MAIZE GENETICS COCPERATION
NEWS LETTER

18

January 31, 1944

The data presented here are not tc be used in
publications without the consent of the authors.

Department of Plant Breeding
Cornell University
Ithaca, N. Y.



I.
II.

CONTENTS

Important Notice ....'...’......'........I'.l........

Foreword .'......II....’............I...............

IITs Reports from Cogpel‘ators T L L L

Iv.

b
-

Bursau of Plant Industry Station ececececescccccces
Burveu of Plant Tndustry and Purdue Universiily ...
Carnegic Tustitution of Washington, New Tork City
Columbia University seceececceccccsccccccvccnsccnass
Connecticut Agricultural FExpeoriment Station eceee..
Cornell Universily eceecesccsscsccsccnrosvscevrsccns
Cornell Univergity n-7 Csorgia University seeeece.
Duke University ceececcsccesscccccvcracsccncccsces
Florida Universliy seeecssccscvecesccccccccscasces
Iowa State Collefl€ eecscssnssescscscancencncioscns
Minncsota University eecesecccssceccccrcccsrinceanes
Missouri Tniversity ceececccccccsccccc.vc or -anees

Venezuela Instituto Experimental de Azr~i~iitasa
yZOOtOCRia ‘.....‘............'--fl-l’."...

mze Public{&tions T T I e O D R L I

&Gd swcks P!“)pa_",‘&f/ad in 191,,3 R R

Page

)

LY BEES E  ~

26

15
15
18




I. IMPORTANT NOTICE

The ileize Genetic Cogperabion News Letters carry a statement to
the effect that the presentation of data in ihen is not regurded ug
conetituting publication snd thot no such data are to be used in

plications without the congent of the authors. A foreign geneticist
and plant breeder, not working with maize, hasg published a review of
News Letter 16, 1942, He-was awure of the injunction and quoted it in
the review. He included none of the data tut did include the perhaps
tentative conclusions drarm from the dats by the authors. While,
thecefore, he obuyed the letter of the injunction, il can hardly be
maintained that he accepted the enirit of the rule.

I conferred by letter with a number of the more active cogperators
in this country. Roplies ranged from onc extrome to the other. Some
thought thut even such publicetion as had occurred might be disastcrous
and that, in tho future, the Newe Lotter should be sent only to those
cospurntors who contributed meterial, Others sew litfle danger, at this
stage of our work, from such & review ag had becn published and suggueted
no change othor than a rewording of the injunction, Nost replics suggested
a middle ecourse Letween thesec extremes. I am, therefore, adopting the
fo%lowing procedure. This News Letter is being sent to those who are now
codperating or who have furnished material in the not too distont pest.
fMarcher copies will be held here to be gseut on request to other geneticists
or brecdere. I chall have to depend on my own judgment (goed or bed) in
determining whether particulur requests shall be honored.

R, A. Emerson

II. FOREIORD (Swan Song)

T have becn conngcted more or less intimatcly with Maize Genetic
Cogperation from its boginning. Some years I have had to devote con-
siderable time to it and othor years zlmost none. On the wnole 1 feel
that I have probubly done less than I should and certainly less then I
an credited with having done. I am now an temeritus® and rather enjoy ite
I am anxious to complete (before my number come: up) certain maize genetic
problems that have been undervay for a long time and which #ill require
yet further years of work. I am willing to admit no more then that I am
not groving younger as the year? ©o ty. Any wvay I feel that, whether well
or poorly, I have about done my stint and tint some one else should soon
ageume respensibility for thir coBperative effort. An appropriate time
for a chunge i now vhen our most recent Jrant from the Rockefcller
Foundation is to be closed oul.

I ¢hnll, of course, retain an intersst in this undertaking. If no
other prior arrangement is mede, I shall probably find myself planting
certain genctic stocks again next spring and at pollination time shall
wonder why I haven't yet lecarned to linit my planting to what I can take
care ofs
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puring the past year, many genetic stocks that werc most inneed of
rqﬂﬁnishmunt wore grown and pollinated by Dre M. J. Murray and Miss
Immdind Worris. Miss Morris has grown in the greenhousc many cultures
ghowing scedling characters. When resort must be had to ears from
pornal plunts of segregating cultures, it is important to determine
ghich of the normals are heterozygous for the characters in question.
nre Murray nlso spent much time in o study of the stocks on hund and of
the available records nnd succeeded in bringing at lecst some measgure of
ordor into the rather chaotic situntion that I had allowed to develop.

R. A« Emerson

III. REPORTS FROM COBPERATORS
Burcau of Plant Industry Station, Beltsville, Maryland

A crose involving opaque-2 made in 1942 and golfed in 1943 segregated
for an endosperm-color genc very closely linked with opague. The gene
has not been identified but since no gene affecting endosperm color
previously has been reported in this region of Chromosome 7, the pre-
lininary data arc prescnted in the following table:

Flinty Opague-2
Dark Lenmon Dark Lemon ~
Yellow Yellow Yellow Yellow Total
2337 21 L2 752 3152

The data are not too satisfactory as considerable difficulty was
experienced in claseifying the opaque seads for color. They indicate
about 2 percent crossing over between the two loci. No symbol is
sugrested for the endosperm-cclor gene as too little information is
ayailable on it at the present time.

Merle T. Jenkins

Bureau of Plant Industry and Purdue University
Department of Botany, Lafayetie, Indiana

In 1941 one plant {row a very uniiorm appearing car-row ol inbred
Kys produced & self-pollinated car segreguting approximately 3:1 for
salmon yellow and ivory colored ke.nels. When planted in a germinating
bed the yellow seeds produced all green geedlings ond the whito seeds
produced only albinose In 1942 & row was grown irom the yellow socgrzgetes
and each plant sclf-pollinuted, Of the 20 ears produced, 7 were homozygous
yellow ond 13 were segregating for yellow and white. Secdlings grown
from these segregating ears gave the following totals:
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: Seeds Secdlings
;planted: green white

SoTion seeds: 910 ¢ 030 : 14
Whitc sceds 3 1104 @ 11 : 785

men of the 11 excoptional green scedlings from white secde were success—
fully transplanted and grown to maturity. Decousc of unfavorable
conditions only five of the attempted self-pollinations were succescful,
put in cvery ecase both yellow and white kernels were produced. It
appears probable that a single genc with a dual cffect was involved in
the original matation, and that the aborrant scedling types were due to
petero-fertilization.

A. M., Brunson

Columbia University, Department of Botany, New York City

1. In a stock homozygous for the dominant Bt-1 allele a2 mutation
oceurrzd from Bt to bth Thie new allele is unstable and mutates with
. high frequency to Bb. Secds of bt? bt constitution are mosaics of
normal and brittle tissue. Germinal matations arc numerous — 7.5% of
the sveds on gelfed bt™ bt® plants arc revorse mitationse The Bt alleles
obtained by reverse mutation ar stables The bt® allele occagionally
mitetes to & stable bt allele which is indistinguishable from the old bt
clleles Vhile genic modifiers influcncing the mutability of the bt
cllcle exist it is cvident that this sllele is intrinsically unstable,
and this cesu is not similar to the a Dt situation.

2. Goldschnidt in the Proec. Nut. Acad. Sei. 1943 reports o situation
in Drogophila mclanogastor wherc %l interaction of alleles at twe
different loci gives results gsomewhat similar to thosc reported for
wstable gencs. He suggects that the idea of unsteble gencs be abandoned,
and that the so-called unstablc gencs of Drusophila cnd maize can be
sccounted for in terms of factor intoraction, gpistasis, ond threshold
conditions. He specifically cites the a-Dt case in moize. According to
his interpretation the apparcnt mutations of a to 4, believed to be
inducec by the Dt gene, are in reclity coses whero a new Db allele
(which will be represented DtA) produces the color ascribed to the A
allcle, He nlso states that no published duta exist which negetec his
intcroretations Actually two decisive experiments have been oublished
which vstoblish the corrcctuess of the mtation hypothesis. (1) The A
allelos obtained by mutation fiuu wecessive g shov the oxpactod linkages
with zencs in chromosons 3« Om Goldschmidd!s echeme the color-producing
pllelc would be in chromosome 9 sinco Db is in that chromosome. (&) When
a mutation of & to A occurs in a cell of ¢ a Dt Dt constitution the
constitution of that cell following mutation is A c Dt Dt. On Goldschmidt's
geheme it should be a a DS Dt.

4. il Rhoades
3, The vascular bundles of corn leaves ore surrounded by o single

laycr of bundle sheath colls possessing plastids differing in sizc and
shape from the chloroplasts of the mesophyll cells. The plastids of the
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gesophy 1l cells contain no starch; the sugars they produce are moved into
the bundle sheath cells and there transformed to gtarch, Starch in-
creasingly accumulates in the bundle sheath plastids in the day; during
the night the starch is changed to soluble carbohydrates and translocation
ocourse The plagtids of the bundle sheath cells are usually devoid of
gtarch by morning. These plastids contain a green pigment, presumably
chlorophyll, but are of a lighter green color than are the chloroplasts

of the mesophyll. Photosynthesis may occur in the bundle sheath plastids.
fowever, the green color of the bundle sheath plastid is similar to that
of the guard cells of the stomata. Sayre found that the guard cells of
Rumex contained a light green pigment which wag not chlorophyll. In view
of the above facts it will be of interest to ascertain whether or not the
grecn pigment in the bundle sheath plastids is chlorophylle.

Each of the bundle sheath plastids conteing numerous, discrete
regions, which may be likened to pyrenoids, in which the starch is
depositeds. It ie surprising that the structurc and functions of these
unususl plastids have not been adequately described. Kicsselbach (1916
and cited in Weatherwnx 1923) noted their abnormal size and shape but did
not mention their function in starch synthesis, Ho belicved thesc plastids
had differcnt shapee in fixed from thosc in living material. We have
observed, however, the same variastion in size and shape in both fixed and

1iving cells.
M. M. Rhoades cnd Alcides Carvalho

Connecticut Agricultural Experiment Station
New Hoven, Connccticut

1. Long-inbred lines of corn infrequently show heritable variations.
A search cmong all the inbred moterial available over o period of severzl
years has revealed deviating lines that differ from the original type in
some distinct morphological or physiological character. Presumably these
variations are single point mutations, although it is difficult to
gepurate primary changes from dolayed segregationse. £11 variations so
far found appear to be degencrative changes, reducing the ability of the
plant to grow and to reproduce 1tsclf. They include delayed flowering,
leaf blotehing, narrow leaf, reduced plant size at maturity, crooked stalk
snd chlorophyll alterations.

All of thes¢ have occurred naturally. In X-rayed material less
conspicuous variaticns have been found but these arc not sufficicntly well

marked to segregate clearlye

Four of the naturcl varictions have been crossed back with the normal
linece from which they come. All have given the surprising result of 2
hybrid-vigor cffect. The F1 plants are either taller, greener, broader in
leaf and stalk, carlier in flowering or more productive of grain. The
differences nre small but measurable. If it is proved that these differences
involve only a single genc this would be clear evidence that heterosis is
somcthing more than an accumilation of non-allelic dominant favorable growth

factors.
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It may aiso be questioned fairly whether these are actually the degen-
erate types that they seem. From evidence previously reported these reduced
es msy give superior results in outcrosses. Since these mutations pre-
qunably originate in the heterozygous condition, the plants containing them
ould be more vigorous than the howozygous individuale in the same line
are likely to be selected for prepagation. Thig was actually bthe cace

in the blotched leaf line that came originally from a plant selected as

superior in height of stalk and ear development to the other plants in the
o self-fertilized progeny. This is addition.l evidence to show why

inbred lines are difficult to maintain in a constant ana vniform condition.

and

It mayr also explain why some of the poorest lines are so useful in
oduction of commercial hybrids. For exnmple, Lowa L317, C.I. 540 and 4-8
are notably unsatisfaciory as inbre ¢ but are used in hybrids that are
widely grown. Combining abillty results from a complementary action that is
not clearly indicated in the homozygous condition and apparently involves un
eouilibrium of genic material that is not zs yet fully underctood.

2. The reeiprocal crosses reported last year, made between inbreds with
extreme diiferences in kernel size (Rice pop and Reid dent) again showed
significant differences in early growth. These differences almost entirely
disappeared by flowering time. The combined average days to tusseling and
gilking were 81 for the pop inbred and €6 for the dent. The two reciprocal
erosces were 66 und 65. The crogsed plants from the larger sceds [lowered
one day earlier. Differences in tillering also went with the larger initisl
growth, where the seed was produced by the non-tillering parent. The
average number of tillers thie year is dent 0, dent x pop 2.7, pop x dent 2.1

and pop 2.9.

3, Plants grown in the grecnhouse and transplanted to vhe field are
sometimes shorter at maturity than plants grown from the same geed sown
directly in the field. Very small, immature seeds from ears that are
iarvested at an early milk stage usually produce planis that grow to normal
height and productiveness. This suggests that tall plants that are difficult
tc pcllinate might temporurily be reduced in height advantageously. Possibly
better means could be devised to do this, such as bending the plants to the
ground in the early stages of growth and allowing them to grow upright. The
taszl part could be held down by covering with soil, fastening with a wire
staple or +4ying to adjacent plants.

D. F. Jones

L. Considerable heterosis is menifest when Purdue 39 1s crosred with
Connecticut 30, a reduced type of F2%. The P39.C30 hybrid in 1942 produced
25-30% more grain than P39. The hybrid also grew faster thun elther parent.
The €30 type plunt is recessive to P29 and the P39.C3C hybrid gives good
monogenic ratios in both F2 populations and in backcrosses to C20. (30 srose
in 1933 in a celfed ear of the P39-16 stock of thu Crookham Company, Caldwell,
ldsho. Since there wae nu evidence of outcrossing it is ascumed that C30 is
» mtation. The interesting question is whether the heterosis found lact
year in the P39.C30 cross was produced by the same factor causing the C30
plant to be reduced or due toc other factors that may have mutated since the
€30 wns separated from Purdue 39. Crosses made last year mey give information
on this point. C30 was crossed by several diflerent cub lines of Purdue 39
meintained in different places and quite distinct in themselvec. It will be
interesting to see if as much hybtrid vigor is obtained when P39-16 is crossed
ty C30 as when other more remotely related lines are crossed. The data on hand
are insufficient to justify smy conclusion regarding the nature of the hybrid
vigor encountered in this intra-inbred hybrid. It could be explained by the
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interaction of alleles, divergent in function as suggested by East. Further
giudy is necesnary to determine whether the factors responsible for hetercsis
gre allelic or not. Whatever the explonation this phenomenon like hybrid vigor
potween different inbreds, may have its practical application before we nwndor-
gtand fully the czuse of the hybrid vigor. If the yield of Purdue 39 can bc
increased 25% or even 10f by first crossing with C30 it would seem logicul for
the seedsmen Lo use the C30.P39 hybrid in production fields wherever P39 is
ordinerily used as the seed parent. Since it has been found that C30 hybrids
yre equal if not superier to P39 hybrids, secdsmen might well utilize the hybric
yigor of the P39.C30 hybrid in their seed fields to increase their sced yield
without sacrificing in any way the quality of the finiched hybrid.

5. Effect of C30 on the production of ncw mutante.

In the cross of P39 x C30 several cases of defective and gernless seeds
nave been encountered. The number of segreguting progenies has been smail and
consequently no rate hac as yet been determined. It is our belief that a rate
excceding the normal mitation rouc will be found when more dota are accumilatec.
esides germless and defective gseeds, a virescent seedling was found to be
segregating in a selfed progeny of the cross P39 x C30. No such viraescents have
heen observed in either P39 or C20. The vircscont wnen selfed produced 100%
virescont seedlings. The inheritance of the new virescent will be determined.
Also P39, €30 and the Fy hybrid will be examined cytologically.

6. A light ysllow factor or yellow reducer hus been found in a stock of
white sweet corn, BEarly Pearl. In changing Larly Pearl from white to yellow
this character was observed. Such yellow reducers are common in certain of
the late white vurietios of field corn grown in the south but are not frequent-
ly encountered in sweet corn. The ones we have always observed it in are
tarly Pearl, Sugarsweet or Cupid, and Hayes White. Thesc vuricties are similar
and probably have a common origin. The new light yellow is dominant over the
intermediate or darker yellow and in the F, gives a good ratio in most sweet
corn crosses of 3 light yellow: 1 darker yellow. When vackercssed to the
regular yellow a good 1:1 ratio of Jight: dark is obtained. If backerossed to
light yellow the kernols arz alli light. The light yellow condition is homozygous
in one of our commercial inbreds C:;, derived from the Yellow Pearl. At the
cating stage of ears heterozygous for light yellow no gsugregation for the light
yellow factor can be detected, the color being a gocd medium yellow. Apparently
the color is reduced during the drying process.

7. "Firsi" Maize Breeder had Crossing Plot at New Haven in 1836.

In the 1845 issue (Vol. 2, p28) of the Cultivator magnzine occurs an
interesting letter from Noyes Darling, a New Haven lawyer and judge, telling
how be developed a variety of sweet corn. The full letter ¥ill be published
shortly, probobly in the Jowrnsl of Heredity. We enclese an excerpt giving his
mrocedure the first yeur, 1836.

"igt ysar. I had a very eerl; ycllow corm, ut quite diminutive in its
growth - the stalks not over 3 ifeet in height, and the cars not over 4 inches
in length. Late in the season 1 planted this in a paten of swoet or shriveled
corn, then considerably grown. As soon as the ftops or blossoms of the yellow
corn protruded, they were cut off, in order that the early corn might be
impregnated only by the sweet corn. The result this year was yellow corn of the
usual size and appearance."

This then appears to be the first crossing plout in which one variety was
detasseled to be pollinated by another although James Logan had cut tassels off
of corn 100 years earlier in his experiments to determine whether pcllen was
necessary for fertilization. However lerling's experiment scems 1o be the first
time & maize breedsr had detasselcd a variety of corn in order to make a
controlled pollination. From the sweei-flint cross, by selecticn he produced
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gn esrly white sweel corn that matured on July 18 in New Haven, a very =arly
corn. He described his experiment in a concise, accurate fushion that woulad
e a8 a model for scientific reporting today.

ger
W. Ralph Singleton

Cornell. University, Depurtment of Plant Breeding,
Ithaca, New York

Aberrant pericarp-color ratios. In las® year's News Letter (17:8-10,1942),
I roported a disturbance of pericarp-color ratios unlike that caused by the
recessive zygotic lethal, zl. Selfed red ears gave progenics with approximete-
ly equal numbers of red and of white cared plante instead of the expected 3-1
retio. Such red eared plunte, when uced as pollen parents in crosses with white
gave progenies with about four times as many whites as reds. Only part of the
red ears of such cultures gave aberrant progenies. The possibility of thia
disturbence being transmitted thru the egg had not been determined.

More data of the same kind and a few new data are now available. The new
and older data are summarized in the accompanying table.

Normal and aberrant pericurp and cob-color ratios

:Progeny:
Line:of line: Parental

__Propenies 3 :
:Phenotypes and No.:

No. of :_of individuals  :Approx.:

No.: No. : genotypes §cq;§gres: R-R ¢ W-R : W-W _:ratios : Remarks
o i ;W-Q-Rxﬁc-,ﬁi 2t %

A g J:—E%(x); 11 : 651 : 182 : » 31t Wawd
Ty v : 3 1175183 : : 1:1 : Aberrant
4 i w-Wx!'j_:%_: q :4022391§ ; 1:1 Normal
5¢ L 3 " P 7 i 290 11125 : } NiE ¢ ek
6% 5 =2 x W 6 1.97 a 2199 1:1 Normal
L g-f%xw-w 8 5225;203 1:1 ¢ Normal
85 6 ;%—:'-%(x) : B3 18 - ;m;1:1§ Aberrant
95 7 E%:%(x) 6%-%140240%3:1% Normal
W: 7 : 4 (x) 3 1z - ¢ W: 11 3 L ¢ Aborrant

The pollen parenis of the two Fy cultures shovm in line 1 were from the
seme stocke of chromosome 1 markers, P br f an gs, both homozygous for red peri-
carp und red cob, R-R. The pistillote parents were from unrelated stocks with
colorlcss pericarp and red cob, W-R. Of 14 Fp cultures, 11 (1ine 2) showed
normal 3:1 segregation and 3 (line 3) gave aberrant ratios approaching 1:il.
Other Fy R-R plants were backcrossed as pollen parents tc stocks with colorless

pericarp and white cobs, W-W. Of 16 cuch backecross cultures, 9 (line 4) gave
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gormal 1:1 ratios and 7 (line 5) gave sberrant ratios approaching li4. Siz
red eared plants (line €) and eight red-cob whites (line 7) of the aberrant
packeross cultures were again backcrossed this time as pistillate parents;
and 811 gave normal 1:1 rotios. Eight red eared plante (line 8) from these
pormal second backerose cultures when selfed gave only aberrant. cultures.
Finslly, six ved-cob whites from the second backcross cultures (line 9) gave
normal ratios on galfing and one (line 10) gave an apparcntly conormal ratio.

In swamary, it should be noted that red cared plants of aberrant cultures
ghen selfed or used as pollen parents in btackcrosses to white, transmit the
disturbence to solms but not to nll cultures of thz next generation. When used
as pistillate parentue in suech buckcrosses, no disturbence is shown in the
following generation, but both red eared plants and red-cob whites of that
normal generution give aberrent results when grown onc further generztion.

From &ll this, it is clear that the disturbing factor is curried by a

rt (presumably one-half) of the female gametes aud by u part (materially

loss then half) of the functioning male gamotes. In its adverse effect on
the functioning of malc gametes, it is similar tc the Ca reported by Rhozdes
(News Letter 17:7, 1943). I am, therefore, assiguing to it tentatively the

symbol Ga/ie

Since there is evidence (tho slight) of crossing over between (&l and the
porica.rp-color locus and of differential functioniug of male gametes, these two
seriables can be evaluated by use of F2 or backcross ratics only when adequate
data are available for a third nearty gene. The percent of crossing cver can
be determined directly, however, from the ratios of aberrant to normael cultures
¢vom (1) Fa from reds of aberrant Fp cultures and (2) from progenies of reds
and/or red-cob whites of backcross cultures vwhere Ge ga reds are used as the
pistillate purents of the backcrosscs. In these cases, the ratios of aberrant
to normal cultures should be quite independent of the percent of functioning

Ga pollen.

Limits can be set for the two variables by use of F2 end backcross retios
of red to white. Thus, the observed 53 percent red eared plaunis of Fp wignt
be accounted for by various combinations of the two varizbles with extremes
from zero crocsing over with 6% functioning Ge pollen to €% crossing over
with zero functioning Ga pollen. Iul the ovserved 27 percent red eared plants
in hackcrose cultures indicate very different limits for thc two variables,
samely, from zerc crossing over with 27% functioning Ce pollen %o 20% crossing
over with 12% functioning Ge pollen. Since the crossover percentage must
be the same for the two types of cultwresc, one of three conclusions must follow,
namely, (1) my hypothesis is wrong (2) my calculations are wholly inaccurate,
or (3) pollen functioning is affested ndversely much more when the pistils
{0 which it is applied are heterczygous for Ca thun when thoy carry only g32.
if the latter i3 true, the gamete factor, Gas, may be regerded as doninant
ag ie Gal.

R. A. Emerson




9.
Cornell University, Departaent of Plant Breeding, Ithaca, N. Y.

and University of Georgiz
Department of Plant Pathology & Plant Breeding, Athens, Georgia

Chromosoms L.

oy 4

Cross =%, * dinbred (ts3 kn)
T83 2 T83 Kn + + + Kn Total
78 2 5 68 153

¢ recombination = 4.6
Chromosome 2. letraploids

In the course of his intengive work on tetraploids, L. F. Randolph
created a stock containing the genes lg, gl, b, v4 and a corregponding
stock containing the dominants. Both stocks were homozygous Ay, 4o A3
and alsc L€ which is necessary for definite classification of thz genes
B-b in the seedling stuge. The stocks were multiplicd und then selected
for distinet expression of the four marker genes. Following this,

J. E. Welch studied the linkage relations of plants duplex for each cf
the four genes vhen backcrossed to the multiple recessive. Beginning
at this advanced point, I can contribute some additiomal informaticn.

+ + ++
The cross of a plant duplex for a«ll four markers 3 + + +
lg gl bv
g gl by lgglbv
lgpglbyv
by a multiple recessive one 1lg gl b v should give as a parental
e + + ++
clags ratic four plants simplex for all genes lg gl b v to one
lg gl bv
+ + ++ lggl by
+ & %
plant duplex for all genes 1lg gl bv to one mltiple recessive
lg gl b v
lg gl b v
plant lg gl b v . Numerous other arrangements ere possible in plants
lzglbv
xglbyv

derived froam crossover gametes; bu. for any one gene, the individual piant
should have the recesaive allele represonted sither two, thrse or four
times. The last type is obvicus phenotypically since it is homozygous for
4 recessive marker. Further, a cross of this nature should and did
segregate in the ratio of 3.6 - 5 dominants : 1 recessive for each of

the four genes.
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1f several individuals with dominant phenotype are selected from
such & backeross progeny, and again backerossed to the multiple recessive,
one ghould find that certain of their progenies give simplex ratios for

a1l four gene members.

Twenty individuals were tested; their distribution is as follows:

duplex ratios for all four genes

duplex ratios for lg, gl and b; simplex ratioc for v
duplex ratios for gl, b, and v; simplex ratio for lg
duplex ratios for 1g and v; simplex ratioc for gl and b
duplex ratio for v; eimplex ratlos for 1g, gl and b
duplex ratio for lg; simplex ratios for gl, band v
simplex ratios for all fow' genes

Nl N e

The study of progenies, derived from backcrossing plants simplex for
ecach gene to the multiple recessive stock, should give the most direct
peasure of recombination frequency in a tetraploid for comparison with
those in similar diploid stocks.

While 4,315 mature plants were studied, obviously only part of
these may be used in the calculatlon of recombination frequencies
from simplex ratics for any given region. The date are tabulated as
s three-point test for 1lg, &l and L and as a two-point test for b and i.
Thie enables one to utilize larger numbers than would be possible in a
-point tebulation. No records were used unlese the ratvio <f dominant
to recessive allele was u good fit for a 1:1 ratio. In this manner, any
possible effects of either differential viability or poor expressicn are
kept at & minimum. Note that the totel is smaller for the 2-point test
as a nunber of cultures were nut ueable since the v, class was deficient.

0 (+ + + 1033 0 (+ + 484
(1g gl b 1036 (bv, 127
(+ g1 ¢t 196 (+ v 2
1 (1g+ + 192 > T i 33552
1622
(+ + b 181
2 (1g g1 + 219 786 b : 836 + D/P.E. = 1.9
779 v,: 843 + D/P.E. = 2.4
Ledt 8 F 55 1500 1g : 1466 + D/PeE. = 0.9
(lg + + _j(% 1506 1 : 1460 + D/P.E. = 1.3
<9 1467 b : 1499 + D/P.E. = 1.0

The diploid recombination values used in the followingz table are
taken from Fraser, Jour. Fered. 30: 375-778, 1939.

4n <n Difference
lg - gl 16.840.46 19.5+0.40 2.740.€1
gl e b 17.2;h0047 21.&0.‘1 4-4*0.62
b - VL 4308*0'83 33-2—‘10047 100&0.95

The observed differencos bu“ween 2n and 4n are significant, hut a
discussion of the possible causes is too lengthy for this preliminary
report.
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Certain stocks of the late Professor A. C. Fraser, and several of the
00-Op stocks as well, contain a fuctor for defective seeds. This recessive
gactor reduces seed size to 1/16 - 1/4 that of normal and is somewhat
wriable in expression. Defective seeds entirely fuil to germinate in weak
ines but mey produce 1/4 - 1/8 sized plunts in vigorous cstocks. As a new
defective peed mutant, this one would herdly command any attention. [owever,
this semi-lethal was isoluted by selfing cultures containing the genes in
e ra gl and vhesc some cultures had previcusly shown unequal parental und
wrossover classes in 3 point tests. One may presume that this semi-lethal
{s linked rather closely with these marvkers and is the cause of these
aperrant ratiog. It is unlikely that this recesgive by itself can account
for the marked differences obtained in linkage results in different lines,
anless it has an effect on crossing over when present in the heterozygous
condition. This has not been studied. One might casily ascribe cars
segregating for this gene to the effects of poor pollination, but ears
segregating approximately 3:1 have been recovered from normal seeds token

?

from a segregoling ear.

M. J. Marray

Florida University, Department ol Agronouy
Gainesville, Florida

Quantitative characters and dominance

Use of third degree statistics with thig problem has been illustrated
py Fisher, lmmer, and Tedin (Genetics 17:107, 1932).

The less powerful but more ready attack with means does not reguire go
extensive nor intricate data. fr-ritinlly the method is to test for departure
from the additive scheme except for douinunce by compuring F2 mean with the
mid-point of F; and parents, and backcross mean with mid-point of F3 and
parent, Scme extension of the method is proposed and illustrated below.

Deuote: n - number gene pairs heterozygous in cross; nj - plus pairs
in parent farther from F1; ap - pairs in near parent; n] + np = n; & - ak effect
winue as effect; k - dominance factor, (As-ad)/(eA-aa); R - minimun phenotype
sunming effects of pairs aa or AA in both parents and as e¢ffects of n pairs;
P - parent farther from Fy; NP - near parentj - ete.

For thie additive scheme with pure parents;

FP=mda +n; ka +R (1)
NP = up + n2 ka+ R (=) 2
F, = nd +R (3)
F, = 3/4 nd + 1/} nka + R (4)
FB=1/2na + 1/2 (1L +k) ma +R (5)
NB =1/2na +1/2 (1 +X) np& +R (é)
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Eliminating R from (1) to (6) and combining nj and np provides scven
wt ontirely independent sstimates of (1-k) nd and an eighth comparison
(ZFQ’B) = 0. Take: P - sum of parents; F - sun of Fy and Fp; and

_“wum of backcrosses. For Lindstrom's data on relative yields of three
{ntred lines of maize and their hybrids (Proc. 7th. Int. Gen. Cong.):

A (1-k) na d
L(Fy-Fp) = 136.8% Fy 15.1
4/3(F-P) 124.5 2.8
2(B-P) 2e 20.3
(2F1-P) 127.6 549
2(2F,-P) 118.4 ~34.3
4(F-B) 89.6 -32.1
2(éFl-B) 113.2 -845
Mean 121.7 (2Fp-B) = 11.8; should be O.

Lindstrom's data probably are & fair representation of the usual
rﬁs‘llt - B8ee Neal, J. Am. SOC. Agl‘ﬂh- 27: %60

The seven estimates of (1-k) na are expected to be homogeneous and
(2F» = B) on the additive echeme, with no restrictions as to linkage, or
a5 to degree, direction or other variation of dominance, or variation of

Alp .

In the event of no significant departure from the additive scheme the
meen estimate of (1l-k) ne may be of value %o the breeder without further
regolution into its factors. The quantity (L + k) na or (n« + nket )
estimetes total range of genetic variation for the spccific croes with free
gssortment. Distance from the lower extremity to Fy is na; from Fy to
upper extremity is nko . The t.c cre equal with no dominance. With dominance
their difference is (1 - k) na. Total depression by inbreeding is
1/2 (1 - k) na ; depression from F1 to F2 is 1/4 (1L - k) nd.

Taking the present case as additive, k = (-121.7/na) + 1. Thea, na
mst be ag great as 121.7% Fy if the conclusion of negative k is to
be avoided. The factor k varies from unity for no dominance, through 2zero
for complete dominance to negative values for over-dominance, "super-
dominance," or "diverse alleles". Tith the conclusion of "complete"
dominance (k = 0) ne muet be taken 121.7 and the minimum phenotype minus
21.7 Teking the minimum at zero, ndis 100% and k is minus 21.7 The
correct explanation of heterosis for yield in maize may lie somewhere
between these somewhat arbitrary limits, involving both negative R and
negative k. ilotec that on the additive scheme Fj will not exceed the sum of
parents without negative R or negative k, yet most maize inbred yields are
less than one-half of Fy yield. If k be negative, selection for increased
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inbred yield will tend towards lower ¥y yield.

13-

The obtained value of 121.7 places expected yield of a homozygote from

these crosses at 29.2% Fy, which is higher than usually obtained. The

sxauple may not be strictly additive.

the present hypothesis.

For further illusiration of method,
four of the seven estimates of (1 - k) na involve (-P) with average deviation
plixs 6.4, indicating that slightly higher inbred yields may be expected with

orosa of neterozygous maize varieties - Tuxpan x Golden Cross Bantam

m——

Backcross
Fy t0 G+C.B. S.D.

0 c# 0 C= (l-k)na F, sk
Number leaves 13.7 13.9 12.0 1l1.6 +1.7 1.47 -3
Height, feet 705 703 5.4 5.9 +2.7 1.00 -2
Days to silking 73.9 0.9 66,6 65.2 6.9 447 3
messel length, ins. 17.4 16.6 1.6 147 +3.2 2.28 -1
$ilking shoots 47 4e8 6.5 545 +2.8 2.30 +4
Far diameter, cm.. YA 4eb LeR be3 +0.1 0.37 0
cob diameter, cm. - 2.5 23 2.3 -0.1 0.26 0
sk length, ci. 24,0 246 2Tl 228 =32 2.96 0
far lengih, cme 19.1 19.6 18.1 18.6 +543 284 -1?
Husk exiencion, Cme 5.0 5a2 3.0 4¢3 -8.0 3.33 +3
Number tillers .9 97 1.1 1.3 +0.9 0.91 +5
No. kernel rowe 13.4 13.3 11.6 12.0 +0.4 2.27 +1

% Mid-point between F) and mean of parents.

# Mid-point between F; and Golden Cross Bantam.
sk Inspection grade of skewness: grade 5 as 1/2 of a normal distribution.

Although these records are from heterozygous parents they show generally
good agreement with the additive hypothesis. Interpretation for any

character will involve first the comparison of F; and backcross mesns.

Were agrecment seems good, (1. - k) na is next compared with skewness as
to mugnitude and direction. Finzally, (1 - k) na as s measure of dominancs

bias is considered with some msasure of variation.

Number of silking

shoots and number of tillers have apparent skewness opposed in direction to
the dominance bias. For tillers the explanation seems to lie ir & piling up

of nearly half of the frequency in the ze
expressed 1o the left of or below zero.

is appareni.

ro classj; the character ic not
No explanation for silking shools

It is indicated that coniinued inbrecding would increase total husk
length l.6om., while ear length would be shortened 2.0 cu.
would then increase about 4.0 cm. with inbreeding and decrease with

crogebreeding of inbreds.

Fusk extension
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povers (J. Agr. Res. 63: 161) presents records on plant height in
centimeters for four tomato crosses. Mean estimates of (1 -~ k) na are:

Donmerk Johanuisfeur
Red Currant 25.3 10.8
Johannisfeur 1348, 1%
Bonny Best b

% Records for itwo years

The seven jndividual estimates on which ecach of the above ig based do not
show marked heterogeneity within eny set in the writer's judgment.

qrisnce of (1 - k) nd is appurently much greater betwcen than within
these crosses. Deviation from O of (2F, —~ B) is slignt in cach case. The
cross Johannisfeur x Bonny Best was discussed separately by Powers. He
found departure of Fy from mid-point of the parents not significant. 1
ard Fp seen almost identical. Yet the seven estimates of (1 - k) na

ave, Oekh, 131, 1.28, 1.04, 1.84, 1.36, 0.80; ell positive, snggesting
the expected mean may be some small positive value due to some degree of
dominance bias, geometric inter ¢'.lci, or mon-linear scale of environmental
offects. Since (2Fp - B) = 0.28, dominance may be the fuvored conclusion.

For the cross Danuark x Red Currant the far parent is 16.6 cm. from
., Since (1 - k) na = 25.3 cm. the minimum phenotype, K, is 25.3 cm. farther
from F than is the maximum. It would appear that the far parent Red
corvant has plus gene values not found in the other parent sufficient to
explain the excess of F] over the taller parent. Ths writer sees no suggestion
of negative k or negative R in the three crosses which have Fys taller

than the tuller parent.

Powers hws noted that dominance bias may be affected by environuent,
swhich view is supported by the two records for separate years on one Cro£sSe.
ixtensive snalysis by higher erder statistics, not being easily repeated,
might be of doubtful velue, 1f confined Lo one season or locaticn.

Ther: is of course, no new principle involved in the analysis by !
comparigon of means suggested here. More efficient statistics for judging
significance in some of the comparisons may be developed perhaps. If values
of k, n, and zlpha could be resclved by oxtunsive analysis the quantity
(1 - k) na would still be of prime interest as a measure of Jdominance
depresnion of efficlency of selection. Progress in breeding towaras an
objective involving several quantitative characters may somctimes be hastened
by an efficient balancing of backeress and selecticn pressures. Thoce
characters which have strong dominance depression away from the objective
will be more difficult to recover from crosces by selection. Insofar as
possible such characters should be collected in the recurrent parent, and

thus largely recovered by backcrossing.

In the <vent of negative k (aA increment exceceds AA increment),
regression of phenotype on number of plus genes (A) will rise to a point
beyond which the mean ¢ffect of an (A - a) substitution is negative because
of increasing homozygosity. From this point the Fp distribution of
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type will te doubled back on itcelf with respect to gene pumber values.
ais by comparison of means will not be distorted. Presumably,
ais by bighev order statistics wey olso not be distorted but that

pe investigated.

eno
i:nly
analy
mst

Analysie oy comparison of means would seem to be a ready method where
gore extensive analyses cannot be employed or & reasonable preliminary to
gore powerful me thods.

Fred B. Hull

Iowa State College, Department of Agronomy

Amee, Iowa
Linkage relations of g_lJ‘
= ” .
Su gl tu i "14 L
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20 3 9 33 18
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G. F. Sprague

University of Minnesota, Department of Agriculture
University Farm, St. Paul, Minnesota

1. Midcob culor. This character is difficult to ctudy in this c¢limnte.
Sampies of the same jnbred material were growm in 1941 and in 194Z. In
several cases & line thet had red midcobs in 1941 was classified as huving
solorless ones in 1942. The ecars in both cases were brought in at maturity
and dried in the drier for final classification. 1942 was an anusually wetb
year, eupecially during August and September. Even under conditions wherc
the ears matured and dried well in the fleld es in 1942, many ears clnsaified
in the field as baving colorless midcobs were found to be colored after
drying. Proper conditions for ccmplete anturity and drying appear to be
eassential.

In 19,3, apparent linkage was found between an interchange T5-6 and
mideob color {30% recombination in 172 plants), indicating ai least one
mideob color factor may be in chromosome #5 or #0. A uew factor for
ghrunken endosperu (sh2), one of Stadler's x-ray mutanis ig linked with
pr. Buckcross datal 150 Pr Sh + 45 Pr sh + 51 pr Sh + 1€4 pr gh indjcats
23.4% recombination. Its location in the chromosome has not been determined.
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2. Dominant Wnite Cap (WC) appears to be in chromosome 1 based on
the linkage observed with interchange 1-9c and the lack nf linkage with
0-108. Also there was no linkage with wx (using pollen classification for
w). Data with l- 9¢ (1942 and 1943): WIS = 80 scmicteriles + 26 normils;
llow cap = 47 semisteriles + 74 normals or about 33% recombinaticn.

ore Hayes' earlier tests with bmR were negative, while with gs thers was a
loose but gignificant linkage (P = .05 - .02). <&uch a linkage value would
indicate W° might be near br.

3. Zebra striped zbb. (Hayes, H. K. and Chang, H. S. Genetics 24: 60.
1939) was croassed with zb), zb2, and zb3 and found to te genetically
gifferent from these threc.

zbl is not in chrorosome 6, as shown by a trisomic test (C. Laz&aro)

L. Fasciated ear sppears from my Fp results to be a dominant character,
not @ recessive ms listed in the Cornell Linkage Sumrary. (Thig stock is
Coops #39-25-6) .

5, Crosses between interchanges involving the same two chromosomes.

To-4e x 2-4¢c = semisterile Fy

T2-4a % 2-4b = "

TZ-4b x 2-4c = "

T2-6c x 2-64 = 2L%sterility on ears, pollen 2lso low
T?2-9a x 2-9b = sgemisterile

T5-7a x 5-Tc = 29% sterility on ears (pollen also low)

The low sterility was thcught to be the result of survival of a certain
class of spores which ordinarily aborts. In cresses involving two inter-
changes in which the two breaks are close together and in the same relative
pesition with respect to the spindle fiber (the same interchange having its
break in each chromosoue closer to the spindle fiber than does the other one)
certain spore classes should be det'icient for only one short region.
According to the cytological date available, in T2-6¢ the breaks ure in thu
long arms at .3 and .25 respectively from the S.F. in chromosomes 2 and 63
while in 2-6d thoy are also in the long arms but at .4 and «4. Deficiency
teste for genctic loci in the two Fy hybrids showing lcw sterility were
all regative:

for T2-b6e x 2-6d : ms, i, pb were tested for chromcsome &
1g gl w4, ba2, ts were tested for chrouosome 2.

P5-7a x 5-Tc : by g6 for chromosome 5
sl, bd, gL, ra ij for chromosoms 7
It seems probable that none of the genes tesied is in the regicn suspecled
of Leing deficient.

(e Re Burnhkam

6. Red glume collar. Certain intred lires and genehic stocks show a
bend of red color near the bace of the glumes of the tesscel. Uiosi stocks
are preen at this point. The color may show conly when the tassel is fully
out of the boot, but it may show earlier. 4 fow segregating progenies indicatc
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that in these cases the red differs from green by a single dominant factor.
) backcross test involving this character and also Y and Pl indicates

that red plume collar is closely linked with Pl (6.6% recombination), tut
+he data did not indicate the probable order.

Another red glume collar character is found in B pl stocks, but in
cultures scgregating B-b, the collar color hae always been acsociated with

B.
C. Luzaro and C. R. Burnham.

/

Young tassels of both types b pl red collar and B pl red collar were
yrapped up in black paper to excludc the light. In the first type (linked
with P1), the collar color develcped in all cascs in the absence of light.
When the second type (associated with B) was bagged, the sun red color on
the glumes did not develep, but the collar was colored, although nct as
intensely as that in the type linked with P1. It appears, therefore, that
the collar color is not a sun red color even in the type which is
aseociated with B.

C. Lazaro

7. Trisomic tests with unlinked gencs. Trisomic tests for ehromosore 6
and the following genes were negative: 2zb, gl6, gl9 (trisomic plants
" hsd en excess of gl progeny as coupcred with the 2n), and ¥9. A seedling
dwari (one of Stadler's designated temporarily as ds-3) may be in chromusome
6 by this triscmic test.

Linkage data with other facteors were cbtained along with the tests
for linkege in chroumcscme 6. The possible linknges are as follows:

Segregating for Recom.
Genes e @ new characters ¥2 for indep. test £ S.E.
pr - ws 104 3:1 P= ,02 35.5%6.1
WC - sigw 164 15:1 p= .02
¥ -gl-1 283 221 P=<.01 38.5£3.8
Y - w (in gl6 202 3:1 P=<.01 27.0=2.8
culture)

Fl - gls-3 276 3:1 P= .01 12.0£3.6
gls-3 - twgr 276 excess for 15:1 P= <.01 1.0t0.7
F1 -tw? 276 " P= (.01

1 aleur. facter

- 3 579 . P= .00 38.0z6.2
F1 - tw3 213 " 2 = .02-.01
gl - tw3 561 . P= {01 28.0£5.6

# This silky is one that appeared in an F; of a single cross here.
*#Thie tw was linked in coupling with the gls-3, oune of Stadler's muctents.

Negative resulte by the X° for independence test were obtained for the
following linkage tests: zb with 1g; ws with ¥ P1 B rg; zls-1 wita B 1g nl?;
nl? with B 1g; ds-3 with gu, pr Y colorless aleurcne (9:7). glo with Y5

9 with Y bt? and zg3 with ¥ and colorless aleurcne (3:1)

C.R. Burnham and N. Klein
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University of Missouri, Department of Field Crops,
Columbia, ilissouri

1. Gene Variability. Tho study of R alleles which Togél und I
_eported in the 1943 News Letter bas been coutimved, with the addition of
4 series of rT types and with frirther study of specific medifiers of B
gotion end of environmental conlitions affecting it. All or nearly all of
the 22 OF's originally included appear to be distinguishnble in their
sifect upon plant color, but since come of these differences are slight
they require cenfirmation in cxperiments in which modifier action may be
gxeluded more eritically than is possible by repeated parallel backcrossing.

For this purpose we Lave used colorlegs aleurone mutante of several
of the originel BT alleles, since as previously reported gpontoneous
mitations of KT r¥ have no apprecicble eftect upon the plant-color action.
dor exampie six BT alleles (Boone, 997, Cornell, Quapuw, Ponca, and Black
goauty) form a group charsctorized by rather strong pigmentation, though
distingrishable in parullol backerossss by slight though congistent differ-
encose Colorless aleurony mutants of Cornell and Quapaw were crossed with
other members cf the group, and backerossca by r8. This yields progaenies
in which the Cornell or Quapaw phenctype nay be compared with the phenotypes
of gimilar alleles in sib plants, the aleuronue color difference providing
4 completely linked marker. Such comparisons, sc far as they heve gons,
confirm the reality of the snall differences observed between members of
this groupe A similar method may be used for the study of "non-linear"
qmriation in the action coi the different alleles (News Letter 1943, page 20),
und here the mutent rT's may be gupplenenied by naturally ocecurring r¥'s.
e are usirg the latter chiefly for this purpose.

The alleles of B (News Letter 1943, page 22) appear to te fully ae
warieble as those of R, and since the range in plant-color phenotype is
ovan wider, they may be better sltod to the identificatlon of smaull
differsnces. |, Arone 14 B¥'s compaied, 6 weie selected as standards to
represent distinct levels spaced roughly between b and B, and ir each of
thesc a stock of B-gl r€ was established. These illeles listed in
agcending order of effectiveness, are designated as follows:

1. B¥ (Boone) 3. EY (Clarage) 5. B¥ (Lockout)
2. B" (Young) 4. B7 (La Paz) 6 EV (Seattle)

Additionu) DW's, both from existing stocks and froam mutations of
vericus B's, have buen crossed eaci with the standard E¥-gl strains <which
apprar to be just below and atove them in effectivinecs, and be.ckeroases of
these hybirids will determine their positicn in the seiies. For furtuer
mtation work, Anderson's In? (w4 B GL 1z) stock is beink axtracted in
homozygous combination with r¥ since B mutations induced in this stuck DAy
he crossed with the naturally-occurring alleles to produce haclcerass
progenies with virturally couplete linkage of morker [encs.

Miss Flizabeth Somers ie making » detailed histological study of the
development ard distridution of anthocyanin under the astion of R and of B.

2. Gene Action. Among tissues capable of snthocyanin production thers:
are merked differcnces in response; cells of certain types produce
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yanin roadily with any R-zllele above the BZ level, while cells of
types may produce anthocyanin caly in the presence of the strongest
leles. For example, among epidermal cells of the leaf, there are
Hstinctive differences in the reaction of the long, narcow cells over the
veing, the long and short surfac® ccllu, the stomatal cells, tue hairs

the specinlized cells at th3 baoe of the hairs, and the paired
gilicaceous and cuberized cells. Anthocyanin is formed much more readily
iu the opidermis than in the underlving mesophyll cells, tut in the
chlorcpln;'ll»l.acking sectors of joponicn plants it is producsd abundantly
in nesophyll cells algso. The same is true of certain white and virescent
wpes, and 1in nornal green plants the mesophyll cells of the auricle
(which jacic chlorophyll) are well colored ty even relatively week allelec.
jgith strong B alleles, green meszophyll cslls containing anthccysnin are

more frequently found.

anthoc
thel’

m™e alleles of R and 3 thus provide u series uf reagenls, 6o to
gpeak, for uno study of tissue differentiation. Tuirty years ago Keeble,
Atkins, and others showed certain interesting relations betwcen anthocyanin
tterns and the occurrence of oxidase gystems detectable by the use of
nistochemical test-substances. Mr. Fogel has undertaken a study of this
kind with maize, which is however still in a proliminary stage.

The study of competitive action of certain £ alleles (News Letter 1943,
pege 21) is being continued in collaboration with John R. Laughnan. The
deminant action of aP upon plant color is manifested with all of the
visibly weakened A alleles tected (AW, att, A", ATY). The alleles Abr
and ATP (both obtained by Rhoades, cut of & by Dt) are purple plant types
distinguished from A by their reduced effect upon pericarp color. When
these are compared with A in sib plants (in backcross progenies marked by
st), they show slight but distinct reduction in anthocyanin pigmentaticn

of the plant as well.

The dominant effect of eP upon plant color is shown also, to a slight
extent, by certain A's which appear to have full plant color and pericarp
eolor offoct. The different £'s ueed were extracted, after parallel
wckerossing to & C R, from various stocks, chiefly the Indien strains used
as foundaticn meterial for the K and B studies. Witnh some A's the differ-
ence between A/aP and A/a sibs is clear enough to perumit reasonatly accurate
preliction of the genotype at the flowering stage, and this identificaticn
mey be made scomerhat more accurately by testing the extracted pigment. The
difference is cduc to the presence of varying quantities of yellow pigment in
addition to the purple. With other A's and with éb, nc difference is found.
The aP reaction thus serves as a sensitizer for the recognition of differences
between the A alleles, and indicates the vecurrence of cunsidersble
additional nllelic variability at this locus. Conversely, the extent of
the effect varies among different pale alleles obtained by mutation from
b (News Letter, 1943, page 21), when these are tested against a common A.
All of the pale alleles showing the dominant plant color effect bhave
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t brown pericurp actiounj the two pale aleurons alleles with recessive

nan
ot jearp (AW and 511’—) give negative results in parallel tesats.

rrovn Per

Jir. Luughnan is making a chemical and spectrographic study of the
pigmeﬂts involved in the action of the A nlleles, and is Jdeveloping methods
for the quautitatlve study of the mixel piliment phenotyres.

%, Spontaneous Mutation. The freguency of spontanecus rutation to
colorless uleurcne types varies widely in different R allales. 1he most
mtable of the alleles studied is RT (Cornell), which yields 1 wutations
at the rote of about 2 per 1000 gemetes. At the other extireue ure a few
glleles which give no mutations in populations of 25,000 to 100,000 ganetcs.

As praviously reported, differerces in mitahility ars inherent in
the gene itself, gince they are maintaived whon o highly nutaeble and a
rurely mitable allele are nombined in a beterozygote, so that the mtations
pust cceur in precisely comparable cells. Thie comparicon is made possivle
pv the fact thit the mutations affouting uleurone color do not affect plant
enlor, and in a heterozygole gl RR, in which plant color is distinel in the
tyo alleles combined, the identity of the gene mutating is resadily determinea.
For exumple, when R (Cornell) is combined with an RE ol low matability,
ine mutants produced by the F; plants are almost exclusively r (Cornell).

In uddition, however, there is a pronounced effect of modifiers upon
the frequency of R =»r mutation. Homozygous R (Cornell) stocke extracied
from crosses of the type menticned show lowered mutaticn rates, in some
canes much lowered. Diff'erent homozygous strains extracted froam the same
F) plant show distinetly different rates.

Mutations te colorless plius types (BF -»EB) occur at appreciable

rates in certain alleles, and the variation between KT allelss in frequency
of mutation to K8 appears to be uncorrslatud with that of mutation to r¥.

(Cornell) is very low in {requency of mitation to E8, while certain other
R slleles yield plant color mutations av moderately high rates, none
however approaching the frequency of aleurone color matations in R (Cornell).
The frequeney of mutation tc r¥ and % RE in the same plani (wele germ celils)
a8 tested extensively in 2 plunte of R (Colwabiz), with the following results:

Plant Mutations to rT Mutations to RE
1 6/12,525 3/11,804
2 5/ 8,459 3/ 8,020
Total 11/20,984 6/19,824

Jutations of RT to intermediate levels appear o be very rare. On
the contrary B mutates frequently ' intermedinte levels, snd no mutations
of B to & have baen found. The E¥ alleles occurring by mutation differ
widely in level of action. In this respect E resembles f._b, which as
previously reported mutaves freguently to di fforent levels of aP iype and

rarely if ever mutates spontenecusly to S.
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4o Comparison of X-ray and Ultra-violet Mutativn. Follewing the
piment on X-ray and ultra-violet mtation of A previously reported
(Hews Letter 1941, page 45-47, 1942, page Zi4 27), Ropan and I set up a
ghat similer experiment with AO. This wus desimned to take advantagze
the fuct thut the spontaneous mutations of AD are to an intermediate
gle and are therefore clearly distinguishable from the effects of
,‘doficiency. The previsus experiment had shown that the apparent mutations
yduced by X-rays viere in fact minute deficiencics, and that the apparent
mtations induced by ultra-violet were distinctly different and behaved as
i thoy represented transformation of the gene to u recessive allele.
1t did not, however, exclude the possibility that the ultra-violet muta-
tions were still more mimite deficiencies, or cases of destruction of the
gingle genc. With AP this distinetion could be made, if ultra-violet,
mtations getunlly are mutetions oi the type represented by spontaneous
mtation of the seme gene.

Extensive pollinationg with untreuted, UV-trsated, and X-rayed pollen
of a single AP plunt were made upon ears of a Dt, and numerous deficiencies
ond utations werve identified in the progeny. But the experiment failed in
its main objective, beceuse the natural frequency of rutation ol AP ¢ &P
{s s0 high that no significant increasc in aP mutations was produced by
the treatments used.

Tho results, however, give additionul support to the indication thav
the UV mututions are true gene mutations in two ways.

(1) No apparent mutation of AP to a was found in ths very extensive
gltra-violet series.

(2) Among the endosperm mosaics induced by ultra-violet treatment,
there were several ceses in which a nosaic of clearly pele aleurone vissue
shoved typical dots of Dt type. Although an endosperm sector does not
pernit progeny testing, these cun onuly have resulted from mutation of A®

to 4P, induced by the ultra-violet trcatment. An endosperm mosaic of pale
appecrance could result from any one of numercus causes, but it could not
provide a buckground for visible dots of A tissue unless it resulted from

a change in A-action, and this bockground could not be pule if the A

loss were due to deficiency.

The effect of ultra-violet treatments upon AP mutation is sufficiently
frequent for detection in the endosperm and not in the embryc because of

the much higher frequency of induced ulterations in endosperm than in

embryo, which has previocusly bec: . urted as charactoristic of ultra-viclet
treatmont.

This heightened frequency of cndosperm altera*'-ns may be usec to

simplify various studies involving ultra-vioclet eftects, and to make

possible certain studies which otherwise could not be carried cut. For

exanples, it would be very desirable to determine the effect of varying ultra-
violet wave lengths on the frequency of mutation. The action spectrum for
4-loeses in endosperm has beun determined, but these include both deficiencies
and rutations, and presumably consist very largely of dcficiencies. It

would net be possible to make sigmificant comparisons of wave length effective-
ness in inducing mutation if the mutations could be identified only by the
groviing and testing of progeny plants.
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The use of AP, with recognition of mutants by the aP phenoiype, &s
dessribed above, is effective for identifying positive cases of mutation
in the endosperm, but it is not suited to quantitative work obecause of
frequent failure of aP sectors to color positively. Laughnan and I have
therefore made uce of a different method, which permits identification
of the alterations in the endosperm but with confirmatory tosts on the

plant grown from the accompanyinug eLbryo.-

Pollen of homozygous A A with the recessive morkers gl3 and j was
used on ears of g-X1/aP. The x-ray mutants a-il, a-X2, etc., are
inviable when homozygous und in ell possible combinations inter se, and
gectors homozygous or hemizygous for them are also inviable (News Letter,
1942, pego 25). If all X-ruy induced A-losses involve the loss of the
sssociated viability factor, X-rayed pollen will never yield a colorless
gead or sector; if any apparently colorlcss or sectorially colorless seed
ig found, it may be tested by growing the plant to determine whether the
femnle gamete was a-Xl or aP. A colorless geed yielding a plant not
heterozygous for P is selfed or tested for the recessive markers to
exclude the possibility of pollen contamination.

The A-losces shown by aP tissue include the deficiencizs plus the
mutations among the seeds from aP gametes; those shown by a tissue
include the mutations alone among the seeds from a-XL gametes. Control
pollination by a C R on 4 numbor of cars of the female stock show thet
¢ gametes of aP and a-Xl functioned in approximately equal numbers.

In the limited populations now completed, A-ray treatment has failed
to yield colorless seeds or sectors. Ultra-violet treatment has given 3
proven cases of colorless sectors. The total number of A-losscs in
endosperm in the ultra-violet population on which the tests have been
completed vas 92. This indicates a ratic of deficiency to mutation of
about 86:3 under ultra-viclet treatment for the A stock used in the
experiment. This is not greatly different from the propertion found zmeng
progeny plants representing A lusses in the embnyo.

The induced alterations cl:- ‘fiod as mutations are subject to the
same reservations regarding their genetic nature as are the ultra-viclet
mitations identified in progeny plants following treatment of A. The me thod
permits the determination of relative frequency of mutation (in this sense),
with a fraction of the effort required in determining mutation frem progeny
plauts. By this method it is feasible to compare the effect of different
vave lengihs upon deficiency and mutation simultaneously, and to compare
different A alleles in relative frequency of mutation. With slight
nodifications the method may be used alsc for the identificetion of gene
mitations of AP critically distinguishable from the effects of gene-
deficiency.

The results of the above experiment have a further interest in connection
with the problem of the endosperm-embryo difference in frequency of
ultra-violet alterations. The cause of this difference is unxnown, and
the mogt plausible guess has been that it is somehow connected with the
difference in breakago-fusion phenomena in endosperm and smbrye, which
wight appropriately be termed the McClintock effect. It might be expected
that deficiencies, initiated by equal effects of the treatment upon the
two sperm nuclei, might differ greatly in frequency of realization under
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the very different conditions of endosperm and embryo. But this experiment
indicates that the heightened frequency of alterations in the endosperm
applies to mutations as well as deficiencies.

While the various experiments with induced mutation of A and AP indicate
that ultre-violot treatment produces true gene mutation and that X-ray
treatment does not, they are disappointing in their failure to yield
induced gene mutations which may be establiched in stocks subject to
oritical analysis. This is due to the failure of the AP experiment
described on an earlier page of this report. The advantage of regular
spontaneous mitation to an intermediate allele, which makes AP suitable
for this cxperiment, applies also to R¥, since its spontanecus mutations
are regalarly to R® rather than to r%. Jn the case of RF distinct zlleles
are avuilable, inciuding types with varying frequency of spontaneous mutation.
yrs. Elena Perak has undertaken an extlensive study of the effects of X-ray
and ultra-violet treatment upon mutation of varioue KY alleles.

5, Effect of X-rays upon Dominant Mutation of &. No dominant mutations
yave been found in X-ray progenies of maize in experiments in which hundreds
of recegsive mutetions have been observed. The evidenco against the
occurrence of dominant mutation induced by X-ray ls howcver inconclusive,
for the following reasons:

(1) The number of genes capable of showing dominant mutation may be
mch smeller than the number capable of showing recessive mutation, since
many genes may be already fixed by natural selection at a level maximal for
gene action. The possibility of inducing dominant mutation can, therefore,
be tested critically only with known recessives.

(2) Among known recesesives many mny be themselves deficiencies and,
therefore, incapable of dominant mutation. Critical evidence of failure %o
mitete to & dominant allele therefore may be obtained only from recessive
gencs which have previously besn known to mutate to a dominant allele.

(3) The only recessive alleles which meet this requirement are the
variegation genes, which may be regarded as unstable recessive matating
frequently to a dominant allele. In these the spontanecus frequency cf
dominant mutation is so high that an effect of X-rays in inducing
sdditional dominant mutation probucly would not be appreciable.

It is possible to avoid these difficulties in the case of one gene.
The recessive a3 has several known dominant alleles. The effect of Dt
proves that it is capable of dominant mutation. In the absence of Dt it is
not mitable, and would therefore permit recognition of even a slight effect
of ¥-rays in inducing mutation. Since the effect of mutation is reccgnizable
in uinute sectors the treatment may be applied in a fairly advanced stage
of endosperm development, so that many hundreds of cells are tested for
mutation by the examination of a single endosperm. It is therefore possible
to test for the occurrence of this mutation in practically unlimited
populations.

The seed to be irradiated was produced by the cross a a X A &, both
parents being homozygous for dt dt and for the complementary factors
required for aleurone color. The endusperms of half of the seeds produced
are A 2 a. These serve to indicate the size of sectors resulting from genetic
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glterations induced by irradiation at the stage chosen, since induced
qeficiencies of A result in sectors of colerless aleurone. In the color-
jess seeds, induced dorinsnt mutation of any one of the 3 & genes would
result in a corresponding sector of colored alourone. The colored seeds
+pus provide & basis for calculation of the nusher of opportunities for
detectable mutation in the solorless seeds, and a basis for comparison of
the relative frequency of induced dominant mutation and deficiency.
rreatment was applied 73-81 hours after pcllination.

The mutability of the a gene in both parental stocks was tested oy
crossing with a9) Dt, adl peing an a allele with negligibly low dominant
mtation rate in the presence of Dt. From the results of these crosses
the number of dominont mutations vi.lch would be expected in the a 2 &
ceads under the influence of various doses of Dt may be calculated.

The results show fuilure of X¥-rays to induce dominznt mutation in a
population estimated at 5,700,000 celie, cach contzining three a's
capable of mutation. The cell population of equal size in sib secds yielded
approxirately 100,000 losces of A (deficiencies or racessive mutaiions)
from cells coutaining unly one A gene each. Tue aumber of mutations to &
which would have oscurred in the same populatiuns wnder the influence of
Dt, calculatsd Trom the test crogses mentioned, was over 16,000 for o
Lingle dose of Db, or about 1€ times this muberfor hemolygcus Dt Dt Dt

Se3UE e

L. J+. Stacdler

Cernegie Institution of Washington
Department of Genetico, Cold Spring Harber, Long Island, N.Y.

During the pust fow years, a number of termins) deficiencies of the
short arm of chromoscme 9 have been isclated. Each deficiency arose as the
consequence of a meiotic hroakage of the short arm of chromosome 9 following
eroseing over in plento hoterozygous for & chromwosoms 9 with a duplication
of the short arm o fara structural rearrangeuent ol the segments of chromcsons
9., In each case, the extent of the deficiency was Getermined at pachytene in
the F| plants which had received & normal chromosone 9 from one porent cnd a
vecently broken (deficient) chromosome from Lhe other parent. Tests shuwed
that deficiencies which ranged from minute t¢ one-third of the distal scgment
of tie thort urm were ull female transmissible. Thcse which extendad into
the [irst ulstinct chromomere were transaissible throungh tae pollen. HNone
of the longer torminal defizienciss were malc tranemirsible. Becauss of the
male and female transmissicn of the very short terrinsl deficiencies, plants
which were heterozyrous for these deficiencies were sclf-pollinated w0
determire if viable endosperms and embryos could de outained which were
humozyseus for these deficiencies. In thesc F; plants, the noreal chromosore
carricd ¢ and the deficient chromosome curried C. Tne C mutant is located
in the short arm within the 5th or éth chromomere from the distal end. In
these ¥, plants, 30 individuuls were clasgified as having received a broken
chromoscme 9 which was deficient for only the knob. Celf-pollinations of
thesc heterozygous deficient plants gave typical ratios of 3C tolg. The
endosperms and embryos in both classes of kernels were normal. Plants arising
from both the C and ¢ kernels -~ c likewise normal in appearance. Cytological
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exarination of some of thesc Fp plants showed the prescnce of the two
deficient chromosomes 9. It may be concluded that a homozygous deficiency
of the knob doeg not obviously alter the appearance and functioning of

any tissues.

Seven of the original F; plunts were classified as having a
chromogome 9 which was deficient for the knob and thie adjacent segment
of thin chromatin which joins the knob with the first distinct chromomere.
Self-pollinations of these plants likewise gave typical ratios of 3 C
to 1 c. The endosperms and embryos were normal in appearance. In all
7 cascs, the seediings ariging from these kernels segregated in the ratio
of 3 green to 1 pale-yellow. The pale-yellow seedlings are normal in
morphology tut die following exhaustion of food supplies in the kernels.
Linkage of the pale-yellow phenotype with C, carried by the deficient
chromosome, was obvious in each casc. Through genetic and cytoclogical
meens, it was possible to deturmine in each case that the recessive pale-
yellow phenotype is produced as a consequence of the homozyious deficiency.
Intercrosses between plants hel.couygous for thece 7 pale-yr:llow mutants
showed that all 7 were either identical or allelic. The recessive
matant ygR is knovn to be located close to the end of the short arm of
chromosome 9. Combinations of a chromosome 9 carrying yg2 with any of the
7 deficient chromosomes 9 produced only normal green seedlings and plante.
It may be concluded that the deficiencies which produce the pale-yellow
phenotype are not long enough to include the Yg2 locus.

In six F; plants, the troken chromosome 9 was classilied as being
deficient for a terminal segment which extended into and included a part
of the first distinct chromomere. These deficiencies were slightly longzer
than those which prcduced the pale-yellow phenotype. Following -self-
pellinations of these plants, normal Fp retios of 3 C to 1 ¢ appeared in
four of the six cases and & slight reduction of the C claess in two of these
cases. When these kernels were germinated, while seedlings segregeated in
ratios expected from a recessive mutant. In all cases, linkage of the
white seedling mutants with C was obvious. It was possible to determine
for each case that the white secdling phenotype resulted when these
seedlings were homuzygous for the deficicnt chromosomes 9. Intercrcsses
of heterozygous deficient plants of all 6 cultures were made to deteimine
the allelic relations of the white seedling mutants. White seedlirgs
segreguted in the Fy following sll 15 combinations, lndicating that the
vwhite seedling mutants were allelic if not identical. Intercrosses between
plunts haterozygous for the 7 pule-yellow producing deficiencies and the
6 white producing deficiencies gave rise to the typical pale-yellow phecotype
in one-fourth of the progeny of all 42 crosses. Il was determinad that the
pale-yellow phenotype arose following combinations of the two deficient
chromosomes in a zygote. Thus, the deficiency mutanis pale-yallow and
white are allelic. Pale-yellow is dominant over white. This would be
expected because the residual horouygous deficiency following combinaticns
of the two deficient chromosomes is only that which would produce the
pale-yellow phenotype.

Plunts heterozygous for the 6 white seedling producing deficiencies
were crossed by plants homozygous for yge. In the progeny of all 6 crosses,
a ratio of 1 green plant to 1 yellow-green plant appeared. Appropriate tects
showed that the yellow-green plants were those which had received the
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geficient chromosome 9 from the heterozygous parent. Therefors, it may

e concluded that the white mitants are allelic to ygz2, with ygi dominant
over white. This would be expect . Lf the terminal deficiencies causing the
white seedling mutants included the locus of Yg2. From the point-of-view

of genetic analysis, the pale-yellow and white seedling mutants are
comparable in all ways to other known recessive rutsnts in maize. The
gllelic expressions ol pale-yellow and white and yg? and white, and the
non-allelic expression of pale-yellow and yg2 would be difficult to
interpret following a purely genetic analysis. These results are readily
interpretable when the cytologicul conditions are known. The phenotypic
expression following combinations of any two of the threec mutants may be
considered & ratlytion of the residual effects of over-lapping deficiencies.

The mutante pele-yellow und white are repeatedly produced following
the meiotic breakage of chromosome 9. Among 2577 such recently broken
chromosomes 9 which were tested, 55 gave rise to the pale-yellow phenotype
and 33 to the white phenotype. In contrast to most mutation inducing
agents, the chromosomal breakage mechanism is a "mutation" inducing process
which "induces" the same mutant time and agsin.

Bartara MeClintock

Duke University, Department of Botany, Durham, N.C.

Unfortunately, I have been unable to make any worth while contri-
bution to the News Letter. For the past few years my genetic research has
been largely restricted to an attempt to keep some of my stocks from
extinction in hope of better times to come.

I have, however, made fairly satisfactory progress with the sweet
corn breeding. In a randomized block test that I ran last swmmer one of
my hybrids out-yielded Golden Cross Bantam by about 85% (dry weight of
shelled grain) and yielded about 90% as much as Trucker's Favorite. This
Hybrid is perhaps 10-14 days earlicr than T. F. and might average a
little, perhaps a day, later than G.C.B. In quulity, it is about the same
ag G.C.B. In what amount to "blind-fold" tests since the culture numbers
meant nothing to the tasters, this hybrid got 15 votes and G.C.B. got 13 in
direct comparison, a pretty good 1l:1. Ears are slightly bigger btut not
quite so smooth us those of G.C.B.

In a amaller yield test planted about six woeks later, (hotter, drier
weather and shorter days) this hybrid showed up much vetter in comparison
with G.C.B.

Ioana and G.C.B. are the two sweet corns recommended for this aresa.
Toana wags & little vetter than G.C.B. in the early tests btut not nearly so
good in the later test. :

H. S+ Perry
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Instituto Experimental de Agricultura Y Zootecnia
Departanento de Genetica, Caracas,Venezuela

1. Flint and Dent Corn. The improved yellow corn, Maiz Amarillo
VENEZUELA -1, which ls being distributed to the farmers of this country for
commercial production, is neither dent nor flint corn but rather aan inter-
pediate between the two, with variations toward both extremes. This
intermediate type, often referred to as tropical flint, is preferred to
dent corn bocause it is more resistant to damage by the ever-present grain

weevil.

Considerable difficulty has been encountered in maintaining this
variety as a tropical flint. The farmers who make no selection in their
corn complain that after two or three gensrations VENEZUELA-1 degenerates,
that is, the amount of soft starch increases. Even in the Experiment
Station whore there has been selection for tropical flint ears during the
past eight generations, the soft starch type reuppears in considerable
quantity at each harvest. The ears of the true flint iype are scarce.

In this comnection it is worthy to note that the dent coru from the
United States and from Argentira become extremely scft under these condi--
tions and little hard starch is developed.

2. Tall Corn. In the lowlands of this country where the sgoil is
relatively fertile nearly all the local varieties of corn are extremely
tall and the ears ar¢ often six to ten feet from the ground. The improved
type, VENEZUELA-1, was especially popular when introduced to the public
brcause it was shorter than the local varietics and had a low set ear. It
has beeu discouraging te find that each year this corn is becoming-taller
and the ears are farther from the ground. Mass selection for low growing
plante with their corresponding luw cel ears has been practiced for eight
generations with little permanent success.

3. White Corn. Corn, prepared in a multilude of ways, is tue
principal food of *the people of this country. Due te custom, the people
of the central part prefer white corn while those of the eastern and
western parts prefer yellow corn. Vhen the corn improvement program was
initiated in 1939, emphasis was placed cn the selection of high yiclding
verieties of yellow corn with the hope that the people in the central region
weuld toke advantage of the improved seeds and perhaps learn to like yellow
corn over & periocd of time, and thereby improve their diost. During the
past two yeers this fairt hope has beeu realized in certuin areas in which
the improved yellow corn, VENEZUELA-l, has given as much es JOOZ increase
in yield over the local white varietics.

But in spite of this indication that 2 chunge in custom might be
possible, we have finally yielded tc public precsure to develop improved
varieties of white corn (as a matter of fact, both white and yellow corn
have been included in the corn improvement program since 1939, but the
hybrids and the improved varieties of white corn have not been publicized).
The few kermels of white corn which always appear in some of the ears of
the variety Maiz Amarillo VENEZUELA-1l have been used as the basis of a new
variety, Maiz Blanco VENEZUELA-3. From many thousands of ears of
VENEZUELA-1, several hundred ears segregating white kerncls were shelled
together and planted in a small field. Before pollination the weakest plants
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were eliminated. At the time of harvest, two kinds of ears were found:
those with all of the kernels yellow and those with some kernels white
and some yellow. The yellow ears were discarded. Of the ears with both
white and yellow kernele, the Lesu were shelled together and the seeds
were placed on tables where a group of women picked out the white kernels
py hand. (The white kernels were not all pure white; some were a faint
yellow). They were planted in several experiment statione and with
geveral farmers for propagatlon.

The harvest from these propagation plots was not completely white
but is commercially &cceptable. Further selection is being carried on
to improve this new variety, VENEZULLA-3, but this slightly mixed type ic
being distributed to the farmers for commercial production. In the yleld
teste conducted in five different states this year, the wvarieties,
VENEZUELA-3 and VENEZUELA-1, were nearly identical in plant type and in
vield. '

D. G. Langhanm
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V. SEED STOCKS PROPAGATED IN 1943

Dr. Murray and Miss Morris grew over 200 cultures and hand-pollinated
approximately 1600 ears. These cultures consisted mostly of stocks
that had been listed in earlier News Letters, that were in need of
replenishing, or that were several years old and liable to loss of
viability.

R. A. Emerson




