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During the past few years there have been numerous studies made
of various charactere in wheat, Some charasters which were WQ at
first to be simple in inheritence have since been found to be rather
complex.

The data in the following pages are the results of an investi~
gation made to study the inheritance of awms in a oross betwoen Hard
Pederation and Kota varleties of wheat,

REVIEW OF LITERATURE

Until the last few years awn inheritance in wheat has been re-
garded as extremely eimple, that is, as being dependent on a single
faotor difference. The ams of the l‘l plants have nearly alwaye been
intermediate in length detween the swns of the two paremts with the Py
ratios ;1 or 1:2:1, swnlessness usually being regarded as dominant.
Recently, however, it has bYecome spparent that the inheritance of awns
is mush more complex than the original data indicated. Eeveral workere
have found two independent factors and one has found two factors segregate
ing in swh & foshion as strongly to suggest linkage between these two
fastors,

The firet genetic study on awnedness inheritance in wheat hyurids
was reported in 1905 by Biffen{l) who consluded that "the beardlees con~
dition is o dominant, the bearded a recessive charscter". Other early
workers, partioularly Tschermak|{l2) and Spillman(8), obtained similar
results in the first generation and in the second generation also, when
the awnless snd awned plants occurred in a eimple mendelian ratio of 3;l.
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Recent stuiles by Gaines and Uingleton(3) show similar segregatiom while
rercival(4) reported P, segregation in numerous crosses to approach a
1:2:1 ratio when intermediates occurred. Saunders(9) questioned the
ides that the first generation between an swnless and an awmed wheat
always is amnleos and mainteined that the character of awns in the ¥y
varied with the wheats used.

Hovard and Howard(4) were the first to work with the trus awnless
wheat. They orossed & fully bearded wheat with one desoribed as being
really awnless, a fact they emphasized as important, in as much as wany
of the so-called awnless varieties really have short tip awms, In the
Fy, five awn-classes were obtained, vis., (a) entirely awnlees, (b} short
tips, (o) long tips, (d) nearly full bearded, and (e) fully bearded, Thay
grouped sll awned and tip-awned classes together as awmed which in com-
parison with the awmless gave & 15;1 ratio. These results were explained
on a two~-factor basis. Fowr classes bred true, and whan the short-tipped
plants were crossed, Fg segregation showed some fully bearded and some
awmless plents as well as the intermediate forms, They thus conoluded
that the awned comdition was dominant, which was an opposition to the
conciusion of other previous workers.

In similar studies between Kota and Hard Federation, Olark(R)
found a somevhat complex condition in the inheritance of awns. He made
five classes of awn types in P. and he arrived at the conclusion that the
awmless condition was dominant, since the 7y(olass 2) approached more
nearly the awnless than the swned parent and also that two genetic fastors
could not entirely account for the breeding behavier in the P2 and Fg
breeding behavior,

Eilsson ~ Ehle(8) obdtained by mutation true~breeding forms of
swnloss, half-awed, snd avmed wheats, Awnless formes were partly dominant
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to half-awmed and to awned, and half-swned forms to awmed. He expluined
hie resuits on the basis of multiple allelomorphs for half-awmed and
fully awned plants arising by complex mutation from the awnlese plants,

A psrallel case in rice has been recently reported by Jones(8) who
found evidenve of two independently inherited faotors for awnedness. In
a cross between a fully awmed variety and an awnless one, the '1 was
intermediate. He took his data from the Fp plants and grew a fow ¥y
progenies. MHe concluded that either of the two fastors alone prodused an
intermediate condition and that the two together prodused fully developed
sms. lHe was unable to separate his two intermediate classes,

Stewart(10) recently reported a strong indication of linkage
between two faotors for swnedness in & ¢ross between pure lines of
Federation and Sevier wheats. A pure line of emch parental variety and
three Fp families were used in the study. In two of the families, kernels
from sll of the Fg plante were sown for l, progeny rows. In the other
sase 74 ¥y fanilies were grown, the Fp plante from which these came being
selected at random so far as awne were concerned.

There were fouwr true btreeding classes, viz., (a) fully amed similar
to the Sevier parent; (b) awnless, similar to the Pederation parent, and
(e) and (4) two intermediate classes, The true-breeding parental forms
were regularly much more numercus tham the true-breeding intermediate
forms. He explains this data by stating that the Fp genotypes as claseif fed
by the Fg breeding behavior rather highly substantiates the presence of
two factore for awne, both in the same chromosome, with orossing over to
the extent of about 36 per cent.

In another paper Stewart(ll) found evidence which indicated very
strongly that the above theory was at least spproximately correct. From
these latter studies it 1s evident that each of the two factors when present
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separately produces a different, but somewhat equsl major effect, The
separste effects of the two factors could be identified not only in the
true breeding Fy progenies but also in the segregating ones.

DESQRIPRION OF THE PARENTS

The parents used, as previocusly stated, were Hard Federation ==
& selection from Federation, and Kota - a whest introduced from Russia,
Both are grown only to & limited extent under irrigation in Uteh and as
yet neither are very well kmown in this section.

Bard Feteratim

Hard Pederation is a variety of white spring wheat which has
proved very resistant to drouths It was developed mbout 1908 by J.T.
Pridham, at the Cowna Experiment Station in New South Wales, Australis,
by selection from Federaticn. It was introdused inSo the United States
in 1915 and was first tested at the experiment stations at lora Oregon
and Chico Cslifornia. From these two stations seed was firet distridbuted
to farmers.

Deseription.- Hard Federation has awnless, oblong splkes; glabrous,
browm glumes; and short, hard, white kernels. It is an early spring wheat
which has very strong stems and Ml leaves, which twist om cwrls This
latter habit deoreases transpiration and Clark(2) states that it is un~
doubtedly heritable.

Adsptation,~ Hard Federation has proved to be a high-yielding
variety of spring wheat grown under dry-farm conditions at lora Oregon.

It alse does well on some solls of California. In the Pacific Coast and
intermountain states it often out ylelds lMarquis from 5 $o 10 bushels per
sore, and is rapidly becoming an lmportant variety in meny of the semi-urid



sections of the west.
kota

Yota is & variety of hard red spring wheat which is resistant to
black sten rust. The original seed of this variety was obtained in Russia
by Professor H.L. Bolley, of the North Dakots Experiment Station, in 1903,

Desgription.~ Kota has awmed, fusifors spikes; glabrous, white
zlumes; snd midlong, hard, red kernels., It is a mid $all, midseason, spring
wheat which has weak to mid strong stems,

Adeptation.~ The acre yields of Xota have averaged cons iderably
higher in North and Scuth Dakota during the psst few years than those of
Mmrquis, the standard variety of hard red spring wheat, as reported Yy
Clark(1l). Kota has also produced good yields in the northeastern parts of
Nontana snd Wyoming. It has proved somewhat resistant to drouth, s well
as distinctly resistant to black stem rust, in the northern Great Flaine
ares. In the more humid seotions of the spring wheat region Kota ie not
woll adapted.

anD . moayss

It 19 imown that wheat delongs o & group of normally self~fertilised
plants, natural erossing oocurring in very rare cases, In artificial oross~
ing the cross is made at sbout the time the ovaries are sufficiently matute
and before the anthers have broken. 41l but the outer florets of eight or
tan of the central spikeleds are removed, The upper and lower spikelets
are out off with shears. The central floret on eash spikelet 1s removed
By grasping it near the top by forceps and pulling downward. The forseps
are then oarefully pushed betwsen the lemma and pales and the flower opened.
The three stamens are then removed, sare being exeraised not to perform
this operation sometime before the pollen is mature. Vhen all the stamens
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are removed, mature pollen from the other parent 18 secured and shaken on
the stizmas in each floret, The pollen should be obtained from anthers
that have twned yellow but not broken, but when it i» ready %o do so.
Usually a single anther,that has just dehisced in handling, is plaged in
each floret, though sometimes one anther is used to pollinate several
stigmas, After all the emasgulated florets are pollinated, the head is
wrapped up with a leaf from the wheat plant and labeled., When the grain
is mature the heads are broken off and reserved wntil the next planting
season,

The eross between Hard Federation and Kota was made after the above
mentioned manner by Dr. George Stewart, in the spring of 1925 primarily to
study the inheritance of awms, Four families were used wp to the r.
generation but et plenting time, in 1928, all but two were discarded,

At the time of -mmm!xmh-uun in rows two feet apart,
with the kernels about a foot and a half apart in the rows. At maturity
the heods were broken off and the grain saved for seeding the next season,

The kmhm-ﬁotl plante were sown the next season in rows
one oot mpart with plants three or four inchee in the row. Data on the
awns of each r. plant were token at the time of harvest,

In the begimning the plants were claseified into 6 classes according
to awns: Awn class O(awmless); awn class 1(short awn tips); awn class 2
(short=tip awns in lower half of spike and part length awns in upper hals)j
awnglaes 3(nearly fully awned) and awnclass 4(fully awmed). A notation
was also made as to the color of the grain and color of the glumess, Two
heads from each plant were threshed to get yrain color, and these same
threshed kernels were placed in an envelope which was marked with the
pedigree number and plant nusber and saved until the following yesr when

thay were veeded in & l‘, progeny rows
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The plasuts from these lg kernels sonstituted the Fy progeny rows
from which the data for the conglusions were obtained, each progeny being
regarded a¢ denoting the true genotype of Fp plant from which it was
descended., The data on the Py progeny plants were taken as soon after
heading as the awme were fully developed.

The first thing done in colleoting the field data on the l, progeny
rows was to go thru the rows and mark those which appeared to be breeding
true for one of the awn types and then go thru very carefully & second or
third time, if necessary, to make sure they were true treeding.

After this was done the writer went thru the rows which were segre-
gating and made & count of the number of plants of each type found while
o helper tallied these.

This was done by getting metride the row and gathering the heads
of esch plant in & bunoh and ealling off the swn class o which it belonged.
In places where the plants were very thick and the oulms more or less inter-
woven, it was necessary to begin at the ground grasping all the oulms of
the plant together and following these wp to the spikes.

BIBDONTAL XSS

It was at first attempted o divide the awns into five olasses,in
keeping with Clark's{2) suggestions, who thought he found five trus~breeding
awn classes., Careful checking of Fy progenies and comparison with the
parents showed only four true-breeding classes. Hard Federation ranged
from entirely awnless $o very short beaks. PFrogeales with a similar range
wore claseified as belonglug to awm olass 1.

In family 320 there were 323 F3 progenies nﬁmnolh‘ul.

plant. Tho plants of each Py family were olassified according to awms.



A summary of the data is given below;

Tor;
No. of Py fanilles breeding $fue{ No. of Fj fanilles segregating fori

3
Awne 1 18 3 AMmel, 2 V14
Awns 2 21 : Awms ), 2,8 48
Awns 3 20 3 Awms 1, 2, 5, 4 7
Awne & 19 ¢ bAwme 2, 5, 4 43
1 Awme 3, & 89
t

In fanily 38F an Py progeny of every Fp plant was likewise growm.
The plants in each of the 516 rows were classified and the data summarised
by families as follows;

No, of Pz families breedi

:
Awns 1 1 Awms 1, B se
Awne 8 17 ml....m”
awne 3 8 3 Awmel, 2, 8, 4 61
Awns 4 25 3 Awms 2, 8, 4 wmewmeccmencus 47
A 1 Awmas 3, 4 48
)

An examination of the suamaries of awn behavior shows that in the
P, generation of families 32 and 53F there ogcurred 9 gemotypes of plants
ascord ing to sm<breeding bebavior in Fge Four of these bred true and
five segregated each in a distinet manner.

Let us desiznste fnll awne sush as ccowr in the Kota parent By
AAMP{awn olass 4); long apioal mwmo but short lateral awns(swn class 3)
by Adtt; well developed tip awne{awn olass 2) by aa®P; very short tip
ewms and awnless beaks by astt{awn clase 1), Awn class 1, as here deter-
mined, hae the same range as the awnlees parent, Hard FPederation.
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The following sygote genotypee as far as awms are conserned are

expected:
(1) aare (8) Aatt
{B) AAT% (7) aalt
(8) Aam? 8) aalr
(4) ATt 9) aatt
(8) AAtt

The expected breeding nature of the 9 sygotypes is indicated here:
{1) Breed trus for awns &
(8) Segregate for awms 5, 4
(3) Segregate for awms R, 5, 4
(4) A 1,8,35,4
(b)arod‘mfnm‘
(6) Segregate for awnse 1, 8, §
(7) i, 2
(8) Breed true for awms 2
{9) 1

0f the § sorts of genotypes (1), (8), (8}, and (9), are the trues
vreeding forme for awn clasees 4, 5, 2, and 1 vespectively, Genotypes (B)
u(S)uommetummethn
the other, (2) being heterosygous for P8 and (5) for Ass Genotypes (8)
and (7) differ only in that (6) is homosygous recessive for tt and heterc~
sygous for ia, whereas (7) is homouygous recessive for sa and heteroaygous
for ™.

On the basis of total Fg families, the ratios of families that
brod true for awns in variows ways suggest & two factor difference. 4
strictly independent segregation would give approximesely equal nunbers
in each of the fowr classes that bred trues This was found in both
families studied. There was found & ratio that spproximates & 1sR;2:4:118:0:8:1
for independent segregation, or & 9:3:3;1 taking the 9 genotypes which indisates
s 2 factor difference. There is a much closer approximation to this in family
326 than femily 587 as indicated by the goodness of fit study.

In %able 1 the closeness of £it to the caloulated expeotancy is given
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grow of Fp genotypes as determined by the Pz breeding behavior
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for family 326, P @ 9714 which is an extremely good fit, shows that
97 cases of 100 worse fit might be expected from chance alone. In
Table 2, the closeness of fit for family 33F 1s shown t0 be 45626 which,
tho not mearly so good a fit as fownd in family 323, still indicates &
@ood one. ‘

As stated befure,both these families approximate s 1:2:2:4:10:2:211
ratio, which im what is expected for strictly independent segregation.
It may, therefore, be safely comeluded that the I'p genotypes ae classified
by the Fy treeding behavior rather highly substantistes the presence of
two factors for amums, independently inherited.

This cross was made %0 IM ewn inheritence and to discovor the
nunber of fagtors iuvolved.

The parents used in the oross were Herd Federation, an awmless
variety and Kota, a fully awed wheat.

In ¥y the ¥, genotypes were tested by the breeding behavior of
Py families, each from & single Fg plant, Powr true breeding classes
were found and five whish segregated each in o distinct wamners

When the observed proportions of each of these 9 genotypes were
studied by the closeness~pf~fit method, the two F's were 0.97 and 0,45,
both good fits. It seems ressonadle $o conclude that there is a two=
factor difference for awme, independently inherited. The classes were
clear-cut and definite when determined by the Py ‘braeding behavior.
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Until the last few years awm-imheritance in wheat hlrm
gerded as extremely simple; that is, as ~baing—dtgenmt mm}c
factor differences The awns of the Fl plents have nearly CIWO been
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The first genetic study on awnedness mhﬂrits.nes in wheat Widﬁ;

was reported in 1905 by 3iffen(l) who concluded that "the beardless ov,xi- L
dition iz a dominant, the bearded & recessive chuaatér". Other n.ﬂy ;
workers, particularly Tschermak(l2) &nd Spillman(8), c’b;lalned similar

[ results in the first generation and in the leeond gezieratioq_alaa\, when

the awnless and awned plants occurred in a simple mendelian rliio of 33l
W #7/ /
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Recent studles by Gaines and Singleton(8) show similar segregation while
Percival(4) reported F, segregation in numerous crosses to approsch a
1:2;1 ratio when intermediates occurred. Saunders(9) guestionoﬁ the
ides that the firet zeneration between an awmlees and an awned !l‘\e"u\.i ‘
always is awnlees and meintained that the charadter drf"a,ma in the ¥y
varied with the wheats used. ‘ y

Howerd and Howard(4) were the first to work with the m& m).qu
wheat. They crossed & fully bearded wheat with one desarib“ u blhe
really awnless, & fact they emphasized as important, in as mmch al'ma:
of the so-called swnless varieties really have chorf tip awns. In thq '

P,, five uwn-classes were obtained, vis., (a.) antival;r uvmlen (b) sho:t

tips, (c) long tips, (@) nearly full M&x‘d&d. Qnd f&) f;‘nuy DCMN: M

grouped all swned and tip-awned classes togétm as awmed which in «m‘ﬁhﬂ

parison with the awnless gave & 18;3 raﬁ?‘ !Ehch r“ultl w o mmml
. 4

on & two-factor basis, Four qluua vred trto; md m& fhc‘unoﬁ}ww

amless plants as well ae the intermediate f‘oru. l&@ W 0%41“ i

that the awned condition was domimant, 'h{uh 'Aiu %qﬂm to ‘!!l S

nclusion of other previous workcu. Sy o o 7
In similar studies between Kota end Hard ?de‘lipn, Oiwk(ﬁj
found & somewhat complex condition in the imaertmae ‘of ms. EC Ws #

five classes of awn types in Fp and M arrived xt the uonuimim uw@ 'tla
awnless condition was dominant, singe the vfliﬂnl 2) mpnm m ‘
nearly the awnless then the ewned parent and also mt\ m smﬂo ”Mou
could not entirely account for the breeding behayior :m thi Pg end fs :

breeding behavior.

Filsson - Ehle(6) obtained by matation true-bréeding forme of |

awnless, half-wmed, and awmed wheats, Awmless forms were partly dominent

FrravEe s N
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to half-awned and to awned, and half-amwned forms to awmed. He explained
his reenlts on the basis of mulbiple allelomorphs for half-awned and
*ully avmed plents arising by complex mutation from yk.x‘g"‘a.wnleeu plants,

A parellel case in rice has b.een recent\ly r;ported by Joziec(ﬁ)- who
found evidence of two independently inherited factors for awmednees, In
a cross between a fully awned variety and an awnlese one, thie Fl wes .
intermediate. He took his data from the ¥, plants and zrew a'%
progenies. He concluded that either of the two factors alone produced an
intermediate condition and that the two together produced fully deﬁjloped
awns, He was unable to separate his two intermediate classes.

Stewart(10) meeentdy reported & strong indication of linkage
between two factors for awnedness in & cross between pure lines OS‘-
Federation and Sevier wheats., A pure line of .&g.h.parent&l variety And.
three Fy families were used in the study, . In two of the families, 'kq.rml':
from all of the Fp plénta were sown for ra brogeay rows, In the oﬂuz
case 74 Fyz families were grown, the Fp pianh from which thou came héine
selected at random so far as awns were concerned.

There were four true-breeding classes, viz., (a) fully awed -imiln
to the Sevier parent; (b) awnless, similar to‘ the !‘edera.tien bumt. and
(e) and (d) two intermediate classes., The true-breeding parental forms
were rezularly much more nunerous them the trﬂe-ﬁrcadingt mtumédilt‘:‘ “v"‘
forms, He—sxplaine—tirie—dabeby—sbeting—tuas The ¥, cenotypes as claseiffed
by the Fy breeding behavior rather highly substentisted the presence of
two factors for ewns, voth in the same chromosome, with crossing over to
the extent of about 35 per cent.

In smother Sopm Sfewert(11) fotnd evidenice which indicated vame
sdpromety that the above theory was at least approximately correct. From

these latter studies it is evident that each of the two factors when present
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seperately produces & different, but somewhat equal major effect. The
separaste effects of the two factors could be identified not only in the

truestreeding F5 progenies but also in the segregating ones.

DESCRIPTION OF THE PARENTS

The parents nsed} as previously stated were Hard Federat fon sl k'p.&’
WAl G2 ; .
& scleotion fron Federation, snd Kota -- a-wheat intzoduced—fromiivesien ;
Beh are grown only to a limited extent wnder irrizetion in Utall and as

yet neither are very well known in this section.
Hard rmnum

Hard Federation is a vuisty of white s]}rw im@t t!oh m
proved very resistant to drouth. It was ﬂev.lg'pgﬂ- n'nént ‘1908 W 3.1’4&
Pridham, at the uow;a Experiment Station in Nev #o;ﬁh ln”, mimq.
by selection from Federation, It was hnrodn.q.d; mfxo the mﬁ‘& S'Iih‘"l
in 1915 and was first tested at the experiment stations at muﬂ,orqm

and Chico Cslifornia. From these two stations nld was first dmumhd

to farmers. ' il ;“f T
Description.~ Hard Federation has' AT ‘omb&-‘: spikes; glevrons,,

brown zlumes; and short, hard, white kernels, ' m is an su'lx gyrmg mj

-uhu.‘i:;l—(‘-e very strong stems and small leaves, whieh twist om curly : fmia

',fl el
latter ha.bi%‘ decrease\ transpiration and Clark(2) states that it 1! m'-

doubtedly heritabdle.
Adeptaticn.- Herd Federation has proved to be a high-yielding
veriety of spring wheet grown under dry-farm conditioms et lﬁqtﬁ Oregone

It elso does well cn some soils of California. In the Pacific Ooa.lt and

Hoarm
Jntermountain states it often out yielde Merquis fron 5 to 10 bushqla m’

acre, snd-ie-repidiy-o S sidnporterrtrartebi-ln-aag. ol _the. senimamid




'vy gresping it nesy the top by forceps end pulling daﬁm’&'; "m fore
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Kota

Kota 1s @ veriety of hard red spring wheat which ie resistant o
black stem rust. The original seed of this vui{m-.ml"m'xuihdd in Russia
by Professor H.L. Bolley, of the Nerth Damoﬁ Exper iment Sttﬂox‘x, in 1903,

Description.- Kota has awned, fusiform ap!.kea, glabx'onh whito
slumes; and midlong, hard, red kernels, It is & nid ta.ll miduulan. mm
whesat which has week to mid strong stems. )

Adeptation.- The acre yields of Kota have averaged cons 1d.cxfa.§1:

hisher in North end South Dakota during the past few years than t;hcn\‘of

Merquis, the standerd variety of hu.vd red sprm wheat, as xaportu by
Cle.rk(/(). Kota has also produced good yiolds in the unnthcutern‘yu‘ { S
Montana and Wyoming. It has proved aomuwhn ruiata.ni to d.rauth.A‘ we] ‘
as distinctly resistant to black stem rust, in tno northern Grut lains

et o
srea. In the more humid sestiome of fuv upriac yhut nmon Kota ii nﬂ-‘

well adapted.

MBTHOD OF FROCEDURE

plants netural crossing ofcux'r:l.ns in very rare cases.
ing ?Zne cross is made at bout the time ﬂhe ovur:ia
B.nd/before the enthers have 'brok'en. All but tha
t’etll of the central spikele#s are r.mvod. The 3

gre out of? with shears. The central floret gn each spikelet is ¢

are then oarefully pushed between the 1 &end pll.t. and the nom ‘

The three stamens ere then removed, ,u.r/a being mmiseﬁ naf to p :

this operation sometime before the pal{.ten is mnturs. When &11 the wnnenl
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re removed, mature pollen rrum’ 1;he other parent is secm‘ed end sheken on
the stizmes in each flore#. The pollen should n}ﬁuined from e.xi(hers
that have turned ellow but not brmcen, but 3}:61 it is ready to 4o 069

Usually a single mtrer that has Juai‘\de))l/‘ sged in )w.nduw; is blﬁced g

euch floret, thoush sometimes, one anpiler \is used to pollinate sevepe] ¢
stigmass After all the ama.sculutéﬁ floret\.‘i" a.!“e‘pol];ina.tec‘lv, the head is

ped/up ‘with a leaf Irom){ wheat plant and labeled\
is peture the heads are broken off and reurved mti
seeson.

The cross between Hard Federation axul Kota m nade M—m
mtme&mw-w in the lpl’ing of 1925 ;mmuy tb
study the irheritance of awns, Four families -mze uwl b,p vo tho 'a

generation but at plsnting time, in 1938, all ‘bhi m wh.'e dile&r&«h A
el ‘
i sown in rows two tm aﬂrt,

with the kernels about a foot aad a helf apart in the rm At utmrﬁy
the heads were bsecoroff and the grain llué. fnr I.ﬁi}l‘ ‘th ncd lﬁ!ﬂm
Te kernels from the ¥, plants were sows the next ssason in rove

one “oot epart with plants three or four !mhu‘; 't'hg row. Data on 'ﬂhl
awns of eech ¥, plant were taken at the tim of lmrveut. PRl it
In the beginning the plents wWere ala.nsif:t“s ,‘Lnto & cluu# lcobnuu

to mme; A cla (awnlagl)l f&w wit;l.pﬂ;,p. qnu E(M
& part ﬁ v

(short-tip awns in lownr half of spi OIngtk awms ﬂ: mp‘r lpl j.
WnsIesswSinenriy-Sully ajped) and ewnclass 4(fully swned). L mhﬂaﬂz
was slso made as to the color of the grain and color of the slumes. M x
neady from each plant were threshed to get gtaig éolo’::; :&nd thu§§ Ilﬁ
threshed kernels were placed in an envelope which m':‘ﬁ.!k“‘tﬂh‘-tj‘hj
1 the 1’01 o

pedigree numly and saved wnt

- ‘
*;) S ,,.‘Q Ca_<p.
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W,w""‘/ 2L v : ‘
g } {tuted the F; progeny rows

y 7 S . K
fpomwrien the data i‘&m&* were obtained, eech progeny being
rezarded as denoting the true genotype of Fp plant from which it was ‘
deccended. The dats on the Fz progeny plants were faken as soon after:
hexding as the awns were fully developed. ‘

The first thins done in collecting the field date on the Fy progeny

B

rows was %o go thr¥ tHe rows and mark those which spreared to be _ﬁ-oedi‘né
true for one of the awn types and then go thru very carefully a second or
third time, if necessary, to make sure they were trus-treeding. '
After this was done the writefwent thr rows Wilch were segre-
gating and made a count of the nuhbe’t;_of plants of @ach type found while

e helper tallied theses

This was done by getting astride the row and gmhering ﬂm

of each plant in & bunch and calling off tho awn cless to wh!.ah it -umc..
In places where the plants were very thick and the cnhu mors or I‘eu inter-

woven, it was necessary to begin at the gronml grupisg all the oulml of :

the plant together and following these up to the lpxkba.

mnmm HESULTS

It was at first attempted to divide tho ewns into five elnnm,m \
keeping with Clark's(2) suggestions, who theught M found Wm-lmﬁinc R
awn classes. Careful checking of ¥z progenies and comparison with thg »
parents showed only four true-breeding classes. xai-d F@t&tion mﬂ \
from entirely awnless to very short besks. Progenies with a similar ‘:‘u_ke
were classified as belonging to awn class 1. gl

In family 32G there weie 323 F3 progenies each from & s»h,:glo E

plant., The plants of each Fg fqmny'wan classified according %0 awns,



A suwnmary of the data is given below:

Awms 3, 4 39

for:

No, of Fy families breeding trued No: of Fg femilies segregating fom:

t f g
AWnS 1 smdiomacamaanoin == 18 ¢ Awns 1, 2 37
Awns 2 2l 3 Awns 1, 2, § memememeeaaaasae 48
Awns 3 20 3  Awnd 1; 2, 3, 4 nomrmsesendasi78
Avms 4 19 3 Awns 2, 3, 4 m=—mmm——meemaaaa 43

'S

3

In family 33F an Fz progeny of every Fp plant was likewise grown.
The plants in each of the 516 rows were classified and the data sumarized

by families as follows:

for:

No. of Fz families breeding true/s Nos of Fz fanilies amm_‘_z_

: i
Awms 1 21 ; Awne 1, 2 mmmmmm e B2
hwms 2 17 3 Awms 1, 2, § m=—-=mnm-mmnane 52
Awms 3 18y ‘Awns il R, 8 & esrveconsasea 81
Avms 4 23 1 Awns 2, 3, 4 e et ¥
A 1 Awms 5,4 sre-samaransesdins 40

L] Pl A

An examination of the summaries of awm be,hnivor shows that ifn—the
&, conerationof-fomilics Ga5-ané-86F there ooourred 9 genotypes of plamts
according to awn-breeding behavior !n Fz. Four of these bi’sﬁ tm aa,d .
five segregated each in a distinct menner: . b il

Let us desiznate full awns such a8 occur in the Kota pu;envﬁy ‘
AATT(awm class 4); long apical awms but short labteral awns({awn class 3)
by AAtt; well developed tip awns(awn class 2) by aaP®; ver:;* short tip
evms end svmless beaks by aatt(awn class 1). Awn class 1, as here deter-

mined, has the same range as the awnless parent, Hard Federation.



The following zygote genotypes as far as awns are concerned are

expected:
(1) Aamp (6) Aatt
(2) AaTE (7) 2aTt
(3) AaTT (6) eal?
(4) AaTt (9) =att
(5) aatt i

The expected breeding neture of the 9 zygotypes is indicated herer

) Breed true for awms 4
) Segregate for swme 3, 4

) Sesragate for awms 2, .3,

) 1; Biogs &
) Breed true for awns 3 ’

) Segregate for awms 1, 2

) 15 8

) Breed true for awms 2
) 1

0f the 9 sorts of geaotypoa (1), (5), (6), and (!), ere the tm- )
vreeding forms for awn classes 4 3, 2 n.ntl ¥ ﬂmgct!valy, Genotypﬂ (ﬁ)
and (3) are each homozygous for one dominant factor and hetenmu fer ‘.

the other, (2) being heterozygmu for Tt end (3) for u., Bmotrpu (Gi
and (7) differ only in that (8) is homvgmu rmauve for tt aml hﬁcro-r

zygous for Aa, whereas (7) ix Hpmosygous Neonin Tor aa and hotmz:‘soh ¥ ;
for Tt. ¥ ] .; A i ‘ .l!,‘
On the basis of total k5 families, the ratios of tunnfeu that

bred true for awns in verious ways suggest & two factor difference. Y T

strictly independent sezgregation would give a.p‘pvoi;mtely equal numbers :
in each of the four classes that bred trues This was found in both j
families studied: There was found & ratio that epproximates & 112:2:4;1:2:138:1 3

for independent segregation, or & 915:3:1 taking the 9 geuotypea"ﬁic}!‘x'iﬁdio'l}“i
s 2 factor differeue. Therel §h h ot o)y dac) Ko finkh bin te Hhik 40 aae ity | 01

32G than family 33F as indicated by the goodness of fit study.

In Pable 1 the closeness of fit to the calculated expectancy is s!vm‘:



-19;.
for family 328, F = ,9714 which is an extremely good fit, shows that =~~~
M‘t'
97 ceases of 100 worse fit might be expected #wem chence slone. In
Table 2, the closeness of fit for family 33F is shown to be 4526 which,
thé§ ot nearly so good a f£it gs found in family 32G, still indicates &

good one.

As steted before,both these families approximate a 1:2:2:4:1:2:2:1

ratio, which im what is expected for strictly independent segregation,

It may, therefore, be safely concluded that the Fy genotypes as clessified v

by the F, breeding behavior rather highly substentiates the presence of
5]

two factors for awns, independently inherited.

' SUMMARY

Thie cross was made to study awm mhérltn:mh and to d.tleov;gt Iif&li |
nunber of factors involved.

The perents used in the crose Lﬂgqv Herd Federation, an awnless
variety and Kota, a fully amed. 'hﬁ.‘io P :

In ¥y the ¥, genotypes were tested by the hreég‘l‘!ﬁg h!:xsvioi of
F, families, each from a single F, plant. Four true 'u'ielﬁ:g classes
were found and five which ugr.gited each in & distinet nw.nm:-

When the observed proportions of each of these 9 genotypes were
studied by the closeness-of=fit method, the two B's were 0,97 end 0445,
both good fits, It seems reagonable to conclude that there 1s & two-

factor difference for awms, independently inherited. The classes were

clear-cut and definite when determined by the ?_3 breeding behavior,

A

e

4 A
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INHERITANCE OF AWNS IN A KOTA X HARD FEDERATION WHEAT CROSS

George Stewart and B, Ira Judd

Until the last few years awn inheritance in wheat has been regarded
a8 extremély simple, that is, as being dependent on a single factor difference.
The awns of the 2 plants have nearly always been intermediate in length
between the awns of the two parents with the Fp and Fx ratios most frequently

3:1 or 1:2:1. Recently,

however, it has become apparent that the inheritance of awns is much more
complex then the original data indicated. Severasl workers have found two
independent factors and one has found two factors segregating in such a

fashion as strongly to suggest linkage.

REVIEW OF LITERATURE

The first genetic study on awnedness inheritance in wheat hybrids was
reported in 1905 by Biffen(l) who concluded that "the beardless condition is
a dominant, the bearded a recessive character"., Other early workers, perti-
cularly Techermak(12) snd Spillman(8), obtained similar results in the first
generation and in the second generation also, when the awnless and awned plents
occurred in a simple mendelian ratic of 3:1. Recent studies by Gaines and
Singleton(3) show similar segregation while Percival(4) reported Ty segregation
in numerous crosses to approach a 1:2:1 ratio when intermediates occurred.,
Saunders(9) questioned the ides that the first generastion between an awnless
and an awned wheet always is awnless and maintained that the character of awns

in the Fl varied with the wheats used.
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Howard and Howard(4) were the first tg work with the true awnless wheat.
They crossed a fully bearded wheat with one described as being really aynleas,
a fact they emphasized as importent, in as much &8s meny of the so-called awnless
varieties really have short tip ewns. In the Fp, five awn-classes were obtained,
viz., (a) entirely awnless, (b) short tips, (e¢) long tips, (d) nearly full
bearded, and (e) mliy bearded. They grouped all awned and tip-awned classes
together as awned which in comparison with the awnless gave a 15:1 ratio.
These results were explained on a two-factor basis. Four classes bred true,

o e

and when the Short-tipped Z&a&a were crossed, Fa segregation showed some
fully besrded and some awnless plants as well as the intermediate forms.
They thus concluded that the eawned condition was dominent, which was in opposition
to the conclusion of other previous workers.

In similar studies between Kots and Hard Federation, Clark(2) found a
somevhat complex condition in the inheritance of awns. He made five classes
of awn types in F2 and he arrived at the conclusion that the awnless condition
was dominant, since the Fl(class 2) approached more nearly the awnless than
the awned parent and also that two genetic factors could not entirely account
for the breeding behavior in the Fz and Fz breeding behavior,

Nilsson - Ehle(6) obteined by mutation true-breeding forms of awnless,
half-awvned, and awned wheats. Awnless forms were partly dominent to half-
awned and to awned, and half-awned forms to awned., He explained his results
on the basis of multiple allelomorphs for helf-swned and fully awned plents
arising by complex mutation from the awnless plants.

A perallel case in rice has been reéently reported by Jones(5) who
found evidence of two independently inherited factors for swnedness. In
a cross between a fully awned variety end an awnless one, the 1"1 was intermediate.
He took his data from the Fp plants and grew some Fy progenies. He concluded
that either of the two factors alone produced an intermediate condition and

that the two together produced fully developed awns., He was unable to seperate
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his two intermediate classes.
Stewart(10) reported a strong indication of linksge between two factors
for awnedness in a cross between pure lines of Federation and Sevier wheats.

A purs line of each perental variety and three Fz femilies were used in the study.

In two of the femilies, kernels from all of the Fa plants were sown for Fg

'progeny rows. In the other case 74 Tz femilies were grown, the Fp plents from

which these ceme being selescted mmas awns wergfonce_rf_e_d_.j
mtrue-breeding classes, viz., (&) fully awned similaer

to the Sevier parent; (b) awnless, similer to the Federation parent, and

(c) and (d) two intermediate classes. The true-breeding parental forms were

regularly much more numerous than the true-breeding intermediate forms, The

Fp genotypes as classified by the Fz breeding behavior rather highly substentiated

the presence of two factors for awns, both in the same chromosome, with crossing

over to the extent of about 35 per cent,

In other crosses Stewart(1ll) found evidence which indiceted that the
above theory was at least epproximately correct. From these latter studies it
is evident thet each of the two factors when present separately produces a
different, but somewhat equal major effect., The separate effects of the two
factors could be identified not only in the true-breeding Fs progenies but also

in the segregating ones,

DESCRIPTION OF THE PARENTS

The parents used, Herd Federation and Kota, are grown only to a limited

extent under irrigstion in Utah and as yet neither are very well known in this _
4-—76«._, AN e
&% 2 — Wft_a(_,_

Herd Federation

Hard Federation is a variety of white spring wheat which has proved
very resistant to drouth. It was developed about 1908 by J.T. Pridham, at
Cowra Experiment Station in New South Wales, Australia, by selection from

dl 1
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Pederation. It was introduced into the United States in 1915 and was first
tested at the experiment stations at Moro, Oregon and Chico, California,
From these two stations seed was first distributed to farmers.

/Q_MM- Hard Federation has awnless, oblong spikes; glabrous,
brown glumes; and short, herd, white kernels. It is an early spring wheat
with very strong stems and small leaves, which twist or curl, This latter
habit is thought to decrease transpiration and Clerk(2) states that it is
undoubtedly heritable. y

Mh Hard Federation has proved to be a high-yielding variety
of spring wheet grown under dry-ferm conditions at Moro,Oregon. It also does
well on some soils of Caelifornia. In the Pacific Coast and northern inter-

mountain states it often outyields Marquis from 5 to 10 bushels an acre,

Kota

Kota is a variety of hard red spring wheat which is resistant to black
stem rust. The original seed of this variety was obtained in Russis by
Professor HvL. Bolley, of the North Dekota Experiment Station, in 1903.

PeeokipiAoA- Kota has awned, fusiform spikes; glabrous, white
glumes; and midlong, hard, red kernels., It is a mid tall, midseason, spring
wheat which has weak to mid strong stems.

meyb\ The acre yields of Kota have averaged considerably higher
in North and South Dakota during the past few years than those of Marguis, the
stendard variety of hard red spring wheat, as reported by Clark(2)., Kota has
also produced good yields in the northeastern parts of liontana and Wyoming.

It has proved somem:ﬁ.sé resistant to drouth, as well as distinctly resistant
to black stem rust, in the northern Great Plains area. In the more humid
sections of the spriWn Kptzyis not well adapted.

The cross Mtwgmm%%m the spring of

1925 primarily to study the inheritance of awns, Four families were used up to
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the Fy generation but at plenting time, in 1928, all but two were discarded.

The F, kernels were sown in rows two feet apart, with the kernmels about

i
a foot and & half apart in the rows. At meturity the heads were harvested
and the grain saved for seeding the next season.

The kernels from the Fl plants were sown the next season in rows
one foot apart with plants three or four inches apart in the row. Data on
the awns of each Fy plant were taken at the time of harvest.

In the beginning the plants were classified into 5 classes according
to awns: Awn class O(ewnless); awn class 1(short awn tips); awn class 2(short
awns on the upper half of the spike); awn class 3(short-tip awns in lower half
of spike and part length awns in upper half); and ewnclass 4(fully awned). A
notation was also made as to the color of the grain and color of the glumes,
A head from each plent was threshed to get grain color, and .the threshed
kernels were placed in an envelope vhich was merked with the pedigree number
and saved until the following year when the kernels from each Fa plant were
seeded in a F5 progeny row. There was, ’thererore an FS progeny of 20 to 40
plants from every Fz plant, 323 in one Jw%nd 316 in the other.

It was from the F5 progeny rows that the data here reported were
obtained, each progeny being regarded as denoting the true genotype of F2'
plant from which it was descended. The data on the Fz progeny plants were
taken as moon after heading as the awns were fully developed.

The first thing done in collecting the field data on the ]!‘3 progeny
rows was to go through the rows and mark those which appeared to be breeding
true for one of the awn types and then go thru very carefully a second or
third time, if necessary, to make sure they were true-breeding.
segregeting and made & count of the number of plants of each type found while

a helper tallied these.
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This was done by getting astride the row and gathering the heads of
each plant in a bunch eand calling off the ewn class to which it belonged.
In places where the plants were very thick and the culms more or less inter-
woven, it was necessary %o begin at the ground grasping all the culms of

the plant together and following these up to the spikes.

EXPERIMENTAL RESUITS

It was at first attempted to divide the awns into five classes, in
keeping with Clark's(2) suggestions, who thought he found five true-breeding
awn classes. Careful checking of I":5 progenies end comparison with the parents
showed only four true-breeding classes. Hard Federation ranged from entirely
awnless to very short beaks. Progenies with a similar range were classified
as belonging to awn class 1.

In family 32G there were 323 F3 progenies each from a single Fa

plant. The plants of each Fz family were classified according to awns.

A summary of the data is given below:

%

No., of Fz families breeding true for No. of ¥z families segregating for:

Awns 1 18 Awns 1,

Awns 2 21 Awns 1,

Awns 3 20 Awns 1, 2, 3, 4 ~—=---—--—- 78
Awns 4 19 Awng 2, 3, 4 ====-

AWns 3, 4 ~=—m=mmmmemcccca-

o oo oe we se we oo fae

In family 33F an F3 progeny of every Fp plant was likewise grown. The
plants in each of the 316 rows were classified and the data summarized by

femilies as follows:
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No, of Fz fainilies breeding true for : No., of Fz femilies segregating for:

Awyng 1 =-=-- 21 Awns
Awns 2 17 Awns
Awns 3 16

Avms 4 =--- 23 Awns

Awns

P
3
7}
=

An examination of the sumearies of awn beh;vior shows that there
occurred ¢ genotypes of plants according to awn-breeding behavior in Fz. Four
of these bred true and five segregated each in a distix}ct manner.

Let us designate full awns such as occur in the Kota parent by AATT
(awn class 4); long apical ewns but short lateral awns(awn class 3) by AAtt; well
developed tip awns(awn class 2) by aaTT; very short tip ewns end awnless beaks
| by aatt(awn class 1). Awn class 1, as here determined, has the same range as
‘ the awnless parent, Hard Federation.

The following zygote genotypes as far as awns are concerned are expected:

(1) AaATT (6) Aatt
(2) AATH (7) eaTt
i (3) AaTT (8) asTT
| (4) AaTt (9) aatt
(5) AAtE

The expected breeding meture of the 9 zygotypes is indicated here:

(1) Breed true for awns 4

(2) Segregate for awns 3, 4

(3) Segregate for awns 2, 3, 4
(4) i 1, 2, 3,
' (5) Breed true for awns 3

(6) Segregate for awns 1, 2, 3

4

(7) 1,8
(8) Breed true for awns 2
(9) 1

0f the 9 sorts of genotypes (1), (5), (8), and (9), are the true-
breeding forms for awn classes 4, 3, 2, and 1 respectively. Genotypes (2)
and (3) esre each homozygous for one dominant factor and heterozygous for

the other, (2) being heterozygous for Tt and (3) for Aa. Genotypes (6)
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and (7) differ only in that (6) is homozygous recessive for tt and hetero-
zygous for Aa, whereas (7) is homozygous recessive for aa and heterozygous
for Tt.

On the basis of totel F5 femilies, the ratios of families that bred
true for awns in verious ways suggest a two factor difference. A strictly
independent segregation would give approximately equal numbers in each of
the four classes that bred true, This was found in both families studied.
There was found a ratio that appruximetes’ a 1:2:2:4:1:2:1:2:1 for independent
segregation, or a 9:3:3:1 taking the 9 genotypes which indicates a 2 factor

difference. ghere is & much closer approximation to this in family 32G tham
/\ ¥ W_Z,.w
et oy

&Z/f ily 33F as indicatel by the goodness 2; fit sfudy, "’%ﬂ\ "/“"L/; =
3 %

n /Table 1 the closeness of to the calculabed expectanc 8 given
for family 32G. P = .9714 which is an extremely good fit,":s/h*o;vs that in 97
cases of 100 worse fit might be expected due to chance alone. In Table 2,
the closeness of it for family 33F is shown to be ,4526 which, though not
neerly so good a fit as found in femily 32G, still indicates a good one.

Ls stated before, both these families approximate a 1:2:2:4:1:2:2:1
ratio, which is what is expected for strictly independent segregation. It
may, therefore, be safely concluded that the Fg genotypes as classified by
the F5 breeding behavior rather highly substantiates the presence of two
factors for awns, independently in.herited.q e ""*”’V‘é""‘ MZ"’ =

it T Llia) Tl

This cross was made to study awn inheritance and to discow Athe

number of factors involved.

The parents used in the cross were Hard Federation, an awnless veriety

and Kota, a fully awned wheat.

In Fy "‘ghe F, genotypes were tested by the breeding behavior of Fs

femilies, each from a single Fy plant, Four true-breeding clesses were found



Table 1.

e

Celculated(C) and observed(0) numbers of F, genotypes es
determined by the ?3 breeding behavior

(Family 32G; grown in 1928 at Logen, Uteh)

Gasoiia Ly iy e TR T F‘Q‘{!‘g‘g
LADT : 19 i 20.676 & - 1.107 : L4101 ;0898
AATE 39 : 40,375 : - 1,375 ; 1.6606 : 40465
AsTD . 48 1 40,378 | 2625 | 6906 4 w1708
ATt : 78 i o078 : - 2,75 : 7.5625 & 0937
ALLE b A : 2041075 : LA YR 1 0352 ; 40012
Aatt 37 ' 4."0.3‘75 : ~3.375 : 1i.;5906 ; +2821
aalt : 48 i 40,375 i 7.625 1 50,416 3 1.4403
aalT x 21 : 20,1875 . +8125 : 16602 ; J0327
sath 19 i 30,1878 i -1.1875 & 1.0l i L0698
Total . 528 : 528 i 3 :;3 = 2,2067

9714

ti
i
K
4
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Table 2. Jalculated(C) eand observed(0) numbers of plants in each awm
group of Fp genotypes as determined by the Fs breeding behavior
(Family 33F; grown in 1928 af Logan, Uteh)
: : : 3 s g ! ]g_a_g_’_
Genotype i 0 3 c e ; (0=-0C)%
mm 25 P 19 ' 5.25 + 10,5625 : 45348
AATE 3 48 t 39.50 : 8460 : 72,2500 : 1,8291
AalT [ 47 I 89,50 ‘ 7.80 : 56.2500 : 1.4240
st 1 81 )ik ol TGl gRel UNEIROCHRER A
R 16 : 19.75 ‘ - 3,75 : 13,0625 : 16669
Aatt : 32 : 39.50 : -~ 7,50 : 5642500 : 1,4240
PP S o i | 66,2500 1 1.4240
aall 17 : 19,75 : -~ 2,75 : 7.5625 : .5824 ;
satt : 21 : 19.75 : 1.25 : 1.5625 : , _0_
Total : 316 : 516 : P = ; #4526 : .! g‘_'z,g;ge
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and five which segregated each in a distinct manner.
'hen the observed proportions of eachnof these 9 genotypes were
studied b; the closeness-of-fit method, the two P's were 0.97 and 0.45,
both good fits. It seems reasonable to conclude thet there is a two-factor

difference for awns, independently inherited. The classes were clear-cut

and definite when determined by the Fy breeding behavior, el 2l & ? i 7
et . 4/4(1( b e t«—c/ ./yu e j__{_ e
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