
,ì.:....:-:-: -. : i.... : l

TNVESTIGåTIONS ON THE ]NHERIT.&NCE

.A,}ID INTERREI,.&TTOT{SITIPS OF THE GENES OONTITÏONING

THE JET TYPE OF RESI$TÅI{CE TO CM.TATN CULÎURES

OF THE ST,(UTS TE.6T .åTTACK BARLEY

by

BÁVIÐ RïCEåRÐ METC"&LFE B.S.lÀ. MuSo"

-& Thosie

Sutrnitted to thE Faoulty of Graduate Studles and Reeearoh

In Parti.al Fulfilment of the Requiromente

for tho Degree of

ÐOCTOR OF PHÏLOSOPH-Y

THE UN]VERSITY OF M.&NITOB.&

May 19ó0



.&CKNOWLEI€EÍENTS

the writer is lndebtod to Ðro S" B, Helgason of the ÐivÍsfon of

Plant Soionce of the tlnivorsity of Manitoba for his onoouregements

oritlcisms and suggestions throughout the courao of the resoarch and

during the preparation of thls thesis, Ihe oriticisms and suggestions

of ûn. P, Isaao, of tho Botany Ðepartment, üniversity of Manítoba are

also appreciatedø

"&ppreoiation is B.Ieo oxtended to Ðr" "!1[, J' Cherewick, Canada

Ðepartment of Agrioulture, Reeearch Branch, Research Statione tÀiinnipeg

for providing lnooulum of the pathogenso

The v,yiter also ôr,presEe6 his appreciation for assietanoe in

oonduoting this study to members of the staff of the Canada Ðepartment

of .&grioulturo, F.esoaroh Branoh, at the ExperirnontaL Farui, Brandone

Manitobao



INVESTIG.åTIONS ON THE IIÙIERTT.AI'ICE .A.i{D TNTERRELÂTIONS]iIPS OF T'}TE GENES

COND]TIOI'iING TEE JET TYPE OF RESTST.A}ICE TO CERTAIIÙ CULTURES OF THE

Si:rliJTS IH,AT ATTÁCK BâRLEY.

by D. R" ûletoalfe

.ABSTR.ACT

Tho mode of inheritance and interrelationships of the genes in

the variety Jet, çC"t"967)e aonditioning reaotlon to single cultures

of UstiErqo nt4!l (Jens') Rostr", Ustilago I_1åTg Tapke" and UstilaËo

hgr{gt_ (Pers.) Lagorhe lu€r6 studied in the F1' F2 and F3 genorat-

ions of hybrids between Jet and the varioties Vantage (C".4."Nn1162)

and P1ush (c.-4,N,110ó)" ft was conoluded that Jet has e singlo

dominant gene palr conditíoning resistanoe to ü" nuda and single

reoessívo gene pairs conditioning resistanoe to þ--!r6j! ana \nggfg!.
The gene paÍrs oonditioning resistanoe to U."_åig{". and U" hordeí, wero

found to be closely linked" No associations woro deteoted between

tho gene pair oonditioning resistanoe to U. nuda and those oonditioning

resistance to the other two snut specios'

The Jst gene pair conditioning reaction to IIu nigra was assigned

the s¡rmbols ung ungn

The modo of inheritanco of the genos oonditioning the i¡nmune

type of reaction of tho barley varietíes Ëifarb, (C"¡"t95t-r) u

Kitohin (C.I I296-].)u Nigrinudum, C,I"T77B and Jet, to a Trebi-

attackÍng culture of g:-j1qd_q, was studierl ín the F2 and F3 genorations

of hybrids involving the immune varieties e.nd the U". jgdr susoeptible

variety Newal (C,.4.N"1089). Tha intsrrelationships of the gonos cond-

itioning Írununity in the fÍvs varietíes were invostigated by studying



t]ne î1 and Fl+ gen€rations of hybrids tnvolvlng the im¡nuns varietios'

Interrelationships between the geno or genes conditioning t..3llg1

immunity 1n Jet wÍth the genes conditÍoning resistance in the varioties

YaLkie (C"f"57J+g) and Braohytic-LL9 were invostigated by studying tho

F3 Benerations of hybrids involving Jet and Valkie-trdo and Jet and

Brach¡rf,ts-LL9" It was aonoluded that singlo dominant gones, eaoh

looatod at the same Loous, oonditioned the inunune typo of resistance

to Uu nuda in tho varietios Bifarbn Kitohinn Nigrinudum, C'T.,5798

and Jet" the gene conditionin6 the immunity of Jet to U, nuda wqs

found to differ from tho faotors oonditloníng the resistansøs of Brachytio-

119 and Valkie, Because of tho similerity of tho gonetios of reaotion

to Uo nuda it was ooncluded that the morphol.ogioaLly identioal varisties

.Iet and Nigrinudun wore one vari.ety'

The nod.e of inheritance of the faotors govorning nine barley

linkage group marker-charactors and the interrslationships of the

genes conditioning the marker-charaoters with those rssponsibls for

the resistanoe of Jet to L:-.31193", !L^g+"_g3a and $_,þ-o"1$_9å were inrrest-

igated in the F2 a.nd F7 generations of hybrids between Jet and six

barJ-oy varietiosu It was found that eaoh of the marker oheraoters

was oonditioned by a síngle factor pairn No associatj.ons wsre

clEmonstrated betweeu tho genes oonditioning resistanos to ü" nudå,

U' ni-gra *nd k_}g"!gi and those rosponsible for tho following marker-

oharacters: resistano€ vso susoeptibitity to Puoainia grarninis

Tritioi Eriks,and Eenn-{qt), two-vsa six-rosr charaater (y-o), naked

vs" hulled ksrnel -(U-B), end b1e.ok vs" white leruna and porioarp ,(m) 
"



lhe Jet factor

be independent

pair oonditlonÍng reaction to Un nuda was also found to

of the faotor palrs oonditloning the marker-oharaotors

rough vs" snooth awns (nr), hoods vso BWEs (Ir¡), normaÌ vso orêBg€-

lemma oolor normal vso ohlorina*seedling (no fo)e and normal vs,

glossy-sEedling (Ot2 e12) "

(oo) '
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TNTROtrJCTTON

Snut resietanoe in barley involves resistanco to the ernbryo-

lnfeoting loose smut oaused by llelf]$g_5yji!| (.iens.) Rostroe and to

the se o dlÍn g- inf eot I ng smut o, aau se d uV g:-tålgg9-¡9:{g-1.-.( pers . )

Lagerh', and !Þj]þq"- ÉgJ3. Tapkeo Becauso of the wide-epread

ocourrence of loose smut and the diffioultles iuvolved in oontroll-

Íng this diseaso, investigatlons involvlng this foru of smut have

beon more oxtensivo than those oonoerned with ooverod snut caused

by U, hordei and false }oose smut oaused by L._ !igt1"
Tho spring barloy varieÈy Jet ( aÃ"967) 1, n*u beon used

oNtensivoly by barl.oy breeders in l¡festern Canada during the past

fow years as the major.source of rosi.stanoo to loose smut, This

varioty is irnmuns to g" .II{1 and hae }roen reported a good eource

of resistanoo to [:--_n:gI3 and to ["*Jfqfdql (hr),

Conslderablo work has been reportod on tho lnhsrltanoo of

r.esistanos to g:*¡¡u jl (t1't5uL7 
'il1,15'19u1+L), 

and to 9"*åti-1*
(,8rh7). Îowevor, no e.ttempts havs beon made to relato the

lnhoritanae of reslstance to ono smut speoiss with that of the

other" There ís also no roported ovidenoe conoerning the mode

of inheritanoe of resistance to lk_Jiql3'
The unlque ability of Jst to resist the barLey smuts lrrovidoe

the oppor-urrnity for simuli:anoous investf.gations on the inhoritanoe

of rEsistanoo to the threo smut spociesn and also the intorreLation

of the resistanoe faotors involved"

1) C'Tø refer$ to }¿ooossion Numbar, tsreal $oction, U.S"Ð".S'
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Physlologio specialization withÍn the organisn oaueing loose

smut has been known for some time (rOultrJjJ, Instances of so-oalled

rrbreakdowntf of resistance havo also beon roporüed (19)' Beoause of

the wide-sproad use of tho variety Jet es s source of resi-staqco to

Uo B¡¡d.â¡ it is essential that othor potontial souroos of reeistanoe

be explored and that the reLationships of the genos for resistanoe

bo undorstood"

Favorable linkagos between rhe resistance faotore and those

oonditíoning readíIy reoognizablo oharaoters of barloy would groatly

faoilitate brseding for smut resistanoe"

Thls roport prosents information obtained through invastiga*

tíons ln th¡es aspeots of inhsrltanoe ínvo1víng the smuts r>f barloya

1) the determlnation of the mode of inheritanoe and the

interrelationships of tho Jot gonos oonditioning

rosistanoe to the throe smut species that attaok barley¡

2) a study of the inheritanae and intomelationships of

dlfferent variatal souroes of resistarlce to U._¡1¡1{1,

J) a study of possibLe linkage relationships of the snut

resistanoe genes of Jot with thoso rosponsiblo for

speoifio ohs,raoteristias oi oertain of the barley

llnkage group tastar stooks"
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REVlEIff OF LITER.&ITIRE

The suooess of investigations on the inheritanoe of smut

roslstanos in barley has depended almost entirely o[ the re]lability

of methods used in estabLishing lnfsotlon ln the susceptible plants

(w ut5,L7 u3)+"15,78,79 ;1r),

Artifioisl inoouletion with U' nuda oonsists of plaoing

ohlanydosporos of the pathogen lnto the florets of the host at

floworfng-timeo Inooulatj.on of the seEdling-ínfeoting smuts ie

usually oarriod. orrt by plaoing the ohlarnydospores in olose proxiraity

to the embryo of the s6€do Various teohniq¡res have been usod to

aooonpllsh these p[rpoEesø

Shands and Sohalfer (36) rsvÍevred and ro-testEd the mothods

usod up to 19h6 in making artifiaial inooulations with U" _!!þo

They desoribed as the most effeotivou a nethod whoreby chlarnydo-

sporðs wore rrpuffedrr from a snall rubber bulb through a hypodermio

needle to the stlgma of ths host after the lomma had been plerood"

Poehlnan (2I) usea a hypodernio needle in a sinilar manner oxoept

that an aqueous suspension of spores ïras used" Ross qt_-q.]., (72)

aompared the two neodle-inocuLatloR methods and found that the

injeotion of an aqueous susponslon was the most effeotive undor

tho drier oonditions of Trlestsrn Canada6 Cherewiok and Popp (2)

and ChErowiok and Cunningha* (h) nodÍfied Moore? s ripartiaL vaouum

methodt? (18) ana suooeedod in inoreasing speed of inooulation and

poroantage of U, nyda. infeotiono Moore and Muaneote (19) desoribed

a sinple, rapid and effEotive method of inooulatíng whost and bari.ey
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wlth Un nuda by squirtíng the heade at flowering-¡1*u with mlnutee

poryef,ful jets of a spore suspensionø

Probably tho most widely used nethod of inooulating r¡ith

U" hordei oonsists of exposlng the embryo and oontamlnatlng the sesd

wlth ohLanydospores (I2r3B)flrl+B), Popp and cherewlok (21) deaoribod

a tr'f{arlng BLendortt nethod of inooulating oats and barley with the

seedllng-lnfecting s¡nr¡tso This netirod and .&llisonr s ttpartial vaouumn

mothode ae desoribed by Ealliskry (9)u ensure ponetration of the

ohlarnydoepore ínooulurn beneath the lem¡na and pal'ea of the kernelo

Beoause of the manner of infeotion poouliar to the soedling

ínfecting smutse the effect of enviroffrient on tho suoo€sts of lnoou-

lation is nore pronounood with these snuts than lvith loose 6Ì:trütø

Tapke (h2) 
" Fisqher and ilolton (ó), and Cheredok (J) have

revíewed the inforroation on tho influonoo of onvironnental factors

on the devolo¡Nnent of smut diseês€Bo Optiraun oondltions for soedling

snut infoction inoludoe well aerated soil; seod bed temperatures

ranging frora 20o to Zjo Co and soíI molsture oontont ranging fron

20 to L¡0 porcent of moisture holding oapaoityø

TYith rospeat to the looso smut organiffi U.-¡_!ada, oool, bighLy

humid oonditions during the blossoming period favor lnfeotlon

(trT "\2), The most optlaum period for inooulation 1s during the

first two days following anthesis (16) 
"

VanderwaLfo (h6) and Cherewfot (]) poÍnt out that envi.roa-

môntal oonditions sonduoive to rapid growth of the host oould result

in loose snut infeoted eeodlings outgrowing the parasite and Produoing
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normal S6êdo

The literatur6 doeling with tho inheritanoe of resistanoo to

U" nuda will be presented soparately fron that pertaining to Il,_hordeiø

No genetic studies on the resistanco to U.,. nigjra have beon enoountsredo

Smitfr (h0) presented a briof review of tho work of a nurnber

of invostigators on the inheritanoo of resistanco to loose smìltø

Ile indicated, in studies of orosses botween rosistant end susoeptible

varieties, that resistanoe appoarod to be governed by a sin5le

domirrant g€Reo

Livingstone (f5) found evidonoe of the prescnco of a single

dominant factor for reeistance in Eordeum defioiens and llordeum

vulgjare var" Trebi (C"I '916) " this gene and a minor gene for resist-

anoe in MissourÍ Earl-y Boardless v"ere designated Un and Un2

respeotively (28) ' Sohall er (75) showed that the spring barley

varieties Trobi, Jot, Ðorsett (C"l"h8at), and SeI' X L71-LO-5'6-L

oaoh possessed different single genes, eaoh of whioh oonditioned

its own degree of reeiståEoêe Tho gene in Trobi and that of Jet

gave the highest dogrees of resistanco and were dominant in effoot"

Sohall€r (r5) suggested tho symbots UEJ-, Unf and Un5, for tho genes

in Jot, Dorsett and X L7t-LO-5-ó-t to ths rtraceil of smut which he

used" In oomplianae with this suggostion, Skoropad and Johnson

$9) designated the gene in Jet whioh oonditioned resistanoe to tho

?iracotr of Uo nucÌa attaeking Trebi as Un6' Mohajir et aI (U)

obtained indication of transgrossive segrogation in orossing

lrighly resistant and moderately reslstant varieties. This was

thought to bs due to recossive genes ln the moderately reslstant
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varietieso Tho snut resistance of .&byssinia (C"t"6óS) and Jet to

the rrraoett of smut (non-Trebi attaoking) whioh they used, was found

to be aonditioned by two faator pairs in eaoh variety' It was

suggestod that one of the Abyssinia genes ç'as difforent to the Un

gene in Trabi and that the genes for resistanoe in .Abyssinia were

different to tho Jet genes,

Konzak (IJ) presentod ovidenoe which demonstrated that

resistenoe to different loose smut rtraoesil may be inherited differ-

entLy deponding on the physiologio trraoor! of the pathogon and tho

host variety" Ho lnoculated orosses involving tho two immune variotíes

Jet and r/alkie (C"f"57hA), and the susaoptible varioty Odessa (C"L

9rB), to eight rtrao€stf of Uu nuda to which Jet and Vatkie wero imnune.

Resistanco to tlraoorl I was found to bo determined by a single

dominant gene present in each of tho varieties Jet and Valkie"

Jet and Va1kie each possessed two doninant genos for resistanoo

to ttraoesrr J and J" Both genes of Valkie were required to oonfer

rosistance whereas either Jet geno suffiaod" Resistanoe to rrracestr

h and B was oonditioned by sither of two dominant indepondent gsnes

present in both of the rosistant varieties, Resistance to lfraoert 6

was conditloned by a singlo dominant gone in Jot but by two oom-

plimentary dorninant genes in Valkle.

The inheritanoo of reaotion to nracer¡ I, revoal-ed by Konzak

(tj), oonfirned the results of invostÍgations by Stefansson (J-¡L)

with the immune varÍetiss Valkie and'Jet"

Soha}ler (Jl-¡) found that one inoomplotoly doninant and one
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reoessåve geno vror€ rosponsible for rosistanoe to ûs nuda in a oross

between Eraohytic-I19, a snut rosístant nutant from Einralaya (C"I *6ZO),

and Porsicum, a eusoeptiblo varietyo

Early atton,pts mado to dotormine the modo of inheritanoe

of resistance to g1-lgr-Èå were rimlted tn suoo.ss beoause of the

diffÍoultíes invorved in obtaining suffioiently high infoction of
susceptible materiat (L2uah"ljO)o Reoontly shanrts (3e) round that

reeistance to rtraoett 6 of g" }.g_idgi was conrl.itioned by ono nrajor

dominant factor pair, uh_gÞ in the crossog chevron x Braohytlo

anc. coloees x Brachytic, Tlelrs (hZ) found that a dorninsnt gene

for resistanco to tlracelt 6 of u. hordei was cor¡mon to the variet-
les Titan (c.t,7o55), e.nd o,AoC. A1 (c..å"ITo10g6)1, Ogatitsu
(c.t"7t5Z¡ and "&noidium (c"T.T269)" .Anoidlum yrae found to
oarry a seeond dominant gene for resistanoe designated uhz, and

ogalitsu a seoond reoessive gene for resistanae designated uhl,
the varíety Jet was found to possees a single rooessive gene for
resÍstanoe to [: !g-fg_gå whioh was designated util+ (hZ),

six of the seven rinke.ge groups Ín barley have bsen estabrisirod,

Reoent work by Kra¡ner et alu (ü), fraus (I"O)a aed tsuohiya (l_¡5)

has Índíoated that the groups fomrsrly- designated as rrr and vrr
shotild be oonsidered ee one, Tsuohlya û5) rererred to a nslr

L) C"A"$. refers to Canadian Áaoesç1on Numbsr
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Iinkage groììp VII oornpossd of the gene pair Xn xn whlch oonditione

xantha seedling and. Eo eo" a faotor pair for sarlinossn lsuchlya

has looated thie neu¡ group on what he refers to as his ahromosome óu

Burnhanl refers to this ohromosome as the r?grt ohromosorneo

Robertson, tr'flebe and Shande (Zg,eg), Snith (L0), and Wooò'rard

(l+9) have sur¡nrarized the data on barl€y linkages and oompíled ruaps

on eaoh linkage groüpo

Siranas (17) reportod a linkage between tho genes conditioning

tha loose smut rosietanoe and stsm rust susoeptibility of Trebi in

a oross of this varioty with Chovron (c"I"11.1I), Mohajir =Ij]: (17)

observed a suggestion of an association of looss smut reaetion with

spiko row oharaoter in orossos where -&byssinian (c"f"6óB), or Jet

were invoived, PoebLman (22), found that nost of tho hooCed bartoy

varieties that he tested were rosistaEt, whorsas r,rost of tho awned

varietíes tostod rrere susoeptibler to looee enuto Unfortunately

the genetics of the oorrelqtion was not studíedu

Several investigators have failed to reveal linkages of

genes conditioning resistance to U" hordei with various Ilnkage

rnarkers (tzu1efi) 
"

1) Ðn" C" R. Burnhan, Universlty of t{innesota, Minn" U.S"/io
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StrCTION ONE

ÐETERJìITNATTON OF 1I{T] X4ODE OF TNT]ERITAT{CE
OF ITTE JET GENES CO}I1]]TIONTNG RESTST"åNCE
THåT AÎTÁCK BåRLEY

åliÐ IT{E
TO THE

ÏNTERREL.åTIONSITIPS
THREE SMUT SPECTES

MÁ{ER]AIS Å}IÐ METFIOæ

Varietioe

The inheritanoe and interrelationships of the Jet genes

o o n d it i o n i n g r o s i s t a n o e t o [g._tj f g.Ërr_. rugg: IÞj*iþg_o¡3!_g-531 a n A

itrtå_i*q"_ h".q*l wore studied in hybrids between Jet and the

varieties vantage (c.h.N.1162) , ø.nd. prush (c".å"N"1106) u TablE

1 shows the smut reactione of tho parental varietios inoauratsd

to oultures of [:.]_q:_{gå, L:-¡i_g_îe and U. nudaø The reaotions to
the smuts wsre obtained fron olassifiable plants obtained fro¡n

lote of one hundred inoourated seed6 sown in the greenhouses at
tho caneda Ðopartnont of agriourture, Research Branohe Experi-

msntal Farmo Brandon, Manitoba in the fart of r95B end the spring

of 1959" rnooulations with uu nuda were carried out i.n the field
ia L95B; inoourations with tho seedring infeotlng smuts were

carried out i¡mediately príor to soeding,

Jst Ís a naked-kernerled, two-rowed. varlety of .sbyssinisn

origin with rough awns and braok rom-a, paloa and porÍcarpn rt
was introduoed into the llnited States by H, V" llarlan prior to 1920"

Plush and vantage are white six-rowed feed barley types of
oommerciel inportance in Ce.nadsu Plush was deri.ved from the oross

Llon x Seareri Vantago from ths cross IIeÌsaI x peatlan d, 2 x plushu



Table ln Snut rsaotions of throe
inoculated with virulent
Uo nigra and Un Þudåo

ü' hordei"{giT-I9W*Ã,ve.
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barley varieties artificiall¡r
oultures of Uu hordel"

Infeotion in Percent
Uo nigra llo Buda

TW--î9W-"*.gïe;
Variety

wr*-TsÆF'*w
Vantage JB,T 52,6 l+r"7
Plueh 67.,L+ )+9"7 58.6
Jet 0'0 0"0 0oO

-2 | FF I el I22"4 22a4 24ø4
7h"O T)+"7 7h"h
0"0 0.0 0,0

Bh"h 79,6 82eo
BJ.2 69.A 76,L
0"0 0"0 0u0

Smut Culturee and Ì',Íethods of Inooulatlon

Snut ohlamydospores of cultures Uh hZ-e¡-[ of U" hordei"

ge€ h9-6-2 of g:aigra: and Un l+9-Ae of k*¡g91 wero supplied by

Ðr. 1l' J, chersr¡riokI" a high degroe of etabitity for the genetio

faatore oonditioning pathogenioity in both the sEedling infeoting

smut ourtures and the Trebi attacking lL- !jdg oulture had been

previously established by Cherewick (p"r", ßommo)o

The indivlduar smut aul-ture6 were increased on the suscept-

Íble variety Nowar (c'.&.N"1089)u chlarnydosporos of tho seodltng

infeoting smute were stored at a temperaturo of approxirnately J8o F"e

while the u. auda fungus was malntained in the form of myoelium

within the inoouLated seod of the susosptibre varioty, rnoouLun

of u. nuds Tsas obtained by grorvíng plants fron infected seed whsn

required and using the chlanydospores from the froshly harvested,

srnutted spikes" The viability of the culturos was oheoked by means

1) Ðr. lÏn J. Chorowick, PJ.ant Pathologist, CoÐ,*, Reso Branoh, Tfinnipogø
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of chlanydosporo germlnatlon tests prior to each series of inooulations'

Moore and Munneckesr jot-nozzle nethod (19) was used in naking

inoaulations of Uo hudêe Ár: aqueous solution of spores was direotede

under prossure, through a snnall jet, into the individual florEts.

Each spike was lnooulated at two dlfferent times 3 2)+ and hB hours

follovring anthesis of the ear]lest florets"

Taylor (Àlr) noted that kernel develo¡ment vras reduoed when

tle nuda ohlamydospores wero introduoed into florots prior to

anthosis" Ths v¡riter has observed that the heaviest Uø [uda

infeotions oan usually be expected from inooulated spikes that shovs

some degree of sterllity ln the lower fLorets foi.Iowing inooulation'

It is assumed that, at the time of inooulationu the rnajority of

florets on spikes exhibiting this type of sterility were probabLy

at a stage of developrnent most favorable for Ínfeatlon, Ihrough-

out thEso investigations Uo nuda j.nooulations were made in suffio-

ient quantlty to perrnit the seleotlon of spikos showing this

charaotoristio.

ü, nuda inoouLations wEr"e made in tb.e field and in the

groonhouse" Before pranting, ar} the seed wae treated wíth a lxi.

mixture of Ceresan and talao to minimize the possibility of

infeotion by tho seodlíng ínfeoting smuts and to give proteotion

against root-rot organismsa

Seed to be inooulated with the seedling infeoting smuts

dehui.lod by poeling the lemrna back from the gerul end of tho

iR order to exposo the embryo" rnooulation was oarrisd out

waE

seed

by
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vigorously shaking the delrullsd seod ín a test-tube with a snall

quantity of finoly sieved ohlamydosporeso Inooulated seed'lFas

ptantod almost immediatolY'

The method of seoding the materlal inooulated with the soed-

f.ing infectlng smuts was designed to provide optimum oonditlons for

infection" Tlre inooulatEd seeds ïvers space-planted in dríIl-roÌEe

that had been made in $tell-mofstened" sandy soil in greenhouse

benchoe, The drilt-f,ows wore approxinately lOn 1n tength, l"5tt

in depth and "!tt tn ¡¡'idth and wore spaoed at lntervals of hre

along the benohes, The seod was left unooverod for e períod of

18 hours foltowing planting" Sring that time the tenpere'ture

within the greenhouse oomparfuents was maÍntainea at 600 Fn ahd

tho rolativo humldity at 65 ^ lO peroepto .&t the end of the 18

hour period the seed. was ooverod with dry soil, The soil tempera-

ture was maintained at ó0o Fu until after the seedlings had omerged"

Ðþ::9-r"sY}å!*¡:
Hybrid populations wore obtained from tho orosses of Plueh x

Jet and Vantage x Jet mado at Brandon during the summsr of L956"

Ilybrid material was tostod for roaotion to the seedling

infeoting smuts ín tho F1a F2 and F1 gonerations and for reectíon

to û" nugg. ln the F2 and F3 generations. The ¡nrente rlore lnooulatad

and tested slmultaneoUsly witlr the progeny of the GToss@8ø

The F1 generation of tho oross Vantage x Jet was lested for

reaotion to Uu hordei aqd Uo nigra for tho Purpose of establishln6
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tho doninanoo-rsceseiveness relationships of tho gonos governing

the .Tet resistanoe to the two seedling infecting smutsø

Linited tests were perforrnod on the F2 gonerationo The F2

generation does not pormít a satisfaotory genetioal analysis sinoe

an excess of non-infected plants may result from lethal offects of

infootion (r5) or from disease €soapes of genetioarry susoeptible

prants (tlrlÐ" the F2 data were used rnainly to provide an estimate

of the percentage of smut expeatod on segregating F7 rines. This is

based on the faot that when the paronts of a oross differ by a single

faotor pair, the segregations tor F' rines and F2 popurations ar@

genotioarry aliko' The porcentage of smut in the F2 populationc

shourd therefore bo approximatery equlvarent to the percentago

ln the segregatlng F, linosn The F2 generations rrere teeted for

reaotion to g'- nulþ. by inocutattng flovrers of F1 plants and growing

ou.t the resultin8 seeds" F2 reaotion to the seedring infeotlng

smuts was testod by inooulating F2 serads wlth II I¡ord1i_ and

L*tSg and growing out the F2 popuLatíonso

the orassifioetÍon of the F2 prants for smut r€aotl_on lîag

based. on the behavior of î1 llnes grown from inoorrlatod seod cf
F2 plants" The F2 plants v¡ere oLassified on this basis for reaation

to the three smut speoiesu This olassifioatlon provided the basis

for tho genetica). interprotations of the gsnes oondltioning

resi.stanoe to the threo smut speoies and arso provided a means

for determining the interrelatíonships of those resistanco geneso
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Pedigree _i,{etho ds

Approxinnately l¡0 crossed seods from saoh of the hybrids

Vantage x Jet and Plush x Jet were sown in the field in L957 '
Soveral spikas on a number of the resu.lting F1 plants were

inooulated with Uo ttüd8o the inoculated soed of these spikes

was used to test the F2 generations for reaotion to Uo:¡udå"

The remainder of tho F1 plants, grown in the field La L957

and not lnooulated with U.*:ge¡ wsrs harvestod and threshed

individually" Án F2 population of oaoh of the orosaes rÀras gror¡rn

in the field in 1958 from seed of several of those F1 plants"

0n each of approxÍraately 75O FZ plants, 1 to 5 spikes were

inooulated with [:_jg-.dg ln the fisld in 1958" -&Il of tho spikes

on these 150 FZ plants were harvested and the inooulated and

uninoaulated groups threehod soparately. The uninooulated lot

of F7 seed was divided into two portionsi one portion inooulated

with U" ni.g-Tg_ and one with U, hordeí_" The threo lots of F3 seedr

each lot inoculated with a different smut speoies, rryere sown as

F3 lines derived fron indiviCual F2 plants. Thirty U,Jruda-

inooulated F¡ seeds and aO U:_åiglq and ]J,- horiei:inoculated

F7 seeds were tho minjme allowed for F1 tests. As a result of

restríctlng the number of oLassifiable F3 lines to those with

over 20 or JO plants, only a linited nueber of the 15O TZ plants

that were originally inooulated with [:_I¡19 were olassifíed for

reaction to the three smut speoies, The numbors of F2 plants

orlginating from individual FLt s wore reduced in soveral instances
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to less than ten plants' Bocause of this reduotÍon, it was oonsldered

of littLe value to maintaic the podlgree of the olassified F2 plante;

rather they were treated as random plants from a large F2 popuLatÍonu

The F1 generation of the oross vantage x Jet was tested for
rosotion to the seedling lnfooting snuts by inooul.ating a rinrited

nunber of orossed seods with u. Sgldsj and ul .¡lg:1q" Reaotion of

the F2 generation of, the oross wae tested by inooulating F1 seede

tho F¡ tests to tho seodlíng infeoting smuts woro oonduoted.

ln duplicate,

-alr tests rü6re grown in tho graenhouses at rirandono

Plant Exe.mineticn

-&ftor the prants irad grÐwn to maturÍty they were pulled to

dotermine the number of smuttsd end non-smuttod plants in each row

or llne" rn all tests, pLants with one or moro snutted hesds r¡oro

olassifíed Es susoeptÍble. rn ths F1 and F2 generatÍons crassifloa-
tions wero basEd on individuel prants, whersas in the F7 goneration

they wero oonsldered on a rÍno basis" Tho peroentage of snutted

prants ln eaoh row was oqraulated fron tho totals obtained*

E¿".:f l, of Resistanae Genes

Data provided by the F1ø F2 and F7 generation tests rsore used

to estabrieh the mode of inheritence of the resistanoe genes

possessed by the varioty Jet to eaoh of tho throo smut speoiesø

Ðata from the F5 generation tests wore used to estabrish the sono-
typo for rsaction to g' [qr!e,i, JI" nigra and u" nuda for eaoh of the
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lndividual F2 plants of the two hybrid populationso .An attenpt was

thon made to detennino the fnterrelationships c'f the genos oondltion-

ing resistanoo to the individual snut species"

lests of rlgoodness of fitn and ttÍndepondeno€ol wer"o made by moans

of ohl-squars (B) " "&. probabllity lovel Loss than ,01 was oonsidorsd

to lndioate signifloant devie.tions from fit or indepondenoe, as

the aase may bou

Roeonbination poroontages wora computed by tbe Produot i{ethod

desoribed by Imrner anti Honderson (1I)t



.L7*

EPERDIENIAT RESÚLTS ÅJ[Ð ÐISCUS$TCN

J.o Inheritanoo of Reslstenoe to U, qB q9r--q'*i1sr8. ? n glLl3lgg.l
ln fle cross Vantage -x Joto

The reaotions of tho paronts and F1 and F2 genorations of

tho hybrid Vantage x Jot to jl:-I:191, U' îi-g{l and U'"-..hoTlei aro

presented in Table 2' The distribrrtions of the parental rows, F2

rows and F, Pro8enles by five-peroent infeotion-olass intervals

are presentod in Tab1e Jo

the popul.ation size anong the F1 progeníes ranged from 20 to

,la2 plantso with an âverage af 4 plants' The parontal rows variod

frorn 17 to 19 with an average of 22 plants for the susoeptlble

parent and fron 11 to 77 w:-tln en âveragø of tl plants for thE

rosistant parentø

u"lgþ-e-*jgqg?-oq*BgP-'*"tu9e-t-o_-Ü-:-å8.9'

Tho progeny of the 6 inooulated heads of Jetn whioh contained

lJó plants, showed no smut (tables 2 and 3)" This substantlated

previous obsorvations by the writer and established, for this

investigatior¡p the inmunity of Jet to oulture -rÌn h9-68 of il' _n_uda"

The progeny of the soven inooulated heads of vantage, oonsist-

1ng of 162 plants, shov¡ed an average of 79o0 peroent sinìito Thls

peroont infootlon shov¡ed that Vantage vras susooptible to oulture

hg-eg of U"*-n-uda-" À range of infection fron J6 to pl peroent ln

the individual rows indioatsd that ths method ueod in naking inooulations

sras effective"

T{hen a single dorainant gone is responsiblo for resistaÊoeu

twonty-five persent of the F2 plants from a oross bsbween reeistsnt
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Percentage of infooted plants of parents, F1 and
ths oross Vantage x Jot inooulated vrith ouLturao
tjn h9-68 of Uo nuda, UnS h9-6-2 of U, nigra and
m h7 -ól+*h oF-u*"-Ë-r ae í.

F2 of

lreatment Matorial Total
PIante

Nt¡nber Numbsr
Infooted

PeroEnt
fnfeotsdgsl$-h¿

fnooulated Fz
to Vantage

Uo nude Jet

F1
F2
Vantage
JEt

F1
E2
Vantage
Jet

Inooulated
to

u"-i:g3

lnooulatod
to

U. hordei

2tt
L62
Lt6

16
Ltz
I2I
Vh

1T

9V
L26
r90

ß1
1l+

L36

u
4'
25

L7)+

10

5'
t6

190

22"7
79'o

000

L)4"1

59,8
79.7

0,0

1000
ho"B
71'l+
0.0

48
L28

0

2
67
96

0

I
78
YU

U

and susoeptible varieties are expeoted to be susooptible on the BVorageo

rnoouratod seeds fronr 7 F1 prants were grolrn and l¡B of tlnø L6t îz
plants observedo ox 22"T peroent, were smuttedu (tatlo a). The

aotuar percentago of smutted plants obtainEd in F2 approaohed

that expooted on tho assumption of a singre doninant gone for

rEsistanoeu

Tho distribution of tho f0, q"_^Ilg-inooulatEd F3 lines on

a poroontage infeotlon basis is shown in lable J, 0n the assump-

tion that llnes showing no smut were homozygous for the resistanoo

of Jot and that those that showed any dogreo of smut wero

susoeptlbrs or segregating for susoeptibllity, the F7 rines may

be divided into two groupe: J6 resistant and ó/ segregating and



to Üs ludaã--I2 0220120-6Þ7

ïnooulatod
to U" nigra

Iln s-1

Fz 2OT

Vantage

Jet 6

fnooulated
to t' hordol

F*.æ._*'Ia

El- 72, 9"t ¿/

Vantage

Jet 6

L1 16

Il4 16 1l+

0

6

0

h

50
L2

0

t
¿.

9

105

6

A

I
H\o
g

105

6

6
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susoeptibleo $ince none of the F2 rows aontained more than Jl peroent

smut the division botwoen segregatlng and susoeptible F3 lines wae

nado at that point' The number of F¡ lines assigned to ths threE

olessss resistant, segregating and suscoptlble were V6z)+6a21"

Two oomparisons between the theorotioally expeoted and aotual

numbers are mada possible by the division of tho F7 linos into throo

olasses. the resul.ts of the ohi-squaro tests for node of inheritance

of reaotíon to U. nuda are summarised ín Tabte h,

Table l4o $wnmary of
reaation to

ohi-square tests
Uo Euda ln the

for mode of inhoritanoe of
oross Vantage x Jet"

Cheraater and Cross

Vantage x Jot (n = fO3¡
rosE& sogoå stlsoolines
f,€SeB 89goå SìtSCslineS

1¿L
1:¡2:L

r" t6B2
5.51$7

- "7o- '05
"5o
"10

Both of the probability values (taute la) were in agroenont

with the single faotor hypothesís, The evidence indioated that

tho resistance of Jet to ouLture û¡ l+9-óB was oonditioned by a

sínglo geno pairo

jffhile no F1 pl.ants srere groïvn from Ínooulated seod., ths row

percentage of lnfeotion in Fa Índioated thet the gene ïras dominant

in offeat"

bo Inheritance of Resistance _to Un nigra,

The six rows of inooulated seed of Jet (tallo

IJL¡ plants (taUte 2), showed no smuto ThÍs was in

previous results obtalned by the writer and showed

jJ u wlni-ah oontained

agroement with

that Jot was
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resistant to IlLe l+9-6-Z of U".;igrao

The six rows of inoculated seed of Vantage, oontainlng 121 plantse

showed an average of 79,J peroent smut. Thls percentage infeotion

indioated that Vantage was susceptible to oulture ggg.h9-6-2 of

Uo nigrao Tho range of infeation in tho indlvidual roïrs, fron

75 to B! peroent, índioated tho effsotiveness of the methods of

inoculation"

If resistano€ ï'ras conditionod by a dorninant gene or genos,

no infeation would be expeoted in the F1 genenatíonu Two of tho

F1 plants u or L\.J percent of tho 16 orossed seeds that were

inooulated to u:, lis{a" wers i.nfeated with smìlto fnfeotion in

this generatioa suggested that resistanos to g._lisjs ïras oon-

ditioned by a reoossive gene or goâesø

Sixty-sevan plants, or 59,8 percont of the tl2 F2 pl.ants that

were grovrn (taule 2), were infeoted with uo nigrao The renge of

infeotion within the F2 rows was rrom J6 to 7j peroont, rnfeation

ln the F2 was too high to indioato doninenoe of the gene or genes

responsible for resistanoo" This oonfinnod. tho F1 resul.ts,

The distributlon of the l-05 F, lines on a peroentage basls is
presented ln lable Ju 0n the assurnption that the lines that showed

no smut were homozygous for the resistanoo of Jet and that thoss

showing smut were segregating or eusoeptible, tho F3 lines were

divided into two groups t 20 homozygous for resistanoe and B! oither
segrogating for resistanoe and susceptibility or oornpletely susoept-

ibre" rn view of the possibility of over-Ìapping of the sogregating
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ând susooptible clasaese v{hioh would be expeoted to ooour if rosistanoø

were controlled by a reooseive gene or genes, no attempt v¿as made to

soparatc the segregating from the susoeptible F7 linos.

.& single oomparíson between the theoretioally er-peoted and aotual

t¡umbers was made possible by the division of tho F, lines into two

olasses" The aotual nurnber of F3 llnes in the two classes (res"6sege

and suso"), flt tho expeated lal ratio with a ohi-square value of

1,98hl anrl a P value of betrvoen ,2O - .LOn

ïr1g

The evidence indicated that the resietanoe of Jot to oulture

)+g-O-Z of U, nigra wae conditloned by a singlo reoessivo genø'

a, Inheritanoe of Resistance to IIo hordeio

The lnfeotion peroentages of the six rowe

Jet that were inooulated to oulture U!¡ l¿l-6þ\

and 0o0 rospectlvelyu (tablos 2 and J) " These

results obtained by the writer and showed that

and Jet resistant to the srnut oulture ussd.

of oaoh of Vantag€ and

of IL hordei wsrs Tlult

data oonfir"med. provioue

Vantage was susosptibl.e

One F, plant or 10"0 percent of the eloven orossed seeds

inooulatEd to U. hordeí was infeated with smtrt. This suggested

that the Jet resistanoo to U" hordei was conditioned by a recessive

gene or g@Þesø Those results wero oonfirrned by data fronr the tr'2

generationu Tnfeotion in the F2s (faUte 3), ranged betrveon ]0"0

and 75,0 percent, iqith an evsrago of l+0'B poroent (tatte 2) 
"

The distrlbution of the LO, F3 lines on a poroentage basls is

presented in Tabi.e Jo The F7 llnes v¡ere divlded lnto two groups on

the assumption that the homozygous resistant línes wsre not infeoted
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and thE segregating or susoeptlble lines showed various dogreee of

infeotlon. Thirty-th¡ee lines were olasslfled ae resistant and 72

as segregatÍng or susoeptible" No attenpt was made to further divida

the segregating or susoeptible groupo

Tiro nunber of F7 lines in ths two olasses (resoÊs6go and eueo')ø

fitted e lsJ rstio with a ohi-square value of 2"1il+O whioh corrøspotds

to a P vaLue of betwson ø20 - "10"

On tho basis of tho evidenoe presented

the resistaRoo of Jet to cul.ture Uh l+7-61+-h

1) The averages of infeotion for the F7

throo smut speoies are not preeentod

Iines Ínooulated to the

in the Tables"

1t

of

was eonoluded that

U' hordel wae

conditíoned by a single reoessÍve gerreo

Examination of the dietributlon of the F1 linoe inoeulated to

U, hordei (taUte J) u røvea1s that there was an exooss oî !-1 ll.nes

showing no smut" The F3 dístrlbution was also skowed toward the

reeÍstsnt olassee, Thio suggests that thors wss a low Levol of

L,*jg-l{"i" infection throughout tho F3 testso The avorages of

infeottonl fo" the Fa llnos inoouletsd to U" hordei, Uo nigra

and un nudq oonfirmed this aesumptiono The readlngs ürere Lrn6,

2J$ and 21"2 porosnt infeotlon respectivelyo

Several hypotheoos havo boen advanoed to aooount for low

porcentages of infeotíon rn ü. -Jg$gi_ lnooulated linos. Johnston

(ra), TrIoltE (h7), and shsnds (rB), presented evrdenoo to tho effEot

that higher mortallty In u: tt_"=au.å infeotod seedlings, oorapared to

those not lnfeoted, deorsased tho peroentage of smut in F5 j.inee
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segrogating for rEslstanos. Infeation escape has also been suggested

(fz"h?) as an explanation for l-ow infection in F7 Lines lnooulated

to IL hordei' Both of these faotors may have been operating to

aooount for the results obtained hereø

2" I{þgIFanoe gt_Ees-igig¡fe to II' Eu da, u-:- åt*s*qg and U" hordel in
the oross Tfsh x -Jdã"

The poputation slze among the F1 Progenies of the sross Plush x

Jet ranged from 20 to ]2 plants, with an avere,gø of 2J plantsu The

parental rows averageð. 22 pl.ants for the susceptible parent and I7

pLa.nts for the varietY Jetn

F1 and F2 plants of the cross Plush x Jet wero not tested for

roaotion to k_!:lk] or U:.¡¡-l_g13-' F7 llnos from ran<lon F2 plants

of the hybrid were tested specifioally to determine the genotypes

of the F2 plants for reaction to tho three smut spooiosn The data

nsre oompared with thoso obtained from the oross Vantage x Jet and

the sinile.rities and differences in the mode of lnheritanoe of the

resistanooe to the three smut spooiEs were notod'

The reaations of the parents and F2 generations of the hybrid

to U" nuda and of the parents to U' nigra and U" hordei are presented

ln lable þ" the dlstributions by five-peroent infeotion-olass

intorvaLe, of the parontal rowse F2 rows and F1 progeniss inooulated

to }_"_jggu and the parental rows and F1 proBenj.es inooul.ated to

II' nigra and Uu hordel are presentEd in labLe 6'
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porcentago of infectod plants of parents and F2^of the
oross Prùsh x Jet inoourated to ourture tTn l+9-óB of
Uo Euda and of the parents inoaula'ted to oulture
troelrçA-2 of u.-nigra- and llh )il-61+-\ of li" i9ld"i"

lroatment Material Total
PIants

Numbor
äealthY

Nurnber Peroent
Infeated fnfacted

InoouLated
to

Ue nuda

Inoculated
to

U"_ nigla_

Inoaule.ted
to

U' hordei

F2
Plush
Jet

Plush
Jet

Plush
Jet

201+
121

%

16,7
OOøé

0"0

68,1
000

L9,z
0o0

1+
BO

0

q7
./l

0

OU

0

l_70

hr
w
¡-
,'h+J

Ll6

6z
1u

th2
L16

L22
1ILt

a" Inheritanco of Rosistanas to U. trudâo

lhe infeotion percontages of the parent vari.eties presentod in

Tables þ and ó inaicate that irlush r¡ras susooptible and Jet resistant

to oulture un h9-óB of u, EüdÊ" The average infeotions for tho sevon

rows of Jot and the six rorvs of Plush vuero 0"0 and 66"2 percent

rospootivelY'

Inooulated seed from B F1 ptants produced z))t, F2 plants' fhirty-

four were infeoted with lJ". nrl4t" the rango of infootion withln the

F2 rows was from 6 to 4 peroent" .&Ithough tlns 16"7 peroent averag€

infsotion suggested that resistanoo was dominant, it was too low

for an accurate interpretation of the number of genes involved'

However, tho faot that tho F2 infootions v¡ithin the individu.al rows

ranged as high as 27 peroent, supported the single gene hypotheeis"



F7 797
Plush

Jet

Tnooulatod
to iLjlglarr

"3

Plush

Jet

L9

7

, 8 6 2 1 O I r. r o 2 1 1' r t o L 99

0111. 111086@6

Inooulated
to Un hordeÍ

ry*".----- rB

Plueh

Jet 6

29 LO

7-

rl+ Lz

18 th lJ+

l+

I

0

l

I

101+

6

¡

ro().
I

I0l+

6

6
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the distribution of the 99 V7 lines cn a peroontage basis ie

presonted in TabIE 6. The F7 liaes were divided into two groups;

J9 shorving no smut and assumed to be homozygous rEsistant and ó0

showing smut and assumed to be susaeptiblo or segregating for süso-

eptibiLlty" since nonE of the F2 rows showed more than 27 peroent

srnut the divisíon between susceptible and segregatlng lines was made

at that polnt' The nuurber of F7 linos in the thres olasses ïvsrs!

39 resistantu )+l segregating and 1/ susoeptibleo

The results of the ohl*square tests of the mode of inhoritanoe

of reaotion to 9-"*_18{1 are suruilarizod in Table 7s

Table 7" summary of ohi-squaro tests for mode of inherltanoe of
resotion to rJ. nuda oulture LTn h9-68 in the qroaõ
Flush x Jet"**

Chsraoter and Cross Ratio iþ:-!-qsre P VE1UE

plush x Jet (n 
= 99)

feoø & segos susoeptible
lines

f€Íio8 se$o8 susoo lines
lzL

Ia2eI
)øa))o
9.72214

.10 - ,05
lEss than uOl*

The probabitity value for the 1:2al ratio was loss than p 
= "05

which was the mfnirnum regardod as ÍndioativE of a satisfaotory fit,

Exa¡nínation of the distribution of the F7 lines inooulatEd to II-" nulll

in Table 6 shows an êx6ess of apparently resistant llnes" as the

F2 data, (tatres 5 and 6) u showed. a row peroontage of infeotion,

it is apparent that larger numbErs of plents than those availabre

in some of the F, tlnes wouLd be rEquírod to distlnguish segregating

I significant chi-square value
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from resistant oE€Ee

The P value for the J:I ratio was in agreement with the single

factor hypothesisS also the F2 peroehtage infeotion was too low for

resistance to be oonditioned by reoessivo ge!ì€so This was oonsidered

sufficlent evidenoe to oonfírm the hypothesis establ.iehed in the orose

Vantagø x Jet, that the resistanoe of Jet to oulture Un h9-68 of

Uo ttuda was conditioned by a sing].e dominant gene"

b"-1.nl"',LBç"-'-1.[u--q,i:3glg-y*-!o*9:-.-B],e-Lq."

The reaotione of the parent varieties and F, linee to oulture

gå h9-6-2 of p-:*¡9-i_er1. presented ín Tables 5 and 6, agreed witb

the results presented from the oross Vantage x Jetu The 10h F,

lånes were divided into two groups on the assumption that tho homozygous

rEsistant lines were not infeoted and the segregating and suooeptib}e

i.lnes showsd some infootlon" Twenty-nine }iaes were ole.ssifíed as

resistant and 7h as segregating and susoeptiblo. The ohl-square valuø

of 0'h6I5 whioh oorrgsponded to a P value betwEon "50 - ,J0 was in

exoellønt agreernent with the single recessivo geno hypothesis establi*

shEd for thE oross Vantage x Jet,

o. Inheritanoe of Resistanoe to U" hordeio

The distribution of the 9. Jtofggs inooulated tr'7 tines of the

orosÊ Prush x Jet is preoented in Table 6" lhe reaotlon of the

paronts t" 9-' þ9å{q1_ Í.s shown in Table I, No pi.ants were smutted in

the Jet f,orvso Inooulated Plush averagod l+9o2 p"roent fnfeation with

the range fron l¡1 to 80 peroento
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Of the 10J+ ry linosu the JB in the zero lnfection class were

assumed to be homozygous resistanti the remaining 66 were olassed

es segregating or susceÌltible" ThE ohi-square test for goodness

of fit of the data to a LsJ ratio was negative, (ohi-square value

7.76to¡ P e less than '0I')
Exaniination of the F5 distribution (lable 6) o reveals a

skewnese toward the resi-stant olasses and an exoess of lines in the

zero infeotion olass, The samE reasons that were advanoed to aooount

for the Iow peroeirtages of Ínfeotion in thu 9:'3:.ggi ínooulated lines

in the oross Vantage x Jet aro suggested to aocount for these rosultçn

No genetio interpretations were rlerived. from this ahi*squar@ deter-

nination" Ilolvevero the results do not neoessarily disprove the

single reoessive gene hypothesis developed to explaln tho Jet

rosistance to U" hordei and established from the oross Vantage x Jetø

v" Interrelrrelatlonshí.gtloilåip:__€*!_Lr9u_gp_r-tåi¡¡ of the Genes in the Variety Jet
;ìlda " 

*IñiïEr 
a ãñAî;hbî ðéî;-* ^-- that Condition

Resistanos to Uo nudae U" nigra and Uo hordeio

Tho genotypes for reaotion to _U"_jg$l, U" TigIS- ana 9"_"þ1--{gi

of the F2 plants from the crosses Vantago x Jet and Plush x Jet

were established through tests of thE F1 families to each of ths

three smut specfos" The F2 pl.ants wer.e olassified into four reaotíon

classes based on the evidenoe for singl.e gene pairs oonditioning

resistanoe to eaoh of two speciesu The following faotor pair

oombinations ware oonsidered: faotors oonditioning reaotion to

Uo nigre vs, reaotion to U" nudai reaction to U. hordel vs. reaction

to [:_ ¡I4å; and reaation to U._ti_gl3 vso reâctíon to L*jg.algl,
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The chi-squar6 troatment outlined by Mather (f6) was applied

eaoh set of F2 data in an attompt to determine the oxistence

assooiations between the factor pairs under considerationo

The cìata for each of the various faotor oonrbinations will be

presented seParatclYu

a. -Aseooiatlon of the Factors
vs"-ffiaotñn l-T" nùõ' -

to U" 3-iggConditíoning Reaotion

The factorial conetitutlons of the susoeptitrle and resistant

paronts in the two crosses being lnvestígated for reaction to Uu- niggS

12
and. u. nuda ïrere un6 unó, Ung Ung and Unó TJnó', ung ìrhg¿ø

The dlstribution of the F2 plants in the roaotion olassos

g¡É 
-u-ne, 

q4! gqg, U¡16 9å9, ggi une werô as followss

- for vantage x Jet - 65zt5ztie6, w]nørE n = 99"
and Plush x Jet - 17 zL1a25ùo where n s 99u

The ohi-square values derived froui separating the segregation

of the two faator pairs into conponents âre prosented in Tab1e Bu

The data presented in Table I confinned the monofaotoria}

hypotheses that wore pr@lriously establisheci to explain the inheritanoø

of the Jet genes for resistanae to U" nuds and IIr niglg" The relatively

large probabillty values for both tlne 9zTtJeI segregation and llnkage

oornponents in both of the orossÕs indicated oonptrete indopondenoe of

the Jet genes oonditionlng resistance to U' nigra and U' nudao

L) Syntol for the doninant g€ne oonditioning resistanco to the Trebi

attacking 'traoestt of U"_lI9g (zg) 
"

2) Tentative synbol assigned by the wr"iter to the recessive Jet gone

conditioning resistance to oulture _U!g l+g-A-e of !1. n1S53a
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lablo B. Chi-squerû values for the compononts of the segregation of
the tw:o faator pairs oonditioning reaction to ql ¡,1årg vsø

U. nuda in the orosses Yantage x Jot and Plush*l ¡-éÇ--

Cross Component Chi-s ouar6 Ð"Ft P Value

Vantage x Jet

Plush x Jet

Seg" for qng ¡tpg-
$eg" for ttn6 unÉ
$egu for linkage
9 ¿7z3zL seg'

Seg" for lI¡e U_qe

Sego for Uuó un6
Seg" for linkage
9:-727:1 sego

1"78 rl I
0"7515 r
t"77)$ I
T;%'T-*---T
o,ylro I
1"2156 I
0"h9¿+9 I
V,fro1;'; 

*.**-*3-

o20 - or0
,50 - u1O

"to * u?o
,1O - o2A

,50 - o7O

"10 - uOl
r5O - o7O
,20 - ol0

b" .&ssociatÍon of the Faotors Conditioning Reaotion

--:--*---..i.
Reaation to IIn Eìrdâe

to U' hordei vs*

The faotorial constitutions of the susceptibls and r€Éistant

par€nts investigated for reaction to L"_}_o_$gi and Uu _¡-uda were

uÉ gú, qþb q¡k and unó qú, uÞ¿+ uþh} t""peotively" rho F2

segregations for the faotor pairs !þ! unrll q!É !åq in the two

oross€s und.er consideration are es followet

- for Vantage x Jet - 55eL5z2Je6" where t¡ e 10L"
and plush x Jet ^ )+9"t3z11zho whero n e 99.

the results of the chi-square tests applied to these data are

given in Tab1e 9'

The probability values for the single factor s€gregations

(faUte 9), aonfirmed the moEofaotorial hypotheees established

previously to explain the inheritanse of the Jet genes for resist-

anoe to II" hordei and Uø r¡udao

1) Synbols for the recessive Jet
rtraoe'r 6 of U.-Ig,L{g", (h7) 

"

ggne aonditioning rEsistance to
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Chi-square values for the oomponsnts of the s€gregation of
the two factor pairs oonditioning reaotion to lJ: þordøl
vsc Uo nudå in the orosses Vantage x Jet and Plursh x Jetø

Crose Com-oonent Chi-souare D'Fo P Valuo

1"7h58Segu for 9þ[ u]:l+
Seg" for Un6 gÉ
$eg. for linkage
9zjeTeL segregation

Seg" for Utrl+ uþl+
Segn for Un6 unó
Seg. for llnkage
9æ1z|el segregation

Vantage x Jet

P1ush x Jet

0.9613 t
o.LltL tã'W-**-T
B,o8kl I
1,2156 I
1"L526 I

tïl; ;TzV-*"- 
--T-

r20 - u10

"5O - "tO,Bo - "70
"5O - ,7A

lEss than o0lxc
,I0 - ,05

"10 - ,05
less than '01ø

Lack of agroemont of the F2 data of the

a 921:]*1 ratio can be attributed largely to

UtJ+ ulù factor segregation to a IaJ ratio,

the constitt¡tions of the

the faotor pairs conditioning

presented previously to explaln this situationo

The probability valtres for the linkage oomponents are iq agree-

nent with a hypothesis that the genes in Jet that oondition resistanoe

to 9_. .þ5del and L9_13y33 are oomplotely independentu

oe .Aseooiation of the Faotors Conditioning Reaction to t. hordei vso
Reaction to U" niqrae

cross Plush x Jet with

the poor fit of the

Reasons have been

susoeptible and resistant parents for

reaction to U, nigra and II. hordei were

gIå gå9.,, l}b ut¡ and ullg ung, I4 ull[ res¡rectively,

The F2 segregatíons for the faotor pairs under oonsicleration were

as follows:
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- for Vantago x Jet - 68 ting ûil+, h Ung uhl¡, t7 ung Uhl+¡
t6 üEe ut¡[, wrrãiã ET to5"-- :-

and Plush x Jet - óf ung ul[, 5 Ung u]ri+, tl+ une Uhl+,
2l+ glg @, *täFru ñ-ã roh"

Tho ohl-square values derived from separating the segrogation

of tho faotor palrs Il:gg ung and üþ[ uþ!+ tnto oomponents âre presentod

in Table 10u

Table 10. Chi-square values for the oomponents of the segrogation
of thE two faotor pairs conditl.onlng reactlon to U. hordei
vso llo ltigrgo

Cross Component Chl-square Ð,F. P valuE

Vantage x Jot Sogo for q¡& Bbb 2,3Lh2 t "20 - oIO
Sogu for UnE qng 1"98hl } 2o - ,I0
Seg, for linkage 23.h9VL I less than "01*gsTzjs1 segregatton fnffi less than u0l*

Plush x Jet Seg" for ghb gþ4 7,3d+6 t less than nOl*
Sogu for UgE qng o)$Lj 1 "90 - ,80
Sego for linkage W l. less than o01*

,%Trr5----- Iess than oot*

Chl-square tests for the linkage oompônonts of sogregation (faUte tO),

gave probabíIÍty values exoaeding tho "01 levol on the data fron both

cross€ee This was lnterproted as an indioatíon that tho faotors in Jet

that oondition resístance to Uu hordEl and II' nigra aro not inherited

lndependentlyo

Recombination peroentages for the two faotor pairs wero dotermined

by the Product Mothod desoribed by Inner and flenderson (tI)u These vaLues

are prosented separately for the two orossesu

The four segregating orasses in F2, referred to previouoly, were

designated a, b, o and d for the purpose of dete¡srining the reoombínatlon
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values" The ratio of produote in the oross Vantage x Jot wae boþd 3

,06210; where a g 68, b = hu o z L7 and d e 16 (previously presented)"

The reoombination fraotion for the ratio of produats value, as deter-

nlned by Immer and Eondorsonr s Tablos, .,aas lB á \"rtc, peraetrto The

ratio of producte for the oross Plush x Jet was '0h78Ll-¡; whioh gave

a oorrospondlng rEoombination fraotion of t6 / l"gAL¡ percent"

The evidenoe presented above s,ppoared to be overwholningty ln

favor of a hypothosis that singLo, distinot, but olosely linked

reoessive B€nos ín the variety Jet oondition resistanoe to U" hordeå

and Un nigra' Howevar, in view of the }ow Isvel of infection of the

U, hordel inoculatod F3 lines, some doubt night exist as to the

validity of the reoonbination values" Exanrination of the 9' hgrdei

aud Uj. nigla infEotion percentage values for the indlvidual Fg lineø

revealed that lines infooted with U, hordei i¡rero gonerally infeoted

w:-th ]i" ligj_1o The roverss did not hold true howover¡ nany U,_n:rgr3

infEoted llnes" espeoially those in the lolver fnfeotfon olasses, were

freo of U. hordei. infeotion. This suggested that lnfeotlon osoaps

rather than segregation oould aooount for the differoqoes in thE

reaotions of the individual F7 lines to þ-_þßg! and U-" nlgrlo The

possibility that a single gone pair in the variety Jet oonditioned

the roaotion to both seedlíng lnfeoting smuts oart not be ontirely

o1Íminated'
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SECTTON T.¡TO

A STUDY OF THE TNHERITANCE Á}IÐ T}MERREL^&I]ONSHTPS OF ÛIFFEF,E}M

VJLRIET.&L SOURCES OF RES]STA}ICE TO USTTLÁC.O NUÐA

MATERIÁTS AI\D METHOW

the gonoral procedures end the materials used in oonducting the

investigation being presented in this seoond section of the thesie

were similar to those outtined under l[ateria]s and Methods of Section

I" The information to be presented. here involves tho varieties used

in the investigation and the handling of the hybrid populations'

_v_gil}_i.":_

One susceptiblø, one rnoderately-rosistant aud eight resistant

barley varieties were used Ín this study" Four of the varlotÍes

investigated, Kitohin (c"T,1296-1), Bffarb (c,r"5951-5)p c,r,1798

and Jet v¡ere reported by Tapke (l+¡), to be j-rn-mune to Ja physiologio

r?racesfr of U. ilüde.E Moseman and Reid (20), reported that the sane

four varioties and the Brandon hybrids nr" 5lil9-ó80 and Br,5W9-751t

wers immuno in tests to ¡îa composite of, or indivi<tual oultures ofg

Tapkel s rao€B'î of U9-l!-qq and to virulent oultune, P"351 from

tloningør and. Poehlnan (5) u Table 11 shows tho smut reaotions of

'bhe parental varieties and the susoeptible variety Vantage iuooulaterl

to three Trebi-attaokin6 oultures cf U" nuda@ fnooul.ations of oultures

1) Trebi-attaoking culture of U, nude obtainecL from Ðr, J, Hosenang

UeS"Ð"Acc Beltsvil-Leo lr.{arylando



'1 D'ün h9-68' and rrRaoorr C- wore mads

1956 aad IgEj'|. The roactions to

classifiable pl.ants groÌyn ln ths

on reaotion to aulturo Pn75 wers

Oollmo ) e

TabIE II" $rnut reaotlone of 1l barley vartoties
wi.t}r 7 lrebi-attaokíng oultures of U'

6)oâ

in the fiEld at Brandon la L955"

the two oulturos werø obtEined from

fleld from 100 i.nooul.ated sEedsn kta

suppliod by lT, J, Cherewiok (pers"

artifloielly inooulated
nudaø

Variety Cr IoCf
Cu"S"N"
Number

Porosnt InfEotlon
ffi P"75

, % Lnt,

CuLturø

Vantago
NEwql
Braohytio-I3.P
Jet
Br-680
nr-?5)+
Valkiø-trdu
ltrigrinudum
Kltohln
Blfarb

C 
" "&, N. 1162 i+8 

" 
0

c..a,N.lo89 7o"o
27,O

C,,T"967 0"0
0,0
0.0
0'0
0"0

c,r"Lry6-1 ou0
C.T"795L-7 0o0
c"1,T198 ooo

75"O 92.O 7L.6
82"0 89,0 80,3
h7"O I+7"o 79"O
0.0 0,0 0o0
0o0 0"0 0u0
0,0 0"0 0"0
0.0 0,0 0,0
0,0 0,0 0.0
0u0 0"0 0"0
0.0 0"0 0c0
0"0 0"0 0.0

59'o 67 "oBh"0 Br,0
59"O 19"0
0u0 0"0
0u0 0"0
0,0 0,0
0,0 0n0
0"0 0"0
0,0 0o0
0,0 000
000 0"0

B9"o 7r"ó 67 
"OBó"0 Bt.6

75"O 
'7 

'7 €ó
0u0 0"0 0u0
0u0 0"0 0"0
0,0 0u0 0u0
0"0 0,0 0,0
0"0 0u0 0r0
0.0 0n0 0,0
0"0 0"0 0"0
0o0 0u0 0"0

The oríglns and some varietaL charaoteristio6 of the variotiea

uEsd in this etudy ars as follows s

Vantage and Jet v¡ere dssoríbEd ln SeotioÐ I. of thio ThEsia,

Newa1 is a six*rowEd. variety of oommEroial irnportanoe in .&Ibertaø

It orÍginated from the oross L{anohuria x LioEe 2 x O..&"C'?Lø

ThE varíetiee Br'5h79-6gO and Br,!l¡J9-75h are aix-rowed loosE-

1) the oulture of Uu nuda d€seribotl in Seotion I"

2) Trebl-attaoking oulture of IJ" nuda obtalned froni Ðtr" L,P"V, Johqeone

University of .ålborta, Edmontone
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6nut-rosistant seleotfons dovoLoped at the C'D'-å, Reeearoh Branoh,

Ðxporínental Farm, Brandon, fron the croes vantage x Jeta 2 x vantmorøu

Braohytio-Il9 ls q mutant from the oross l{irna}aya x Psreloumo

Ït is honozygous for the faotor pair b{br whioh oonditiono braohytlo

growbh habit,

ValklE-trd. ie a seLeotion from the variety Valkie (C"f"5/hg),

rnade by Ðr. C, Fu Konzak, at Cornell llniveroity, Ithloa" N"y. It
is homozygous for the reoessive thlrd-outer-glrrms oharaoter palr

ïrd trd" The origínal variety vatkio oame fron vavirovr s south

Ruseían CoIleotion"

Nisrinudum is a seloction known âs þfggr¡g*Èjj:gqgåÆ.srinu.gg1-l"
rnade by Robertson (26), from an origlnal strein of F:aïl"qlgr*iålgrrq
whioh was i.ntroduoed by E" V, Harlen froin AbysoÍnia in l9LB. Nlgrlnudun

is heterozygous for the grsen vso whi.ts øeedling oharaotey pair An qn,

Kitohin is of hybrid origln, coming from the oros$ Moravlan x

Ðefiolons and made by H, v. Earlan in 19rh at stu paur, MiÞnoaotao

BÍfarb ls en lntroduotion from .&bysslnia, seod. of the varíoty
yras presonted to Hu v" Ilarlan rn r92h by the Miaistry of agrioulturø

of Giza, Egypt*

c'rull98 was introduoed by vavil.ov into Ruseia fron .&byeslnlao

Tt was introduogd into the United $tates frorn Vavllovt s colleotlon,

Tho varieties Jot, vaLkie-trd,, Nigrinud'um" Kltohln, Blfarb qnd

C"L"|])B are two-rowed typea"

Snute Culturø

The IJ" nuda oulture Un )+9*60, whioh has been dosoribed prevlously,
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was used in this study"

Eybri,d Popglajlone

The orosses usod and the generations i.n rvhioh the hybrid popul.atione

were investigatod for

Crosseg wsre made at Brandon in 1956 and 195î"

TabIE 12, Crosses etudiad and gonorations in whíoh tho hybrid
populations wero invootigated"

reaotion to Uu nuda ars lndloete¿l ln Tab1e L2o

osg nara nvss

Nigrinudum x Nowal
C,L5798 x Newal

Bifarb x Ì{ov¡aL
Kitohln x NewaL
Jot x Nowal

W.5I+19-680 x Bifarb*
sx,5la79-75h x Kltohin*
äitohln x Bifarb'a

Bî.rlilg-T j)a x C,r,57 98
Br "5)+79-680 x c. r,5798
Jet x C.Î.T|jB
Kitohln x C,I.T|9B
Bifarb x C,,T.ll9B

JEt x Nlgrinudurn
Valkiø-trdo x Jet
Braohytio-ll9 x Jet

îZ
El
"2
Fzo
îzt
î2,

îru

ñËzø
!'e,
!Ju

Ërlrrto

F¡a Fl¡"
F1r F4e

Ft

ïti,I=

ú
î7

iZ

PEdigreg Xilsthodg

Eybride of tho orosses lieted in Tablo 12, invol.ving the }ooee-saut-

susooptíble variety Nowal and the resistant varietiss }iigrinudune e,T.,rílg8e

Kitohin¡ Bifarb, and Jeto wore investigated for the purpos€ of studylng

tho ¡nodo of inhEritanoo of the g€a@s oonditioning the fuiunune type of

*Studied in fl+
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loose smut reactlon of the resistant varietios to oulture qg h9-68'

The remainíng crosses, (faUte 12), were investigated for tho purpose

of determlning the interrelationships of theso various reslstenoe gones

with one another and. wíth the gene or g€nos in the varietíee Va1kie-trd'

and Braohytla-tl9 oonditioning resistance to the same looee smut culturs.

tho rnethod of handLing the hybríd populations were similar to

those outlined proviouslyo

Crossed seed of eaoh of the hybrids were sown in the fieLd in

L957. $everal splkes on a number of the resulting F1'plants were

inooulated u¿ith U' nuda and the seed used to tost the F2 genoratlonE

The F3 Ìlnos wore tested by growing out Ü'31¡ga inooulated F3 seed

froryr random ple.nts of F2 populatíons" The inooulated F7 seed of

eaoh F2 plant was divided lnto two seed lots in order to pertnlt

duplioata testing of the F¡ lineso One replioatlon of ths F, linos

rras grown in the fatt of 1958 anri ono in the spring of L959u The

total numbor of pl.ants frorn the two tests wero used in the deter-

rninatlon of tho infeotion peroentages of the F7 }ines"

ån attonrpt vsas mado to ohock the reaotion of a number of F3

lines of the cro{¡6es ln Table 12 marked with an astorlsk, by grovting

out U. nuda inoouLatod F¡ seed of approxùnately twelve planto of

oaoh of tho Fg lines invostigated'

A1I clatq reported 1n this $eotlon, vrith the

do.ta frorn the F4 lines, were from material grown

the F¡ tests were grown in the fieLd at Brandon

øxoeption of the

in the gr€enhousese

in 1959"
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EXPER]MENTÁL RESULTS AND ÐTSCUSSION

L. The Mode of lnheritance of tho Genes Conditioning the Innune TyPs

ffi99*
lhe reaotions of the parente and F2 generations of tho orosses

involving Newa} to oulture Un l+9-6e of þ_nutþ are pr€sentod in

Tablo 11" The distrÍbutions of the parental roTvse F2 rows and F3

progenÍes by five percent infeotion olass intervals are shown ln

Table il-¡,

The sizo of the F7 progenies varied from 20 to J6 plants wlth

an average of 2h"0 plants, the number of plants in the parental

rows varied from LL to 2I with an average of 16"1n Tho avorage

number of plants ln the F2 rows was lh,9'

Loose snut infections for the varlety Newa} wore hlghn ranging

from 69,9 to 82,6 peroent (tatte t3) " The averago infootion for the

variety throughout the tests was 7óu9 peroeÞte The reaotions of

Jat, Kltohin, Bifarb, C.L'r'l9$ and Nigrlnudum were oonsÍstent with

previous rosults (taUfe ff) and demonetrated the lnrnunlty of this

series of varietlos to oulture iln h9-ó8"

The F2 genoratÍ.ons of tho five orossos being investigated showed

approximately tho same loose smut reactionsu The avorage infeotíon

of tho five populations was 22n,[ peroontu this value end the

everagos of infection for the individual I'2 popuLations, prosentsd

ín Table lJ, were in reasonably olose agreom€nt with the values

oxpocted, (ínfeotion of NewaL 76"9 percent), whon a singl"e don¡inant

gone ls responsible for resistancso
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Table I]" Percentage of infooted plants in tho
the orosees inooulated with culture
and grown ln the groenhousoo

paronts and. F" of
un h9-68 of uc-nuda

ta Pero
Plante Infooted fnfected

Jet x Newal !'2
Jet
NewaL

Kitohin x Newal F2
Kitohin
I'ieweI

Bifarb x NewaÌ F2
Blfarb
NewaI

C,1"5798 x Newa1 F2
c,f "5798
NewaL

Nigrinudum x Newal F2
Nigrinudum
Newal

Itvorage Infootion-F2
-Newal'

r25
8l+

,t
75
9L
2I+

%
119

cross Kltohin x

115
I87
26

I11
2L6

oross Kitohln x

L56
Bh

Lol

98
9r

100

Llt
rrg
( see

L)$
L87
tI+9

LI+Z

2L6
( see

6714

752

tL
0

72

27
0

76

76
0

NowaI)

1o
U

L21

7r
0

Newa3.)

15I
t-lt

19"B
0o0

69.g

2t'5
0u0

76,O

zl.o
0.0

2O"7
0.0

82"6

2L,B
0"0

,2'
B1

22.14

76,9

Infeotlon peroentages of 58"1 and $2ol were obtained in einglo

F2 rows of the orosses l(itohin x Nowa} and Bifarb x NowaL respect-

ively (faUfe th), .& single smut-free F2 row was also noted in the

crosE C.I"1798 x Newa!n Those extreme ínfection valuos rssra oonsidored

abnormal for this materlal in view of the relativeLy normal dlstributlon

of tho remaining \2 FZ rowso Infeotlon in these remaining rows ranged

frorn ! to ]8"0 percent' Those extromo values wsre not unexpected

however, in view of the tlnlted numbors of plants belng grown in the

indlvidual F2 rowsu



Tabre Il-¡" gi.tr¡lbrrtion of parontal rowse F2 rows, *!9 p¡ progenies o ín 5 peroont infeotlon oLess intorvaS.s,
of orosses inoeulated with oulture l}n h9-68 of Uo nuda"

6

66
6
6

I
tr-
tÐ

Yc

0I0211000010*
1s2 17 1 7 5 5 O 0 I l r 1 2 2 2 O 2 t 0¿/ ¿ |

6
-0r101120-

85
7
6

l0
11
10

10t2120101
272 t Lo 10 7 1 3 2 o 2 L 

' 
o h 2 t o t L L

7-
I 01r01120-

rr11221010
L1

010t012L200

t) fnfeotlon distribu'bions for the variety Newal obtained fron s single tosto

Kitohln x
ITewal F2
Kitohin x
Novral F3
Kitohin
Newal r)

Bifarb x
Nowal F2
Bifarb x
Newal F3
Bifarb
I{ewal I)

c"r,5'198 x
Newal. F2
c,T,Tl98
Nowal

i{igrinudun x
No-wal F2
Nierinudun
lüeñat 1)
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The F3 lines of tho orossss Jet x Nawalu Kitohin x Newal' and

Bifarb x Newal (tatte L,l-¡), wero assignod to the genetio aLassos

resistant, segregatlng and susooptiblo on the basss of their loose

snut reactions" Lines that were froe of emut were considered to be

homozygous for resistenco; thoso in whioh tho infeotlon peroentagos

wero withln the range of Ínfeotlon of the oomesponding F2 populations

v¡ere assigned to the segregating olass and the remalnder lrere oon*

sidersC to be susoeptible,

Tho number of F3 lines asslgned to the thres genotio clasees

wore as followsa Jet x Newal, 1}a56;Ê7a Kitobin x Newalu I9e35æL2s

Bifarb x Newal, 2l e)aJzh6"

lwo oompari.sons between the theoretloally expooted and aotual

nuntbers were made possible by the divlsion of tho F, llnes into throo

olasses" The resuLts of tho ohí-sguare tests for goodness of fit for

tho inheritanoe of reaotion to U" nuda are. presented ln Table llo

Tablo 1þ' -4. surunary of ohi-square tests for inherítanoe of reaction
to oulture Un J¿9-óB of U. nuda in ths oroeses Jst x
Newal, Blfañ- x Newal, ãï'ãffioirln x Newal,

Charaoter and Cross Ràtft Clii-souaFe P v-aluG-

Jet x lVewal (n = 109)
feso & SOgo vSo Sr.lS" linos
resa segå suso lines

Kitohin x Nswal. (n 
= 66)

r€so & sogo vse sì-lso lineg
ros rseg :slls. lines

Bifarb x Newa1 (n 
" S5¡

f98o & s€ge vso stfso linoe
res lseg:sus * Iinee

Ã.'t
Is2rL

Vzl
I :2 *i.

Jrr
l12*I

1"h801
L,7L55

L"6161
L"l$11+

L'8759
2.BLtg

"JO 
* 

"2O
"5O - ,rO

nlo - ,2O
.5O - "1O

'20 - '10ulg - 
"2O
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å.11 of the probability valuas in Table l! were in agreoment with

singlo faotor hypotheses, The low poroontages of infeatÍon in the F2

populattons (taUts tã)o and tho large numbors of F7 lines in tho Low

ínfeotion olassee (taUfe Ih)a indioatod that ihe reslstance gones wero

each doninant in effoct" -aLthough t]ne î7 genorations of the orosses

Iligrlnudurn x Newal and CnÍ"Tl9B x Newal wore not lnvostigated, the

similarity of the reaotions of the F2 populations of these two orosses

rn¡ith thoso lnvolving Nowal orossed with Jet, Bifarb and Kitohin, was

aonsidered suffloient evidenoe to warrant the suggestion that Nigr-

inudum and Cs ].'5798 also possoss single dorninant genes oonditíoning

resistanoe to oulture Ün h9-68,

2" Interrelatlonships of the Genes Con4¡.tl-o-3ingÅ9siqt3!s 
-bo_*9Jllgfq.ün æuee*õT"-ú;ïu dffin fËãTr"-"iË-q"€ -JryrcitoñîE; -¡ifarb, c' r offi-**-**_"_*.

The dlstrlbution of looss-smut Ìnfeotion by peroentage olasses for

the parental rov¡s and F3 progenies of orosses designed to brÍng togethere

in varlous oombinations, the loose smut resistenoe genes of the varlstlos

Jet, Bifarb" Kitohin, Nlgrinudum and. C,1,Tl98s aro presented in lable 16"

The infsotlon peroontages of the twenty-trnro U, þuda inooulated headed

tþe variety Newal, previously prosentod in Tables 13 and ll-¡, were

inoluded hero to represent ths infeotion distrlbutton of a loose-sml¡t

srrsoeptible varietYn

Inoluded in the F1 distributlons presented in Table 16 were soveral

fro;n hybrids involving the two selootlons FJr.5wl9-75h and nr"5W9'6BO

orossed to mombers of the group of loose smut resistant varietiee

(tat1e t2), Slnce both of tho soleotions derivod their loose smut

resj.stanoe factors from Jot, lt was assumed that the smut reaction of

Jot was reprosented in otrosses involving these seleotionss
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NewaI

Q,T,5798 L7

Jet 6
w "5W9'751+ B

Br,5h79-680 B -
Kitahln , -
Bifarb h

Fã progonios
Jét x c"T'1798 Lrl
nr-75/'+ x C"T'5'198 120
Br-680 x C.1"T'198 15.l+ @

Bifarb x Ç"Î-'1798 lrl
Kitahln x C"I"5798 i-20

Br*75\ x Kitohin V7)4
Br-ó80 x Bifarb 762
Kitohin x Bifarb tt]

Jst x Nigrinudurn 29O

F3 lotals 2015

-;

Fz Total
.t

Fz lotal)

1

Table 1ó" Distrlbutlon of looso-smut infeotion by peroentage- olasseg

fortheparontalrowsandFsPro8-onÍgsoforosseslnvolvlng
Jet and iet-dorivatives¡ nifarU, Kitohina Nlgrinudurn and

c"rufl98"

ffi-_-cE;ffiãrk-ã 
*--l-6ffit;

rìtrìvJ

5B12 22

w
6
I
B

5
h

L:¿7

120
151+

rrl
r20
æ

t7,
,62
117ffi
29a

2j0]:6

Ðata presented in Table 16 supported the evidsnoe presented

provlously (Tables llu Liu ilr), on the reaotion of the resistant

anti susosptible parontal varieties to oulture Un h9-68 of II* Rudac

Exanination of the data from the F3 lines of tho fi-ve F1

dlstributions of the crosses involving C"f'ff98 rovealed that no

looso smut infostion ocourred arrong +he 6J2 Fl llnes, This type
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of roactlon woula be expeotod to oocur if the gones oonditionlng

resistanae'were either olosely linked or oocupied- the Bame gene locuEu

Evidenoe derlvod frorn these five crosses tended to support the lattor

hypothesie sinoe sogregation for reaotion to U, nuda apparently did

not tako ple.oo within the progen;r of these orosseso Án extremel¡t

olose llnkage would be required to result in cornplete ]aok of segreg-

atlon'

-å single F¡ }íne of the Gross Bx'fl+79-751+ x Kitohin showed 22.7

perceut snut infeotion (taUte tó), Two hypothesee oould be advanoed to

aooount for this situatfon, Either the lnfeoted plants of this line

vsere the rosuLt of an adnixture of seod of an inooulated susoeptible

variety and the F¡ seed used to grow this l1ne, or thoy resulted from

the segregatíon, wlthln an F2 plant, of closely linked looso smut ros-

istance factorsu

In order to chook the smut infeotion olassifiaatione of the Fl

linesn a number were reinooulated rcrith U' rlt¡d.âo An avorage of B"L¡

plants in 97 of the LOT| F3 }ines from the orossos Br,5)il9-7!l¡ x KitohÍne

Br"5l+79-680 x Biferb and Kitahín x Bifarb were fnooulated with IJ" nuda

and grown as F4 lines tn L959, fnoluded in thie matorial wero six F4

progeny plants of tho smutted line from oross Br,5lil9-|þl¿ x Kitohln

(ta¡te t6)" No smut was observed araong this group of 778 F4 f.ines

ínoculated to U, nudto The faot that none of tho F¡ plants derived

from the one infectod F3 line was contaminated with Y" _gþ. suggested

that the llne rvas not segregatíng for loose smut reaotion, It was

assumed therofore that the ínfeoted plants in this line wore the result

of a seed adnlxtursE
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No smutted plants wore observed in the F¡ lines of tho orosses

Br,fl+79-680 x Bifarb, Kitohin x Bifarb or Jot x Nlgrinudum (faUte tó)"

atthough the possibility of cl.osely linked genes oould not be

ontirely eLímlnated, tho ovidonoo prosonted appeared to bo strongly

in favor of a hypothesis that the resistanoo of the varietiss Jet,

Bifarb, Kitchino C"L,57gB and Nigrinudum to oulture IJn l+9-64 oS

Uo rtuda was oondltioned by a singlo domlnant 6ene at the same loous

in eaah of the variotlos"

The similarity of the F3 d.istributions of the crossos involving

Jet x C"T,7T7B and the hybrids Bv"5)+79-7þla and Br"5W9-680 orossed

with C,1,5f98 was takon as ovldenao that the hybrid seleotions

possessed the Jet gone for U. r¡ì¡da imrtunity and that the geno had

not beon affoctsd by the transfer to the tu"5Lil9 hybrid sorles'

1" The Interrolatlonships of the Genes that Condition Reslstance to
enãlr'e fîn lFr6B--F" fä-ãËf;

The distribution of }oose smut infection in the parental ro',ss e.nd

Fz ÞroËenies of the cross Va1kio-trd" x Jet is shown in labLe U")-

Table {, Ðistribution of loose saut lnfeotion by peroontage o}asses
for the parental rowg and F1 progenies of the cross
VaLkie-trd, x Jetu

Parent or Cross Class Markor152, of /" Lafaotion Classos Total 1lo"
I 

- 
/-15 t45 55 65 75 85 95 of Llnes

Jet
Valkie-trdo
NewaL

F7-Va1kíe-trdE x
Jet

10-

lo- _

22rL 2 6

-022J+20
l+tz}1IO

ro (206 pr.")
to (2ol+ pr")
10 (27r p1")

Z)+o
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with the oxaeptlon of the 90 - 1.00 peroent lnfEotion olass, the

d+O F1 progenies (ta¡te t?), ooverod the whole infootlon râÞ$€o The

actual proportion of F5 lines showing smut was oxtremely small howsver;

only 19 lines exhibited infeotion,

The I0 rows of eaoh of tho varieties Valkio-trd" and Jet (faUte t7),

were free of smut" Infeotion of liewal ranged from þ0 to 90 percent

with an evorage infeotionl of 72,1+ peroent'

The division polnt betvreen the genetioally sogregating and süsG-

eptible olasses was placed at tho !0 poroent infeotion, leveL; ths

bases of this division being that this was the low point of the

infeotion distribution of the sueoeptible variety Newal' Five Fl linos

nere olaseed in the susceptible category, Tho genetíoa1ly segrsgating

olass was assumed to rangs fron the l0 peroent infeation point to the

zero infeotfon olasso Fourteen llnes were withÍn thls reh$eo The

romeÍning 221 llnes were free of smut and were assumed to be homo-

zygous for reslstanooo

The faot tha.t segregation for smut roaotion oocurred was considered

satisfaotory ovidenoe that the genos oonditioning resistanoe in ths t¡ro

varieties were differêEto Sinoe no readily disoernibl-e ratio oould be

oonsidered for testin6, this appeared to bs the only conclusi'¡e Polnt

that oould bo established on the basis of the €videnoe provid.ed by

the F3 data,

Two thoories will be presented in an attonpt to interpret tho

F¡ distribution of this orossS ho¡vevere beoause of the liniited

1) avera,ge lnfection of Nowal was not proeented in thE Tableso
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infornation on the inheritanoe of tho valkie resistanoe, neither oan be

considered conolusive'

when two genes aro presont, a ratio of LJ resistant and segregating

to one susoeptibLe F¡ line is expectod as e, rule" In the oross undor

oonsidoration onLy ! of the 2'1$ F, lines could be olassified as sllsc-

eptible and ila as segregatíng (fatte t7)" The }ow proportion of

segregating and susceptible F3 lÍnes suggested a possible llnkago

bet¡veen the Jet gene for resistanco and the gene or 8€nes oonditioning

resistanoe in the variety valkie-trdu sinoe the resistanae genos

entered the cross in the repulsion phase, susoeptible lines would

restrlt only frgrn the union of oross-ovor gametes, and tkle lines with

intermediate infeotion would resuLt fro¡n the union of oross-over gametes

v,¡ith non-orosE-ov€rso Consequentty a defioienoy of these linosu e's

shown in Table lJ" woulci bo expected, if the resistance genes vfer€

loaated on the same linkage groüPø

It is also conoeivablo that the F1 distribution for tho oross Jet

x Valkie-trdo ooìr1d be aoaounted for on the basis of the interaction

of J indepond€nt doninant geposo ¡6oaza;g (11) has showtr that the

resistance of Valkie to two of lapkat. Lt-. -IIrg, 
rtraoestr was conditioned

by tteither of two dorninant and independent gonêorrø Evldenae presented

in this Thesis has indioated that Jet possessos a single donlnaAt

6ene conditioning rosistance to oulture !n h9'6A. If ít is assuned

that three dominant, independent g€nes intsracted in this Gross, then

27 of 6\ Ft lines woulo be expected 'bo show smu'b infoction¡ eight

rvould sogregate 67:1, twelvo - !5el.o six - 7:1, Ð.nd a single line would
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be susooptlbte oE tho 8.v€râg6e rn view of the rinited numbers of

prants ln the F3 Línes, it is possible that onry those rines segreg-

ating ]:1 ooui.d bs identified' rf this had ooourred, the ratio of

resistant to segrogating and eusoeptlbre Llnes r¡ould hsve been j7 
=:l "

T,.ø 22r rsslstant to t9 segregating and resistant F¡ rines presented

in Table 17 fítted this ratio with a ohi-square value ot z"z)482"

this ohi-square varue corresponded to a p value between a20 and ulO"

/+" lha_þteqrers-tig$þlg" cf the Genes conditioning Rosistanoe to

The dlstribution of roose snut infection of the parental rows

and F3 progenies of the cross Brechytio-tt9 x Jet is presented in

Table lB"

Tsble 18, The distribution of Loose-omut infeotion by peroentage
olasses for the parontal rows and F= progenies of the
oross Braohytic-lL9 x Jetn r

u.a-uer],a¡ urs6s flrarK of þ Inf.eotion CIAss@e TotaI-No"o 5 L5 25 1' t$ 55 6E 75 B' 95 of }Ínee

Jer 6 Þ ó(r6opr")Braohytio-Ilp - 0 L 1 Z 0 e(reopr"iNewsl o z z h z o to(afrpr.i
F3-Braohytio-lL9 x' Jat L25 772L 9 g t z I L t 0 zo:-

The progeny of the t0 inooulated heads of Newa}, presented previously

in lable l/n rrore used here to represent the distribution of snutted

plants of a susoeptible variety"

Jet oontinusd to naíntain its imnune roastion to ourture un h9-óg,
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Based on the peroentage infection of the susoeptible variety NewaLu

Braohytio-119 exhlbited a partial type of resistanae to oulture Un l+9-69"

The percentage infsction of the variety ranged frorn IÓ to h0 peroent

with an averagê infeotion of 29J+ peroont. In vievr of the srnut roaotion

of the parent varieties the skewness Ín tho distribution of the F¡

lines toward the resistant olasses and oxoess of lines in the zero

infsotion olasses were not unoxpeoted"

-& oompleto genetio intørpretation of the F, distribution of thie

oross inoculated to lI" nuda was not attenpted in view of ths lack of

lnfornation on the inheritanoe of the Braohytio-I19 resistanoe to

culture ün h9-68" Eowever, on ths basis of tho reactXon of ths parontsu

(;et giving Írnnunity to X, n}_dg and Braolgrtio-It9 showing a partial

type of rosistanoo)u ít seomad togioal to assirrno that ths ganes oon-

ditioning reslstanoe to sulture Un )+g-OA r¡rere difforent in the two

varietiesu The evidsnoe provided by the diet:.ibutlon of the F3 lines

(fa¡te tg), indioated that the resistancs genes 'xere Looated at

difforent looi in the two varietíss"

The peroontages of infeotion of I of the F1 llnes (talt,e te),

wero within the range of infeation of tho susoeptible variety ltTowal'

ThÍs evidonc,a of transgressivo segrogation towe,rd greater susceptibility

than oither pareat substqntiatod the hypothesos estqblished abovee
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SECÎ]ON Tffi.EE

A STI]DY OF POSSIBLE LTNKÂGE RELATIOI{SIIIPS O¡' TIIE S},'TUT R]JSÏSTAI\CE

GENÐS OF JET f,.\ryÎI{ THOSE RESPONSTBLE FOR OTI{ER SPECIFIC CHÁR.&CT-ER-

]STICS OF BARLEY

MATERTALS ANÐ METHOM

Varietles

Inveotigatlons of the linkage rolatj.onships of the Jet genes

oonditioning resistanoe to tho smuts of barley with those governing

other speolfic charaoteristios of barley was oonduated by studying

hybricts between Jet and tester*stooks lnvolvlng six of the seven

barLey linkage groupso

The varietal oharacteristios of the tester-stocks used in

the study aro briefly described as follows:

CoLsess V is a hooded, six-rowed varíety that was selected

from Colsoss (C't"2792)' It is heterozygous for the ohlorina

soedling faotor pair Fo foo The soedling is llme-green in color

and develops to rnaturltyo

Colsess I is a slx-rowed, hooded variety seleotsd out of

Colsess" It is honozygous for tho hoodod oharaotor pair KK'

Orange lemma is from tho ünited States Ðepartmont of Ágrio-

ui.ture genotio stock 121" The orange lsmma oharactor of the variety

is aonditioned by the faotor pair oon

Glossy-s6edling 28 is a variety that is homozygous for ths

glossy seedlíng faotor pair 912 812" It ls of hybrid origln"
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Triple-awnod-lenma (C.t'667O), is a two-rorved variety with a

whits triple awn on the lern¡na which 1s oondltionad by the faotor

pairbr tr.

The varieties PLush and Vantage havo been described in Seotlons

L and 2 of this study, FLush was chosen booause it oarries the

s¡uooth-awn oharaoter pair:r and Vantage beoause it has resistanoe

to Puocini_a grarni¡Is tl.l-lioi Erikso and Eenno oonditionod by the

faotor Srair Tt'

The variety Jet has beon described prevlously"

with the exoeption of vantage and Plushn sood of tho tsster-

stooks used in this phase of the study vms obtained from Ðr. Ð' W"

Robertsonl'

Tablo 19 shorvs the loose ssrut reaotions of tho tester-stook

varietiss that were inooulated with culturo Un h9-68 of Uu Er¡dåa

Table L9" Loose smut roaotlons of B

lnooulated with culture Un
barley varieties artifioially
Lg-eg of Uu nudao

Vã¡iàty __-.1_ul9_u¡t"el_Infuotionî9rð-_*r

Glossy-seodling 28" hB"7

Vantage
Plush

0range-lemma
Triple-awned-leruna
Colssss I
Colsess V
Jet

h9'l+
6209

ìil "76L.9
60o5
62.o

0"0

75J+
77 "l+
67 ¿5
82"7
51.1
50"0
59'o
0"0

92"A
89.0
66,6
þ4o)
ó0" o

100.0
89,7
0"0

72'1
76'l.1
60"9
6b'7
57 "7
7O"2
70"2

0"0

r) Foruerly the Chief Agronomist,

State Ïlnivorsity, Fort Collins,

Dept" of Agronomy, Colorado

Colorado, UoS"A"
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The snut inooulations vtero made ln the field at Brandon ia L955t

1956 and L957, The reaotions to the smuts were obtained from

olassifiable plants gro-wn from a hundred seeds sown in the fieltl

at Brandoa in L956, L957 and lPlB'

FathoEen Cultures

Srnut culture Un J+g-eg was used throughout this phase

invostigatlons. UrediosporeÊ of P, *Srmini! .trili9l. RaoE

ussd to test tho F7 tlnes of the hybrid involving Vantage

rsaotion to stern rust (linkage-marker f!)"

of

56

for

the

werg

ifybrid-.Fg¡tlations

IIybrírl populations ïrere obtaÍned frorn the following orosse6

rvhioh wer€ mad€ at Brandon during the sumrnors of 1955 aad L956r

Plush x Jet
Vantage x Jet
Colsoss I x Jet
tolsess V x Jot
Orange-lemma x Jot
Glossy-s6edling 28" x Jot
Triplo-awnod-lenma x Jet

the F2 genotypic cLassifioations for reaction to U. nudaa

U, nigra and U. hor{el of tho hybrid populations of the orosses

Plush x Jet and Vantage x Jet wore prosented in Seotion I of these

investigations" the same hybrid popuLations were used to test the

associations of the Jet gen€s oonditioning resistanoe to tho various

smut speoiss with the narker genes porssessod by tho two susoep-

tibLe varietiss Plush and Vantageo .Approxlrnatoly f75 random F2

plants of each of the remaining orossos woro olassified as to

gonotypo for reaotion to ü. nuda oaly; the mothods employod
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havo been desoribed. previouslyu The spooific genes possessed by

thsse linkage marker-stocks were then testod for assoaiation with

tho Jet geno pair oonditloning reaction to Û-' 33d"'

.& summary of the oharacters studled in hybrids between Jet

and the various tester-stosks is presented in Table 20'

Table 20. Marker oharactore studied in hybrids with Jot"

TII Hullod vs" naked seod
IV lIoods vso ârrtrs

I Single vs" triplo-awnod-lomma Trtr
f 2 - vso 6 - rowod Vv

II Blaok vs" white lomma and peri* Bb

cgrÐ

lrlp1e-awned-lornma x Jet
Vantage x Jet
Vantage x Jot

Vantage x Jet
Colsess I x Jet
Glossy-seedling x Jet
Plush x Jet
Orange lemma x Jet
Colsess V x Jet
Vantage x Jet

Nn
KK

IV Nonnal vso glossy-seodling GIpgLe
V- Rough vs. smooth awn Rr

WIAI Wbite vso or&llge lemma Oo

VfT Norrnal vs' ohlorina-soedling Fofc
VII Reslstanoe vso susoeptibitity Tt

to stem rust

The classifioations of the F2 pLants for the speclfio markor

oharacters indiaateC in lablo 20 were based on oharaoter oxpression

within the individual F7 lines. The genotype for the speoifio marker

oharacters under lnvestigation ln each cross and for reaction to

U. !üda were deter¡nined slmultaneously for ths indivídusl F2 plants"

In the crosseg P}ush x Jat and Vantage x Jot the sano F2 pl'ants

v¡ere åIso classifiod as to genotype for reaotion to U. _nigTg and

lJ" hordoi.o

1) f,inUago group VIIA norv known to be located on barley ohromosomø fitr,
(see llppendlx),
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Four olass dihybrid groupings were made basod on the genotypÍo

analysis of F2 plants for smut roaotion and each of the linkage

markers usedo Tho ohi-squarê treat¡nent outli.ned ¡y Mather (16)

was applied to eaoh set of F2 datau Chi-square valuos from F2

populetions of less than 1.00 p1ants r¡ere aorrected for continuity

by the nethod desoribsd by Goulden (8) " Inforrnation obtained frorn

the ohi-square tosts was trsed in an attenpt to vorify the reportod

mode of inheritanco of the various marksr oharacters fn tho variefies

sttrdied, and to detsrmine possible assooiations betwoon ths genee

oondittoning the marker oharacters and those conditioning reactlon

to the smut speoieso
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EXPERN,IENTÁL RESIJLTS ÂND DISCUSSTON

þnjtr*"_¿"!
The parents of the oross Vantage x Jet dtffered in marker oharaoter-

istios of h of the 7 barloy línkage groups and also in their reeotions

to U, nuda, Un nigra and U, hordoiu Vantago has white lemma and peri-

câr'pe oovered kernel, six-rowed spike and is resistant to I:g-M

tritiol and susoeptibl.e to tho three smut speoies. Jet has a blaok

lomma and perioarpe is naked, two-rorved, resistant to the smUts and

susoeptible to P.graminis tritigl, the four rnarker-oharqoters havo

boen roported oonditíoned by single faotor pairs (ZZrhO) " The

rosistanoe of Jet to eaoh of tho throo smUt spocios was shorvn in

$eotlon I to be oonditioned by single faotor pairsu

Â su:nirnary of ohf-square tests for ths rnodo of inheritanoe of tho

genes oondltioníng the marker oharaotsrs and the interrelationship of

these åenes with those conditloning rosistaitoe to tho threo srnut

spoclos is prosentod in Table 21ø

Table 21u Chi-square tests of tho mode of ínheritanos and relatioE*
ships of oharacters in the oross Vantage x Jota

Character Pairs

Reaotion to U, nud.ae (iln6un6) , vs 
"reaetion to il-gi-amîtrÏffi (rt),

u¡hero a e 99,E = Z6' o {227
da9
Roaction to Uu nudar(un5un5)rvs,
hul.l oonditiõñ-El"
where ø, o 99, b ^ 26u o ø ZJo
de10

156 Ilngun$-]*l 2,lBB0 L '20 - "I0Tt - Jal "ãlil0 I .50-o3O
f,lnkage "8217 I "50 - ðA
9åTãtãr---"{;6ffi *-3-;-ffi --æ

rh8 un6unó-Jsl t h26t L ,ro - "2o
Nn- -l¡11 "l;:r5 t .70 - ,5o
Linkage .znÙ I '70 - ,5Ow3Í--ffi
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lable 2l oontinued

ffi j¡.I!@i:ffin

Reaotion to Uo[uda, (Un6un6),
.,rs 

ø lemma oorffi(ffi) .-
whare a s th, b e, 1Os o s ZBe

d=5.

Reaotion to IJenuda, (Un6unó),
vs, 2-or6-rowffi-(þJT-
rvhere a e 85, b e 29g o ø 2)o
d * 6,

Reqotlon to û"nigrar(Ung ung),
vs s r€a o t io n õ-Þ-'GFaûilãlfit;i 

"(rt)" where a =æ;Ë;7;"î';de2"

Roaction to Uunigrar(Ung ung),
vs, huLl eonffiiõi, @[_-
rvhere a æ 66u b = l8e a e ll+e

d=þ"

Reaotion to IJ"nigra,(Ung ung),
vso lernma ooñ-il[É.u') o-
r¡here a -- 62u b = 2i.e c = 1\¿
d.=ó,

Reaction to Uonlgra, (ung ung),
vso 2- or 6-rowed;(@'
wherea=50ubs19eoz!7ø
d= 5n

Reaotion to llhordEiu (UtrJruh¡),
v6 o r€âot io n-GãFgrarnì ffio iu
whero a = l+2n b =6 oãTE;-
del'

Roaction to ü'hordel, (Uhl,uhl,),
vs, hull oonäïfi-oni-(ñËÏ-
whorea=57, bE15, oa27u
d;9'

Reaotion to U'hordoi, (Utr¡utr¡) 
'vsolemma corõÇ-@" -T

wherea=J2eboL9ro=2h"
d=9'

LTI 9!éunó-1'1 L"2269 L "7o ' o2o
Bb - 3:1 "6115 1 .50 - 'tO
ñnkaEe "8éó9 I "80 - o70

TT,ffi-*
il47 IIné,un6-J:1 t'6?92 L '20ffi-J'tl. '0209 l' .90 - '80Linkase 'L522 L "90

"To-' ;516

68 uns ung-l¡} 0"9607 I '50 - '30
Tt -Er h"hrr? I "05 - 'o2*rr, &Eue" þÉj__ t "70 ' .5o- q$8

Lol !ltg. unfr*l 2'tr2? I .20 - 'I0
¡iO- l:1 2,0226 i. '20 - oI0
Linkase "2l1Zl I '70 * "5O

Lol UnE uns-IeJ L"tfil+ L .1O - "20E6-:-rI .79t5 l.?o - "50Llnkase ,lro5 r '80 - "70ffi--fi8'78[--**wæ
lEe uns:1rl O"6il' I '50 - ,VO
u" :l;1 0"1877 1.70 - ,50
Linkago 0'0012 I '98 - 9?2;ffi

B7

(rt) 
"

69 ûhl,uh,-\s1 o'Bt6h r '50 ' '1offi31 )4,6]125 I "05 - oa7*
ÏFnnage o"olhh L :95_ - ,'?ewffi;rõ"-æ

tol+ Uh,uhl,-I:1 L,il461 I "20 * "10ñË-?¡1 "205L t "70 - u5O

Linkage "6t51 1 "50 - eJ_oqõg-#-'*ffi
10h lih¡uhþ1:l 2,rI2B I '20 - "I0¡E-:lel .2O5L I '70 - .50

Linkage '0170 I '90q$;T;T----2,TtEq-3*-*æ--3õ



-59-

Table 2I oontinued

õËàracT€r-ffiIFs

Reactíon to U'hordei, (uhl*ufr¡),
vss 2- or 6-ffi"üTvvf"'-
whers a e l-¡J¿e b s 1ã-, o - L9s
d=1Io

B6 Uhlruhl.-I:j t'9689 t '05 - 't2*Ë741 0.0620 t .90 - u8ow-;lE1
Linkage 2,y167 r "lo-"05

Examinatlon of the dats presented in Table 21 revoalod that tha

marker oharaotsrs hu}l-condition ($), lemma oolor @), and spike-

row nufloor e rrrere eaoh oonditioned by single faotor pairs' The

F vslues for the Tt componentse when this faotor pair was oonsidered

in oombination with tho faotor pairs oonditioning reaction to U. lorclei

and U. nigras wero below tho "05 linnit, in splte of tho faot that the

correotion for oontlnuity had beerr appliod to the oorresponding ohl-

square valuss. It was assüned that ln theso two oases ths size of

the F2 popuLations were too srnall for an acourate interprotation to

have been made of the sogregation for the Tt faotor pair' Whon oon-

sidered with the faotor pair Tln6 un6o in whioh Lj6 F2 plants were

olassified, sogregation for the faotor pair oonditionlng roaotion to

f" *ql3gi$g !"I!igå was 1n good agresment with the monofaotorial ratíon

The P values for the goodnoss of fit tests of the data to tho

9ælejxL ratios indÍoated that the factors oonditioning reaotion to

II" 
. Uqþ p:_nie{g and U:_]¿oåde! were indepondent of thosa oonditloníng

the marker oharactersu These results were oonfirmod by the reeults

from tho linkage tests, as no devlations from independence wore deteoted

botween tho marksr oharaoters and tho snrut roaotion faotors"

(v")
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P1ush x Jet

In the oross PLush x Jet, ohi-squars tssts for segregatlon and

Iinkage were oonduotod involving tho faotor palrs oonditioning reaotion

to U" nuda, U'¡lSI9. and U' hordei and the faotor palr conditioning

rough vs" smooth awns, The charaoter rough

by a singlo gene

in Tablo 22"

(n"), on linkage group Vo

vso smooth awns has beon roported to be controlled

pair (UZ) " A sumnary of thesE tests is prosented

Tabte 22" Chi-square tests of the rnode of inheritenco of the faotor
pair Rr, aonditioníng reaotion to rough awn, and tho
interrolationship of thís faotor pair with the Jet s¡nut

rosistance ganeso

marñEorfafr --- tr Cornponent Chi-s o'
....#-

D"Fo P value

Roaotlon to U"nuda, (Un6un6),
vso awn conrìfrîffi (ã-rI_
where ae9ln b= tilo =26nd=11r

Reaction to U.hordei, (Uh¡,uh¡,),
vs o awn oonai-tlonr-TRrI**
where aal1ra:- jTaaIZu
d=5o

Reaction to lloni_gra, (¡Bg-W),
vse åwn oondition, -@¡¡;
wherea=h7rbeL9to=15,
d=1"

Ih7 E - t*r
II¡6rc, år

- uBO

- '1o- "05-ffi
82

ö4

Rr - J:l 0,585' 1.5o - ,7O

@,uh¡-f r] L6"65oI+ I lsss than .01

'qW zf-ã. ;899Z- 
*"î--Ï äÑ=ffiñ-ì o L *

EI - ,=r 0"1968 r "70 - "50tng ung lel 0.0158 L '9, - .90
Linkage 0.891+I I .50 - "1OTg*zîî re

.åooording to the data presented in Table 22, awn oonditione rsaction

to U" nuda and reaotion to 9:_¡fg¡3¡ wers oaoh oontrolled by a single geno

paíru lilowevero a poor fit to a Lzi ratio was obtained for the se6reg-

ation of Uhh uhh" Tn viow of the poor fit to a I:J ratio obtained

proviously, (taute 7), thÍs result was not unoxpootod' The failure of

0,020L,
r,0975
, " 

oooo

øYV

'5o
"10
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the Uhl* uhh component to fit a \a] ratio was attributod, ín $eotion l¡

tho lo¡s p€rcentage of infsotion in the F1 lines inooulated w ith

hordeÍ" Sinoo the same hybrid populatíon rnas used ln both tests

the deviation notod hero oou}d be expre.ined on the samo basie, This

sam€ reason is also suggested to acoount for the apparent linkage

betwoen the Uhh uhJ* and Rr factor pairs, (faUto aA) 
"

The P valuss for ths goodness of fit tests to the jzJzJzl

ratíos and for the tinkage tests (taute ea), in<licatecl that there

ruas no assooiation botween the factors conditioning roaotÍon to

U1*_ry¡þ or þ*ntr*Sre and those oontrolling avln condition*

Colsess T x Jet

Tho oross Colsoss I x Jet ínvolved- the genes oonditioning hoods

vsø F.wrtse @, a marker oha.racter on linkage group rv, and the Jet

gene pair con<titioning reaotion to [,*ry-¿g., (Ee gro)" Both of the

aharacter pairs have boen shown to be conditioned by singl.e gone

pairs (27,29) u The faotorlal oonstitutions of colsese r and Jet

B.re un6 uné,, KK. and UnÉ, Uná., kk respectiveJ.y,

Tho rango of infeotlon of 100 F2 pLants of the cross Colsess

r x Jet, groïrn as F7 rows of 20 prants oaoh, was between v anð. 29

percent. Basod on these infoctlon peroontages the genetio crasses

for reaction to g:*¡g{g woro ostablished as folror¡¡sa F3 tinos with

no infootlon were classed. as lfnÁ un6; those rvith up to 29 percent

infeotion were cla.ssod as IIn6 g!á and those with more than 29

percent infection were alassed as unó !rá.
the ahi-square varues for the action of the two faotor pairsn

IÍné, un6 and Kk aro presonted in TabLe Z7o
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lab]-e 2J" chi-square varues for lnheritanoe of the faotor paír
oonditionÍng reaction to ûu nuda and hood-awn conditíone
(Kk) 

" in the cross ColsesF-Ì*i-Tet"

=---.^,-?Reaotlon classes -- ----_cornponenT-ffi-ÐF;
P Value

Sog"for II!6un6 l"2619 I o7O - ,ZO
Segu for Kk 1,26i?9 1 uto - "ZoSeg, for Linkage \,j6O5 I ojT - ,ZO
9e3¿7sl seg, trfigãV

The ohi-square values and corresponding p valuoe indícated normal

J*1 segregations for both the irRLFn6 and Kk gene pairs" The non-

signifiaant chi-squar€ for the 1Ínkage component indioated that thero

ïras no association between tho faotor pair oonditioning reaoti.on to

uu_n]¡da. and the I(k gene palr rooated on linkage group rv"

The cross was made for the purposs of deterrninÍng possibl.e

linkage relationships betwoen the gen6s oondltioning the marker

character nonnal vso tripro-awned-lsrürâe (_rr gd, looated on linkage

group ï, and the gone pair un6, un6o Tho narker oharaoter Tr tr
has bson shown to be oonditioned by a singre gene pair (ae¡ 

"
The rango of infeotion of 101 F2 plants of the oross Tripre-

awned-lemma x Jet grown as F7 rows, was botween rr and pJa percont,

Based on these infeotíou peroentagos the genetic orasses for
reaotion to u" nud?_ were estabrished as folrowsa F¡ rínes with
no infeotion wero crassed as un¿; ul6; those with up to 2r+ porcent

infection were alassed as un6 un6_ and those wÍth more than 2la

porcent infostion wore slassed as ui6 
-un6"
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The chi-squar€ values for the aotion of the two faotor pairs

9E¡. lnO and Tr, tr are prosonted in Table 2h"

Table 2J-¡, Chi-squaro values for inheritanoe of the faotor pair
conditloning reaotion to U' nuda and those oonditioning
lemma-awn condition, (Tr çIF the oross Triple-awn-
lemma x Jet'

Seg" for iI¡6936 l.\775 I "7O - "20
Seg. for fr-f,r 1"9BBl I '20 - .10
$eg. for ñnLãge 0"0ó]B 1 BO

9zj:1:3. sog' Mg

n:IhI
90;2J22226

The ohi-square valuos and oorresponding P values indicated

nor:nal J:L segrogations for both the gn6_u¡6 and I¡1 t" faotor pairs.

Tho P values for the goodness of fit test to tlne 9e7:JsI ratlo

and for the test of linkage indioated no assoaiation betwoen the

factor pair oonditioning reaotion to U' nuda and the faotor pair

Tr tr.

9"@
The variety Orange }emma possesses the faotor pair bbo the colorless

alleLe of g for black Lemma possossod by Jet' Eowovor, this aharaoter

is not evident in the presenoe of the faotor for orange lernma" Erckley (1)

roported evidence of a }ooso linkage betwesn orange lenrna and raohilla

hairo plaoing the oharaoter orange lemma ia Linkage group V. Orango lenma

has reoentty been assigned to linkage group III.&, (Robertsono Ð"I[ø

pergo comrn,); whioh is nov¡ known as barle¡r ohromosomu 4!6" (see .6ippendix)'
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Plants wero olassified for orange lemma bofore the molanin pignent

developed in plants possessing the Jet gene for blaok lemma and porlcarpe

The rango of infeation of L21 F2 plants of the oro6s 0range lemma

x Jot grown as F7 rows was between 9u0 and 2lu0 percent" Based on

theso infEotion percontages the genetio classes for roaation to us .[u-da

v¡ere established as followee F4 linos rvith no infeotlon r$ere olassed

those with up to 27 pero'snt Ínfeotion wore olassed as

thoso with nore than 2? percent infoction wore olassod- as

Tabl-e 2J, Chl-square values for
oonditioning reaotlon
orango lemma, Oo, in

lnheritanoe of tho faotor Pair
to II' nuda and those oonditioning

the õõ-ffõrange }em¡ra x Jet'

as UnÉ, Iln6;

II.136 un¿

unlì gjbe

The

Unn W

and

chi-Equare valuos for the aotion of the two faator pairsu

and 0o are presented in Table 21"

ÊeããtTol-TTãËseã_-

n=I77
110¿26¡29e8

$eg. for %t]ró 2'6177 1 o2o - .lo
Sog. for e-- L'2O't42 I "7O ' '2O
$e[" for l,lnt"g" O'\W--I "7,O - "5O

The ohí-square values and corresponding P valuos indicated normal

J:l segregatlons for both the Unó un6 and 0o factor pairs" Ths data

fronr Table 2! also indioated complete lack of association betrryoon the

two faotor pairs"

GlossY-çsedling 2B x Jet

The sross Glossy-ssodling 28 x Jet involvod the factor pair
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glossy vs, no¡:mal soedlingn (a narker on linkage grou.p IV), and the

faotor pair ün¿ gn6¡ oonditioning reaotion to Uu nuda" The oharactor

glossy-seedllng has been shown to be conditioned by a single gene pair

designated Gle eLZ el) "

Comparod to phenot¡rpioally normal plantsn F2 P1ants of the geno-

type gþ g12 were weak throughourt aIl stages of their growbh' Steril-

ity in U" nudg inooulatod hsads of these plants mqdo the task of

obtaining inoouleted- F3 seed extremely diffloultu tess than 10 of the

t55 FZ plants olassifisd wero of the genetio oonstitution gIA 8l2n

This nurnber was not oonsidorsd a truo lndloation of tho sogregation for

this sharacteru Data from this genotypio olass wero therofore not

inaluded 1n the tssts of assooiatione Tho inherltanoe and f.inkage

rolatÍonships of tho faotor palrs undor consideratlon were determined

by oomparing the numbors of F2 plants in tho genotypio classes,

(oxoluding the three classes containing the recessivo g12 912 gene

pair), with the nunbers expeotsd baeed on independent segregation of

the two faotor pairso

The range of infeotion of F2 ptants of the oross GIossy-seedling

28 x Jet was between 18,0 and 71'0 percont" Based on th6se infeotion

peroontages tho genetio olasses for reactlon to lJ. nuda were established

as follo,¡{er F3 lines with no inføctÍon were olassed as trn6 Un6t those

with up to JL"O percent infeotion wore classed as -!¡6. oo¿ and those

with more than ]1o0 percontage infeotion wero olassified as unÁ un6ø

The numbers of plants observod in the F2 genotypíc ci.asses and

the numbers oxpooted based on independent assortmsnt of the ti¡¡o faotor

paírs, are prosontod ln Tabl.e 26ç
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lablo 26o Observed and oxpected plants in ó F2 genotypio classes of
the cross Glossy-seedling 28 x Jetc

ffi--üñ6F1ã*-
F2 plants ün6Eá un¿sü

ã-næE

4o
,l,

)$,rz

L7

I
rL.rv

4l
¿

22.66

20
2

ZZoQO

}I
I

LL.''

2t
2

22,66

Observed

Expeoted

since the faotors uná u!6. and 9]z*z entored the oross in the

ooupling phase, linkage wouLd tend to keep thern together, This would

result in an inoreased numbor of F2 plants in tho y26"IUWGI2 and

Vy6 gUyyA gI2 genotyplo classos and e oorrosponding deorease in

the nwnbers of plants in the remaining olasses' Ihe data in Table 26

roveal only a s)-ight exo€ss in numbors in tho two olasses in whioh the

T-Inó gn6. gono pair was in tho homozygous dornlnant condition and e

reasonably olose fit to the expeoted in tho rernaining olassosu Disease

osoap€ is suggested to aooount for the incroased number of F2 plants in

the srnut resistant olasseso

The numbers of F2 plants olassified as homozygous and hoterozygous

for tho factor pair GLz- gl-2 were l¡B and t2 respeotively" Those totals

fitted a L¡2 ratio with a ohi-squaro value of 0"0016 and a oorrespond-

ing P value between "Çj aad ")O. These data indicate a normal

monofaotorial segregation for the Gfa gle faotor pair'

The observed data in Tabte 26 fitteA a Is2a2el¡¡L:Z ratio with

a ohi-square valuo of ó.98h0o the coT'responding value of P for

I degrees of freedom was within the '10 - uZO raflgeo this was

oonsidored satisfaotory evidenoe that ths faotor paírs GL2 gL2
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and Un6 un6 w€ro ind.eponden'l:Iy inheritodu

Colsoss V x Jet

The parents of the oross Colsess V x Jet differed in the genes

aonditioning normal vso ohlorina soedlingu (a narker oharaoter on link-

age group VII), and in their reaotion to U' _Hudao the oheraoter

ohlorina-seedling has bsen shor¡n to be condÍtioned by a singlo gene

pair designated Fc fa (ZÐ 
"

The difficultiss onoountered in obtainíng Uu nuda Ínooulated

F¡ soed fron gonotypioally reoessive F2 plants in the previous orosss

Glossy-ssedling 2B x Jet, wore also encountered in this aross' Only

a single F2 plant of the 199 olassified for the faotor"s UnÁ unl, and

Fo fc was of tho constitution fo fo" this genotypio class was sub-

sequently olirninated fron the F, datan

Tho iqheritance and linkage relationships of ths two faotors

under oonsíderE'bion rpors deterrjrined by nethods desclribed for the prev-

lous orosso The range of lnfeotion of F2 plants of the cross Colsess V

x Jot was between 9 and 2l porcent" Basod on these infeotion percer¡t-

ages tho gonetio olassee for reaotir:n to [:-_l-Lg were establíshed

as followss F3 llnes with no infeotion wore olassod as Un6 Unót

those with up to 2J pereent infootion v¿ore olassed as 1Jn5 unó and

those wi-th ¡nore tlnan 2J percent infeotion wore olassod as unó unó,

the numbers of observed plants in the F2 gonotyplo olasses

and the nunbers oxpect,ad basod on Índependent sagregation of the

two faotor paírs ar6 presonted ín TabJo Zl 
"
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plants tn 6 F2 genotypio olasses of
Jetn

Numbers of UnóF_o Fo
PIants ü o

Observod

Expeoted

2L
t

IOo)

un¿Fo un4Fo
u$I.g__ ì¡&lg__

2B
¿

5L
2

11

)+g

l+
66"o

L5
t

16"5

1b
2

13

The nunbers of F2 plants aLassífiad as heteroaygous and

for the faotor pair Fo fo were 6h and lJl.t reepeotlvolyo The

test for goodness of fit of these data to a 1s2 ratio gavo a

0,0958 and a oorrespondíng P valuo between '80 and "70" Thls

aonsidered satlsfaotory evidenoo of a monofaatorial ratio for

hono zygous

ohi-s quare

value of

was

the

Fo fc faotor pair'

The ehi-square value for the fit of the observed data presented

in Table tl to a l:2e2da*1:2 ratlo was LI'072+" For þ degrees of

froedorn this value oorrespondod to a P valuo of "O!. Based on this

evidsnoo it was oonoLudod that thero was no assooiatlon botween the

faotor pair oonditioning reaotioa to g:_tq9r and the factor paír on

línkage group II-JI oonditlonÍng reaotion to ohlorÍna-soodlingo



-69-

GEI{I]R.&L DlSCUSS]ON

Throughout the invostigations inoouLation and seeding methods were

designed to provide optimun oonditions for smut lnfeotion. Alttrougtr

no aotual doterrninations were made ooncerning the effoot of environment

on infootiono there rì/er€ some inoonsistenoies in the resrrLts from

inooulatlons with the sesdling-infooting srnuts rvhioh oould be explained

oE the basis of environnontal influenoos"

Infeotions 'with U" hordeÍ and Uo nigra appoarod to be readlly

affected by slight ohangos in light intensity and temperature,

both at the tlne of gerrninatiou aqd throughout the growbh of the

host. Matorial seedod in the greenhousos ln midv¡Ìnter invariably

shor.,¡ed hoavior infectÍon than that sown in the eerry fall or oarry

spring seasons" &nount of lnfeation on materÍal groì¡rn within oertain

areas in the greenhouses varied depending on the irnrnediate onvironmentE

Thls effeot was often reversod, dopending upon the s€eson in whioh

the tests wore being oonductedu this influence was refleoted in the

results obtained from tests of the F1 and F2 gonorations of the oroes

vantage x Jet inoouLated to u' ho¡dei and u" nigra. prants grown

fron Ínoourated F1 seods that had been sown in the earl.y fall of r95B

were poorly lnfeoted; wherEas tssts of the F2, sowir in mid-Ðeoembora

wore heavlly infooted" T{hile allowances $Íers made for these inconsist-

encies of lnfeotion in the interpretatlon of oertain phasee of the

results, thsir sffeots wore not ooneidored of suffioient influenoe

to have affected the over-a1l interpretations derivod frorc this
phase of the study"
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It has boen suggosted (L5"1Ð, that reduood k_ny_9." infeotions

in thE F2 generations of orosses bett¡¡oen resistant and susceptible

varieties and in progeny li.nes from plants heterozygous for þ3t191

reaotiono resr:Ited from interferonoe with fungal penetration by the

resistant matornal tissuos surrounding the embryou llowever¡ it is

reasonable to asewne that reduotion in the gernrlnation of the snut

infooted seods, soleotive mortalíty of infeoted plants or seleot-

ivity in the mortality of flowers followlng lnooulations oould also

bo responsible" Sonaller (J5) noted a definite reduction in plant

numbers ín susoeptibLe and segregating Fl rows comparoC to resistant

rorvs in a oross of Nswal x Trebii he aLso found that the total'

mortalfty of inooulated flowers was fairty groato Konzak (fr) nas

shown that seed viabillty foll-owing inooulation wfth k_¡gd" "nd
tîi-nherent reaotiontl to U' nuda are separate phenomenao No assoo-

iations were deteoted betwo€n tho faotors oonditioning the two

phonomena in threo crosses, (t'¡yo of thom involving Jet)n inooulated

with two looss smut oultüreÊø Es aLso suggested that tho variety Jet

probably possesses arrdominant traitrt whioh apParently oonditlons

survival ability fotlowing inooulation ririth 9_:S9* This suggsstion

was oonfÍrmed by the results obtained in the present lnvestigation"

U" j'¡uda infections in the F2 and F3 Eenerations of the crosses

involving Jet were high for materlal of thls type' .&n equalLy

high degroo of infeotfon was observed in tho !'2 genorations of

or:osses between Nov¡al and ths Uo huda lnmuae variotiEs Bifarb,

Kttchin, C"Í.'T198 and Nigrinudum (fauto t3)" These resttlts wero
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intorpreted as an indioation thats Ðot only Jet but aLso the looso

sllut immune varieties of .Abyssinian origin, and the varietSt Kitohin¿

possessed the |ttraitrl oontributing to survival abiS'ity' Sinoe a

gene aorunon to each of theso variotles was found to oondition reaotion

to oulture Un l+9 - óB of U. lq* this interpretatioa suggested that

an assooiatlon exietsd betrveen the faotors conrlitioníng tho tu¡o

phenomena in the i¡nmune varieties tested'

fn the investigation invoLvÍ¡g the associatÍons betwoen the faotors

in Jet conditioning resistance to the three snut speoies, the inter-

pretations of the distributions of the F5 lines of the two orosses

-irantage x Jet and Plush x Jet, inoouleted to !I' nudau indioated a

single geno vlas responsible for resistanos to oulturs Un J+9*68" The

relatively low infeotíon peroentages in the F2 gen€ratíons and the

large number of F1 linos with low infeotion peroontagos suggestsd

that the g€no was dominant in effeot' These rssults wero in sgrso-

ment ¡vith those pres€nted by $challsr (15)e Skoropad and Johnson (79),

,stefansson (hI) and l{onzak (1r) in stu,lies of tho inheritance of

resistanoe of tho Jot type of smut roastlon to virulent Trebi-

attaoklng oulturgg of U" -nuda, The recessive monogenlo hypothesis

proposed for the inheritanoe of tho Jet gene oondltioning resotion

to oulture Uh h7-61+-h of U" hordei was in agroeìnent with the results

presented by Tfells (l+7) ln studies of the iqheritanoe of reaotion

of tho Jet geno for resistance to trraoetr 6 of U" *lojggl" The dis-

oovery that the Jot resistanoe to oulture IIng l+9'6'Z of U'- q!-g¡t

was aonditionod by a reoeBsive gene roPresentsr to tho lwiterr s
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knowlodge, tho first euooessfut attenpt at determining the mode of

j.nheritanos of resistance to U" nigra. Since no synbols have as

yet been assigned to the genes oonferrlng roaotion to U. nigra the

synbol Ung 13g ls suggested for this factor pairø The Jet gene for

û, nigra resistance to culturo Ultg l$-6-2 would therofore be dssi-

gnated EEge

The faot that rEsistanoe to each of the three smut species is

si*rnply inherited demonstrates the desirability of the variety Jet

as a source of smut resistanoo sinoe simply ínheríted re6istanoes

ar€ gonerally more readity utillzed. than those of a more oomplex

E&!ìlf 9o

Bocause of the low level of infeation of the F, Iines inooulated

U. hordEle 6ome doubt níght possibly exist as to the validity of

e interrolationships established for tho factor pair oomblnatione

g:S vs. Un6 un6' IIhh ohù t." IË ung and Ung ung vso Unó un6.

However" the evidenos presented in lables 9 and 10 appear to be

strongly in favor orî thE hypothesos established¡ that a strong

Iinkage exists bot",veon the rocessive faotor pairs in Jet con-

dltioning reactíon to the seedling-ínfeotlng smuts, and that the

two reoessive faotor palrs aro independent of the dorainant faotor

Ln Jet oonditioning reaotion to U'_J¡t¡dao The following ovidenoee

although not obtained from the present investigationee is being

pres€nted in support of the above ltnkage hypotheses' Certaín

speoifio advanoad generati.on Lines from Jet hybrids developed at

Brandon have show[ rosiste.r.nco {:o íni'ivldual snut sDeolss u'hi]-E othors

to

th
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have shorsn resistanoo to combinations of the thrEe smut speoies that

attack barley. In limited tests to several cultures of both U"-:i-gg

and U" hordaù tho hybrid W"5W9-75h has shown the Jst type of rosist-

ance to üu hordeí but susooptibiLity to U' nlgrao Á. sister selsctlon

Br"fl¿il9-680 has proven to be susccptiblo to both of the seodling-

infecting smuts, Both seloctlons are rosistant to the Trobå-attack-

ing cultures of U, trüda (ta¡Ie tt) " Segregatior¡ for the thrse reeist-

anco gen6s has obviously resulted in conplete separation of thE

U" hordei and II" nigra resistanoo factors in the oase of hybrid

- -l 
aa ø-lBr,rtl'lg-'(24t .Ehe gsne oonditioning reslstanoo to u. Elrdsl having

besn conblne<J with the u" nuda resistance $eheo Frorn the practioal

poínt of view a less fortunate segregation he.s oocurred 1n the oese

of hybricl Br"5l+79-680 with only a single resistancs gens having beon

retainsC from the varletY iet"

The fast that Jetn nTigrirrudum, Kitohin, Bifarb and C"î-"5798

havs a gene palr in oomrno,n oonditioning gj*åY$ resistatlce n-herees

tho resistanoes of Valkie-trdo end Brachytio-119 wer€ shou¡n to differ

from the Jet type will no doubt provo of value to plant breeders inter-

osted in using ono or more of these varieties as brseding stookso fn

oasos whoro the Jet-type gene is roquired" breeders now have a ahoíoø

of breeding matorial" The oomperstíve value of tho fÍve varieties as

breeding stooks will no doubt be influenoed by variety preferenoe for

suolr features a.s disease roaotion and other agronomio qualities'

It was demonstrated tha.t lralkie-trd. and Brachytío-1I9 have

potential value as souroes of smut resistanae genes supplementery
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to the Jet gene' These tn'o varleties will be

sources of resistanoo genes in areas where the

oultures ars sinilar in virulence to Un )+9-6A"

particularly useful as

provalont Uo Euda

The fact that tho four varletíes Jot, Nigrlnudurn, C"Io5l9B and

Bifarb, all of .&byssÍnían origlEo posssss loose smut resistanoe faotore

in co¡nmon is of interest also from an historlael standpoint" It ís

probable that the defioiens-type variety usod by Ðr, Ho V" Harlan at

liinnesota rn 191h to produoe Kttohln, (seo trvarietiesrr, seotion 2),

was also of åbyssinian orÍgin since sevoral .åbyssinian barley stoaks

had been brought to the united states by tíarlan prlor to that datee

The sfunilarity of the genetios of IIu nuda rosístance in the

varieties Jet and Nigrinudum, two norphologioa3.ty identical barrey

tyÞeso suggests that the two are one variety, Dr. Ð" w. Robortson

has polnted out to the wríter, (perso Gorri¡rø), that Jet origlnated

from two barl.ey soeds whloh were seleoted by Harlan frorn a mixed

lot of barley obtained from .åbyssinia, Theso two eeedE probably

orlginated from the Abyssinian stock of tho variety Hordsu¡a ctlstlohon

Ilg¡1.i1t-t1|Ig, from whioh Nigrinudum was eventually seleoted (A6) 
"

The monohybråd ratios that were establi.shed for the segregation

of the markor charaatsrs of the barLey tlnkage group tester-stooks

were i.n agreement with previously pubtished nosurts (zT rzarzguho),

The relationships betwesn the Jet gones conclitioning reslstenoe to

uu nuda and u" hordei and those oondltioning the varLous markEr

charactors were also in falrly olose agreoment with previoua findings"

of particular interest from the marke¡-geno linkage Êtud¡r 1.¡s6
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the phase oonoerned with ths lÍnkage relationships between tho Jet

factor palr oonditioning reaotion to Us nuda and tho faotor paÍr

aondítioning reaotion to p'gTgnrl5_gå}1iå" Shands (r7) reported

a linkage betsrEen the genes oonditioning the Trebí type of looee

smut resistanoe and stem rust susoeptibility ln a cross involving

Chevron, The factor pairs were looated on f.inkage group VII (28),

The prosent lnvestigatlon indioatEd lack of aseooÍation betweea

the faotor palrs g!é _E&i and rt¡ (taute 2t) " These results suggest

that the Trebi and Jet factor pairs conditioning reaction to u9 lFjþ
are independent and that the Jet geno pair is elther independent of

linkage group \lrr or is roaated at too great a distance from the

marker gene for the association to hqve been readiLy detected" Laok

of association between the un6 un6 factor pair and the Fo fo marksr

gene paÍr on i.lnkage group wru (tatte 3/), atso indíoated independ-

Ence of the ün6 un¿i faotor pair from linkage group VIIo

Mohajlr et. aL (17) obtained what they referred to as tt a sugg-

estionrt of an assooiation between loose snut reaction anC spfke row

numbor in orosses in rqrhioh Jet was involved" The rEsuLts from the

present investigatlon faiLed to oonfirm this suggestions rn the

oross vantage x Jet tho factor pairs vv and re un6. wore found to

be oompletely initepondent" In tbe same cross the faotor paire Kk

and uhó uná were also found to be independento Thus the suggestíon

by Poehrrnan (aa) of an assooiation between hooded aharaotor and

u. jye. resistanoe was also not aonfi¡rned by the resurts presentød

hereu
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The laok of assooiation between ths faotor pair oonditioning

reaatlon to U" nuda and the faotor paire conditioning Lenu,a color,

(B_b), awn conditíons q) and hull oondition, (tUn) were in agreement

nrith previous results (Zg"Z9), The relatÍonships between the factor

paír eonditionlng reaction to U' nu_{3 and the faotor pairs oonditlon-

ing glossy seedlingu (g¡a e_þ), orange lemma (Oo¡, and triple-âwred

lemma, (!: *"), had not been investigated provlouslyo

v{ell.s (Ja7) was unable to deteot assoolations between the Jet

faotor pair Unh unJ-, oonditloning reaction to rrRaoe htt of 9:-åo:ig:

and the faotor pairs conditloning spike row-number, Ia, and lemma

oolor, Bb, HIs reeults were conflrned by the fíncllngs of this studyo

The present inveetigation also indicated coroplete independenoo of

the Uhl* uhl+ factor pair and the faotor pairs conditioning reaotlon

to !gg1i_-n!1 s.rg1¡¡¡a .t"*iligi"r (rt) and huIl oondition" (ttn), These

relationships had not been studied previouslyo

Tha taok of assooiation between the Jet faator pair oondition-

ing reactlon to U" jni-gra and tho factor pairs aonditioning tho marker

ohare.oters llo Iy, .pb, and Nn were not ulexpeoted in view of the olose

assooiati.on deteoted between the faotor paÍrs conditioning reaotion

to U" h9r4gi and U" nigra" These reletionships were also being

ínvestigated for the fÍrst time'

Tll'Íth regard to the conduct of futuro investigatÍons of tho type

presented here the following suggestions ar€ offeredø

Considerable oare should be exoroised in ths seleatioq of varietåes

for flrture lnvestigations, It is antioipated, in viow of the restrlts

obtainEd from these studies, that additional rssistanoE faotore could
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probably be expøcted from varieti"es of diverse origin' Yrlhile it would

probably be of interest from an historioal point of víow to study the

r@6istanoe gsngs of related variEtiese the val-u.e of suoh investigations

ín breeding for reslstanos wouLd be rathor lirnited"

It would probably be of advantage to study fewer orosses in future

investigationso Those studied oould be explored more thoroughly

hov¡ever" Experienco from the presont investigation has indioated that

hybrid populations oould probably havo been tested to moro than a

single oulture of each smui speoles sinco only a relatively smal}

proportlon of the spikes and seed produced, by the plants testede

were utilÍzedo This approaoh would inorease the soop6 of the ínvest-

igations with littlo additional effort"

It is apparent from the present fnvestigations that where oom-

binations of disease reaotlon factors are involvod, such as ocourrod

in the present investigation whEn the faotors eonditioning reaotion

to tho sauts were oombined with those oonditioníng roaotion to etem

rustu a relatively large numbsr of î1 Lines is requirod in order to

interpret aocurately the oombined factor segrsgationo -Ar nini¡nu¡n

of one hundred and fifty F3 linos ís suggestede
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The mode of inheritance of thc rosistanoo of the variety Jet to

oultures Un l+9-68 of U:*nudae Ung h9-6-2 of U" -nigra and Uh h7-óh-h

of Uu hordeln and the interrelatlonships of the genes oonditioning

resistance to the three smut speoies, were studied in hybrids betwoen

Jst and the varieties Vantage and PIush" ln tho inheritanoo invest-

igations the hybrid material was tested for reaotiou to the seedling-

infeoting snuts in the F1c F2 and F3 generations" Gonotio lnter-

protations were based rnainly on the genotype of the F2 prants when

grolvn aa F1 lines, The genotypes for reaotion to !I"- iue, U, ligJq

anrl Un hordoÍ wore established on randon F2 plants from tho two crossesa

ïntorrelationships of the genes oonditioning resistanoe to the throe

smut speoies were based on distributions of the F2 plants in reaotion

classes established by combiningo in pairs, the data from reaotions

to the individual smut spooies"

the distributions of the F7 f.ines of both orosses indioatsd

that the Jet reaotion to the individual smut species was oonditioned

in each case by singlo faotor pairsn Resistanae to u" _lu4g, was found

to be dominant in effeot while roslstance to I].*_1ig_{e. and 9.. horgli
was found to be recessj-vs" The Jet gene oonditioning resistance to

U_:_ _ll$u was assigneC the syrnboL ung.

lest of assooiation indioatod that the gene pairs oonditioníng

rsaotion to U, ryLgra and IJ' frordof wore linked" Rooombination values
l/of lB E \.276 and 16 E 1.98)1 peroeat were obtained from ths orosses
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Vantage x Jet and P1ush x Jet respeativoly" Linkage intensity was

oalculated on the basis of F2 genotyplo datan No associations were

detected between the gene pair condítionlng reaction to U' nuda and

those oonditioning reaoi;ion to U" hordoi and ]l.-q:i-g*L?-"

Hybrids involving the loose-slßlft-srlsaeptible variety itlewal

and tho resistant varioties Jet, Kitohin, Bífarb, Nigrinudurr¡ end

C,I,T7)B wsre investigated to doterinine the nrode of inheritanae

of the g€nes oonditioning the Ímrnune type of loose snut reaction of

tho resistant varietles" The genes conditioning the resistanoes of

the five varietíes wero broìrght togethor in various combinatíons for

¡¡re purpose of invostigating thoir interrelationshíps. In additionu

the inter"relationships betwaen tho I]'. ooq resistance factor in Jet

and thoso of the varieties Braohytío-l19 and VaLÌ<ie*trdo w€x€ invest-

igatod'

The distribution of the F1 progenies of the hybrids Jot x Ner,val,

Kitohin x Newa1 and Bifarb x Ne'.tral demonstrated the existenoe of s

sing).e gone for rosistanoo to culture Ün h9-68 of g:iß 1n each of

tho ve.rieties I{itohinu Bifarb and Jot' Evidenoe providod from the

F2 populations of thsso three orossos indíoated that the genes wore

eaoh donlnant in effeqt" The sínilarity of the reactions of the F2

popuLations of the crossos C,Î"jl9B x Newa} and. Nigrinudurn x Newa1

rvith those Ínvolving Nowal and the varioties Jot, Bifarb and KitohÍn

suggested that C,I"T79B and Nígrinudun also possesssd single domlnant

g€nes oonditionÍng reaction to culture Un h9-68 of U" ¡u4a-" Evidonce

provldad from the rasistant x resistant orossas favorod the hypothosis
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that the single dominant geqes oonditionlng U' Euda rsaotion wero ¿t

tho same loous in eaoh of the varieties Jet, i{igrinudwn, Bifarb,

KitohÍn ard CaL,579B'

The distrÍbution of the F3 pro8enies of the hybrids Jet x Bnaohytio-

119 and Jet x Valkie-trd" suggostod that the Jet resistance gono differed

from the gene or gones aonditioning resistanoe to oulture Un l+9-óB of

U, rtuda 1n Braohftio-]]9 anrl in ValkÍe-trd"

Evidenoe frorn investigations on tho linkage rolatíoqshlps of the

Jet genos aonditioning resistanos to the smuts of barley with those

responsible for tho inheritanoe of speciflo markor oharaotsrlstLoe

of barloy demonstraterl ths followinge oompl.eto independenae of the

gsiles oonditloning rosistanoe to oultures !åhg-æ of U. nrì9ås

Uh J.r7-6h-h of U. Lor¡þL and Ung l+g*O^Z of U' lnlg:Ia with the

genos for ths following faotors¡ spike-row number, (VI)r lenna and

Iperroarp ooror \!Þ), hult oondítlon, (N4), and inhor;"" of storn

rust reaction¡ (tt), In addltlons Uo nuda was found to be indepondent

of tho gen€s responslblo for inheritanoe of tríple-awned-lsmma, (fr. tr)"

hoodsd oondition, (Kk)u glossy seodling, (gþ gtal" rough awn, (xg),

orang€ lomrna, (oo¡o and ohlorina soodling, (fo fo)"
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.& surunary of ths suggestod designations for tho barley ohromosorttose

presented at the Fourth .furerioan Barley Rosoaroh lTorkers Conferenoe

at Fargo, .lforth Ðakota" UnS.Á, in February ]960, ls glvon in Tablo

In

Table I' Suggosted dosignations for the barloy ohromosomese
(February" 1960)

ffi,ffiloosolne -* ---PñevilouË ffiõ'; - Línkage-
group

Idontifying
designatlon dosignatfon nar5rygene

l. (longest- b
ohromosorno)

2,

h,
5"
6u (longest-

satel-ite)
7 " (satelite)

ltr / urr, (rrra)

ï
VI
IV
IT
VII a

v

f
o

o
q

Ë¡

d

NN

uluzTT
IJþ

G'

Þ¡rt^




