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I, Ernest Walter Lindstromn

On November 8, 1948 the corn research world lost, in the
death of Ernest Walter Lindstrom, one of its most ardent workers,
Dr. Lindstrom was born of Swedish parents in Chicago, Illinois,
February 5, 1891. He early broke from the city tradition with so-
journs in the forest of the Rockies as a student forester. His A.B.
wag gained from the University of Visconsin in 1914. Three years
later he obtained his doctorate from Cornell University, his thesis
being on "Chlorophyll Inheritance in Maize." The culmination of
this work marked the beginning of a long line of R, 4. Emerson men
who were to contribute so much to plant breeding. The thesis it-
self opened new avenues to our understanding of chlorophyll zction.
Emphasis was laid on the significance of many genes in the control
of economic characters.

L pilot in World War I, Lindstrom returned to the Genet-
ics Department of the University of Wisconsin, where he remained
as an instructor from 1918 to 1922. In 1922, Lindstrom was called
upon to organize a department of Geneties at Towa State Collepe.
To this position Dr. Lindstrom brought not only his skills, but
also those of A, Cornelia Anderson of VWaukesha, Wisconsin, whom
he married in 1921, Six years of fairly uninterrupted work demon-
strated rescarch skills and administrative capncity of such high
order that 1927 found the Lindstroms in Burope at the invitation
of the Rockefeller Foundation, & yenr spent in assisting the Inter-
national Education Board in selecting researches of European invest-
igators worthy of their support, and in contacts with the leaders
and advanced students moking these researches convinced Dr. Lindstrom
that he himself wished to return to his own research. The eight
years following werc marked by attacks on previously untouched prob-
lems, Through his efforts Iown Stato College got a reputation for
active, sound genetic work, But Lindstrom's matured judgment was
inereasingly called upon in selecting key personnel, for methods
of tenching, and in choosing significant programs for research,

This background brought the almost inevitable step. 1In
1937, Lindstrom added the duties of Vice Dean of the Graduate School.
His thought went to making education better, particularly in the
Land Grant Collepcs. But our country was not alone the gainer,
In 1944~45 he gave a year of his life in assisting the Colombian
Government to estzblish a Genctics Depqrtment in their National
University of Medellin,

Dr. Lindstrom is survived by his wife, Mrs. 4. Cornelia
Lindstrom, and three children, BEugene Shipman Lindstrom, Mrs,

William M. Buck, and Rosemary Vaughn Lindstrom, In his time he
served as member, secretary, vice president and president of our



professionnl society. Characteristieally, even near the end he
looked to the futurc of his chosen field. Instead of flowers he
requested that those who wished to commemorate his memory contrib-
ute to a fund for the support of a Genetic Library at Iowa Stote
College. The far reaching response which this request has thus
far received is significant of the high esteem in which Dr.
Lindstrom was held by.all his students and colleaques., In less
then the allotted life span his has been a full career,

John V. Gowen

IT. REPORTS FROM.CODPERATORS

Intioch College (Charlcs F. Kettering Foundation)
’ Yellow Springs, Ohio

1. Albinism in my pedigree 481 () (formerly 472 & , and derived
from Maize Co8p pedigree 44-74-1 &) ) is linked with "embryoless
lethal" by about 1.5% crossing over. The "embryoless lethal" (or
germless) in the inbred line is only partially lethal and quite
variable; and it is difficult to idontify all of the cases from
superficial kernel structure. In 481 progenies the proportion of
conspicuous embryoless varies considersbly, always being less than
the expccted 1/4 and usually being about 1/5, 1/6 or even less.
Pedigree 481 ~93 (®¥) was an exception having approximately 1/4 con=-
spicuously embryoless kernels and making it possible to obtain data
on the number of crossovers. FPedigree 481 -93 was one among 235
plents self-pollinated in pedigree 481.

481 - 93 (%)
259 seeds -2204 normal + 55 conspicuously embryoless
259 sceds .197 greens + 2 albinos + 60 (did not germinate)

(Appnrently 5 embryoless did not show, or there may have
been some embryo-containing kernels which did not germi-
nate,)

The 2 albinos were normal in stature, and were really
crossoverg in which genes for cpbryoless lethal and
nlbino became separated to produce normal sized albinos.

481 albinos, generally, were very small and narrow leaved and
ovidently were the direct result of the linked embryoless lethal
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character. Some progenies gave the expected ratio of 3 normal
green : 1 albino, in which the albinos were normal in structure.
Other progenies gave ratios in the neighborhood of 5 or 6 normal
green : 1 albino, in which the albinos were small narrow leaved ond
generally abnormal in structure. These latter progenies were the
ones with embryoless showing as a kernel character and whenever the
ones that do not germinate were added to the albinos the ratio of
green to albinos was always brought to the 3:1 expectation. This
would indieate thot the ones which did not germinate (extreme em-
bryoless) were genctically homozygous albinos, Examples ares

(a) 472 -10 & yellow seeds which were planted in ficld
to produce 481, ‘
240 green seedlings + 51 albinos (total 291) 4.7:1
(Total number of seeds sown was not determined.)
Out of o total of 291 seedlings there should have
been 73 albinos,

(b) 481-13 ®
Totnl seceds: ‘
actunl 439 yellow + 144 white Total 583

expected 437 " + 146 0
Yellow secds 328 green + 69 albinos + 42 did not germinate
thite " 101 n + 21 i #2200 n ]
Total 429 " + 90 i ¢ 6 0 i "

There were 583 sceds., On this bagis there should have
been 437 green scedlings and 146 albinos. The 90
albinos actually obtained were far short of expectoation
but, if the number which did not germinate is added,
the value is close to expectation. This botch of seeds
vas not sorted for embryoless.

2. Pedigree 481 produced numerous Sinmese twin seedlings with
separntions from below to above the first leaf. So far only one
and two have been recorded for some progenies, The Siamese twin
character may be associated with the erbryoless lethal trait in
heterozygous green plants., All Siamese twin seedlings observed
have been green. The inheritance is still obscure,

3. 4lbinos and yellow seedlings guttate more water than do normal
similarly-sized greens in the same progenies, No quantitative
measurcnents have yvet been made, Examination of a few root sys-
tems showed the chlorotic plants to have root systems just as big
or bigger than the normal green secdlings. No quantitative moas-
urements have yet been made on root size.

Le Yellow seedlings appesr to grow‘faster and die sooner than al=-
bino seedlings, The albinos lived sbout 21 days at 80CF and the



do

yellows snbout 18 days. These were in sister progenies. To be sure
of any trend or rel:tionship one would need to study the life span
of the yellow and albino secedlings in a progeny where they coexist.
I have such progenies. The ratio in progenies not marred by embry-
oless is 9 green ¢ 3 yellow ¢ 4 albino., Could the garotenc have an
accelerating effect on food consumption and growth rate ?

5. Green seedlings grown from yellow seeds seemed to be signifi-
cantly taller at the end of 21 days than green scedlings grown from
white secds in same progeny. There was also a corresponding weight
differerice, perhaps even more significant. ‘

481-13 & ,
326 green from yellow seceds
Mesn hoight = 31.8 em 0 = 3.6 cm
SoEoM = 10.2 "

100 green from white seeds
Hean height = 30.0 em O
S‘E'M. = xO.B "

S.E. of Mean difference = 0.36 cm

Differcnece = 1,8 =5
S.E. 0.36 . ‘
Other progenies need to be mensured in order to mnke sure of this
relation., Could the carotene in yellow seeds have a significant
effect on growth rate of seedlings ? Or are the growth genes in
481 linked with yellow endosperm ? Mecasurements on weight of
yellow seeds and white seeds in same progeny show no difference.

3.0 em

f

6. 4 Mendclian recessive dwarf mutant appecred in 481 -50 (% .
One~fourth of the seedlings were dwarf. I shall be glad to fur-
nish secd to anyone interested in this dwarf.

7. In pedigreec 4812 (formerly 474 -13. and derived from Maize Co-
8p 45-144 -1 # 2) there were 23 out of 95 with "tassel-like"
car. The character is not like Ramosn in that the tip of the ear
is also divided. The "tassel-like" ear has a framework which is
exactly similar to the framework of o tassel, Limited numbers of
seeds are formed on the basal portions of the branches. Sced will
be furnished gladly to anyone interested. '

8. Pedigree 4812 also segregnted a lcthal pale green which lived
as long as any albino or yellow seedling would. It starts as a
normal appearing green plant and then gradually becomes more and
rore yellow, There is also a bright green segregant in the pedi-
gree. Progenies in which both pale green and bright green coexist
give the ratio 9 blue green : 3 bright grecn : 4 pale green (or
yellow). Some progenies arc homozygous blue green, scme homozygous
bright green. Since pale green is lethnl, it is impossible to



produce homozygous pale green progenies,

9. I wish to reporv a somatic mutation of albinism to green., A
small amount of green tissue appeared in the first leaf of an
albino in 481-71 (® . It was a progeny which segregated albinos.
The first leaf stayed alive much longer than the first leaf of
“other albinos in the same and sister progenies,

, H. C. Eyster

Brookhaven Netional Laboratory
Upton, Long Island, New York

1. Inheritaonce of variegated plant BY in maize.

In 1939 (Genetics 24:109) we reportced a case of a plant
that developed fine stroaks of color after B pollen wes treated
with ultra-violet light and applied to lg glob v, plants. Treat-
ment of the pollen was made by Dr, L. J. Stadler who first observed
the abnormal plant. Cytological examination showed no chromosomal
irregularities. Further genetic tests have indicated that this
variegation is caused by a variegated B allele which has been des-
ignoted BY. Linkage relations of BY with gl, and v, are approxi-
mately the same as with B.

Segregates of B'b plants produce only two types BY and b
with an oceasional back mutation from BY to B. Progenies studied
werc not set up to detect changes from §V to b. Three point back-
cross linkage tests gave the following results:

Progeny 48:610 % 481608 A 4831607
(F» not backeross)
88

Parentnl Fit 51 47
Combinations 522234 32 30 10
Recombinations 83 77 - 98
Region 1 +bv, 25 20 19
gler 12 kP 5
37 20,9 (19)* 32 19,2 (19)* 24
Region 2 I, 23 18 21
| gl br 29 3l 1

52 29,3 (21) 49 29.3 (21) 35

(more)



Progeny (Contd.) 481610 ¢ 484608 % 482607
Region 1 & 2  +b+ 3 6 12
gl -& -2 -
5 2.8 9 54 13
Solid B 0 0 _3
Total 177 167 170

Cheracters analyzed separately

t 102 91

gl 75 24 16 45.6
+=BY 88 80 7

b 80  50.3 g7 52.1
* 95 96

v, g2 46.3 71 2.5

* Numbers in prrenthesis refer to crossover percentage in
Cornell Memoir 180.

The erossover percentages correspond fairly close to
those listed in Emerson, Boadle and Fraser (Cornell Memoir 180).
They are considered to be in agreement when it is thought there was
eilther perhaps some misclassification or differential mortality of
vy and gl plants before classification. Plants were classified in
the scbdling stage and glf, g_“_é’ T, and had) plants were marked
with different colored stakes that were present when the plants
were clessified for BV and b in August., It will be noted the pro-
portions of B and b plants approx1mate the expected proportions
rather cloqely.

The fact that the linkage values of BV correspond closely
to B, also the fact that only the B and b plants occur (as a rule)
in segregating populations, lead us to the conclusion that it is
the B allele itself causing the variegation and not another gene
causing B to mutate.

Occasionally Ev plants produce large sectors that are
entirely purple, sometinmes including o tassel branch. Pollen from
such sectors applied to b plants produces mostly variegated plants,
about the same proportion as pollen taken from a variegated sector.
(Most of the data on the BV inheritanco are in the files at the
Connecticut Experiment Station., They will be assembled and pub-
lished soon,



2. Corn Grass = a possible ancestral tvpe of maize.

In the 1047 Maize News Letter #21 we reported on a second
"Teopod" mutotion, that was also grown under.the name of Corn Grass.
Since the strain is quite distinct from Teopod, we prefer the original
name of Corn Grass and are using the gene symbol CG since it is a
dominant character. So far this stock hes been maintained in the
heterozygous condition although we expect to have a homozygous stock
soon since it is being selfed in the greenhouse this winter.

Corn Grass plants respond merkedly to different day lengths.
In the field when grown during long days the plants tiller profusely
‘and make a plant that resembles some of the native grasses much more
than corn. (The differences between Corn Grass and normal corn are
so grent that students in taxonomic boteny have failed to recognize -
Corn Grass as a relative of corn.) When Corn Grass is grown in the
greenhouse with no supplemental light the plants assume a more up-
right position, produce fewer tillers and sometimes produce a tassel
with functional pollen. Sowings at intervals of two weeks, begin-
ning on August 15th, have demonstrated that the change in tillering
tokes place at the November lst sowing. We expect to establish the
- date of sowing at which the normal Corn Grass type of growth will
be resumed, .

Corn Grass plants can be propagated asexunlly. In 1947
one clump was divided into four parts and the plants made good vege=
tative growth, In 1948 Herbert Everctt at the Connecticut Station
divided one clump of Corn Grass into 16 different plants which then
continued to make a good growth. We are maintaining clonal lines
of Corn Grass in the greenhouse at this Laboratory.

Attempts were made in 1948 to cause Corn Grass to nutate
back to normal. Germinating sceds were X-rayed (75-600 r) and grown
for a few days in a medium containing P°~, No vegetative mutants
were observed, Higher dosages will be given in 1949% also Corn
Grass plants will be grown in an area receiving continuous gamma
rays in an effort to change Corn Grass to normel. This character
behaves as o monogenic dominant, It could be due to a small chrom-
osoml deficiency, or duplieation, If it is a deficiency it will
not be possible to sccure a back-mutation; otherwise the chances of

success secm fairly good.

Corn Orass has several of the characteristics that are
required of an ancestral type. :

L. Tt can be vegetatively propagated. Plants of such a
type as Corn Grass could have been grown and propagated for cen-
turies before mutating to a normal corn plant, In warm climates,

perhaps it would be perennial.

B. The seeds are produced in "ears" varying from one
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seed in 4 place to ears having o hundred seods or more,. (The larger
ears are always produced in the greenhousc.) Most "ears" contain
from one to ten secds. Seeds from such plants would be easily dis-
persed and would give rise to a very few seedlings in one place,
Hence, they would have wider dispersal than an ear of normal corn.

- Germinating seedlings would not crowd each other as is the case
with a normal ear of corn.

C. A single gene change (at the most a change in a short
chromogomal segment) is all that 1s necessary to moke the step
from Corn Grass to normal corn. It is rather remarkable that the
difference between Corn Grass and corn can be due to-a single gene,
but the genetic evidence indicates this is so. Since the whole
change from a grass-like ancestor to normal corn can be made at one
"jump®, is it necessary to postulate so many steps in the building
up of an ear of corn ?

3. No supplemental light needed for certain‘corn plents,

The normel segregates from the heterozygous GG+ plants
backerossed to # when planted at intervals of two weeks from
August 15th, have been grown in the greenhouse without any addi-
tional light. The normal plants show no tendency towards sex ro-
versal that is usuzally found in plants started in the esrly fall
when the doys are becoming shorter. DNormal plants from several
differcnt sowing daotes produced plants with good tassels and no
silks at all in the tasscl., Possibly the #+ plants received modi-
fying genes from the Corn Grass. Or is corn perhaps not as sensi-
tive to light as we have previously supposed ? No controls were
grown so we cannot answer these questions, It is interesting that
entirely normal corn plants can be grown in the fall of the yecor
when the days are becoming rapidly shorter. The normal plants have
been selfed and will be tested in the greenhouse- this autumn, '

4. Indeterminate plants id flower normally in greenhouse.

Indeterminate plants grown in the fileld never produce an
ear or tassel. Such plants were dug before frost and transplanted
into poils that were moved into the greenhouse. Also side branches
of id plants were cut off and rooted, then put in poils of soil.
Some of these vegetative cuttings made o normal growth, producing
in Noverber good tassels and silks. These plants were selfed so
there will be available this yeer homozygous lines of id id plants.

5. Sepregation for suecrose production in cori stalks.

F5 and backeross progenies of the cross Tl x C 103 were
grown and analyzed for production of sugar in the stalk juice.
Progenles were grown both at Mt. Carmel, Connecticut, and at
Yaphank, five miles from the Brookhaven National Laboretory. Sugar
determinations were made by using a hand refractometer in the ficld. A
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cylinder of corn stalk was cut from each stalk with a cork borer
and a pair of blunt-aosed pliers was used to express a drop or two
of juice onto the refrsctometer surface., With the Bausch and Lomb
Hand Refractometer this amount of juice is sufficient for a reading
with accuracy of half a per cent. Some of the samples at the
Brookhaven Laboratory were analyzed for reducing sugars. There
seems to be a fairly good correlation between refractometer read-
ing and sucrose per cent. An excellent correlation exists in sugar
cane for refractometer reading and sucrose per cent, So it is not
surprising to find it in corn stalks,

The C 103 plants analyzed at New Haven gave readings of
10,8 to 15,3 for a total of 32 plantsc At Yaphank 16 progenies
ranged from 10.0 & 67 to 15,1 *.,29, indicating that progress has
already been made in selecting lines of C 103 that are fairly high
in sucrose content,

7 The T1 lines examined at Yaphank varied from 8.1.% .77 to
9.25 £9.6, gomewhat lower than C 103. Chemical tests in 1947 showed
the sugar in the stalk of T1 to be composed largely of invert sugar,
whereas the sugar of C 103 is largely sucrose. Possibly the hybrid
T1 x 103 was not the best choice for the study of inheritance of
sucrose percentage as undoubtedly. the invert sugars of the Tl would
cause a higher refractometer reading than comparasble C 103 lines.
Segregating progenies involving other lines crossed by C 103 are
available for 1949 study. Another factor that may complicate the
picturc somewhat is the rather high variability within the C 103
line itself; and it is not known what particular C 103 line was used
as the parent of the hybrid € 103 x T1l, The rather wide range among
progenies of C 103 for refractometer reading indicates that even
supposedly pure lines can be quite heterozygous for factors which
were not selected for or against,

With the above limltations in mind the data are presented
in table 1. They fit a normal frequency distribution rather well,
indicating several factors, at least, are responsible for sugar pro-
duction in the stalk juice.

The data in table 1 are presented to show the variability
within inbred lines and also the range in segregating progenies.
Plants that produce no ear or a very poor ear usually run higher
in sugar than those that produce a good ear, although it should be
noted that sowe plants that have produced good ears also had a high
refractometer reading, It is plants of this type that might event-
ually have commercial possibilities. By further selection within
C 103 lines it should be possible to increase the sucrose content

of this line.



Table 1. Refractometer readings for maize inbreds, their hybrids and segregating progenies

‘Refractometer reading - class centers at 1.5% intervals

Pedigrfe 3.3 4.8 6.3 7.8 9.3 10,8 12,3 13.8 15.3 16.2 12,3 19.8
¢ 103 (plants) Conn. 5 11 13 3
€ 103 (progenies) N.Y. ’ 1 1 3 7 .
Fp €103 x T1 (Conn,) 1 A 2 v 4 1
Fy €103 x T1 (N.Y.) 1 6 10 6 3 4 2 3
T1 Comn. (plants) ’ ‘ 1 1 1 3
T N.Y. ({(plants) 3 5 13 9 7 5 7 3
T1 N.Y. (progenies; ‘ A 1
{above plants)
(T1 x C 103) F, Conn. 1 10 21 24 38 36 30 11 4 1
(T2 x € 103) F; Conn. ears 3 1 4 8
with poor set of secd
(T1 x C 103) ¥, N.Y. 3 10 19 32 30 34 14 6 5 0
(T1 x € 103) Fp N.Y. ears : ~ 1 1 A 2 I 13 5 13 7
with poor set of seed ’
(T1-C 103) x € 103 (Conn.) 2 5 8 17 18 27 28 21 4 2
{(T1.C 103) x C 103 (Conn.) 2 16 7o 37 3 1 12 9 10
ears with poor set of seed
(T1.C 103) x C 103 (¥.Y. 3 16 17 37 32 21 12 7
(T1.C 103) x C 103 (N.Y.) 1 1 2 1 2 1 2 2 L, 2

cars with poor set of sced

*0T
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In eddition, a thorough search of existing lines might
reveal some with a high sucrose content. Among the few we have
sampled there is great varimbility, In table 2 are given a few
of the inbred lines already examined with the average refractom-
eter readings found.

Table 2. Refractometer reading of Su Su inbred lines

Plants with good ears

Inbred line Place tested No. examined Average

C 102-1 Brookhaven Laboratory 1 Bed
¢ 102-2 " b 3 9.5
¢ 102-3 1 " 8 12.4
C 102 x 103 ‘ " " 3 8,0
C17x103 n f 1 10.0
Kr ' " L 6 8,2
c17 n " 10 G.2
K 4 1" n L 4.9
Oh. 40 B-21 " v 5 43
Ch, 40 B-2 " i 5 6.7
I11. A-1 " " 2 745
Ind. 58-11 C.7T. " n 7 107
Ind. 38-11 " " 5 9.1
Ind, WF 9 " " 8 6.8
BC WF 9 ‘ h " 9 7.1
BC WF 9=2 " n 7 9.0
LK " " 6 8.1

12 12.9

W 22 ~ Connecticut

With such s range in refractometer readings among the
few inbred lines sampled, it seems to indicate that an extensive
examination of inbred lines should be made., When more inferuwation
is available on the genciics of sugar produciion ia izbrod linss
of corn, it should be possible to study mere adejuately the physi-
ology of sugar production, perhaps using tagpged Carbonléd s o
tracer in such a study. The first step is to isoliate lines that
are purc for sucrcse production and to try to ascertain the number
of factors involved. This 1s being investigoted farther,

We wish to therk Dr, D. F, Jones and the Connecticut
Experiment Sbation for their wsbperation in growing some of the
lines and for assistance in moking the refractometer readings.

~

W. Ralph Singleton



Brooklyn College
Brooklyn, New York

The mutational potential of single R olleles,

The mechanisms responsible for the wide array of allelic
variability found among cultivated races of maize are as yet unin-
vestigated, The present study was projected in the hope that some
insight relative to problems of gene evolution might be gained,

.Careful selection of parental allelomorphs, in any attempt
to evaluate the mutational potential of single loci, merits full con-
sideration. An underlying consideration is the likelihood that dif-
ferent alleles are derived from one another by single or repeated
mutations, or by unit steps from some single or few archetype genes.
On the basis of what is now known concerning the spontaneous muta-
tional behavior of the gene RT (Stadler, Genetics 31: 1946), it is
conceivable that some parental alleles mlght yield matants with inter-
mediate phenotypic effects, while others might either fail to mutate
at all, or yield =a restrictive class of gene alterations indistinquish-
nble from the bottom recessive, Mendelizing variations of the latter
class may well represent intragenic changes, but, in the absence of
wholly satisfactory criteria, it is equally plausible that they are,
in effect, minute chromatin losses beyond the present level of cy~
tologlcal detection,

As a preview to the outcome of this projected study, in
which it is planned to test something on the order of half a million
gamctes for mutation at a single locus, all previously identified
mutants from rc’1 were assembled in a single planting for comparison
and further study of their properties. The writers are deeply grate-
ful to Professor L, J. Stadler, who generously provided laboratory
and field facilities for this study during the summer of 1948.

411 mutants described here derived from a single extracted
rch allele, Consequently, they are somewhat indicative of the evolu-

tlonary mutational potentisl for the locus.

From among all R and rI nlleles studied to date, rch was
selocted as the parental allelomorph for intensive study, since in
plant color phenotype 1t represents the closest approximation to the
wild type form. It is characterized by the broadest, most intense
pigmentation pattern in the majority of susceptible tissues of the
secdling and flowering plant. But, because this allele falls into
the rT category (colorless nleurone series), our study is restricted
to mutational changes resulting in altered pigmentation pntterns in

only the vegetative, diploid tissues, It is hoped that further sur-
veys of new co]]ectlons will disclose RY strains equivalent to r°
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in plant color phenotype. 4 suitable ECh stock, if found, would pro-
vide the nearly ideal parental gene for a study of gene evolution at
this locus. Mutationa% changes, and thelr interactions, as they af-
feet 01l aspects of R®® action in the plant, seed, and pericarp, would
then be available for analysis., It is a pleasure to acknowledge here
the co8perction of Dr. E. G. Anderson, who haﬁ supplied us with a
large number of new accessions among which R®? alleles are being
sought., Seed samples from other investigators, particularly of col-
ored aleurone and cherry pericarp effect, would be appreciated.

é The tentative designations and salient features of the
mitants studied ore given in table 1, Mutants,which arose in crosses
offected with irradiated pollen, cannot yet be considered os altera-
tions induced by the treatment. Further data bearing on the relative
frequencies of the specific mutational changes 1n trented and controlled
material are required before this gquestion con be settled effectively.
Such cautioned interpretation applies, in particular, to mutants dis-
tinguishable from the bottom recessive by their positive action, and
which, moreover, are free from associated changes in gametophytic
viability. ‘

Table 1. Mutations of rch

Mutant Treatment Remarks

reh.gl none transmits low rate of sectorials

rch-SQ n n high n n f

rCh-SS n 1 " 1" " n :

rch-X32 X-ray mutant lost - not pollen transmissible

reh.yy ‘ Uu.v. original mutant sectorial - stabilized
to rch - not pollen transmissible

rch-y2 n tests not completed

rch-v10 UV, stable intermediate allele

rg -S2 none wholly green - male, female trans-

mission normal

rg ,_83 H t 4] 1 1t i "

r8 -S4 f tests not completed

rg ~X1 X-ray wholly green - 50% pollen abortion,

female traonsmissible

rg -X6 " ‘ " " - tests not completed

rg -X7 " " " - approx. 60% pollen abortion

rg V1 Uu.v. n ] - 1 30% " "

™ " " "
re V2 ,

e AO% 1 "
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As given in table 1 the mutants fall into four more or less
well-defined categorirs: A, mutation to unstable alleles,
B. mutation to stable nlleles with intermediate effects, C. mute-
tions to the bottom recessive with normal viability in the gameto-
phyte, D. mutations to the bottom recessive, rf, associated with
reduced haplophase viability.

1. Mutations to ré.

A shorp distinction cannot be drawn between mutants to r€
in groups C and D, It is expected rather, as Stndler and Roman have
demonstrated in their study of A7 mutants (Genetics 33: 1948), that
an intergrnding spectrum of effects could be assembled ranging from
minute deficiencies to mutations indistinguishable from the bottom re-
cessive. For the mutants of rch to rf with lowered heploid viability,
there is little doubt that these alterations may safely be ascribed
to physical loss of the locus; or its inactivation. Earlier prelimi-
nary study of these forms by Perak, however, feiled to disclose any
gross abnormality in pachytene configurstion. It is not implied that
all mutations to rg, though phenotyplcally alike, are identical in ‘
nature, There is no reanson to assume that allelic compounds in this
class might not have positive action in plant coloration. Appropriate .
tests of this hypothesis are now in progress.

2, Mutation to o stable intermediate, rch-vio.

The single mutant in group B, 20h;v1o’ is of considerable
Anterest.. It represents what is probably the first mutation to an
allele of intermedinte effect within the rT series. Though it arose
in progeny of a mating effected with wltra-violet irradiated pollen,
there is nothing to indicate that it is an induced alteration rather
than a coincident spontaneous mutation. Further quantitative studies
are clearly needed,

From scedling on, and just prior to flowering, plants
carrying this allele in the homozygous state are nearly devoid of
anthocyanin in all tissucs. At tasseling and dehiscence, however,
an intense depostion of pigment occurs in the tips of the staminate
glumes, After flowering, a much reduced generalized coloration of
the glumes is evident, In addition, considerable color is found in
the silks, and zlso in the perlcarp of enrs known to carry the domi-
nant form of the gene pl. These tissues are colored to about the
same extent in plants carrying either the parental ;Ch factor or the
mutant rch-v10, though perhaps somewhat reduced in the latter. Ob-
jective tests of this suspected differende in action will be carried
“out in backcross progenies secregating for both alleles., Thus, rch-
V10 represents a mutational change, the effect of which is permissive

of coloration in some tissues pigmented by the parental ;?hgeno, but
. fails to do so in others. It follows therefore that coloration of
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the silks, pericarp, etec. is indicative of a gene-controlled reaction
more or less independent of the action leading to pigment synthesis
in other tissues, It was in this sense that independent coloration
of the plant and aleuwrone led to the opinion that the action of RY
was due either to sepnrable, more or less independent components
of action of o single reduplicating unit, or to the action of two
completely linked genes or subgenes of similar though divergent ef-
fect., The mutational origin of rCh-V10 scems to indicate that the
pligt color complex may be resolved into still other components of
ACTIon, '

Analysis of the action for RY allecles has already shown
that color intensity in the silks and pericarp vary independently in
some alleles. It is not unreasonable to suppose therefore that single
gene mutations might affect pigmentation in the one tissue, and not
in the other. BT alleles which yield wholly green plants but for col-
oration of the glumes or silks are described in the early literature.
in allele yielding a green plant but with cherry pericarp effect has
not yet been found. Howcver, in light of the above, one might pre=-
dict that type alleles of this nature are derivable from rC2-V10 or
that they may already exist in the pool of allelic variability found
in cultivated races. «

3. GComplex nllelic interaction.

Preliminary studies further indicate the peculiar propertics
of the rch-V10 mutant. In the cross RF-Tomi/rf x r€/rch-vlQ it was
noted that the compounds (R¥-Tomi/rCE-V10) exhibited a broader, more
intense pigmentation when compared to the other segregates. Thus,
some tissues not colored by either homozygote cre found pigmented in
their compound. This suggests a new type of allelic interaction not
previously encountered at this locus.

4o Mutation to unstable alleles.

The unstable mutants of group A, as far as they have been
studied, give substantially the same data and are therefore considered
collectively. Tn each instance the mutant srose as a single plant in
progenies that were screened for mutations, ,They were detected by
the absence of coloration on the first emerging leaf tip, an area reg-
ulerly colored in the zCh«stock. During seedling growth sectors for
anthocyanin were observed on the epicotyl, coleoptile, leaf sheath,
oand blade. The appearance of the sectors was such as to indicate that
the colored arens were releted in cell linenge, Sectors of independ-
ent lineage were found on the same seedling in many cases, At flower-~
ing, some seectors were found that extended to the tassel. Branches
with colored glumes threw anthers that were full purple to variegated
in color, whilc green glumes outside the sector yieclded anthers vholly
green in color, or at best very faintly stippled with an occasional
speck of anthoeyanin, Where plants carried the gene Pl a bizarre

sectoring of the pericarp wos observed, similar in general aspect to
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the phenotype given by occasional ecars of the factor PV.

In the F5 progeny of the selfed mutant (rch-S,/rg) approxi-
mately 4 werc wholly green. Presumably, these represent the r€ homo-
zygotes, Among the remaining plants three classes of phenotypic ef-
fect were observed; those fully ;Ch in phenotype and indistinguisheble
from the original psrental allele, those similar in pigment pattern
to ;Ph but with a much redueed level of effect, and those which were
sectorial in appearance. The size and frequency of sectoring varied
widely in different plants. ‘

- The newly derived r®h and the intermedinte, now designated
rch-1t, show normal tronsmission rates in both male and female germ
lines. Progeny tests totaling some 75 plants for either derivative
gave no evidence of sectoring. Tentatively, they are presumed to be
reverse mutations from an unstable allele similar in phenotype to rE.
In the one case, the reversion is complete, and in the other only
partial, Partial reversions constitute an available source of ncw
intermediate mutations. The dote is not sufficient to indieate wheth-
er these intermedinte reversions are all alike or whether they repre=-
sent different levels at which the unstable form can become fixed,

The behavior of variegated plants on outerossing is instruc-
tive as to the nature of the sectoring process. 4 particulerly fovor-
able tassel sector was found in an p€ —SB/gg plant. An outcross test
to sib ears of the RF-Catspaw/rf strain #as made using pollen from
red anthers within the sector and also from green anthers just outside
the sector. Among 70 plants grown from colored and colorless seed,
from the cross involving green anthers, only two were found to be va-
ricgated. Sectors on these plants were small, infrequent, and not
observable ot all stages of growth. In a progeny of similar size and
constitution, from the cross made with pollen from red anthers, 29 of
the 70 plants showed sectoring or full rch color. By far, the majori~
ty of plants were sectorial rather than self-colored. There can be
little doubt that the sectoring is a cell-specific phenotypic indica-
tor for an altered state of the locus. '

Tests of the male and femnle transmission rate for the sec-
torial quality show that different plants diverge widely in the ex-
tent to which they transmit this phenotype to their progeny. In one
ease, of 66 plents, helf of which were expected to show the sectorial
phenotype, only one sectorial was found in the test of female trans-
nission and three in the test of male transmission., In a second in-
stance, in a total of 163 plants, where half were expected to show
the altered phenotype, 77 werc found to be either rCi or sectorial.:
The data also suggest that the rate of complete reversion is somewhat
higher in the pollen than it is in the female germ line.

411 data considered, it would scem as though a varisble
factor exists which controls both the time and frequency of rutation
at the newly established unstable locus.

Seymour Fogel - Brooklyn College, Brooklyn, N.Y,
Elena Perak =~ Buenos Aires, Argenting
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now have been analyzed

of the breaks. These data
arms. The translocations
year's report with a few
recently acquired stocks.

A total of 385 translocations
cytologically to determine the position
are summarized in table 1 by chromosome
in group 1 include those listed in last
additions, Those listed in group 2 are

Table 1. Frequency of chromogsome breaks in each
of the 20 maize chromosome arms \
Group 1 Group 2
Chromo- V Chromo~
some Arm  Bresmks Breaks peru some Arm Breaks Breaks per )
_No. No. No. No,
1 S 21.5 .60 1 8 18 .50
1 L 31.5 68 1 L 25 54
2 S 14. A 2 S 12 Al
2 L 42, 1.14 2 L 15 L1
3 S 11.5 .56 3 s 13 63
3 L 33.5 .81 3 L 19 46
4 S 21, 97 4 S 14 62
L L R1. 58 4 L 20 - .55
5 -8 4.5 .90 5 S 18 .66
5 L 31.5 97 5 L 27 .83
6 S 9.5 .80 6 S 11 )
6 'L 33.5 91 6 L 21 W57
7 S 8. .65 7 8 8 .65
7 L 26, 76 7 L 22 64,
8 S 13. 1.15 8 S 15 1.33
8 L 27 .75 8 L 7 J75
9 S 6. .39 9 S 13 .85
9 L 32. 1.14 9 L 20 71
10 S 8. .82 10 S 5 51
10 L 25, +92 10 L 7 26
Total 440 Mean ,796 Total 330 Mean .597

To analyze these data further so as to show a variatlon
in density of breakage points along the chromosome arm, a second
table has been prepared.

Table 2. TFrequency of breaks, expressed in per cent, for the sum of each 5
micron section of the 20 chromosome arms beginning at the fibre attachment

Group lst 5u 2nd 5u 3rd 5u 4th5u 5th5u 6th5u 7th5u 8ths5u

1 20,8
2 19,7

21.3
22,6

14,2
9.7

12,4
10.9

12,7
10,7

11.1
143

544

6.7

2.2
5.5

A, B, Lomgley
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Viviparouss (225) has been located in the short arm of chro-
mosome 1 by means of » test with translocation B=1b. This viviparous
shows pale endosperm color, premature germination and albino seedlings.
A heterozygous yps plant pollinated by TB-1b pollen gave some pale
endosperm seeds which became dorment (deficient endosperm and hyper-
ploid embryo), and also normal yellow endosperm seeds which germinated
prematurely (hyperploid endosperm and deficient embryo). In addition
to plecing the gene in the short arm of chromosome 1, these data show
that dormancy is in this case determined by the embryo itself, not by
the composition of the endosperm.

Sl D. S. Robertson

: We are undertaking a genetical~biochemical study of the
development of the endosperm of maize, centering about the "indole
cycle" involving tryptophane, auxin, niacin, protein and carbohydrate
relationships. This study is based largely upon the findings in
Neurogpora together with some information available in maize and other
plants, Tryptophane appears to be formed by condensation of indole
and serine, and in turn to give rise, through one chain of reactions,
to niacin, and through a very different chain, to auxin (indole acetic
aeid). It may also become a protein constituent., How general this
pattern may be is not known but the maize story will undoubtedly bear
a strong resemblance to this part of the Neurospora story., Some
additional features are evident, however,

1, During the development of the maize endosperm, an extremely high
concentration of indoleancetic acid is built up, with a peak about the
late milk or early dough stmges, then dropping down to a lower level
during the latter part of the development, A minor portion of this
is in the form of free or active ouxin, the balance recoverable upon
hydrolysis ("bound auxin® or Mauxin precursor"). The total amount
formed is so great that if it is produced from tryptophane, it would
seriously deplete the amount of tryptophane available for conversion
to niacin or for protein building.

2. The niacin content of corn is low compared with wheat and most
other cereals, which is of specinl interest as niacin acts as a pel-

lagra preventative,

3, Zein, the principal rescrve protein of the corn endospernm is
deficient in tryptophane as well as lysine. From published accounts
of cereal chemistry it appears that zein is formed chiefly in the
later stages of endospern development. The earlier formed proteins,
globulin and glutelin, are rich in tryptophane and lysine.

4+ There is o clearly'@efinedvcorrelation between sugary toxture of
the endosperm snd the niacin content (Barton-Wright and Mather,
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Cemeron and Tecs), nlso o relntion between the amylosc-anylopectin
rotio and sugary genetic composition. The nature of these relation-
shipe is not clear.

5. Farlier work of Hixon, Sprague, and others have shown waxy sturch
to be composed entirely of amylopectin. Waxy corn also appears to
have higher nincin content than the corresponding non-woaxy; also high-
¢r ruxin content,

Ve plan to chart the normal development by assaying a geries
of stagcs from pollinntion to meturity to determine the quantities.
present of the rclated components, such ns free nuxin, total auxin,
niaein, tryptophane, corbohydrate, protein, ete, Using this os the
expected stendard behavior, o survey will be made of a large number
of endospern types differing from the stondard by singlo gene differ-
enceg, ubilizing some of the known endospern genes, and clso o large
golection of the numerous mutant endosperm types obtalned fron our
studies on radiation cffcets, Those showing large departures frou
the standard will be studied further to determine, as best we can,
the primory effect of the particuler gene upon the indole cyecle nnd
the genereal consequences thereof, It is hoped that this will give us
valuable inforration on the cx@mooynthos*s of the tryptophare derive-
tives, which in turn may be of importance to s@y breeding program de-
signed Yo increase the tryptophane or niccin content of commercinl
lines, or to modify the smylose ratio,

Assays Tor free auxin and total auxin have been completed
for the ontogenctic stages of our standard normal (CC5/L317) and work
is in progrcess on other series (Melvin Stehsel), Assays on niacin,
,arbohvdrrtoqs ete, are in progress on the same series (H. J, Teas,
Cameron, Anna €, Newton). Sample assays of mature endosperm of
“nvcqu genetic types show that significent differcnces are to be ox-
peetod Favoreble rutent endosperm types arc being converted to
the same genoral background as our stendards and the bulk of our trans-

loeation lines,

H, J. Teas, Anna C, Newton, Melvin Stehsel, S. G, Wildman
' (Plun+ Physiology)
J. k. Coneron (Riverside Station, University of California)
Earl B. Pntterson, D. S, Robortson, ﬁ E. Longley, end E, G, Andﬂruor
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Comnecticut fgricudtural Experiment Station
dew Haven, Connceticut

1. Forvul:c Tor predicting number of crosses from all =corbination dnte.

. e ollowing formilae have been found to be useful in deal-
ing with yield data of all-corbination field trials. Letting "n"
reprosent the initial number of inbreds, the well-known forrmla 1/2n
{n=1) predicts the total mirber of single crosses, while 1/2n (n~1)
(n=2) shovs the nurber of three-way crosses which can be predicted
from the single cross yields, and 1/8n (n~1) (n=2) (n-3) gives the
nunber of double crosses vhich cen be predicted from the same single
cross yields, The following table shows the relationships obtained

by use of these forrulae with'variocus nurbers of inbreds used initially
in making up the all-corbination single crosses. In every cnge all
reciproeal combinations ore excluded. ’

Number of Pogsible rmurber Possible number . Possible nurber

inbrads of crosses of of crossos of of crosses of
' two inbrods three inbrods four irbrcds
1 0 0 0
2 1 0 0
3 3 3 0
4 é 12 -3
5 10 30 15
6 1 60 45
7 21 105 105
g 28 168 210
9 36 252 378
10 L5 360 630

2. Chlorophvll doficiency studies.

Recently lines have been doveloved similar fto the one re=-
ported in the 1945 Maize Nows Letter by Brunson, in which the dark
kernels arc always correlated to normal green seedlings, while the
light kernels germinote to give chlorophyll deficient geedlings,

Note also the Y~ gene on chromosore 7 reporied by Graner in Maize

News Letter of 1947. These chlorophyll deficiencies range from al-
bino to psecudo-normal pale green in color and, as reported in Genetics
Abstrects (331609 Everett 1948), arc caused by the prescnce of an al-
bino mutation and a subsequent suppressor gene mutation respectively.
These deficiency types will be supplied to Cornell for distribution
noxt fall by Evster of the Kottering Laboratory who has offered to
inereasc the stocks this summer in coBperation with the Connecticut
Stetion, Studies of these chlorophyll types are in progress and will
be deseribled more completely in g future publication.

Herbert L, Everett
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3. Cytoplasmic male sterility.

In 1946 = coudy was initiated to determine the cause of
veriebility in pollen production among male sterile lines. This is
the same character studied by Rhoades (Jour. Genetics 27:71-93.
1933), As a basis for furthor work, analyses of individuel florets
from a single plant were made. This eliminated the possible effects
of genotype or environment, The results of such analyses do not
give a contimious distribution of well-developed pollen grains nor-
mally distributed about a mesn. Instead, a discontinuous distribu~
tion with peaks at 58«60, 37-39 and 13~15 per cent is had. This
suggests the probabllity of & Poisson distribution. Since this fac-
tor cannot be transferred through the pollen,it can be assumed that
the per cent of good pollen represents the class with O particles.
Since O particles can be estimated by the formula e™h, it can be seen
that the values obtained in the frequency distributions are the equiv-
alent of .5, 1.0, and 2,0 particles as & mean number per pollen greain
initiated.

The particle number in the cells of the various florets is
relatively constant although sufficient variability is found to cruse
frequency distributions to be polymodal., If anthers within a floret
are compared, results sugcest less voriability between anthers than
between florets, Distribution at megasporogenesis also follows the
Polgson, :

Warren H., Gabelman

4. Genes producing hetorosis.

The recessive mutations of a degenerative nature such as
dwarf plants, crooked stalk, pale chlorophyll, narrow leaf and others
which show heterosis when crosscd back to the normal inbred lines in
which they originated, have now been extracted from these crosses and
compared with the original lines. Both the normal homozygous domi=
nants and the degenerate homozygous recessives come out of these
crosses larger than they went in, as shown by preliminary tests. A
statisticel comparison, of these extracted deviations is now being
made. The indication is clear that other genes are involved. Vhether
these originated at the same time the visible alterations appeared,or
vwhether they were previously in these lines and carried along by en-
forced heterozygosity has not been determined.

Additional evidence for genes having a small but signifi-
cent effect on heterosis are being obtained from backerosses using
dominant gene markers that have no noticeable effect on yield, such
as the normal alleles of glossy seedlings, white cob, white endospern
and colorless silk, After seven gencrations of backcrossing without
selection, the resulting plants both with homozygous recessive and
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heterozygous dominant gene markers sre slightly larger in growth and
esarlier in flowering *aan the original lines. This indicates that
there are many genes closely linked with these marker genes that have
a small effect on heterosis.

Donald F. Jones

Cornell University
Ithaca, New York

Another dirnloid Trinsacum from Mexico,

The first diploid Tripsacum known to Mexlco was discovered
by the writers in 1947 at bLcahuizotln, Guerrero. This diploid was
corn-like in that it had very brosd leaves 12 to 15 cm. in width;
thick, lesfy stalks; o tall, robust growth habit and many spikes in
the tassel, In fact the nupber of tassel branches, which ranged fron
20 to 27 in the specimens that were collected for detailecd study, ex-
cezds the number found in most existing varieties of Mexican corn.

Following the discovery of this diploid in 1947, search for
additional diploids was continued in that year and again in 1948, A
very grass=-like form of reduced stature, extremely narrow leaves and
with but one or two tassel branchcs was collected from a stecp, rocky
slope along the highwny to Acapulco in the very arid Cafiada del
Zopilote 273.5 kilometers south of Mexico, D.F, When this collection
was made on September 11, 1947, most of the plants had flowered., A
quantity of immature secd was collected as well as live plent mate-
rial and herbarium specimeng including spikes still shedding pollen.
The very youngest available inflorescences gtill in the bud stage
were preserved for cytological study. From subsequent examination of
the immature staminnte spikes a single sporocyte preparation was ob-
tained which indicated that the plants were tetraploid., MNot being
fully satisfied with this determination (this preparation might have
been from a tetraploid sector in an otherwise diploid plont) an at-
tenpt was made to germinate some of the sgeed in ordor to obtain seed-
ling root-tip counts. This first attempt failed,

: Returning from extensive explorations in the fall of 1948,
which ranged as for north as Tepic in western Mexico and east to
Vera Cruz, without discovering additional diploids except for more of
the Acshuizotla type in that general locality, the 1947 collections
were reexamined and snother attempt wes mnde to germinnte samples of
seed that had failed to germinate in earlier triels., Tripsacum sced
often germinates very poorly, but geedlings frequently can be obtained
from samples that cannot be germinated in the ususl manner by utilizing
the embryo culture technique.,
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A special effort was made to embryo culture the immature

gsced of the 1947 Zopilote collection. Those plants were suspected

of being diploid at tne time they were first collected, Their reduced
size, their very narrow leaves and the small size of their anthors and
pollen as compared with the more typical specimens of T. lanceolstum,
which they resembled most closely, suggested the size relationghips
that exist among the well-known diploid and tetraploid forms of T,

doctvloides found in the United States. Five seedlings were obtained
from the Zopilote sced and root tips were collected from three of
them for eytological examinection. 411 threc scedlings were found to
be diploids with 36 or approximately 36 chromosomes.

The discovery of a diploid Tripsacum of an extreme I,
Janceolatum type in southern Mexico complotes the assemblage of
diploid representatives of all of the more important species com-
plexcs in the genus throughout its present range in the Western
Hemisphere. Others reported previously include the diploid T,
floridanum of southern Florida, the diploid of T. dactyloides s which
occurs from Kansas southward to Texas, the dlplOld T. sustrale of
Brazil and the Acahuizotla diploid which rescmble“ T pilosum morc
closely than any other known specles. )

L. F, Randolph and
E. Hernandez

Crosgability of corn and Tripsacum and the evolutionary history of
the Amoricasn Mavdene,

The cross incompatibility of Mexican and Guatemalan
Tripsacum and corn has been demonstrated by three years of field ox-
periments in regions of these countries where both Tripsacum and teo-
sinte oceur, The failure to obtain hybrid progeny from crosses in-
volving the native corn of these regions supports the theory that corn,
Tripsacum and teosinte orlglna ted from o common ancestor a long time
ogo. These experiments invalidate the alternative theory of Mangelsdorf
and Heeves that important characteristics of modern varietics of corn
originated in recent times from the natural hybridization of Tripsacum
and corn in Central America and that teosinte is a product of such
hybridization,

The very great diversity of existing types of corn, teosinte
and Tripsecum in southern Mexico suggests that these plants have had
o very long evolutionary history in this region and that the center
of origin of corn and its near relatives was herc rather than clse-
where in Central or South America., This simple interpretation is
fully in accord with the Vavilov hypothesis that the center of origin
of cultivated plants is to be sought in the reglons of greatest diver-
sity of the existing cultivated forms and their wild relatives.
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The first hybrids of maize and Tripsacum were obtained by
Mangelsdorf and Reeves in 1929. They crossed both the diploid and
the tetraploid forws of I, dactyloides with diploid corn. These
crosses, which they made in Texas presumaebly with southern varieties
of corn, have been repeated at Ithaca,

In using vigorous commercial corn hybrids, chiefly from
the northern corn belt, little difficulty was experienced in obtain-
ing large numbers of hybrids. The cross between 2n corn and 4n T,
dactrloides ordinarily was much easier to make than the 2n corn x
<n T, dactyloides cross; from some of the hybrid ears of the former
cress seedlings wers obtained with the embryo culture technique from
more than 50 per cent of the corn ovules to which Tripsacum pollen
was applied, Tetraploid corn crosses readily with tetraploid T,
‘dactyloides but the hybrids obtained thus far were highly sterile.

Repested attempts to obtain hybrids between the tetraploid
Tripsacums of Guatemgla and Mexico and the native diploid corn of the
regions where the Tripsacum occurs have failed completely. The
Guatemala trials were reported in an earlier News Letter, over 200
corn ear shoots having been pollinated with tetraploid Tripsacum pol-
len without obtaining any hybrids. Similar experiments conducted in
Mexico with 50 or more ear shoots being pollinated at each of three
different locations in 1947 failed to yield any hybrids., In 1948
additional tests were conducted in Mexico at the Jolostoc field sta-
tion of the Rockefeller Foundation where Dr. E. J. Wellhousen very
kindly made available stocks of 6 different types of Mexican corn.
These were crossed with pollen of the Acahuizotls diploid Tripsacum,
and o few crosses alsc were made with pollen of & broad-leafoed 4n
Tripsacum of the T. pilogum type. A total of 95 ears were pollinated,
sufficient to test from 25,000 to 30,000 corn gametes for cross com=
patibility. Unfortunately, a very severe infestation of ear worms
destroyed many of the ecars completely and limited the test to approx-
imately 2,000 gametes. No hybrids were obtained from any of the
erosses made at Jolostoe in 1948,

Admittedly these tests of crossability of Tripsacum and corn
in Mexico and Guatemals arc not sufficiently extensive to warrant the
conclusion that hybrids cannot be obtained from such crosses, Certain
fuvorable combinations of genotypes not included in these tests might
be compatible, But it can be concluded at present that therc is a
high degree of cross incompatibility among the combinations tested,
and that Mexican and Guatemalan Tripsacum end corn cannot be crossed
as readily as can the T, doctyloides and corn of the United States.
Mangelsdorf and Reeves based their theory of the origin of corn on the
crosses with T, dactyloides in Texans and did not subject their hypoth-
eses to direct okperimontal verification in the region where natural
hybridization of Tripsacum and primitive corn was assumed to have
occurred,

The crossing experiments which I have conducted in Mexico
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during the past two years and the cytological and field studies of
the various forms of Tripsacum and teosinte native in Mexico and
‘Guatemala have convin:zed me that corn and Tripsacum and teosinte have
oxisted as separate entities for long periods of time in these coun-
tries,.

Tetraploid Tripsaocum occurs over wide areag in both Mexico
and Guatemala and is extremely variasble., Species limits are poorly
defined in many localities. There is clear evidence of hybridization
and recombination of characters which have been used in defining the
species. Intermediates between the broad-leafed T, pilosum type and
the I, lanceolctum type with narrow leaves are very prevalent.

Cytological examination of the tetraploids revealed the
presence of multivalent association of chromosomes, indicating that
they were of relatively rocent origin and suggesting that the diploid
ancestral species might still exist, It wes postulated that the vari-
ability of the existing tetraploids was due to hybridization of diploid
species similar to T, lonceclatum and T, pilosum, followed by chromo-
some doubling and segregation in the new tetraploid populations as
they spread rapidly into the areas where they are found at the present
time. Or, independent chromosome doubling in each of these speciles
followed by -hybridization of the autoploids derivatives could have
accomplished the same result.

The problem then was to find the ancestral diploids., They
were looked for, and both were found within 60 kilometers of each
other in southern Mexico. As described elsewhere, the diploid of the
T, pilosum type is a very tall, broad-leafed plent with a thick stalk
and many spikes in the terminal inflorescence, The diploid of the T,
lanceolatum type is a low grass-like plant, very leafy at the base
and having a relatively short, slender stalk with only one or two
spikes in the terminal inflorescence. :

These new 36-chromosome forms are referred to as diploids
although it is conceivable that they are themselves tetrsploids of re-
mote ancestral species having 12 or 20 chromosomes like Manisuris or
corn, Sporocytes of the Acahuizotla diploid have been examined and
18 paire of chromosomes were secn. There was no evidence of multiva-
lents, and until evidence elther of their autoploid or alloploid na-
ture is fortheoming they will continue to be referred to ag diploids.
However, it should be pointed out in this connection that longstand-
ing differences in chromosome number between the progenitors of maize
and Tripsaocum must have prevailed and must have constituted a formid-
nble barrier to the establishment in nature of hybrids between them,

The evidence from the known distribution of diploid and
tetraploid forms of Tripsacum as well as the cytological evidence in=-
dieatos that tetraploidy in the geonus became established in relatively
rocent times, Diploidy is found at the 1limits of the geographic range
of the specics: to the southward in Brazil, where the diploid I. austmle
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occurs and northward in the United States where the diploid form of
dactyloides occurs as far north as Kansas. I, floridanum of south-

ern Florida is also df nloid. The tetraploid form of T, dactyloides

“in the United States may have originated as an autop101d independently

of the alloploids of Mexico and Guatemala. Further study of the

Tripsacum of northern Mexico is nceded to clarify this situation,

Comparison of the existing forms of diploid Tripsacum re-
veals two distinct evolutionary trends. At one extreme are the grass~
like types of T, lanceolatum and allied species, of which the new ”
diploid from Cafindn del Zopilote represents the highest degree of
specialization in this direction., These types have a slender stem,
narrow leaves and few tassel branches. They nare adapted to survival
in dry arid climates as well as in moist situations. Such forms
thrive on steep, rocky banks in full sunlight as well as on moist,
shaded, rocky ledges and occasionally in roadside ditches, At the
other extreme are the more corn-like forms of the I, pilosum type
which have thick leafy stalks, very broad leaves and are adapted to
moist rich soil. The Acahuizotla diploid is of this type but there
are tetraploids of very similar appearance and growth habit,

It is idle to speculate about the derivation of these forms
at present; but it is obvious that fewer mutational steps would have
been required for the cvolution of corn from a prototype resembling
the latter than from a prototype resembling the former species of
Tripsacum,

In this connection it is perhaps significant that existing
types of native corn in Mexico and Guatemala exhibit morphological
voriations similar to those described above for Tripsacum. There are
narrow-leafed types with slender stalks and few tassel branches.

There are also very broad-lenfed types with thick stalks and many
tassel branches, as well as innumerablce combinations of these and
other traits vhich are sometimes referred to as "tripsacoid". Resem-
blances of this sort indicate that Tripsacum and corn have many genes
in common. This is to be expected in species so closely related that
they can be hybridized, In fact it has been estimated that 85 per

cent or more of the genes in cross compatible species are identical.

In vicw of the cross incompatibility of existing forms of Mexican
Tripsacum and corn,it seems highly improbable that the charancteristics,.
which they have in common, were due to hybridization in the recent
past. Most of these similarities probably were due to inheritance

from a common ancestor. A limited number may have arisen more recently
by independent mutation,

The persistence of the two extreme types of diploid
Tripsacum within a short distance of each other in southern Mexico
in a reglon where te051nto and tetraploid Tripsacum are abundant over
wide oreas, suggests that this general region might have been the pri-
mory center in which the gradual differcntiation of Tripsacum,
Fuchlaena and Zea from a common, but very remote, ancestral form took
place., In this connection it may be significant that, at the present
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time, this general region is necar the center of the geographic range
of both Tripsacum and Euchlaena. Furthermore, it is generally be-
lieved that the cultivation of corn originated among the prehistoric
Indinn civilizations that migrated into and through this arca over a
period of many centuries,

If Zea, Tripsacum and Euchloena originated from a common
ancestor in southern Mexico or clsewhcre in this general region, the
cross incompatibility of Tripsacum and corn in this area at the pres-
ent time is understandable on the assumption that genic cross incom-
potibility was the isolating mechanism responsible for their delimi-
totion and segregation, As differentiastion proceeded and Tripsacum
spread northward into the United States, geographical, ecologiceal,
or other isolating mechanisms may have operated to maintain the au-
tonomy of new species such as T, dactyloides. Genic incompatibility
might have disappeared or was never present in these northern popula-
tions. This is one possible explanation of the fact that T,
dnctyloides crosses readily with corn under certain conditions nnd
the Tripsacum of southern Mexico and Guatemala does not cross recdily
when similar techniques are employed. )

It is guestionable whether natural hybridization of
Tripsocum and Zea in recent times would hnve resulted in the origina-
tion of new species or a significant admixture of Tripsacum and corn
germplasn, The experimental hybrids of Zea and Tripsacun are func-
tionally male sterile and only occasional unreduced femnle gometes
have been known to funetion in backerosses to either parent, Thus
the first generation hybrids cannot produce segregating populations.
The plants of the first backcross to corn have 38 chrorosomes includ-
ing two sets of corn chromosomes and one set of 18 Tripsacum chromo-
somes; in these plants the Tripsacum chromosomes assort at random as
univalents in meiosis and tend to disappear rapidly in later generao=-
tions due to olimination at meiosis and selection againgt gametes
carrying extra chromosomes. If the Tripsacum chromosories are unable
to substitubte for corn chromosomes or exchange segments with them in
the formation of functional gametes, their association with the corn
chromosonmes in these few hybrid generations before they are lost is
devoid of evolutionary significance.

Corn plants lacking Tripsacum chromosomes have been re-
covered in the second generation backeross progenies, which appear
to be phenotypieally pure corn, and no evidence of segments of
Tripsacum chromosomes has yet appeared in the cytological examination
of these and other plants in the same cultures.

A study of the cytology and genetics of each of the 18
Tripsacum chromosomes comprising the haploid set in combination with
two sets of corn chromosomes is now in progress. These "trisomies®
should be favorable materisl for a critical analysis of the degree
of homology existing among Tripsacum and corn chronmosonss.

L. F, Randolph
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Induction of muteotions with nitrogen mustards.

Since 194€, n series of experinents were conducted to test
the genetic effectivencss of tris - (B-chloroethyl) amine and di =
(B~chloroethyl) methyl amine in maize. The methods of chemical treat-
ment were:s (1) soaking pre-germinated and dry seeds in 0,25% agucous
solution of the hydrochloride salt of the mustards at intervals of
2, 4, 6, and 8 hours; (2) exposing freshly shed pollen grains to the
vapors of 0,/% solution of mustard salt buffered at pH-8.6, tempera-
ture 65° G, «nd (3) dipping the cut basal end of the tassel in a
0.25% solution of snlts of both mustards at 10, 18, and 36-hour
durations,

The usunl technique for the identification of the genetic
effects of mutogens was uged, namely, a rultiple dominant stock (C,
Pr, Su, Lgj, Bmp and B) was treated and the pollen grains applied to
the silk of a multiple recessive stock (g, pr, su, lgj, bmp, and b).
Endosperm deficiencies for dominant marker genes and dominant gene
-losses for plant characters are revealed by the appearance of the re-
cessive characters in the Fq seeds and F; plants respectively. The
haplo-viability of the Fy plants were checked by examination of the
pollen grain fertility. Cytological examinations of sporocytes from
plants exhibiting pollen sterility were made to determine the types
of chromosormal aberrations induced by the rmustards. Frequency of
- mutations for endosperm characters were determined from Fy ears..

In the summer of 1948, X-ray and mustard gos treatments
were carried out simultaneously so that the genetic effects of the
two mutagens could be compared adequatelys

Matations were not obtained by secd trestment with the two
mustards but there was an adverse effect on sced viability and pheno-
copies werec produced, A high percentage of two-weck ~0ld seedlings
arising from treated seeds exhiblted o temporary chlorophyl-deficiency
of the midrib, The 1208 plants that survived the seed treatment were
all normal except for four plants that showed permancnt scctorial
- chlorophyl deficiency which was not transmitted to the offspring.

The di - (B-chloroethyl) methyl amine proved to be more
toxic to maize than the tris - (B-chloroethyl) anine, In rmost of the
treatments where the former was used, the grain set wens reduced to a
minimum and seed abnormalities to a maximum. Although the rutagenic
action of di - (B-chloroethyl) methyl amine is undoubtedly qualita-
tively the same as tris = (B-chloroethyl) amine, the former so re-
duced sced formation that the relation between dosage and genetic
effectiveness was difficult to determine,

Tris = (B-chloroethyl) amine proved to be a very effective
chemical mutagen when the multiple dominant tassel was dipped in a
0.25% agqueous solution of its salt. The results for the 18-hour
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treatment were as follows:

1947 - Seeds ex-mined = 1963

Deficicncies for gene C: entire - 9.4%; sectorial - 3.9%
: Pr: n -10.3%; " - 1,6%
¢ Suz M -14,.8%; " - 2.5%

1948 - Seeds examined = 613

Deficiencies for gene C: " entire -16,0%; sectorial - 2.4%
Pr: " - 5.2%;s " - 0.7%
Su: " "17.9%; " - 304%'

The 36-hour treatment of the tassel yielded the highest per-
centage of endosperm deficiencies, but due to the great reduction in.
set of grains (especially in the 1948 experiments), the results can
hardly be considered significant. When the tassel was given a 48-hour
treatment, pollen grains were not shed at al1l,

The three endosperm characters, C, Pr, and Su, showed equal
vulnerability to tris - (B-chloroethyl) amine or conversely - the
mustard action on these genes is not selective. When the sectorial
deficiencies for the 10-hour, 18-hour and 36-hour treatments werc
considered, the results showed a definite trend for increase in the
number of sectorials as duration of treatment was prolonged.

The endosperm character mutations were determined from ears
in the F, generation following trentment with tris - (B-chloroethyl)
amine, The average mutation percentage for 10-hour, 18-hour and 36~
hour treatments was for G - 1.6%, Pr - 3.3%, and Su - 1.4%. This mu-
tation percentage for each gene should theoretically be equal to the
percentage of the corresponding endosperm deficiencies because the
male and endospernm gametes in the pollen grain should have the some
chance of being acted upon by the mustard. But the endosperm muta-
tions obtained were less frequent than the endosperm deficiencies
observed. One of the feasible explanations for such a discrepancy
is the low Fq seeds viability which never exceeded 50% for any treat-
ment. The mutation percentage shown by the Fp seeds and Fq plants
is the minimum, for it represents only the mutations capable of sur-
vival in the environment in which these plants were grown. Many of
the induced hereditary modifications may have been lethal but could
not be detected. Attempts were made to grow the abnormal Fy seeds
in artificial media as excised embryos, and they were provided with
the best environment our fneilities could offer, Yet a high per-
centage of these seeds proved inviable. Of the 572 Fq viable plents
from the tris - (B-chlorocthyl) amine treatments, 73 %120?%) were semi-
aterile., Cytological examinations of the sporocytes of these haplo-
inviable individuals revealed the following chromosomal aberrationss
transloeationg, inversions, deletions, laggards, sticky kinetochores
and desynapsis of chromosomes at the first meiotic division. The
couse of the defective pollen in other ¥4 plants could not be de-
tected cytologically., The number of semi-lethal plants and other
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morphological monstrosities is directly proportional to the duration
of the treatment.

Forty-four Fy progenies revealed dominant gene marker losses:
Gone B - 3.8%; Lgy - 204%; Bmp - 3.1%. Fifteen of these 44 had normal
pollen and it was considered that these losses could be gene or point
mutationss whereas, the rest all exhibited haplo-inviability which can
be due to deletions, asymetrical exchanges or non-union of breaks in
the chromosomes. ‘

The highest endosperr deficiencies induced by X-ray radia-
tions of pollen grains were: Gene C - 6.3% from 2000 r; Gene Pr -
3.0% from 2250 r and Gene Su - 3,7% from 2000 r. This mutagenic ca-
pacity of the X-rays is roughly equivalent to the 10~hour dipping
treatment of the cut tassel using tris - (B-chloroethyl) amine which
effected the following deficienciess C -~ 6.6%; Pr - 1,1%; Su ~ 5.8%.
The abundant production of sectorial deficiencies by mustard treat-
ments, as contrasted to their scarcity in X-roy treatments, is o dis-
tinet difference between the genetic effects of the two mutagens.

Other chemicals were tested for mutagenic action. A&cenaph-
thene, paradichlorobenzenc, ethylene glycol, potassium thiocyanate
and ethyl carbamate did not show significant endosperm deficiencies,
But phenol, B-naphthyl amine, formalin, methylecolanthrene and ccepryn
were considered to have mutagenic properties for maize, judging from
the endosperm deficiencies they induced. Ceepryn proved to be very
promising, since it produced an average of 9.8% endosperm deficicncies
involving €, Pr and Su, computed on per-locus basis. From the re-
sults of the preliminary experiments on maize with these compounds
the range of effective dosage has becn determined.

D. L. Umali

Inheritance. of kernel-row number,

i During the months preceding Dr. Emerson's death he had been
enganged in summarizing -his work of many years on the inheritance of
nurber of kernel rows in nnize, It has been possible, with this ma-
terial available which included some tabulated data and a partly com-
pleted monuseript, to go back through the records and construct a
frirly complete picture of the results he had obtained. On the basis
of the information collected a paper has been written and is being
submitted for publication, The substance of the paper is outlined

below.

The original meterial used consisted of thirteen 12-rowed,
three 10=rowed and six &=rowed inbreds. Even after mony generations
of inbreeding each line continued to show variability for row nunber,
e.g., anong individuals of the 12-rowed lines there were character-
istically many with 10 and with 14 rows, and somewhat fewer with &
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and 16 rows on the ear. The lines were tested for homozygosity of
row-number genes by demonstrating that selection of ears with diverse
row numbers as parente had no differential effect on the mean row
nunber of their progeny. Similar tests were conducted on Fp's between
inbred lines with the same result; namely, that selection was ineffec-
tive,

The thirteen 12-rowed genotypes were crossed in all possi-
le combinations to produce 78 Fy's., Of these 76 had deviations in
the plus direction from the mid-parent value. The average increment

was +0,85 rows., The six &-rowed genotypes were also crossed in all
possible combinations to produce 15 Fp's. Of these 10 had deviations
in the plus direction from the mid~-parent value. The average incre-
ment was +0,09 rows. The 8- and 12-rowed genotypes were then inter-
crossed in all possible combinations (except one) to produce 77 Fy's.
Of these 45 deviated from the mid-parent value in a minus direction,
The average increment was ~0,15 rows. The deviations, with the pos-
sible exception of the data on &-x8-rowed crosses, were statistically
significant.

A plausible interpretation of these results was considered
to be: (1) that the 8-rowed genotypes contained a preponderance of
dominant genes for decreasing row number, that they differed from each
other by relatively fow of these genes and that the slight plus incre-
ment of average F, over mid-parent value could be accounted for by
general hybrid vigor of the plant; (2) that the 12-rowed genotypes
contained a more nearly equal number of dominant plus and minus modi-
fiers for row number and that the greater plus increment of average
Fl over mid-parent value was due primarily to general hybrid viger

(not as greatly counteracted by a preponderance of dominant minus
modifiers as in the &-rowed lines), and (3) that the average minus
deviation of the 8-x12-rowed Fy's from the mid-parent value could be
accounted for by a preponderance of minus modifiers by which the 8-
and 12-rowed genotypes were presumed to differ (sufficient in number
or magnitude of effect to more than counteract the influence of hy-
brid vigor).

In order to determine whether the 12-rowed phenotypes dif=-
fered from each other by genes for row number, segregating progenies
(usually Fy to FS) from 66 Fy's (all possible combinations omong 12
of the 13 inbreds) were sclected for high and for low row number,
Selection was offective in shifting the mean in at least 63 of these
progenies. It was concluded, therefore, that 10 of the inbreds cach
differcd from the other eleven by genes for row number and the re-
maining two could be the same os only one other line., This being the
case, it should have been possible to accumulate additional modifiers
in either direction by selection in progeny derived from crosses in=~
volving many lines,

Six extracted lines, each derived from crossing four orig-
inal 12-rowed inbreds together, were developed by inbreeding and
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of these four-line derivatives were raised above that possible in
selections from cross<s between two lines. Finally, thrcee extracted
lines of multiple genotype origin (each derived from intercrosscs
involving seven of the 12-rowed inbreds) were developed by inbreeding
and selection for high row number for five generations. In the F
generation of these three lines the mode was raised to 22 kernel Trows.
It has been possible to show, therefore, that by hybridization among
12-rowed phenotypes, recombination and selection, modifying genes for
increasing row number werc accumulated so that the expression of this
character was raised from 12 to 22 kernel rows on the ear.

H. H. Smith

Linkege botwecn translocations snd row=-numbor genes.

‘As port of an extensive study on the inheritance of kernel-
row number in maize, the late Dr. R, A. Emerson was interested in
obtaining experimental evidence on the number and location of genes
affecting the cxpression of this quantitative charecter, In tests
similar to those of Lindstrom (Iowa Agr. Exp. Sta. Bul. 142. 1931)
Doctor Emerson collected considerable data on apparent 1inkages ba-
tween gencg for kernel-row number and known marker genes. He con-
cluded from his results, however, that some (if not all) of the
associations observed were due to the effects of the "qualitativel
genes themselves on row numbor. ‘

In order to avoid this false evidence of linkage, a study
similar to those of Burnham and Cartledge {1939) and Saboe and Hayves
(1941) vas planned. In this method chromosomal interchanges serve
as genetic markers and plants heterozygous for a translocotion show
no apparent difference from normal other than reduced fertility. The
gsemisterility, caused by abortion of approximately 50% of both ovules
and pollen, is used as a "dominant® marker Iin backcross tests.

Lecording to the rccords avoilable Dr, E. G. Anderson and
Dr. C. R. Burnham supplied Doctor Emerson with 36 different inter-
changes so chosen that each of the chromosomes was reasonably well
represented. The locations of the points of breakage have been de-
termined by Doctors Anderson and Burnham as shown in their published
and unpublished data., ~

The interchanges were crossed repeatedly to a series of
different 8~rowed lines in order to obtain, without loss of vigor,
heterozygous interchanges in lines with 8-kernel rows on thé ear.

By the summer of 1947, 35 of the interchanges were present in o
heterozygous condition in vigorous 8-rowed lines gnd at that time
four 12~rowed inbreds were crossed to each of these lines., Although
there was a tendency for the Fl plants heterozygous for the inter-

changes to have o slightly lower mean number of rows than their normal
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sibs, the differences were not significant at the 1% level of prob-
ability, :

This year ile backeross progeny will be grown and the plants
classified for row number and semisterility. The date will be ana-
lyzed for evidence of linkages between genes for lower row number and
semisterility or higher row number and fertility.

T. J. Mann

Ga 4 ond pericarp=-color ratios.

- In three previous News Letters (17:8-10, 1943; 18:7-8, 1944
and 20:4-9, 1946), Dr. R. A. Emerson reported aberrant pericarp-color
ratios and a gamete factor, Ga 4, which was shown to be responsible
for the deficiency of P alleles in the progenies., It was shown that
Ga 4 interferes with the functioning of pollen carrying it. Vhen
this gene is linked with P, plants heterozygous for P, when selfed
or used as pollen parents in crosses with white, give progenies with
on excess of white-eared plants instead of the respective 331 and 1:1
retios as expected. No disturbance results when these plants are
uscd as pistillate parents. '

Before his death in 1947, Dr. Emerson had accumulated two
more yecrs! data like thaot which he previously reported. In addition
he left a wealth of material of advanced generations involving crosses
of Ga 4 with several translocations in the short arm of chromosome 1.
4 lorge amount of this material was planted in 1948 in order to ob-
tain data for a more critical test of linkage relations. However,
not enough significant data of this type was obtained to be of use
yet. Hence the present report includes that data presented in the
1946 News Letter to which has been added similar data accumulated in
the three years' records since.

The ratios of red to white observed in all aberrant cultures
of whatever generations are listed below, together with those in which
heterozygous reds were used as pistillate parents. It will be noticed
that the additional data have only very slightly changed the ratios
reported in 1946,

Porent plonts Progenies
_Type Nurber _Number_plents Ratio %
Red White ReW Red
WAR ® 117 3816 3079 1.24:1 55 .34
Ww/(W/R) L6 800 3156 1:3.94 20,2

wW/RY M 54, 1895 1919 1:1,01 9.7
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In the first two types above, two variables determine the
numbers of aberrant and normal cultures resulting in the next gen-
erationy namely, the amount of crossing over between Ga 4 and P, and
the per cent of functioning Ga 4 pollen. Since these two variables
cannot be measured simultaneously here, Emerson used the third type
to evaluate the omount of crossing over alone. Since there is here
no question of pollen differentials, the per cent of normal cultures,
resulting from red ears, should be the per cent crossing over. He
found this value to be 17.9. Of 37 additional reds'tested in 1947,
seven gave normal ratios, an indicated value of 18,9% crossing over.
Since Ga 4 1s shifted to vhite-carrying gametes when lost from red-
carrying ones, Emerson made use of cob colors to obtain the number
of whites thnt gave aberrant ratios (deficiency of whites) in the
next generation. He thereby found a value of 12.5 for crossing
over in 32 progenles tested. The per cent calculated from all of
these 97 progenies is 16 .5, a slightly higher value than that re-
ported in 1946,

In parallel studies, Emerson used crosses of white with
homozygous red, the latter being heterozygous for Ga 4 and used as
the pollen parent, to measure the per cent of functioning Ga 4 pol-
len. This value was calculated to be 30%. Presumebly, in order to
got o further measure of this value as it is affected by different
growing sensons, similar lots of data were obtained in 1946 and 1947.
Out of a total of 106 progenies, 40 gave aberrant ratios in Fo,
thereby giving a value of 37.,7%., Recalculating this value for the
total of 136 progenies that have been tested, we find that 36% of
the pollen carried Go 4 as measured by this method,

As in 1946, we seec thot observed ratios do not correspond
at all well with calculated ratios that would result from using the
above values for crossing over and functioning of Ga 4 pollen,
Therefore, we may conclude that on the basis of the numbers involved
and of the seasons in which they were tested, these methods of inde-
pendent measurements are not satisfoctory. Further data involving
two genes linked with Go 4 must be obtained to evaluate the variables
simultaneously by the method of Mangelsdorf mnd Jones and applied to
certain 1942 data of this type by Emerson. Evidence on linkage rela-
tions of Ga 4 remain inconclusive even with the data accumulated
since 1945.

In order to test the hypothesis that Ga 4 acts to reduce
the growth rate of the pollen tube, 10 red ears from an aberrant
1947 selfed culture were selected. One hundred kernels were planted
separately from the butt and from the tip of the ears in 1948, Of
these 10, three ears gave aberrant ratios, However, in none of the
three was there a significant difference of aberrant ratios between
the tip and the butt of the ear; in fnet, one ear gave almost iden-
tical numbers of red and white from both areas. Therefore, there
seems to bo no relation between the distance the pollen tube must
grow to effect fertilization and the greater success of the normal
pollen.

Jomes E, Wright, Jr.
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Florida Agricultural Experiment Station
Gainesville, Florida

Porent-offspring regression. .

If failure of car-row breeding for yleld is established but
not fully explained, and if hybrids of second cycle. lines are scarce-
ly more productive than those of first eycle lines, explanations may
be sought in peculiarities of the parent-offspring regression. It
may be that both reputed failures will have the same explanation.

The present purpose is to propose the essenticls of a vari-
ation of cxperimental approach. Practical details are omitted mostly.

Grow 1000 individuals of a common crossbred variety in such
manner as to minimize e¢nvironmental variations., Record an approprizste
measure of vigor for each plant and sort into a frequency distribution
of 10 groups or more. Breed within groups to obtain 10 progenies,
Record the same measure of vigor for progenies as for pareonts, Plot
means of parent groups apainst means of progeny groups to obtain the
regression curve,

It will be of interest to learn if the curve has o positive
slope throughout or if it may bend down at the right end as our pres-
ent evidence might lead us to suspect. If this suspicion is verified,
it will follow that the most elite individuals are not the best par-
ents, It would then be of further interest to note the optimal par-
ont grade - the highest point on the curve. It would also be desir-
oble to determine variances of individuals within groups of progenies
to learn if variance of thosc from the top parent group i¢ greater
than of those from the optimal parent group as we might expect if
elite individunls have above-average heterozygosity.

The foregoing has been general so it may apply also with
emall animnls which may be better suited than corn for such an exper-

iment,

With corn, cross breeding may be done within parent groups
or porents may be selfed. Both might well be done, Cross brecding
should provide results of more general application. Further, the
sclection processcs may be continued by choosing elite individuals
agnin from the top group and "optimal" from the indieated optimnl
group, thus to compare effects of selecting from different sections
of the range. Sclfing may accentuate curvature of regression, and
thus make experimental verifieation more certain, particularly of any
downward trend at the right., Results from selfing would also bear
more directly on the problem of which grade of parent plants mny pro-
duce the stronger inbred lines,

Enrlier regression studies with yield or vigor have not been
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designed to detect much more than that the general trend was posi-
tive, From this it wns concluded that elite individuals rust be the

best parents.

It may scem that a generally positive regression of off-
spring on parent for yield or vigor of corn ~ an apprecinble herita-
bility - is contradictory to a theory of overdominance. We may note
that zero heritability ond regression arc expected only when there
is an equilibrium of selection or vice versa., If the number of prog-
eny left by every individual is proportional to its phenotype, the
population should theoretieally reach an equilibrium where herita-
bility is zero. This condition may be met by "survival value" in
nature. It is hardly to be expectod with prized characters of vari-
aties and bresds, which have boen developed by culling less desirable
individuals. From data of the above experiment, estimates moy be
made of progress from saving any proportion or any part of the popu-
lation.

Where there is considersble gxtre advantage of heterozy-
gosity, strong selection, saving the top one per cent or less may ‘
degrade gene frequency; selection may have a negative effect on the
mean, even though initial gene frequency is below equilibrium. Parn-
doxically, wonk selection, culling only 30 to 40 per cent, may improve
gene frequency and the population mean. These considerations have
suggested the above experimental approach and the hope that it may
be effected with various characters of more than the one species.

Fred H, Hull

Town Etate College‘
Ames, Towg

7 During the 1948 season 100 monoploid maize plants were ob-
toined, all of moternal origin. Of thesc,43 were from dent corns,

53 from swect corns and 4 from genetic stocks, The average frequency
of occurrence wns nbout 1/900 in the dent corns and 1/375 in the
sweet, Twoenty-cight of the sweet corn moncploids were derived from

o sample of 3,814 hybrid kerneis of which Robson’s Golden Cross Bantom
was the sced parent. Ignoring this sample, the average frequency of
occurrence in the sweet corns tested was 1/640.

About 1/5 of the monoploids yielded one or more kernels on
selfing and about 1/3 set seed upon outcrossing., Most of the pollen
used in gelfing was obtained from diploid sectors in the tassels of
the monoploids, The rate of spontaneous doubling of the chromosome
complement in these plants aoppears to be fairly high, as evidenced
by ocecasional anthers of normal (2n) size, full of viable pollen,
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Sectors noted ranged from o part of a single anther to whole florets,.
tassel branches, and, in one case, the whele tassel. In colchicine
troated plants more Zn sectors were noted and the plants yielded
about three times ns many kernels per plant (average, 10 kernels) as

" the untreated controls on selfing and outcrossing. In cases wherc
only one to three kcrnels werc obtained germination tended to be poor.

In material being examined at present approximately 100
more maternal monoploids have been found and one paternal monoploid.
From 300 to 400 monoploid plants should be available for study this
season. In addition a number of homozygous lines derived from mon-
oploids are being grown for study and increase.

Sherret 8. Chase

John Inneg Horticultural Institution
Merton Park, London, England

1. Sweet corn trinls.

Seventy-seven hybrids and varieties which I had recently

" brought to England from the United States and Canada were comparod
with our two standard verieties, Canada Gold and Extra Early Bantam,
There was a wide range of behavier in germination, plant type, eaor
characteristics, smut and frit fly damoge, earliness and yield, Not
only was geographical origin important, but also the breeder in thet
region who was responsible for a particular hybrid. Some breeders
in North America produced more suitable material for our conditions

than others.

2. Inbreds.

American inbreds had a wide range of maturity and other
charocteristics in England, From my observations of all the leading
inbreds, I am convinced that if we are to have roally worth while
ones in this country, they must be produced on the spot. I have,
therefore, started inbreeding our selected cold-herdy lines of Canada
Gold and other materinl in order to produce cold~hardy inbreds.

These will be sown in Februcry so that cold-~hardiness selection is
mointained as we continue to inbreed. ‘

3. Supersonics.

In collaboration with Mr. Selman of King's College, London,
I have also investigated the influence of supersonic treatment on
sweet corn, Ingspection of results indicates that supersonic treat-
ment does have an effect in that weaker seedlirgs are killed off,
Thus the averages of treated material, compared with the controls,
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for such characters as growth, height, and tiller number, is slightly
higher, But on allowing for this, it is found that supersonic treat=
ment of various intensities has little, if any, influence., This dis-
agrees with the results of Wallace but is in agreement with Hersh,-

4e Cold hardiness.

The selections of cold-hardy sweet corn varieties have
been continued, One line of Canada Gold germinated 84% for February
sowing., Seed of this has been bulked and it has also been crossed
with C 13 to see if it makes a hardy John Innes Hybrid No. 2.

5, Miscellaneous.

A summory of experimental work in sweet corn breceding at
the John Innes is now published in "The Fruit, the Seced and the Soil"
(Oliver and Boyd, Edinburgh) snd edited by C, D. Darlington,

Dr. K. Mather, who was formerly in charge of corn researches at this
Institution, has now transferred to Birmingham University.

Gordon Haskell

Pioneer Hi-Bred Corn Company
Johnston, Iowa

Josephson and Jenkins (Jour. Amer. Soc. Agron. 40:) have
shown that partial male sterility occurs in hybrids in which the in-
bred Ind, 33~16 is used on the female side of the cross. An analysis
of the degree of pollen abortion in single cross corbinations, involv-
ing 33-16, Ky27, H21 and C.I. 61, confirms the results of Josephson
and Jenkins, Single crosses in which 33~16 was used as a seed parent
produced an average of 46% aborted pollen, with considerable varia-
tion in the degree of sterility between plants., Crosses in which
33-16 was used as o male parent produced only normal pollen. Pollen
abortion, but to a lesser degree (approximately 25%), was observed
in crosses involving Ky27 as a femnle. Fertile and partially sterile
plants were ecxamined cytologically to determine whether or not the
cytoplasmic male sterile condition was assccinted with abnormal -chro-
mosome behavior during microsporogenesis. Meiosis wes normal in all
plants examined, Pollen, in most conses, seems to degenerate prior
to the first pollen grain mitosis,

In addition to this material, five cytoplasmic male sterile
vellow single crosses supplied by Dr. D. F, Jones were also studied
cytologically. 4bortive pollen in these crosses ranged from 75 to
100%, 4s was true in the casc of the white hybrids, microsporogenecsis
was normal in this meterial, including those plants that produced
100 % abortive pollen at onthesis. This condition appears to be:
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similar cytologically to that of several completely or partinlly
sterile spocies hybrids.

William L. Brown and
Mary Ann Coyle

Purdue University
Lafayette, Indiana

(Department of Agronomy)

Evidence has been obtained that guy is effective in react-
ing with su to incrense amylose content as well as increcsing the
pereentoge of totol sugnrs as Horowitz reported in last year's News
Letter. The triple recessive gu du guy should be of interest now to
see whether amylose content is further increansed., In addition it
would be of interest to determine whether the combination du suy will
increase amylose without cousing extreme wrinkling, We expect to
study wx in combination with these factors. Isogenic lines arc boing
cstablished in o dent inbred to get a more precise measure of gene
effeects on sugars, water soluble polysaccharides and starch formation
of these verious combinaticns as well as any new ones which seem to
affect amylose content,

Table 1, Per cent of amylose in endosperm starch of eight lines
of corn and reciprocal crosses between them

Homozygous Recessives Per cont amylose
Serics gl P2 P selfed P1 x P2 P2 x P1 P2 selfed
1 su WX WX 0,0 0.0 - 0.0 0.0
2 Wy - 0.0 20,0 22.2 2243
3 su WX - 0.0 17.3 24,0 22.3
A ip's su 0.0 20,9 2469 26,6
5 su WX su 0.0 21.3 24.6 26.6
6 - su 22,3 243 24.1 26,6
7 - ’ Suamdu 22;3 2508 2741 44-2
8 su su™an 26,6 25,4 27.5 Ld, R
9 - su du 22,3 26,1 25,7 50,9
10 su su du 26.6 28.2 30,4 50.9
11 suldu su du A2 49.3 9.2 50.9
12 - suy 22,3 24.2 26,9 35.9
13 su Sy 26,6 R5.3 26,7 35.9
14 - SUSU,, 22.3 23,9 26 ./, 49.5
15 su G 26.6 25,8 36.9 49.5
16 sy, svsu,, 35.9 34.8 434 495
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In our studies sus seemed to give about the same amylose
values as did 8uy and crosses between su, and gus, stocks were about
the same, Some date involving selfs and crosses between dent, waxy,
amylaceous sugary, Cameron's supersugary, sugary-x, Horowitz' super=-
sugary, sugary, and sugarywaxy are summarized in table 1.

Herbert H. Kramer and
Roy L. Whistler

(Department of Botany and Plant Pathology)

Non=recivrocal Cross-sterilitv in the vopcorns.

In many intervarletal crosses between popcorns there is
1ittle or no seed set when the cross is made one way while the re-
ciprocal cross shows a normal set of seed. The inability of South
American inbreds to set seed when pollinated by Supergold inbreds
has long been known ss has the 1ncompat1b111tj of White Rice and
Hulless with dent corns.

Our investigations during the summer of 1948 have shown
that the phenomenon is widespread. A crossing block was set up with
nine popcorn inbreds of diverse origins and one dent corn inbred.
All the inbreds had been inbred for at least three years and some
‘were inbreds of long standing. Within this crossing block all pos-
sible combinations of crosses were made reciprocally and the result-~
ant ears were scored for sterility. Generally the results were
clear-cut with either a full seed set or else a nearly barren cob
with none to a few scattered seeds, Table 1 summarizes the rcactions
with + denoting a full set and - denoting incompatibility.

The point to be noted is that the inbreds fall into three
groups: (I) those that will not pollinate one or more inbreds (Hy,
S.G, 18 and 1708-4), (II) those that will not set seed when pollinated
by onc or more inbreds (S.A. 24, 1001-52, 4541-U, 845-1B and 4524-4),
and (III) those that do not participate in incompatibility reactions
as either male or female parent (A3-1 and 4519-41). Further, there
is apparently no overlapping between groups. No inbred has yet been
observed to function in one incompatibility reaction as a female and
in another as a male parent,

These data suggest that cross-sterility is conditioned by
the interaction of gonic components of the first group with genic
components of the second when inbreds of the first group are used as
male parents., An alternative hypothesis would be the interaction of
a gene or genes from Group I with the cytoplasm of Group II, However,
the fact that the Fp's of crosses of a Group I inbred times a Group II
inbred segregate for sterility to Group I pollen appeurs to obviate
this possibility. :



Table 1. Sterility test - 1948
Ba by South Black Chio - Amber  White
Dent §E§ergold Golden  American  Hulless  Beauty Yellow Red  Pearl Rice
Male Hy S. Ge £8 1708~4  S. A. 24 1001-52  A4541-U  845-1B  A4524-4  A3-1 4519-41
Female
Hy + + + + + + + + + +
8., G. 18 + + + + + + + + + +
- 1708-4 + + + + + + + + + +
. A, 24 - - + + + + + + + +
1001.,52 - - 9 | + + o + + + o+
45411 - - ? + + + + + + +
845-1B - - - + + + + + + +
;524—4 - - + + + + + + + +
A3-1 + + + + + + + + + +
,45l§~41 + + + + + + + + + +

“TY
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Of Group I, 8. G. 18 and Hy acted in an identical manner
while 1708-4 would not induce setting in 845-1B and doubtfully in
1001-52 and 4541-U. In Group II, S. A. 24 and 4524-4 acted alike in
not setting seed with S. G. 18 and Hy while 845-1B and possibly
1001-52 and 4541-U also were sterile with 1708-4., All Group II in-
breds show a common inabilityv to set seed when S. G. 18 and Hy are
used as male parents with the further possibility that they may be
sterile to 1708-4. .

In 1947 ten Hulless inbreds were tested with six different
dent corn inbreds and hybrids (H2l, Ind. 210, Tr, H5, C 103, and Hy x
Wf). Nine lines gave only sterile reactions while the tenth was per-
fectly fertile. The dent lines tested appear to carry uniformly the
factor or factors giving an interaction with most Hulless lines.

In all cases investigated the inability of Group I inbreds

to induce setting in Group II stocks and the failure of Group II in-

breds to set with pollen of Group I seem to act as recessives in
crosses with inbreds not of their own group. All crosses (without
reference to which parent wag used as a female) of Group I inbreds
with Group II inbreds will give normal seed sets when pollinated by
Group I, and pollen from the same crosses-appears to induce normal
seed sets in Group II inbreds. In this case, however, without linked
markers it cannot bc shown whether or not all gametes are functional
on Group II stigmas.

' With regard to the genetic constitution of Group I it can
be shown that the inability of another Supergold line (S. G. 16) to
pollinate S. A. 24 is due to a single recessive factor. The Fy

(8. G. 16 x S. A. 24) will give full seed sets when used to pollinate
S« A. 24 although as mentioned above it cannot be shown that all
gametes are functional. When the F; is backcrossed to S. G. 16 ap-
proximately one-~half of the backcross progeny will show a sterility
reaction when used to pollinate 8. A. 24 while the other half give
normal pollinations. This is shown in table 2.

; Table 2.
Pedigree Ability to Pollinate S. A. Plants
(S. Go 16 x S.As 24) X S. Go 16
6358 - 2’ 33 34-9 53 79 103 12’ 15 + (9) ‘
- 63 99 11, 13 - (4)
6852 - 2’ 3, 3{)‘, 5’ 11, 12, 14, 16 + (8)
-6, 7, 8, 9, 10, 13, 15, 17 | - (2)
Se Go 16 x (Se Go 16 X So Ao 24)
6359 - 13 4, 63 7, 9, 149 15 + E,?)
-2, 3, 5, 10, 11, 12, 13 - 7)
6381 - 1, 2, 7, 9, 10, 11, 15 + (7)
-3, 4, 5, 6, 8, 12, 14, 16; 17 - (9)
Total | V y + 31
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The genetic constitution of Group II inbreds has also been
investigated. In the summer of 1948 a detasseling plot in which the
male parents were the dent corn hybrids Ind. 813 and 210 was set up.
The femnle rows were reciprocal crosses of an 8o Hulless inbred with
an open-pollinated South American stock together with the F,'s and
reciprocal backerosses to the South Ameriecan stock and to tge SA gen-
eration of the Hulless inbred. The original Hulless parent and the
line used in backerossing were also included in the test. The ears
were scored for sterility at harvests The sterility of the Group II
varieties is apparently a plant character since,in gencral, the secd
sets were either normal or almost entirely lacking without the semi~
sterility that would be expected if it were an ovule factor. The orig-
inal Hulless inbred was shown to be heterozygous for the factors con-
ditioning sterility, since it segregated for normal and sterile plants
while all the plants of the S, inbred were completely sterile. Analysis

of the backcrosses and Fp progeny has led to the tentative conclusion
that there are three complementary genes conditioning the ability of

the Hulless and South American stocks to set seed with dent corn pollen.
The presence of the homozygous recessive alleles at any rocus will re-
sult in sterility when pollinated by dent corn.

It is postulated that non-reciprocal cross-sterilities in the
povcorng are due to the interaction of the genic components of the
lines of popcorn (and dent corn) designated as Groups I and II. In at
least one case it is known that the interaction between a LGroup I in-
bred and a Group II Inbred is conditioned in the Group I inbred by a
gingle recessive factor. In two Group II stocks it has been postulated
that three complementary gencs are operative and the presence of the
homozygous recessive at any locus gives plants with a sterile reaction
to Group I pollen. It is further suggested that these sterility mecha-
nisms offer a solution to the problem of producing hybrid popcorn seed
free from dent corn contamination., A backcrossing program is underway
at Purdue to transfer sterility factors to dent corn pollen into the
best Supergold inbreds.

Oliver E. Nelson, Jre.

Universidad Central de Venezuela
Facultad de Ingenieria Agronomiea
Caracas - E1 Valle, Venszuela

1+ Phenol reaction.

, In a local maize from Barquisimeto (Venezuela) an fn (color-
less phenol reaction) was found. Tested with the previous fn (News
Letter No. 22:35-39. 1948) they proved to be alleles.

The phenol reaction is a pericarp character. Nevertheless,
the colorless genotype fn gives in the recently formed grain a colored
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reaction. The expected "colorless" reaction of the fn grains ap-
pears in more advanced stages of the kernels. Considering the
pericarp as a dead iissue, the above result suggests that the dia~
stase involved in the "colored" reaction 1s not originated in the
pericarp itself, but in another tissue from which 1t spreads to the
pericarp. If so, this diastase, perhaps, would be found in every
corn, but in the fn (colorless genotype) there would be an inhibition
to its diffusion to the pericarp of the growing kernel. It is gen-
erally observed that the pericarp gets a deeper color near the basal
region of the embryo.

Dora M. de Zerpa

2. Zebra-necrosis.

Zebra-necrosis is linked with Og giving about 14.9% of
recombination in a backcross population of 94 individuals (News
Letter NOu 22:42““430 1948\ .

The following data were obtained in a backcross with zn
and g in a population of 253 individuals,

(.t 8 ) x zn-g
zn +

Famlay ++ g+ +zn g zn  Tobal

48=1525 13 20 22 13 68
48-1526 6 22 29 3 60
48-1527 10 21 25 5 61
48-1528 g 23 27 6 64

Total 37 86 103 27 253

Recombination  zn-g = 25.3%

#n is to the left of g, but the present experiment is inconclusive
in establlshzng the position of zn in relation to Og. A three
point test is now being carried out including Og, zn and ge

Je M. Guevara

3. moy and Iy

P——————

The offspring of a gelfed plant of the "Chuco!" variety
of corn contained male sterile and japonica type. Both characters
are recesslve and transmitted through pollen and eggs. The follow-
ing limited data suggest that they are linked. We use for them the



symbols msy and jxe

Family + + + msx Jx + Jx msx Total

1 10 5 1. 4 20
2 12 2 1 2 17
Total 22 7 2 é 37

Recombination msy-jx = 22.8% +0.08%,
P. M. Obregon

4Ls suy and sup (Eyster).

These are sllelomorphic.

S. Horovitz

University of California

Citrus Experiment Station
Riverside, California

Waxy endosperm starch from the genotype suj suy Du Du wx wx
is 100% amylopectin, while suj su; Du Du Wx Wx starch is about 60%
amylopectin and 40% amylose, and suj suj du du Wx Wx is about 35%
amylopectin and 65% amylose. It was conceivable that in the combi-
nation guj su; du du wx wx the gene du might interfere with the
usual effect of wx so that some amylose would be formed, giving an
endosperm which would stain blue with iodine. Thils apparently is
not the case. B8Selfed ears from four ¥y plants of the genotype
suj su) Du du Wx wx each gave distinctly less than the normal 25%
of red~staining kernels, but this can be attributed to the well-
known behavior of Wx wx pollen on suj suj silks. Two Fo plants ob-
tained from red~staining (wx wx) kernels were selfed and also out~
crossed to a suj2® du tester to determine their genotype as regards
du. The outcross ears were half sugary and half starchy, indicating
that the tested plants were Du du. The two selfed ears had 301 ker-
nels, all red-staining. Presumably anbout one-fourth of these were
homozygous du, yet still produced only red-staining amylopectin.
The pollen of these two .plants was also 100% red-staining, even thoush
half of the grains were du. '



46,

Linkage data has been obtained which adds to Mangelsdorf's
evidence that du is on chromosome 10. The numbers of plents are
small but the resulis are convincing. Translocation 4-10b su; Du
of E. G. Anderson was crossed with a + suj du line. The Fj was
backcrossed by + guj2® du, yilelding starchy seeds (ggléﬁ suj Du du)
and sugary seeds (su;2% su; du du). The two types were separated
at planting and the following data on pollen sterility obtained:

No. Pollen
Plant genotype plants Semisterile  Normal
5w su Du du 15 15 0
s 8% sy du du 10 0 10

This is linkage of Du with the translocation with less than 4%
crossingover,

Translocation Y-10b Su; Du was crossed by + su; du and
the F; backcrossed by + gu; du. The resulting seeds inc}uaéd four

endosperm types as follows:

(1) Su; Su; su; Du Du du Starchy; smooth cap

(2) Su, Suy su; du dd du Starchy; deep cap depression
Hel 2Rl 22— = =2

(3) oy sy ey Bu D dd Sugary )' not easily sepa-

(4) suy sw su; du du du Sugary ;’ rable,

Type (1) in this material was easily separable from type (2) and
the following pollen data were obtained on the resulting plants:

No. Pollen
Plant genotype plants Semisterile  Normal
(1) 8uj sy Dude 19 19 0
(2) uy suy dndu 19 1 18

Du again shows linkage with the translocation with 2.6% crossing-
over. Chromosome 10 was the common member in the two transloca-
tions used. ~

James W. Cameron
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Division of Genectics
Berkeley, California

4 cytotaxonomic study of the genus Sorghum made clear the
need for a taxonomic revision. Six subgenera have been cstablished
on the basis of cytology, morphology, and distribution. The sub-
genera Parasorghum and Stiposorghum have a basic chromosome number
of five. The pachytene chromosomes of specics in the subgenus Stipo-
sorghum compare favorably with those of Zea mays. The other four
subgenera, Busorghum (8, vulgare), Chaetosorghum, Hetecrosorghum, and
Sorghastrum, have "basic" chromosome numbers that are multiples of
ten.  These four groups may have had their origin in tetraploid pro-
genitors, The closely related genus Cleistachne has a basic chromo-
some number of ninc., This advanced genus may have originated from a
tetraploid Sorghum ancestor after a chromosome had been eliminated.
The following diagram illustrates the probable course of evolution:

Chaetosorghum (x=10) Cleistachne (x=9)
Eusorghum (x=10) Sorghastrum (x=10)

Hetorosorghum (x=10)

Other genera of ¢
i Progenitor
et (x=5) — Parasorghum (x=5)--Stiposorghum (x=5)

D

Andropogonosc
|

The probable center of origin of the genus and probably of
the tribe Andropogoneae may be found in southeastern Asia. This hy-
pothesis successfully meets the greatest number of objections.

It is interesting to speculate whether the tribe Tripsaccne
which is eloscly related to the Andropogoneae also may have had its
origin in southenstern Asia. Genera are found in the Tripsacene with
the basic chromosome number of 5, 9, and 10, The genus Coix with the
basic chromosome number of five is restricted to southeastern Asiag
Tripsacum, an advanced genus, with a basic chromosome number of ninc
is found in the New World with a genus (Zca) having a basic chromo-
some number of ten. Whereas Zea mays may have originated in the New
Viorld, its ancestral form may have had its origin in southeastern Agia.

E. D. Garber



University of Illinois
Urbana, Yilinois

(Department of Agronomy)

1. Illinois chemieal strains.

The 49th generation of the Illinois experiment on selection
for chemical composition was grovn in 1948. Mean cnalyses for the
first and the last five generations of this experiment are shown in
the following table:

% oil % protein
Zgg{ High oil Low oil High protein ES?.EfQESiE
1896 4070 4,70 10.92 10.92
1940 12,57 1.36 19.92 6.19
1941 13.732 1.02 17.76 579
1945 12,62 1.53 17.60 6.27
1946 14.01 1.2 20.07 5,76
1947 13.45 .76 19.24 5.11

As o test of the genetic stnbility of these strains for
chemieal composition, after 48 generations of selection, a "reverse
selection" experiment was begun in 1948. In addition to selection
in the original directions, each strain is being sclected for chemi-
cnl composition in the opposite direction., The mean analyses of the
seed lots used in starting "reverse selection" are shown in the fol-
lowing table:

% o0il % protein
High 0il Low o0il High protein Low protein
Regular sclection  14.61 .54 21,20 4463
Reverse sclection 11.79 1,03 16.63 5.93

C. M, Wocdworth and
Earl R, Leng

2. Short-plant types.

A number of apparent mutations to short-plant types have
been collected during the past ten years. Several appear to repre-
sent types not previously described, and some have given indications
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of potential value as breeding material. UNone of the types so far
collected can be considered "dwarfs", in the maize genetics terminel-
ogy commonly used. ‘‘he most conspicuous featurc of all our stocks

is a marked shortening of the internodes, particularly of thosc below
the car-bearing node. Node number is little, if any, different from
that of normal types. '

Three of the short-plant types, received from widely sepa-
rated hybrid sced corn producers, have becn shown by Fp and Fp data
to have the same major internode~shortening gene. One of thesc types
("Onkes dwarf!) has been described previously (Maize News Lotter 15:

29, 1941) and its "dwarfing" genc may be located on chromosome 3
(Maize News Letter 16:21, 1942)., Data from Fy and Fp indicate that
the gene involved is not dj.

Certain crosscs between the types carrying the same major
shortening gene have produced ears nearly as large as thosc of stand-
ard hybrids on plants which are 45 to 55 inches tall (to base of
tassel). Some of thesc types may have promise in the brceding pro-
gram. Several approaches to their use are being attempted.

Other short-plant stocks differ from the "Oakes dwarf" group
in genes affecting internode length. F, dato from several crosses
between these and the "Cnkes dwarf" group suggest 9:3:4 segregotions,
but the differcnt short-plant segregates cannot readily be distin-
quished from each other. 4 number of other stocks, mostly mutant
types found in standard inbred lines, are now under test to identify
the genes involved, Brachytic stocks and Singleton's C 30 (reduced)
are also being included in these tests, There appears to be a need
for o comprehensive survey and analysis of the various short, midget,
miniature, reduced; and dwarf types to clarify the genetic relation-
ships involved, and some revision of terminology may be nocessary.

Earl R, Leng and .
C. M, Voodworth

3. Direct effecct of pollen on kernel gize.

Studics on quantitative inheritance in corn in progress at
this station for several yecars have included investigations on the
inheritance of kernecl size. In many of thesc experiments, open=pol=-
linnted sced of the types being studied has been used for kernel-
weight determinations. Data of Kiesselbach (Nebr. Agr. Exp. Sta.
Res. Bul. 33, 1926) have indicated that direct effects of pollen on
kernel sizc in dent corn were not lerge. However, cbservations of
such offects produced by pollen of certain inbred lines suggest that
this may not always be the case. The dent inbred line R4 has bcen
found to have a consistently depressing effect on kernel size when
used as a pollen parent. Data illustrating the magnifude of this
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effeect are presented in the following table:

Wleight of 100 kernels, grams

Tester Ky27 as pollen R4 as pollen
(seed parent) parent paront Difference
White 0. P, variety 51,80 41.92 9.88
I1linois Low Protein
(White) 36056 30953 6.03
Henry WMoore Y. D. 36.10 31,97 : 4.13
Lancaster Surecrop ‘
Y. D, 29.46 27,73 1.73

The complete data are expected to be ready for publication shortly.

4. Associstion of endogsperm color, vivipary, and chlorophyll

deficiency.

& stock received from one of our hybrid seed producers in
1943 secgreogates 3 yellow : 1 white when plantse heterozygous for endo-
sperm color are sclfed. Yellow kernels usually have normel embryos
and produce normal green seedlings; white kernels are usually vivip-
arous and producc albino seedlings. Two green seedlings have been
produced from approximately 200 white kernels; onc of these is now
being grovn in the grecenhouse to detcrmine if it is a crossover type
or the result of heterofortilization. No albino seedlings have been
produced from yellow kernels, Enough viviparous yellow kernels have
been found %o suggest that the kernel color-vivipary association is
the result of relatively close linkage and not of multiple effects
of a single gene. The lantter possibility for the association of
endosperm color and chlorophyll deficiency cannot as yet be ruled out.

Farl R. Leng

5. Morc oil ond protein added to_stoendard inbred lines of corn.

A high content of oil and protein has been added to six
widely-used inbred lines of corn by breeding. These lines were
crossed to the I1linois High 0il and to the Illinois High Protein
Strains of corn. Then the hybrids were crossed back to both parents.
After that the backerossed progenies were selfed for three years.
Selection wns carried on for high protein by picking ears bearing
hard, flinty kernels, and for high oil by picking ears bearing kernels
with large germs. No chemical analyses werc made until tests were
started to determine combining ability., Then it was found that prac-
tically all of the new lines were considerably higher in protein con-
tent or oil content than the originnl standard lines used as pcrents.
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The protein content of these new lines ronged from 11 to 22 per cent
compared to a range of 11 to 14 per cent for the original standard
lines. ©il content vanged from 4 to 10 per cent compared to o range
of 2 to 5§ per cont tor the originnl inbreds.

Another point of importance is that backerosses between the
first hybrids and the chemical strains gave new lines with higher oil
or vrotein content than backcrosses between the first hybrids and the
stondard inbred lines., For example, inbred 187-2 was changed from
4.3 to 7.1 per cont oil when backerossed to 187-2, but from 4.3 to
9.8 when brckerossed® to the High 0il Strein. Likewise, inbred L-317
was changed from 11,9 to 16,9 per cent protein when backecrossed to
L-317, but from 11.9 te 22.8 per cent when backcrossed to the High
Protein Strain.,

) Studies are in progress to determine whether the new lines,
although higher in protein or oil than the originel lines, will pro-
duce as high yilelding and otherwisc desirable hybrids.

C. M. Woodworth and
R. W. Jugenheinmer

6, Ear-to-hill selection is more efficient than ear-to-row sclec-
tion in corn. ‘

4 dircet comparison was made of tho efficiency of ear-to-
row vorsus ear-to~hill selection in corn breeding. Three hundred
selected ears of corn were planted ear-to~hill. In order to simu-~
late ear-to~-row procedure, 60 of these cars, taken at random, were
planted in five hills each, Two of the three plants in all hills of
both systems were self-pollinated and also crossed with the single=-
cross tester (WF9xHy). Preliminary results of the performance of
the test crosses indicate that the ear-to-hill technique was more
efficient than the ear-to-row procedure.

7. Preliminory sereening of large numbers of entries.

4 simple, inexpensive performence test wes designed for the
preliminary scrcening of relatively large numbors of entries. Each
three-way cress from the ear=-to-hill studies was planted in replicated,
single~hill plots., Its performance was compared to that of the
single-cross tester grown adjacent to it.

The better lines obtained by the preliminary tests might
be grown in larger populations for additionnl selection within fami-
lies if deemed desirable. The remcining material also might be com-
parcd in stondard yield tests to determine the superior inbred lines

anc- hybrids,
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3. Corn hybrids differ in harvestability.

In tests or harvestability with the mechanical picker,
some hybrids were picked much cleaner and more nearly completely
than others, Corn hybrids differed in

a. Time required to harvest

b. Ear droppage

¢, Ears left on plants by harvester
d, Husks left on harvested ears

e. ©Shelled corn lost on ground.

In a sgeries of comparable single crosses in 1947, 20 per
cent of the ears of K180 crosses were left in the field by the
mechanical harvester compared to only 5 per cent of the ears of
C.L7 and H7 crosses, Individual hybrids ranged from O to 31 ver
cent of the ears left in the field. On the average ears of K180
crosses had about 1 gram of husks compared to 6 grams of husks on
ears of K148 crosses. Individual hybrids ranged from O to 10 groms
of husks left on harvested ears, A correlation of +0,8 was obtained
between percentage of ears left by the harvester and percentage of
lodged plants at harvest, One hundred and fifty-two double crosses
ranged from O to 16 per cent of the ears left in the field by the
mechanicel hervester, and from 1 to 9 grams of husks left on har-
vested eors, These differences were statistically significant.

In 1948, 88 double crosses, and 45 single crosses, involv-
ing all possible combination of 10 inbred lines,; were compcred for
differences in mechanienl harvestability, Under conditions of little
lodging, the differences in number of earg left in the field by the
mechanical harvester usually were not significant. However, the
double crosses rangsd from 1 to 17 grams of husks left on each har-
vested ear and the single crossges from O to 18 grams. Differences of
3 grams or more were significant, U. 8. 13 had an average of 1 gram
of husk per harvested ear compared to 17 grams per ear for U. S. 537W.
The inbred lines performed similarly to their average performance in
single crosses, ~

Since more than 75 per cent, or nearly 7,000,000 acres, of
the Illinois corn acreage is harvested with mechanical pickers, har-
vestability is an important characteristic,

9. Eor parents of double crogsses must grade well.

A high percentage of regular flat kernels is desired of g
single cross used as a seed parent of a hybrid, This is so because
it results in a larger amount of salable seed from a given acreage.
Every extra bushel of salable hybrid seed corn produced per ncre in
I1linois represents an additional million dollars to our hybrid seed
corn industry. ~

Extensive tests have been made in Illinois to locate better
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groding seed porents. Using a specially-designed experimental grader,
single cross parents were found to differ greatly. For example, 65
per cent of the seed of K201x38-11 graded large flat or extra large
flat compered to only 5 per cent of the same grades of Kix38-11.

Forty per cent of K4x38-11 graded small flat compared to only 2 per
cent of K201x38-11, Also, K201x38-11 had only one per cent cull corn
while K4x38-11 had 11 per cent of cull corn.

R. W. Jugenheimer

10. Stalk lodging in inbred lines of corn caused by 2,4-D spray
during flowering., A v

Spraying inbred lines of corn with 2,4~D solution during
flowering cnused extreme differences in lodging. The material in-
cluded 160 inbred lines from 15 states and the United States
Deportment of Agriculture. Most of these lines are widely used in
the hybrid corn programs in the Corn Belt.

The plants were sprayed with one-half pound of amine acid
in 100 gnllons of water per acre. The application was made with a
small hand sprayer on July 13, 1948, when most of the lines were
tasseling,

Each plot consisted of two hills with three plants per hill.
Two plots of each line were sprayed, making a total of four hills or
12 plants per line. On July 24, the plants were graded for lodging.
The amount of lodging was graded as follows:

a. No lodging

b. Light lodging

¢, Average lodging

d. More than aversge lodging
e. Very bad lodging,

4 difference of 1.5 grande between any two lines was signif-
icant at the one per cent level., The following lines graded 2 or less
and were most resistant to lodging: 4111, A116, 4158, Al2, A340,
A334, 08420, Hy2, K63, Kys, K201C, B1l0, and CI.R1E, The following
lines graded 5 and lodging badly: A7, 0s426, 1289, Ind. H5, Mo2RF,
Towa 159, Ind, 33-16, Ky 39, Ky 58, CI.187-2, K148 and CI.5.

The land was free of weeds at the time of spraying. The
applieation, however, fairly well controlled the weeds that came up
after the application of 2,4-D spray. It is believed that this type
of application might be valuable in controlling weeds that often ap-
pear after pollination in breeding or genetic nurseries,

R. W, Jugenheimer aond
F. W, Slife
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Relation of crogssing over to mutation of gE.

Previous studies indicate that Ab and its mutant gﬁ deriva=-
tives are non-linear in action. The former produces purple plant and
aleurgne color; the latter are associated with pale phenotypes. Ab
and Ad types produce a brown pericarp which is dominant to the red
effect of A. MNoreover studies involving different doses and combina-
tions of the Ad elleles are difficult to interpret on the basis of a
simple relation between gene and agent., It is possible to explain
the action of these alleles if it is assumed that they are compound
in the sense that each is composed of two or more physically distinet
determinants. To test this possibility in the case of gb,experiments
were conducted to determine whether there is a reletion between cross-
ing over and the mutation of this allele.

The genes lg, and et, which lie, respectively, 33 units to
the left and 13 units to the right of A in the long arm of the third
chromosome, were used as markers. The “recombination value for the
lg-et interval is 0.42. In view of this high frequency gﬁ a plants
were employed rather than the homozygotes since this permite the use
of g as a third marker gene. Since mutants of the gd type have never
been obtained from a it is certain, after testing to establish their
n%ture, that the mutants obtained in these oxperiments originate from
4%, '

Individuals having the constitution AP/lg a et were grown
at Princeton in 1947 and crossed with lg a et pollen. To avoid con-
‘tamination the plants were started and flowered earlier than any
others in the field:; all pollinations were made by hond., Among the
resulting progenies which contained 27,936 purple seeds (AP contributed
by the egg) seven pale seeds were obtained which produced pale plants
and whos¢ progeny tests showed that they carried a mutant allele.
Progeny tests grown at the California Institute of Technology in the
gummer of 1948 established thut these plants carried a mutant gene of

the 49 type.

Tests of the mutant individuals showed that six of the

seven Adwbﬂarlng strands contributed to the eggs by the heterozygous
parents represcnted recombinations for g and et (Table 1). The ex-
pcctod frequeney for recombination in this region is 0.128, taken from
table 2, which summarizes the data on crossing over in the lp—a and

n-et reglons; the data nre from ears in those families vhich produced
the mutant individuols, Although the numbers are small, the high fre-
quency (0.858) for rocombination in the a-gt region among the mutant
Ad strands suggests a relation between crossing over and mutation of

Ab,
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Table 1. Cross: AP/lg a et x lg a et
Constitution of the gd-bearing strand

Hon~
lutant crossover Crossover types
plant types Region I Region II Regions I and IT

14-1 Lg 44 et
841 T
94-1 ‘ n
144-~1 "
194-1 "
78-1 1¢ A4 Bt

i v e

7€H~1 , 1g A9 et

Table 2, Summary of the data on crossing over in the 1g—ﬂr(Region 1)

end g-et (Region II) segments from progenies of backcrosscs
of the type: ép/@g a et x lgacet

Crossovers
L Region I Region II Regions I cnd II
Total No. 'roguency Ko, reguency Mo, Freguency
17,298 5,714 0.3303 2,220 0.1283 405 0.0234
Y0,0036 ¥0.0025 £0.0004

This interpretation is rupported by evidence from experi-
ments in 1948 conducted on a large scale. A4s before, marked hebero-
zygotes carrying AP werc crossed with lg a et pollen which in addi-
tion carried Dt. The precoutions against possible contamination were
the game as in the previous experiment. While progeny tests of sus-
pected mutants from these crosscs are not yet available those seeds,
which were pale and dotted, were selected ond classified for normel
versus etched (et) phenotype., Since dots have never been observed on
endosperms crrrying éb, a and Dt, the presence of dots on the selec-
ted seeds may be taken as evidence of their mutant charscter. Of the
total of 34 pale, dotted sceds obtnined, 30 were crossover trpes for
the n=e¢t interval; as in the previous experiment there was a pre-
ponderance of the crossover class. The 34 pale seeds occurred indi-
vidunlly on ears. ¥From classification of the remnant seeds on these
ears a frequency of 0,1389 #0,0045 was obtained for recombination be-.
tween a and eb; this is to be compared with 0.882;, thc value for re-
comblnﬁtlon in the same region among the 34 mutants.

In the cases of five of the total of 41 mutants from both
experiments the Ad-bearing strands delivered to the eggs were non-
crossover types for the g-et region, It is possible that these arc
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due to mutations of AP which are not associated with crossing over

at that locus; if such mutations do occur they would fall predomi~
nantly in the nonerossover class, However, in view of the relatively
great length of the g-et sepgment (13.2 units as an average of the two
experiments) it is a more plausible explanation that the apparent non-
erossovers are cases of double exchange, one occurring at the locus

of gb giving rise to the mutatiocn, the other occurring somewhere be-
tween this locus and that of e, thus reconstituting the parental
gombination,

Y

The evidence suggests that gb is composed of at least two
components, separable by crossing over. If these are dasignated
alpha and beta, the latter being more distal, the Ad mutants may be
deseribed as havzng alpha and lacking beta; thlq follows since the
strands carrying AY were predominantly of the nonpasrental elass for
et, the more distal marker. :

On this basis it is possible to szccount for the non-linear

action of Ab in terms of its compound nature. For ewxample, the domi-

nant brown | perlcsrn effect of Ab may be argued to reside in the =lpha
componcnt (A ) 81nce the Ad mitents also show this cffect., It is
possible that the 4 L mutuntos which also are entimorphic in theoir
action, are in turn compound. This posoibi ity, along with others
vhich logieally suspest themselves, is being investigated. It ig an
inviting prospect that the complex action of a numbor of the 4 alleles
may be resolved on the basis of their compound nature rather than in
terms of genic agents having relatively complex interactions.

John R. Laughnan

1. An abetrocet on crossover chromosomes in unreduced gametes of
asynaptic maize wes published in Genetics, 1947, in which it was
stnted that the dlploid egg cells, presumably arising from sporo-
eytes with 21l or nearly all univelent chromeosomes at metaphase I,
contained crossover chromosomes. Our studies on the genetic consti-
tution of diploid gametes from asynaptic plants hove been continued
and the dota now at hand would seem to permit the following conclu-
sions to be dravn: For regions in both chromosomes 2 and 9 there is
a signifiecant increnge in the amount of crossing over in asynaptic
plants. This is true for both haploid and diploid gometes. 4s on
excmple, the fregquencies of crossover and noncrossover strands in
haploid gametes for two regions in chromosome 2 are given below.
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Asynapbic plants Normal SEEE recombination
(0) Ws Lg Gl 230 339

(0) ws 1g gl 239 305 : -ws-lg  lg-gl

(1) ws 1g g1 62 81 as 20.1 30.5

(1) ws Lg G1 A 64, As 14,7 21,1
(2) Wws Lg g1 115 106
(2) ws 1lg G1 100 103
(1-2) Ws 1g G1 21 1
(1-2) ws Lg gl 25 1
856 ' 1000

The most striking differerce among haploid gametes from asynaptic

and normal plants is the great increase in the frequency of double
crossovers in asynaptic plents. The analysis of diploid gametes is
slow and comperatively little data have been obtained, but it is
obvious that in these diploid eggs the frequency of crossover strands
also is very high. Comparable results have been obtained for the
C-sh and sh-wx regions in chromosome 9.

M. M. Rhoades and
Ellen Dempsey

2. In the Mnize News Letter for 1943, T reported on the preference
of Jap beectles for liguleless-1 lcaves, During the summer of 1942
it was observed that in sevcral different cultures segregating for
1gl that the damage caused by the feeding of the beetles wans mmuch

"

grester on liguleless than on normal plants. Inasmich as all of the
segregating familics were descendents from one liguleless stock, it
was possible that another gene in chromosome 2 was involved in the
taste difference, More information on this problem was obtained
"when seed from a lerge number of selfed esars in seven open-pollinated
varieties were grown, In five of the varieties, progenies were found
segregnting for }gj'and in every instance the preference of the Jap
beetles for the liguleless plants was striking., The lg alleles in
these five varietics probably arose as independent mutations since
the varieties came from widely separated parts of the country. Ap-
parently the lg gene makes the leaf tissue more palatable to Jap
beetles as well as offecting the development of the ligule and other
morphologienl characters.

M., M. BRhoades

3, The inversion present in Mangelsdorf's homozygous Eg line (see
ny item 5 in the 1948 News Letter) proved to be in the long arm of
chromosome 3,.

M. M, Rhoades
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4. In the 1947 News Letter I mentioned a complex translocation in=
volving chromsomes 3 and 5 in which a break had occurred in 5L mid-
wny between the knob «nd the end, while the centromere of 3 had been
fractured. The distal portion of 5L had bccome translocated to 3S.
The linkage relations of genes in chromosome 3 have been determined
with respect to the point of translocation, which 1s the centromere
in this cnse, Due to the fact that directed segregation of the
chain of 3 (in strains with two normal chromosomes 5, one norml 3
and the interchanged 3's) may occur with certain modifiers present,
it was not fecsible to use pollen abortion as the marker for the
translocation, and root-tip counts were resorted to. Plants with 20
chromosomes had the intact chromosome 3 while those with 21 chromo-
somes had 35 and 3L ns separate entities, The following data were
obtained:

Lgo-4 36 % recombination _

thgﬁ 36,5 " n (C represents the centromere)
C-Re 1.8 " N .
lep-Rg 160" "

C-A 50 M " .

Anderson and Randolph state that the centromere lies between dq and
ts8,. The dnta obtained in the study of this translocation permit a
more definite location end show that the centromere lies

between dy and Rg, with Rg lying between ng and the centromere., The

linkage map is shown below (C standing for the centromere):

er d C Rg tsé ba na A et gany
0 18 25 L0 47 6., 75 103 115 121

M, M. Rhosdes

Chlorophyll formation and chloroplast development in maize matents.

Cytologlcal investigations of the chloroplasts in the white,
luteus, virescent and pale green mutants revenled that complete cor-
rclation does not exist throughout between the size of the plastid
and the chlorophyll content of the leaf, The correlation is positive
in the whites, where the plastids are very small and are present in
the form of proplastids; positive in the virescents where the plag=-
tids increase in sizc from proplastids to normal full-sized plastids’
ns greening proceeds in the leaf; and exists also in the pule greens
vhen the plastids are just slightly smaller than normal. In the case
of the luteus mutants there does not seem to be any obvious relation-
ship between plastid size and chlorophyll formation. Some of the
mutants that contain only a trace of chlorophyll have very smnll
plastids while others with just as 1little chlorophyll have plastids
of nlmost normal size. The same holds true for the mutants with a
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comparatively high chlorophyll content. Many have lorge plastids
but some contain only the very small plastids.

By means of the chromatographic adsorption technique it
was found that all of the luteus mutants studied contained a small
amount of both chlorophyll A and B in addition to carotene and
xanthophyll, In the very pale luteus plants the amount of chloro-
phyll present is so small that it is completely masked by the yellow
pigments in the leaf,

A11 of the pnle green mutants studied were also found to
contain both chlorophylls. *

The absorption spectrs of the greon pigments in the Juteus
and pnle green plants, obtained with a Beckmen Spectrophotometer,
confirmed that they actually were chlorophyll A and B. This rules
out the chlorophylls as the cause of the lethality of many of the
pole green mutants,

One Juteus mutant was found in which the formation of
chlorophyll B is delayed until at lenst four days after the forma-
tion of chlorophyll 4, At low temperatures (62°F) chlorophyll B
formation can be delayed for about two weoeks. This affords the
possibility of ascertaining whether or not photosynthesis can pro-
ceed in the presence of chlorophyll A only.

Drow Schwartsz

University of Minnesota
University Farm, St, Poul 1, Minnesota

~ 1. The gene, glossy-5, gives no evidence of linkage with bm pr ys
in chromosome 5, The gene, glosey~8, appears to be linked with pr ys,

confirming the ecrlier report, but the order is not determinable
from the data. :

T, H. Anstey

2. A high bt stock has been established from the stock originnlly

reported by Jenkins in an go stock, One plant of one stock tested
has a Ga factor in chromosome 2 as well as in chromosome 5,

Leola B, Ford
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3. Three virescents (X~ray or U.V. mutants) obtained from Stadler
(labeled here vS-1, vS-2, vS-3) have the following results from
intercrosses: S

vS-1 was found to be different from vy, ¥p, and v,

3{8_2 ft 1. H #t it " El? 12, 1.,3’ and .Y.lB

vS-3 1t non " 1t Yor Y35 and Y13 .
G. T. DenHartog

4. A method of calculating gametic frequencies g to z and
coincidence from three-point Fo data from an individual
heterozygous for three pairs of factors AaBbCc.

The observed zygotic Fp frequencies are given the symbols
a to h; their expected frequencies in terms of the gametic fre~
quencies g to z are given in table 1.

Table 1.
Observed
zygotic ‘Pheno- Gametic - Phenotypes in terms of
frequency type frequency gametic frequencies
a ABC s 52+2sz+2sv+2st+2sw+2sy+25u+2sx
; +2vw+2tw+2wu+ 2ty +2tv+R2xu
b ABc t t2+2tx+2vt 26v+ 20z
c ABC u u2+2uy+2vu+2vy+2uz
d " Abe v vR+2vz
e aBC W WR 2K+ Wy + 2w + 2%y
f aBe X XR+2x2
g abC y yR+2y2
h abe z z°

The frequencies of the gametes s to z can then be calcu-
lated as follows: ‘

For z, gR= h, then z =/h .

For y, (z+y)® = h+g, or z+y = /h+g, and y = vhtg - z.
Similarly for v and x. x = #/f+h = 2 and v = #/d+h = z.

For w, h+figte = (z+y+x+w)? then w = vhsfrgte = (z+y+x).
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Similarly for t and u. u = Ve+dtgrh - (vey+z) and
t = V/brd+f+h - (vix+z).
For s, at+b+c+d+e+fz+h = (s+t+u+v+w+x+y+z)2
then s = Vatb+ct+d+e+f+gth « (bHutviw+x+y+z).

it

Corn was selected which was segregating for glossy, ligule-
less and virescent,, on which this method could be tried. Table 2
shows the classification of this material according to phenotype.

Table 2, OClassification of corn secdlings segregating for
glossy (gl), virescent, (v;), and liguleless (lg), in Fp

Glv,Le lealg Glv,Lg Glv,lg glv,Lg glv,lg glv,Lg glv,lg Total

483 256 179 108 230 6 57 1 1320

The analysis of these data follows:

M= 1
VETAL - 1 = 6,6158
MI+6 w1 = 1,6457
VI+108 - 1 = 9.4403
V230457+641 - (x+y+z) = 7.884§
V179+108+57+1 - (v+y+z) = 1,5181
mmmmmm - (vix+z) = 7.1753
V483+256+170+108+230+6+57+] - (t+u+vew+x+y+z) = 1,0517 .

H
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These calculated values may be arranged in a more orderly
fashion as follows:

Relative Actual
Class of gamete Gametes frequency frequency
Nonecrossovers v, GL 1g viw = 17.3252 47769
V4 el Leg
Single crossovers in vy, gl Lg x+y = 13.7911 «3796
v Amgl v A Gl lg
Single crossovers in v, Gl 1g utx = 3,1638 .0870
gl-lg Vé gl Lg
Double crossovers v, Gl Lg s+z = 2,0517 0565
7 gl 1lg
Crossing over in region 1 = .4361
" nooon " 2 = 1435
Coincide = observed doubles . .0565 . o
OReLAenes = Cxpeoted doubles ,0626 ?

Russell T. Johnson
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5. Chromoscme segregation in heterozygous translocations.

Segregation from chains appears to differ from that in
rings, In the chain-forming T1-6b and T5-6b heterozygotes (break
in satellite) with short interstitial segments (region between
centromere and translocation break), very little adjacent 2 segre-
gation (homologous centromeres go to the same pole) occurs. In
rings with short interstitial segments adjacent 2 segregation occurs
in 14 to 36% of the sporocytes (dlffering in different translocatlons)
In chains with long interstitial segments, adjacent 2 segregation
also appears to be very low as shown by T5-6c/+ which forms chains
at diakinesis in 30 to 40% of the sporocytes, yet has little, if
any, of this type of segregation,

If chromosomes that crossover go to opposite poles, as the
evidence indicates, then a species with directed segregation would
show varying degrecs of sterility associnted with a {2 4, the amount
dependent on the frequency of crossing over in the interstitial
segments, the maximum being 50%; since half of the sporesin ench
quartet, which follows such crossing over, abort.

In the scarch for directed segregntion, translocations
with short interstitial segments are being used in crosses w1th mn-
terial of different origin.

G. R, Burnhanm

University of Nebraska
Lincoln, Nebraska

Effects of irradinting corn tassels with slow neutrons.

" Work is in progress in our laboratory on determining the
genetical and cytological effects of irradiating maize pollen with
slow neutrons. The work has been under way for two years.

_ Sced for these tests was furnished by Dr. L., J. Stadler.
The female plants were of the genotype agprprsusu and the mnle plants
of the genotype AAPrPrSuSu.

In 1947, the corn for irradiation was grown at the
Agricultural Experiment Station, Lincoln, Nebraska, and in 1948 at
the Pfister Associated Growers corn breeding nursery, Naperville,
I1linois. In addition, tassels for the 1947 tests were gecured from
Dr. ¢, R, Burnham at St, Paul, Minnesota, Irradiations were made by
placing the tassels in the thermal-neutron column of the heavy woter
pile at the Argonne National Laboratory in Chicago., The flux was
7 x 1010 neutrons per square centimeter per second at the position of
the tassels. In the 1948 tests, an X-roy treatment of 1200 r units
was also ineluded for comparison.



Table 1. Mutations affecting the entire Fy aleurone or endosperm of individual kernels with respect
to three marked loci and percentages of defective kernels from crosses of aaprprsusu plants
by AAPTrPrSuSu plants, the tassels of vhich were irradiated with slow neutronsl or X-rays.

4 locus Pr locus Su locus Kernel development
Total no. Per cent Total no. Per cent Total no. Per cent Total no., Per cent
Treatment kernels kernels kernels kernels kernels kernels  kernels kernels
examined colorless  examined red examined sugary examnined defective
Control - 11,326 .10 11,178 .02 11,320 .01 11,380 .55
X-ray (1200 r)? 6,544 5,64 5,923 .86 6,081 3.26 6,690 8.97
Neutrons )
1 minute? 3,167 .95 3,131 .10 3,166 A 3,246 2.34
1 minute 8,244 82 8,160 A2 8,261 46 8,470 242
2 minutes 9,308 433 3,777 .29 9,164 2.38 9,992 8.30
4 minutes 6,203 £.83 5,484  1.51 - 5,522 Lo45 7,761 28,93
8 minutes 1,925 13.04 1,660 1.45 1,515 5.61 3,335 54.81
16 minutes3 47 25.5 35 0 49 12.24 208 76 .44
1

Flux was 7 x 1010 neutrons per square centimeter per second.

‘zData from 1948 crop only.

BData from 1947 crop only.

c€9



Teble 2. Mutations (chimeras) affecting sections of the Fl aleurone or endosperm of individual
kernels with respect to three marked loci and percentages of kernels with sections
defective in development, from crosses of aaprprsusu plants by AAPrPrSuSu plants,
the tassels of which were irradiated with slow neutronsl or X-rays.

A locus ‘ - Pr locus Su locus Kernel development
Per cent Per cent Per cent ‘ Per cent
Total no. kernels Total no. kernels Total no. kernels Total no, keinels
Treatments kernels ~ mosaic for kernels mosaic for kernels mosaic for kernels moszic for
examined colorless  examined red exanined sugary examined defective
Control 11,314 1.24 11,176 .10 11,319 .03 10,217 04
X-ray (1200 r)2 6,176 1.39 5,87/ 37 5,883 .34 6,090 .20
Neutrons
1 minute? 3,137 1,20 3,128 19 3,152 .16 3,170 .06
1 minute 8,176 1.38 8,149 23 8,225 1 7,431 G4
2 minutes 2,904 2.56 8,699 .37 9,018 .22 6,671 s
4 minutes 5,659 2.36 5,466 .58 5,286 38 4,931 -52
8 minutes 1,675 4,12 1,636 91 1,430 .83 1,113 1.42
16 minutes3 35 2,78 35 0 49 0 - --
1

Flux was 7 x 1010 neutrons per sguare centimeter per second.
“Data from 1948 crop only.

3Data from 1947 crop only.

79
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Cbservations on mutations affecting the entire F; aleurone
or endosperm of individual kernels with respect to the thrie marked
loci for the various treatments are presented in table 1. Percent-
nges of kernels with the Fq tissue defective in development, as de-
termined by external appcarance of the caryopsis as a whole, are
also shown for the various treatments.

lMutations involving the same characters but affecting only
sections of individual kernels (chimeras) are reported in table 2.

The F1 generation from seed produced in 1947 was grown at
Lincoln in 1948, Plantings were made directly in the field on May 21
and June 8, exccpt that at the first planting date the defective
sceds were planted in the greenhouse, The results from this planting
in the greenhouse are not included because of rodent injury. Com-
bined data on stands from the various treatments for the two planting
datcs are presented in table 3.

Table 3, Stand of Fy plents from crosscs of normal by normal with
tagsels irradinted at various lengths of time with slow neutrons.
Combined data from plantings made at Lincoln, Nebraska,
on May 21 and June 8, 1948.

Length of time

tassels exposed to No, of kernels Stand of plants
neutron irradiation , planted No. Per cent

Control 279 256 91,8

1 minute 337 297 88,1

2 minutes 346 286 82,7

/4 minutes 4R9 206 48,0

¢ minutes 328 101 30,8

16 minutes - 38 2 5.3

E. F. Frolik and
Rosalind Morris

University of Wisconsin
Madison 6, Wisconsin

1., Pink aleurone color,

A pink aleurone color, phenotypically resembling that de-
scribed by Ruth Sager in Maize News Letter No.22, hcos been observed
in stocks of corn homozygous aq 9 R pr EE ¥+ Data covering two

generations do not indicate maternal inheritance, however, as reported



by the Columbia worker,

Attention was first drawn to the presence of this pink
aleurone in stocks segrogating for an undetermined germless condi-
tion, On selfed ears homozygous ay C R pr in y snd scgregating
Cm gm, a rotio of 3 white to 1.piB% aleurone vas noted., All of the
pink kernels werc gormless. Upon clese examination, however, some
of the non-germless kernels werc found to be slightly mottled with
pink. Others showed no pigmentation. Selfed plants from non-germ-
less pigmented kernels produced ears resembling the ears from which
they came. Non-germless colorless kernels produced ears in which
all of the kernels were colorless. if germless was not segregating.
If germless was sepregatlng,the germless kernels were very sllghtly
pigmented,

When this &, C R pr in y Gm/gm stock was crossed with a
related homozygous A % Rpr in y Gm 11ne the kernels were g1l in-

W e - - -

tense red as expected; but upon selfing a new phenotype, "rust!
aleurone, appeared in the ratio 9 intense red : 3 rust : 4 white on
half of the ears harvested in 1948. The other half segregated the
expected 3 intense red t 1 white, and some of the near-colorless
kernels showed the pink aleurone color exhibited by the one parent
stock, Likewise on the ears segrepating rust, some of the kernels
were very slipghtly mottled pink even though germless was not segre-
gating on any of these ears, It is not possible at this time to
conclude that the pink aleurone color,observed in the presence of
recessive al,is related to the rust aleurone color produced appar-
ently in the presence of Al even though both condltians appeared

in the same stock.

The germless condition must be a strong modifier of the
pink aleurone. color, since on non-germless kernels a few clumps of
aleurone cells on the crown of the kernels may be pigmented to give
a very faint mottled appearance, whereas on germless kernels the
pigment is rather evenly distributed and more intensely developed.
Gormless and pink aleurone are separable. F, data indicate that
they are not linked, '

There is likewise some indication that in may modify the
pink aleurone color - and possibly the rust color. Since most of
the stocks involved in this work have been in in, this gene mey have
been a factor in the original detection of thesec alcurone phenotypes.

Data from the F, of the mating homozygous g7 C R pr in y
(carrylng pink aleurone) x homozygous ARPrIny (c sh wx) whero
" the rust phenotype also appeared, indicate that Yl) the rust pheno-
type may be modified in the presence of these several segregating
genes to various shades of brown and (2) the expression of rust de-
pends upon a gene linked with ¢ gh wx. Whether this gene is bz
has not been determined, ‘ ,

_ Robert I. Brawn
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2. Mutagenic action of nitrogen mustard.

Experiment: on the muitagenic action of the nitrogen mus-
tard, methyl-bis (B-chloroethyl) amine, on corn were begun in 1947
and continued in 1948, In general, the treatments consisted of ex-
posing freshly collected pollen samples to vapors of the methyl-bis
(B-chloroethyl) amine just before the pollen was applied to the
pistillate parent. The exposure was made by introducing 0,2 ml,
pollen samples, distributed uniformly over the flat bottom of a
shallow 20 mm, diameter vial, into a chamber containing vanors of
the nitrogen mustard.

TREATMENT - In 1947, the exposure was made in a desiccator
. containing a fan for circulnting the air and a filter paper moistensd
with methyl-bis (B-chloroethyl) amine. For the 1948 cxperiments,
the treating apparatus was redesigned to zllow variation of both

the vapor concentration and exposure time. This apperstus consisted
of a 22 em, U-tube filled with very small glass helices covered with
methyl-bis (B-chloroethyl) amine, a mercury-filled gos burette, and
a 300 ml, treating chamber. Dry air at the atmospheric temperature
was drawn through the U=-tube where it became practically saturated
with vapors of the B-chloroethyl amine. Variable quantities of this
dry air containing these vapors were then introduced *through the

gas burette into the treating chamber, This chamber contained a
moist filter paper to mnintain a high humidity and a magnetically
operated fan placed so it would circulate the air-vapor mixture
through the pollen,. The time of exposure of the pollen to the air-
vapor mixtures was varied from one to five minutes, and the quantity
of vapor introduced into the chamber ranged from one to 24 ml. The
final concentration of methyl-bis (B-chloroethyl} amine in the treat-
ing chamber, as approximated from volatility data, probably varied
from ebout one to 24 micrograms of amine per liter, Since the ex-
posure time as well as the concentration was varied in the 1948
treatments, the "mortality product! or product of the concentration
multiplied by the time varied from one to 120,

RESULTS = Most of the seeds obtained in 1947 by pollinating
normal plants with treated pollen were shrivelled., Many of these
gseeds, including some very small ones, proved to be viable and gave
thrifty plants. The poor seed development was associated with gross-
ly impaired endosperm formation. Tassel samples collected from the
plants reared from these seeds were scored for defective pollen to
obtain an estimate of the frequency of chromosomal abberations re=-
sulting from the treatments. One hundred eighteen plants among 760
sampled were scored as having a significant proportion of defective
pollen, This is a frequency of 15.5 per cent. Among 58 controls
none produced defective pollen. Seven hundred fifty-six ears from
self-pollinated plants were harvested. Sixteen seeds from each were
planted in the greenhouse and the seedlings scored for chlorophyll
deficiencies., Five families segregated for such deficlencies. This
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is a frequency of 0.66 per cent., There were no chlorophyll de-
ficient plants among the controls, A subsequent planting of 300
kernels per segregat/ng family was made. The numbers of defective
secedlings obtained rrom each of four families were 60, 68, 77 and
€0, One car had too few kernels for this test. The pollen treated
in 1948 was froma g CR P Pl Pr B Y Su Sh ¥x lg; stock., The pistil-
late parent to-which the pollen was applied was a multiple recessive
ACr8 pplprby (Susuor su) sh w Lgy stock. Use of pollen,
Which had beén subjected to & treatmerit of a mortality product of
one, resulted in almost normal appearing ears. Use of pollen,which
had been subjected to a treatment of a mortality product of 120,
resulted in partially filled ears with a high proportion of defec-
tive kernels, The kernels on these ears are now being classified
for endosperm mutations, The following mutations in the endosperm
have been observed: sugary, waxy, white, red aleurone and shrunken.
Mosaie kernels are more frequent than mutations affecting the entire
kernel. The frequency of mutations increases with the severity of
the treatment., Plants will be grown from these seeds in 1949 and
scored for mutations carried by the embryos. -

Pryce B. Gibson, Lloyd Wilson,
R. A. Brink, Mark A. Stahmann
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IV, SEED STOCKS PROPAGATION

Most of the 116 cultures propagated the past summer were
planted to renew viability and seed supply of old stocks. Further
attempts were made to clean up certain of the stocks which had
previously been outcrossed to adapted inbreds for the purpose of
adding vigor to these stocks, In addition, stocks of two new genes
and two new multiple-gene chromosome 5 linkege testers were incor-
porated into our supply. These are listed below with the Codp

culture numbers.

1. Richey's dominant inhibitor or partial inhibitor

of yellow endosperm . « « « «. 4+ » « » » =« « « « Co 48-71
2. Randolph's as bt bv pr . . . . . . . . . . . . Co 48-75
30hbtbvpr ..o 00w i e s Do 48-21
4.+ Horovitz's early grasshopper resistant, ag . . Co 48-76

The last may be of special interest to corn brecders in
those states where the grasshopper is a serious menace. There-
fore, in addition to sc¢lfing this line, we crossed it to two
adapted New York inbreds. Plenty of sced of both are now available
for anyone who may want them.

If any other coBperator has a supply of gene stocks
which were not listed in our inventory in the 1948 News Letter,
it would be helpful if he would forward a small supply to the
Co8p for incorporation into our seed supply.

James E. Wright, Jr.



