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In response to our request for funds to help defray the publication 
of the 1959 Maize Genetics News Letter, contributions were received from 
the organizations listed below. We wish to express our appreciation for 
this financial aid. The Department of Botany at Indiana University pays 
for cutting the stencils and for all clerical and editorial work inciden­
tal to the preparation of the News Letter, but the cost of mimeographing, 
assembling, binding, covers, paper and poistage coiistitutes out-of-pocket 
expenditures amounting to more than $400 for each issue and it is for 
these costs that funds were requested~ A total of $470 was received 
which sh0uld be sufficient for this year's News Letter~ 

To the following companies we express our ·thanks: 

Pioneer Hi-Bred Corn Co. 
DeKalb Agricultural Association, Inc. 
Ainswort.h Seed Co. 

·· Bear Hybrid Corn Co., Inc. 
Cargill, Inc. 
Coker 1s Pedigreed Seed Co. 
Crow's Hybrid Com Co. 
Greenwood Seed Co. 
Northrup, King and Company· 
Pfister Associated Growers, Inc. 
Clyde Black and Son 
Ferris Watson Seed Co. 
Funk Bros. Seed Co. · 
United-Hagie Hybrids, Inc. 
Eastern states Farmer's Exchange 
Green Giant Co. 
Moews Seed Co; 
American Maize-Products Co. 
Earl May Seed Co. 

We also wish to aclmowledge belatedly the contributions made by 
Northrup, King and United-Hagie toward the expenses of the 1958 Maize 
Genetics News letter. · 

M.·M. Rhoades 
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II. REPORTS FROM COOPERATORS 

BLANDY EXPERIMENTAL FARM 
University of Virginia 

Charlottesville, Virginia 

1. Homozygous "Old~• 

·In the processes of developing multiple gene stocks for our 
radiation program we have developed a stock which is~ .Qi• Each 
of these stocks exists in two or more inbred lines and hybrids of 
all the stocks have been made. The following stocks are available: 

BL39 pwr B A1 Su A2 Pr Y Pl IC Sh Bz W'x R 

also may be Og, b or pl 

BL44 pwr B Al Su ~2 Pr Y Pl C Sh Bz Wx. R 

also may be pww, b or pl 

BJ.41 pwr B ~l ½ ~r y Pl C sh be wx R 

also may be pww, b pl or c 

BL27 p'WW b al sh2 A
2 

pry pl CR 

BLJ pww b A1 SU A2 pr y pl C sh wx r 

These stocks are all homozygous for the genes listed. 

Alan Caspar 

2. Reconstruction of Dent Corn 

It is well known that the best theory on the origin of dent corn 
is that it resulted from an accidental· cross of an early northern flint 
type and the many-rowed Gourdseed corn, a tYJ>e that grew in the southern 
part of this country, especially in Virginia. (See· Wallace and Brown 
11Corn and Its Early Fathers," Michigan State Press, 1956.) Following 
the publication of that book I wrote to Dr. Brown to see if it would be 
possible to obtain any of the Virginia Gourdseed variety. Fortunately 
seed of this was available and we grew it for the first time in the spring 
of 1957. It was a vigorous single stalked variety with no tillers, as 
illustrated in Wallace and Brown. This was crossed with an early yellow 
flint corn, Canada Yellow Flint, which we secured from the Comstock-Ferre 
Company in Weathersfield, Connecticut. The :F 1 hybrid was unusually 



vigorous and ·showed considerable variation with most of the ears inter­
mediate betweeJ:1 a flint and a dent • . A number of these were selfed last 

·year, ooth ' with and without the benefit of radiation, and we plan to 
grow a small isolation plot of this .for several years to see whether 
any pr.ogress can be made toward reconstructing a •good dent type. Selfed 
seed is available of the Canada flint, of the Virginia Gourdseed and or 
the Fl hybrid. 

W. Ralph Singleton 

3. Mutable Pericarp and Plant Color. 

Several years ago a mutation arose from an intensely pigmented 
plant color much more intense than the AB Pl. Also the character 
appears e~rly in the seedlµig stage or shorily thereafter. In a<;ldition 
to the intense color in the plant the peri'carp is colored very dark, 
almost black, which mu.at be consider.ably darker than cherry pericarp. 
Like the cherry pericarp it has been observed only 1n· atbcka which are 
! .!! f!• The silk color of plants possessing this charactvr are deep 
wine in color. The anthers usually are a sort of mottled dark and 
light · red. One or the interesting things about this -character is that 
we.,})ave not yet been able to get a h0mozygous stock of it• • It keeps 
mutating back to the normal AB Pl color. It is almost but· not quite 
CQmpletely• Pecesaive when crossed-with other stocks. There is almost 
a complete correlation between the type of pericarp·color and the type 
or silk and anther color, although classification is somewhat difficult 
and not completely satisfactory. Seed is available. 

w. Ralph Singlet-on 

. 
4. Height Potential in Brachytic-2 and BracMic-3 Types. 

Both brachytio-2 and braohytic-3 are lll\1tations, from the inbred R4. 
They are about equal in height, 114 centimeters for br 2 and 113 centi­
meters for br 3 in 1958. In crosses back to the R4 they contribute about 
eq\Ullly to tEe height of the plant, giving bybrias that were 227 and 230 
centimeters, respectively, for E!:2 and br_) hybrids. However, almost 
without exception, when these two inbrects are crossed to unrelated 
stocks the brachytic-3 contributes much more height to the ·hybrid than 
does the brachytic-2. Crosses with an unrelated "type, reduced 38-ll, · 
gave the following types: rd38 x R4 • 273 (av. 2 rows), rd38 x R4brz -= 
241 (av.- 4 rows), and rd38 x R4br':\ • 304 om (av. 3 rows)• When crossed· 
with wf9, the following heightsresulted: wf9 ~ R4br2 • 233 cm (1 row), 
wf'9 x R4~3 • 265 cm (av. 2 rows). These data agreewith our observa­
tions -in preV10ua7ears:,. . More··extensive :·tests-are · planned. · In addi­
tion to ·being .somewhat .shortened br~ ·-·hyb~ids -usually show some of the 
enlarged stalk characteri'Bt,io of orachytic-2. 
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In the brachytic-2 inbreds themselves, there is considerable 
variation for height.from about 80 cm.for the shortest to 170 cm tor 
the -tall -type in · 1958. ln crosses between the short ~nd tall J,ypes, 
,tall is dominant, ·Ii ·fa.iriy .. good segregation occurs in F2 and test-
crosse·s. The' height relationships of brachytic-2 types are · being 
investigated t:_urther • · 

W. Ralph Singleton 

CALIFORNIA STATE POLYT~HNIC COLLEGE 
Pomona, California 

i:. Location of .gene responsible for nutrient . -element uptake in corn. 
• , I _ , , Li . 

Certain inbred lines of com have been found to reqt41re 'different 
amounts .of mineral nutrients for · optimum growth • . Dr. J. D. Say.re of 
the · United · States Department of ;Agricult~ .e sampled field-grown plants 

··ror magnesium content and found a sevenfold difference · between the high­
est and the . lowest lines. other inbre<[ lines have ~en shown '·to be low 
accumulators • or calcium, potassium, and phosphorus. Under low or some­
times where•normal ,mirieral nutrition is provided, ilibr'9d llnes ·wi.th 
these characteristics will show leaf' deficiency symptoms fi .rst, when 
grown with other lines which are ·high acourmilators ·. ' 

Studies were- initiated to detennine, if ·possible, the _locat.ion of 
the gene character responsible for this differential uptake of magnesium 
and other elements. A number of inbred lines were crossed to the waxy 
translocation series· in 1956·. The inbred lines used were as follows: 
Oh 28, Oh 33, Oh 40B, Oh 51A, Cl 187-2, L-317, Ind WF9, and nu. 

I ' • • 

In 1957 the Fl._were backorossed t9 the related inbred lines and to 
the available waxy inbred: lines. . · · · . · · . 

--' . 

In 1958, due to limited space, only two of the lines from crosses 
·, ·were planted. These were Ind WF9 and IllA. Tissue samoles were collect­

ed for analyst's when each plant was approxima-t:.ely one meter in he:tght. 
The WE'9 line is being tested for high magnesium and low-phosphorus accu• 
mulation. lllA is being tested for low calcium accumulat:1:on. Data from 
the tissue analysis will be used in an ·attempt to locate any major gene 
affecting the uptake of these elements. · 

Walter H. }!es~e 



CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena 4, California 

l. Location of blue-fluorescent-2 in chromosome 10. 

s 

The gene E!2 has been placed in chromosome 10 by crossing to a· 
series of chromosome 9 translocations involving waxy and testcrossing 
to wx fluor~sc~t-2. The testcrosses us¥ig T9-10b showed clear-o~t 

. linkage of fluorescent-2 with wx. Comparison .of the linkage data ob~ 
tained with the previously known cytology and linkage relations of 
T9-10b gives some information on both the map location and the cytolog­
ical position of Ef2 ~ 

The cytological positions of the breaks in T9-10b have been given 
by Dr. Longley as 9S.ll and lOS.28. These are f 1airly close to both · 
centromeres, Precise determination of position is perhaps less reliable 
than · for positions further removed from one or both centromeres. llnkage 
tests give the map order c-w.x:-T with 5.7 percent crossing-over between 
'WX and T. In chromosome Io-;-the tests indicate the order T-g-R with 
lo.3 percent crossing-over between T and.&• In the homozygoiis-trane­
location, ~ and Ji are linked with 17.3 percent crossing...aver (62/3~9). 

Two crosses involving T9-l0b1 wx and~ have been test-crossed, 
and the test cross seed grown for . seectling c assifieation. · 

wx-bf2 . wx-bf Total 
non-crossovers crossov~rs 

wx T/ bf 2 848 928 · · 19 31 1876 

stand/wx T bf 2 491 463 28 29 1021 
.. .. 
Total 2897 

cross- .percent 
overs 

so - 2.7 

51 5.6 

107 3.7 

. The crossing-over betw~en !!! and bf 2 is essentially the sum of the 
wx-T and the T-£f 2 percentages. . qhecks of pollen on cross-overs indicate 
that . the ;transloo..ation is . oles .er. t ,o b,t' 2 than to ~• 

Tests of homozygous T9•l0b plarits .:whioh were heterozygous for both 
~ and b{2 testcrossed to~~ -, gave .50 ~-,2!:2 crossovers in a total 

• of 10;32 seedlings or 4.8 percen • 'I'hus .the two genes· are in th~ same 
translocated chromo-some., just as in the case of wx, (, and l!• But b.f2 
is closer to the locus of the translooation than1s ,i, and therefore 
further to the left. The distances indicated are: 

C wx 4.8 bf'2 R 

C wx 17.J g R 
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These data suggest a map position in the : general neighborhood ot 
lineate but they do not tell which side of the centromere. 

E.G • .Anderson 
Ron Burkholder ' 

2~ aiue . fluorescence • 

. , . -a~ue fluoresc~ce under ultraviolet light is 'due to the aooumulatio?l. 
,of a,nthran:Uic acid or veri close~ allied substances in the seedlings and 
1n the. . anther •walls anci filaments• . The two blue fluorescent .'.. genes which.­
ha ye b~en~solated both lead to the acoUJ111ll~t~on of anthranillc acid or 
related compounds.but otherwise differ markedly. 

Blue f'luorescent-1, when.}lomozygous gives fluorescent seedlings which 
incireaae in fluorescence until about ,·:the third or fourth leaf, · after wbioh 
there is a gradual w.eakening or fadin g out. The •plants ~crease in size 
veey rapidly, and there is little,~ i:UlY,. further accumulation of. anthra-

J}ilic acid until .anther ~evelopment •.. .The anther walls and filaments 
£luor~sce brilliantly although the pol~en •itself_ shows no .fluorescence. 

· Paper chromatograms of . fresh material show tbr .ee clos~y •associated 
fluorescent spots, one of which is anthranilio acid. Ftom extracts, all 

:. the fluorescent J!!B.terial-~ppears as a .singl~ spot of ~thranilio acid. 
When the gene .is heterozygo"4s the seedlings do, not fluoresce, but the 
anther walls and filaments show a strong fluorescence as in the homozygote. 
Thus the gene can be handled as a recessive 1n the seedlings, as· a dominant 
in the anthers. In m~st or the linkage tests and stock building., it has 
been convenient to use it as -~ dominant. Thus it is p~rhaps _ more appro .. 

.. l)riate to list th'e gene as a c:lominant for which the symbol Bf' 1 can be ueed. 
This gene has been located in the distal portion of the longarm .of 
qhrolJ!os~me 9. It shows ~)?out· 45 qr 46 percent recombination with ~• 
By linkage .:tests with translocations, it . has been placed at or near 
91;9. . 

. Blue fluorescent-2, when homozygous gives a brilliant fluorescent in 
the early seedling stage with its maximum brilliance immediately after 

• 1, germ:Lnat'1.onJ 'Flie, ooleoptil!:! tip is brilliant., - and the first seedling 
. · . leaf has its maximum fluor ·escence· as soon as unfolded. The succeeding 

leaves show decreasing fluorescence. The .chromatographic picture shows 
most of the fluorescent substance concentrated in a single spot which is 
identicallfith one .. of the ,three spots shown by fluoresaent-1. The fluores­
cence of anthers ~d !ilament is le'3s pronounced.. In •the heterozygote, 
the seedlings do not , nuoresoe, and the anther fluorescence 1e somewhat 
weaker than in the. homozygote. For ~ost purposes, it is most conveniently 
handled as a seedling characte:r. SJ)' we· prefer to list this gene as a 
recessive., with ~he sym1?ol !if.e. . 

E. G. Anderson ,. 



UNIVERSITY OF CALIFORNIA 
Los Angeles· 24, . California 

l. Gibberellin-like substances . from maize. · 

7 

Initial acetone extracts from green shoots of maize show no evidence 
for gibberellin-like activity .when applied to the seedlings of the mutants 
.2J_, _g,,, !h, s,~, and !!h. However., fractions obtained from the chromato­
graphic pijrif1cationot these extracts have been found to be highly 
active in the gibberellin bioassay. There is evidence for at least two 
gibberellin-like substances frotn normal · maize. These substances are 
highly active on the mutants ~, ~3, ,2~, and~; th~y are inactive on 
the mutant d1• (Gibberellic acid and Jfiany gibberellin-like substances 
from flowering plants are active on all 5 of the dwarf mutants). This 
information provides direct evidence for the presence of native gibber­
ellins in maize. , These native gibb'erellins ar·e probably one of .the · 
controlling factors in the growth of the maize plant. 

Preliminary cross-feed:i!ng studies have been made with extracts 
from each of the f ·ive mutants, .sh, 4, 1 . d , d , and ~. Purified ex­
.tracts from the green shopts of .!:I. i,1antJ hi~e beenf&und to be in­
active on~ seedlings, and highly active on the other 4 dwarf mutants. 
Apparently the mutant d is making a gibberellin that it cannot use. 
Since the other. 4 mutarits · respond to the ,21 extract, the data support 
th~ interpretation tbat the gene !.!I controia a terminal step in the 
sequence of reactions ·leading • to a native gibber~llin necessary for 
normal growth in . maize~ 

. Bernard o. :Phinney 
Charles A. West 

COLLEGE OF AGRICULTURE AND EXPERIMENT STATION 
Potchefstroom, Union of South Africa 

l. A comparjson of male sterile single crosses and their fertile 
counte:t;parts •. 

Yields of 15 male sterile., single crosses from Tx61Ms and Ky 27 
ms sources, and their fertile eounterparts were compared in a yield 
tr5.al., using 2xll0 hill plots in rows ] feet apart and the plants spaced 
3 feet in the rows. 

Three sterile crosses yielded significantly more than their 
corresponding fertile forms. In most cases, however, there were no 
significant differences between the fertile and sterile forms, al­
though the yields · of the fertile crosses were always lower than those 
of their sterile counterparts. 

H. C. Kuhn 
F. J. Dijkhuis 
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2. A new cycle of re6Urrent reciprocal selection with maize varieties 
that combine well. 

Although· a reciprocal recurrent selection ~rogram was started 
some time ago, no lines of outstanding merit could ·tmis ·far be ob­
tained from the local varieties chosen for their adaptability ,to the 

,. , ·. · local hot and dry climatic conditions. A large · ·11:UJ!lber of varietal 
.. · . crosses was, however, compared in .. a · yield trial, ,and :fairly , high 

yie'J.ds ·in some. cases showed good _com..btning ability ~tween : certain · 
V4l'ieties. In this respect •it was noticeable that . the highest yields 
came ·from dent-flint crosses. The two best · combining white and yellow 
varieties were chosen for :a new r ,ecurrent reciprocal . .selection cycle. 

H,. C. Kuhn 
.. F. ~. Dijldluis 

I• 

3. !J;ybrid maize seed production. 

Mr. c. Kuhn resigned from the Union of South Africa Department 
of Agriculture during Septemb.~r 1958 to take up the appointment of · 
maize breeder to the Golden West seed company at Klerksdorp. Con­
sidering that hitherto crop breeding work.has been almost entirely in 

. the hands of the Department of Agriculture, this is a step 1n the 
direction followed in the United States where, · it is understood, mainly 
fundamental work. is carried .out at the experiment stations, and private 
initiative furnishes hybrid s~ed under well-trained guidance. 

In South Africa the experiment station at Pretoria, Bethlehem and 
Potchefstroom conduct the initial breeding work and hands over to the 
Maize Control Board the inbreds, recommended for large-scale production. 
The Board has a team of officers who (a) arrange contracts for the 
multiplication of inbred and single cross seed and (b) certify the 
hybrid seed produced by its agents who are either seed.amen or coopera-
tive societies. -

J. Sellschop 

THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION 
New Haven 4i Connecticut 

and 
MISION BIOLOGICA DE GALICIA 

Pontevedra, Spain 

1. Breeding for sufar · in the stalk: correlation between refractometrical 
reading and res stance to Diplodia and Gibberella Zea. • 

Nine different eybrids of medium.maturity period were elected for 
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this study: four were standard double crosses and •five were.'.experimental 
single crosses of .the breeding program to increase sugar in the stalk at 
and after maturity • . Three of the last ones were expected to hav~ high 
refractometrical reading after maturity. Each hybrid was planted.in .a 
single row. Ten days after pollination six plants of each hybrid ~ere 

·inoculated with Diplodia arid another six plants were inoculated with 
Gibberella ( 11tooth pick" technique) • •Thls was done again 15 days later 
and 30 days later after. the first inoeulation. The total number of plants 
inoculated with ·Diplodi~ and Gibberella were 36 in each hybrid. 

On November 28 refractometrioal readings were made on each inoculated 
plant and on December 1 the same plant was cut from base to top,to observe 
the degree of dama:ge caused by the inoculation •. Scores for degree of 
infection were from zero (no damage) to five (five or more internodes 
showing the infection). Plants completely ld.lled by infection were also 
scored five. Fractions of internodes showing infection were scored as 
corresponding fractions of 1. Correlation analyses for pairs or the 
individual plant values (for refractometrical r~ading and infection scores) 
are shown in Table I. This high correlation between resistance . to these 
two diseases of the stalk and roots confirm previous observations. 

~ Table I 
, .. ,. 

Hybrid 

Standard double cross 362 
II II II, )6) 
Ill II Ill , . . 364 
W II fl )65 

Exp. single cross · 366 
Ii i II II )67 
II W Ill 368 
"' n· 111 J69 
n t11 n;, 370 

Coeffic~ent ·of correlation for each hybrid 

-0.49 '. ' -
-0~6-2 
-0.78 
-o.66,, ... 
-Oo57 •. · 

• -o.56 
-0.73 
-0.81 
-o.Sll 

for r: • o.425 Pt 0.01 -

Correlation coefficient of the hybrid means for refractometrical reading 
and score of infection, r • cr.897, P • o·.001 

Jose L. Blanco 
Mariano Blanco 

THE CONNECTICUT AGRICULTURAL EXPERlMENT STATION 
New Haven 4, Cormecticut · _..! 

1. Production and testing of-pollen restoring inbreds. 
. . 

Many of the standard Northeastern and Northcentral corn inbreds ... 
1 
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· have been, converted to T· ste ,rile _ cyto'@l~sm for .~s~ as · seed par_ents .and to 
. · restored feitile lines carrying ,-T cytopl _asm :t:o be used as pollen restorers. 

The conversion to fertility restoratioll has been . ao0oniplished by .cros .sing 
the· sterile version or an inbre _(i by a goot;l restoi::er, such as Ky2l, ll53., 
C~l, _·C236; Me94O., -NC71, and other ,s9uroes., · or restorer inbred~ derived from 
these . sources, . ·backcrossing on the :~terile • line ~s the recutreQt parent for 

· :· :3 to 6 genera:t:imns and selfing ,fpr \ 2 · or. more·.a:dditional generations. Many 
of these r.estored ··rertile '-inbreds are homozygous. for -the necessa.ey ·re­
storing genea while some are st ·:Lll- segregating :f'.or. :fiertile '!,lld si;er.ile 

. . ,. plants. 
I • '~ : , ' : ·• . 

These restoring inbreds have be,en tested for sev~ral season~ on 
many standard sterile · seed ~ar.ents with generally sa~isfactory results. 
Homozy.gous· selections 'pnoduce· all .fu,J.ly fertile .progenies. 0t~e~s se~ 
.gregate ·1ln va-cying ratios rang:iing f'ro.m a ·rew to .many .plants fully fertile 
_wit ·h no delayi in pollen shedding a.ft~ ·t})e silks appear •.. In some cases 
tllere are ,partially ,fertile ··planta ·with v.arying amounts of ,apparently good 

. pollen~ 'These· partially •f ettile plant ·s :1~sually, delay slie4ding until iafter 
the silks have elll8rged on . tlie same .:plants·~ · · · 

After th~ inbreds have been converted to type in appearance they are 
further selected and tested both· ··for po11en restoration and combining 
ability by selfing selected individual plants in each progeny and putting 

.~he pol1~n fro ~~ hese ~elfed plants .on appropt1ate steri ! ~ seed ~r.~nt 
single cross testers. For example, 26 test crosses of C1O3TF(Ky21) on 

(WF9Tx38-ll) as the sterile seed .parent tester ·gave 19 progenies all 
fertile and 7 progenies segregating ferti1es and sterilee 'in -the ·oom­
bined ratios of 131 completely fertile and· 89 completely sterile plants • 

. This is a significant departure . from a 1-:l ratio expected ' on a one factor 
difference. All of . the segregating progeniea ·:have an excess of fertile 
plants. This excess of fertiles 1s shown by .many other test crosses and 
is significant (P<.Ol). ·, ;, 

Eighty single plant test crosses of ·KrTF(Ky21) restorers w~re also 
grown this past season. They were made on two sterile seed parents, 
(WF9TxR2) and .(WF9'.rxW22') • Many lines ·were tested •,on~both seed . parents. 
Forty-eight of these ·test crosses gave-an fertile progenies with no de­
lay 1n pollen shedding. Thirty-two segregated., again with an excess of 
fertile plants 4~viating significantly from a l:l ratio. In etalk growth, 
yield an4, time of •maturity most of these test crosses were practically 
identical in perfonnance with the same crosses made with the original 
fertile lines. A few of the progenies were noticeably poorer in some 
respect a:nd some seemed to be an improvement in both stalk quality and 
yield. The·se ·.w:tll be tested furthe ir :hr a · replicated yield test. Many 
other restored sterile -inbreds -were :tested and gave similar results. 

The restored versions of Hy, however, b.ehaved quite differently. 
Two series .we~e _gr9WI1, all ovossed · on to •(WF9Tx,38 .. ll) as the sterile 
seed parent tester. -Nineteen test crosses of HyTF(Ky21) gave no fully 
fertile progenies. Eight ofr•these pl'Ogenies ,segregated into .Bl 'full.y 
fertile plants and 153 either partially fertile or completely sterile 
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plants. There were 9 progenies with only partially fertile ana sterile 
plants and 2 progenies with all completely st~rile plants. Unlike all · 
the other test crosses the segregating progenies gave an excess of 
sterile plants. Three progenies seemed to be segregating 1:1 and 5. 
progenies in a 1:3 ratio of fertile and sterile which indicates either 
one or two fertility restoring genes with complementary action with 
this sterile.tester. 

Thirty-four test crosses of HyTF(C236) gave J progenies all f~rtile, 
2 segregating fertile and partially fertile or sterile in a 2tl ratio and 
32 progenies all sterile. The C236 source is a Leaming inbred o~t of the 
same strain that Hy wa~· der:tved. 

When the single cross of Cl03TF(Ky21) x HyTF(Ky21 or C236) was tested 
on the same sterile seed parent the results were S progenies all fertile 
and 10 segregating 140 fertile and 80 sterile. Two of these progenies 
seemed to be segregating 3:1 and the remaining in a 1:1 ratio. 

In these test crosses the seed was sown by hand, one seed . in a place, 
about 9 inches apart in rows 3 fe ·et apart. ·oermination was unusually good 
and no plants were thinned out. A full stand had .37 plants. ·very few rows 
had less than -25 plants. T he differences in the number of fertile and . 
sterile plants in the progenies segregating about l :--1 were plotted against 
the num~er of plants in the row. There is no tendency for the thinner 
sta,,nds to give an ~cesa of either fertile or sterile plants and therefore 
there s.eems to be no dii'f erential elimination. · 

No eatisf actory ex1;>lanatio~ for the excess of fertile plants in the 
segregating progenies is at hand • . It apparently is not due to ~elective 
elimination as stated above. It co~ld be due to selective fertilization 
favoring the restored fet,tile P,lants. It is . most probably due to minor 
modifying genes segregating in the seed parent single crosses as well• 
in the pollinator inbreds• . · 

The inbreds used as sources of pollen restoring genes were also 
tested in various combinations with each other on (WF9Tx38-ll) as the 
sterile seed parent. : ·The fallowing combinations gave progenies with all 
completely fertile plants. Apparent'.cy: all of these inbred sourc .ea. have 
the necessary restoring genes in conunon and in the homozygous condition. 

Sterile Seed Parent 
(WF9T lt 38-11) 

QI tt; 

ti ! " ' 
Iii ,,, 

It " ' . 

Restoring Pollinator 
(l\V21 X C21) 
(C21 X Ky21) 
(K,S x Ky21) 
(NC77 x K;y21) ll5J 
nS3 ·(NC77 x -Ky-21) 

Jw2l is .a Kentucky inbred out of the Johnson County White variety. 
021 is a Connecticut inbred ou.t of IDinois Low Protein originally from 
the Burr White variety f~rme~ly :wid~ly grown in southern and cent~ lll,.inois. 
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·K$5 is a ·Kansas 1nbr.ed out of Pri4e of Saline, a white variety widely 
grown in the.west central plains. · NC77 is aver:, late .white inbred 
of. a white sGuthern prolific variety. _ ll53 is a short stalked .-early 
yellow 1.nbred,eut of a u.s. Department of Agricult~e opeh•poll:lnated 
selectton ·l33 .of unlmown origin. The slightly · reddish pericarp s~ggests 
that it may-·have come from Northwestern ·Dent. ·The;re are several selections 
of .this -old inbred, all with restoring ability, such· as A344, A293, , 
Wl.S3R. NY16 out of Webber Dent is another early inbred that gives good 
.restoration with all T sterile inbreds and single crosses wi~h'"which it 

.. has· been tested. · · 

< 

, ... 

' 211 ·. Independence of cytoplasm and· genes • .. 

.n. F. Jones 

. A sterile inbred, Cl06T, restored ·by· Ky21 has be~n selfed for 8 
generations. It has produced only fertile plants after it was reduced 
to honiozygosity for· the restoring genes. When this fertile inbred, carry­
ing sterile cytoplasm, was crossed by normal Cl06 the F1 generation was 
all fettile -and the selfed F2 grown last year · in . three separate progenies 
gave 37 nortnally fertile .andll completely sterile plants wher.e 36 and 12 
were expected in a monofactorial segregation. For 8 generations the · 

.. sterile cytoplasm has persisted in fully r ertile plants. Also 0106T re­
~tored by Ky21 was backcrossei:i on to Cl06T £or 5 generations then selfed 
2 generations to give an all fertile progeny. One of these restored · 
fertile plants was crossed by normal 0106 and in the F2 generation self­
ed· :grown last year gave 19 fertile and 5 completely sterile plants. This 

-is clear evidence that , different cytoplasms ,and- genes can remain together 
in the same organisms for many generations wit hout altering eac~. other. 

D. F. Jones 

3. Producing re~tored sterile -hybrids. , t •• 

. ' ' 

There are seire_ral ways of .producing ·-hybrid corn seed without de;. 
tasseling . -now in commercial use. The method of producing two lots of · 
s.eed of the samE1 genotype, one on a sterile · seed parent and one on a 
normally fertile seed parent by detasseling, and mixing these two lots 
of seed in · va,rious proportions is being widely used. This is a temporar:, 
measure and will be ~uperseded by the use of restoring pollinators as 
soon as these are ayailable. Various ways· of using restoring pollinators 
are being tried. 

The ~thod 'that el i.mina.tes all detasseling in the production of the 
foundation single crosses as well as the final double cross is to use 
steriie ,inbred.EJ as the . seed .parent of both .single crosses. · The pollinator 
£or the seed parent , single cross must be an inbred that has been -tested 

. for non-restoration. The polJ,Jnator for the pollen parent single cross 
must be a good restorer. The formula for this type of double cross is: 
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(A'-TffxB-ff) ( C-TffxD-TFF) where· A B C D are the four inbreds, T is the 
Texastype of sterile cytoplasm, EI the necessary T restoring gene or 
genes in the homozygous condition, and !f their recessive alleles. This 
combination will usually give about 50 percent of the plants shedding 
normal amounts of pollen in the farmer ts fields. This method eliminates 
all detas~eling in the propagation of the inbreds and also in the pro­
duction of both single crosses as well as the final hybrid. It also gives 
an auto!l)atic check on fertility restoration in the seed production fields, 
and may give an increased heterotic effect. Any loss of fertility restor­
ing ability will show up in the form of sterile plants in the pollinator 
rows. Macy of the outcrosses in the sterile inbreds and the sterile seed 
parent will show up in fertile tassels and can be rogued out. 

other methods can be used to give from 25 to 100.percent restoration 
in the final hybrid. If sterile inbreds are not available the pollinator 
single crosses can be made by deta~seling or by hand pollination. The 
following different formulas can be used: 

Percent Restoration 

(A-Tff x B-ff)(C-FF x D-FF) 100 
II II (C-ff x D-FF) 50 
II II· (C-Ff x D-Ff) 5o 
" II ' ( c-rr x D-Ff) 25 
II Iii (C-TFF x D-TFF} 100 
ti II · (C-Tff x D-TFF) 50 
II fl, (C-TFf x D-TFf) 66 
Ill II (C-Tff x D-TFf) 50 

The percent restoration listed applies when only one restoring gene 
is needed. Actually the amount of pollen shed will vary widely as shown 
by the test c~osses listed above and from the results of experimental and 
commercial hybrids already in production. Some of the methods listed above 
that give 50 percent restoration i.r). the farmer's fields will not give full 
pollen pr0duction in the pollinator single cross in the eeedsman•s cross­
ing fields and allowance nn.ist be made for this to have enough pollen 
shedding plants to give a good set of seed. All combinations must be 
tested thoroughly under different soil and seasonal conditions both for 
pollen restoration and combining ability in the region in which the hybrids 
are to be grown. 

Most corn produces too llll1Ch pollen and higher yields can be expected 
in the combinations with less than 100 percent pollen production. An 
interaction between sterile cytoplasms and restoring genes seems to be a 
factor for increased production and deserves further study. 

D. F. Jones 



' - ' ~ . \ (. i' . ~ 4·. Further report on relationships between crtoplasmic ana ·:.genic 
male ste 'rility. ' ,• ·. · -~--.· ·. 

· · ·Jones has · eaTlfer reported (MNL. 1954, p.20; Brookhaven Sym. in ­
Biol • . No.· 9,· 1956) ·the results of crbeses which clearly indicated ,inde­
pehdenoe between restorer genes for cyt~plasmic .ma.le-sterility and. the 

· · · · ·oohventional ms genes. : · Dominant t-estorer genes 'did not act as .. qominant 
· · ~ genes .•whenorbesed te 111$1!~·ma1e ster~ie plant ·~• ' Jones also point-
.. · out that Ms genes obviously o not L act a,s restorer ~es f 07; st er.lie 

· cytoplasm, -since the f ome:r genes are present in all normal inbreds which 
have been converted to cytop~asmic inale sterility. Furt~er . evidence ·on 
the indepenclence or the cytoplasmic and genie male sterile systems comes 
from crosses which placed an ms1/ms1_genotype ;n plants ~arryir)g S type 

, I cytoplasm plus restor et s 1for ~cytoplasm. ' ' . , . . 
I ) ;-' t • 

I I Fertile ·plants or Al58SF4-U . (S type cytoplasm, restored ,·by ' Ky-21 
restorer, backcrossed four generations ' to Al58, followed ~ey one .genera­
tion sell') Y Ms /! Ms were pollinated by Y Me Ir. ms males in a WF9 · 
genotype -., Allt' ,.. p°t'Jxts from this cross (ca:-3:s-pt=°Jtt,s) were fertile, 
indicati11& that ke female pare~t w~e ~omQzygous for the S-restorer, since 
the! ~ 1/z !!i ~le parent wa~ iµ -a ~ ba9kgro'!Td and presumably carried 
no S restorer~. The F1 plants, the~, p~ssessed S c~oplasm and were 
heterozygous for the restorer gen~s. In ad~ition~ 50% of the F1 plants 
were heterozygous Y ~,t£ .m!J. (ignorimg X-oyers). · The F1 plants were 
selfed, and white "tor tight 1,e'llow) seeds ftom ears segregating yellow-
white endosperm color wer~ planted. · 

' ~ . ' . 
The white · seeds slilou.ld ··give ··rise to y:_ .ins_1lz m.a1 plants in S cyto­

plasm, except for X-overa (4-?i). Since 'theF 1 plants were .heterozygous 
for the S restorer gene, 75%· of the ·. y_. ~Ii !!!i. plants should have ca;-ried 

• · the ·restorer gene. Actually, according · o Buc:m·ert :•s • findings Qn the ma.le 
: transmission of .S restorers in Al58SF fami1ies (MNL 1958, 'p,15) all of the 

..l"~/z ~ plant~ woul~pos.eess 'the restorer 'gene, ··~inoe 0:-i;tl.Y the restorer 
::.: : alleie istrans'f erred f.hr6Ugh the po:µen f , .. If the S rest~rer gene pr event­

. e~ the ms1 ~e~e from expre ijsing itself, or if !!!!1. were not _capab1e of act­
ing _in · ~cytpplasm, at least 75%, ·arid proba?ly 100%'; or the I i!1lz li6l 
plants would be expected to be fertile. In fact, out of 'a tota of 

· plant$ in two progenies ·, ·J.D plants ' were , completely steri1e and only ~ 
normal ·.rertile (6.5% .fe:rtile). 'The proport i on of fertile plants is about 
that expected . as a result of X-overs between the z and !!]. . loci plus : 
hetero-fertilization and mistakes due to misclassification of light yellow 

:.' endosperm~ It is . concLLuded~ the~e ~ore, that !!ii~ · plants with S . cyto­
].)laem and s· reetor~r @:enes are at.~rileJ t~e n1 geni is not inhibite~ . by 

· S restorers, by S cytoplasm, ~r by _ a comb'inat on"of both. ·' . ' ,. 
.. .- ·,• 

Harry T. Stinson, Jr. 
' ~ .. 

S. Inheritance of a ohlorophYll defect in a ma.le fertile WF9S stock. 
• • 2 • -

Previously reported (Jones, MNL 28, p.19; MNL 29, p.14) was II case 



involving a change from cytoplasmic male sterile to male fertile in a 
WF9 line carrying S cytoplasm. The evidence indicated that the loss .· 
of sterility Wtlfl' not due to a mutation to either a dominant. or recessive 
pollen restorer gene • . It was suggested that the alteration which brought 
about normal pollen fertility occurred in the S cytoplasm. Also pointed. 
·out was the fact that associated with the fertile WF9S plants was a rather 
severe yellow and pale green streald.ng, more pronounced than 1n normal 'WF9t 
The first record of this chlorophyll abnormality appears in both of the 
first generation selfed progenies from two fertile WF9S p-lants •which had 
previously been backcrossed 6 generations by normal WF9. It was present 
every year throughout 4 subsequent generations of selfing. The character 
is variable in expression, ranging from a d~gree of yellow streaking 
similar to that found in some nonnal vlF9 stocks to a verys~wre ··,etrealdi,;g ., 
and : raductloa .in =vi~or,. The est:i:rilations of ··the de~e -•of ':•.streald.ng · that · · 
have ~een .. mad~ are B\\bjeot:\.v.eones, and~ some .instances ·mey Qe:openrto 
question. A green plant is one judged _to ,be no more streaked than, normal 
WF9, i.e. to be 11norma.l WF9 green". · 

In the fifth generation selfed material grown in 1956 it was noted 
that all 17 plants in one family appeared to be normal WF9 green, while in 
a second family 9 plants were clearly streaked and 8 were green. An 
attempt was begun to follow the inheritance of the chlorophyll abnormality 
end to determine what bearing, if any, it might have on pollen fertility. 
Specifically the breeding behavior of green and streaked plants was com-
pared in selfs and in reciprocal crosses with normal WF9. · 

To date, it bas not been possible to isolate a line that breeds 
true for greep.. -;rwo selfed progenies were grown in 1957 from the family 
mentioned above where all 17 plants were judged to be green. One -progeny 
was again all green, but on seUing (1 plant) yielded 20 streaked plant.a 
and none green in 1958. The other progeny gave 4 green and J streaked 
pl&nts, and a .self of one of the four green plants gave all streaked plants 

· (J.6). The behavior on selfing of two of the eight green plants in the 
secon(l family grown in 1956 ( which bad 9 streaked and 8 green plants) was 
similar. These produced in 1957 progenies of green and streaked plants -
14 green, 2 streaked in one;- 8 green, 8 streaked in the other. A further 
self of a green plant in eaoh case gave all streaked plants in 19S8. 

Selfs made on the yellow streaked plants have given rise to progen­
ies consisting _ exclusively or streaked plants - 11 plants 1n 1957, 14 
plants in 1958. Based on only 2 generations and a small number of plants 
the difference in the breeding behavior of green and streaked plants on 
.selfing appears to be that green plants can yield green as well as streaked· 
plants whe»eas streaked plants give only streaked progeny. If this is true, 
th-m the green plants that were originally observed in the two families 
grown in 1956 have been lost, since by 1958 their descendants were all 
streaked. The ea~ential correctness of t,he initial judgement made in 19.56 
that one f a."Tlily consisted of all green · _plants is indicaterl by a planting 
of r~t seed of this family 1n 1958, where again all 10 plants were 
abou-,; nomna.l WF9 green. lfhus in 2 years of selfing these pl:ants have 
become streaked. However, the progenies descended from the green plants 
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on the whole probably are less severely streaked than the ' progenies from 
the streaked plants. · · 

Pollen . fertility seemed to be about normal for WF9 in all of' the 
ab8ve families, so -that i~ was not · possible to establish-any connec~ion 
·bet we.en the chlorophyJ.;l._ abnormality and the change to pollen f ertili.ty 
'that -~ocurrea in this material. · One difficulty in estimating pollen 

. fertility is the general reduction in ·vigor encountered in -th~ most 
severely streaked plants, Such . plants t.end to .produce reduced amounts 
of ·pollen • 

. Green and streaked plants have also been· crossed reciprocally with 
· ·-normal WF9.. Normal WF9 crossed as .female parent by eit~er green or · 

stre~ed plants has given· only green offspring, and the pl.ints have re­
mained green in a first baokeross by green and streaked respecttveq ; 
Iri contrast, the reciprocal ciross green x WF9 gave green and .streaked 
plants. Green plants from this cross were again pollinated by WF9, 
giving all streaked -plants. These results in crosses and backcrosses 
by WF9 parallel those of the green plants on selfing. Streaked , plant~ 
cross ·ed and baekcrossed by normal WF9 pollinators have produced only 
streaked plants, just as the self's on streaked plants. Again, all 
plants from crosses with°vJF'9 were judged to be normal fertile for this 

_. inbr~d. 

These differences in reciprocal crosses with normal WF9 indicate 
that the chlorophyll abnomality is apparently transmit t ed only 1 througb 
the female parent ·. This suggests that sorne cytoplasmioally inherited 

·factor or factors, perhaps the chloroplasts themselves, are responsible 
for the alteration in chlorophyll phenotype. The role that nuclear genes 
play is unlmown, since only a WF9 genotype has thus far been involved. 

The behavior of what appear to be green plants both on selfing and 
backcrossing PY WF9 is somewhat puzzling. The-failure of ~greeh plants to 
breed true may mean the chlorophyll abnormality is easily modified~ . 

· environment and in some plants fails to show in somatic tissue ·, but the 
altered ·oytoplaamio c~nstituent is nevertheles s present in ~ome ~g cells 
and hence is transmitted. Or plants may appear green because of the pres­
~nce of onfy a relatively · few altered plastids, or other cytoplasmic · 
eil.ements, •which fail to mapifest th;em.selves v.isibly ~ f!Omatio tissue, 

. ·, but which are present 'in sufficient . numbers· in certain egg cells to -give 
!! :rise to, streaked offspring. It is also possible that the alteratio~ • 
· which brings · about the streaking is recurring in green plants; but if · 
this is the case the change .must be more·or less restricted to germinal 
tissue, -or be taking place so late 1n· development that it . fails to , show 
somatically. There does -appear to be a real difference in ~he breeding 
behavior of .green and streaked plants 'in the- proportion of streaked plants 
they give in selfs and in crosses, as maternal pa!ents, with WF9. Evident .. 
ly in streaked plants all, or ·nearly all, egg cells receive large enough 
numbers or altered cytoplasmic -elements to produce recognizable strekfed 
-offspring • .- The variability in the · degree of expression could be a oonse-
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quence of the relative numbers of ttgood" or 11bad 11 cytoplasmic elements 
in the zygote, which could be distributed randomcy-during somatic 
development. 

The result reported here of apparent cytoplaemically inherited con­
stituents which affect chlorophyll and vigor are generally similar to the 
examples cited by Brown and Duvick (MNL 32: 120). The relationship be­
tween the chlorophyll aberration and the change from male sterility to 
fertility remains obscure. The two in fact may not be causally related. 

HaTry T. Stinson, Jr, 

6. Male gametophytic selection as the mechanism for non-segregation in 
the restoration of cytoplasmic male sterility. 

In the 19$8 issue of Maize News Letter a non~segregation of restorer 
genes ror cytoplasmic male sterility was reported.. A further investiga­
tion has revealed the mechanism of this phenomenon. For brevity only a 
summary of part of the data. will be presented here. 

The following · symbols will be used: 
S • a male-sterile plant with the 11S" type cytoplasmic factor 
SF(Het) a a fertile plant with S type cytoplasm and heterozygous for the 

restorer from K;y2l 
SF(Hom) • same as above but homozygous for the restorer. 

No. of Residual No.of plts. 
TlEe of cross crosses made ~enotne Eer eroge!:!l Results 

SxSF(Het) ;i.5 AJ.58 10 - 48 ail.l fertile 
SF(Hero) selfed 4 n· 20 - 80 n n 

SF(Het)xSF(Het) 3· "' 19 - 47 II n: 

SF(Het )x Inbred 23' llt 4J. - 80 l r ertUe rl· ,eterile 

Thus., 1n the above data, whenever an SF(Het) plant was used as a 
male no segregation occurred; while, when one of these was not used as 
a; male, segr~gation always resulted. 

Microscopic observation of the pollen from SF(Het) plants revealed 
that about one half of the pollen in each anther was aborted. Since there 
is a correlation between the percentage of pollen grains carrying the re­
storing gene and the percentage of Ell)parently viable pollen, and since all 
the pollen grains effecting fertilization have the restorer, the inheritance 
pattern can be EJCp1:e,ined by assuming that only the pollen grains with the 
restorer ·live., while those with the alternate a~lele abort. 

This hypothesis has been tested 1n the following manner: (1) If an 
SF{Het) plant were self-pollinated halt the progeny would be expected to 
have about 90% normal pollen (normal for the Al58 inbred) and half the 
plants to have slightly more than half of the pollen aborted. Pollen from 
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plants in tw:o such "F21t1 cultures was examined. In one family -eight plants 
had about 90% normal pollen, while eleven plants had about half the •p-ollen 
aborted. With the other progeny eight were about 90% and ..fifteen were 
about 45%. The progeny of a selfed SF(Hom) plant was also checked. Also 
~s _expept ·ed, ~l eleven checked were about 90%. (2) It these "F211' plants 
with about 90% nor~l pollen were pollinated by the inbred (A158), on]¥ 
fertil~ offspring would be expected; while, from a similar pollination of 
the 4.5% segregates, a l!l fertile-to-sterile ratio should ensue,. A total 
of twel:ve 90% plants from the three progenies were pollinated by A158 andr' 
each gave rise to an all-fertile progeny. Thirteen plants of the 45% type 
frorri among the :t'Wo 11F211 cultures were crossed with the inbred in the same 
manner; each segregated 1:1. 

This selection phenomenon is ~ot limited to ma.terial with the Al.58 
residual genotype. The following is a summary_ ·or all s-sterile material 
observed: · · · · · · · · 

' . • No.of 
Source progeey Observation on basis of: 

of Restorer ~cksround 'Senotn2e - .observed Pollen % Prose~ Test 
, 

Ky21 Al58 45 selection selection 
Iii Ml4 20 111 ,n, 
It, P39 12 u~. . It 
,r WF9 x Ky2l a 

; --·--""' n: . 

A2o6 Al58 x A206 l selection II 

II (MllaxWF9) (A158ltA2o6) ' l ti __ _.._ I• 
Q703 Ml4 X Q703 l 11, 

W22 W22 x Al58 1 no selection ------
S.P.R.* S.P.R. 1 

___ ....., 
intermediate 

II· ·(WF9x38-ll)S.P.~. l interm~diate 

* Southern Prolific Restorer, a closed pedigree single cross produced 
by McCurdy. 

It . can be seen that this type of selection is wide-spread, though 
not universal in S material and therefore is not a necessary consequence 
of t _he S cytoplasm. There are indications that this inheritance pattern 
can be modified by both the restorer and the residual genotype; however, 
until the evidence is complete it will :not be presented or discussed. 

Preliminaey ·• observation suggests · t~t this same type of phenomenon 
can 9ccur with 'F cytoplasm and that it i~ dependent upon the residual · 
g~notype. 

' ,. '• I 

Janson o. Buchert 

7. The location and critical time of primary gene aGJtion as a mechaniS_fil 
of male gam.etophytic selection. . , 

Since . 50% of the · pollen grains of ·,the SF(Ht-~t) plants described in 
I. 
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arti~le 6 ,(above) abort, it can be concluded that there has been ·~o way for 
a sufficient amount of an essential product of the restoring gene to get 
into their cytoplasm. This could only come about if the critical restor­
ing action were to have occurred after the formation of crosswalls during 
microsporogenesis; after the time when. it became impossible for an active 
restorer product ~o travel to the other microspores. The spores not con­
taining the restorer then degenerate due to the activity of the sterility 
factor. · 

It this is indeed the ·mechanism determining the :male gametic selec­
tion and, as a consequence, the degree of pollen abortion and inheritance · 
pattern in this S material, then the restorer would not be selected for if', 
while keeping the residual genotype constant, it were put with a type of 
cytoplasm other than s. The segregation (as would be disclosed by a progeny 
test) ior the S restorer has been checked in normal and in T type cytoplasm. 
A number of fertile plants resulting from the cross Al.5819 x' A:I:58SF'.5 
(Al58SF5 was also heterozygous for a T-restorer) were examined, and in no 
case was any more pollen aborted than is exhibited by the Al58 inbred 
(about 10%). Offspring from AlSB x Al58SF.5 likewise showed no excessive 
abortion. Thus, with normal, as -well as with T cytoplasm, no selection 
manifests itself. 

The time and location of the action in restored T-steriles is prob­
llbl.1' the · s811le1t. 

Janson G. Buchert. 

8. On the role of the tapetum · "in pollen abortion. 

The idea tha~ the mechanism of · abortion of pollen grains in cyto­
plasmic male s~erile plants · may be a starvation due to the withholding 
of food by the tapetwn can be discussed in the light of the observations 
discussed in artic~e 6 ab~ve • . If ·this ~dea were correct, then, in those 
cases where there was incomplete sterility (50% of the pollen aborted), 
there shou1d have been no correlation between those pollen grains aborted· 
(or conv!3rsely, those which survived:) and a gene contained by·them. This, 
however, was .not the case. There the presence of a gene in the maturing 
pollen grain determined which grains would be aborted by the sterility 
mechanism. ·rt can therefore be concl~ded that in cases of the S type male 
eterili ty, the abortion is not caused ·by a starvation due to the withhold­
ing of the food by the tapetum. 

This is·probably also true in T-steriles. 

Janson o. Bu:ohe~ 
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9. Time of the critical c o lasmicall -induced action oausin ollen 
a ortion. .,. 

The conclusioris•drawn in article .? above help to establish the. time 
when the critical ' step in the abortion mechanism occurs in s .. ateriles. 
Because more than one st·ep must precede it, among them, the primary, 
restorer gene action and the restoration process, and·since 'the _critioal. 
times for these processes occur after microaporogenesis, this critical 
stage determining the abortion must take place during the maturation of 
the pollen grain - only a short time before the deterioration cah be_ seen. 

· · Janson o. Buchert 1 
· 

10. Effect of eilvironnreht ·on ollen restoration of T Ta.as 
plasmic ~ e· sterility. 

It has frequently been observed ill T-sterile material where the re­
storers from _Pl.4, PJ9, or NJ14.3Y are being employed, that one part of a 
tassel may be more fertile -th.an · another. Occasionally pl~ts will be 
found where the first day's shedding area will be fer.ti~e, . the second tday 1s 
will be· less-than-half fertile, the third day's will be better-than-half 

• fertile; and the base perfectly normal. Sometimes the tas -seil. on the ma.in 
stem is almost sterile, while the tassels of the tille~ .wi.11 be normally 
fertile or nearly so. This behavior appeared attributable to · the environ­
ment. • ·To investigat ·e this, samples of seed from the same ear, produced 
by the cross (ClJT x NJ14Jy) ClJ, were planted at about 5 to 7 day inter­
vals from May 15 to July 23, 1958. From the data of three backcrosses 
and one F2 progeny, it had been previously established that the restoration 
brought about by NJ14Jy · segregated as a single dominant gene. Further­
more, ~eed f.rom1the same packet had been .sampled .th~ •prevrous year and 
·found to segregate in a 1:1 ratio; it !mad been planted May_ Jl. · T-herefore, 
on the basis of both the previous sampling -. and the previous beliavior of 
tMs restorer, each -planting in ·l958 should have ·contained fertile and 
sterile plants ·in eqUAl numbers. Those planted from ·May 15 through -May 
25 and from June JO through July 23 had a significant , (P <.01) excess of 
steriles, while the samples planted June 2 through June 16 had a sign'if' ­
icant (P=.02) excess of ' fertiles. Samples planted on May 28 and June 23 
appeared to give a one gene ratio. "There was no concious selection ~in 
remo$g seeds from the packet; also, some samples included va~ious · 
degrees of 11partialsn while others did · not. The environmental factor(s) 
responsible is not known. 

Janson ·o •. Buohert 

11. The effect of environment on Eollen restoration of the s-type 
g12,eiasnd.c male sterility. 

When grown during the 1955 and 1956 seasons, all cultures having 
only plants with S cytoplasm, mainly the P39 residual genotype, and the 
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S-restorer from Ky-21 exhibited various degrees of fertility. Never, 
however, were any plants completely fertile, nor were any completely 
sterile. The P39SF material grown in 1958, however, expressed itself 
differently. Conclusions are based on_the following data. 

Cross 

P.)9S8 x P39SF1 
P39S9 x P39SF2 
P39S9 x P39SF2 

P39S9 x P39SF2 
P39S10 x P39SF3. 

P39SF1 x PJ9 
P39SF.l x P39 

P39SF2 x PJ9 
P39SF2 x P39 
P39SF3 X PJ9 

P39S10 x·P39 

Year Grown 

1955 
1956 
1956, 

1958 
1958' 

1955 
1955 

1958 
1958 
19.58 

1958 

Fertility* 

all P 
all P 
all 13 P 

5P . J2 S 
lP 37 S 

10 P 
9 p 

7 s 
3 s 

all 49 S 
all 32 S 
1 p 45 s 

all S 

* On the basis of pollen shed. P • partial fertile 

Ex:trusion of anthers-¾* 

all M 
all M 
all 13 M 

all 37 M 
36 M 2 F 

10 M 
· 9 M 

30 M 
15 M 
23 M 

·7 For N 
3 For N 

4 F 15 N 
8 F 9 N 

13 F lO·N 

all F or N 

S • sterile 

ff M • many (usually more than 150) anthers; F • few (usually less than 
15) anthers; N • no anthers extruded. 

Except for seven, all of the plants in 1958 were sterile, regardless 
of the type of cross they had resulted · from. These seven, however, were 
the latest plants to flower; therefore, the critical environment may have 
been different for these plants. Although the expression of fertility 
was different in 1958, the degree of extrusion was not. In the 1955 and 
1956 grown cultures all of the fertile plants had many anthers extruded, 
while the steriles had only a few or none. If this same relationship 
had existed in 1958 the same ratios of fertile:sterile as was expected 
(on the basis of male gametophytic selection - see article 6 above) would 
have resulted. That is, while the progenies of the crosses of the type S 
x SF were expected to have only fertile plants, almost all the plants 

. were sterile, but, virtually all had ntaJ.lY anthers just as the non­
sep:regating .families in 1955 and 19.56. SF x inbred families had almost 
all sterile plants, but they s~gregated in a 1:1 ratio for many: tew 
or no anthers ext ,ruded, just as similar pedigreed families in 1955 and 
1956. P39S11 was listed for comparison.· · 

The environment responsible · for this different expression in 1958 
is not known. There was one major difference in the -environment in 
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Connecticut in i958; the early part of the growing season (about 3 - 4 
wee~s) was unusually cool and wet. 

Janson G. Buchert 

12. Separation of cytoplasmic male sterility types PY chroma~ographY. 

Chromatographic analysis applied to mature anthers of cytoplasmic 
male steriles from nine di.ff erent · sou1•ces in various stages of baekcross­
ing to WF9 shows promise as a means for classifying these cytoplasms. The 
chromatograms were first inspected with short-wave ultra-violet light and 
later dipped in ninhydrin solution. Root tissues showed no marked differ­
ences in ultra-violet light fluorescence or absorption, or in their content 
of ninhydrin-positive materials, Chromatograms of anthers in early stagee 
of development were similar except for the T sterile (previo~sly ·reported). 

Ultra-violet light fluorescence and absorption patterns of the 
normal WF9 and the cytoplasmid steriles E, T and 8 were distinctly different 
from the other types examined (A, B1 D1 F1 G and H) and from each other. 
The B and F sources appeared to be alike while the others fall into a 
separate group. Ninhydrin-positive patterns were less distinctly different. 

It is hoped that with a refinement of techniques, a further sepa­
ration and identification of the cytoplasms chromatographically will be 
possible. 

.• 

Uheng Khoo 
Harry T. Stinson, Jr. 

CORNELL UNIVERSITY 
Ithaca, New York 

Department of Plant 'Breeding 

1. : Pollen viability studies~ 

Utilizing the bio-assay for corn pollen viability discussed pre-
· viously, (MNL, Vol. 32, P• 18-19) additional experiments were undertaken 
in 1958. Some of the factors known to contribute to the pollen longevity­
viability problem were examined in greater detail. In some of the reoent 
_work, pollen kept via;ble for 8 d~s was· not uncomon. The most favor .able 
temperature for 8~y storage was +J0c., -although temperatures from -8°c. 
to +10°c. will generally work nearly ae well. 

Attempts at suspending pollen in liquid diluents were entirely un­
successful. l.OM and 2.0M glycerol and rnannitol and 100% glycerol failed 
to retain any viability: in corn pollen ,for periods of time as short as l 
minute. 
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Fresh corn pollen was successfully 11diluted 11 with previously ld.lled 
corn pollen. Dilutions of from 1:1 to lOOrl were used effectively in 
viability studies. The mechanical mixing did not appear to have any 
deleterious effects on the fresh pollen longevity. 

Additional experiments·were conducted to determine optimal pollen 
collection, optimal storage., and the changes that take place in the 
pollen during storage. These will be reported in detail in a thesis 
in preparation by the junior author. 

2. gxygen '1tiliza~ion by fresh pollen. 

H. L. Everett 
D. B. Walden 

Some of. the pollen treatments observed in the longevity-viability 
studies have been subjected to elementary physiological analyses. The 
results can be summarized as follows-: 

a) The o2 uptake of fresh pollen can be measured with appropriate· 
manometric tecfudques. Thus o2 uptake as a function of time of storage, 
storage conditions, etc. can be d~termined. In our work, 0.2 - 0.3 gm. 
fresh wt. of pollen was inserted into 15 ml. "Warburg11 vessels and attach ... 
ed to manometers. 

b) The o2 uptake of fresh pollen suspended in o.o5M phosphate buffer, 
pH 7.) cen also be measured. In such a. system., the pollen homogenate can 
be show to oxidize some of the organic acids of the "Krebs" cycle. It 
Cal\ also be shown in the case of sucr.inate oxidation that the respiration 
pathway is at least partially sensitive to cyanide and azide. A general 
interpretation of these pollen 11respiration 11 studies indicates that 
pollen respiration is not unlike the classical respiration of yeast. 

c) The preparation of an active "mitochondrial" suspension from 
com pollen has not been successful with classical methods. 

H. L. Everett 
D. B. Walden 

3. Respiration studies with preparations from corn seedlings. 

A preparation with oxygen uptake activity can be prepared from oom 
seedlings: Six-day old meaoootyls and cotyledc,ns are ground for 3 min­
utes in a 0.05M NaHC03 buffer in 0.25M mannitol solution at o0c. Differ­
ential centrifugation allows sedimentation of a pellet at 15.,000 g. This 
pellet is washed and re~suspended in o.25M me.nnitol. 

Utilization of some organic acids, inhibitor studies, determination 
of PJO ratios., have aided in the characterization of the respiration path• 
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way of corn seedling preparations, 

,, 

H. L, Everett 
· D. B. Walden 

·cROW1 S HYBRID CORN COMPANY 
Milford, Illinois · 

1. Dwarf prolific corn. 

Our work with the multiple-eared strains of c·om is showing enough 
promise that we are going back to teosinte again to ~e a: wide variety 
of crosses. In 1958, we had 105 first-generation hybrids. For the most 
part, these :were crossed back. to maize, · ··' ,·. 

We are about ready to conclude that a str:tl,k•with 6 to 8 ears, five 
to six feet tall., would be ideal either for silage or for grain. Crosses 
with dwarf lines have been made to shorten the tall nomal plants to a 
more desirable height. · · 

: . , w. J. Mumm 

, , 2. Twin shoot. · ., 

This past year we· had a number of F2 crosses between twiri~filhoot:and 
, : Inbred Izy". : The twio,,.shoot charactei' failed to reappear. We: _do 1not· under­
. stand why it failed ·to appear., but we are going to try another approach. 

A characteristic of the•twin-shoot we are using is a double groove in the 
internode :of the stalk where the twin ear buds app·ear, 

w. J • . Mlirnm -:-: ~ 

3. Dwarf h.Ybrids. 

We are multiplying our inbred seed stocks this year in preparation for 
commercial production of intemediate dwa:i,f hybrids. Up to now we have ... 
called them, semi-dwarf. The stalks themselves. are s~ -to eight feet· ·tall 
and the ears are from 18 to 30 inches above the ground. These hybrids 

-will !it in situations where high fertility and thick planting rates 
.. causes nqrmal. eybrids to break over badly. 

,, . w. J. Mu.mm ·• 

• .r ' > • ... •1 



EAST AFRICAN AGRICULTURE AND FORESTltt RESEARCH ORGANIZATION 
Kenya Colony, East Africa 

l. Resistance to Pucoinia polyaora Underw. 

2, 

Race EA.l of P.:e?lysora still remains the only race identified in 
the field in Kenya, Uganda and Tanganyika. Breeding ot resistant maizes 
has been discontinued, and will be reopened only if races appear virulent 
to present stocks carrying genes~ or !i?I?2• 

H. H. Storey 

ESCUELA NACI0NAL DE AGRICUI:l'URA 
Ia Molina, Lima., Peru 

l. Pollen restoration system in Peruvian Coastal Flint maize. 

The 11Texas 11 (T) source of male sterility, represented by the single 
cross 203 MS x 61M, was crossed with the Peruviqn Coastal Flint variety 
Amarillo La Molina in 1952. F2 fertile plants were selfed, and pollen 
fertile plants from resulting segregating lines selfed to s2, where se-
lected pollen fertile plants were simultaneously selfed and crossed to 
tester male sterile plants. Genetic analysis was carried·on 1958 data 
from 32 F3 and F}

1 
families (10 S2 lines, and 22 s3 lines), and their 

respective testcl'osaes, yielding the following classification: ------

Restoration: Co~lete Partial No 

Phenotypic Ratios-tt All:None 3:1 9:7 3:S 15:l None:All 
~Fertile:Sterile) 1:3 

'----v-" 
Gene action -- lpa.ir 2 complementary 2 dupli• ---

Eairs{eEistasis) cate pairs 

No. or lines 11 11 y 4 0 

*(Semi-fertile ·plants were pooled with the fertile group) 

Chi-square tests conducted on phenotypic ratios gave good fits 
(P> O'e.30) in the respective groups of F3 or F4 families, and their test­
crosses, to the several ratios noted above. 
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It may be concluded trait the pollen restoration system in ·the variety 
Amarillo La Molina of the Peruvian Coast is made up of at least two com­
plementary dominant factors. No restoration of male fertility is effected 
when the zygote carries either one of these two factors in the homozygous 
recessive state. There is also evidence, that two duplicate dominant 
factors may be also operating as a substitute pollen restoring system in 
this variety• .. . 

Alexander Grobman 

2. Pollen restoration in Caribbean and Southern u.s.A. maize. 

Nine selected lines derived from parental Cuban varieties or hybrids · 
were crossed to the ''T"' source . of ma.le-sterility. Of these, only one line, 
FF(MS)J.4-2 proved to be a pollen restorer. Three F2 families derived by 
selfing the F1 of the cross FF(MS)J.4:..2 x M.sterile 1 gave the following 
pooled phenotypic segregation ratior 

Observed 

.311 Calculated · 

Sterile 

17 

1.5.2.5 

-Semi-fertile F,ertile 

- 3~ 
. . 44 . 

44~7.5 

A good fit to the one dominant restorer factor hypothesls was ob-
tained. . 

-· 
The following s1 line (M.Sterile x FF(MS)J.4-2]-J derived from the 

cross · male sterile x homozygous resto1~er was testcrossed to a male sterile 
_plant, _giving a perfect 9 fertile: 7 sterile progeny ratio, pointing to the 
possibility that the basic restoring system may be also made up in this 
J11aterial 9f two complementary _genes. , · · · , 

· Ai.study was conducted to determine the system of restoration of Ky-
122, furnished .. by the North Carolina Expt. Station in the form of MS x 
(T-ll.5xKy-l22) by crossing it with the local form ·of ma.le sterile AmIM 1 
·(203 MS x 6JM) .and studying segregation in 4 Fz progenies. The ·following 
pooled ratio was obtained that · fits closely a 2 complementary genes . 
hypothesis: · 

Sterile ·semi-fertile Fertile 
I • 

Observed 32 

Calculated ( 9 !7) 29 .• 3 

Alexander Grobman 
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3. New sources of cytoplasmic pollen sterility. 

Two new sources of cytoplasmic pollen sterility have been isolated 
from the race Perla, being identified in breeding plots, and checked by 
testorosses, with known restorer and non-restorer lines. These 2 sources 
have been named EM-3000 and EM-320, and their behavior is as follows: 

EM-3000t 

EM-320: 

(a) completely restored by FF(MS) 14-2' 
(b) DOt restored by either Cuba J!fil-20##•9 or Cuba tru.-3## 

.Cc) restored 3'tl by HJ.lA-'24## -3 and by MSx (T-11$xKy-122) 

(a) complete]¥ restored by FF(MS) 14-7-2 and PD(MS) 9 - 32 
(b) not restored by PD(MS) 9-48 derived lines. 
(c) restored J:l by FF(MS) 14-2-## - derived lines. 

Both sources behave with these lines identically as does the Texas 
source of cytoplasmic pollen sterility. 

Alexander Grobman 

4. Inheritance of Cap. 

The simple dominant gene }Wpotheeis has been confirmed to operate 
1n the character starchy cap vs. no cap in crosses of CUban dent lines 
x Peruvian Perla flint lines. 

In the cross PC._79-## x Cuba 23-25## (no cap vs cap) a 1:1 pheno­
typic ratio was obtained in the ~2 , while in the F2 of three families 
of the cross PD(MS)9-48##x CC-94i"IH (cap vs. no cap) a 33:4 phenotypic 
ratio that approaches a ~othetical 7:1 was obtained. Both ratios point 
to a single gene segregation with two modes of xenia operation: complete­
]¥ dominant xenia (7rl) and incomplete <;tominant xenia (1:1) in the endo­
sperm. 

Alexander Grobman 

,. Study of chromosome morphology of races of maize in Peru. 

Advances have been made in the study of the number, position, size 
and shape of chromosome knobs of th~ races of maize in Peru, trying to 
determine patterns for differentiating races (see first report in Maize 
News letter 32:2$). 

Differentiating features have been obtained, and are being stu,died 
further for ample confirmation, 1n the frequency of appearance or lmobs 
in certain chromosome arms, the shape and size or·. such lmobs, the fre­
quency of presence of the abnormal -10 chromosome, and the frequency of 
high number of B-chromosomes. The highest number of.B's per plant, found 
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so tar, was 4. Generally ·speaking, .B - chromosomes are found in high­
land races, with low ~umber o~ knobs. 

ID.ises Moreno 
~lexander Grobman 
Barbara McClintock 

6. Evidence for existence or a common prehistoric race in both North 
and South America. 

A new cache of corn in an early Parfs\CaB stratum (circa 0-200 B.C.) 
was found by Dr. Dwight Wallace in I1~a, on the southern Peruvian coast. 
This material, was found in an excellent stat.a of preservation and per­
mitted a careful morphological study. The ears were short, ranging from· 
1.5 to 9 .o ems-. in length.,· most of. them with medium to . strong f asciation, 
with brown or red perioarp, and small yellow flinty (pop) kernels. Four 
ears had cherry pericarp. 

This corn is clearly related to a precursor of a large number of 
present-day Peruvian and Andean races, and the Mexican race chapalote and 
seems to be similar to Huaca Prieta corn, as well as to com from 
Tularosa .Cave, which would mean, that this prehistoric race of com 
might hsve been grown in both North and South America, more than 2500 
years ago. 

i . 

Alexander Grobman 
Pa~ c. Mangelsdorf 

ESTACAO AGRONOMICA NACIONAL 
Oeiras, Portugal 

l. A persistent nucleolus in maize. 

A ·study of meiosis was made. in 6 F1 plants from a cross between a 
normal _ipbred line and .a plant with the constitution abnormal 10 10B 
2~ablO. In all plants a persistent nucleolus was· detected at both 
meiotic divisions in a. large nW11ber of pollen mother cells. Pa.rallelly, 
production of carmine stained nucleolar-like bodies was -also observed in 
many cells, 

A large number of :droplets of staining material were found in the 
nucleus, surrounding the chromosome thteads at leptotene. At zygotene 
similar droplets were observed in close connection with the synizetio 
lmot. I.a.rge, 'irregular, light staining spots were observed in the sur­
rounding nuclear sap. These spots are thought to ·_be the products o:£ 
the progressive dissolution of droplets previously fonned and freed by 
the chromosome contraction into the synizetic knot. 
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The fact that in this stage droplets are found close to the 
chromosomal bulk seems to be a good reason to believe not only that 
these bodies are produced by the chromosomes but also that the chromo­
somes are still in an active metabolic stage. It has not been possible 
to ascribe the production of this substance to any particular region of 
the chromosomes. 

At pachytene the droplets are less numerous· and larger, lying 
completely free in the nuclear sap between the bivalents. They are 
generally 1/5 to 1/8 smaller than the nucleolus., in diameter. Later 
prophase stages are characterized by a gradual disappearance of these 
bodies., and at diakinesis none was observed. Instead, a granular., 
coalescent and light staining substance was seen spread over the 
nucleus. At prometaphase a persistent nucleolus was observed in a 
large number of cells. It soon becomes free from the nucleolar organizer 
attachment and orientates displaying an elliptical and finally a rod 
shape configuration. 

At metaphase I the nucleolus is normally lying at one of the poles 
of the spindle. Very few cases were observed in which these nucleoli 
orient on the equatorial plate. They then fonn a long rod crossing the 
spindle plate lrlith their ends close to the poles. Other times a spindle 
shaped configuration was observed, made up of two rods convergent at the 
ends and directed towards the poles. These nucleoli finally break into 
two pieces that move to the poles. Nucleoli were also seen lying outside 
the spindle. They. seem to be motionless. 

The division cycle of nucleoli alwaysprecedesthe anaphase move­
ment or chromosomes. It seems the ref ore that centrifugal forces are al­
ready operative in the spindle prior to the polar movement of the 

. cm"omosomes. The directional stretching of nucleoli towards the poles 
is probably a function of the frame--like structure of the spindle that 
dictates the predominant direction of the movement. The persistent 
nucleoli normally disappear before anaphase. In a few cases, however, 
nucleoli were· still foupd·.at final anaphase.,I lying beyond the poles., 
apart from the chromosomal group, seeming to be displaced by them from 
their previous site. · 

Telophase· and interphase are characterized by a widespread occur­
rence of small, dark staining droplets in the cytoplasm. They are dis­
solved before metaphase II. Meanwhile amorphous nucleolar substance is 
produced inside the nucleus, and a persistent nucleolus is again present 
at metaphase II lying at one of the spµidle poles. Nucleolar division 
has never been detected at this stage. Finally cytoplasmic droplets were 
again observed at telophase II, interphase and prophase of the microspore 
first di vision. · · 

From the above description it seems logical to infer that the per­
sistent nucleoli were due to an over-production of nucleolar substance 
by the chromosomes. Presence o~ nucleoli at the metaphase stage seems 
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in this case due to the saturation of the nuclear ·sap and cytoplasm by 
this additional product. 

Paceyl;ene analysis of the chromosomes in five plants disclosed 
their constitution as follows: 

Plant 1 - 10 loB 2aablO 

Plant 2 .~ 10 10B 21JLblO 

Plant 3 -- 10 ablO 

Plant 4 - 10 1oB.J3Elbi e 

Plant 5 - 10 10B B&blO 

These plants carry a large number of knobbed chromosomes. A low 
degree of neocentric activity was detected at both meiotic divisions 

. in all plants. 

An attempt was ma.de to evaluate the relative amount of the droplet 
forming substance in PMCs of these plants. Two morphological criteria 
were used: the evaluation of the mean number of droplets per cell at 
the pachytene stage and the counting of relative number of cells with· 
persistent nucleoli at prometaphase-metaphase I. The results are given 
below: 

Average No. Per . ., .. Relative No. of Cells 
Cell · of Nucleplar- · ·: Total With :and Without Per~ . Total 
like • Bodies at- . No. ·of . sistent Nucleoli at · 
Pachytene Cells Promet .-Met. I 

Plant l ~.s 51 7618 

Plant 2 4.3 · 6S·· 121,u 

Plant 3' 2.1 50 63:92 

Plant 4 1.96 51 53:13 

Plant 5 2.3 54 57t88 

' ,, 
· .These figures seem to confirm our idea of a direct relationship 

between nucleolar persistency and the amount of droplet forming sub­
stance in previous stages. However, the most important point is that 
the amount of~this substance is considerably greater in plants land 
2 than in the others. Since · these plants carry an ,extra abnormal 10 
segment, it is reasonabl .e to .assume a dosage effect of this fragment 
on the production of' nucleolar ,substance. 

No. of 
Cells 

84 

125 

155 

126 

139 
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A closer comparison of the different cases presented 1n this table 
discloses that other heterochromatic portions of chromosomes seem not 
to affect the production of this substance. For instance the plant with 
no B chromosomes shows no difference in mean number of droplets per cell 
at pachytene and in the proportion or nucleolate cells in comparison to 
the plants carrying the two translocated.parts of a B chromosome. 

Pacl'zytenes of .plants 2 and 3 were studied in detail with regard to 
the knob constitution of the chromosomes. It is as follows: 

' . ' 

Plant 2 . Plant 3 

L K/K K/K 
Chromosome l 

s K/0 0 

L K/K K/0 
C:tiromosome 2 

s 0 0 

L K/0 0 
Chr.omosome 3 

s 0 K/0 

Chromosome 4 
., 

K/0 K/0 L 

s 0 0 

Chromosome 5 
L 0 K/0 

s 0 0 

L 
Chromosome 6 

K/0 K/0 

s organ. organ. 

L K/0 K/0 
Chromosome 7 

s 0 0 

L 0 0 
Chromosome 8: 

s .:• 0 0 

L 0 O • 
ChromosoI!l~ 9 

s . Kj,t ·K/K 
.. 

Chromosome 10 
L J3 frag/:O abl0/0 

s 0 0 

plus 2B ablO 
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K- Symbol for ,lm9b, 
o- .Knobless 
L- Long -arm of the chromosome· 
S- Short -arm of the chromosome 

· .•-,i'his table shows ·tliat · 'knobs ar~ re lati vely abtµidant 1n: both plants 
and that differenoes are expected to occur in plants of the same' family• 
Knob analysis of the remaining plants could not be undertaken. Most of 
the bival ent s at pachytene stic k· together by their lmobs mald.ng impossi­
ble their id entif ication. ·However, t his, in itself may be evidence of 
a heavily knobbed karyotype. •.· · 

Production of nucleolar substance is frequently observed in asso­
ciation with heterochroma.tin. In maize the·nucleolus is normally as­
sociated with a large heterocl1romatic piece, the nucleolar organizer. 
From the facts above described,the suggestion is made that other het~ 
erochromatic parts, as for instance lmobs and B fragments, can also 
be activated under special genotypic conditions. This particular geno­
type is probably provided by the abnormal 10 segment. Influence of this 
segment on.the neocentrio•activity of the other chromosomes, assumed to 
be localized. ·1 on the lmobs, is already lmown. We believe that detection 
of the persistent nucleoli and of the mechanism presumably causing them 
to arise was.only possible due to the heterochromatin charged background 
in the PMCs of these plants that made possible the full expression of 
the abnormal nucleolar activity. 

HARVARD UNIVERSITY 
Cambridge,. Massachusetts 

Tristao J. Mello De Sampayo 

1. The effects of teosinte chromosomes on mutation rate at s ecific 
..2£..• 

In previous News Letters we have reported a generalmut a~enic effect 
of teosinte chromosomes which have been incorporated into Al58. The pres­
ent report concerns their effect · on-·mutation rates at specific loci. A 
test of a homozygous chromosome-4 stock on mutation to sugary during pollen 
formation yielded 1 proven au mutation in 84,329. When this individual 
was grown out, it was foundto ,be semi-sterile. In another test in which 
mutation rate was tested in the female rather than the male ·and in which 
the teosint~ : chromosomes were ma.de heterozygous by outcrossing to a cyto­
plasmic male-sterile inbred (Clo6) no mutants were observed to either au 
or z in 136,227' kernels involvin g about 68,113 gametes bearing teoainte 
chromosomes. A similar test for ~ in the female of teosirtte derivatives 
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also made heterozygous · with the cy:toplasmic male-sterile inbred produced 
only 3 mutations in 1,718,989 kernels. It is significant that all three 
of these mutations came from a single family (57,879'kernels) and that 
this family involved several te ·osinte chromosomes (3,4, and 9) .• 

w. c. Galinat 
P. c. Mangelsdorf 

2. Mutations at the A locus in teosinte derivatives. 

Although ,I]Dltations at specific loci in teosinte derivatives are rare 
in the controlled experiments reported immediately above they may be more 
comon in certain other stocks. In 1956, 241 ears were grown from crosses 
of an inbred strain of the genotype '! CR with respect to aleurone color 
and an !gbred strain homozygous for Tueun.stable defectiye endosperm mu­
tant de and having the genotype A c r. The F1 ears from .this cross 
wouldbe expected to segregate for-colored and noncolored seeds in a ratio 
of 9 :7 and all but two did segregate in this manner. The two exceptions 
had 57.o and 53.4% of noricolored seeds. These percentages suggested a: 
27:37 ratio. The colored seeds from one of.these ears were grown in 
Florida in the winter or 19.57-58 and produced ears segregating for color• 
ed. and noncolored seeds in ratios of 27:37, 9:7, and 3:1. Some of the 
colorless seeds from the second ear when grown in the sumer of 19,a· 
proved, when tested, to be of genotype .!,!, showing that a :mutation from 
! to!: had occurred. 

P. c. Mangelsdorf 

3. Peculiar 'behavior of the C locus in crosses of teosinte derivatives. 

A third ear from the population described in the section above 
segregated in a ratio of 9:7 in the F2 endosperm generation but pro­
duced an ear segregating in a ratio of 27:37 in the·F 3 generation. 
Colored seeds from one of these ears produced 27:37, 9:1, and J:l ratibs 
in the following generation. All selfed plants were also tested for A, 
c, and R. Plants producing 27:37 ratios · in selfed ears proved either-to 
ne heterozygous for A, c, and R or homozygous for A and heterozygous for 
,!!, £,and an unidentified color"":'gene. Three of the-plants segregat.ing in 
a 9:7 ratio pr0ved to be homozygous for both A.and Rand heterozygous 
for C and an unidentifd..ed -color gene. In test crosses on the C tester 
~11 of the plants ·which were -segregating for the . unidentified color . gene 
produced 1:.3, ratios instead 1of 1:1 ratios of.colored.and noncolored seeds. 
Apparently this stock which originally was heterozygous for the C factor 
is now heterozygous for two C factors both of which ar.e required-to pro­
duce aleuro~e color. The significance of this situation is not yet clear 
and the presently known facts are being presented here only as a matter 
~~~. . .. 

P. c. Mangelsdorf 
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' 4. Further data on an unstable ·• gametophyte mutant• 
I • 

In last year"s News Letter data were presented which indicated 
that an unstable gainetophyte mutant involving preferential segregation, 
although usually deleterious to the gametophytes which carry it, may 
in some instances conf'er an advantage so that backcross ratios instead 
of being "high" sugary are 11low11 sugary. This possibility was tested 
further in the summer of 19.58. Thirteen plants from a stock which 
originally was "high" sugary and which had become almost "normal" sugary 
with minor but significant fluctuations _in the _ direction of 11high" 
sugary were backcrossed by and on homozygous sugary wit~ the follow:tng 
results: . , · · , 

Total No. Percent 
Seeds Sugary Sugal'Y 

Backorosees by sugary· 4816 ·2388 49.6 
II . Oil llr· :, Row 148 4660'· 2347 5o·~4 
II , on . II , Row 347 -5596 2703 48.] 

The ratios in the first two series of backorosses do not differ · 
significantly . from normal 1 :;J. ratios · but the · deviation in the third' 
series is significant at ·the i,Ol-level. Also one of the plants in the 
popila.tion had 44.5% of sugary seeds when backcrossed on Row ,347 and ' 
56.3% when backcrossed on Row 148. Both deviations from 50% are sig­
nificant and fhow that the gametoplzyte factor is still present in the 
population and indicate that its behavior is governed to some extent 

· by the genotype or the styles in which the pollen tubes grow. Since 
the gam.etophyte factor is linked with the _Su gene all populations with 
significantly less than 50% of sugary seeda":'al!e presumably the product 
of the- gametophyte factor conferring an advantage upon the gametopbytes 
which carry ·it. · · 

P. c. Mangelsdorf 

5. Cytology of unstable mutants. 

. Several of the unstable mutants reported by Mangelsdorf 1n last 
year's ·News Letter ··have been .studied cytologically in F1 hybrids with 
an inbred strain of Wilbur's Flint • . Nonhomologous association between 
the long arms . 0£ chromosomes 2 and ~was found . in the F1 involving an 
unstable dwarf, which in tests by Galinat using B-chromosome translo­
cations wa:s found. to have it's locus on cn;-omosome 4. In this same F1 the long arms of chromosome l ·folded back on themselves . in nonhomol'o­
gous pairing for a length from the knob position to the end. 

· One of the stocks involving the unstable defective, det5., has 
probably an ·inversion . 1n the short arm of chromosome 9 comprising about 



two-thirds of the length of the arm. 

Y. C. Ting 
P. c. Mangelsdorf 

6. on extracted "teosinte 11 chromosomes from 

In last year's News Letter, Mangelsdorf reported the extraction 
from Latin:..American maize varieties through repeated backcrossing to . 
the inbred, Al58, of chromosomes haw.ng genetic effects similar to those 
of teosinte chromosomes. Some of these strains of Al58 which had been 
modified by substituting extracted.teosinte. chromosomes have now been 
studied cytologically in F1 hybrids with an inbred strain of Wilbur's 
Flint which is virtually knobless. The following observations have 
been made. · 

Knobs on the long arm of chromosome 1 have_ been introduce ·d into 
Al58 from ·Honduras 16,39 and Venezuela 15.36. A knob on the long arm of 
chromosome 2 has been introduced from Guatemala 197. 

Asynapsis was observed in approximately two-thirds of the short 
am of chromosome 3 and in almost the entire length of the short am 
of chromosome 7 in a strain of Al58 modified .by introducing chromo- · 
somes from Nicaragua 501. Asynapsis was also observed in a derivative 
of Honduras 1639 in about one-fifth of the long arm of chromosome 2 and 
in the long arm of chromosome 4 involving a segment from the regular· 
knob position to the distal end. In the derivative of Venezuela 1536, 
there occurred an asynaptic loop about four chromomeres·in length in 
th~ long arm of chromosome 2 adjacent to the centromere. 

Nonhomologoua association was found in approxi~tely one-third 
of the long arm near the centromere in chromosome 2 of a derivative 
of Nicaragua 500. The association was with a chromosome not yeti­
dentified. 

Chromatid brid~es and fragments were present at anaphase 1 in the 
Fi hybrid of Wilbur s Flint with a derivative of Cuba 398. The chromo­
some involved has not been identified, perhaps because the segment is 
too short to regularly form a loop at pachy'tene. 

Y. c. Ting 
P. c. Mangelsdorf 

1. Chromosomes in three teosinte varieties. 

Florida-type teosinte from Honduras. A collection of teosinte 
from Honduras resembles Florida teosinte in vegetative characteristics 
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and photoperiodic response but differs from it quite markedly in its 
chromosome knobs which are largely internal. 

Chromosomes land 4 of the Honduras teosinte each have two large 
internal lmobs, one on each of their anns. Chromosomes 2 and 3 have one 
large internal lmob on the short arm and in addition chromosome 3 also 
has a medium-siae terminal knob on the. same· arm. There are no knobs. ·on 
chromosomes 5, 7, and 10. On chromosome 6 three lmobs 'are .present; the 
one on the short arm is terminal and the others on the long arm are 
internal and occupy the first and the second knob positions. The ter­
minal lmob on the short arni of chromosome 8 is very sma_ll, while the 
terminal knob on the short arm of. chromosome 9 is pro~ .nent. · · 

Mexican teosd.nte from· Chapin.go·. In a Mexican teosinte from Chapingo, 
pao~ene chromosomes 1, 2, 3, li, 5, and 8 were found .to b~ di ,ffe~nt 
from those previously reported in this variety. Chromosomes l, 3, 4, 
and 8 are lmobless. Chromosomes 2 and 5 each have one internal lmob; 
that of chromosome 2 is on the short arm; that of chromosome 5 ia on the 
long arm. Fusion of chromosome knobs in this variety is common. On. the 
average, chromosome 6 of Chapingo teosinte is shorter than either chromo­
some 7 or chromosome 9~ 

Mexican teesinte from Xochimilco. In this variety of teosinte 
paohyEene chromosomes are always well spread in spite of theftl.ct that 
most of them have one or two knobs. Fusion of , chromosome knobs was 
rarely observed. · 

· Chromosomes· 1, 2; and 4 each have two lmobs, one on each arm. 
Chromosomes 3, 5, and 7 each have·one knob on the long am. There 
are four lmobs on chromosome 6; the terminal knob on '.the short ·arni 
and the knob on the first knob position of the long ann are small 
while the la10bs on the second and the third lmob positions of the 
long arm are large. There is a tennin~l knob on the short am:of 
chromosome 9. Both: chromosomes 8 a:nd 10 are knobleas '. · · , 

Y. C. Ting 

8. · Telocentric chromosomes. 

Telocentric chromosomes, previously reported by Rhoades for 
chromosome 5, have been found for chromosome 10 in a cross of our strain 
carrying a B-chromosome with a strain received from Dr. Rhoades which 
was homozygous for abnormal chromosome 10. 

At pachytene stage these telocentric chromosomes, like the normal 
bivalent chromosome 10, wex-e alway8 well paired. The size of t,he ter­
minal centric region was about equal to that of the bivalent chromo­
eome·10. The t ·elocentric bivalent was frequently ·associated with the 
bivalent 'chromosome 10 at the certtromere regions. Whenever ·this hap.:. 
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pened the bivalent normal chromosome 10 appeared to have four short 
arms which ·are alike. Sometimes the short arms oriented in such a way 
that they formed a closely associated quadrivalent. In sueh cases they 
appeared to exchange their partners throughout their length. 

In order to determine the frequency of the association between 
the telocentric bivalent and the chromosome 10, about 50 microsporo­
cytes were studied. In about one~half of the cases the bivalent chromo­
some 10 was associated with the telooentric bivalent arid in about a 
fourth of the cases the telocentric bivalent was left free in the cells. 
Whenever it was not associated with any of the chromosomes it was usually 
located in the periphery of the sporocytes. Less frequently this telo­
centric bivalent was paired with the other chromosomes rather than that 
of chromosome 10. Occasionally this telocentric bivalent was associated 
with the B-chromosome at the centric regions. 

At anaphase I the telocentric bivalent always failed to divide. 
Instead of two, it moved to one pole only, Therefore its distribu­
tion in the subsequent divisions would be irregular. 

Y. c. Ting 

9. Association between B-chromosome and abnormal chromosome 10. 

In the plants of a cross heterozygous for an abnomal chromosome 
10 and also carrying a bivalent B-chromosome, it was found that the 
heterochromatic part of abnormal 10 was sometimes associated with the 
B-chromosome. In other instances only the·Imob-like region of the B­
chromosome was paired with the abnormal chromosome 10 at a point of 
tho latter's extra piece of heterochromatin. A few times the paired 
portion of the attached heterochromatic fragment involved its entire 
length. More frequently, however, the attached heterochromatic frag­
ment was fused with the knobs on various chromosomes. These observa­
tions show that the attached heterochromatic portion of the abnormal 
chromosome 10, the lmobs of various chromosomes, and the B-chromo­
somes have a high degree of lthomology. n: 

Y. C. Ting 

10. The blotching system involving the c locus. 

In earlier reports it was stated that there are four genes in­
volved in the blotchin g system which causes blotches of color to 
develop in the aleurone in Ac R genotypes. This conclusion was based 
on populations which had ratios- closely approaching 81.:175, the ratio · · 
expected when four factors are segregating. In last year's News Letter, 
because only three different testers could be isolated, it was concluded 
that only three genes are involved in this system. Now it appears that 
the earlier reports were more nearly correct than last year's. 
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The.inbred strain Oh45, which is not -itself blotched, proved in 
test crosses t .o be homozygous for t .he Bh factors on chromosome, ,4, 6., 
and 9. This suggested that there mustbe at least one more Bh factor 
in the syst~ and that this factor was absent in Oh45. -

, Since Oh45 is rr and the three Bh testers are RR we should expect 
9:7 ratios in the F2generation of ~Jie oro~ses between these stocks if 
the crosses are heterozygous for only one Bh gene and 27:37 ratios if 
they are heterozygous for: two,!! genes. -

In the cross of Oh45 with the t .ester . for the Bh gene on chromo­
some 6 the segregation was 773 blotched:1064 not blotched on three 
81\rs-almoat a perfect 27: 37 ratio indi.ca.ting that two of the Bh 
genes in additio n to 1 the R gene are segr,egating. On .a fourth ear 

. the ratio was 261:252 which is .significcllltly different from either ' 
a 27:37 or a 9:7 ratio. · 

. . In the F2 of the cross of Oh45 with a -tester £or Bh on chromo­
some 4, four ears s~gregated. alike producing 621 blotched:1340 non­
blotched-a perfect 81:175 ratio-indicating that this cross is se­
gregating fo~ four factors: R and three Bh genes. Since· only one 
of the recessive bh genes is contributed by the Bh tester, the other 
two must come fromOh45. -

' I 

In the cross of Oh4.5' with the tester :£or Bh on chromosome 91 
four ears were s:fJnilar in their segreg~tion proaucing 780 blotched: 
1304 nonblotched seeds. Tpis ratio diff'ers si~icantly from • either 
a 27:37 or an 81:17, ra~~o • . The re~ults may represent modifications 
due to linkage or the , presence of a gal!letophyte factor. · · 

. The results, though in some respects somewhat inconsistent, in­
dicate that at least four and pqssibly , five factors are involved in 
this Bh system. The reasons .for the ~edified ratios .retna.in to be 
deteriiil'ned. · · . .: . , . . . - : • . 

Additional data on linkage relations indicate. that the Bh gene 
on chromosome 4 is located on the long arm since it shows almost no 
linkage with detl which is located on the short arm. Data presented 
in last year 1sN.ewe Letter indicated that the Bh gene on chromosome 
9 is located on the long arm. More recent datashowing 45.3% cross­
ing over between Bh and Sh and 47.5% between Bh and Wx tend to con-
firm this. - - • , --:- ~ . . • 

. P. -C. Mangelsdorf 

11. Number of &enea in the r-R blotching ·systems. , 

Previous data have indicated that the number of genes involved 
in this wstem might be as high as six or seven. For some reason it has 
not yet been possible to iso;l.ate testers for all of these. ·Data ob-



tained this year, however, confirm the earlier conclusions w~th re•• 
apect to the number of genes. An ear; known to be homozygous for one 
~ factor and apparently segregating for five or six others., produced 
.progenies segregating in ratios of 243:781, 81:175, 27:37, 9:7, ~d 
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3:1. The actual numbers were respectively for blotched and nonblotch-
ed seeds: 198 :667, 203:418, 142 :207,, J..411io3., l82:54. ··.The results indi­
battthat ·. there"must be •at least six.facto:r1:f in , :the' .system. The effort to 
identify testers for all of these will continue. 

P. c. Mangelsdorf 

12. Vestigial glume modifiers. 

Having finally obtained homozygous ~ .Yg i~bred strains in a back­
ground approaching that of sweet· . corn inbreaP39, it became apparent 
that two and possibly tpree modifying genes are es~ential to insure good 
pollen production under adverse environmental conditions. Previously 
we reported that the effect of a certain weak tunicate allele in re­
storing tassel glumes to~ plants bearing "glumeless 11 ears was suffi­
cient to pemit normal pollen production. But such restored :Is, tassel 
glumes are flattened rather than boat-shaped and consequently they do 
not enclose the young anthers tightly enough to prevent shriveling· of 
the dehiscence pore under conditions of heat and drought. However, if 
the young anthers are colo~ed a cherry red by a certain R-allele, then 
there is sufficient additional protection provided by light . obstruction 
within the walls of ·tne anther to pemit normal pollen production. At 
the actual ·time · of pollen shedding, this red color fades out to a pale 
shade in contrast to the purple-anthered character which remains per­
manently dark. 

All three of these genes (.?&, tuW., ar) are dominant to normal 
and this facilitates back-crossing them Into a quality-acceptable 
inbred (P39) of sweet corn. The final selection of the homozygous 
condition of these dominants following inbreeding may be accomplished 
in F2 by the following techniques. Since one of the effects of ~w 
is to cause the semi-liguleless expression of the~ gene to becqme 
recessive in our stocks, selection of the '~liguleless 11 plants in seg­
regating stocks identifies the ·~ ~ plants. Classification as ~ Ys, 
on a basis of ligulele~sness may be accomplished in either the seedling 
or ~ture plant. The R:r:R.r plants in segregations may be identified by 
progeny tests of seedlings grown in sand flats. The tuW gene is incom-

. pletely dominant so that the h~mozygotes may be recogniwed by compari~on 
of ~assel glumes for a given~ condition determined as mentioned pre-
~ously. . . . 

·The possibil:ity of a third -impo~ant modifying gene for _yg_ exists. 
In some stocks which have the necessary tuwr and R-all _ele' mo·d:ifl'ers, . the 
filaments of~ ,Yi anthers are slow to elotjgate and when ~hey do length­
en they are less-than one-half' normal length. Sometimes th!!se. ~-~ 
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anthers ' 'remain within the glumes and never do disperse their , pollen." : .. 
Thie filament trouble is peculiar to the homozygote although it can · 
be eliminated by selection in as much as we have one line without such 
filament difficulties. 

• 

UNIVERSITY OF ILLINOIS 
Urbana, Illinois 

Department of AgronOII\Y' 

1~· High-oil and high-Rrotein hybrids. 

W. C • .Oalinat 

. Two new com hybrids, Ill. ' 6021 (R7$ x R76) (R~ x K4) and Ill. 
6052 (R78 x 38~ll) {R84 x K4), have lbeen developed'in the Agronoiey­
Department of the University of Illinois. Foundation single-cross 
seed of these two hybrids is available to seedsmen ~terested in pro­
ducing seed in · 1959. Sufficient double-cross seed for farm use will 
be available for the 1960 growing season. These new eybrids yield 
about 30 percent more oil and lO·percent more protein than present 
·commercial hybrids. · In addition, they are similar to standard hy­
brids in grain yield, standability, and other agr9nonrl:c traits. 
Natiomrl:de use of adapted high-oil 'hybrids ·would prod.uc~ almost as 
much oil as is now received from butter:fat, · ·s'oybeans, cottori, and 
flax. These new high-oil ·lzy'brids should bene:fit both the starch in-· '·"· · 
dustry and the livestoek ·feeders. · ...... , • . ,· 

R. w. Jugenheimer 

2. Inbred lines and sister•line crosses. 

Sister-line crosses are combinations between sister strains of 
the same inbred line. Some sister..-line crosses have ·considerably 
greater yield, vigor, and standability ·than the original inbred line, 
and llla.Y be practical for the commercial use · of single~cross hybrids. 
Data on a group of inbred · lines and sister-line crosses are reporlied: 
in filinois Agricultural Experiment Station Bulletin 636. Some grow~rs · 
are interested in producing-l{v x Oh7 because of its high yield and ability 
to •yield well · under high plant populations. ltv2 yie;I.C:l,ed .35 bushels an 
acre; whereas, a related sister-line cross Rl.58 x CI~42A yielded 125 
bushels per acre. This latter hybrid might be used as a seed parent~ 
In addition it is resistant to leaf blight and is higher in protei,n 
coritent~ Oh7 yielded 51-bushels an: acre whereas, Oh7 x Oh7A, a sister­
line cross, yielded 8.5 bushels an acre. This cross might be used as 
th~ pollen parent for the commercial production .of a modified version 
of Hy x Oh7. Many of the other sister-line cro·sses appear to be prom-



ising, and could be used as seed parents or single crosses. 

UNIVERSITY OF ILLINOIS 
Urbana, Illinois 

Department or Botany 

R. W. Jugenheimer 
V. Trifunovic 

1. Linkage and aberrant segregation or a new Teopod locus. 

A dominant mutant , apparently identical in phenotype with ~ 
on chromosome 1, was found by Dr • - J. R. Laughnan. The new Teopoo 
locus is located on chromosome 10, proximal to the golden locus and 
about 13 units from ,E: · 

Cross: fE G R x tp g r 
tp gr tp gr 
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Parentals Singles G-R 
Tp GR Ng r Tp Gr Ng R 

Singles Tp-G 
Tpgr NOR 

Doubles 
TpgR NGr 

122 96 14 18 2 1 0 0 

Additional data on Teopod-golden distance is given below: 
Percent 

TEO Ng T;e g NG Total Recomb. 

Backcross data 314 305 3 8 630 1.75 

F2 data 736 228 7 ]O 981 1.2, 

One. strain carrying the new Teopod shows aberrant ratios of 
Teopod and non-Teopod plants. Heterozygotes, through three generations 
of testing~ have produced only ,!E progeny on selfing, while crosses or 
the same plants, used as egg or pollen parents, with non-Teopod, give 
l ,!E : 1 !£ ratios in the proge¢ea. Subsequent selfing of the outcross 
progenies gives families showing. normal 3:1 segregation • 

. Helen Peterson 

2. Noncrossover alpha (pale) derivatives from Ab:P. · 

The Ab complex of Peruvian origin (beta:alpha) is highly suited to 
an analysis of the origin of the noncrossover alpha element since the 
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latter occurs about twice as frequently as the crossover alpha from 
this complex. From the fact that the crossover and noncrossover de­
r:Lvatives are indistinguishable in phenotype it could be supposed that 
the noncrossover alpha is the result of gene mutation of the beta ele­
ment to a null level (p0 ). This would account for the loss of purple 
effect and the consequent pale phenotype ,through an event not associ­
ated with recombination with;i.n the complex. 

To test this hypothesis we have attempted to isolate the beta ele~ 
ment from the beta :alpha complex in order to study its rate of mutation 
to the null level (colorless). Beta elements isolated by crossing over 
were put into mark,ed heterozygotes with the parental beta:alpha complex. 
These marked. heterozygotes may be represented as ! j3a ·Sh/,!! ~ !!!• Since 
the beta elements in this heterozygote are identical. ancY' 'since they occur 
in identical genetic background we anticipate· that they will mutat .e t9 
the null level with equal frequency. However, a beta mutation in the . 
pa complex yields Poet· (noncrossover pale) whereas a mutation ~f beta 
in the other strand yields Po• Since no alpha element is present here 
this event should yield a mutant with colorless phenotype• .. 

In the table below data from two tested heterozygotes are given. 
The second one listed is without proximal marking. 

Total Derivatives 
Heterozygote gametes 'I' a Sh Na Sh Co!or!ees 

T ~~ Sh/N ~ sh 74,000 17 5 None 

N P<t Sh/N p sh 76,ooo ~ 
Colorless 

None 

The absence of colorless derivatives which, on the beta mutation hy­
pothesis, are expected with a frequency at least equal to that of 
noncrossover alpha occurrences . strongly . suggests that noncrossover alpha 
derivatives are not attributable to gene mutation of the adjacent beta 

· element in the beta :alpha complex. 

Mr. ,Sarma reports elsewhere in this number on the ·analysis of nori­
crossover alpha cases from this complex • .. On the gene muta-t;,ion ~othe­
sis discussed above these should be f3

0
a,: in constitution. His findings 

are in agreement with those reported above in minimizing the beta muta­
tional event as a basis for the origin of nonorossover alpha derivatives. 
Both lines of evidence indicate that the step in question somehow in­
volves a~ of ,the beta element without recombination ot marker loci. 

It has been suggested that multiple exchanges within small chromo­
somal aegments; or "conversion", whatever that may connote, would ex• 
plain the noncrossover derivatives in this and other material. Several 
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lines of evidence seem clearly to rule out these phenomena as causes 
or the noncrossover alpha derivatives in maize. With regard to the 
hypothesis of :multiple exchange, it is apparent that in the N ~a Sh/T g ah 
marked h~terozygote two-and three-strand double exchanges with onecross-:­
over between beta and alpha and the other ·immediately adjacent would· 
indeed .-give · rise· to an apparent . noncrossover N er, Sh strand. However, this 
mec~sm should, with eqUal frequency, yield-alpna derivatives on strands 
carrying the parental markers of the homologue (T a ah). As indicated 
in the table below not a single alpha-carrying stranaof this constitu­
tion wa~ obtained from heterozygotes which produced 126 cases of N <rJ:Sh 
noncrossover strands• These results are equally damaging to an hypotne­
sis of conversion based on a copy-choice mechanism since it also calls 
for , the _occurrence of the T m sh strand. . The most devastating evidence 

·• ... -
Parental 

conetit ution 

N (3a Sh/Ta sh 

Total 
gametes 

570,000 

Na . Sh 

126 

Alpha derivatives 
Ta sh Ta Sh 

0 46 

Na sh 

0 

against these hypotheses comes from an analysis of alpha derivatives · rrom 
beta:alpha hemizygotes in which the homologue is deficient (Df a-x 1) for 
at least the A- and Sh loci. · The data in the following table indicate that 
noncrossover alpha 'strands occur frequently even under circumstances where 
the homologous chromosome provides no opportunity for pairing at the A 

Parental 
constitution 

T f3a Sh/N Dfa-x1 

N 13« Sh/N Dfa-~l 

Total 
Ab gametes 

69.,000 · 

58,000 

Alpha derivatives 
TctSh NaSh 

41 
a Sh 
54 

0 

.. 
locus • . The frequency of occurrence of noncrossover alpha derivatives from 
the hemizygote COJ'.!lpares favorably with that of silpilar cases from beta: 
alpha/! heterozygotes. It may be noted too . that· crossover alpha strands 
are eliminated among progeny from the hemizygote, thus confirming that 
the deficient segment in the Pf !-x 1 chromosome does indeed include the ,~~. ·. . ' . 

The foregoing data indicate that the mechanism which produces the 
noncrossover alpha derivative from-the beta:alpha compleJC is intrachromo­
somal and does not involve the homologous chromosome except .perhaps in­
directly. 

J . R. Laughnan 



44 

3. Shrunken-2 sweet corn :eybrids. . ... , . . ' 
' r. 

.Over the past · several years we have carried on a limited;'•program . 
- designed to intrcduce the shrunken-2 - factor ·on· chromosOllle · 3 into· the 

standard Golden Cross and Iochief lines or sweet c·om. Because the 
double ·recessive combination· of , sugary-1, shrunken-2·1s obviously not ­
a commercially ·suitable type we: have substituted ,the -2!!2 factor for 
th~ .!:l· r actor in the_ converted lines. . ·, · • · · · , · .· 

,. 

. It is apparent that hybrid combinations irivoiving the converted 
lines (sh ·sh Su· Su) retain the cha.ract ·eristics found to be associated 
with the~ factor in the original genetic background. • '.J'hey·•hS:ve a 
nigher sugar content at .picldng and at .maturity than the standard s~1 
material; they also have a superior sugar-holding capacity after picR• 
ing. Because there is a longer period during which ears of shrunken-2 
material may. be picked without sacrifice or qu:ality it is conceivable 
that double-cross production of ,!h

2 
sweet corn may be feasiblef·ultimately. 

Limited amounts of hybrid shrunken-2 seed are available at this 
time. Persons interested in receiving small samples of same should write 
Dr. Earl B. Patterson,Maize Genetics Cooperative, Department of Botany, 
University of Illinois, Urbana, Illinois.· . .-- . · : . ., .. ·•. 

· · · Lines of shrunken-2 material will be increased this year and wi.J.l 
be available for·d.istribution•upon request.after harvesting of ,the 'l9S9 
summer crop. 

Jolm R. Laughnan 

! 

of the noncross-

It has been shown by Dr. La-n that both Abzp and AbaEc yield 
pales of noncrossover origin, besides cr€ssover pales due to the nonnal 
sepa :-'~tio~ of the ~ component from ~he .~ complexes. In het .erozygotes 
with~, A yields a second type of pale of • crossover origin~ This ' pale 
·1s ~t~b!e as it carries! in th~ ~osition e~cupied by~ in ·the !b .com­
plex when it is tested ·for mutability under the influence .or - nt. The · 
rate of crossover pales is about 1/2,000 ir l"both Al;>,:P ·and Ab:Ec but the 
rates of noncrossover pales differ,; in !_b:P the 'noncrossoveS derivatives 
are about twice as frequent as the crossover pales but in A :Ee they are 
only . ~bout 1/10 of the crossov~rs. . -

Among several hypotheses put · forth as explanations for the·OI'1gin 
of noncrossoverbalpha O:erivati:ges i mutation of -· the f element 1n the . 
complexes _gt! (A :-Ee) and ~ {_!: :P j to a null level element j~, ,was test­
ed. If a fill eie~ent is present as a component of the noncrossover alpha 
derivatives; · this should be separable by crossing over as a colorless · 
element from the complexes a~0 and~. As controls in this experiment, 
stable and mutable alphas ofcrossover origin were included. The fre-
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quency of colorless derivatives, designated a*, separable by crossing 
over in both noncrossover and crossover mutable pales should be similar 
as the site of~ is occupied by the presumed,& in the case of noncross­
over alpha and oy standard a in the case of crossover mutable alpha. 
But· the a* derivatives of crossover origin from noncrossover alpha should 
not be mutable under the action of Dt, whereas crossover a* from mutable 
~ should be mutable since the crossover event in this case separates the 
Bi that went into the original heterozygote with Ab. The direction in 
which these crossovers are expected to occur and-the mode of oblique 
synapsis required differ in alphas of the two sources as shown below .. 
Finally, no aif- would be expected by crossing over from crossover stable 
pales. 

Oblique synapsis and direction of crossing over 

c/o stable alpha 

T 

N 

a Sh 
a* not expected 

---JJ) bv crossing over '3ct sh " 

c/o mutable alpha 

T a~ Sh 
L_:;::---->> Ta*sh(Mutable & 
· recessive brown N ~ ~ sh pericarp) 

Non cross over alpha 

Ta* sh 
) (Non-mutable) 

T Cl 

N a f3 

Sh a* not expected 
sh-~) by crossing over 

T C£, a Sh .-tN~ Sh (Mutable & 

N I cxl3 s~ recessive brown 
perioarp) 

a Pa Sh ( I -- • Na* Sh Non-• 
wn--· mutable) 
1~ a J3 .sh 

T 

Several separately occurring pales of· each of the three types from 
both the sources were compounded with Ab:P, Ab:Eo and the North American 
allele A in well-marked comple:l(!es. Paies of-Ab:P source were more fre­
quently-compounded with Ab,p and vice versa. -The F1 materials were 
grown in isolation plots-and back crossed with a sh or a Sh. Colorless 
cases occurring on such ears were picked out and analysedfor the con­
stitution of markers, mutability under the influence of Dt and pericarp 
reaction. -
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Regardless of the type and source of alpha used ih the experiments, •* cases of nonorossover origin were recovered from them. The mechanism 
by which these arise is not clear. · · 

Preliminary results are summariced below. Most of the aM- deriva­
tives have been analysed for markers and mutability but the pericarp · 
tests are not yet available. · 

Alpha derivatives from Ab:p 

the pop~lation or pale gametes studied under each class of alphas 
and the number., marker constitution and the rates of recovery or !* : per 
105 pale gB.llletes are given in table I. 

Pales from ·A "r;,: P · Table I -

Pale Class 

Cross over stable 93.,905 4 4 0 4,26 o.oo 4.26 

Cross over mutable 53,250 · ~ 10 5 18,78 9,-39 28.17 

Non-cross over 107,980 5 5 0 4.63 o.oo 4.6J 

Total for Ab: p 2,;.,135 24 19 5 7.46 1,96 ,·. 9.41 

. In t~s case., the crossover stable and-the noncrossover . alphas 
behaved similarly. Out of over 200.,000 pales fro~ these., there was 
not a singJ..,e , occurrence of a colorless case of crossover origin. The 
rate of origin of noncrossover a* cases is similar in both. Almost all 
of these colorless derivatives nave been tested for their mutability and 
are found to be stable. The absence of a* by crossing over in a popula­
tion of 108,ooo gametes in the case of noncrossover alphas and 94,ooo 
g8l1).etes in t~e case . of cros~over stable alphas shows the structural 
s~ity of these two classes of pales which are of different origin. 
From mutable pales, in which the standard a element is lmown to be 
present, five a* cases of crossover origin-were obtained from a popula­
tion of smaller ·size, 53,250.· From t~is,- it may be assumed that the · 
mutation of _!.. j,n the complex~, to ~ do~~ not constitute the basis 
for ,the origin ot .1.n9ncrossover pa}es and that the .f! el8).l18nt. appears 
to be complete'.Qr ,~iminated during the process. ,Since noncrossov~r ~ 
cas~s are

1
reoovered .fr6m pales of all the three olasse~, their occurrence 

caru:iot be used · in conc.lusions about the ex:l.stence of a .null level ele~ · -
me~t. How~~er, the rate of production of noncrossover~olorless cases 
is rather h~gh in the case of mutable pales. ·Whereaa all a* cases of 
crossover origin from this source are mu.table, the noncrosaover ~ .de­
rivatives appear to include both mutable and stable types. The mutability 
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of some of these noncrossovers indicates that these colorless cases re­
present the a that was incorporated in the crossover event during the 
production of a mutable alpha and the mechanism of the separation ot 
this may be analogous to the isolation of noncrossover pales from A: 
P. The stable a* of noncrossover origin from a mutable pale may be 
attributed to the phenomenon similar to the prod,uction of ·_!* from the 
crossover stable and the noncrossover pales if it is also assumed that 
the standard! eleme~t is lost during this proce~s. Further information 
on the nature of these colorless cases will be avatlable after the peri­
carp tests are completed. 

Alpha derivatives from Ab:Ec 
.. 

The populat:i,.ons.of pale gametes and the details of the colorless 
cases '·obtained from them_ are given in table II. 

Pales from Ab: Ee Table II 

-Population 
Rate of a* per 1o5 pale gametes of Pale &>If- Clitsee 

Pale Class ... 

Cross overstable 

Cross over mutable 

Non-cross over 

Totalfor Ab: Ee 

stametes Total Non c/o 

125,830 22# 13* 

96,535 21 17 

181,120 40 . 35 

40.3.,48.5 83 6.5* 

# 3 cases unclassified 

* likely to be revised 

C/0 Non c/o C/0 Total 

6-lf. 10.J;llf- 4.77* 17.48 

4 17.61 4.14 21.75 
.. 

5. 19.32 2.,76 22.08 

' 15* 16.11* , 3.72* 20.57 

Pales from Ab:Ec source differ significantly from those of Ab:P 
as all the three-classes of pales yield both crossover and noncrossover 
~ derivatives. The direction of crossing over is constant in all the 
crossover cases, the recombination being always for the distal marker of 
the chromosome carrying alpha and the proximal marker of the homologous 
chromosome. In the mutability tests so far, only the~ ca~es of cross­
over origin from crossover mutable paies have been found to be dottable 
under the influence of Dt. This is expected as the standard a is mut­
able. The colorless crossovers from crossover stable and noncrossover 
alphas have not so far been found to be mutable. 

According to ji mutation hypothesis, only noncrossover and cross­
over mutable alphas are expected to yield a~i-by crossing over; cross­
over stables are not. However, 19 colorless cases were obtained from 
crossover stable alphas and -six of these were of crossover origin. , 
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Since the !.-fill region is only about 7.25 .recombination .units in length, 
the proporti ·on of colorless crossovers · is too large to interpret that . 
the -a* in these cases •is the usual noncrossover a* which has experienced 
a ·coincident crossover for the region. If this were the case, reciprocal 
strands carrying ~ would also hav.e occurred. This was not the case and 
all the six cases-of crossover a* were recombinants in the same direction. 
Thus; in the case of crossover ·stable pale, it ·is felt that crossing over 

. results in -the separation of a pre-eJdtsting null level element located to 
the right . of alpha. Since the postulated null element is situated be­
tween~ andi, it cannot be separated from the ·!b:Eo complex in a single 
cycle. This null element seems to be associated also with noncrossover 
alpha and it is probable that the crossover stable~ derivatives from 
these constitute the separation of this element. · More conclusive proof 
that we are not separating a mutated ·f element, & in this case j has to 
await further tests. . . . · · · . • 

The colorless cases of noncrossover origin from noncrossover and 
cross,pye_r stP.ble pales ~o far '!;ested_ ar.e not rrn;ttable; those from_mutable 
pales, as in the case of mutable alphas of Ab :P, belong to both stable and 
mutable ·types. · -

··'.• 
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l. Interaction of fertility-restoring genes. 

Full restoration of male-fertility in the presence of Texas sterile 
cytoplasm has been shown by various workers to depend on two dominant 
complementary genes. In midwestern dent material, a ·rew inbreds carry 
,both;- most other inbreds carry one; . WF9 carries neither. This -situation 
can be ·illustrated as follows: 

Ky21, K.55, .ll53 • AABB . · 

K4., N6, L317 

WF9 

• ·a.a.BB 

• aabb 

(The gene here shown as .A is ~l., located near~ on Ohr_. 3) 
' . 

From self-pollinating plants of . the pedigree (WF9 x Ky2l) WF9, a 
line . has · been isolated which gave on preliminary test a completely fer­
tile progeny with 1317'1 and a wholly sterile progeny with WF9T; there-



fore, it is preswnably of the constitution AAbb •. This line will be 
used to study gene "B" and its possible interactions with the various 
partial fertility-restoring genes. 

It is interesting to note that the use of inbreds of the consti­
tution AAbb would permit., without detasseling at any stage, the pro- .· 
duction of double crosses giving only fertile plants in the farmer's 
field: 

(1) 
cms1 aaBB 

(2) 
(aterile) x aaBB 

~ 

(3) (4) 
cms1 AAbb (sterile) x AABB 

-.l, 
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cms1 a:al9B (sterile) cms1 AABb (fertile) X 
'1,-

cmsl AaBB (fertile) 
cms1 .Asm> (fertile) 

Even _if inbred (1) above were replaced by the commonly used seed 
parent WF91 the proportion of fertiles to steriles in the double cross 
would be 3 :l. 

2. Employment of Vestigial.-glume in screening for sources of smut 
resistance. 

In the process of backcrossing material carrying the gene~ to 
a series of inbred lines, vestigial~glume plants were noted to be strik­
ingly more susceptible to corn smut, and often to ear rots., than normal 
sibs. If this observation holds generally true,~ should prove a useful 
tool to screen for better sources of resistance to smut and perhaps ear 
rots, as was done by La.Rue, u~ing .£s_ to screen for rust resistance. 

IlIDIANA UNIVERSrrY 
Bloomington, Indiana; 

Jack B. Beckett 

1. Preliminary biochemical studies on the action of a gene controlling 
meiosis in maize. 

In maize a recessive gene called 11ameiotic 11 has been found (Rhoades, 
MRL 30) which prevents meiosis and leads to almost complete sterility. · 
Occasionally a few. kernels may be produced, but these result from un- · 
reduced diploid eggs. Plants of the constitution Am Am and Am am (both 
called nonnal plants throughout this discussion) are phenotypfcaI'.1.y 
completely indistinguishable from those of the constitution am am (called 
11ameiotic 11 throughout) except at the late reproductive stage:- Iii the 
ameiotic plants tassels and ears appear normal, but the anthers fail to 



develQpbeyond a certain stage. _They remain covered inside·the glumes 
and later the whole ·spikelet appears chaffy. The ears either produce 
no seeds or a few seeds from diploid eggs. · 

• Biochemical' studies have been undertaken with a threefoid objective: 
(1) to distinguish the phenotypes at an· early stage, (2) to detec~ 
changes leading to the failure of meiosis (3) to obtain any possible 
clue for inducing meiosis in the ameiotic plants. 

The experimental results obtained so far can be discussed con­
veniently under two heads: (a) Paper chromatographic · studies of 
amino acids and sugars etc. (b) Studies with nucleic acids and their 
precursors. · 

(a) Paper chromatoe;ra.wio studies for amino-ao1da etc: 
Roots, leaves, anthers and ears have been analysed for free ninhydrin 
positive substances, sugars and ultra-violet fluorescent compounds by 
ascending, d~soending .. or two dimensional paper chromatography of alcohol 
and water extracts. No difference has so far been observed with respect· 
to sugars and and.no acids or other ninhydrin positive compounds in roots, 
leaves and early stages of anthers and ears. But in later stages of the 
anther and ear, differences have been observed in ninhydrin positive spots, 
though.their exact nature has not yet be~ ·determiried. 

A clear difference, however, has been indicated with respect to 
an ultraviolet ·r1uorescent ·spot in all the organs examined. In chromato­
·grarns of both water and alcohol extracts or roots, leaves, anthers or 
ears of normal as well as a:meiotic plants two distinct fluorescent spots 
appeared consistently along with other variable ones.· One of these two 
·spots was yellow .fluorescent •ai:id had an R_r of 0.3.3., the other showed a 
blue-green fluorescence and had an Rf or ·o.38. (BothRr's in ascending 
run with Tertiary Butanol: Glacial Acetic acid: Water solvent in 3:1:1 
proportion.) .In the normal plants (&!! ~ or &l! !!!!) the yellow fluores­
cent spot was either very faint or absent. In the arneiotic plants this 
spot was quite bright. To eliminate the error due to a concentration 
factor the relative brightness of the two adjacent spots was taken to 
be a better criterion. The y.f. spot was faint compared with the blue­
green spot in the normal plants and was as bright as the other one in 
the arneiotic plants. However, it may be mentioned that further observa­
tions in families segregating for the am gene as well as 1n .families with­
out 2 are necessacy before attemptingto characterize or iden\ify the 
compound. 

(b) Studies with nuclei ci sand · r re : 
Nucleic acids DNA and RNA and their precursors, such as nucle ·otides., 
nucleosidea and free purine and pyrimidine bases, have been ~racted. 
from young ears in dif.ferent fractions and studied with combined spec:.. 
trophotometry and paper chromatography• · 

. . 
Of the several .fractions in the extraction process a difference 

. between normal and ameiotic plants h~s been observed ' in two fractions ·: 



(1) fraction supposed to contain only RNA and (ii) fraction containing 
the pyrimidine bases obtained from the apurinic DNA. · 

The first fraction sho~d a clear absorption peak at 260 mµ and 
differed only in the height of the peak indicating a quantitative 
difference. The possibility of a qualitative difference in terms of 
base composition has not been explored. 

The second fraction showed distinctive patterns of u.v. absorption 
spectra between 200- J0Omµ. While the extract from normal plants had a 
big peak of absorption at 280mµ, that from ameiotic plants, showed less 
absorption at the same wavelength. Chromatographic separation of the 
bases followed by systematic elution and further spectr9photometric 
analysis seemed to indicate differences in the components of the fraction. 
These differences might be due to one or both of two causes: (1) a 
difference in the composition of the nucleic acid, (2) a difference in 
the amount or nature of proteins. That the proteins do not differ in 
their amino acia composition in normal and ameiotic plants has been · 
indicated by a chromatographic study of hydrolysates of leaf proteins, 
though the same has not been tested in the reproductive structures. 

Further studies along these lines and concerning other biochemical 
aspects are in progress. 

S, K. Sinha 

2. Preferential pairing. 

In the last issue of the M.G.C.N.L.it was reported that in 
tetraploids heterozygous for a structural aberration (inversion 3a 
JL .4- 31 .95) preferential pairing was proved to be operating. The 
evidence cited was genetic. The backcross ratio of the control duplex 
(AAaa) was 4.03A : la and that of th8' ·structural heterozygote 
duplex was 7.llA-: la:- The inverted segment is marked with Ai and the 
corresponding standard segment wit}) !i• The difference in t'fiese ratios 
can only be explained by assuming tha~ preferential pairing occurs. In 
the event of preferenti~l pairing when two bivalents ~e formed only 
gametes of the type Aa would be formed. Preferential pairing in a 
quadrivalent would also lead to an excess of Aa gametes, because firstly 
double reduction cannot take place and second'.iy the chromosomes of a 
quadrivalent do not disjoin at random, there being a frequency greater 
than 1/3 of alternate disjunction. · . 

Now, it w possible to present some cytological evidence which indi- -
cates that preferential pairing does occur and also to ' _make an estimate 
of its magnitude, something which is very difficult to do from genetic 
data. 

Cytological observations were made on the chromatid bridge frequency 
of the simplex structural heterozygote as compared with that of the duplex 



stru.ct'Ul"al heterozygote. Since a chromatid bridge is formed after 
crossing over between a 'paired inverted and standard segment, it 
follows tmt the frequency of chromatid bridges is a function of the 
frequency of non-preferential or homoeologous pairing. 

The use or the chromatid bridge frequency of a diploid hetero­
zygote probably would not be legitimate since the frequency of ~rossing­
over may not be ijUite the same on the diploid and tetraploid le~els. 
Also in the tetraploid the~e is the possibility that in the case of 
qua.drivalent formation, two chromosomes.with a potential bridge may pass 
to the same pole and consequently the bridge will not oe resolved at 
the first division. The use of the simplex tetraploid should provide 
a fairly -gooc:l centrol for these two possibil i ties. Below is a total 
tabulation ''of the num~r of chrornatid bridges observed · at anaphase one. 

No bridges One bridge Two bridges 

Simplex 172 92 
'65.2% 34.8%. . ., 

, •, ..... 
Duplex 237· 36 , · 

85.3% 12.9% 1.8% 

If there were no preferential pairing the bridge fre quency of the 
duplex should be twice that of the simplex times 2/3 ( since 1/3 of the 
time the pairing would 'be of the preferential type by chance alone .. ) 

Since (2 X .348 X 2/3) or .464 r .165, the frequency of pairing 
of the non-preferential type is not the random value 2/3 but is reduced 
by a factor designated b7 11p11., the preferential pairing factor • . Thus 
by inserting the term 2/3 - p the equation may be balanced and the value 
p solved for. · ·· 

2 X .348 X (2/3 - p) • .165 
. . . P -= .43 

·This means that 76% (l:/3 +· p) of the time the inverted segr,1ent 
pairs · with the inverted segment and the standard with the standard. 
Only 24% of the time is the pairing the other .way~ · 

The use of trisomics to study preferential pairing appears to 
be quite promising. Here it will be possible to examine pachynema 
configurations (something which is extremely difficult to do in 
tetraploids) and to tabulate the different types of pairing. This 
part of the work remains to be done. However, thl';3re is some genetic 
data which can be presented which indicates that preferential pairing 
is operative on the trisomic level. · 
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No. of Number Ratio 
Cross ears A a: A a; 

(1) InA/NA/Na XNa/Na 3 450 149 3.02 : l x2 • 6.9H 

NA/NA/Na XNa/Na 3 417 108 3.86 : l 

(2) Na/Na X To. A/ N a/Na 8 421 1620 l : J.85 x2 a259~ 

Na/Na X NA/Na/Na 12· 1045 1966 1 : 1.aa 

(3) Na/Na X To. A/NA/Na 3 471 270 1.74 . 1 x2 .,. 7.6ff . 
Na/Na X NA/NA/Na 5 84J' 392 2.15 . 1 . 

The theoretical effect of preferential pairing at the trisomic 
level on genetic ratios remains to be worked out in its entirety. The 
problem would be simple if the chromosomes always paired as a bivalent 
and an univalent. Thus the results in (2) above could be explained as 
follows: 

The preferential type 
(1/3 + p') 

The non-preferential 
type (2/3 - p 1 ) 

Na In A 
Na 

In A N & 

Na 

Gametes expected 
AA ·Aa aa . A a 
0 .5 0 0 ., 

o .z5 .25 .25 .25 

Since n = 1 gametes are recovered with a low frequency when a 
trisomic is used as the pollen parent we may neglect them. Only if 
p 1 has a value of greater than Omay the results be explained. 

A difficulty arises when we try to figure out what will happen 
when a trivalent is formed. Will there be an excess over random of 
"!." gametes produced when preferential pairing occurs? This depends 
on the mode of disjunction of the trivalent. Do the two chromosomes 
which have their long arms paired, go to the same pole more often, 
less often or at random? Would the1 presence of a chromatid bridge 
influence disjunction? 

Another difficulty which should be mentioned is the fact that 
deficient and duplicate-deficient chromosomes are formed following 
chroma.tid bridge breakage which may lack the A locus. This would 
give a higher value for the recessiye class and would bias the genetic 
results. This is true for the tetraploid ratios as well., However, 
.it cannot explain the different ratios obtained with the t~traploids 
since i~ acts in the other direction. 

G. G. Doyle 
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3. Analysis of 2rossin g over .in haploid gametes of · asynaptic plants. 

Haplcid gametes produced by asynaptic plant s show a higher rate 
of crossing over than the gametes produced by normal sibs (Rhoades 
and Dempsey, MNL 23). The fre quency of double crossovers is especially 
high. Since asynaptic plants on the average produce ears with many a­
borted ovules, the possibility existed that the recovered gametes re­
presented a selected portion of the total population--namely those de­
rived tro,m EMC1s which had the advant~ge of frequent chiasma.ta and 
therefore a more regular chromosome oehavior. · If this hypothesis is 
correct, _it would account for the results without the need to assume 
higher crossing over in the EMC •s of asyhaptic plants • . · One would expect 
the .number of crossover gametes to be the same in an equal population 

. of ovules £rpm asynE!,ptic and normal plants if _all could be· analyzed, •. 
Since only part of the population of gametes can -be tested, no conclusions 
can be reached unless the number of recovered crossovers per asynaptic 
ear actually exceeds that from a nornial ·ear. On this _hypothesis there 
might also be a bias -in asynaptic plants toward simultaneous . recovery 
of crossover strands from two different bivalents in the . same gametes. 
These possibilities were tested in _the _following way. Backcrosses were 
made using asynaptic and normal ·sibs as female parents and the off spring 
were classified ?oth for.£ .sh wxon chromosome 9 and for!,! ,!ii!, on 
chromosome 2. The number of oviiles 01n ears of bot):l types was c6unted. 
The results are given below: 

%' % % Corrected .. Correctedl 
· Sh-Wx :a-sh Doubles iSeed % Set % set" !Ovules 111 

N 21.2 .3.7 .18 2780 74.9 100.0 2780 

as 21.2 6.3 .67 2377 .30.6 40.9 5811 
: 8.7* 2.3* .2&,t. 

' 

n corrected for reduced set of normal ears 
* based on corrected number of owl.es 

% % % ~ - Corrected Corrected 
Ws-Ig Lg-Gl Doubles Seedlings 'I, Set. % Set" . f. Ovules": 

N 8.4 18.9 0.2 1362 11.1 100.,0 1362 

as 14.5 29.0 2.1 1255 25.8 33.2 3785 
4.& 9.6"- o,.69* 

"corrected for reduced gemina.tton and for reduced s~t on normal e~s 
* Based on corrected number of ovules ' ' 

Only a part of the seeds classified for c sh wx have been tested 
in the seedling bench so the .!! l:,i i,! data are Incomplete. However, 
the number of observed crossovers in the~-!,& and lg-~ regions is 
greater in asynaptic plants than in their normal sios. The same plants 
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showed an increase in the c-sh ·region but none in·the sh-wx. region. In 
the case of single crossoversin both chromosomes, thefrequency of cross­
overs based on total ovules was less in asynaptic plants. The reduced 
set on these ears·results in recovery of fewer crossovers per ear. With 
double crossovers, however, asynaptic plants produced more per ear than 
did the normal sibs. In the chromosome 2 data, about 2 per 1000 owles · 
occu.tred in normal plants while 7 per 1000 occurred in as;ynaptic plants. 
The latter rate is certainly a minimum since 70% of the gametes were in­
viable. A greater ·number of' double crossovers (f'or both~ 1s, ,§! and 
c sh wx regions) occurred among the 30% of viable zygotes on asynaptic 
ears than occurred on normal ears with a much greater number of viable 
zygotes. This indicates either a preferential segregation of double 
crossover strands to the basal spore or alternatively a higher rate or 
production of such strands. 

When the data for the two chromosomes were correlated, it was 
found that the ratio of chromosome 2 crossovers to chromosome 2 non­
crossovers was the same among chromosome 9 crossovers and chromosome 9 
non-crossovers. This was true for populations from poth normal and 
asynaptic individuals. There is no evident association of crossover 
strands in single gametes. 

While these observations do not.support th~ idea of selective 
recovery of crossover gametes on asynaptic ears, they do not rule 
it out altogether. It is possible·to conclude tlu;\t something in 
addition to selection is operating, at least in the case of the double 
crossovers, since more double crossover individuals pe·r ear are found 
o~ asynaptic ears than occur in the larger pop~tions from normal ears. 

E. Dempsey 

4. Aberrant segregations from T6-9b heterozygotes. 

The studies to be reported are based on the descendants of a single 
plant of a homozygous T6-9b stock obtained from Patterson. This trans­
location · had been studied genetically by Patterson (MNL 32) and the 
backcross ratios were essentially normal. Burnham (Genetics 1950) re­
ported 50.2% aborted pollen and 26.8% adjacent-2 segregation in T6-9b 
heterozygotes. Since th~ data below show striking deviations from the 
normal behavior found by Patterson and Burnham, it appears likely that 
these results are due to some additional modification in the single 
plant from which rrry material is derived. · 

The first indication of unusual behavior was foUl'.ld in self pol­
lination of T ~/N Wx and backcrosses in which the heterozygote was used 
as female parent.- The former ,gave 7-12% wx ·and the latter 21-26% wx. 
Pollen from sib plants gave nomal ratios:- Reciprocal backcrossesof 
T -wx/N Wx plants gave the following results: ----- ' 

Heterozygous parent tu 

601 
315 

wx 

23.3 
395 

27.9 
51 • .3 



- . 
The translocated chromosomes·are not recove;;.ed with the expected 
frequency in the female baclccross progeny. Aprciarently there is no 
increased :::iterility, however, · since the frequency of abortion on 
one !/!! ear _was ob~erved to be about $0%. ·.-: ·· 

One family segregating for the T and for abnormal chromoi:iome 10 
was studied cytologtcally. · Plants heterozygous for the T were ·classi;fied 
for the presence or absence of the abnormal chromosome l~. The same 
plants were used · as females in backcrosses • . The results are given 
below: · · · · 

.Female parent Wx wx % Wx: 

T Wx wd k N 10 212 525 28.8 
N wx Wd KL ln.o 

abn lo 
... 

482 407 54.2 T Wx wd 'k 
N wx Wd rt N 10 ' 

· It is evident ' that the rattos approach normal in the plants with 
abnormal lo. The large knob (K) present on chromosome 9 has little 
effect on segregation since similar ratios were obtained in plants 
heterozygous for a small lmob and a knobless chromosome. 

A small sample of the above population . was grown· to seedling 
stage to clasdfy :for wd and to obtain root tip counts. It was found 
~hat 3.2% of the offspring of a N 10/N 10 plant weret'erti.aey trisomes 
"Whereas: 12~9% _of tpe , iabn .. !Q/N l:O .prog_eny were. tentiaries -~ The·•·incre~aed 
:f'requency-·or tertiary trisomes trom .. abn ,10/N .. J:O"Plants ·paI?tia:lly accounts 
for · the .·altered :Wx:.wx ratio · ·mentioned above .aihce 12· of the 14 .trisomes 
'\ilere: of Wx phenotype. - However., .something more must be .. operating µi , abn 
~q/N 10 plants to cause the increase from 28.8% ~ to 54.2%J~• 

The genetic and cytological data from the limited population tested 
1n the greenhouse may be summarized as fol:J.ows: 

% 
trisomes 

T WE wd k N 10 
N wx Wd RL 'ffTc) 

T Wx wd kL abn 10 
N wx Wd K N 10 

* trisomes excluded 

12.9 

154 149 

108 · 94 

%wx-wd % % 9-11 
% WJc,lt- % wd* recomb .* e 4 AI seg 

30.2 6.o 

, . 
37.2 2.1 72.·, 20.2 

The wx-wd recombination va.lue ' is extremely . low. In sib N. 10/N 10 
and ·abn 1o?N10 plants not · carryin g atra.nsloca.tion but possessing the 
same k 9/r..'L-9 constitution, Kikudome (in press) found 12.6% recombina-
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tion in the N 10/N 10 plants and 30.8% in the abn 10/N 10 plants. 
Apparently, in the present case, the combined reduction by the heterozy­
gous translocation and the large lmob is too great to be counter-acted 
by the abnormal chromosome 10 and the same low values are found in both 
types of plants. 

The counts of rings versus chains and of 9-ll AI segregations are 
based on small populations of less than 200 cells. The increased fre­
quency of 9-11 segregations in abnormal 10 heterozygotes is correlated 
with ·the increased recovery of trisomes from these plants • . The in­
crease in ring formation in abn 10/N 10.plants is difficult to explain. 
Presumably ring formation depends on the presence of a chiasma in the 
T-wd region of 9S. The T-Wx. distance from Patterson's data is about 
4 map units and the Wx-wd region in this experiment is only 2 units. 
Thus even the 41.4% of tings in N 10/N 10 plants cannot be accounted 
f'or if no more than 12% of the cells have chiasmata in the critical 
region. (This ignores another extremely short arm of the T which would 
not be expected to exhibit 100% chiasmata). Since both the cytological 
and genetic • data on recombination and ring formation are based on small 
populations, further tests are necessary. 

E. Dempsey 

5. Further studies on preferential · segregation. 

In the MNL 31, data on preferential segregation for loci in the 
long arm of chromosome 3 were presented. Representing abnormal 10 
as K 10, normal 10 ask 10, the chromosome 3 with a large knob at 
position .6 ~s K 3 and the lmobless chromosome 3 ask 3, backcross 
data using the heterozygous plants as the female parent were obtained 
for four combinations: 

K 10/k 10, K 3/k 3 
K 10/k 10, k 3/k 3 
k 10/k 10, K J/k 3 
k 10/k 10, k 3/k 3 

. . The dat~ clearly showed ·that preferential segregation for the 
_gy, ~ a1 loci in the long arm' of chromosome 3 occurred only in the 
OO/k-10, K 3/k 3 combination. Some of the F1 sibs of the backcrossed 
plants were self pollinated and the F plants examined at meiosis for 
their constitution with respect to K io and K 3. These F2 plants were 
backcro~sed and the following ·data obtained which are given in summary 
form together with the' data from the bac.kcrosses of the Fl plants. When 
there was no evidence of preferential segregation, the percent of segre­
gation is indicated as 50 but it should be indicated that the actual 
values varied around this mean value. 

Data from every possible combination of abnormal 10 and norrnal .10 
with lmobbed and lmobless chromosome 3 have been obtained ·with the ex­
ception of the K 10/K 10, k ·J/k 3 class which should yield 1:1 ratios 
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% % . % 
Gl !£ A - -

K 10/K 10, K 3/K 3 50% --- 50% 

K 10/K 10., K 3/k 3 50 63.3 67.9 

K 10/k 10, K.3/K 3 so --- 50. 

K 10/k 10, K 3/k 3 50 70.2 64.2 
51.7 '72.5 63.6 

K 10/k 10, k 3/k 3 so 50 50 

k 10/k 10, K 3/K 3 50 . -- 5o 

k 10/k l.O, K 3/k J So 5o 50 

k 10/k 10, K 3/ic 3 so 50 so 
for all segregating loci. The data show clearly that preferential 
segregation occurs only when the chromosome 3 bivalent is heterozygous 
for the lmob and when abnormal 10 is either homozygous or heterozygous. 
The slightly high percentage of preferential se&regation of the ! _lo~us 
over that of the ~ locus in t ·he K 10/K 10, K 3/k 3 cla s s is anomalous 
but is almost certainly due to the relatively small population obtained 
for this combination. · 

·M. M. Rhoades 
E. Dempsey 

6. Level of polyploid.y and size of c~o ~opla_sts. 

Using the elongate gene which -when homozygous results in the 
fonnation of unreduced rnegaspores in plants at all tested levels of 
ploidy · (Rhoades MNL JO), a polyploid series consisting of lN., 2N, 3N, 
4N., SN, 6N and 7N plants has been obtained. Although not isogenic, 
the close relationship of the dif'ferent polyploids permits a comparison· 
of the effects of ploidy level on ·various characteristi~s · such as he~ght, 
vigor, etc. One of the more interesting findings is that the size or 
the mesophyll chloroplasts is the same throughout the range· of polyploidy 
although the number of plastids per cell increases with level of ·ploidy. 
Thie independence of plastid size from nU:clear constitution is further ·· 
indication of plastid autonomy. · 

M. M~ Rho~.des 

7. On the ori gin of abnormal. 10. 

During the course of the investigation discussed above ·on 



59 

preferential segregation with loci in chromosome 3, a number of plants 
were obtained which were heterozygous for abnormal 10 and carried a 
single B chromosome. Although our earlier studies had indicated no· 
homology between the extra segment of abnormal 10 and B chromosomes, 
it was felt that a further examination was called for in view of Ting's 
(Chromosoma 1958) suggestion that the abnormal 10 which he found arose 
from a B-~•lO translocation. If the extra segment of the abnormal 10 
found by.Longley and subsequently widely studied by others has come 
from a B chromosome via translocation, pairing between the distal end 
of abnormal 10 and homologous regions of the B chromosome should occur 
frequently in plants with a single Band heterozygous for abnormal 10 
because of a lack of pairing competition. A large number of pachytene 
figures were examined in such plants and, except for an occasional 
adhesion or the lmob-like region of abnormal 10 to the distal hetero­
chromatic regions of the B, there was no evidence of homology between 
the two chromosome segments. 

IOWA STATE COLLEGE 
Ames, Iowa 

M. M. Rhoades 
E. Dempsey. 

1. The effect of the independent activator of a-mutable on p~le green 
mutable. 

In a previous communication (MCNL 30) it was reported that pale­
green-stable (~ 8 ) does not respond to the activator of am. It is now 
believed that in this case a non-mutable ES.a (similar to-!dl) was being 
tested. Recent experiments with a !mown mutable .£gs clearly show that 
,E!B-11-does mutate in the presence of the independent controller of !:· 
mutable. Furthe:nnore, this controller corresponds in every way to 
Enhancer and so ~11 be designated !!'.!• 

The test of similarity showing En to cause both !mIH and ms .to 
be mutable. 

F1 pg-segregating tyYes 
+/pga,¥, A Ax Pg/Pg a ah/a sh~+ mutable factor -- 1/2 Pg/pgS A/a sh 
no mutable factor 

+ mutable factor 

* lmown to respond to En 
ff amI is mutable only in the presence of En 

iHHf- f;'his a responds to Dt and not to En - -

1/2 Pg/pg8 A/a sh 
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F1 D and tested on amIH . · ·· . ml , 
On testcross to a ff 

Gave a-mutable Did not give a-mu.table 

. • In trogeny of II In :ero~enz Qf J) 
Total No. segrega ~ ea segregates s~egates segregates 

19S8 of ears pglll & pgS only pg8 p & pgS ' or.ly pg 8 

1370 8 4· 0 . o 4 

1371 4 1 · 0 0 J 
... 

1372 3 2 liHHHf- 0 0 

1373 12 8 0 .o ~ 4 -
lS 1 0 11 

~ amI is mutable only in the presence of En 
~ thie a responds to Dt and not to En -
~ only ~ception to correspondence ol'" _!! causing ES.~ to be mutable 

~d .! to be mutable. In all other cases, the occurrence of ptn 
is correlated with ,!-mutability. 

P. A. Peterson 

2. other factors associated with a-mutable. 

Dense factor 

. Among the tested progeny of ohe am allele two very distinct 
pattern types were ·observed: very dense xm!ta.ble '(ab10st full color) and 
fine mu.table (like, Dotted) ·. The f'Qllowing sample data represents some of 
the :typical s~greg,ations of the two phenotypes. 

1957 

410•30 x a sh 

.3lB-l x a sh 

410-4 JD 

410.-J.4 II 

410-31 x a shif.!Ht 

The Cross: am Sh/a sh x a sh/a sh 
(Dense) x colorless shrunken 

non-shrunken kernels 

mutable 

very dense fine 

93* 89ff 

44 52 
117 49 
168 42 
76 )9 

* On further tests, Dense gives rise to 1/12 dense : 1/2 fine. 
** On further tests, fine mutable gives rise only to fine. 

iHHf- These off-ratios have not as yet been analyzed. 
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It is evident that the·two phenotypes are· due to the segregation 
of a factor, designated "D", in whose presence, a dense pattern results; 
in its absence, the pattern is fine. 11D11 can be lost in somatic tissue 
since large sectors of the 2 pattem types occur on the ear as well as 
on the kernels. nnn is not an added dosage of activator (En) since in 
the case of amI with D, but without En, the kernels are not mutable. - ... - ~ 

Pale ·allele 

· In one family of dense type mutable ( 157 • 262) 13/41 of the 
testcross ears (!]3/!, ,:!!! x ! ~!. !2) were segregating Dense purple : 
~nse pale in various ratios, some of the ratios being 1/2 : 1/2. 
Subsequent tests have shown that there is a factor P that determines 

.purple; in its absence, the kernel is pale-mutable.- The relation of 
the purple.factor (f) to Dense factor(£) has not been determined. 

In surmnary, the !•mutable has the following components: 

a1f1 • autonomously mutable - many patterns from dense to very fine; 
mutates · from colorless to colored. 

amI• stable or colorless in the absence of controller of mutability .. 
En; mutable in its presence. -

En • independent cont1•oller of mutability, arises from position at 
the! locus; similar to,!! of m-mutable. 

D ~ Independent Dense factor causes the fine type, autonomous or 
independent mutable to be very dense; is lost somatically and 
arises somatically; its presence causes the fine pattern to be 
earlier and higher in frequency of mutability. · 

P s Purple factor causes a basic pale to become purple; arose in 
purple stocks. 

P.A. Peterson 

3. The number of cell divisions in the growing seedling leaves. 

m Coincident with a study of temperature effect on mutation rate of 
E,& (Jour. of Heredity 49: 121) it was shown that cell divisions occur 
in the leaf blade during the germination process and that more occur in 
the younger leaves than in the older ones. It is estimated that 15, 31 
and 47 new cells arise between the time of germination and time of count­
ing (when 3rd leaf is 15 cm long) in the 1st, 2nd and 3rd leaf, respective­
ly. 

P.A. Peterson 



62 

4. Summary of linkage studies with ~lbino mutants. 

Linkage data that have-accumulated to date for eight differeht albino 
.mutants are s\lll1lna.rized below. Seven o'f these mutants (~-5, lw-1, li-3, 
ol-1, · !l?,-2, lw-2, ?E_-9} are characterized by pale yellow or wlirte endo­
ep,errns and aI'6'ino seedlings. The, eighth mutant., ~, has pink endosperms 
and albino seedlings with a tinge of pink. The pastel-8686 all~le of 
w-3 has seeds with pale endoaperms that give pale green (pastel) seedlings 
Instead of white. The green mosaie allele of YE,-2' undergoes frequent 
back mutation to normal in the endosperm and seedling, r.esulting in pale 
yellow . endosperm with patches of yellow and•with albino seedlings with a 
mosaic of green tissue -. . Mutants !E_-2, !E-5, !E,-9, ~ and ?-3 frequently 
exhibit vivipa.ry in addition to tlie trait ·s already mentioned. In the 
following summary, given on the next. page, the nru.tant is listed to the 
left above the chromosome map along with the chromosome ·arm in which ·· 
it is found. The linkage maps are after Rhoades (Science 120t ll5-l20, 
1954) with linkage values given by him. listed below the chromosome while 
the linkage values ·determined by these studies are given ~bove the lines 
connecting the genes with which tests . have been made. In· the cases of 
lw-1, cl-1 and ,!E-9, it has not been determined with certainty whether 
the mutants are to the left or right of their clos~st marker gene. The 
position shown is the most probable one on the basis of'the present data. 
To the right of each linkage map is a list or the translocations with 
which linkage has been obtained, along with the position of the trans-

. location break point and the linkage values. A linkage map for a ninth 
mutant, pastel-8549, has not been included since it is an allele to z-1. 

D. s. Robertson 

S. Further allele test with albino mu.tan-t s. 

In addition to the albino genes listed on the · above.linkage ' map, 
w-8624 ~d ~-7748 have been placed· on chromosome'three by a test with 
'tranaloeation 3-9c. Allele test -with these two mutal'lts this pa;3t ... 
summer gave positiye results. Allele test with cl~l, which is also 
on chromosome three, gave negative results in a cross with w-8624 
where both parents were known to be·heterozygous. · -

Allele test in 1957 had established that a. mutant sent me by Dr. 
Mumm ( out or Oh7) was allelic to one sent by Dr. Braun ( out of. l82D )'. 
Test this year established that these were in tum, allelic to !£•5 
on chromosome l. . · · 

.,. . 

. A new pastel mutaI,J.t J paste l-4 _889, has pr oved. to be -non-a_llelic 
to pastel-8549 and pastel:-86 86. It , posit ion on t he linkage maps has 
not been determined as yet. 

·I. 

n. S. Robertson 
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6. Close linkage of su1 with a mutable locus. 

Studies of an unstable chlorophyll character designated mutable 
luteus (lm)* al'e in progress. Crosses of J!'1 x TB4-a had .indicated 
that 1m was located in . 4S distal to the break. · · . - \ 

A preliminary analysis of F2 linkage data showed very cloao linkage 
between the!~ and.!:.]. loci. 

0 
58 047 
,58 048 
58 049 
58 osa 
58 066 
58 072 
58 073 

Summary table of F
2 

linkage data: su,l 
su1L 

There has been no indication of differential tranernission of 
aametes carrying 1m. The reversion of 1m to L has been estimated to 
be about nine per-cent in the female. !t appears to .be somewhat 
higher than this in the male. 

'l'he above ch!,ta was nat adjusted for estiznS:ted rate or reversio~~ 

*(!mpreviously reported by Rhoades and Dempsey - MJNL24) 

J. D. Smith 

Present address: Texas A. and M., College Station, Texas 

DlSTITUTE OF GENETICS 
University of Lund · 

Lund, Sweden 

l. Compound structure of the kinetochore in maize. 
' 

For our understanding of the organization of the c~omosome at 
both the cytological and genetic levels it is necessary to know the 
structure and function or its components. The kinetochore is one of 
the chromosome•s most important · segments, not only because it leads 
the chromosome 1n its movements, but also because it shapes the 
pattern o~ the arms, interacts with .other segments and influences the 

, 
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dis~ribution of mo~t chromosome properties. 

Although excelient·preparations of maize pachytene chromoso~es 
may be readily obtained, cytologists and cytogeneticists who have 
studied them for the last 20-30 years have described the kinetochore 
in this organisJll as an empty region and represented it in drawings by 
a large circle. 

This was most unfortunate since this ciassical organism together 
with Drosophila contributed to establish most of our cytological and 
genetic concepts. The result has been that we have looked for many 
years at the kinetochore as an empty region deprived of structure and 
subsequently of genes or a:ny specific activity. 

In the la.st ten years our study of the ld.netochore structure· in 
other organisms a.as :radically changed this picture (Lima-de~Faria, 
Int. · Rev. Cyt ., 1958) , But the maize chromosomes remained as a kind 
of exception to the now w~ll established occurrence of a complex 
structure within the kinetochore. 

During a study of pachytene chromosomes of maize carried out at 
the University of Illinois, the ldnetochore of pachytene chromosomes was 
investigated by means of the squash technique commonly used for this 
organism. Anthers were .fixed in propionic acid - 95% alcohol 1:Jand 
stored in a freezer. fhe P.M.c.•s were stained with aceto-carmine as 
in the usual procedure. 

In many cells the kinetochore of pachytene chromosomes of com· 
exhibited with sharp clearness a quite complex structure. In maize, 
due to the existence or the chromomere size gradient on both sides of 
the k:l.netochore, this organelle can be very well delimited. 

The kinetochore appears to be composed of chromomeres and fibrils 
indistinguishable in stainability and morphology from those found in 
other regions of the chromosome. As a rule one or two chromomere pairs 
are seen in each kinetochore but as many as three chromomere pairs 
separated by weakly stained fibrils may be observed. 

The pattern is essentially the same as :round in rye, Agapanthu.s 
and other . organisms (Lima-de-Faria, Hereditae 1 1949 and Chromosoma., 1955). 
Within the kinetochore of maize chro~osomes there can be found a.a many 
as 7 different segments: 3 chromomeres and 4 fibrils. This reveals 
that the structure is sufficiently complex to pennit the occurrence of 
roarrangements leading to the formation of kinetochores with different 
genetic constitutions. 

A functional differentiation among kinetochores of the chromosomes 
of maize was· found by Gurgel (MNL,1956 and X Int. Cong. Genet., 1958). 
At pachytene, ld.netochores of nonhomologous chromosomes may associate 
~s the kinetochores of salivary gland chromosomes of Drosophila · regular­
ly do. This association in maize is less intimate than fu-~oaophila 
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and ' it occurs spora~cally. Of special significance is that Gurgei 
made a statist .ical ariaiysis of the frequency of association and fou".ld 
that all klnetochores associated at random except the one of chromo­
some 5. "The frequency of -association was much higher for this chrom6-
some. , · ' · ··. ' 

.• 
This re:;iult can now be better interpreted as the compound kineto­

chore structure here described can .be easily conceived to mutat3 or 
rea.r'range:; ieading -to ' the. formation of l<:inetochores with diff ·erent 
properties. · · · · · · · · 

McClintock (Genetics, ·1938) has shown that •ehromosome 5 could be 
fra@l .ented through the middle of its kinetochore, the .two halves ·re­
taining their functional activity on the spindle •. The functioning of 
one half and the ' structural similarity of the segments reveal that . the 
kineto ·ohore ' of maize is a repeat. The : kf:netochor~ of rye is . also · a . 
functiohal re p·eat, since · ia· ld.netochore with one chremomere . ~d two · ' 
fibrils ' (with ·, about one thi:".rd · of its elements) functions norrna1zy ·on· 
the spindle, being perpetuated through mitosis arid 'meiosis (Liriia'-de­
Faria, Chromosoma, 1955), and;.fu~her ~ach half of the kinetochdre 
forms a separate' iso- _chromosom~ (Lil_na-de-Faria, Hereditaa, 1959). 

. 'i t 

·When the nucleolar organizer of maize cllromo'somes is split into 
two segments both retain' 'their functional activity, but" the large · j 

proximal segment of the nucleolar organizer forms a smaller nucleolus 
than the small distal segment (Mcclintock., z. Zell£ ·-. ·u~ Mikr. Anat., 
1934). · Similarly, a ki.netochore with a deletion shows higher ability 
to withstand elimi'n.at ion · at me•iosis and less power to u;ifluence the 
pattern of the ai"ihs (Lima-de-Faria; Chromos~mA, 1955). , The f;llenients 
of both 'the ltlneto6nore and the nucleo ~ar organizer have the same essential 
properties • but ·t,hey 'differ 'from each o'ther --in ~ their f'unct'ional power. 

!' A. Lima-De-Faria 
,,) 

2. Viability of translocated chromosomes in maize. 

In the study of chromosome organization it is relevant to knCIW 
wn~ther chromosomes with new arrangements .are more or less viable than 

• those with the normal pattern. With this . in view . a cross W8f!I made using 
pollen of plants · heterozygous tor tranalooati'on 5-6 (T 5-f; __ tJN· !) 611d 

· fema:J.e ·plants carrying small y. Translocated chromosomes/ carry small l 
~white kernels) and normal chromosomes large Y (yellow kernels). The 
results are, summarized in Table l. · - . '· 

· The differential fertilization · of gametop.pytes carrying Y and l is 
highly significant. Gametophytes carrying · translocatea chromosomes are 

·' a pparently more tviable :than ,those ' with. normal ctiromoso~s. 

In this translocation·the nucleolus organizer is moved to the end 
,of a long . arm after a knob; quite far away· from the kinetochore·• · In 



TABLE l - Differential fertilization of gametophytes carrying 
Y (normal chromosome 5 and 6) and y (translocation 5-'6) in 

maize. 

Kernel Ear Total 
Color 1 z J 4 

. 
Y~llow 

y 138 92 30 172 432 

White 
y 192 122 27 187 ,528 

Total 330 214 57 .359 960 
.. . 
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strains of maize raised outside experimental . conditions the nucleolus 
organizer is lmown to occur regularly at a def:µiite locus close to the 
kinetochore. Outside experimental conditions a,:iy other nucleolus 
location is apparently selected out. Thus, from the point of view 
of chromosome organization the translocatecl chr .omosome is expected to 
have a lower survival value. 

The easy survival of the translocation under controlled culture 
conditio~s is not necessarily to be attributed to the presence of the 
new chromosome arrangement but to the association of the translocation 
with one of the many gametophytic factors known in maize. 

A. Lima-De-Faria 

ISTITUTO DI GENETICA VEGETALE• FACOLTA I DI AGRARIA 
University of Piacenza, Ital3 

1. Defective endosperm factors from maize-teosinte derivatives. 

Additional data have been obtained on the defective endosperm 
types in the derivatives of the controlled introgression of teosinte 
in the inbred A 158. Other defective factors are turning out to be 
identical . or allelt~• Elcce~tJfor allelism not yet having been clearly 
establishee for de 4 and de J..5, all the following factors should be 
considered allelic: -

det4 · det5, detlO detll det14 detl5 detl7 detl8 detl9 det20 ~t-23,and ~24,' - , - , - ~ - , - , - , - , 
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·An extensiV~ ·studv has been ma.de of det 29, -~hich ·origi~ated in 
the stock carrying det22. Since the latter gave intermedi ·ate de­
fectives, with rather special · characters, moderate reduction in endo­
sperm development and fairly good germination, the appearance of a 
segregating ear with extreme defectives red'u.ceq. to a s:unple shell, was 
asffled to be due to a new mutation 2 Test crosses demonstr.ated that 
~ 291 was a stPonger allele of det 2 and that .~he latter had -mutated 
to dev29. Moreover det29 did not"keep the new character of extreme -· 
defective.·. ~rn qrderto stµdy th~ inetab:l,lity of the system involved, 
many self-pollinations have been carried out in plant~ ·obtained · from 
normal seeds of 'ears segregating extrem1:3 defectives (det29 type, weight 
mg. 0- . 20), intennediate defectives (det22 type,- weight about mg 20-120) 
or both. -

• The results are s~ized in the Ta~les 1, i 3. Th~ available· 
data confirm• the instability both of de t2 · and de ~9: on the average 1 
each of .them, in ab_out one case out qTte.n, mutites to the other type of 
defective; in both cases also the segregation is not too far from the 
theoretical 25%. When, however~ the ears segregate both types of de­
fectives the behaviour is quite puzzling. Not only, as one could 
expect, are ·cases found in which just one type of defective is detect­
able, but also ears are·frequent where the presence of both ld.nds of 
defectives is 'accompanied, by an abnormally high 01.ur~lative percentage 
of the defectives themselves. · · · · 

. . 

Another curious behaviour of det22 · is as follows; when kernels · 
that show endosperm unquestionablydet22/det?2/d;tzz are germinated and 
plants are obtained from ·themj self-=i,ollinationprodui~~ ea.rs on ~hich 
is observable moriohybrid -segregation of normal and~ kernels. 
Table 1. Results of ~elf-pollinated ears ,produced by plant~ originating 

from normal seeds 0£ ears segregating extreme defectives. 

Total number 
e of seeds 

$8-578- l ~~. 0 48 
.. 7 2 215 
-·. 7 12 0 139 
.·7 bis 28 5 215 
-. 7 ... ter $6 0 ~6 ~10 21 . 18 

=~ .47 l 159 
32 0 126 

-21 35 0 129 
-30 20 0 122 
-l6 .25 l · 198 
- 0 29 4 2_;z· 
-40 bis 19 - 0 194 
-LU· 27 2 ~ Jl68 
.. 50 27 0 227 
~.54 24 2'' 175 
-57 31 0 ·217 
-61 21 9 287 
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Table 2. Results of self-pollinated ears produced by plants originating 
from normal seeds of ears segregating intennediate defectives. 

Row and Approximate percentage of defectives Total number 
ear number extreme type intennediate type of seeds 

58-577- 3 1 
' 

20 129 
- 5 2 23 228 
- 6 0 2g 

lgl - 9 2i -11 .8 
-12 0 29 217 =~ 0 32 160 

2 32 210 
-19 l 2J 124 
-2~ 15 20 121 
-2 5 28 12g" 
-2 3 a6 26 
-26 l 17 87 
-29 60 ¼t =~- 0 29 

6 11 194 
-:-3~ ·1 17 i~~ :~o -3 1, 

~i 0 10~ .. 41 1 ¼ 10 

:fr~ 0 if~ 2 
~5 -49 0 359 

Table 3. Results of self-pollinated ears produced by plants originating 
from normal seeds of ears segregating extreme and intennediate de ... 
fectives. 

Tota number 
of seeds 

58-579- 1 42 11 207 
- 3 22 l 218 
- 4 2 24 1.56 
- 5 53' 20 132 
- 6 20 27 138 
- 7 22 32 21.5 
-10 3~ 0 168 
-ll 24 16Z 
-13 20 20 204 
-15 0 ·o 180 
-21 42 18 57 
-22 ~{ 1 180 
-2~ 25 176 
-2 20 29.31 
-28 28 

1~ 
255. 

... 30 15 95 
-31 2 26 117 
.. 37 3 29 209 
-38 27 lo 240 
-39 21 22 220 
-e9 bis 27 23 271 
- 0 36 32 139 
ji 22 2 178 

41 27 291 
A. Bianchi 
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2 • . The tasynaptic' factor in the multiple tester. 

The 'asyna:p~ic• condition reported in the multiple test,er of 
maize (MNL 1957) has been studied as to possible consequences on 
crossing-over values. In heterozygous condition such a genetic 
factor does not decrease the crossing-over percent in the tested 
ll""'.Sh region on chromosome 9 ~ On the contrary the recombination · 
value seems higher, although not statistically determined, as yet. 

In spite of the fact that data are available only in heterozygotes 
for the asynaptic condition, the results agree with the -conclusions 
obtained by Rhoades in the study of the asynaptic factor identified 
by Beadle. In our material the fertility is apparently normal. 

Some data on the tested region follow: 

Row No. 

57-427 
-428 
-429 
-431 
-432'. 

Total 

56-506 
57-4o6 

-407 
-408 
-433A 
-433B 
-434A 
-434B 

Tottl 

Famil)r 

It 

II 

II 

F ,~ 
n 

" 
II 

tr 

II 

" 

56-507/5o6 B 

Sh Yg 

55 
245 
286 
412 
217 

1215 

1024 
624 

1542 
1330 
594 
459 
615 
534 

6722 

25J 

sh rs sh Yg 

7 
39 
45 
70 
41 

202 

150 
65 

256 
212 
113 
50 
65 
59 

990 

64 

9 
41 
57 
77 
43 

227 

control 

120 
65 

211 
246 
74 
32 
96 
62 

966 

56 

sh yg 

s 
58 
46 

107 
4S 

261 

153 
61 

362 
.3il 
130 
98 

137 
148 

i400 

197 

Recombination Map 
%,;!;Prob. error units 

31.0 .! 4.4 
23.5 ± 1.1 
29.0 .:t 1.8 
24.5 ± 1~3 · 
28.0 .:t 2.0 

26.o .:t .a 

I 

21 • . .:t 1.1 

29 

24.1 

Z3 

Additional control data on the regions wx-u_ and,!!!-~ give, in 
the same control stock, distances in map units quite comparable to 
the standard ones. 
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Recombination Map Family 
teooled ldata~ Wx,Yg Wxli wx Ys, wx li ~rob. · error units 

F2 5514 1!'42 183J 892 41.5 J: ., $6 

B 192 100 117 161 38.1 .t 1.4 48 

Sh Wx Sh wx sh Wx sh wx 

F2 11750 2228 1933 2722 2,.0 .:t ,2 28 

B 254 83 55 235 22.0 .:t 1.1 24 

It will be noted that in all cases the recombination value cal­
culated from baokcross data !e slightly lower than that from the pool­
ed F2 data. Since backcrosses were made on the multiple recessive this 
may suggest that the amount of recombination is lower in microsporo­
genesis than in megasporogenesis. 

A. Bianchi 

3. The translocation point ih TB-Ba. 

Plants msa j 1 have been crossed 'by the TB-8a stock obtained by 
Dr. H • . Roman:- J.ii"a progeny of 18 plants, 7 showed the japonica 
character; 5 of these were ms, too. The japonica plants were, moreover, 
shorter than the normal J plants, con.firming their hypoploid nature, 
The results suggest that-the .J.:i. factor is distal to the translocation 
point in chromosome 8. Previous:cy-by means of deficiencies it was 
shown by McClintock (1933) that the J,1 factor is in the distal portion 
of the long arm of chromosome 8. 

A. Bianchi 

JOHN INNES HORTICULTURAL nISTITUTION 
. Hertford, En@land 

l, · Differential p_olJ.ination in maize. 

An attempt has been made to change the flowering times in a maize 
population by the method' of separating seeds from the middle, bottom and 
top part of a single ear, which represent the earliest, medium and latest 
silks to emerge. The hypothesis is that a shift may take place through 
the differential timing of pollination~ Isolation plots of each group 
whose seed.a were separated each year were grown for three years and then 
the lines were combined in one large field experiment comprising three 
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plots. Silld.ng times and tasselling-times were recorded. It was 
f' ound that there were no consistent differences in flowering times · 
between the lines ·: Either -the initial population had not been suf­
ficiently heterozygous for flowering time, which· :ts unlikely a_s an 
open-pollinated F1 hybrid ear was used initially, or the differences 
in t,irning of' the silks from the three regiol¥! of : ~ne ~ars lla.ve not 
been · sufficient to act as a ·differe:ntial sieve for separating the 
early and late pollen grains. 

o. Haskell 

2. Studies w±th . West' Indian maize. 

A series of six· sowings at · tnont~ intervals were ma.de in 1957-58, 
commencing on 2 8f3ptember, using nine· varietiee · of West Indian maize · 

;, ,supplied by the School of Tropical. Agricu ·lture, Tr!I.ni_dad,. One hundred. 
seeds (50 per a$ed-box) .were sown .of eac}r. In- this 1way ·1t was hoped 
to utilize the differences in day-length over the-6 months period to 
find the best time for sowing the crop at Hertford for the promotion of 
plants with functional ears and tassels in the glasshouse, that would 
also give a satisfactory seed yield for further experimental investi• 
gations. 

' . 

The number of non-normal seedlings from each' sow;lng was recorded, 
and these included, characteristics like dwarf.ness, arid st ri ped or nar row 
leaves. -i'he· ·majority of . aber ~ants bad' pale ,leaves of varying degrees;­
there was ·an: occasional albino. The graph of me~ leaf number on 4 . · 
Febrtiaey-; 1958, :tor plants origina,ll,y- separated ' as' no~al and_ aber-rant 
seedlings, d.nd:l:cates ·_:·that the controls al ways have more . leaves ·than ' the 
aber rant s. As the. difference· decreases wi t,'h the lateness . of sowing,. 
:this suggests that the · difference in leaf number is a reflection or ' 
the dii'ference in growth vigour of the,iwo classes. · 

The plants of the six sowings indicated that the best results f' or· 
pollination followed by seed setting were from particularly the second, 
third and fourth sewings, viz., on 28 September, 28 October and 23' 
November·. Another advantage of these sewings was the over-lap in pollen 
shedding, which f-acilitated hand pollination •. In the first sowing there 
was a shortage of pollen and the ears were somewhat shorter than those 
of later sewings. On the other hand, the fifth and sixth sewings gave 
a larger frequency of plants failing to reach tasselling and silk::tng 
within a reasonable period, e.g • . by . 28 J~ (i . e .• ' atter 5 or 6 months 
in the glasshouse}. The Early Caribbean family was the earliest through­
out the range of ~owinga; although .Coastal ' Tropio dl Fii nt •~as ~s- early 
at.the fifth sowing. Seed drying and -shellin g of, ~he harvested ears 
wa~ satisfactory under glasshouse conditions. · 

~· • i ,. r l ... · . 
Intra-p,Qllinations 'have· been· made between the more vigoi'ous and · the 

,,,,_ less vigorous pl:ants ·in each family. The vigour of the yarious -crosses 
:,:,~ins to . be compared . · · · · 



It is concluded that for breeding purposes, the best times for 
sowing West Indian maize strains in the glasshouse in Britain must be 
related to the day-length. Sewings are best made when the days are 
shortening from 111/2 hours to 8 1/2 hours. 

G. Haskell* 
w. Williams 

* Present address: Genetics Department, Scottish Horticultural 
Research Institute, ?trlnefield, Invergowrie, By Dundee, Scotland. 

MACDONALD COLLEGE OF MCGILL UNIVERSITY 
Province of Quebec, Canada 

1. Transallelic change at the C locus. 
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A study reported in the 1957 News Letter (p. 144) ~hewed no 
invariable transallelic change of the cI component of c1c heterozygotes 
when used in a mating scheme similaf to that develo~ed-by Brink. cI 
alleles from cicI homozygotes and C alleles from c.i.c beterozygotes 
produced the same phenotype when piaced on homozygous ! £ ~ E silks 
in W22 inbred background. 

Further studies have sho'Wl'l no invariable transallelic change 
o1 the C component of these same cic heterozygotes. C alleles from 
0 0 heterozygotes and C alleles from CC homozygotes produced the same 
phenotype within each ma.ting whether pi°aced on A c R Pr, Inbred· Al71 
(! .£ ! f:: i) or Inbred W9 (! ~ ! _!! !) silks. - - - -

Robert I.Brawn 

2. Dar le variegated. 

Preliminary observations on dark variegated pericarp, a new 
phenotype · in the mutational spectrum of the pVV allele first reported 
last year, has indicated that the frequency of red ea.rs in the progeny 
of dark variegated kernels is considerably higher than in the progeny 
of the parental medium variegated. This is consistent with previous 
observations by Brink and his students that the amount of red striping 
of the pericarp is related to the frequency of self-colored offspring. 

Robert I• Brawn 
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UNIVERSTIY' OF MELBOURNE 
Melbourne, Australia 

Botany School 

1. Persistent nucleoli at the second pollen grain division. 

In making preparations to study non-disjunction or B chromosomes 
at the 2nd pollen grain nuclear division, it was observed that, when 
B's were present, the nucleolus persisted through metaphase and dis­
integrated across the spindle during anaphase. From J to 7 quite 
distinct pieces of nucleolus on the spindle were noted. Non-disjunction 
of the B 1s was also observed in this case when 2 B's were present. 

Margaret Blackwood* 

*Present address: Department of Microbiology, Birmingham 15, England. 

r 

1. New characters. 

UNIVERSITY OF MINNESarA 
st. Paul 1, Minnesota 

teosinte branched (recessive) 

The character we have been temporarily calling teosinte 
branched ·. (many tillers plus slender branches at most or the nodes) 
has been teated with a series of interchanges marked by wx, au or 
E!:• It shows linkage with Tl-4a (1L.5-4S. 7), using ~ asthe marker. 
A separate test with su shows no close linkage, hence the gene is 
probably in chromosome"'.l.. 

dwarf S-3 

This character is one originally produced by irradiation by 
Stadler. It shows linkage with T8-9 marked with!:!!• 

-2. New linkage · data. 

+ + 
bk + 

C.R. Burnham 

A )-point backcross test gave the following: 

0 
65-32 

l 2 
8-30 34-21 

1,2 
6-7 

total 
203 

25.1% for region l, and 33.5% for region 2. 



This agrees with the order indicated earlier (News ?.atter #29, p 51). 

C. R. Burnham 

J. Big ring. 

(a) Production of rings with a large number of chromoames1 
progress report. 

Thus far, the biggest ring induced by a homozygous line 
is· a e10. The homozygous line, referred to ae a permanent ring of 
10, has five chromosomes involved in interchanges, i.e. 1-5-6-7-8, 
the successive steps being obtained by X-rays: 

5-7 X-rq 1-5-6-7 X-ray 1-5-6-7:..B.· A· second line which will 
include the other five chromosomes, 3, 2, 4, 9 and 10 is being put 
together by genetic crossing over. The cross of these two lines will 
prod'!,,lce 2810. 
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To develop a line which will induce a ~20, Irunan 1s general scheme, 
of having one interchange 1n common when two pennanent rings of 6 are 
crossed to produce a ring of B, two interchanges in common when a 
ring of 8 is increased to a ring of 10 and so on up i~ being used. 

In addition to the permanent rings of 6 listed (News Letter #32, 
p. 94), plants heterozygous for the l-9b + 1-7 (4405), 2-4b + 4-8 
(5339), 2nd 4-8 (5339) + 8-9b crossover combinations were identified. 

(b) Crossovers in differential segments. 

The first results were obtained from tests planned by Dr. 
Inman to determine the fre'J.uency of the complementary crossovers in the 
differential segments. Progeny of crosses o£ the two types: Tl/T2 x 
normal and Tl/T2 x TlT2 were grovm. and the frequency of normals deter­
mined. There is a pQasibility that small deficiencies at the break 
points may be present and yet surv1 ve the gametophyte screen. In 
building rings with more chromosomes by crossing sin gle interchanges, 
the effect of such deficiencies might be cumulative as more interchang8'8 
are added. For Tl-7 + 5-7, the values were 20.8 for the T1T2 crossover 
and only 3.7% for the normal complementary type. The results indicate 
a difference, but appear to be in the opposite direction of what might 
be expected. Thus far, seed set and pollen fertility appear to be 
no::-ma.l on all lOII stocks that are homozygous for two up to four 
interchanges .. 

(c) Interdependent rings. 

A species with an even-number of pairs and heterozygous for 
interchanges involving every arm will show 2ih at meiosis. In these th(:) 
homologous midsegments are not in the same ring (Inman, News Istter #321 



~958, p. 95). Following this a plan was set up using the following 
interchanges involving 4 chromosome pairs in corn: 1-6a, 1-7 (4405), 
5-6c and 5-7 .(5179).. Of the four permanent rings needed., 1-6 + 5-6, 
1-6 + 1-7., 1-7 + 5-7 and 5-6 + 5-7., the last two seem to be established 
and crossovers .tor-: the others will be searched for this summer in the 
progenies of crosses with standard normals. Of the three crosses that 
can be made to produce different 2~4 in F1., one will have the two rings 
interdependent. 

c·. R. Burnham 

'·' 
4. Notes on . 11Breaka e Points for Two- Com Transloca.tion Series" b 

ARS - 3 19 • 

The~following is submitted as additional information: 

2-6a - this is the one •in which, I origi~ally observed extensive non­
homologous pairing at pachytene. The pachytene 11cross 11 appears more 
often in the long arm of 6., but the break is in the short arm., not the 
long arm of 6 as listed. · 

5-6B.- this is not the same as the 5-6b I list in Genetics 35:469.· My 
5-6b is 5s0.1· - 6 sat. · 

. . 

5-6c - n:w values -for this are 5L.89 6s.oo. · · Tests in the homozygote 
confirm this position in the short arm of 6., not in the long arm. 

6-lOb - (Genetics., Ibid. p. 461). This is .not the same as th~ 6-lOb 
listed in ARS-34-4. 

C.R. Burnham 
assisted·by: Paul YagyU 

J. Axtell 
o. L. Miller 

' UNIVERSITY OF MISSQURI 
Department of . Field Crops 

and 
UNITED STATES DEPARTMENT OF AGRICULTURE 
' Columbia, Missouri 

1. Conversion effects at B. . 
In 19$3., two weak-colored plants were observed among approximately· 

140 plants in the otherwise unifo_rm progeny of ·a si t1;~le !! .E! individual, 
one frQm each of two selfed ears or the par ent plant.· The exceptions 
were selfed, and crossed onto intense. Selfs did not e·egregate, and have 
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remained uniformly weak through 3 generations of selfing. Outcrosses 
to intense gave all weak, and have continued to give only wealc through­
out three generations of outcrossing as male and female .to intense, as 
well as in self's of these outcrosses. · Intense lines of 4 widely 
different backgrounds (not necessarily different in the source of B) 
have been used in the crosses; all are consistent. -

When weak plants (any of various individuals from selfed or out­
crossed progenies) are crossed to!?, the F1 is weak, and segregates 
normally for weak:green in selfs and backcrosses. Crosses of the F1 
to intense segregate 1 intense:l weak; these intense plants segregate for 
green (but not for weak) on selfing, while the weak plants fail to 
segregate for intense or green, giving only the monotonous weak type. 
Markers with!? segregate normally in these progenies. 

Using~ to designate the weak type, the pattern of this system is 
essentially as follows: 

BB selfed gave 140 B + 2 B1 exceptions; new B1 

-- individuals continue toarise occasionally 
in this BB line. 

B' x B gives-only B1 ; these selfed, or again 
- crossed to B, gfve only B1 , et cetera. 
Bl x b gives weak. . -
B'/b selfed gives 3 B':lE, backcrossed gives 1:1. 
a'i/b x B gives 1 B:li3T; the B here selfed give 
- -3B:lb, the B1-give all B1 in selfs and in 

recrosses toB. -

Only 3 exceptions to the pattern have been seen so far. One 
exception was a barren, male-sterile, intense plant in a progeny from 
B1 x B, and was presumably intensified in color through i .njury or 
oarrenness; another exception, from Bx B', had a long, narrow intense 
sector; the third exception consists-of two intense plants out of 41 
in a progeny from B x B t which has reduced pollen fertility in some 
plants, including one of the intense exceptions. The exceptions do not 
appear to negate the pattern, but rather to support it. · 

It is t~ntativel.y concluded that an allele at the B locus, B', 
regularly causes B in the same nucleus to be changed to~B•, at some 
time or times in the life cycle, and that bis not affected. A paper 
on this phenomenon is in preparation. I will be happy to send a xerox 
copy· of a complete diagram of the sequence of pollinations, including 
data, to any cooperator who wants it. 

E. H. Coe, Jr. 

2. High-haploid line. 

The capacity of stock 6 for induction of haploids in a~ maternal 
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pa•rent is h,eritab!l.e11 . In . the fo],lwing, 2698 (!2 ~ fl !:)t, stotik 6, 
their Fi, ,backerQs~es to 6 and selfs of backctosses ar,s.-oompttred in 
mate+nal haploid frequencies when •outcrossed ·to .i!:t_. .In • the 11eegre., 
gating" prog~nies only Rr B Pl plants "were tested. Haploids . were .. 
verified .by root-tip chromoscime .checks. I • . . 

·No. plants No. No. 
Male Tested .· Seedlih~a Ha:eioids '% Hs.12loida .. 
2698 3 1298 2 a.rs .. 

I ;, ., 

' 6 5 1.531 '35 _2.29' 
' 
Fl 4· 3109 -13 0.42 

F.1 ~ ~- 9 3694. , 44· 1.~9 

(Fl x _6) .self 9 3611 46 1.27 
I . ' 

··E• . ' Coe, Jr. 

3. Chromosome 9 ~inkase. 

The follQwing · table includes new data, . sums· of new data with those 
reported last year, arid one correction, -. iill:1,icated by an asterisk: 

Genes X Y Phase XY ..l:L xY ·xy Total Recomb. 

Ar Bk2 .. RS · · 355· 200 ' 188 2 745 ·-10' 
A:r ~s2 ,RS, ·328 167 144 - . 0 639 <8 

· Ar WX:, cs 1214: 87 . , 67 ( 310 · 1678 10: 
:at Bk2 cs 126 ). . · 34 22 8 i90 . 46· · 

( RS 288 · 81 112 17-· 498 41 
Bf -~ ' RS -249· 120 129 . ;o 498 ,d <9 
~k2 Bril4 .cs 752 196 . 218 Bo' 1246 •:45 
Bk2 Gl15 C&. 209 ·,7 17 . ' 41·. 274 9·· 
Bk2 V RB 2 47 37 6 92 9 
Bk2 WJC RB : J' 6 43 361 7 92 ·14. 

cs 367 ..39 49 72 527 20 · ·. ' 
RS 688 269 . Jl6 15 !268 .23 

Bz Sh :CB 1025 ·• 19 · .. 21 974 . 2039 2 
Bz V ·CB. 771 ·:, 260 · 240 713 .. I984 •' 25' • 
Bz Wx CB 887 157 136 -859 · 2039 14 
DJWx CB · 67 7 5 6J 142 8 

~ cs .. 964 57 125 208 1354 14 
Gl15.Ms2 RS 271 128 Bo 0 479 <.11 
Gl15Wx CB 170 12 14 187 383 7* 
~s2 Pgl2 RS 359 _ 142 206 0 . 707 . <a . . 
Ms2 Wx RS . 1235 488 645 o· 2368 <4 
Pgi2Wx . cs 797 44 31 · 1081 7· 

"• 

209 
V Wx CB 913 146 146 891 2096 14 



It should be pointed out that Bf1 is treated as recessive in the 
above, since it is classified only Iii the seedling stage. · 

Data from the following 3-point tests are included above. 

WK V + 
+ + blc 

Parental 

36 42 
78 

+ + + 870 840 
sh bz wx 1710 

+ + + 
sh wx dJ 

58 48 
lo6 

Reg.l 

1 5 
6 

6.5% 

Reg.2 

6 l 
7 

7.6% 

1 - 2 

1 0 
1 

1.1% 

19 17 155 134 2 2 
36 289 4 

1.8% 14.2% 0.2% 

15 9 5 5 
24 10 

16.9% 1.0% 

2 0 
2 

1.4% 

Total 

92 

2039 

· The following 4-point test is also included: 
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F, Parental Reg. 1 Reg. 2 Reg. · 3 1-2 1-3 ~--3 l;..2-3 Total --------- -----
• + + + 
sh bz wx. v 

747 676 
1423 

sh-bz 

15 11 141 109 
26 250 

1.3% 12.6% 
2 .o bz-wx 14.6 

111 125 2 2 
236 4 

11.9% 0.2% 
wx-v 14.2 

4 6 13 22 O o 1984 
10 35 O 
o.5% 1.8% 

No improvements in the map can be made over the one presented last 
year; with further refin~ment of the data, the 6 clustered factors appear 
to be still more tightly disposed in relation; in fact the order of factors 
between~ and Bk2 is entiFely open, and will remain so uhtil' double 
mutants and backcross data are obtained for~, l2·v ~5, ~, f&i2t · and 
!•. These are all very nearly the same distance ff'om ~ (4- uiuts)J all 
overlap in their 5% probability limits on the map. 

Tests for inclusion of some of these factors between the break points 
of translocations 1-9a and l-9c, in which a plant heterozygous for the two 
translocations will produce a female-transmissible deficiency between the 
break points on the long arm of the ninth chromosome, have been carried 
out. The test consists in crossing the 1-9a/l-9c heterozygote by the 
recessive. Turcotte (Maize Newsletter 30:164, 1956,) has reported that 
Ar•is included in the deficiency. This has been confirmed. Tests ·of 
~, -i!i~ and .±/~ were n.egativ.e. Tests of EKl2!> were also negative, but 
sincetnis is a dfiplicate factor system thereis no assurance that positive 
results would have been obtained, even i:f the deficiency . included ~ 12• 

E. H. Coe, Jr. 
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4. Linkage tests on c2, 

This new aleurone factor has not yet been locatetl. A self of 
2.2. z/;1;~, ,gave 64 colored to 67 bronze-and-colorless, suggesting 
close linkage, but c~ is independent of wx in a large test (1309 
individuals). The 7oµowing linkage t ·ests have been carried out : 
wx l-9c, 52% with wx in• 657 individuals; bz 1 9:.3:4 in 346; !.g1., 
more than 50% in 2'8S'; A, 308 colored .to 2EI2colorlees, consistent 
with about· 30% recombination; wx 3-9c, 53% with wx in 393; su ., 48% 
in 363J Pr 9:3:4 in 279; Y, more than · 50% in •.339; &!-,, morethan 
50% in&; wx, 50% in 1309; R, 9:7 ratio 1n·1061, Cfiromoaome 3 is 
the most likeI'y-looking at the moment; if so, probably. far out on.· 
the long arm. 

E. H. Coe, Jr. 

5. Spontaneous mutation of cI. 

An additional population of ,about 1 • .5 million gametes 1n the cross 
cicI x CC has been examined for mutants. Only one possible case turned 
~ Jllctging ·from the praviously-:f\eported population., this ca~e ,bas a 
50:.50 chance of being valid. · Obviously the mutation rate is low. 

. ., 

E. H. Coe., Jr • . 

6. Subject index to Newsletters. 

".t • An attempt to. index the Newsletters by subject is in progress. 
;_ Volumes remaining to ,be scanned before the index is ready to assemble 

are Nos. l through·J (not 'On hand here---they will be checked elsewhere)., 
:31, J2·, this issu~, ,and any subsequent ones which come out before the 
rest of the job is finished. :Iri the meantime, any cooperator wishing a 
moderately thorough list of vol. 4-30 references (.for exanipler linkage 
notes for a given chromosome; mutability factors or mutab1e·1oci; 
carotinoids; centromere linkage) will be sent it on request. 

' . 

. E. · H. Coe, Jr • . . 
7. Ef'fect 0£ 8Jct:errial agents on the frequency of crossin:g over. 

, In the last Newsletter (MNL 32:100) it was reported that in a 
preliminary trial, treatment with a .001 M solution ot the chelating 
compounci (EDTA) gave a-significant increase in the frequency of crossing 
over between the members of a complex a; a sh2 segment· on•,ohromoaoine J. 
In order ;to . check the validity of this- reeu!t and also t 'o . try some other 
agents, a large scale experiment using the same cross (~!~am fil! x 
a8 sh) and the same technique (leaf feeding) but with two a ·tional 
agents (ribonuclease and desoxyribonuclease) was conducted, 
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The recording of data ,in this _ ·ex:periment was altered, somewhat from 
last year. It was found that with the· stocks used, only dilute Sh 
crossovers could be consistently recognized. These included thee am 
Sh, a a Sh and a-Sh cases which could not be separated one from aiiotner. 
The reciprocal clsh class includ:ing am sh a-sh, and am a sh was difficult 
to recognize because of poor coloration of thesh seeds.-Therefore, the 
data listed in the table below consist of the total cg, Sh crossovers ob-
served on the non-shrunken kernels. · - -

Frequency of crossovers from the cross G- a sh/am Sh x a8 eh. 

Total Sh seeds Total ai:Sh co1s Percent 

Control 56,087 96 .. 17 .:t ..017 

EIYI'A 18,247 42 .23 .t .035 

RNAase . • !. 5,884 12 .20 .:t .o58 -
DNAase 4,400 10 .23 .:t .010 

. 
84,618 160 .19 

From the above, it can be seen that the apparent differences 
between treatment and control are niot significant. A re-examination 
of last year's results reveals that it was a mistake to consider 2/3628 
as an adequate control. 

M. a. Nuffer 

' 8. A dominant striped leaf character located on chromosome 3. 

A striped-leaf effect has been found which is inherited as .a don:d.nant. 
It appeared as a single striped seedling in the Fi of a cross ,~or ! 
multi-Dt x A C R dt. The seedling could be described as having many 
medium to small-; narrow, white and pale green sectors extend:ing to all 
parts of the leaf and sheath. A cross of this plant by a normal .plant 
gave progeny which segregated 1:1 for the striped phenotype. A selfed 
ear of the original plant produced 1/4 extreme striped plants which had 
mostly white tissue and very little green, 1/2 moderately striped plants 
and 1/4 green. Most of the extreme striped plants failed to survive, but 
the one that did yielded all striped progeny when crossed to normal. 
Several . of the moderately striped plants produced 1/2 striped progeny and 
1/2 nermal progeny when crossed to normal individuals. One of the striped 
plants . was crossed to the translocation waxy series and the F1 backcrossed 
to homozygous normal waxy. The seeds were separated for waxy and planted. 
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From these it was· determined that the striped effect., tentatively de­
signated Sd, was loc ated on the long arm ot chromosome 3. Its position 
in relation to the known markers on. this chromosome is at present un­
certain~ -- • 

M. o. Nuffer 
' 

9. .Another two-unit -llllltator system. 

The above described plant ··was unique in , another respect. It grew 
from a colored-colorless mosaic seed selected from an otherwise full 
colored ear. Th~ mo$aio pattern was tr~smitted to its progeny.and proved 
to be the result of .changes at the R locus. The char~cter appears to be 
a mutable seed color allele (Rm) which changes tor., thus producing color­
less patches on an otherwise colored or mottled aleurone. These changes 
occur only in the presence of another factor (tentatively called M.) which 
is · located on chromosome 9 between sh and wx. The three characters Sd, 
R1'l., and M,, first appeared in a single plant suggesting that they have a 
common origin. However, they are all on separate chromosomes and a care­
ful check of the parents of the original cross revealed that the AC R 
dt parent carried Sd witn,out expressing it. Therefore., the appearance 
of these three characters in a single plant most•likely was the result 
of the chance combination · or a mutator factor., M, producing a mutable 
allele at,!!, and of a favorable genotype for the expression of .2!!• 

1. 

M. o. Nuffer 

NAGANO AGRICULTURAL EXPERlMENT STATION 
Kikyogahara., Nagano Prefecture., Japan 

Up to the present, many works on the serological classification 
of various .species in the plant kingdom have been carried out by using 
leaves or seeds of the plant • . But, within a species., data on the 
phylogenetical relationship among races or inbred lines have not been 
accumulated. Since 1952, work has been done along the latter line by 
using the .protein extracts of maize pollen as an antigen. 

Pollen grains collected from the plant were preserved in a desaicator. 
According to need., they were immersed in physiological saline., and 
centrifuged at 3,000 r~p.m.:; the supernatant was used' as an antigen. 
Rabbits were immunized with three intravenous injections of such extracts, 
amounting to 5 to 8.5 ·cc in total •. At the tenth day after the last in­
jection., bleedin gs were taken., and held in a refrigerator at a teJl\perature 
or .2°c. At the next day, antisera were perfomed., and then, inactivated 
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by holding at 55° to 56°c for JO minutes in a water•bath. Judgments 
of precipitation were made by two methods; (1) the Ring method based on 
visual sight and (2) the chemical method based on a comparison of the 
amount of nitrogen contained in precipitates of antisera analyzed by 
the Microkjeldahl method. 

Results of experiments are summarized as follows: 

(l) Pollen extracts immersed in physiological saline, which were 
obtained from the inbred lines, were certainly representative of the 
antigenicity. The intensity of precipitation was found to be different 
among the inbred lines. 

(2) The protein contained in pollen extracts was composed of 
albumin, a ... , ~- and ?-globulin, of which the former two were the main 
constituents of protein. 

(3) O! these constituents, only two, albumin and a-globulin, 
varied quantitatively among the inbred lines, resulting in a difference 
of precipitation. The related inbred lines, which were derived from a 
given race, showed a tendency to be sindlar to each other in precipita~ 
tion, because of having similar amounts of the two fractions. 

(4) The antigenicity of pollen proteinwas recognized to ?'$st mainly 
on the precipitation of three protein frac t ions, albumin, ~- and l'-glob­
ulin, but not with the remaining one, a-globulin. It is thereby consider­
ed that the phylogenetical peculiarity of the serological reaction should 
be dependent upon the difference in the alb'Wllin fraction in various 
inbred lines. 

(5) A difference in precipitation between any two of the given 
inbred lines was closely associated with the degree of heterosis 
appearing in the single-crossed hybrids from their F1 combinations. 
The correlation coefficient between the precipitation analyzed by the 
chemical method and the heterotic vigor was computed to be r · • -0.921 
.:!: 0.147 and r • -o. 753 :!: 0.245 for the grain and green yield, respec­
tively. 

(6) With respect to the judgment of precipitation, the chemical 
method was superior to the visual ring method in its precision. 

(7) For detecting the serological reaction, the three types of 
antigen extracts may· be rated: non-heated polleri was most eatisf actory, 
next non-heated seed, and lastly heated pollen extracts. However, 
heated pollen extracts were better in the case of the visual ring 
method although they were least satisfactory in ' the case of the chemical 
method. 

(8) A strong precipitation reaction was always found in tests 
of a single-crossed hybrid and its parent lines, even though it was 
weak between the two parent lines. When· a single-crossed hybrid was 
ba.ckcrossed with one of its parent lines, the precipitation was greater 
for the test of the backcrossed hybrid and its recurrent parent line 
than for the single-crossed hybrid and the same parent. 
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(9) From these ·results, it may be assumed that the serological 
reaction may be used ·as an index for detecting phylogenetical relation-
ships among ~arious inbred lines. · · 

(10) With regard to breeding methods, the pr'ecipitation reaction 
should make it possible to predict the degree of heterotic vigor in the 
F combinations of given inbred lines, without maldng any crosses, 
blcause a higher heterosis usually appea~ed in F1 hybrids between those 
inbred lines with .the JJ\Ore remote relationship from a serological. view• 
point. 

K. Urano 

NATIONAL INSTITUTE OF AGRICULTURAL SCIENCE'S 
Section of Physiology and Genetics 

, Hiratsuka, Japan 

l. Maize races native to the island Srui..koku situated at the .southeastern 
part of Japan. . 

About 2.50 samples with 3 ears for eac;h were collected from about 
200 farmer's fields in about 50 upland localities, totaling about 750 
ears. On all .these ears, 20 characters were measured. In order to 

i---- -- :am±n th ener aJ: mrraot'ertst s of t;ne aces., 5 samp ~s were=--=cc-c-:::co-=s=en=- --­
and grown at three stations, Hiratsuka, , Iwate ·and Ehime. Measurements 
or observations were made on 29 characters. Results obtained were the 
following; 

(1) All of the 250 samples were characteristic of a Caribb~an type · 
or t:ropical flint •. In accordance with the topographic ,complexity of the 
arable,landand the accompanying diversity in maize cultivation; the 
racial differentiation was extreme. About 60 or more local races were 
met with • . The 250 samples were, · however, · identified .as belonging to 28 · 
distinct races. 

(2) The 28 races were classified into 12 types; Okuuchi, Kowase, 
Wada, Goj8, Abeto, Sengoku, Hiyoshi, Okawa, Kuma, Irareko, Y~llow­
Yamakibi and Orange-Yamakibi. Most of them had a conical ear with orange 
seeds, typical of the Caribbean f.lint, and only two, Okuuchi and Yellow­
Yamald.bi, had a rather cylindrical ear with yellow seeds. Some races in 
the 6 types, Kowase., Wada., Gojo., Abeto, Okawa, Irareko and Orange- , 
Yam.akibi~ wer.e demo~strated to be fayorable as breeding material. From 
a genocologi9al vie~oint., the main peculiarities are as follows: 

a) The Okuuchi type is planted as a mixed crop in sw"eet 
potato fields, and is distributed .ma.inly over terraces on the hiU­
sides in the southwestern coastal region. ·It is used purely as a catch 
crop; the soft ~ar is boil~d or roasted~ The erect, short, and broad 
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leaves and the smaller prolific ears with smaller yellow seeds were 
recognized as quite peculiar to this type. These peculiarities may 
trace their origin to hybridizations between a larger eared race of 
the Caribbean flint and a primitive race of pop com. In fact, both. 
races considered as the parent have from old times been native through­
out the country. 

b) Two Yamakibi types, Yellow and Orange, are planted only 
in the high land areas with a shifting system of cultivation, alternate­
ly repeating an upland cropping and a natural vegetation in an interval 
of several years. These fields are widely distributed on the sharp slopes 
of the high mountain tops, far apart from the residence of inhabitants, 
as compared with the ordinary fields where races of all other types are 
grown. These fields are not fertilized or cared for during the growing 
season of maize. Both stocks may be considered representatives of the 
most primitive and pure types of the Caribbean races native to Japan. 
This maize was characterized by having the smallest ears with large 
eeeds. The orange type is grown for hwnan food and is best ground as 
a fine powder, while the yellow type is best eaten _f:a.•esh. 

c) The Kowase type is native to hilly upland areas of the 
middle interior part. Its grains were transparent orange in colo~, 
very good in quality, rather small in size, and of considerable 
importance for human consumption. 

d) The Wada, late in maturity, is widely grown in upland 
areas on the southern side of the mountain range, which forms a back- : 
bone with many mountain branches anc;l transverses the country from east 
to west. The ear with many kernel-rows was the thickest in diameter; 
but relatively short in length, presenting an ovate or · oblong shape. 
Grains were medium in size, not so superior in quality, but heavy in 
yield. It is very important as a ma.in crop and is used as human or 
cattle food in such areas. 

e) The GojS contains only one race named 11Gojo-Kei11, and 
is distributed over upland areas in lower altitudes at the western 
part of the mountain range. This race was characterized by Qeing the 
largest in ear-size as well as in kernel-or row-number, the latest in 
maturity, and by having some peculiarities of grain which was pale in 
color, coarser in texture, rather inferior in quality and heaviest in 
yield. It is an important crop grown for the same use as the previous 
type. 

f) The· Abeto is similar to the Gojo type in its characteristics, 
use and distribution. But it differs from the latter in smaller size of 
ear, mediate mat.urity, good quality and lower yeild of grain, and in the 
somewhat higher altitudes of its growing areas. 

g) Two types, Sengoku and Hiyoshi, have a distribution area 
in the highlands of the western mountainous part. Both had rather small 
conical ears with large orange seeds. They were medium in maturity and 
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quality, and also rather light in grain yield, From their aharacteriatics, 
they may be considered as an intermediate form between a large earec1. 
late type such as Gojo or Wada and an early highland type, Kuma, Okawa 
or Irareko, In the western coastal'hilly area, they are an impor:t,ant 
catch-crop; for the most part they are eaten when soft before the rice 
or sweet potato harvest, and a proportion is stored for the winter-cake. 
But in the western nighland area tn the mountain range, they are usually 
used to ~ome extent as human food and a little is fed:to cattle ~d 
poultry. 

h) Two _types, Okawa and Kuma, both comprising many leading 
mountain races, are suitable for highiarid cultivation in the mountain 
areas. The distribution range is the.widest of all types; the Okawa 
type 1s widely spread over highland. areas in the· eastern and southern· 
parts or the mountail) range, and the <?ther, Kuma, occurs in the northern 
pa:x1:, of the sarn:e range. Most .of the races are go~d no~ on,l,y in _grain ; 
yield and quality but also for hW11;8Il c9z;sumption as a staple food; ,they 
represent a ma.in crop in the higher altitudes. The maturity was mediate. 

i) The Irareko, early in maturity, is distributed over ordinary 
fields in the highest altitudes at the central part of the mountain range. 
The ear was slender and cylindrical, having the fewest number of kernel­
rows, about _8 or io. Grains were brilliantly orange in color, ~ompact· 
in texture, and good in quality and yield. Most of the races are planted 
as a staple crop for the mountain inhabitants. 

·(3) The results obtained from the pachytene analysis of chromosomes 
are shown in T~ble 1. They indicate that there +s so~e cytological 
evidence to suppo'rl. the preceding classifiQ~tion into 12 types based on · 
a geno_cologic~l viewpoint• · 

a) Contrary to the data on the races native to the foot of 
Mt. Fuji (MGCNL, 32: lo6-108), no B-chromosofues were observed in any of 
the samples ezamine.d. 

b) There was a striking difference regarding the knob 
n~ber, . according to which th~ types could be arr~ged as f' allows: 
110kuuchi•Kowase-Wada.:.00j6=Abeto;,Sengoku>Hiyoshi>OkawaaKwna>Irareko> 
Yarnakibi n. ' _ _ · · . 

c) A knob constantly a.Ppeared at the 8 knob loci of the 
following chromosome arms - 3L, SL, 6L, 7L and BL, its frequency being 
90 or more percent for each locus in a total average. The lmob 
occurrence at these loci may therefore be considered as a basic 
characteristic of the Caribbean flint, becau~e such a'high frequency 
for these loci agrees with that· found in .the races native to the root . 
of Mt. Fuji (see Table l in MGCNL 32: 107). 

d) Another peculiarity of the knob occurrence was.the presence 
of differences in the lmob frequency among the types, appearing on arllls 
other than the 5 arms above mentioned. An' examination of this point·· 



Table 1. Number and Position or the Chromosome Knobs in 72 Races Native to the Island Shikoku. 
r- -- --
co 

Chromosomes I Okuuchi 
Race 

Kowase Wada Goj8 Sengoku Hiyoshi Okawa Kuma. Irareko Yamaki.bi Total 
& 

Abeto 
1 3 6 9 3 2 8 15 1 4 72 

[i - - 0.2 0.2 - o.5 - 0.1 - - 0.1+ 1 C ·- 0 • .3 0.2 0.3 1.0 0 0.3 0.1 - 0.3 0.3 

[i - 0~7 - - - .. .. 0.1 - - 0.1-2 1.0 1.0 0.1 0.1 .. - 0 • .3 0.2 0.3 0.4 -
[i - - o.5 o.J - - - - - - 0.1+ 3 1.0 1.0 1.0 1.0 0.1 1.0 0.9 0.9 1.0 o.a 0.9+ 

4 (i - - - - - . - - - - - o.o 
1.0 0.7 o.5 o.6 1.0 1.0 o.5 0.3 - 0.3 o.5-

5 (i - - - - - - - - - ... o.o 
1.0 ' 1.0 1.0 1.0 1.0 1.0 0.9 1.0 1.0 1.0 1.0-

6 [i - - - - - - - - - - o.o 
1.0 2.0 2.0 2.0 2.0 2.0 1.8 1.8 2.0 1.4 1.8+ 

7 [i - - - - 0.3 - 0.1 0.1 - - 0.1-
1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.0 1.0 o.B 0.9+ 

8 [~ - - - - - - - - - - o.o 
2.0 1.7 2.0 2.0 2.0 2.0 1.9 1.8 2.0 1.3 1.8-

[~ ].O - 0.3 0.1 - - - 0.2 - 0.3 0.2+ 
9 - - - 0.2 0.3 - 0.1 0.1 - - 0.1-

{i - - - - - - - - - - OJ) 10 - - - - - - 0.1 - - o.o+ ... 
(~ 1 0.1 i.o o.b 0.3 ~-5 0.1 0.5 - 0.3 o.5+ M 8 9.0 · 8.3 . -a. 9.0 .o 1.5 7.1. 1~0 6.,2 7.,S-

GM 9 9.7 9.3 9.5 9.3 B.5 7.6 7.6 1.0 6.S a.3 



88 

. : made it possible to present a relationship of the 12 types. 
I -

(4) In order to ascertain the agro-climatic response of the given 
races, measurements of the 29 characters were made on 57 samples grown 
under different climatic conditions at Iwate -in North Japan, Hiratsuka 
in Middle Japan and Ehime in South Japan. With regard to the average 

, temperature during the growing season, the 3 locations can be arranged 
· in a sequence with approximately equal intervals of temperature difference: 

Hiratsuka,>Ehime>Iwate. Simila;rl.y, for the average precipitation they : 
arer . Ehime>Hiratsuka>Iwate. Of the 29 characters measured, 26 were · 
affected ·at the three stations. The other three characters., namely 
leaf' width, no. of kernel-rows and kernel thiclmess, may be considered 
stable attributes of the native.race with a high heritability under 
certain environme~tal conditions. · 

Thirteen of the 26 characters., namely tasseling time, silking time, 
stalk diameter, shanlc diameter; ear length, ear · width, cob weight, no • . 
o:f kernels per row., kernel width, kernel length, kernel size., kernel 
weight per plant and weight of·lOO kernels, all relating to either the 
organ size or time of maturity., were closely associated with temperature. 
At the lower temperature; the growing period of the race was longer, 
probably resulting in the larger organ and heavy yield. · 

The variability of 6 characters, no. of tillers, plant height, 
stalk height, leaf _ length, shank length, ear height and length of . · 
.tassel-branches bearing axis, all of which are connected with the length· 
of organ, was certainly associated with precipitation. In a given place., 
a decrease of rain-fall is accompanied by an increase of sunshine. 
·under such conditions, these organs tend to elongate. But there was no 
~endency for an increase in the grain yield under the same conditions. 

! • • . • • ; • 

The remaining 5 characters., no. of prop-rooting nodes, no. of leaves, 
length of tassel and tassel-branches and no. of husks, all connected with 
the number of nodes, were certainly affected at ~he 3 stations, but 
apparently without , regard to temperature or precipitation. At present, 

. it cannot be said whether the variability of these characters is due to 
. the joint effect of two factors, temperature and precipitation, or to 

some other unknown factors. 
I 

T. Suto 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

I •• 

1. Furt:.her s.tudies OD breakage:-fu.sion-bridge cycles in ' maize . endosperm. 

Previously reported investigations (Schwartz and Murray, Cytologia 
1957) on anaphase configurations in young endosperm tissue indicated 

. ' 
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that (1) single bridges are found in only a small proportion of those 
cells which form variegation patterns of endosperm markers known to be 
involved in chromatid B-F-B cycles, and (2) chromosomal B-F-B cycles as 
recognized by the occurrence of dou9le crossed bridges are found in 
endosperm material where only the chrornatid cycle is expected. The 
former was explained by the postulate that fusion of sister broken ends 
is most often weak so that the bridges break at the very early separation 
of the chromosomes and are thus not found in middle or late anaphase where 
the chromosomes are well . enough separated to be scored. The latter is 
thought to result from non-disjunction of a chromatid bridge without 
breakage converting a chromatid cycle into a . chromosome cycle. These 
studies were made with endosperms resulting from pollination with 
irradiated pollen and in !,£-!?! material. 

Recently- 'these experiments were repeated using pollen carrying 
broken chromosomes resulting from crossing over in a reverse duplication 
of the short arm of chromosome 9 (McClintock, Gene~ics 1941). A batch 
of pollen from a single plant (material kindly supplied by Dr. McClintock), 
heterozygous for the duplication which carried C and Wx: on the duplicated 
segments and a deficient chromosome 9, was used-to pollinate six c wx 
tester plants. Three ears were allowed to develop to maturity whilethe 
other three ears were picked and fixed 7 days after pollination. Gametes 
carrying the deficient chromosome 9 do not function through the male so 
that all fertilizations are accomplished by either gametes carrying the 
entire duplication or a .broken chromosome resulting from breakage of the 
AII dicentric t~~ed from one half the crossovers .in the ·duplicated re­
gion. The latter gametes have a competitive advantage in fertilization 
over those with th~_ .large duplication. 

From the p;i:oportion of variegated kernels on the mature ears it 
was determined that approximately one half of the endosperms received 
a broken chromosome 9. Since the same batch of pollen was used in all 
six crosses, one half of the young fixed endosperms should have had a 
broken chromosome 9 undergoing the obromatid B-F-B cycle •. None of the 
endosperms should have received a dicentric chromosome. Two hundred 
endosperms were examined cytologically. None were· found with single 
bridges · in all or .even as high as 15% o~ tlie anaphase configurations, · 
However, occasional clusters of cells with double bridges were observed, 
confirming the earlier observations. 

n. Schwartz 

OHIO·AGRICULTURAL ElCPERIMENT STATION 
Wooster, Ohio 

1. Further studies on a mutable system involving chromosome 6. 

This muta:I>le system was first desctj.bed in the 1957 Maize News 
Letter. The pale -green character described in .the 1957 News letter 
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has since been found ·to be :ailelic · t~ piebald-l {~). ,In as much 'as 
the piebal<i ·allele disc~vered. here is mutable it nas been d1;?sigri.ated_ bm -• . , . . . . . 22. . . . ' . 

• • • • I . . 
• · In crossover tests made thus far~ YPb/~ ·x t'l?.!t1~ n~ cr(?eaipg 

over between ylllpb171 and YPb has been found. Ear sectors of germinal 
mutations (yellow ' endosperms) have been found in hompzygou~-~~ . 

.. mate~al. Forty · one plants grown from such yellow e~dosperni sectors 
were all green~ - . This suggests that · the mutation of 'fB and ~m ~~ 
simultaneous or coincidental. Thus, the above tests indicate that 
l._~ acts as a unit in inheritan<?e affecting · the expression of the 
plant and · endospenn characters involved. _ · .. . 

One of the homozygous zm'2!f1 plant~ from the original a~~ · 
(y,/~m) was crossed by an ~related . YPbJt-2 stock. Of t,~e re­
sul ing y~llow · endosperms some were yellow th darker yellow spots • . 
A number of ~er,iels whose endosperms were yellow with ··darker yellow 
spots wereplanted, Several ' ~f the result,ihg plants {t'P.!t1/Y'Pb) were 
crossed by an unrelated 'White endosperm atoc ,k, (xPb), and aT~ by a 

· yPb ~ stock. Approximately · 56% of the endosperms l-(~re ye;l.low when 
the eiiaosperm ratios from sev~ra.1 plants were averaged. Considering . 
•the zmptn/~/yPb endosperms ,the 1incidence of white endosperms witp 
yellow ·mosaio 'areas (henceforth called yellow-mosaic endosperm) varied 

··from plant t :o plant,. . . The ratios from some plani~ .w.ere .apprqx'imate;Ly; 
75% yellow mosaic: 2$ white. In other cases the ratio w~s apprq)tµnately 
·50% yellow mosaic: ' 50% white, · and :tn others the incidence ~r ye~ow 
mosaic endosperms was. less or more than 50%. These ratios sugg~sted 
the possibility that there were two irldependent dci~t 'bqntrol~ing . 
elements. However, since the incidence or yellow mosaic ~n~o~p~rme 
vszied quite widely ~ong endosperm progenies from the various .plants 
it was also pos_s±l?le that mut~tion of t _he yfflpblll unit _ was ~ithe.r auton,­
-~mous or conditioned ~y a :·'linked · do~t _controlling element. _ 

One· of the -t'r!E.m~/x ·Pb Su 'plants descr~bed ear],i~r (ffom yeil!;)W 
kernel with darker yeffiw spot's1 was crossed by a ;y;~ ·s~ plant. (The 
eame·rp ~ stoGk is used throughout · tliese -experinientSJ. Seventy _one 
peI'cen onhe re,sulting zm~ Su2/-t°P}!1 su 2/yPo a~2 endosperms were 

·yellow-mosaic and ~29% were white. The average number or yell~w .spots 
per yellow mosaic endospenn was 18.1,. A number of YPb ~/YPb eu2 
plants (from kernels with yellow endosperms from theaoove crossTwere 
grown. These plants were crossed b~ a homozygous ylllpt,Illsu2 stock with a 
very low mutation ;rate for the , yffipb1 unit. ,The second ears were crossed 
by the yrn -~ stock. (The ,low mliiation rate yffipbmsu2 stock was obtained 
from an di vid~ selfed ~m s~/yPb ~ .plant. · Tfie resultin~ ym-e'!!1 
~ segregates were selfed or si~~d to obtain the stock). ~e individ­

t.'1iE,m ~ plants :which were croa~ed to the above m ~/yPb !!!2 
plants were also crossed to plants of the homozygous yPb ~ stock. . ~ ,. 

· One purpose of this experiment · was to see · if a doniinant inde­
pendent contrcilling element •(or · elements) was 'segregating •. If ·£r . 

dominant independent controlling element or · elements were i.n\rolved . 
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they should have been heterozygous in the original plant. In the 
offspring of this plant tested here, if a single dominant controlling 
element was segregating then app~oximately half of the plants would 
carry this controlling element and induce t1P)f!-to mutate. If two 
independent controlling elements were segregating then in approximately 
75% of the plants the ~m unit would be induced to mutate. 

Table le YPb s~/yPb su2 x yMpbM su2 

EndosEerm Classification 
YPb/YPb/ ypbr}PbLY3'1'pbffi 

Plant y1"Rpbfll Yellow- Av. no. yellow spots 
no. ;rellow White mosaic ~ Eer mosaic endos;eerm 

1 296 245 33 11.9 1.6 
2 192 156 46 22'.B 2;.2 
3 285 237 31 11.6 1.9 
4 2.58 264 18 1.a 1.7 
5 226 224 10 4.3 1.1 
6 176 · 183 5 2.1 1.0 
8 . . 24.5 232 -3 . 1.3 1.0 
9 305 295 23 1.2 1.2 

10 219 172 29 14.4 1.2 
17 182 199 36 16.J 1.5 
19 226 237 10 6.8. l..li 
23 203 207 4 1.9 1.5 
25 193 182 18 9.0 1.6 
51 248 217 30 12.z- 1.5 

3254 3050 296 a.a 1.3 

Control 
yPb su2 x individual ylllpb°l su2 plants used above 
Total of 
11 plants 4277 2 o.o5 1.0 

Examination of the data from the fourteen Elants presented in 
Tahle 1 indicates that mutation in yPb/yPb/~ endosperms was 
induced in all plants. However the frequency of mutation was low and 
varied from 1.3% to 22.8%. Also the number of yeilow· mosaic areas 
per mutant endosperm was also quite low averaging only 1.3 mutant 
areas per mutant endosperm. However this represents a considerable 
increase in mutation rate over the control. The control is represented 
by endosperms from the homozygous~ s:i2 x ~-1!1 su2 (pollinator plants 
used for crosses in Table 1) crosses. 

The second ears on seven of the plants presented in Table 1 were 
crossed by the homozygous Yfil. ~ stock. The resulting endosperm ratios 
were 1171 yellow and 1157 w te. No mutations occurred. 



. . 

92 

In the x-eciprocal ·cross of the original plant, whose dosage of 
the t''fi!!1 unit in the endosperm compares.with the dosage of the z~bl'l 
unit in the crosses in Tal;,le 1 (yPb,/y,Pb/;t~) the frequency of muta­
tion (% of mutant, yPb/yPb/trT,lJfl endospernisTwaa 41,1% with an average 
of 8 .o mutant ar .ea·s per ye!J.ow-mosaic endosperm. . · 

It would appear that the principal cause of mutation in the original 
plant is controlled by the zmlf!!1 unit or some component closely linked 
to it. Certainly the data In rable l do not suggest the segregation of 
an independent controlling element (or elements) in these plants. How­
ever, the increased frequency of mutation of the yfflpb1"1 unit in the plants 
(when compared with the control) is not ea·sily expla'Inable. It appears 
that each plant is capable of increasing the frequency of mutation of 
the ~ unit (low mutation rate 'f'1'2!f1 unit) when introduced into these 
end~sperms. . - . . : 

Table 2. 

Plant 
no. Yellow 

1 
2 
3 
3-tf-
4 
5 

. ·5* 
6 
6-lf-
8 
9 
~ 

10' 
17 
17* 
19 
19* 
23 
23* 
25 
57 

217 
155 
198 
64 

203 
.176 
193 
138 
182 
201 
244 
92 

163 
136 
127 
172 
103 
169 
159 
152 
188 

3432 

White 
sugary-2 

192 
126 
179 

S7 
189 
173 
185 
153 
169 
179 
221 
97 

147 
162 
129 
187 
123 
174 
153 
142 
156 

329) 

Control 2833 2947 
Recip. 1787 1904 
·* 2nd ear x yPb su2 

Endosperm Classification : 
Yellow Crossover types 
mosaic Yellow Yellow 
sugar.,2 sugary2 White mosa~c 

27 
30 
2ll 

6 
8 

3 

2 
16 

20 
29 

4 

. 2 

9 
20 

197 

79 
30 
87 . 
25 
55 
50 
49 
38 
37 
44 
6] 
32' 
56 
46 
39 
54 
24 
34 
45· 
41 
60 

986 

1242 
962· 

53 
31 
58 
13 
75 
51 
68 
30 
51 
53 
74 
25 
25 
37 
32 
50 
27 
33 
28 ' 
40 
"61 
921 

1165 
902 

6. 
lQ 
10 

12· 
2' 

2 

l 
7 

9 
7 

6 

2 

9 
. l• . 
99 

% 
Crossing­

over 

24 .. 1 
21.1 
2'8.0 . 
23.9 
26.J 
22.6 
23.6 
19.2 

..eo.1 
20.4 
22~8 
2J.2J 
21"4 
21.6 
21 .. 7 
23.3 
18.4 
16.7 
19.0 
22.9 
·i6.5 
22.5 

29~4 
JJ.6 



The same plant crosses which were presented in Table 1 were 
analyzed for crossover frequency. The crossover data are presented 
in Table 2. 

The yPb ~ stock was crossed to a homozygous ~ §u? stock 
and the resulting heterozygotes were backcrossed by the~~ 
stock. These data, which are used as control data, are presented 
at the bottom of Table 2~ 

It would appear that crossing over between Y locus and the 
_ ~ 2 locus is reduced in the l4 plants. The cause of the reduced 
crossover ratios is not clear at this time. 

E. J. Dollinger 

UNIVERSITY OF TME PHILIPPINES 
College, Laguna, Philippines 

1. Brachytic line from Bicol White Flint. 

A braceytic inbred line was isolated from Bicol White Flint 
variety after a series of continuous inbreeding. The variety­
source is from the wbi te flint germplasm of the Philippine hybrids. 
The brachytic line ~s described as follows: 

Color of the leafsheaths at the ground level---- slightly 
reddish. · 

Internodes ---- shortened and the node where the ear is 
attached is enlarged. 

Leaves---- It has 13 leaves on the average. The leaves are 
broad and short. 

Silks ----the color of the silks is salmon yellow. 

Inflorescence --- spreading with many spikelets. 

Anthers --- the color of the anthers is purplish. It sheds 
pollen profuse'.cy'. 

Plant height --- the height of the plants from the ground 
level to the tip of the tassel is 90 centimeters on the average. 
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Maturity ---- Maturity refers to the number of days from seedling 
emergence to 50% silking. It matures from 49 to 52 days depending 
upon the season (wet and dry). 
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The identification of the brachytic line as to whether it differs 
from~ is underway. If it varies genetically in many respects from 
the known brachytic line which is located on chromosome 1, locus 92, 
then probably a permanent designation may be given. 

' ,· ~ 

·' . D. L • Umali, 
o. Q • Ballesteros 

. A. c. de Mesa 

" I • '~' 

2. Cytoplasmic ma.le-sterile and pollen .restorer Philippine inbreds . 
§ r • 

·. The inbred lines involved in the production of white and yellow flint 
hybrids approved-by the Philippine Seed Board for distribution and the 
source of cytoplasmic mal.e sterility (F44) were planted in the 1957-.58 
dry-season breeding nursery located at the Central Elcperiment Station, 
College, Laguna. The male sterile line was planted in rows alternately 

'with the fertile lines. All possible crosses were made. The selected 
ears from each cross, i.e., disease-free plants and ears with plump 
kernels, were planted ear-to-row in the 1958 wet-season nursery. The 
recurrent parental inbreds were also planted. The emerging tassels were 
carefully examined and classified as .follows: completely sterile (all 
the plants in the row were devoid ... of shedding pollen), partially sterile 
( some of' :the plant ·s in t,h_e•'•ro~ • or p<)rtions of the tassel were shedding 
pollen) and ;complet·ely fertile (all the plants in -the row ·were profusely 
shedding pollen). Microscopic examinations of 'the ant .hers were done in 
the laboratory field to confim the observation. 

The result indicates that -one inbred line was highly homozygous 
for the sterile factor. Three lines were· completely, uniformly and 
abundantly shedding pollen. The result is of paramount significance 
because it .rnay pave the way tQ the elimination of detasseling under 

-the tropical growing conditions of the Philippines• · · 

The completely sterile F1 plants were backcrossed to · their respective 
recurrent parent while the completely fertile plants were selfed. The 
backcrosses and selfed ears are presently grown in the 1958--.59 dry-season 
breeding nursery. 

D. L. Umali 
c. c. Jesena 
F. A. Aquilizan 

. 
\ . 

. '. . \ . 



PIONEER HI-BRED CORN COMPANY 
Department of Plant Breeding 

Johnston., Iowa 

1. Fertility restorer genetics. 

Three progenies from the s1 of the backcross: WF9(WF9 x KY21) 
have been obtained which when crossed to the male-sterile line SK~ 
give all fertile progeny but which when crossed to the male-sterile 
line w,9T give all male-sterile progeny. Tbis•is a confirmation of 
the hypothesis (Duviok, in Genetics 41:544-565, 1956) that fertility 
restoration in T cytoplasm depends upon the sinmltaneous presence of 
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at least two dominant genes, either of which., if present as a homozygous 
recessive, can cause sterility. Thus, the genotypes of the various 
lines involved herein are presumed to be as follows: 

SK2 rr1rr1Rr2Rr2 

WF9 r.r1rt 1rt 2rt 2 

KY21 Rf'1Rr1Rr2Rr2 

Selected 8i or BC Rr l Rf l rf 2rr 2 

Donald N. Duvick 

2. Rapid recurrent and reciprocal selection. 

By use or genetic markers displaying incomplete dominance of 
simply inherited kernel characteristics., it should be possible to 
complete cycles of selection requiring progeny tests in less time 
than hitherto reported (see Hull, Agron. J. 1945 and Comstock et 
al., Agron. J. 1949). This modification of conventional recurrent 
and reciprocal methods is herein outlined and designated as the rapid 
method. 

Three er.op generations are ordinarily required per cycle in 
conventional recurrent or reciprocal selection for yield in corn. 
These consist of (1) making test crosses, (2) growing test crosses, 
and (3) intercrossing the parent lines of the best test crosses. The 
rapid method hinges on the ability to separate outcrossed and inter~ 
crossed seed on single ears or groups of half sib ears (half sib ears 
are from sister plants pollinated by non-sister plants). This separa­
tion of seed effectively allows the combining of crop generations (1) 
and (3) above. The following example utilizes endosperm color as a marker 
in a reciprocal selection program. The rapid method for recurrent se­
lection would be similar but requiring only one isolation plot. 



Year 1. Two isolation plots (herein designated Y and W) 
will be necessary. Isolation may be spatial or bordered by pollen 
parent rows. 

Block Y Block W 
y c'/1 w cl' 

yy 

. .. 

Y i • detasseled yellow endosperm plants, source of inter­
cross and tester ovules in Y block. 

W~ • detasseled white endosperm plants, source of inter­
cross and tester ovules in W block. 

Ya• normal yellow endosperm plants, source of tester 
pollen in W block and intercross pollen in Y block. 

Wd' • normal white endosperm plants, source of tester 
pollen in : .y block and intercross pollen in .w bl<;>ck. 

The only operation necessary during the pollination season will 
be the detasseling of female rows. Hand pollinations will~ be 
necessary. 

Only ears from female rows will be harvested. The seed will be 
divided as £ollows: 

Block Y 

BiockW 

[ 

pale endosperm • test cross . (Y x W) seed 

y~ll~w e~osperm • interorossed (Y) seed 

[ 

pale .endosperm • test cross (W x Y} . seed 

white endosperm• intercrossed (W) seed 
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It is necessary to l~bel seed f~om each ear or from groups or 
half-sib ears in order to later retrieve selected remnant intercrossed 
seed. 

Year 2. Two field trial comparisons of the progeny resulting 
from Year l will be conducted; i.e. one trial for testcross progeny 
{pale seed) from Block Yanda trial for test cross progeny (pale seed) 
from Block W • As previously indicated individual entries may consist 
or either seed from individual ears or bulked seed from groups of halt 
sib ears. After scoring the test crosses for yield or other agronomic 
characteristics one cycle has been completed. · 

Year 31 4, 5. Another cycle may be initiated by utilizing 
superior (on the basis o! Year 2 field trials) remnant intercrossed 
seed from Year l (yellow endosperm from Block Y and white endosperm 
from Block W) • Additional cycles would be warranted as long as sufficient 
variability remains in the two populations. 

Selection pressure per cycle is reduced in this rapid method as 
compared to the conventional reciprocal method due to selection only 
upon the seed parents in a given cycle. Essentially the selection of 
the pollen parent lags one cycle behind that of the seed parent. With 
random pollination, the genotypes of each cycle will average midway 
between the mean of its preceding cycle and the mean of the selected 
female parents. 

Ultimate gain may be favored by the rapid method due to delayed 
selection on the pollen parent. This delay allows a more thorough 
"mixing" of germ plasm and therefore more recombinations and slower 
fixation than the conventional recurrent and reciprocal method. involving 
selfing at the time of outcrossing. Furthermore, the absence of selfing 
would allow a prescreening of maternal plants on the basis of their 
individual or half sib group perfomance in the isolation blocks •. This 
selection would be . primarily for favorable dominant and additive effects. 

Pollination expenses would be reduced with the rapid method as 
would gross mechanical errors, due to t he elimination of hand-bagged 
pollinations. Efficient breeding nurseries are predesigned to make the 
most pollina t ions in the least amount of time. Time is more critical 
during the pollinating season than any other comparable period through­
out the year. In addition, the chance for gross mechanical errors 
(misguided pollinations) is materially reduced. The conventional 
reciprocal method offers appreciable chance f or mechanical error • 

. Winter pro grams are in use by most organizations having programs 
involving reciprocal and recurrent selection. By growing a winter 
crop the three year program per cycle required by the conventional 
methods may be reduced to two years which is the minimum since the 
progeny test must be grown in the area of expected use of the developed 
hybrid. By the rapid method a cycle may be completed in one year by 
growing the isolation blocks tor test and intercrossing during the winter. 
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I£ the breeder chooses to select on the basis of female plant or plants 
performance in the inter- and testorossing blocks a maximum of only 
two years per cycle is involved, 

Preliminary to the initiation of a program utilizing -the rapid 
method, the following projects are planned: 

· 1. To observe and test reciprocal crosses of white inbreds of 
different origin with yellow inbreds of different origin 
to examine the complexities of separating intercrossed and 
testcrossed seed. 

2. To measure the combining ·ability of crosses within and among 
yellow and white lines to determine the relative merits of 
these sources of germ plasm~ 

A. Forrest Troyer 

I t., ·, • 

UNIVERSITY OF PRETORIA 
Pretoria, Union of South Africa 

· Department· of Genetics · 

1. ·Cytoplasmic factors and pollen tube growth of Zea rn.ays1 L.* 

Competition of pollen tube growth is provided by making use of 
pollen mixtures from yellow and white sources (M. N. L. 1958) .. In 

"'· 

this investigation the reaction of cytoplasm of the well known American 
'Inbred 33-16 was subjected to · further tests. Evidence obtained f,;om 
the testing of pollen originating from single crosses· where 33-16 · 
functioned respectively as maternal ·and pollen parent, support the 
assumption previously made (M. N. L. 1958), that the deficiency in the 
performance of 33-16 pollen tubes in pollen mixtures is due to cyto­
plasmio factors. A significant heterogeneity in the ratios realized 
was observed when different maternal parents were used suggesting a · 
strong maternal effect. This was also apparent, but to a lesser extent 
within inbreds of long standing which could be regarded as having 
attained a ,high degree of homozygosity. This study has revealed that 
pollen tubes are very sensitive to conditions in maternal tissue and 
thus may be a means to study the relative homogeneity of _inbreds. 

Similar results were obtained in the study of the inbred Mexico 
155 and a local inbred C56. 

,If, ( In press, Proceedings· of the First South African Genetic Congress, 
.University of Pretoria, 1958). 

,. J. n. J. Hofmeyr· 



2. Competitive pollen tube growth in Zea mays, L.* 

In the previous report (M. N. L. 19.58) where pollen mixtures 
from yellow and white sources were t ,ested the results suggested a 
relation between combining ability an:d pollen tube growth in those 
cases where cytoplasmic factors apparently were not involved. The 
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seed resulting from these pollinations were grown the following season 
in paired rows and the yields determined. A highly significant 
positive correlation was found between superior yield and the superior 
color class. However, in cases where the maternal parent was genetically 
identical to the white component of the pollen mixture used there seemed 
to be a preference :for self pollen, in most ~,r the cases studiecl, so 
that a negative correlation was realized. Hence, at this stage these 
results must be interpreted with reserve until more information becomes 
available with respect to the different factors which may affect pollen 
tube growth. It is expected that considerable light will be thrown on 
this aspect when the results of the present season ·will become available • 

• 
~dditional data have supported the previous observation (M. N. L. 

1958)., that., with rare exceptions, varietal pollen is superior to pollen 
from inbreds in competition. 

* (In press, Proceedings of the First South African Congress, University 
or Pretoria, 1958). 

3. Qug.ntitative genetic studies. 

J. n. J; Ho.f'meyr 
J.M. P. Geerthsen 

Maize breeding in South Africa is still in the early stage 
characterized by wide scale sampling of gem plasm from local open 
pollinated varieties as contrasted to the improvement of existing 
inbreds. Need fo~ knowledge of the genetic composition of these 
varieties is keenly felt, therefore. Five varieties were chosen 
accordingly and the following investigations were carried out with 
them. 

(a) Estimation of additive and dominant components of yield variance. 

Non-selected full sib (biparental) and half sib (maternal) pro­
genies were grown in two replications of plots each containing about 
40 plants. Yield was expressed in lbs. of ears per plot. Additive 
(G) and dominant. (D) components of genetic variance were determined by 
the intra class correlation method (first method) assuming that co- · 
variance of full sibs a l/20 + l/4D and covariance of half sibs m l/4G. 

For purposes of comparison a series of biparental progenies using 
one pollen parent on three or four ear parents was grown in two replica­
tions for three or the five varieties. (The other two are being grown 
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in the current season.) These were then analyzed according to the 
method developed by Comstock and Robinson (Biom. 4: 254). · The resu~.ts 
of both the first and this second method are given in table l. 

Table 1. Estimated additive (G) and dominant (D). components of geneti"c 
variance for yield in five South African maize varieties. 

•. 

First Method Second Method 
No. of No. of Mean of All 

Varietz Prosenies G D, Pros:enies G D Pro~enies 

Robyn 48 a.20 0.12 --- a.3 
Anveld 48 3.60 12;00 60 6.84 -2.48 7.1 

Teko 52 1.tz -o .. ~o ll6 4.96 -o.44 ll.] 

American 58 4.16 -2.92 9.0 
white flint 

Sahara 48 7.92 · -5.64 72 4.20 0.,20 ·. a.3 
Total 254 10.60 o.48 8.6 

Results differ considerably among varieties and between methods and 
are probably subject to a large amount of random error and some bias. 
The half sib progenies were expected to contain some full sibs although 
care was taken to pollinate plants with a mixture of a large number 
(ca. 30) of other plants' pollen. This should cause an underestimation 
of D and may partly be responsible for the negative values obtained. In 
general however, the results from the two methods are in fair agreepient 
with each o~her ap.d with thoae · obtained by Robinson et.al. ·(Genetics 
401 45) for American varieties, giving a large amount of additive and 
relatively . little dominant variance. 

The full sibs gave an over all 12% higher yield than the half sibs. 
Every individual variety showed this tendency. The open pollinated 
varieties gave intermediate yields. 

(b) mguency of recessive mutants. 

The number of distinct recessive seedling characters (albino, zebra, 
glossy, virescent, ·etc.) segregating in 100 s1•s of . each of the five 
varieties was as r allows: · · 

Robyn 21 
Anveld 44 
Teko 28 

A. W. Flint 42 
Sahara 30 
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(c) Ability to produce heterosis. 

Extensive variety cross trials were carried out in South Africa 
in 1957. All the possible crosses among 15 varieties were tested for 
yielding ability in five localities. The results are in press (South 
African J. Agric. Sci. 1958). Crosses between the five varieties of 
present concern are now being teated for the fourth season in Pretoria. 
The amount of heterosis, expressed as yield of hybrid in percentage of 
parental mean, varied greatly with seasons and localities indicating 
marked effect of genotype-environment interaction on heterosis. The 
following were the mean yields of varieties, of variety crosses, and the 
heterosia values for each variety, over three seasons: · 

Variety All Crosses Het. % 

Robyn 11.9 10.9 97 

Anveld 9.9 11.2 109 

Teko 12.2 ll.8 100 

A.w. Flint 10.6 ll.6 10, 

Sahara 9.l 10.3 104 

(d) Relation between l!eld variance and inbreedin~ coefficient. 

Fairly extensive trials are being conducted in the present season 
to determine the effect of inbreeding (F = .125 to F s .75) on 
variabilit~ within and between nonselected lines obtained from these 
varieties. Lines from some vari«:1ttee (e.g. Sahara) are commonly known 
to maintain variability for more generations of inbreeding than others. 

Preliminary results on yield obtained from 30 S's and their s2
1s 

(20 plant plots, two replications) of the variety oo!i are as follows: 

Environmental variance 

Genetic variance of o. p. variety 

Genetic variance within lines 

Genetic variance within lines 

Genetic variance between lines 

Genetic variance between lines 

(So) 

(S1) 

(S2) 

(Sl) 

(S2) 

Obtained 

259 

326 

568 

4o6 

464 

1577 

Expected 

326 

163 

82 

36a: 

489 
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The environmental component was obtained from a large number 
of' nonsegregating progenies (not related to Gobi., but with compa,rable 
average yield) in an adjacent field. The S0 e~timate was obtained from 
a comparison of' about 1$0 individual noninbred plants of the variety 
Gobi. The expected values are based on the assumption of additive 
gene action for •yield (see Wright., Genetics 37: 312). De~lations from 
the expected values could be ascribed to nonadditive gene action. The 
limited numbers in this preliminary experiment must be borne in mind. 
It is felt that genotype-environment interactioriis probably a major 
factor in causing these discrepancies., especis;lly since tha trial included 
plants , varying greatly in yield. As soon as more information is available 
ori the elimination of interaction by s'caling;, this type of. experiment 
should definitely be subjected to appropriate scaling. 

(e) Genotype-environment interaction. 

This phenomenon is being studied wit~ inbred and single cross 
material. Statistically significant differences in variability were 
found between different genetically nearhomogeneous.progenies grown 
in the same field. A partititioning of variance into environmental, 
genetic., and interaction components was made, giving the estimates 
259, ll20 and 312 respectively' when differences between hybrids and 
inbreds were not taken into account. A correlation coefficient of -.69 
was found between mean ear weight and coefficient of variability. The 
mean C. V. of the inbreds was 57% as compared to· 22% for the single 
crosses. When transformed into an antilog scale, differences in 
vari~bility between progenies lacked significance and the mean c. V. 
of' inbreds was· 8% compared to. 10% for the hybrids. . Scaling, therefore, 
successfully reduced genotype~environment interaction or apparent 
"genetic homeostasis":• More detailed results appear in "Proceedings of 
the First South African Genetic Congress., 195811• · · 

: In view of the extreme import.'anc~ of interaction in interpreting 
experiments in quantitative genetics, ,more data is being collected at 
present and a gre,ater variety of scales l:>eing tested. 

PUROOE UNIVERSrrY 
Lafayette., Indiana 

Department of Agrononw 

T. van S~haik 

1. ~Jne order of y, ms-si, and rg on chromosome 6. 

Data from the cross z ,!! x !i .! fil/.!ia z ,!!! are907 !.§!•'23 !.!!•27 z§!:102 : 
l si which gives 2.5% recombination for the t-si region. Data from 
se'iled ears of the triply heterozygous genotypegive 2231 ! ,!!i:9~3 ,! 
~:1107 l !!,s::B l !:&_ indicating 9.0 .! 1.5% reco~bination for the l-~ 
region. Recovery of one!,!! Si/~!~ genotype, one~ l !!,!I!( l ~ 



genotype and two ~ I !!/~ z §! genotypes clearly establish that l 
is between !_g and si. Experiments with E_£ and!! are in progress to 
determine orientation. 

Herbert H., Kramer 

2. !he location of yon chromosome 6. 
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· Linkage tests of y_-s~/.r~ in homozygous translocation ~-lOb 
(6L.17 ,lOL.14) showed 05"! Su2 :llo ! ~ :)J.8·l: ~~2 ·~59 y_ .su2 which gives 35.2% 
recombination and indicates the translocation point tobe to the .left 
0£ "l... with -:t. on the long arm. Data presented by Patterson (1958 Newsletter 
p. o4) showed recombination between :t. and _g to be 18.8% in the homozygous 
translocation placing the break on 6 to the right of l• These two sets 
of data are compatible only if the break on 6 is in the short arm as 
Burnham (Genetics, 1950) indicated. If the break on 6 is in fact in the 
short arm, the possibility of l also being on the short arm is not ruled 
out. 

PORDUE UNIVERSITY 
Iafayette, Indiana 

Department of I3?ta.ny 

Herbert H. Kramer 

1.. Intracistron recombination at the Wx/wx locus. 

The dependence or the type of starch (amylopectin vs. amylopectin + 
a.nwlose) produced in a microspore on the genotype at the Wx/wx locus of 
the microspore itself and not the parental plant allows atest in maize 
for the occurrence of intracistron recombination. The barrier to the 
investigation of such a phenomenon in higher organisms is · our inability 
to handle populations of sufficient size to detect·the infrequent re­
combinants if such exist. In this system, however, the requisite numbers 
are easily available since a maize plant produces millions of microsporee 
and since slides containing ,o,ooo or more microspores can be prepared 
and scored in tw~ty to twenty-five minutes. · 

If two independently occurring waxy mutants at the Wx./wx locus 
represent changes at different mutational sites within the cistron and 
if recombination between such sites is a reality, it should be detectable 
in preparations from the pollen produced by the F1 between the mutant 
stocks. One of the products of recombination would be a reconstituted 
functional locus; in this case some aII\Vlose would be formed,and a 
microspore carrying such a locus would stain black with a KI, I~_sta:ln 
in contrast to the brownish color typical of~ microspores. -where 
in a cross between 2 ~ mutants the frequency of such black (normal) 



microspores exceeds the mean of the frequencies of black microspores 
in the pollen produced by the parents, it could be an indication of 
such recombination. Furthez,1 .the frequencies of normal microspores in 
the various all-comb i nation' ·crosses.· between a series of !!3r mutants 
should be a function of the distances between the. sites concerned and 
allow a preliminary mapping of the locus. 

With such a project in mind, a number of independently occurring 
~ mutants were collected. These are listed in Table 1. All possible 
crosses were made between the different mutants. Tassel sections were 
collected in 70% alcoho.l just prior to pollen shedding from a number of 
the F1 plants of each cross. Subse.~ently slides were prepared according 
to a stanqa.rd technique to be described later. The total population of 
microspores for each slide was estimated by the sum of six grid counts 
over the surfac~ of the . slide x a constant. Normal microspores were lo­
cated and marked by a drop of Kodak Opaque. 

Mutant 

C 

90 

H2l 

B 

a 

Table 1 

Source 

Maize Coop; Chr. 9 tester, Rec'd. 1951. 

Brunson; Mutation in Inbred 90. 

Brunson; Mutation in Inbred H21. 

Bear; Mutation in Breeding Material. 
. ' 

Kramer;-The wx8 isolated in Argentina. 

Tab1e·2 gives the results for the parental stocks and the crosses 
both for plants grown in the greenhouse in the winter of 1957-1958 and 
tor plants groWP, iri the field in the Sllll'IMer of .1958. · The results are 
not strictly ·oomparaole since the greenhouse data consist of the results 
of repeated analyses of n~t more than 8 plants from the ~ame cross between 
two mutants, The field data include · a greater . but var.iable number of 
plants from all crosses between two mutant stocks·. Reference to Table 2' 
shows that for the parental stocks there are low but measurable-frequencies 
of normal rn:l.crospores. The figure for any one mutant stock presumably 
includee · the products of back-mutation at the~ locus, suppressor 
mutation, and ccintam;tnation of tassel samples bythe lodging of wind­
blown normal po;l.len, Crosses between 'different .mutant stocks may ·give 
frequencies ranging . from those no.· higher than the parental stocks to 
those ~hich are many~fold higher. 

,• 

t •• 

·r 
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Table 2. Estimates of Incidences of Normal Microspores 

Greenhouse 

Stock 
Est.No.Mig5ospores 

xl 
No.~onnal 

X 10• .: SX 
Est.No.Mic5ospores 

X 10 

a ~ 0 - --
B 503 1.6 -+o.6 472 3.8 + 1.2 
C 554 1.1 '+ o.4 444 0.1 + 0.4 
H21 509 2.0 + o.4 559 2 .. 1 + o.a 
90 615 1.6 ! o .. 5 353 0.3 ! 0.4 

H21 X B/. 576 35.6 + 4.2 987 28.1 + 2.2 
H21 X 90 522 33.1 + 3.7 1168 31.8 + 2.,7 
C x H2li 1174 54.3 + 3.9 1218 46.o + 2.7 
90 X B 537 1.9 +1.2 717 1.4 +-o.6 
90 x C 1165 1,.3-+ 4..0 596 aa.o+ 5.1 
C X B,' 550 23.6 + 2 .. 0 1077 29.5 + 2.9 
Rec. C x C* - 252 1 .. 3 :.-0.9 

,. __ 

Cxa 289 4.5 --a X H2l 385 29Ji. --ax 90 287 2.4 -- --
axB 354 0.3 -- --
* Recove~ed C • {Re x Inbred Tr ) ~ x Tr) :6ll x Tr} e with ~ ?! segregates 

being selected after each selfing. 
, 1958 field data includes also the reciprocal cross. 

Where a number of crosses between two mutant stocks were made, the 
progeny from each cross was sampled. In all cases there was good agreement 
between the different progenies withiin a cross. In some cases, reciprocal 
crosses were available. Data again showed good agreement. The results for 
two sets of progenies are reported in Table 3. 

Table 3• Normal Microspores in Individual Progenies 

Est. No. 'Mi5rospores Est. No. N5rmai 
Cross No. Plants X 10 X 10• 

(C x H21)-l 6 252· So~7 r X H2li-2 4 224 40 .. 0 
C x H2l -l j 248 40.7 
CxH2l- 273 46.2 

H21 X C 3 221 49.3 
Total 21 1216 k6.o 
~H2i x B~-1 ~ 272 23.J 
H2 x B -2 35~ 31 .. 9 

Bx H21 6 35 28 .. J. 
Total 15 987 28.,:n. 

.... 
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For most crosses whi'ch had a high incidence o.f normal microspores., 
a number of individual anther preparations were ~cored. In all cases the 
distribution of numbers of normal microspores per anther showed good 
agreement with a Poisson distfibution. · Thus the bulk preparations for 
~ cross give a good estima.teof the probability that any rnicrospore 
will be normal in phenotype. 

1 Resuits from the 1958;5~ greenhouse planting of the BC progeny 
(90 x C)x C show 5..,Plants: with:!lo normal microspores and 4 plants with 
a mean of 63 x 10~5 norma~ microspores per plant. . · 

Considering the above data., it seems justifiable to conclude; (1) 
that each .of the allele.a is different from aey other allele, (2) that 
there is a charactetlst1p frequency of no~l inicrospores for each cross 
between· two .mutants, and this .frequency is obtained every time :the cross 
.is made, (J) ' heterosis., per se., qannot account for the nonnal microspores 
as witness the frequencies ;l:n9(? x B and Rec .• C x 01 and (4) ' the normal 
microspores are the result of recombination .with:ill the 1 ocus. 

If this last hypothesis is correct., it should be possible.to use 
the data from the crosses to establish a linear order for the mutants 
within the locus. This can be done since only one arrangement appears 
to satisfy the data. This arrangement is shown in Figure 1. Note, 
however, that the criterion of additivity is not satisfied. This may be 
a consequence of the heterogeneous backgrounds in which the mutations 
occu~ed. Unquestionably., . for a study of genetic f:ille.stru.cture., it would 
be desirable to induce a series. of mutants in the same stock where one 
coul~ be sure that the critical locus prior to mutation ,. was the same in 
every case. This is being done presently. 

H2l C 

.059 

.062 
.176 

., 
.092 

* The. frequencies· · of normal microspores observed have been doubled for the 
purpose of map construction. The figures given are percentages. 
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The fact that several mutants (Band a) appear to have some size 
may also be due·to the heterogeneous backgrounds of the mutants. One 
cannot discount, however, the possibility that it is actual. If the 
genesis of a mutant were functional locus+ gene controlling element 
within the locus, . then the mutant would appear as a block in studies of 
this type. Severµ ~ mutants which are known to have had such an 
origin have been included in our crosses, and data should soon be avail­
able on this point. 

Functional complementation if it occurs should be revealed in the 
endospe~ of the seed resulting f,rom the cross between two mutants. 
Analyses are not complete as yet, but :interactions of a magnitude which 
would suggest that the two mutants crossed are located in different 
cistrons have not been observed. still measurable interactions are 
present. The percentage of amylose in all crosses involving W'Y!1-, for 
example, is .substantially greater (100%) than the percentage of amylose 
in either parent. More data on a.my-lose percentage in various crosses 
are being obtained. 

The details of the technique used may be pertinent. The tassel 
samples are collected as mentioned in 70% alcohol. A "curing" period 
of several weeks is desirable since newly collected microspores do not 
stain as readily with a standard strength stain as do those which have 
been eolleoted longer. The standat'd. stain formulation is 25 ml. of 
water, 250 mg. of potassium iodide, and 45 mg. of iodine. The stain is 
mixed approximately 20 hours before use and placed on a shaker over 
night. One hour before use, 1 drop of 11Tween 8011 is added and then o.5 
grams of Baker's gelatin. The mixture is heated for 5 minutes on a warm 
hot plate. 

In preparing the slides, 24 anthers are selected--the 3 anthers from 
the more mature floret of 8 glumes which are just beginning to open. These 
are placed in the small stainless steel cup of a Virtis Microhomogenizer 
together with o.8 ml. of the stain. The mixture is homogenized for 2 
minutes after which it is strained thI'ough cheesecloth onto the surface 
of a lantem slide. The microspores are dispersed as evenly as possible 
·and covered with a 50 x 75 mm cover slip. After the mixture has set, the 
edges of the cover slip are coated with colorless nail polish. Such pre­
parations will keep tor several days without desiccation and can be 
scored at any time in that period. 

_o. E. Nelson, Jr. 

2. Gene controlling elemen:ts of the a1pm system. 

Notes dealing with a mutable !:LP allele have appeared in the News­
Letter for the past several years. By and large they have been concerned 
with the analysis of Ai locus components through the use of patterns of · 
mutation presented by ·this mutable locus. This letter, on the other hand, 
will deal with the gene controlling elements involved. 
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Variegated ·PhenotYJ)es 

Producing basically pale _aleurone color, this unstable allele is 
. capable of mutating ··to a higher level resulting in the produQtion of 
:deep aleurone tissue ·, or to a lower level giving colorless tissue. These 
mutations may occur at any t:une during the development of the.tissue, 
hence, the · deep sectors may be large if they Occur ;early, small~ they 
occur late, or they · may be non-existent. Similarly the colorless areas 
may be small, large, or may, in fac~, render the majority ~f the aleurone 
tissue colorless. ' Different combinations of direction of Jlllltation and 
time of mutation result in a number of 1<!ifferent variegated 3patt.e'rna. 

·One of the most common mutable ·tY,Pes in this ·materia,l. is called 
"coarse pale mosaic". !n this form c'olorless mutations oc~ fairly 
early giving moder.ately large colorless interruptiops in the pale back­
ground. A tendency for few and late deep mutations res ults in ~nfre quent 
deep dotting. In a second common mosaic type, aleurope t~ssue w~i~h is 
mostly colorless results from very early mutations to the n'Ull level. 
Changes to the deep level a~ more c0)11Illon here, so that the resulting 
pattern has been called "white plus tiots''• A third: fo~ _whi~h resembles 
stabte . pale alleles frequently appear s. This state, call;ed "apparent pale 
self" is considered to be a mutable type because it s. progeny mutate at 
high rates to other mosaic forms instead of breedir:\g true for the uni£ ormly 
pigmented condition • . In a fourth · stat _e,' -des:t~a i ea 1ilig~t .pal~ p;Lus dots", 
rare mutations· to the colorless level resiut in an almost uniform pale 
background. In addition, '_a large number of deep ·dot~ arise ffi>m, frequent 
late changes to the higher level. A number of other mosaic forms. arise, 
but these will not be considered here. · · 

A 0losely Linked Controlling Eiement 

Several cases of variegated phenotypic expressions in Jl!a.ize have been 
.attrib'llted to gene c0rit?'9lling elements.· Sincemosaioism in th~ present case 
·may occur ·· in the plant tissue and extend ·into 't he sporogenous t issue, it 
can be shown thatthis moeaioiBill result ·s from _mutation . at the A1 locus. In 
crosses variegation segregates with the pale aJJ.ele with ~hiqh it was 
introduced, but if_this variegation is sep~rated from ~P', the frequency 
of tl\e ,event is quite low. · Since the mosaic · effe~.t comes about by mut~ 
tion a~ §_P, and since the effect has been s}J.own. 'to 'be linked c.losely with 
!,1P, it seems logical to conclude that this unstable allele, like others 
described earlier, results from a gene controlling element present at ~1P 
an~ acting upon· it. -

The effe?t of this mutable loc:us on crossin~~ov:e.r_in tJ:ie A-S!!2 region 
has been studied (M. N. L., i956) ~. Stooks · carry1ng the mutabiiity factor 
show recombination rates ~~ich are signifi9antly different from the control 
rates. Both increases and decreases ·in the rate pf recombinatipn within 
the !-~ .. :region· were brought about ·by the influence of the mutability 
factor. In addition, in stocks carrying the gene contro~ling element high 
rates of somatic losee~ of th~ linked th2 gene we:e .ob~erved (M~ N~ L. 
1956). That !]_Pill can -influence the ra e of crossing-over in an adjacent 
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region as well as the somatic loss of a linked gene, two characteristics 
which have been shown to hold for other gene controlling elements, supports 
the idea that a typical mutability factor is present at the !p locus. 

other Controlling Elements 

Changes from one mu.table f om to another occur both at "lowm rates 
typical of mutation and at high rates which could be explained only by 
segregation of an independent but influential factor. Table 1 illustrates 
the types of progeny the various mosaic types produce. It is apparent from 
the first group of four ears that · the coarse pale mosaic•fom often mutates 
to other mutable types. There is, with a few exceptions, in each of the 
mutable forms the capability· of mutating to the other states. Superimposed 
upon these mutational events, are changes of a much higher frequency. Ears 
of this type are illustrated in the second gro:up under each of the kernel 
classe$. Ea.rs which show the l to 1 ratio between two mutant forms pro­
bably result from the segregation of a controlling element, the presence 
of which is necessary for the expression of one form, while the other 
form appears only in its absence. Ir this is the caoe, then controlling 
elements responsible for the following changes in form must exist. 

Coarse pale mosaic 
White plus dots 
Coarse pale mosaic 
Apparent pale self 

---- Apparent pale self 
---- Light pale plus dots 
---- Light pale plus dots 
---- Light pale plus dots 

Ears which illustrate 3 to 1 ratios could result from either the segrega­
tion of two independent but similar controlling elements, or from linkage 
of the ~ontroller to a-li:n• The 1 t .o J ratios can also be explained by 
linkage, if the controlling element in these cases is located on the 
homologous chromosome. -Under the linkage explanation ratios which vary 
significantly from J:l and 1:3 can be explained by different degrees of 
linkage. 

On the other hand, a linkage hypothesis is not the only possible 
explanation for the l:J ratios seen in Table l, since they could also 
arise from the segregation of an element which suppresses the gene con­
troller. In !iPm a consistent but low proportion of the apparent pale 
self types breeds true. More commonly, however, the apparent pale self 
f om gives rise to other mutable forms by mutation and segregation. Ir 
the true breeding self types result from loss of the gene controller from 
the genome, the mutating and segregating apparent pale selfs might arise 
from the presence of a gene o-ontroller suppressor. A unit of this type 
would allow the a.Pm locus to be unaffected by the gene controlling element 
so that the kernel would appear self colored, and yet retain the poten­
tialities to produee other mutable forms. Postulating different numbers 
of gene controlling elements and gene controller suppressors, one can 
explain an array of different ratios. 

Similar interpretations of shifts between mutable forms could be 
postulated for the other cases presented in Table 1. Differences in the 
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coarse pale mosaic - apparent pale self and the white plus dots - light 
pale plus dat ·changes could be due merely to different states of the 
gene controllers, while the rest of the mechanism is .essentially the 
s~. . 

It is Ipparent that this mutable system. is similar b~t not identical 
to the !:Lm--Spm system investigat ·ad by Mcclintock. A brief c~parison of 
the two systems . is presented below., . 

!]_pm 

l. ~iginated from !.p allele. 

2. · .~elf-colored pale kernels· arise: · 
a few of these are stable, but 
most of them ·subsequently give 
rise to mutable forms• 

3. Segregation of the gene con­
trolling element may result in 
two variegated classes or in 
one self-colored and one varie­
gated class. (Pale self-color­
less plus dots segregations are 
rare if they ever occur.) 

!J. m-1 -.§I>E! 

1. Originated from A allele. - . 

2. , Self-colored kernels arise when 
Spm is lost from genome and are 
staple as long as Spm is absent. 

3. Segregation of ' §E!!! results in 
production of a self-colored and 
a variegated kernel class. (Pale 
self-colorless with dots segrega­
tion is common.) 

4·• The segregating classes f' orrn 
poor 1:1, 3:1, and .1:3 ratios 
which ·may vary from 1:6 to 5:1. 

.4. The segregating classew form very 
good 1:1 or 3:1 ratios depending 
upon whether one· or two Spm units 
is involved. 

S. Ears sectored for· coarse pale 
mosaic and white plus dot pheno­
types are common. 

6. Two ears produced ,on the ~ame 
plant may differ in the ratios 
of their segregating classes, due 
to gain or loss of a gene control­
ling element. 

7. Germinal J11Utat:i.ons give rise ·to 
uniformly pigmented alleles· some 
of which may be very stable, and 
others which mutate at rather high 
rates. . , 

5. F.a.r sectors of self colored areas 
(loss of Spm) on a variegated ear 
occur. 

6. · Two ears produced on the same plant 
may differ in their Spm constitu.• 
tion, hence differ in ~he ratios of 
th~ir segregating classes. · 

7. Germinal mutations -occur in the 
p~esence of Spm and resuJ,.t in 
stable alleles. · 
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Table 1. Ear tl_Ees :eroduced bz various mutable states 

Cross: aPm S!?.2, x ~ (Only Sh2 kernels counted) 
a sh2 a s 2 Kei,iel ~e 

Pale fi.+ · Lt.pale 
tYJ>8 of Ear Frequency Pale mosaic self dots + dots ·-

Planted Pale Mosaic -
Most kemels of 57% of 35 ears 
the parental classified 252 2 3 u 
type 163 0 3 0 

305 18 2 2 
388 0 2 21 

Many of the 43% of the 35 l•l 88 102 0 4 
kernels or the ears class:j,. . • lll 94 0 17 
parental type fied 146 71 3 6 

3:1 77 29 0 0 
l:J 49 125 0 0 

66 151 1 8 

Planted Pale Self 

Most kernels of 53% of the 28 0 177 0 0 
the parental ears classified 0 122 0 0 
type 4 200· 0 1 

1 142 0 14 

Many of the 47% of the 28 l·l 87 99 0 7 
kemels of the ears classi- • 95 103 0 4 
parental type fied 113 57 0 0 

3:1109 22' 0 1 
1:.3 .34 122 0 0 

33' . 2o6 0 1 

Planted White + Dots 

Most kernels of 12% of the 34 5 4 146 8 
the parental ears classified 0 14 192 7 
type 0 6 188 26 

Many of the 62% of the 34 0 5 1.30 114 
kernels of the ears classi- 1:1 o 0 129 142· 
parental type fied l 3 127 44 3:1 o 9 137 58 

l:J, 0 1 45 183 
0 2 44 186 
0 46 31 142 
0 56 27 lJB 

Few kernels of 26% of the 34 131 3 3 73 
the parental ears classified 116 10 2 108 
type 159 20 6 0 

79 28 l ~ 
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Type of Ear 

Most 0£ the 
kernels o:t the 
parental type 

Many of the 
kernels of the 
parental type 

I 

Few kernels of 
the parental 
type 

r 

Kernel. 
Pale .+ Lt.pale 

!,requency Pale mosaic self dots + dots -
Planted Li.~~t Pale+ Dots 

I 

2% of 54 ears 0 0 24 169 
classified 

74% of 54 ears 
classified ' 1 28 102 lW+ 

1:1 o 0 168 132 
8 1 172 45 3:1 0 4 183 62 

• 0 0 58 200 
l.) o 2 85 225 

163 13 8 49 
174 0 1 62 

21 81 0 60 
6~ 95 1 94 

23% or 54 ears 212 26 l 0 
classified 5:3 l81 0 11 

46 96 
' 

0 ,. 30 

D. L. Richardson 

THE ROCKEFELLER FOUNDATION 
MEXICAN AGRICULTURAL PROGRAM 

Mexico City,Mexico 

1. Studies among raeee of corn in MexiC?,g. · 

In 1958 a reeerach project was initi~ted having .as~its goal a more 
intensive study of crosses among the twenty-five well defined Mexican 
races of c;orn. As seed stocks for this project it was decided that it 
would 9e better to go back to the original are~ of collection for each 
race rather than attempting to use seed stocks available in the . corn ~ank. 
This decision was reached because: l) The original collections might 
have been changed by mixture or selection since some of them·had been 
increased by hand pollinations in small plots as many as five different 
tines; and~) The actual cost of obtaining the seventy-five pound seed 
stock for each •race would be much less by re-collection than by hand­
pollinated increases. The collections which served as basis for the 
original rac~ ,definitions were collected from 10 to 15 years ago. Even 
so, it was not difficult to find corns representative of each of the -

, ..... 
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twenty-five races by looking among the smaller farms in less progressive 
areas. The races of com now being grown have apparentzy changed rela­
tively little except in those areas in which the National Corn Commission 
has established corn seed production (hybrids and/or varieties). With 
the rapidly expanding net-work of good roads, the growth of the production 
program of the National Corn Commission, the growth of the Extensive 
Service plus the growing interest on the part of farmers themselves, a 
change in the com race distribution will probably take place at a greatzy 
accelerated pace. This , change is already evident in areas where crop 
improvement programs have been initiated. 

R. D. Osler 
E. c. Johnson 

2. Resistance to ear and tassel smut in Mexico. 

Data from 1958 corn plantings in the Baj1o region of west central 
Mexico show distinct differences of reaction among several hybrids and 
varieties of com to the ear and tassel smut incited by the organism 
Sphacelotheca reiliana (Kuhn) Clinton. 

Plantings of 12 varieties were made at 4 different planting dates. 
Highly significant differences were found among varieties and among dates 
of planting in reaction to the fungus. The most susceptible hybrids were 
those that intluded lines introduced from tropical corns. Of plantings 
made March 15, March 31, April 15, and May l, the highest percentages or 
infection were obtained in the May l planting. 

Commercial corn plantings in the area ranged from no infection to 
individual fields with 40% or more of the plants infected. Literature 
reports of the disease indicate it to be of minor importance, but ex­
perience in Mexico suggests the desirability of incorporating genetic 
resistance to the disease in corns for the Baj1o region of the country. 

E. c. Johnson 
R. D. Osler 

SOUTH DAKOTA STATE COLLEGE 
Brookings, South Dakota 

Departments of Plant Pathology and Agronomy 

1. Relation of root rot and root tyPe on yield and maturity of maize. 

Inbred lines derived from two ears of Fulton's yellow dent have been 
shown to differ in the expression of root rot. The evaluation of the 
importance of root rot and other morphological characteristics was estimat­
ed from a series of multiple measurements involving the roots of corn 



plants dug in August and September. These measurements include scores 
for root type, root abundance, apparent disease resistance, brace roots 
and fine roots. , correlations between: these measurements and yield and 
moisture at harvest,taken on ·top-cross progenies of these inbreds in 
1957 are presented . in Table 1. · · · · · · · · 

Table l. Correlation coefficients between various root and yield measure­
ments obtained from three-way hybrids involving inbred 11riE3s and 
two single cross testers grown in 19?7• 

Fine Brace 
. Type Abundance Disease Roots Roots 

Yield +.403 +.300 +.23'2 +.356 +.282' 

Moisture '.1-.433 ' :+.304 +.313 +.418 +.344 
Per Cent 

Fine· Roots :1-.6% · .;+. 776 +.708 1.000 +~268 
Significant rat! per cent level • .239. 

The corn roots were dug with a mechanical digger which enabled the 
removal of a definite portion of the root system free of soil. The roots 
harvested by this procedure made it possible to carefully remove for 
obser.vation ·arid -scoring the main and fine 'branehes of the secondary root 
syst~m. The.1957 reso.lts suggest 11fine ·roots 11 as one .of the most µseful 
morphological char acters -in .selecting for root rot resistance in co~. 

Diallel crosses between the four most resistant and.the four most 
susceptible lines developed in this work have ·now been made, along with 
outcrosses to · an early and a late tester. This material, when grown in 
1959 and 1960, should furnish information on the heritability of root rot 
resistance~ · ' 

\ .. 
' . 

The 1957 data show that top cross progeny root rot scores have little 
correlation to similar scores taken on inbreds. The possibility of 
heterosis or overdominance effects is indicated. 

C. M. Nagel 
D. B. Shank 
V. A. Dirks 
D. E. Kratochvil 

2. Modification of cold resistance and combining ability of corn 
inbreds by· Oob~t 60 'treatment. · 1 

' • 

, Dormant dry seeds ·of twe long tim'e ' inbred lines of maize, s.D. 5 
and BB, were treated with 4750r units of gamma irradiation from a Cobalt 

. 60 source ih .l95fl,. immediately prior to planting~ Plants grown from the 
irradiated seeds of each inbred were selfed and outcroseed to check 



plants of the other inbred. 

Standard cold germination studies using soil from a continuous 
corn rotation were run on seed or the selfed irradiated inbreds in 
comparison with untreated checks. · Highly significant differences am:ong 
irradiated inbred progenies in cold resistance were obtained for both 
s.n.5 and BB. The array of inbred cold resistance scores, based on four 
replications is given in Table 1. 

Table l. Frequency Array of Cold Resistance Scores of Two Irradiated 
Corn Inbreds, s. D. Experiment Station, 1958. 

Nwnber of Irradiated Number of Irradiated 
Score Class S.D.5 Selfs B8 Selfs 

O'.'."lQ, 1 0 1 

20-39 2 4 2 

40--59 3 14 6 

60-79 4 20 15 

80-99 5 10 19 

100-119 6 J 10 

120-139 7 l 1 

140-160 8 0 0 

Population performances from the cold tests were: 

- 82 F X 

Irradiated S.D. 5 selfs 17.14 57.32 1.56H 

Check s.n. 5 selfs 23.99. 36.72' 

Irradiated B8 selfs 20.27 67.47 1.85H 

Check B8 selfs 24.42 36.45 
Yield tests of single crosses each involving one irradiated and one 

check parent, were run in a 12 x 12 lattice in 1958. Possibly because of 
the dry season, no significant differences between crosses involving an 
irradiated parent were obtained, nor did these singles differ as a group 
from the non-irradiated check single cross. 
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The 1958 results suggest that irradiation of seeds reduced the 
average cold resistance of both S.D.5 and BB selfed progenies in 
comparison to the checks, although the range of variation indicates that 
some lines exceeding the cold resistance of the parent inbreds might 
be selected from the irradiated and.selfed population. 

It had been hoped'that dominance effects in the single cross might 
limit unfavorable or deleterious mutation effects in the irradiated _ 
parent. The 1958 yield test which showed no significant differences 
among 1.36 single crosses involving an irradiated inbr'3d., or of·the 
inbreds in comparison with the yield of the check single cross., indi­
cates that this has not been disproved. Cold tests and the appearance 
of visible mutants suggest that irradiation had been effective., and if 

' yield were largely due to additive gene action., differences between . 
. checks. and irradiated single _s might_ have been expected. 

This work is being continued with one additional inbred., so that 
three single crosses will be tested in 1959. 

D._B. Shank 
V. A. Dirks 
D. E. Kratochvil 

TENNESSEE AGRICULTURAL EXPERIMENT STATION 
and 

UNITED STATES DEPARTMENT OF AGRICULTURE 
Knoxville, Tennessee 

1. "Tassel ear" mutation. 

A mutant which produc.es only staminate flowers in the lateral 
inflorescences was found in selection F735 in 195.5 by~~ B. Stead 
in the Union of South Africa who sent me seed of the stock. out of 
21 plants grown in 1956., one plant developed a chlorophyll deficiency 
in the upper half of the plant following tasseling, two plants had 
japonica ·striping and one plant · had the lateral inflorescences IIIB.de 
up entirely of staminate flowers. All abnormal plants were late 
flowering and were pollen sterile. A cross of a late inbred on a 
heterozygous plant segregated 8 "tassel ear" plant~ to 29 normal 
plants in F2 in 1958. "Tassel ear" plants·tillered profusely and 
five or six laterai inflorescences developed on the _more vigorous 
tillers. Normal length shanks with husk leaves from the nodes were 
pro~uced but fully developed tassels replaced the ears. Usually the 
central spike, and often one or two branches, emerged beyond th~ 
husks. These staminate flowers produced an abundance of fully viable 
pQllen, as did the terminal tassel. 
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In 1949 Eyster ~ported (News Letter 23i4) a 0 tassel•like" ear 
:mutant that had a framework which was ·eimilar to the ·rramework of a 
tassel. liinrl:ted .n~bers at seeds were formed on the basal port.ions of 
the'branches. In 19.51 he reported (News Letter 2.5:-10) the character 
to be associated with bright green color and that homozygous strains 
were available. 

The present :mutant has so far proved to be completely staminate. 

L. M. Josephson 

2. New "Teoped11 mutations;. 

Four new. inq.ependent sources of Teopod or similar characters have 
.occurred in different locations -the past eight years. The first oc­
curr.ence was in a nursery row of the double cross . (T8xCI.21E)(L317xOh7B) 
gro;nr-ig at the Kentucky Agricultl,1.ral Experiment station in 1951. .An 
abnormal .plant in T8xCI.21E that tillered and had pod-type ears had , 
served as the seed parent of this progeny the year previous. This 
soµr~e was . not grown again until 1957 following the finding of other 
sources. It differs from the teopod of Lindstrom -(Maize Coop. stock) 
in , tillering more profusely ,and having longer and more slender culms. 
The two were crossed in 1958 to determine whether they are the same · . 
:mutation. · 

In 1954 a farmer found a typical teopod plant growing in a field 
planted with second-generation seed of the topcross K64xPotchefstroom 
Pearl in the Union of South Africa. Crosses with !e, (Maize Coop stock) 
have shown it to be a repeat mutation. This soUl"ce has segregated plants 
with all the variations described for~, · as has also the '.!'.E_ obtained 
from the Maize Coop. stock. No crosses for associations wi"'th other 
characters have been made • 

... A mutation r~lated to teopod occurred in a nursery row of inbred 
K41 at Knoxville in 1955. The main culms of mutant plants are consider­
a9ly shortened with numerous brace roots developed at the lower·nodes, 
while tillers are · usually of normal length. · No seed has bee'n 'produced 
on ~he main cul.ms~~ only occasionally will·they terminate in a single· 
spike tassel. Tillers may ha¥e a normal tassel, may terminate in an ear, 
a combination of both, or may be similar to the main culm. Ears produced 
on riormal tillers have been normal and only occasionally produce :mutant 
_pla.nts. Axillary ears produced on tillers that terminate · in ari ear are 
geI1erally podded a~ the , base. · Seed from either -the podded axillary ear 
or the terminal ear will generally produce half norl'nal plants and half 
mutant plants• No apparently homosygous plants have been obtained. 

A typical teopod plant occurred in hybrid Funk G-711 growing in a 
yield trial on the Jackson, Tennessee Experiment Station in 1956. Only 
11 open-pollinated seed were obtained from the plant, none of which pro­
duced plants the following year. 



Only original !E (Jour. Hered.-_16: 13.5-140. 1925), '.!:E2 ·(!'iewsletter 
22: 41) and the Tu ~ complex have previously been described. Apparently 
teopod ·or teopod:Iike mutations occur more often than indicated by reports, 

L, M. Josephson 

UNITED STATES DEPARTMENT OF AGRICULTURE 
Beltsville, Maryland 

An aleurone color pattern factor was found in segregating populations 
about three years ago. Testcross results suggest that an~,!! allele is 
involved. This allele has been tentatively designated as R • The extent 
and distribution of color is quite variable depending upon-the genetic 
background. In some stocks the allele appears to behave primarily as a 
dilution factor •. In others it simulates azij except basal coloration also 
is usually involved. In many stocks classification is difficult. 

. . 
In the transfer of cytoplasmic sterility to one of the Helminthosporium 

resistant strains of WF9, ratios of 1 fertile to 3 steriles have been 
obtained. Tests are underway to determine the identity of the second 
factor involved in fertility restoration. 

G. F. Sprague 

WEST AFRICAN MAIZE RESEARCH UNIT 
Ibadan, Nigeria 

1. Resistance to the field population of stemborers in West Africa. 

' A number of inbred lines were introduced into West Africa from 
Minnesota to investigate if their resistance to the European corn borer 
did correlate with a possible resistance to West African stemborers. 
The original lines are highly susceptible to major leaf diseases ·111 the 
West .African environment. Therefore,crosses and backcrosses of these to 
the Minnesota · parent were established with an adapted maize variety. These 
were compared, in field trials, with a local variety. 

The analysis of field trials on basis· of the number of bored plants 
indicates a possibility that recessive genes for resistance are present 
in the lines Minnesota A42.645 and Minnesota .AL.04. · 

c. L. M. van Eijnatten 



WESTERN REGION DEPARTMENT OF AGRICULTURE 
AND NATURAL RESOURCF.8 

Ibadan, Nigeria 

1. Maize breeding program. 

The present program of maize breeding in the West'em Region of 
Nigeria began in March, 1958, as a result of a cooperative scheme 
between the Western Region and ICA. 
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Observation and limited trials of local maize types grown by farmers 
of the Region indicate that these types are low in productivity, yielding 
up to 1 ton of dry grain per acre. Among the factors· which appear to be 
responsible for low yields are (1) low soil fertility, (2) losses due to 
disease or insect damage, and (3) inherent inability to prod~ce high yields 
even when grown under favorable.conditions. The principal diseases of 
maize in this area are rust caused by Puccinia polysora, and various leaf 
blights caused by Helminthosporium turcicum, H. carbonum and Cochliobolus 
heterostrophus. '.tnseot damage to the growing crop is due, chiefly to stalk 
borers, Agrotidae, -whose life cyc·le is similar to that ot the European oorn 
borer., p;yrausta nubilalis~ 

Trials of more than 600 West African maize collections are being grown 
at Ibadan, In addition, 78 seed introductions have been received through· 
the kindness of the Rockefeller Foundation centers in Mexico and Colombia, 
the University of the· .Philippines., and the United States Department of 
Agriculture. The 43 South .American acquisitions were requested on the 
basis of their respeot:i:ve origins from latitudes and altitudes similar 
to those of the maize growing areas of Western Nigeria. Some of these 
acquisitions originated in areas of high rainfall; these are being put 
in trials in Delta Province near the mouth of the Niger River, where the 
rainfall is high during the growing seasons. Small seed samples from 
most introductions are being grown during the dry ~eason (Dec. - Mar~) 
under irrigation for se·ed increase to permit the growing of replicated 
trials in the First Season (Mar:. - July). Two of the Mexican intro­
ductions have shown promise as open-pollinated varieties in both the 
First and Second Seasons., 1958. It is questionable whether the develop­
ment of hybrid maize adapted to this area is feasible at·present. There 
is no agency for regulating the production of crop seeds., and there is a 
shortage of native personnel who are qualified to undertake the necessary 
rigid inspection and control of hybrid maize seed production. However, 
some Philippine hybrids are being assessed for this area. Also, a con• 
siderable program of inbreeding is now in progress, which may be useful 
first for varietal improvement and for synthetics, but some of the inbreds 
may be useful for the development of adapted hybrids when the need arises. 

Arnold A. Wellwood 



110 

UNIVERSITY· OF WISCONSill 
Madison 6, Wisconsin 

1. Paramutation at the R locus in maize plants trisomic for chromosome 10. 

A comparison was made of the aleurone phenotypes resulting from 
pollination of an rgrg inbred strain (W.231 with moderatel~ inbred WZ2 
sib plants of the I allowing genotypes: R rg (control), R Rat ( disomic) 
and Rr /Rst/~ (trisomic)'. The object of-the experiment was to test the 
1:zypothesis that para.mutation of Rr to a weakly pigmenting allele, R', 
which was knmm from previous tests to occur in 100% of the cases In 
_g?']st ~lants, takes place at the zygotene stage of meiosis, when the ~r 
and Rt alleles are synapsed. The rg allele present in the Rrrg and 
Rr/R-s /rg male parents had earlier been shown to be non-paramutagenic. 
Assunµ.ng 2 by 2 pairing at zygotene at any given chromosome level (Newton 
and Darline:ton, 1929) only the Rr mal~,ametes that carry Rr ex-conjugants 
from "§;r-!!st' zygotene pairings in Rr I! ~ trisomic plants- should be 
para.mutant, and the rest should be norma.!, if th e hypothesis in question 
is valid. Not more than 50%, and perhaps as few as 33%, of the !!r.· gametes 
formed by Rr/Rst /rg trisomic plants should be paramutant on this basis. 
The average scores for aleurone pigmentation of the Rrrgrg kernels, on an 
arbitrary scale of o-40, for the three classes of matings was found to be 
as follows: 

rgrg9 x Rr~c;jl 39 .. 23±0.16 
II X RI'R8t (disomic)o" 5.07,;tl.23 
11 x Rr /R8t /:8 (trisomic)d" 6.37.:tl.13 

Aside from a few seeds that could have resulted from pollen contamination, 
the Rrrgrg kernels resulting from the application to rgrg individuals of 
pollen-from the trisol)lic ·g_r/E,.8t /I,g plants, as well as-from the disomic 
Rrast indi vidua,ls, were of the paramutant phenotype throughout. Thus the 
results do not su~port the hypothesis that Rr is changed to the paramutant 
form, R', in aras plants, when the Rr · and R8t alleles are conjugated at 
zygotene. - - - -

R. A. Brink 

2. 11Enhancement11 of Rr action associated with two reciproca1 translocations 
involvi,ng breaks in chromosome 10 proximal to the R locus. 

Evidence was obtained in 1957 indicating that the aleurone pigment• 
producing action of the standard Rr allele was significantly increased 
(from dark mottling to near-self-color, in single dose) if Rr was introduced 
into either the T2-10a or the T4-10b translocation. Both translocations 
involve breaks approximately 9 crossover units proximal to the R locus. 
Furthermore, it appeared from other tests that TRr (read translocated Rr) 
was less paramutable in heterozygotes with the stippled allele (TRr/Rdt) 
than was !!r in ordinary ~r~st plants. More comprehe nsive experiments with 
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this material were carried out in 1958, the results of which may be 
summarized as follows: 

(a) T2-10a Rr and T4-10b ar are, in fact, significantly stronger 
in aleurone pigment-producing action than standard Rr in a normal 
chromosome 10. -

(b) On reincorporation into a normal chromosome 10 from a T 
chromosome, Rr retains its enhanced pigment-producing action. This 
observation excludes an explanation of the phenomenon in terms of position 
effect of the conventional kind. 

(c) · Enhancement of Rr action does not appear in the offspring of · 
plants carrying a T ch!:omosome bearing an~ (colorless aleuroneJ allele, 
with standard Rr present in a normal chromosome 10 (Tr/RT). Evidently 
the original change to enhanced ar action requires that-Rr be in coupling, 
not in repul.sion, with T, in the-translocation heterozygote. 

(d) Testorosses on rr plants of TRr/mr homozy~otes yield the same 
enhanced Rr phenotype as results when pollen from TR1./r plants is used. 
Seemingzy"; 11pairing stress" at meiosis is not a factor-in the enhancement 
process. 

(e) Partial reversion of the enhanced pigment-producing action of 
ar in a TRr chromosome toward the level of standard ar is found among the 
offspring-of T~r~r plants. -

(f) Paramutability of TRr in TRr /Rst heterozygotes (and als.o of Rr 
extracted from a TR1" chromosome) is markedly lower than that of standard 
Rr in ordinary RI"R'st indi vi.duals. - --

(g) The partial reversion of enhanced Rr toward standard ar, 
observed among the offspring of TRr/ar plants, is paralleled by-an 
increase in paramutability when an R'r allele with this history is made 
heterozygous with stippled. -

Margaret Blackwood* 
R. A. ~ink 

* Permanent address: Melbourne University, Melbourne, Australia. 

3. Basis of the light stippled phenotype. 

A few stippled aleurone kernels with a much reduced fre~uency of 
spotting were -regularly observed in a series of matings of ,!!_!8 t and 
.Rst r?' with rgrg. When such kernels were planted, and the resultiing 
'Ind!viduals-~rere selfed, ears were fonned that showed an Rat (light) 
·phenotype. The frequency of such germinal changes to Rst-(light) was 
found to be 58.7/1000 and 50.3/1000 Rst gametes when tested in Rl'Rst 
and R8 r heterozygotes, respecti;vely. A population of 13,084 ast - - -



gametes was tested. The frequency <if germinal ohan~es :to 'l!st·(ligpt) in 
homozygous Rat stocks was found to be only 0.3/1000., based on a population 
of 18,586 Rffli gametes• . . , 

al!' : . . 
The dif.ferenc~ between the frequency of changes to ·Rst (light') in 

RBt heterozygotes with Rr and tr and in Rst homozygotes suggested·that 
such changes are either-1) associated with heterozygos~ty, .Per se, at the 
R locus, or ·2) a produet ·or crossing over between Riit an~ a linked modifier 
carried on .the Rr and rr cbrcmoaomea. - ' . - - . 

A" test was made using a proximal marlcer, golden (,1), and a distal 
marker, a terminal heterochromaticarob (~, to test for ~he association 
of crossing over with ~hangee of R ~ R (light). The following cross 

. was made: ,& :!g. !f.G !st k x i ! g;- ~ \light >) kern~ls w:ere . selected · and 
planted; the _resUlting piante were scored for golden., and the ears .werr 
,pollinated wfth rr. K was scored by making counts o:f' the number-0£ R5 

(light) and r kern~ls-on each ear to determine whether •pref'erential -
segregation 1 or Rst (light) had occurred. The results from this test 
showea that changes to ,!!st (ligpt) were aiways associated with crossing 
over . between~ and!• 

It is hypothesized that there is a locus about 5.7 crossover units 
distal to R, the alleles of which modify the expression of R6 t • . ~e 

. modifier conditioning notmal stippled expression was designated · M , and 
. the one condit"ioning ,!!st (light) expression ~as. 

1
desi~a~ecf !!~• . - , _ 

. The 'B;_r !llld '!: chromosomes in the first tes~ c~rr.ied_ m~, an4 -,the 
crosses made may now be diagrammed as follovrs :· RZ: mst /R~ 'MSt x rg . mst • 
Crossing over produced an RBt ·mst chromosome whion. conditions Rst-(1Ight.). ' . 
The complementary crossover class would 'be Rr Mst 'in the Rra.8t- heterozygotea., 
and !r ~ in the Rst rl" heterozygt>tes. Both of thei.se oomplime,ntary cross­
ove~ classes · hav& ·15een id~tiff ed, an,d they · occur 'with the · .same . t:requency 
as !st "(light). • · · · · · 

< I 

The changes of !!st, to Rst (light) in,!!et honiozygotes cannot be ascribed 
to recombination between Rst and a linked modifier. The few mutants 
obtained froni' the ·se matings have been interpreted as mutations of Mst to 
mst or transpositions of Mst (see below). -
- - • .. !-

R. B. Ashman 

4. Transposability of M8t , a modifier of stippled aleurone. . . . . . ,.. . 

Num~s self-colored kernels :were ·selected after the following 
cross: .· R rg · x. ~~. These·kemels were.gro'Wil out to verify the presumed 
mutatio~s of .fist."'.".to selt-color. The ears produced by the resulting plants 
were pollifiated with rrrr. ks observed in -an earlier test, less tnan .half 
of the phenotypicailyself-colored kernels gave self~colored ('R.8~) off­
spring~ Fifty • plants, in fact, grown from 64 s'elf-colored kernels did not 
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give germinally tra,nsmissible Bao mutants, but _ segregated stippled and 
colorless kernels. Among these plants two were found which segregated 
1/4 Rat, l/4 Rst (light), and 1/2 r, instead of the expected 1/2 R8t , 
and I/2 ! kernels. - -

It has been shown that Rat differs from Rst (light) only in a 
modifier located about 5. 1 crossover units distal to R ( see above)• . 
An explanation which satisfactorily accounts for the ratio qbserved on 
the ear.s from the two exceptional plants would assume that the linked 
modifier (Mst ) which conditions the R:,t phenotype is a transposable unit. 
On this: basis it could be assumed that the ast (light) phenotype results 
from the absence of MSt, and that 1n the two exceptional ears Mst has 
shifted from its standard position, -5.7 crossover units distal-to R, to 
a new position which assorts independently of R. Verification of the 
transposition hypothesis requires progeny tests of the three classes of 
kernels on the ears from the two exceptional plants. 

R. B • Ashman · 

5. Mutability of Rst. 

Tests were made of the mutability of Rat and Rst (light) in homo­
zygous and in several heterozygous combinations. -

Rat and Rat (light) in homozygotes were observed tp mutate to selr­
color-(R8C) at the respective rates of 17.0 and 19.9/104 gametes tested. 
A total-of 191920 R_st and 24,599 B:8t (light) gametes we.re scored. When 
B,st and ~st (lightj were heterozygous with !r, they were observed to 
mutate to R8C at the respective rates of 4.9 and 4.3/104 gametes tested. 
A tot~l of-2 1055 Rat and 4,623 Rst (light) gametes were scored from 
heterozygotes with rr. The basis for the difference iri rate of mutation 
of R6t and Rst (lignt) to RBC in homozygotes and heterozygotes with ~r is 
not-yet know.n. Several somatic mutations of Rst to RSC have been found, 
which indicates that mutations to RSC are probably not regularly associated 
with crossing over. -

In Rst (light) homozygotes, one mutation to colorless or near­
colorless aleurone was found in 26,80.5 gametes testedt No mutations tt> 
colorless or near-colorless aleurone were found in R8 homozygotes; 20,82.5 
Rat gametes were scored. Mutations to colorless or-near-colorless 
aleurone with either red or green plant color were observed in both 
R~at an,d Rrast (light) heterozygotes. It was assumed that mutants 'With 
green ~lant color came from stippled, and mutants with red plant color 
from R ~ Based on this assumption, Rst and Rat (light) were observed to 
mutate to colopless or near-co~orless aleµrone in heterozygotes with B:r 
at · the respective rates of .5.4 ·and 4.2/104 gametes tested. A total of 
101942 Bat and 4,720 Bat (light) gametes were scored. These data show 
that the frequency of mutations of RSt and Rst (light) to colorless or 
near-colorless is much greater whe~stippled is heterozygous with Rr 
than when it is homozygous. ·· The basis for this effect of homozygosity 
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and heterozygosity on the · mutability· of stipp'.l.ed is not yet lmown·. 
Allelic interaction or crossing over., or both, may be inv~lved,.: 

. . 
R. B, . Ashman 

6 • . Paramutagenic action of colorless and near-colorless mutants from . nm. . . 
The colorless and near-colorless mutants from R~ and R8t (light) 

(see above) were made heterozygous with ar and teated for their · para­
nru.tagenio action. ( 11Paramutagenio" is a-term -used to · describe the 
aoti9n of· aet on the pigmenting capacity of }tr in Rrast ·heterozygotes; 
see Brink ,~Cold Spring Harbor Symp. Quant. Biol. 2311958.)'_ 

The one near-~olorless mutant obtained from homozygous _!!St (light) 
was found to be paramutagenio. Eight mutants with green · plant color 
were obtained from RI"Rst and Rl'Rst (light) heterozygotes., and all were 
found to have retained the paramutagenic action of stippled. This is 
additional evidence for the assumption made above that.mutants with green 
plant color from Rl" /stippled heterozygotes are mu'.t:ations from the stippled 
allele. -

Ten colorless mutants with red plant color wer~ obtained from Rl'ast 
and Rl'Rst (light) heterozygotes; five of these mut~ts were found to be 
paramutagenic, and five were found to be ·nc;>I~paramutagerdc. · These results 
suggest that at least some of th$ rt" mutants arise from recombination 
between components or Rr and Rst. -The paramµtagenic -r1' mutants exhibit 
the plant color characteristic of 'ff, the paramutagenic action 1of Rat, 
and have lost the aleurone pigmenting action of both Rr and Rst • !tis 
not possible at this time to postulate a single crossover or-mutational 
event that will satisfactorily explain all the observed changes. Testa 
on these mutants are ·being · continued. · ' 

' 
R. B. Ashman 

7. Dosage effect of the Rat allele on aleurone pigmentation . 

An exper~nt was ma.de to :determine the quantitative effect ,of varying 
doses of the R allele 6n aleurone pigm'entat.io~ .The matings were as 
follows: !g!J . x _!!et-_!!¢·,·· _!!st _!!st x rg!gi ,. and , R _!!~ 1 e~lfed. The kernels 

·we~e eoored using a modification .of the -reticuie method described by Brink 
(MOCNL, 31). The restilte were ~s fellows: 

Dosage of R 

Rst rg ~ 
ast Rst rg 
Rst Rat Rst .,. , .. 

No~ of kemels 
· scored ·· 

· 4B0 · 
480. 
360 

Mean index of 
pigmentation • 

:per kernel 

8~75 
19.83 
21.10 
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These data were tested for conformity to expectation on the basis 
of linear regression and were found to give a close fit. Thus the 
aleurone spotting effect of increasing dosages of the ,!!st allele appears 
to be additive. 

H.B. Cooper 

8. Partial restoration . of paramutant Rr. 

A test was made to determine the amount of restoration that para­
mutant Rr undergoes when passed through one· sporophytic generation with 
three different rl' mutants from standard Rr, and when passed through one 
sporophytic generation as a homozygpte. The modified Rr will be designated 
as Rr.:lst (Brink, MGCNL 32). The R1-st allele used as the "inducer" in this 
test has been described by Ashman "(see current MGCNL). All alleles used 
in this test had been previously incorporated into the highly inbred line 
of W22. The female test parent used was the uniform inbred line W23 
'!:'!g• The mating plan was as follows: 

W22 R~ Rlst {selfed) 

W22 rrrr x Rr Rlst 
(mutan,:,s from standard 'B;r) 

W22 RrRr (selfed) . . 

Test crosses 

The kernels of aleurone phenotype ~r:l st and atandard~r mottled 
were scored with the aid of a head lens, magnification approximately 
l.lx. The kernels were matched to a set of standard kernels ranging 
in aleurone pigmentation from colorless, through grades of mottling, 
to self colored. The kernels from testcross (1) above ~rovide an estimate 
of the initial aleurone phenotype of the paran:tutant nr: st allele. The 
ker~els from testcross (2) provide an estimate of the phenotype of the 
Rr: st allele after it has passed through one sporophytic generation as 
a hi~zygote. The kernels from testcross (J) provide an estimate of the 
ar: allele after it has passed through one- sporophytic . generation 
heterozygous with the three respective rr mutants. The kernels from 
testcross (4) provide an estmte of the phenotype of standard Rr. The 
scores for each class of Rr: phenotypes and the Rr phenotype-were 
converted to percentages.- The results are as follows: 
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EJ1dosp,erm No. of Mean percentage 
gen~type of . ke~els pigmentation • 

Test cross kernel scored scored per kernel 

W2J rg~ x RrtlstRlst Rr:lst rgrg 
._. ,. 4550 15.34 

W23 rgrg x Rr&lstar1lst ti 900 40.64 
W23_~grg x RrtlstrB It ' 700 53.,09 

W23 rgrg x Rr~·1st r~5 If : 900 53.30 
g g r1lst r 

W2J r,. ;f ., X ~ - .r.27 " 1250 51 • .35 

W23 rgrg x 'Rr al" Rr rg~ , 400 82.48 

The res~lts ' may be summarized as follows: 

· (1) The Rrtl st allele extrac t ed from Rr:lst Rrtlst r§ Rralet · 
!J;, and ~rt l.e't: rl7 regularly reverts in pigment-producing ;otential 
toward., but not to the levels of, standard ~r. 

· (2) The ar:lst allele extracted from the Rr:lst Rrtla t ho~zygote 
shows significantly less restoration, in this case, than the B.1"1 8't 
allele extracted from t_he mutant heterozygotes. This is not ··rn ~ agreement 
with certain earlier observations, and the relation requires further 
study. 

' (3) The r ·mutants tested do not ·differ in restoring action. 
Progressive restoration of the Rrtlst allele bas be.en tested. Six 
independent rr nru.tants from st smdard ~ri standard 71', and standard rg 
alleles were-used in .the test. The R 'at allele was .made hetero 1yious 
with each of the above restoring alleles. The heterozygotes, Rr: st r, 
were selfed and then used as ·males on inbred W22 ~~ -f ~• The restored 
~rilst aleurone phenotypes produced by the above mating plan are as 
follows .: 

(1) _gr~_lst phe~ot~e after one and two generations of restoration 
with each of the! alleles. 

(2) Rrslat phenotype after one generation of restoration with one 
r- g of the r alleles and then one geperation with the r allele. - . -

(,3) .Rr• 1st phenotype after one generation of restoration with each 
of the! alleles ·and then made homozygous for one generation. . 

The material from the progressive restoration test has not been 
scored in detail; however, general inspection indicates that little or 
no progressive restoration occurred. 

H.B. Cooper 



9. Tests to determine whether paramutation is unidirectional or 
reciprocal in R1'R6 t hete r ezygotes. 
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The Rr allele conditioning self colored aleurone and plant pigment 
is regularly changed to a weakl{ pigmenting form in the progeny of 
heterozygotes possessing the R8 allele (Brink, 1956). Two tests weie 
conducted to determine whether t~e stippled phenotype ·.produced by R8 

is regularly altered in the °ffR8 heterozygote. The first test was 
made in the following way. I W22 RrRs heterozygote was selfed. The 
Rstast and Rl'R,Bt progeny from this-self were testcrossed on W2J rgrgii• 
The-kernels-of RBt rgrg aleurone phenotype from the testcross ears-were 
scored under a 30x binocular microscope fitted with a 20 x 20 reticule, 
covering an area of approximately 12 square millimeters. A predetermined 
area of the abgerminal side of the kernel was brought under the reticule 
and the number of spots delimited by one-half of the reticule were counted. 
The results were as follows: 

Testcross 

W23 ~~ X ast ~mt 

W23 ~rg X "ff. Rat 

; 

No. of kernels 
scored 

360 

240 

A test of significance gave t = o.56, P> o.5. 

Mean no. of spate 
per kernel 

.33.52 

The second test was made in the following way. A W22 R8t r1' 
heterozygote was selfed and used as the pollen parent on W22 Rr.RX'. The 
!at _gst and !!r !!st progeny were testcr9ssed on W23 !!,!!,if.• The-kernels 
of Rst rgrg aleurone phenotype from the testcross ears were scored with 
·a microscope fitted as described above. A predetermined area of the crown 
was brought under the reticule, ·and the number of spots delimited by one ... 
twentieth of the reticule area were counted. The results were as follows: 

Test cross 

W23 :r.gr~ x ~~ R~ 

W23 rgrg x ar Rst 
- . ' ' , " 

No. of kernels 
scored 

240 

240 

A test of significance gave t • o.?l, P>o.5. 

Mean no. of spots 
per kernel 

6.08 

6.37 

Jhese facts indicate that paranru.tation is unidirectional in the 
Rr R heterozygote. . · • 

- - I • 

H.B. Cooper 
j• 

10. The effect of dissociation (Ds) on the stability of the variegated 
Eericarp allele~ pw. 

The addition of a transposed Modulator (E-~) to a E,VV/~ 



heterozygote greatly reduces ' the frequency of somatic 'mutations ·or the 
variegated perioarp allele (PVV) to self-red (pttr), and thus gives +,he 
light variegated phenotype. -It . has been reported (Genetics 41:901-906) 
that the addition of an Ao (Activator) element of McClintock's Ac-Ds 
system has a ·comparable effect . on th~ a~ability of the vari~gatec:I ulelee 
It ·was of interest ·, therefore, ts;,. determine if ~ (Dissoci~tion) ~lso 
has an effect on the stability of pvv .• ·. 

' -
A· Ds element, •in the .stantj.ard position .on.'chroniosome. 91 was introduced 

into . inored W221 and carried through three -generati9ns of backcr _oss;in.&• 
Pollen from a plant homozygous·ror bs was tlien 'pla.c~d on siiks of pvv;pvv 

.. plants •Of inbred W22 background. Tne progeny from this cros 8 were- grown 
-out, -and separated into plants :poss-easing~ -arid tl?,ose lacld.ng -~ on 
· the basis of losses in the genome of an . a'leurone marker g@e . distal :t.o 
the ·Ds locus. Seventy-five ear& of each group .were .then . scored for _the 
number of somatic mutations of pvv to prr -with :the aid of a set of model 
kernels having mutant areas _(red) of graded sizes. 

The data obtained are summarized in table 1. 

Table-1. Distribution of the number of mutations of pvv to prr per 1000 
kernels in the two genotypes resulting from-the cross of pvv / 

. 'f.VV X "f.wr;r, ~-• ' · -

Genotypes ' 

Estimated 
Total 

Kernels 

Pv:'"/Ff'V, Ds ?3.,.355 
: ' ~ I ' • 

: .pvv(~, no:-D1;1 32.,685 

. ' 

umber No. of mu.tat one per 1000 kernels 
Ears 1 distributed according to the size of 

Scored · the mutant area 
·· l .. 2 or T~al. 

15 

75 

1 2 ' more 

5.40 8.o6 3.90 _1.20 0.15 18. 71 

B.ll 9.15 3.,76 ·l.19 0.34 22'.55 

The reduction in the frequency of somatic mutations of pvv to prr 
in the group possessing Ds as compared to the group lacking Ds is -: -
statistically signi.ficantat·the 5 percent level. However, tne reduction 
in the frequency of somatic mutations due to Ds is not - at all compa.able 
to that due to a tr-!'.!e, or an Ac. Wood and Briiik (Proc. Nat 11 Acad. Sci. 
42:514-519) foundtllat the addition -of a tr-?1p to a pVV/pwr: heterozygote 
in inbred W23 background r~duced •the tot~Lnumber of-mutations of a size 
of one-eighth kernel or larger by 69 .56 p.er:cent and that the relative 
reductibri-was quite uniform for mutants in· each size class.- Comparison 
of the group totals given in table l shows that the total number of 
f.vv to -g:r nru.tat;ons of all sizes exceeding one-eighth or a kernel is 
only 17.03 ·percent lower in the group containing Ds than that in the group 
lacking Ds. Also, the reduction is in the one-eighth to less than one­
fourth, and one-fourth to less ' than ,Q~e-ha.lf kernel Qlassee. 

~ .. . . ' ·. 

,• 
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Thus, the effect of · Ds in reducing the grade of variegation in 
pVV/pWr heterozygotes if,indeed., it is real, is much less than that 
of a-!!!:-~ or an !£• Furthermore, the effect of ~ occurs later in 
ontogeny than does that of !!:-!:!e., since Ds caused no apparent reduction 
in the fre@uency of somatic mutations occurring sufficiently early to 
give rise to mutant sectors one-half kernel, or larger, in size. 

Elwin R. Ort.on 

11. Diffuse. 

Diffuse (Df) was previously described (Jour. Hered. 45:47 - 50; 
M. N. L. J2) asa dominant pattern gene that partially inhibits pericarp 
pigment produced by the pRR allele. More recent findings indicate that 
this explanation is inadequate. 

pRR/pRR., Dr/df ears often exhibit colorless or near-colorless sectors 
of variabie size in addition to a fine patchwork of colored., lightly 
colored, and colorless · areas. For the initial tests of herits.bility of 
the colorless phase of Df, kernels were selected from both large (100 
kernels or more) colorless and dark-diffuse areas on the same ear., and 
then grown separately so that levels of expression could be compared on 
a progeny basis. The seven colorless sectors tested all gave offspring 
indistinguishable from those derived from the dark-diffuse areas. In· 
1957 a family from a similar colorless sector gave colorless offspring, 
whereas the plants from the dark-diffuse kernels on the same ear yielded 
only dark-diffuse. This finding prompted further testing of colorless 
sectors for heritability of the irregularly expressed colorless phase. 

An·additional ten colorless sectors were tested in the same manner 
in 1958, but these sectors were much smaller (less than 30 kernels) than 
those previously tested. All families from these colorless sectors pro­
duced colorless and near-colorless offspring; the dark-diffuse areas gave 
only dark-diffuse ears. It seems that the plants obtained from kernels 
in tbe smaller sectors possess, or at least exhibit, the colorless phase 
of Dr. In contrast, plants obtained from the kernels in the larger color­
less sectors, do not show the colorless phase. 

· In the two cases in which the kernels from entirely colorless Diffuse 
ears, derived in the previous generation from colorless .sectors, were·pro­
geny tested some or the resultant ears had the d.ark-diffUse phenotype, 
whereasothers were very lightly pigmented, but none were colorless, as 
were the immediate parents. 

Df has now been found to be a partial inhibitor of aleurone pigmenta­
tion also. When pollen from Df/df plants is placed on silks of AC R 
plants the resultant ears contain5 - 10% smoky kernels, with the ramainder 
selrNcolored. The smoky kernels when grown all prove to be Diffuse, 
whereas the self-colored kernels give rise to both Diffuse and non-Diffuse 
plants. The![ expression in the pericarp of plants grown from these 
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smoky kernels is frequently of the colorless phase. 

The relationship between inhibition of aleurone pigmentation, size 
of the colorless sectors, and the transmission of the colorless phase is 
yet to be deter:mip.ed. 

I. M. Greenblatt 

12. Removal of pericarp with HCl. 

Satisfactory removal of the pericarp from dried corn kernels has 
been accomplished by treatment with hydrochloric acid. The kernels from 
wpi,ch th~ perlcarp is to be removed are placed in a 10% HCl solution, ,and 
then heated in a boiling water bath for approximately 8. rninutes. They 
are then transferred to a fine meshed wire b~ket, and washed under a 
strong stream of cold water. The force of the water r.emovee the pericarp 
loosened by the acid. Treatment with acid · does not atfect the aleurone 
markedly except to convert purple pigments, when present, to a bright red. 
This technique is helpful in large .. scale scoring for both endosperm and 
aleurone characteristics when•the pericarp would otherwiss interfere. 

J. Kermicle 
I. M. Greenblatt 

Addendum: 

DEKALB AGRICULTUR/1.L ASSOCIATION, me. 
Deltalb 1 Dllnois 

l. Culture of haploid cells. 

Current work of others on tissue and cell culturing suggests that 
it may be possible to effect a radical ;improvement in the monoploid 
method. The aim of work we now have in progress is the development of 
true breedin g strains (homozygous dip;I.oids or the . _equivalent) of corn 
and other specie~ directly from isolated cells of the haploid phase 
(either spores, gametophytic cells or gametes) freed from the parent 
tissue. The attemp~ is be~g made to grow these cells through the 
proembryoni~ •and embryonic stages in basic synthetic media suplemented 
with growth stimulating substances and to induce SOJ'!IB,tic doubling of 
the chromosome complement at some stage prior to formation of the 
meiocytes. 

Permission to cite above note not required • . 

s. s. Chase 
B. Troteis 

' . 
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III. REPORT ON MAIZE COOPERATIVE 

As mentioned in the 1957 Maize News Letter, three separately­
acquired stocks · of Chromosome 6 traits have very similar phenotypesr 
antherless (at), silky ear-1 (!!J_), and E.G. Anderson's new trait 
"male sterile":silkyll ("ms-si 11), All were previously found to be closely 
linked to !i. - -

Among several hundred plants of these traits grown here, all llllltant 
plants have been both antherless and silky in phenotype. Intercrosses 
between the Cooperative's stocks of at and~ indicate allelism. No 
published description of the originarstocks of at has been found. Ac­
cording to the published description of si ,1, mutant plants have super­
numerary silks on the ear and also have afew silks in the tassel, with 
little pollen shed. Under IDinois conditions, neither~ nor .!E:;i_ plants 
have exserted anthers. On the asslllllption that there has been no past 
mix-up in at stocks, at and s~ are apparently allelic. Intercrosses of 
!!., and 11ms-si 11 also Indicated allelism. Testcross data involving si 1 ana Y1 gave g-recombinants in 265 plants (3. 0%) • A small progeny carry­
ing a third marker, Pl, indicates that the probable order is si 1 - Y1 -n. --- - -

A trait submitted to the Coop as probably being ms has given 9.2% 
recombination with !i in testcrosses (23 recombinants-m 251 plants). 
Our collection does not include a !mown stock of ~l for an allelism 
test. This trait may, however, be mislabelled since the !!!!J_ reported 
in the 1935 Maize Linkage Summary showed about 3% recombination with 
!:J.. This unidentified male-sterile is not allelic to si7 • It has not 
yet been tested with E£• 

The gene ,E£ in Chromosome 6 has been uncovered by hemizygous tests 
involving transmissible duplicate-deficient complements from three 
translocations. These translocations, along with Dr. Longley 1s cyto­
logical placements, are as follows: 2-6 5419 (2L.82; 6S.79), 4-6 4341 
(4S.37;6S.Bl)f and 6-9 4778 (6S.80; 91.30). In similar tests ~ 2 (Chromosome 9) was uncovered by two translocations: 8-9 4453 (Bt.86; 
9S.68) and 3-9 6722- (3S.66; 9S.66),_ other translocations and distally­
located markers are being tested. 

There are still a number of older genetic traits that should be 
added to the Coop collection if stocks of them can be found. We would 
appreciate receiving verified stocks of any of the following traits: 

Chromosome l--ga6, zl 
11 2--ts 1, d5 
It 3--yt 
n 4--de1, dl:!16 
11 5--sf, cb, f2 
" 6--mS)_, w5 w6, v6, yd, at· 
n 9•-yf, pk, Pr2·, Da2, de15, Vl.5, WU, 03 
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Chromosome lO--ls,sP2, pgi, f3, ~1, 14 
Unplaoed--bl1, bI12, rnf, pa 

A-B Translocations--TB-6a, TB-7a. 

Requests for stocks should bs sent to the Botany Department, 
University of Illinois, Urbana, Illinois. The listing of Mai~e 
Cooperative stocks below includes the more useful combinations which 
are presently availabie. Many additional ·combinations not specifica~ 
listed can be supplied or may b~ derived from segreg~ting progenies. 

. . ' . . . ' . . 

Chromosome l 



Chromosome 2 

Chromosome 3 

Al ga7; A2 CR 
A1 sh2; A2 C R 
Ad..31; A2 C R 
Ad-31 sh2; A2 CR 
aP et; A2 C R Dt1 
a1; A2 C R B Pl dt1 
a1 et; A2 CR Dt1 
a1 sh2; Az C R Dt1 
a1 sh2; A2· CR dt1 
a1 sh2 1:;1t; A2 C R Dt1 
a1 6t sh 2 ; A2 C R Dt1 
a1 st et; A2 C R Dt1 
8x-l; ,¼CR 
8x-Jl A2 CR 
8:x:-3 et; A2 C R 
an2 a allele or d1 
bal 
Cg 
cr1 
dl 
dl gl6 

l3J 
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Chromosome 3 (Continued) 

Chromosome 4 

bm3 
bti2 
de(l or 16?) 
Ga1 su1 
ga1 su1 
~13 
J2 
la sul gl 3 la su1 Tu gl 3 lo Su1 
lo au1 
lWJ+; lw3 
01 
sp1 su1 

, . 

,- . 

r 

,· 
L 
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Chromosome 4 (Continued) 

Chromosome 5 



l,36 

Chromosome 6 

at • allele of ~l 
po Y1 pl 
po Y1 pl 
pt 

si 1 ;_1 Pl 
si 1 Yi pl 
si1 Y1 pl 
Y1 110 
Y1 ms(l?) 
Y1 rns(l:?) 

Y1 pb4 pl 
Y1 pb4 Pl 
Y'i pb4 pl 
Y1 pgll pl; wx pgl2 
Yi Pl Bb 
Y1 pl Bh 
Yi Pl sm py; A1 A2 b pRR 
Y1 pl su2 
Yi pl 8U2 
Y1 Pl; seg w1 
Y1 pl; seg WJ. 
Y1 Pl; seg wi :. , 
Y1 pl; seg w1 
11male sterile-silky"• allele of !!J._ 
11orobanche" ( seedling) · 
"ragged" (seedling) 
"white 852211 (seedling) 
"white 889611 (seedling) 

Chromosome 7 



Chromosome 8 

11lll 

V16 msa ~l 
V].6 msa JU 11 
"necrotic 669711 (seedling) 
"sienna 774811 (seedling) 

Chromosome 9 

Chromosome 10 

137 



Chromosome 10 (Continued) 

Unplaced genes 



Unplaced genes (Continued) 

ra3 
rd 
RSJ. 
rs2 
11sh5" 
tw1 
tw2 
Vl3 
va2 
v:P6 
ws1 ws2 
zb1 
zb2 
zb3 

Multiple gene stocks 

Popcorns 

Amber Pearl 
Black Beauty 
Hulless 

1)9 



Popcorns (Continued) 

Ladyfinger 
Ohio Yellow . ~ 
Red 
South American 
Supergold 

Exotics and Varieties 

Argentine Popcorn 
Black Mexican Sweet Corn (with B chromosomes) 
Black Mexican Sweet Corn (without B chromosomes) 
Gourdseed 
Maiz chapolote 
Papago Flour Corn 
Parker's Flint 
Strawberry Popcorn 
Tama Flint 
Tom Thumb Popcorn 
Zapaluta chica 

Chromosome rearrangements 

A selected group of chromosome rearrangements I whose breakpoints 
mark most of the regions of the ten chromosomes, is being maintained 
primarily for use in determining the chromosome locations of new traits. 
Two inversions, Inv 2a and Inv 9a, are included. All of the rearrange­
ments are marked with closely-linked endosperm or seedling traits. 

The cytological positions of Inv 2a were determined by Dr. Morgan; 
those of Inv 9a were determined by Dr. Li. The indicated interchange 
points of the reciprocal translocations are taken from published work 
of Dr. Longley. 

Inversions 

lg 1 or g12 Inv 2a (also available ·with Qh) 2S.7;. 21.8 
wx Inv 92 9S.7; 91.9 

Reciprocal translocations 

wx l-9c 
wx 1-9 4995 
wx 2-9b 
wx 3-9c 
wx 3-9 5775 
wx 4-9b 
wx 4-9 5657 

1S.48; 9L.22 
lL.19; 9S.20 
2S.18; 9L.22 
.31.09; 9L.12 
3L.09; 9S.24 
41.90; 91.29 
41.33; 9S.25 



Reciprocal translocations (Continued) 

wx 4-9g 
wx 5-9a 
wx 5-9c 
wx 5-9 4817 
wx 5-9 5614 
wx· 6-9a · 
wx, y 6-9b 
wx 6-9 4505 
wx 6-9 4778 
wx 7-9a 
wx or gll 7-9 4363 
wx 8-9d 
wx 8-9 6673 
wx 9-lOb 
au 1-4a (also available with pRR) 
su J.-1:i:<i-(also available with pRR) 
su·4-5j 
su, y 4-6a 
su·4-8a 
su, R 4- lOb . 
y·1-6c (also available with pRR) 
gl2 2-Jc 
g~ 2-3 5304 
gli 2-6b 
gl2; R 2-lOb 
gli, 6 ... 7 4545 

Stocks of A-B chromosome tranalocations 

4S.27; 9L.27 
5L.69; 9S.17 
5s.01; 91.10 
5L.06; 9S .. 07 
5L.09; 9L.o6 
6S.79; 91.40 
6L.10; 98.37 
6L.13; 9 cent 
6S. ao·; 91.30 
7L.6J; 9S.07 
7 cent; 9 cent 
81.09; 9s.16 
81.35; 9S.31 
9S.13; 10S.40 
11.51; 4s.69 
u..21 t ·'hii-.30 
4L.21; 5L.36 
4L.37; 61.43 
4S.59; 8L.19 
41.15; 101..60 
1S.25; 6L.27 
2S.46; 3S.52 
2S.62; 31.29 
2s.69; 61.49 
2S .50; 101. 75 
61.25; 1s.13 

B-la 
B-lb 
B-3a 
B-4a 
B-7b 
B-9a 
B--9b 
B-loa 

11.2 
1s.05 
3L.l 
4S.25 
7L.3 
91.5 
9S.4 

Proximal to Hm 

lOL.35 

-
Proximal to ~ 
Proximal to !!l. 

Between C and wx.; close to wx 
Proximal-to ii -

Earl B. Patterson 
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