/rg 5,200 206 4oO X 10- 2 

Total { mRn~/- 5,717 292 5.1 X 10 2 
mRnJ/rg 9,200 ~ 4.2 X 10- 2 



It is apparent that hemizygosity has a marked effect on mutation 

of R6 t to Rsc 9 and probably also causes an increase in mutation of 

mRnj to Rnjo Further study to determine whether this is a response 

common to autonomous transposable elements would seem to be justifieda 

We do not know what property of hemizygosity i s responsible for 

the observed effecte The mutations under study were mostly single kernel 

events - implying transposition at 9 or very near 9 meiosis. Conceivably 

then, the processes of meiotic chromosome pairing may be involved in 

some way. Further information on this point may be obtainable from more 

extensive study of the mRnj system, which gives a significant frequency 

of somatic sectors. If only meiotic chromosome pairing is involved then 

no effect of hemizygosity on somatic mutation rate should be found& 

We M. Williams 

5. Tandem and displaced duplications in the distal end of lOL. 

The R locus 9 which is essential for anthocyanin pigmentation in 

certain plant and seed tissues~ is located.in the distal one-fifth .of 

the long arm of chromosome 10. The first allele of this locus to be 

extensively studied, Rr (Cornell or standard) 9 was found to be associated 

with a tandem duplication$ The proximal member of the duplication 

carries P9 the plant pigmenting determiner, while the distal member 

carries S, the seed pigmenting determiner. 

Le is the designation given to a leaf color factor extracted from 

the B_r-Ecuador 1172 straine Le maps distal to the R locus, and shows 

.between 1 and c/o recombination with ito A large number of seedling and 

plant tissues are pigmented by the action of Le: coleoptile, blade 

joint, roots (weakly), nodes, silks, pericarp 9 and leaf blade. Strong 

pigmentation of the first blade joint allows one to screen for the 

presence or absence of Le at the seedling stage, even in the presence of 

P of Rre One of the adult plant tissues, on the other hand 9 that is most 

conspicuously pigmented by Le is the leaf bladee Hence its name Le (leaf 

color). An extensive study aimed at fractionating the Le compound pheno

type yielded negative results. 
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Le was first suspected of being borne on a segment sharing 
r homology with the R ~standard duplicated segment when9 from the 

heterozygote ±. Rnj ~£ Rr lc 9 a.:!:., Le-marked derivative carrying 

fil (Rnj) and the .e, component of Rr was isolatedo On subsequent 

analysis this derivative was found to be fil Le g S le in constitution. 

This strand carries an extensive tandem duplication (the colon repre

sents the junction betwee~ the proximal and distal members of the 

duplication) and therefore is quite unstable. It arose presumably by 

an exchange within the obliquely paired P-bearing segment of Rr and 

~-bearing segment of#~-

To test for homology between the f- and Le-bearing segments, the 

following simple test was designed. The progeny from the cross 

Rr~ _!{Lc ~~ X rgls(rglc c?<fl was screened for rrlc and rgLc excep

tional derivatives, in addition 
r between P and S elements of R. 

r to £.!!£. cases expected from exchange 

rrlc derivatives would occur if the P-

and Le-bearing segments pair with each other and an exchange occurs dis

tal to the anthocyanin gene in the respective segments. An exchange 

proximal to the anthocyanin genes would result in a rgLc derivative 

(see Fig. 1) .. 

Table 1 gives the numbers and frequencies of the different 

classes of£_ derivatives obtained from pollinating RrLc homozygotes with 

rglc. The only types of derivatives recovered were rrLc and rrlc, which 

occurred in approximately equal numberso From these results it is possi

ble to conclude that there is indeed a chromosomal segment distal to Le 

that is homologous with a portion of the Rr duplicated segment distal to 

the anthocyanin markerso The homology between the two segments does not 

appear to extend proximally beyond the anthocyanin genes, since no rgLc 

derivatives were obtained. The recombinational origin of the rrlc deriva

tives was confirmed in an additional experiment that incorporated ?ft as 

a marker located distal to Le. 

Peculiarly, the rr.!.£ derivatives from RrLc homozygotes were not 

associated with reduced fertility. Since the region between Rand Le 

has been deleted in these derivatives, one would have expected them to 

show the typical transm;ission behavior of large deficiencies. Yet, both 
r male and female transmission was found to be normal. Furthermore,£_ le 
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a) 

b) 

Table 1. Colorless seed derivatives from RrLc 

homozygotes crosses to rglc males 
,_ 

(Population: 124,000)m 

Type of 
derivative Number 

69 
62 

0 

5.,6 

5.,0 

NIL 

Figure 1., 
r Test of homology between Le anq R: types of 

crossover colorless seed derivatives that can arise in 
r R Le homozygotes if the!:,~ and Le-bearing segments 

p 

p 

are coextensive and can pair with each other 

(xxxxxxx = dispensable chromosome segment). 

P S Le 
---- ---:XXXXXXX--,---

7_ 
s i-r Le 

p S Le ----,--xxxxxxr-r--

' . 
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homozygote:s occurred in the expected frequency among the progenies of 

the original rrW,rgl.£ selections, ruling out the possibility of a 

zygotic recessive lethal being associated with the deficiency. There

fore, it appears as if the region between Rand Lc--one to two units 

long--is completely dispensable; its deletion from the genome seems to 

have no discernible effect. 

The R-Lc segment could be duplicated elsewhere in the genome. If 

one thinks of Le as an B, factor, then this segment could conceivably be 

duplicated either immediately proximal to R or immediately distal to Le - ---
in a standard chromosome 10. If the .!!,- Le segment occurs also proximal 

to~, then one would have expected several rgLc derivatives from RrLc 

homozygotes (see Fig. 2a). Yet none were foundo If the segment is also 

present distal to Le one would expect frequent losses of Le in Le homozy

gotes (see Fig •. 2b). RfLc (~ = §) ho·mozygotes were pollinated with 

rglc and the seedling progeny screened for the absence of Le traits. 

From a population of 12,400 seedlings, 7 Rglc derivatives were found: 

the le phenotype of these selections was confirmed in the respective 

6 -4 mature plants. This fraction represents a frequency of 5o x 10 , which 

compares favorably with the frequency of rrlc derivatives obtained from 

RrLc homozygotes (5.0 x 10- 4), suggesting-that the region of exchange in 

~Le homozygotes is small and very possibly restricted to that half of 

the Rr duplication present in~-

Figure 2~ Types of crossover derivatives expected from 

(a) Rr .!!£ homozygotes if the R-!!.£ region occurs also 

proximal to R, or (b) ~ Le homozygotes if the 

R-.!!£ region is duplicated distal to Le. 

a) ~Le region duplicated proximal to R 

p s 

p s Le xxxxxx------~xxxxxx----
7_ 

:>00<~ 

b) R- Lc region duplicated distal to Le 

s 
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In conclusion, the R-!!£ region does not appear to be duplicated 

in the immediate vicinity of the! locuso The Le-marked segment and 

either the E_- or the S-marked segment would therefore constitute a 

direct but displaced duplication, just as the P- and the S-marked seg

ments comprise a direct, tandem duplication. 

Hugo K. Dooner 

6. Induction and maintenance of maize callus tissue. 

Yamada, et al. (Proc. Japan Acad. 43: 156, 1967) and Carter, 

et al. (Nature 214: 1029, 1967) demonstrated that callus could readily 

be induced in rice and wheat by germinating the seeds op a medium which 

contained greater than 5 mg/1 2,4-D. We have used this method for maize 

and have obtained nearly lOCY'/4 success regardless of the s~rain used. 

Maize seeds are surface sterilized by stirring in detergent and 

5% Chlorox, rinsed, and soaked overnight in aerated water. The seeds are 

again sterilized with 5% Chlorox and the embryos with a portion of the 

scutellum are removed under sterile conditions. These are planted on 

Murashige and Skoog medium (Physiol. Plant. 12_: 473, 1962) containing 

10 mg/1 IAA, 0.04 mg/1 kinetin, 25 mg/1 2,4-D and 10 g/1 agar. The cul

tures are grown under continuous low light at 25° to 30°C. On this 

medium the primary root of the germinated seedling thickens and grows 

only several millimeters. The shoot grows a few centimeters and dies. 

The mesocotyl swells and unorganized callus proliferates from this region. 

Under the best conditions a cubic centimeter of callus is formed in six 

weeks. This callus may be divided and subcultured on Murashige and 

Skoog solid medium without 2, 4-D. Callus induced last March is still 

growing after being subcultured several times on this medium. Particular

ly rapid growth of maize callus can be obtained in liquid shake culture. 

Again, Murashige and Skoog medium is used, but without agare The cul

tures are shaken at 120 rpm at 30°c. 

We have not obtained complete differentiation of the callus in 

culture. Under the levels of hormone employed, normal appearing roots 

are often initiated, but other than occasional green buds, no shoots are 

formed. 
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The rate of callus growth, but not its induction, appears to be 

strain dependent. Single cross hybrids grow faster than inbreds, and 

some inbreds do better than others. One inbred which has performed 

well in our hands is A632o Callus has also been induced in putative 

androgenic haploid seed obtaiJed from Dr. J. L. Kermicleo These are 

particularly slow growingo 

Corn callus from other than endosperm origin has also been re

ported by others (cited in Masteller and Holden, Pl. Phys.~: 362, 
1970). Dr. Ed Green is also conducting extensive studies on maize 

tissue in culture at the University of Minnesota. 

Ben Burr 
Oliver Nelson 

7. A recently isolated mutant with an opaque phenotype. 

The designation, opaque-6 1 is assigned to a recently isolated 

mutant with an opaque phenotype inherited as a Mendelian recessive. The 

mutant, which has good expressivity, is not allelic to opaque~l, opaque-2, 

opaque-4, opaque-5, or horny. The homozygous mutant plants die when about 

2" tall. The only plants from mutant seeds surviving to maturity are 

heterozygotes resulting from heterofertilization. When compared to 

normal maize, there is no change in the amino acid profile of the collec

tive endosperm proteins. The mutation was detected in a popcorn line by 

R. B. Ashman (his number, ASX 566). 

It is my understanding that the mutant (floury-10) reported by 

McWhirter (MNL ;t2,:184) last year will now be designated opaque-?. 

Oliver Nelson 

8. The location of lo
2

~ 

The lethal ovule mutant, lo, reported in MNL 43: 145 as being -x -
6 map units from~ on chromosome 9, is located distal to~• The data 

leading to this conclusion are derived from the following cross: 

c sh + wx g115 
C Sh lo Wx G1

15 

X 
c sh+ wx g1

15
_ 

c sh+ wx g1
15 



~ 
+:"" 

Table 1 .. The progeny derived from the cross c sh+ wx gl~ic Sh lo Wx Gl X c sh+ wx gl/c sh+ wx gl. 

Plant No .. C Sh Wx c sh wx C sh wx c Sh Wx C Sh wx c sh Wx C sh Wx C Sh wx 
E Gl &. Gl &. Gl & Gl & Gl & Gl & Gl & Gl fil:. 

44123-1 0 157 7 1 25 6 0 0 196 
43075 -- -- 2 132 0 6 1 0 1 19 3 1 

44123-2 6 168 14 0 18 14 1 0 221 
43075 4 0 7 117 0 12 - - 0 16 8 3 1 0 

44123-3 0 155 4 0 33 10 0 0 202 
43075 - - 11 91 0 3 - - 0 28 4 

Total 6 480 
4 O 21 34o 

25 
0 21 

1 
1 0 

76 30 
1 63 15 4 

1 
1 0 

0 
0 0 

619 
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Three ears were scored, and the data are given in Table l. 

On the assumption 

centage of recombination 

the previous estimate of 

that no lo megaspores are functional, the per
~ 

between Wx and lo is 6olo This agrees with - ~ 

6 percent recombination (MNL 43). The percent-

age of recombination between Sh and lo is l3o4o - -x 
The mutants at this locus are being designated as lethal ovule-2 

ADDENDUM: 

UNIVERSITY OF MINNESOTA 
St. Paul, Minnesota 

Oliver Nelson 

l. A note on field classification of plants for pollen sterility. 

I have been puzzled by reports of difficulties in classification 

of pollen for sterility found in heterozygotes for chromosomal inter

changes in maize. Recently, when I was told about the difficulty, I 

found that the slide was prepared for examination with the pocket micro

scope by shaking pollen from a •tassel on to the slide. This probably 

would give inconsistent readings, since varying proportions of old, 

shriveled pollen would be included with the newly shed pollen. Use of 

a fresh, nondehisced anther solves this problem. 

The small pocket microscope with 4oX magnification, formerly made 

by Leitz, is excellent, but is no longer manufactured. One similar in 

size (cylindrical in shape, 2.8 cm in diameter x 5 cm) and similar in 

operational features with slightly lower magnification was available two 

years ago from: Nippon Microscope Works, Ltd., 
No. 4-16, 2-chome Minami Aoyama, 
Minato-Ku, Tokyo, Japan 

A minimum of 12 may have to be ordered, but the cost is low. Enlarging 

the opening in the base with a metal reamer increases the amount of 

light that enters and improves its performance. This microscope is small 

enough to carry in one hand 9 holding the small glass slide between the 

second and third fingers of the same hand. This leaves both hands free 
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enough to do the needed manipulations, which may include holding the 

tassel while selecting the anther for the pollen sample., 

Pollen classification of maize can be done rapidly in the fielde 

The anthers begin to extrude from the glumes as the temperature rises in 

the morning. If too cool 9 extrusion can be induced by taking a floret 

with mature anthers and warming it in one 8 s hand or by breathing on ite 

Pollen soon begins to shed normally& Nondehisced anthers full of mature 

pollen are easily distinguished from ones already shede The length of 

time classification is possible each day depends on temperature 9 humidity, 

and wind velocity. 

To prepare the slide, pick off a mature, nondehisced anther between 

the thumb and forefinger of one hand, eeg. the right hand 9 pinch off the 

tip of the anther with the thumb nail and forefinger of the other hand. 

The anther contents can be placed on the slide by squeezing the anther 

or by rolling it between the · tips ~f the thumb and forefinger of the 

right hand. The pollen will sift out very easilye A gentle tap on the 

slide will spread the pollen if it is in a clump. Use the sky as the 

light source if needed. The top lens assembly can be screwed in or out 

to focus on the pollen. With practice, which includes making sterility 

counts under a compound microscope, estimates can be made of the degree 

of sterility. If the sterility is low, separate samples from additional 

anthers should be checked for consistency of the degree of sterility., 

Anthers too young but close to shedding can be classified by crushing 

the anther between thumb and finger and smearing it on the slidee 

We mark the fertile plants by tearing off all but 2 to 3 inches 

of the two top leaves, and the semisterile ones with a string about .two 

feet long looped around the top internode or by breaking off the tassel, 

leaving only the lower 2 or 3 branches. We mark plants that have higher 

or lower sterility with a white tag on which the degree of sterility is 

recorded. 

Chas$ R. Burnham 



2. A method of using tags to mark crossed ears at pollination and at 
harvest in maize. 
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Before the pollination season begins, we staple a tag, 4o5 cm x 

7.5 cm, from 200 lb. tagboard, on the inside of the fold at one side and 

between the middle and the closed end of each pollination bag. When a 

cross is made, the culture and plant ~umber of the male parent and the 

date are written on the lower half of the tag, together with any infor

mation needed to describe the female and the male parentse The bag is 

then placed over the ear and stapled around the stalk. We usually omit 

the culture number of the female parent at the time the cross is made, 

or add only the plant number of the female parent in the upper right 

corner of the tag. The pencil we use is: Eagle Veriblack #315. It is 

a soft pencil with a thick lead, but many tags can be written before 

sharpening is needede As soon as the crossing is completed, the culture 

numbers for the female parent are stamped on the upper half of the tage 

At the time of harvest, the tag is removed from the tassel bag and 

nailed on the ear, using a common lath nail, or a brad with a somewhat 

larger head. A small oval-shaped stone that is easy to carry substitutes 

for a hammer. The ears should be laid out on trays for drying. If 

placed in a bag, the tags may come off in handling. 

The method described has several advantages: lo Stapling the tag 

on the inside fold of the tassel bag usually protects the tag from 

weathering and rubbing against other plants which might make the numbers 

illegible. Very few are lost from that source. After the female cul

ture and plant numbers are added, a tassel bag that is blown off but not 

lost can be returned to the proper plante 2. The method avoids the need 

for copying to transfer information to the ear at the time of harvest. 

This avoids one source of errorso 3. The nail can be driven into the 

moist cob easily at the time of harvest. Rubber bands were used in some 

laboratories, but these disintegrate after a few years. 

Chas. R. Burnham 
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IV. REPORT ON MAIZE COOPERATIVE 

A total of 153 seed requests were received by the Maize Coopera

tive in 1971 and 1,438 packets were sent to supply the requestse 

Domestic requests accounted for 74 percent of the total~ and foreign 

requests the remaining 26 percente A further breakdown shows that 58 

percent of the requests were from Geneticists, 17 percent from Plant 

Breeders, 16 percent from Physiologists and stocks used for educational 

purposes accounted for 9 percent of the total requests. 

During 19719 chromosomes 1 and 8 were increased and stocks of 

these two chromosomes were also grown to confirm mature plant pedigrees. 

In addition, certain multiple tester combinations for chromosomes 2 9 3, 

4, 5, 69 and 7 were grown for increase or to get new gene combinations, 

test linkage, or confirm mature plant pedigreeso The basic series of 20 

chromosomal rearrangements (a waxy . and non-waxy set) used for locating 

unpl~ced genes has been backcrossed into two inbreds, W23 and Ml4. This 

project nears completion and considerable nursery work was done setting 

up homozygosis tests to be grown in 1972m Also a backcrossing program 

nears completion putting aleurone plus plant color genes into Ml4 and 

W23 backgrounds. Most of this material will be grown in 19729 for final 

pedigree confirmation and increase. Also certain endosperm loci that 

have not been backcrossed into standard inbred lines by other geneticists 

are being backcrossed so that all endosperm loci will be in a common 

genetic backgroundm All the inversions in our collection were grown in 

1972 either for homozygosis tests or increase, and an increase was made 

of the most commonly requested tetraploid stocksc 

We received 204 stocks from Dr. W.R. Singleton this past year. 

Most of the stocks include material from his irradiation studies along 

with certain types of mutants he has obtained that ,are. allelic to 

other known loci. The collection also contains cultures which show 

pollen and ear sterility. All stocks will be tested to determine what 

traits are involved and their usefulness. 

All stocks in the Maize Cooperative collection are now stored in 

our new cold storage facility. Chromosomes 1, 39 4, 5, 6, and 8 have 
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been re-filed and newly revised lists of stocks available for these 

chromosomes appear at the end of this reporto We are working at re

arranging and filing stocks of the remaining fo~r chromosomes and re

visions of the stock lists for these chromosomes will be included in next 

year's News Letter. 

The list of translocations available from the Co-op is published 

in the Co-op Report in News Letter volume 43, 1969. 

Requests for seed or correspondence relative to the stock collec-

tion should be addressed to: 

Dr. R. J. Lambert 
S-116 Turner Hall 
Department of Agronomy 
University of Illinois 
Urbana, Illinois 61801 
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Unpla ced Genes (Continued) 

zb1 
z~? 
zb3 
zn ·· 

2 
14923 

"necrotic 837611 (seedling) 

Multiple Gene Stocks 

A
1 

A2 C Rr Pr B Pl 

~ A
2 

C Rg Pr B Pl 

A
1 

A
2 

C R Pr 

A1 A2 CR Pr wx 

A1 A2 CR Pr wx gl 1 

A1 A2 CR Pr wx y1 

A1 A2 C R pr 

A1 A2 CR pr y1 gl 1 

A1 A2 CR pr yl wx 

A1 A2 CR pr y1 wx gl 1 

Al A2 c R Pr y1 wx 

A1 A2 Cr Pr y1 wx 

a1 S'½_ A
2 

CR 

bm2 lg 1 ~ su1 pr y1 gll jl wx g1 

colored scutellum 

lg 1 su1 bm2 y1 gl 1 jl 

su1 y1 wx ~ A
2 

C Rg pr 

y1 wx gl 1 

hf\ hm2 

Popcorns 

Amber Pearl 

Argentine 

Black Beauty 

Hulless 

Ladyfinger 

Ohio Yellow 

Red 

South American 

Strawberry 

Super gold 

Tom Thumb 

White Rice 

Exotics and Varieties 

Black Mexican Sweet Corn 
(with B-chromosomes) 

Black Mexican Sweet Corn 
(without B-chromosomes) 

Knobless Tama Flint 

Knobless Wilbµr 1 s Flint 

Gourdseed 

Maiz chapolote 

Papago Flour Corn 

Parker's Flint 

Tama Flint 

Zapaluta chica 
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Tetraploid Stocks 

PRR 

Pvv 

Ch 

B 

a1 A2 CR Dt1 

su1 

pr; A1 A2 C R 

Y1 
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ij 

yl sh1 wx 

sh1 bz1 wx 

wx 

A
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C R 

A
1 

A
2 

C R B Pl 

Cytoplasmic Steriles and Restorers 

WF9 - (T) 

N6 (S) 

' WF9 

N6 

R213 

Ky21 

rf 1 rf 2 

rf 1 Rf2 

Rf1 rf 2 

Rf1 Rf2 

These combinations are also available 
in other inbred backgrounds. 
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