
TIIE I,TNIVERSITY OF }IANITOBA

THE GENETICS OF RESISTANCE TO

PUCCINIA GRAMINIS TRTTICI

IN EIGITT T^¡HNAT VARIETIES FROM KENYA

by

MAÏTHIAS I{ANYA}ÍA OGGEMA

A THESIS

SUBMITTED TO THE FACI]LTY OF GRADUATE STUDIES

IN PARTIAL FT]LFILMEM OF THE REQUIRE}ÍENTS FOR TIIE DEGREE

OF DOCTOR OF PHILOSOPHY

DEPARTMEM OF PI,AI\ÌI SCIENCE

+rt. 
"ii .' :' ,

''r,.:., . :.'
i:
l;ì

IüNNIPEG, MANITOBA

October 1972



ACKNOIILEDGEMEIüIS

The author wishes to express his appreciaËion to Dr. L. E. Evans

for helpful direction and encouragement throughout the study. IIis cri-

ticism and suggestions in t.he preparatíon of this manuscript are also

acknowledged.

Thanks are also due to Dr. G. J. Green of Canada Department of

Agriculture, Ialinnipeg who arranged for tesËing facilities in the Canada

Department of Agriculture, Research Station greenhouses and advised on

assessing rust reactions.

Gratitude is expressed to Drs. E. A. Hurd, J. W. Martens, D. E.

Harder, Mr. Ron de Pauw and oËher staff members of the Plant Breeding

Station, Njoro, Kenya, who cont,ributed invaluably during the setting up

of the tests and taking notes.

The work reported herein was undertaken during the Ëenure by the

writer of a Canadian Development Agency scholarship. The ministry of

Agriculture, Kenya, granted leave of absence during the tenure of the

scholarship.



LIST OF CO}{IENTS

CHAPTER

AsSTRACT

1. IMRODUCTION

2. RNVIETü OF

2.r
2.L,I
t1)
2.L.3
2.1.4
,)

LITERATT]RE

2.3
2.3.L
2.3 .2
2.3.3
2.3.3.a
2.3.3.b
2.3.3.c
2.3.3.d
2.4
2.5
2.5.L
2.5.2
2.5.3
2.5.4
2.5.5
2.5.6
2.5.7
2.5.8
2.5.9
2 .5 .10
2.5.Lr
2.5.r2
2.5.L3
2.5.14
2.5.t5

3. MATERIA].S

3.1
3.1.1

The host:parasite relationship
Modes of inheritance
Monogenic inheritance
Two or more genes acting independently
Linkage and independent assortment ...
Gene interactions
Rust resistance genes and environment
The established stem rust (Sr) genes

The genes Srl and Sr2
The genes Sr3 and Sr4
The gene Sr5 r¡¡år
The gene 516
The gene Sr7
The gene SrB
The gene Sr9
The gene Sr10
The gene Sr11
The gene Sr12
The gene Sr13
The gene Sr14
The gene Sr15
The gene 3116
The gene sr17

AND METHODS

Selection of parenËal varieties and lines
The puriËy of the hosË parents

PAGE

SËem rust and sources of resistance in Kenya .......
The period 1900-1952
The period L952-L959
The period 1960-1966
The period 1967-L972
Distríbution and origin of stem rust
epiphytotics in Kenya
The geneËics of resisEance ...
HisÈorícal review

4

4

5

7

7

9

10

10
11

t2
13

L4

l5
L6

1B

19

19

20

20
20
20
2t
2L

22

22
22

23

23
23

24
24

26

26

29



CHAPTER PAGE

1.)

3.3
3.3.I
3.3.2
3.3.3
3.3.4
3.4

4.r
4.t.1
4.L.I.a
4.1.1.b

4.1.1.c

4.2
4.2.L
4.3
4.3.L
4.3.2
4.3.3
4.4

5.1
5.1.1
5.1.2
5.1.3
5.L.4
5.1 .5
5.1.6
5.L.7
5.1.8

5.2
5.3
5.3.1

5.3.2
5.3.3

The outline
Pathological

of the analytical proeedure

Mode of inheritance
The meËhod of study
Handling F^ generations

¿

Handling BC"F. plants
II

Planting and inoculating of F^ backcross
families BC-F ....:L2
The isolation of the monogenic lines
Material and method ...
IdentificaËion of the isolated monogenic iines
Relationshíp with the identified stem rust genes

Comparison of monogenic línes from the same variety
Comparison between inËer-varietal genes

The infection types produced on monogenic lines by
races other than the primary six races

29

29

Stem rust inocula used 29

The puríty of the primary inocula 31

Methods of seedling inoculation 34

Recording of the paËhological observations 35

TesÈs for goodness of fit 36

4. EXPERIMEI\TIAL PROCEDIIRE FOR INDIVIDUAI EXPERIMEI{ÏS 37

37

37

37

38

38

40
40
44
44
44
46

47

495. RESTILTS

The mode of inheritance 49
Inherítance studíes - Kenya HunËer x Hindi 62 49
Inherítance studies - Kenya Leopard x Hindi 62 51

Inheritance studies - Trophy x Hindi 62 56

Inheritance studies - Tobari 66 x Hindi 62 61

Inheritance studies - Conley x Hindi 62 66

Inheritance studies - C"I.8154-Fro"ot2 x Hindi 62 7I
Inheritance studies - Minnesota 3654/00 x Hindi 62 76

InheriËance studies - I'Iisconsin 245-II-50-17 x
Hindi 62 80
Monogeníc lines 82

Identity of the isolated genes 85

The monogenic lines in relation to identified Sr
genes 85

Intra-varietal monogene comparisons 96

InËer-varietal monogene comparisons ..... 101



CHAPTER

5.4

PAGE

103

106

lL7

6. DISCUSSION

LITERATURE

The range of resistance conferred by Ëhe monogenic
lines

AND CONGLUSIONS

CITED



LIST OF TASLES

TASIE PAGE

2:l The stem rusE races of Puccinia graminis triÈici
in Kenya descríbed since 1928

3:2 The pedigrees and origin of the nine parental
wheat cultivars and strains 27

3:3 The seedling infection types of the nine
parents to the six tester races

3:4 The working schema followed to study the mode of
inheritance and to isolate and identify the
monogenic 1ínes

3:5 Key, race numbers and formula numbers for races
of stem rust 1n East Africa and Canada 32

3:6 Classes of host reaction and Eypes of rust
infection ..d...... 35

4:7 Crosses, generation, populations and tesÈ races ...... 39

4:8 The calendar for monogenic isolation operations ...... 43

4:9 Infection types of the Sr lines 45

5:10 Stem rust reacËions to race EA4 of parents and
seedlings of Kenya Hunt,er cross and backcross
to Hindi 62

5:11 Stem rust reactions to race C17(56) of parenrs
and seedlings of Kenya Hunter cross and back-
cross to Hindi 62

5:L2 SËem rust reactions Èo race EA5 of parents and
seedlings of Kenya Leopard cross and backcross
to Hindi 62

5:13 Stem rust reactions to race EA7 of parents and
seedlíngs of Kenya Leopard cross and backcross

2B

30

49

50

52

to Híndi 62 53



TASLE

5:14

5: 15

5:L6

5:L7

5:18

5: 19

5:20

5:21

5:22

5223

PAGE

Stem rust
and seedl
cros s t.o

reacLions to
ings of Kenya

race C17

Leopard
(56) of parents
cross and back-

Hindi 62

The combined results for races EA5, EA7, and
c17 (56) for Kenya Leopard x HÍndi 622 (BC1F2)

The stem rusË reacËions t.o race EA5 of parents
and seedlings of Trophy cross and backcross to
Ilíndi 62

54

55

57

5B

The sËem rust
and seedlings

reactions Ëo race EA8 of parenÈs
of Trophy cross and backcross to

Hj-ndí 62

The stem
parents
cross fo

. rust reactíons
and seedlings of

c17 (s6) of
cross and back-

Eo race
Trophy

Hindi 62 60

62

OJ

65

67

The
and
to

stem rust
s eedl ings

reacËions to race
of Tobari 66 cross

EA5 of parenËs
and backcross

Hindi 62

ro Hindi 62

The stem rust
and seedlings

reactions to race
of Tobari 66 cross

EA7 of parents
and backcross

The stem rust reactions
parents and seedlings of

to race C17 (56) of
Tobari 66 cross and

backcross to Hindi 62

The stem
and seedl
Hindi 62

The stem
and seedl
Hindi 62

rusË reactions
ings of Conley

rusÈ reactions
ings of Conley

to race EA7 of parents
cross and backcross to

to race EA5 of parents
cross and backcross to

The stem rusË reacËions
parents and seedlings of

to race Ci7 (56) of
Conley cross and

6B

5224

backcross to Hindi 62 70



TABLE PAGE

5:25 The stem rust reactions to race EA4 of parentst
and seedlings of C.I.8154-Frocor- cross and

backcross to Hindi 62 ..¡.. 7L

5:26 The stem rust reactions Lo race EA5 of parents
and seedlings of C.I.8154-Frocor2 cross and

backcross to Hindi 62

5:27 The sLem rust reactions to race C10(158-1) of
parents and seedlings of C.I.8154-Frocor2 cross
and backcross to Hindi 62

5z2B The stem rust reactions to race ç17 (56) of parents
and seedlings of C.I.8154-Frocorz cross and back-
cross to Hindi 62 75

5:29 The stem rust reactions to race EA4 of Parents
and seedlings of Minnesot,a 3654/60 cross and

backcross to Híndi 62 77

5:30 The stem rust reactíons to race C17(56) of parents
and seedlings of Minnesota 3654/60 cross and back-
cross to llindi 62 78

5:31 Analysís of the BCIFZ families of Hindi 62 x

Minnesota 3654/60 to race C17(56) 79

5:32 The stem rust reactíons t,o race EA7 of parents
and seedlings of Vlisconsín 245-II-50-17 cross and

backcross to Hindi 62

5:33 InfecËion types of the 25 monogenic lines to the
six tester races 83

5:34 The resul ts of crosses of monogenic lines
ed Sr lines againstto select

race EA4

5:35 The results of crosses of monogenic lines to
selected Sr lines agaÍnsË'race EA5 ...e. 88

5:36 The results of crosses of monogenic lines to

72

74

86

selecËed Sr lines againsË race EA7 91



TABLES PAGE

5:37 The results of crosses of monogenic lines to
the Sr lines that confer resistance to North
American race C10 (158-1)

5:38 The results of crosses of monogenic lines to
selecËed Sr lines against NorËh

American race C17 (56)

5:39 The idenËity of Intra-varfetal genes in relation
to the Sr tester stocks

92

98

5:40 Resistant x Resistant inter-varietal comparisons
(F" Populations) ..... 102'¿

5:4I The effective range of resislance of the five
monogenic lines 104



ABSTRACT

In searching for rust resistant wheats for breeding purposes in

Kenya, one of the major impediments has been to identify the factors for

resist.ance carried by the major sources of resistance. Some progress

has been made in this direction in the present ínvesËigations.

The inheritance of seedling resistance to races EA4(295), H5(34),

EA7(40), M8(40), C10(158-1) and CI7 (56) of stem rust vras studied in the

wheat cultivars and strains: Kenya Hunter, Kenya Leopard, C.I.8154-

2Frocor-, Tobari 66, Trophy, Minnesota 3654/60, Conley, and l,Iisconsin

245-fT-50-I7 from Ëhe Kenya Stem Rust Parental Collection nursery. Each

variety was analysed genetically by determining the raÈios obtained from

F^ populations and backcrosses to the rust susceptible variety Hindi 62.
¿

The interrelationships of the genes in the varieties were determined by:

crossing with the Sr tester stocks, inter-varíetal single gene line

crosses, gene expressions, host-pathogen infection types and the pedigree

relationship. Three backcrosses r/ere made and 25 F3 homozygous single

gene lines vrere isolated. By geneËÍc analyÈical methods, these 25 inËer-

and íntra-varietal lines were found to possess ten different genes. Five

of these were identified as: Sr1, 516, Sr7, Sr11 and sr17. While the

remaining five genes have not been described previously.

Additional races: EAl1 (40) , EA12 (40) , EAl3 (34) , EA14 (11) , EAl5 (11) ,

EAl6(40); c1(17), c2(174), c18(158-lL) , cz}(11), c22(32), c2s(38) and

C4L(32-113) were used to determine Èhe spectrum of effectiveness of Ëhe

five new isolated single genes. Excellent levels of resi"t"r,"" to all



races tested are conferred by one or more of Ëhese genes.

The mode of inheritance was either single or duplicate for any one

particular host-pathogen relat.ionship. Recessive, dominant and partial

dominanË genoËypes were predicted. In certain cases the mode of inheri-

tance could be explained most precisely when modifiers or linkages were

assumed. For instance, of the t\^Io genes in Kenya Leopard: one condi-

tioned resistance to both EA5 and CI7 (56) while the other controlled re-

sisÈance against EA7. These genes were found to be linked with 28.3 per

cent recombination value. Varíeties such as Trophy, Tobari 66 and

2
C.I.8154-Frocor exhibit a moderaLe resistance reaction ranging between

infecËion typ. Zt and x The reactions were usually temperature sensi-

Èive and rìrere apparenËly conditioned by several minor factors. These

were difficult to retrieve in a backcross progranme. Resistance to race

EA8 was characterized by being conditioned by recessÍve genes in addi-

tion to a number of modífiers which generally enhanced the major gene

effect. Other races did not demonstrate any parËicular pattern for gene

express ion.

In the absence of inter-allelic gene interaction it was diffícult

to explain the broad resistance of the monogenic lines by assuming the

gene-for-gene hypothesis a1one. More information regarding alle1ism,

linkage between Èhe host resistance genes or an alternate hypothesis is

needed to explain the hosË-pathogen relationship.

1l_



Il{IRODUCTION

Stem rust, one of the most devastating diseases of wheat Triticum

aestÍvum L., is probably more severe in Kenya than in any other wheat

producing area. This ís due to a combination of ideal climate, year

round wheat production and highly virulenË strains of the causal organism,

E. Henn.Puccinia graminis Pers. f . sp. tri.t:Lc:L Eriks . and

Researchers in Kenya have aimed at producing rust resistant varie-

ties since 1908 and although many varieties have been released their

average period of effectíve resistance has been only 4.1 years. Periodi-

resulting incal1y, rusL atËacks of epidemic proportion have occurred

erratic production levels.

To prolong the effective life and reduce the number of varieties,

more effecLive breeding procedures are required. One way is to systerna-

tically incorporaLe several genes for resistance to each of the prevalent

races in¡o a single cultivar thus providing Protection in depth so that

the organism must pass through a number of mutations to overcome the re-

sistance. However, to produce varieties with the adequate depth and

wide spect.rum of resisËance the plant breeder must be avrare of the gene-

tic identity and 1evel of resistance which he can extract and easily

transfer from his sources of resistance. Another essential requirement

to breeding for such resistance is the prompt identification of new and

potentially dangerous races of rusË. Perhaps, even nore critical are

surveys of currently resistant variet.ies and the identificaËion of rust

gha¡ appeaïs on them. In this way the breeder obtains adi¡ance informa-



tion regardíng the new races and new sources of germplasm for a systema-

tic breeding programme against rust.

In Kenya, despite the extensive research on rust resistance in wheat

and the no¡able, frequent successes in producing ephemerally resisËant

varieties, no genetic studies of host-parasite relationships have been

carried out on any of the current sources of resistance.

Investigators in Australia, Canada, Èhe United StaËes and other

countries have established the presence in coûtrnon wheat of a number of

major loci which condition seedling reacLions Lo various stem rust cul-

tures on the gene-for-gene model. Many of Ëhese genes have been ísolated

in monogenic lines with a cortrnon background. MosÈ of t.hese monogenic

stem rust (Sr) lines being used in other countries, are ineffective

against most of the prevalent races in Kenya as reported by Green (1970)

and Harder (I972). However, adequate sources of resístance are available

to the races of rust no\^r prevalent in East Africa but information re-

garding the mode of inheriËance, the number of loci involved and the

relationship with identified genes for resistance are largely unknown.

l^Iithin this context the following eight varieties or strains of T.

aestivum L. were selected for study from the Kenya Stem Rust Parental

Collections (SRPC): Kenya Hunter, Kenya Leopard,

Tobari 66, Minnesota 3654/60, Conley, Trophy and

These cultivars are of diverse parentage, origin,

seedling resístance and in most cases have a very

resistance in Kenya. They are grol¡In conrnercially

C.I.8154-Frocor2,

I^Iiscons in 245 -ÍT--50-1 7 .

have a wíde range of

high level of field

or are used extensivelY



ín the Kenya breeding prograrrure as sources of rusE resistance. Attempts

are also being made to find resístance genes of value Ëo plant breeding

prograsmes in North America. The primary tester races are East African

races EA4(295), il5(34), EA7(40) and EA8(40) and the important North

American races ClO(158-1) and C17(56).

The aims of the PresenË investÍgations hlere Ëo:

1. Determine the mode of inheritance and number of factors for

resistance to sËem rust races EA4(295), EA5(34), EA7(40), EA8(40),

C10(158-1) and CL7(56) in the eight cultivars.

2. Isolate monogeníc resisËant 1ines. Stem rust resistant mono-

genic lines vrere established by placing each effective identified gene

into a contrnon genetic background of Hindí 62 by backcrossing.

3. Identify the isolated genes. Each monogenic line will be defined

ín relation to:

a) the established stem rust (Sr) genes.

b) Intra-varieËal genes.

c) InËer-varietal monogenic lines conferring idenÈical resis-

tance reaction to Ehe same race.

4. Determine the effective range of resisËance of the isolated

genes to races other than the primary tester races.

5. Evaluate the genes revealed in relatiön to the Kenya breeding

prografrEne.



2. RXVIEi,T OF LITERATUR.E

2.1 STm{ RUST AND SOLIRCES oF RESISTAI'TCE IN KEI{YA

trlheat (Triticum aesËivum L.) was introduced into Kenya at the end

of the nineteenth century, and by 1908 black stem rusL, a disease caused

by the basidiomyceËous fungus Puccinia graminis Pers. f.. sP. Ëritici Eriks.

and E. Ilenn. had appeared. By 1910, when a breeding programne for resis-

tance was inítiated, the disease had reached epidemic proportions. Re-

views of the efforËs Ëo protect the wheat industry against rusË have been

published by Lathbury G947), Thorpe (1958), Dixon (f960), Guthrie (1966) 
'

Hurd er al. (i969), Pinto et al. (1970) and Harder et al. (1972). In

order to comprehend the significance of the present genetic study a brief

review of the wheat improvemenË Progranrne in Kenya is necessary.

2.T.L THE PERIOD 1900.1952

prior to 1925 the majority of the wheat gror"rn was introduced varie-

ties from Australia, EgypË, Italy and Canada. From 1925-1951 there was

an increase in Ëhe number of locally bred varietíes derived from crosses

between Kenya varieËies and a few significant introductions (Dixon 1960

and Knott 1962). Consequently, the majority of the conrnercial varieties

possessed a narro\¡7 genetic base for resisËance. During this period, a

succession of new stem rusË races occurred, but the frequency with which

they appeared and theír virulence vlas not severe thus enabling the

breeding prograÍme to keep pace. It is most probable that inítially the

host-resístance genes surpassed Ehe pathogenicity genes of the conËem-



porary races. Therefore, in spiËe of ner¡/ races, Kenya was well supplied

with resistant germplasm of loca1 origin. In 1951, eighty per cent of

the Kenya wheat acreage r^ras so\¡/n wíth local varieÈies (Anonymous 1969).

Many of these varieties have been used as sources of stem rust

resístance in breeding prograntrnes throughout the world (Macindoe 1937

and tr'Iatson eË al. 1963). Those most widely used have been K58, K1174,

K321, K324, K338AC named ttKenya Farmerrr, K340, K360 and Kenya Governor

also known as Egypt Na 101. Knott (L962) showed most of these varieties

to conËain important genes conferring resistance to the North Amerícan

races. These cultívars are no\¡r susceptible to the prevalent stem rust

races in East Africa and additional sources of resistance had to be in-

troduced to provide adequate protectíon.

2.L.2 THE PERIOD T952-L959

During this era a large number of highly virulent rust races emerged

which $rere capable of attacking all Lhe Kenya conrnercial varieties (Dixon

1960 and Guthrie 1966).

To counteract this problem, Kenya first took part. in Ëhe inter-

national nurseries of organized wheat collections in 1953. The besE

selections from this cooperative progranme hTere put, into the Stem Rust

Parental CollecËion (SRPC). Sínce many of Ëhe exotic varieties had relied

on genes for resistance from Kenya varieties, they too succumbed. I^Ihile

the breeder Ëhus responded by broadening the genetic diversity of the

breeding material, the pathologist sought for a differential set of varie-

ties wiEh a vrider genetic background to enable him to relate more precisely



the work in Kenya r¿ith that in other parts of the world (GuËhrie 1964

and 1966). Subsequently, McDonaldrs (1931) system of local differen-

tials was abandoned in favour of Stakmants differential system (L962).

!üith this system, Guthrie (1966), isol-aËed and reclassified sixteen races

and six biotypes. TABLE 2:1 shows the races identified to 1970, their

tíme of occurrence and the systems adopted Èo describe them.

TABLE 2:1 THE STEM RUST RACES OF PUCCINIA GRAI'ÍINIS TRITICI IN KENYA

DESCRTBED SINCE L928.

YEAR

IDElfIIFIED
YEAR

IDE}IIIFIED RACERACE

McDonaldts System Guthriets System

tgz| K1(21), K2(17)'t 1959 11, 14, 184, 2g5

1930 K3(34) 1960 296,40r

1931 K4(116) 1961 297, 4 Sub-races of 40

1936 K5 (21) 1963 LL7 , 15

1938 K6 (107) Green's system
t943 K7

L948 KB(24) 1968 F¿L(297), EA2 (2L),

1950 Kg(L22), KlO (24), K11(24) EA3(29s)' H4(295) '
EAs (34) , H6 (40) , EA7 (40) ,

19s1 K12(21) EA8(40), EA9(11)

19s3 K13 (42) , K14 (143) L969 EA10 (1s) , EAll (40) ,

Lg54 K15 EA12 (40)

195s K16(40) 1970 EA13(34) ' EA14(11) 'EAls(1i), EA16(34),
1957 K17 (40) , K18(40) , EA17 (143) , EA18(83) ,

K19 (189) EA19 (40)

Numerals in parentheses indícat.e the rrstandardrr race number.

K = Kenya races, EA = East African races.

(Compiled from Records of the Plant Breeding Station, Njoro, Kenya).



2.1.3 Tr{E PERTOD 1960-1966

The disease resistance prografltrne depended heavily on foreign intro-

ductions as stated by Dixon et al. (1965) . By L967 foreign varieties

accounted f.or 66 per cenË of the Kenya wheaË acreage. Although the stem

rust races showed a wider range of pathogenicity, the germplasm in the

conrnercial varieties úras greatly diversified and broadened. During this

period Ëhe maÍn source of resistance stenmed from the Mexican Yaqui group

of varieties, the Triticum timopheevi Zhuk. derivaËives C.I.12632 and

C.T.I2633, the S.A. No. 43 complex which incorporated T. timopheevi and

Agropvron elongaËum (Pinto et a1. 1970), the Frontana-Kenya 58-Newthatch

group and Mída-McMurachy-Exchange from Mínnesota. Numerous crosses r¡Iere

made involving these cultivars with the hope that highly resistant recom-

binants might be identified. In spite of Ëhese efforts, the cultivars

released to the farmers usually became susceptible in a few years, but

losses were kept at a minimum by requiring each farmer to grow several

cultivars with different kinds of resistance. Growing two crops in a

year on the same land or farm was prohibited in most of the country.

Production during Ëhis period improved tremendously, and by L967 there

hras a problem of disposal of the surplus wheat

2.L.4 THE PERIOD L967.L972

This is the period when the Canadían International Development

Agency (CIDA) team became actively involved in the wheat improvement re-

search in Kenya. The current prograÍme has been revíewed by Hurd et al.

(f969) , Evans et al. (1969), Green et al. (1970) , Pinto eÈ al. (1970)



and Oggena et al. (1971) .

During thís period the prevlously used methods were re-evaluaÈed

¡rith a vÍew Ëo improving the wheat iesearch efficíency. The theme of

the períod is to produce agrortomicalLy suitabLe cultivars with lasting

resistance. To achieve thls, the m¡in sources of resistance are being

utilÍzed trþre systematically as outlined by Evans (1969). Close co-

operaËion betr¿een the plant breeder and the pathologisË is imperative in

order to screen rapÍdly the breedíng material and the genetic stocks both

Ín the greenhouse and in the field. Race surveys and ÍdentifÍcation are

conducted throughout the year to deter:nine the epidemeological cycle,

virulence of the races and race ídentity in the Íranner described by

Green et al. (1970) and Harder et al. (L972). I{henever nerù virulent

races are identified, new kinds of resisËance are located and transferred

to adapted Kenya varíeÈies pronptly by a backcrossing or a convergent

backcrossing prograune (Ilurd et al. L969, Evans L969 and Pinto gl il.
1970). I,Ihen the genetlcs of resÍstance of the SRFC material is adequately

established, a gene nnnagement prograrflme to utilíze the identífled genes

nost efficiently wiLl be planned (Anonymous 1971).

The change in the breedíng approach led Green (1970) to alter the

race differential varÍeties and the nomenclature of the races. TABLES

2:1 and 3:5 show the current race nomenclature.

AlÈhough much emphasis is placed on seedlÍng resistance as a cri-

terion of selection, post-seedling resistance is also being Íncorporated

sÍmultaneously rsherever possible (Anonyrnous 1971 and Ilarder e! 4I. 1972r.



2.2 DISTRIBTITION AND ORIGIN OF STEM RUST EPIPHYTÛTICS IN KE}TYA

One of the subjects whlch has attracted great lnterest in Kenya is

the mode of origin of new rust races. McDonald (1931) examined local

specÍes of barberry (Barberis holstiil and concluded that the rust that

was found on this specfes nas not Puccinia graminis tritici and that the

barberry did not function as an alternate host. Guthrie (1964) confírmed

thÍs finding. Guthrie (1964) stated that large scale movement of spores

from Ethíopla by the North East monsoon ¡¡Lnd which blows during the months

of November to March probably influences the distribution of the races in

Kenya. The minÍmum distance between rvheat growing areas in the two coun-

tries is approximately 400 rniles. In an attempt to get more evidence on

rust movement (Guthrie 1964) a Uniform Rust Nursery rùas organized r¿hÍch

included several African countries. ltre results indicated Ëhat virulence

in Ethiopia was similar to Kenya. Preliminary studies reported by Oggerna

et al. (1971) Ëend to support this vierv. Ethiopian races Ídentified by

Sibilía (1939) rùere compared by NatËrass (1949) and proved to be similar

to the Kenya races prevailing at that time.

Another factor is that wheat is planted in Kenya at tímes to maxi-

mize use of rainfall while facilitating harvest duríng a drT period. Due

to major seasonal and altitude differences wheat is growing continuously

so¡newhere in Kenya throughout the year so that the uredial stage of the

rust is perpetual. The epidemeological data reported by Green et al.

(1970) and Harder et 41. (L972) revealed that there are airborne uredÍo-

spores throughout the year. These authors suspect this to be the npst
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probable source of initial inoculum. Prelíminary studies of wÍld grass

as a possÍble second source of inoculum did not give clear evidence that

grasses growlng in the areas ln which Ëhe collections were made ¡¡ere

major sources of inoculum.

2.3 THE CENETICS OF RXSISÎANCE

2.3.L HISTORICAI REVIEI,I

A nunrber of workers have classified rust resístance into morpholo-

gical, functional and physiologÍcal resÍstance (Goulden et al. 1930).

However the two major types of resistance to stem rust which have been

differentiated on a genetic basis (Hooker Lg67) are seedling and adult

plant resistance. Seedling resistance conditions resistance throughout

the life of the plant to a partfcular race or races of stem rust. The

resistance is usually race-specific. A variety carrying adult plant re-

sistance may be resistant to all prevalenL races under field condítions

even though it is susceptible to certaÍn of these races in the seedling

sËage (Stakman et al. 1925, Koo et al. 1951, Van der Plank 1963, MacKey

1965 and llooker L967).

In the early history of rust work there rùas doubt regarding the use

of seedling tests as a measure of resistance ín the after-heading stages

(Goulden et al. 1930) . However, the following advantages have been cited

by MacKey (1965) , Hooker (1967) and Johnson et al; (L967) whieh point to

the usefulness of seedling resistance: a) In almost all cases plants

resÍstant Ín the seedling stage are also resistant at naturity (Goulden

1930); b) Under greenhouse conditions the environment can be manipulated
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to suit. the purpose of the test; c) Dangerous rust forms of rare occur-

rence which are to be restricted may be used for inoculatíons Ín the

greenhouse and therefore it ís possible to get advance performance on Ehe

prevailing breeding naterial (l'facKey 1965); d) A large number of plant

populations can be screened in a restrfcËed space wíthín a short time.

e) Ilost-gene : parasiËe-gene relationshfps can conveniently be analysed

from seedlings as noted by Loegering et aI. (Lg62 and 1969), Rowell et

al. (1963), Green et a1. (1966) and l{Íllíams et al. (1966).

Nevertheless, physioLogíc resistance determinatlons to be of any

real benefit towards elucidating the problem of the plant breeder, should

be esËablished at thaË stage in which the plants become most vulnerable

(üIatson L968, Anonymous 1970).

2.3,2 THE HOST : PARASITE RELATIONSHIP

It is evídent that the infection type produced by any combÍnation

of rust race and host varíety must be the result of an Ínteraction be-

Ëúreen the two genetic systens.

The gene-for-gene hypothesis postulaËed by Flor (L942, L946, 1956

and Flor eË al. 1971) for flax (Lfnum usitatissimum Ehrenb.) and flax

rust (Melampsora lini Desm.) has found wíde recognition by many workers

including Person (1959), Loegering et al. (L962 and 1966) and Johnson

et al. (Lg67). Mayo (1956) and Green (1965) have encountered certain

situatíons which cannot be sÍmply explained by the gene-for-gene model.

Loegeríng and Powers (1962) detected eight genes for pathogenicity

in the F, pro8eny of a cross bet¡¡een races 111 and 36 of r^iheat stem rust.
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The genes were identifíed on the basis of the dífferential pathogenicity

of the F^ cultures on v¡heat varietÍes Hope X\[I, Marquis, Relíance,
¿

Chinese Spring, Acme and Elnkorn. On the basis of the gene-for-gene

hypothesis they postulated thaÈ these varieties carried eight resistance

genes.

Green (Lg64) usíng a rust culture r¡ith a colour mutant indicated

that a gene-for-gene relation uray exist between Puccinia graminis Pers.

f. sp. triticí and T. aestivum L.

The resulÈs presented by llilLiams et al. (1966) strongly supported

the gene-for-gene hypothesis for the wheat-rust genetic relationship.

In addition to a one-to-one geníc relationshíp, they also observed that

phenotypes (agricorpus) resulting fron highly specific gene-for-gene

interactions were sometimes modified s1-lghtly by other resistance genes

in the host.

2.3.3 MODES OF INHERITA}TCE

The fírst demonstration that resísËance to any plant dísease may be

iritreríted in a Mendelian manner involved a plant rust. this important

finding rùas reported by Biffen 1n 1905. Consequently, the literature on

inheritance of resist,ance to physiologic rust races in urheat is volumin-

ous. The examples presented Ín this review onLy show its diversity.

Studies on physiologic specíalization in rust resistance have involved

chiefly the hypersensitive type of resistance. Segregations for physio-

logic resistance (specÍfic resistance) are usually discrete and frequently

fit simple genetÍc raËios. Additional information oo inherítance and in-
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forma¡ion on the chromosomal locations of genes for resistance have been

obtained through the use of chromosome translocation by Sears (1956),

and Russell et al. (L962); chromosome substítution línes by Sears et al.

(1957), Kuspira (1959), Knott (1959), Green et al. (1960), Sheen et 
11.

(1965) and by Èhe use of other aneuploidy analysÍs Nyquist (1957),

Loegering et al. (1966) and Sears et al. (1968) .

The following modes of inheritance have been postulated from a number of

genetlc studÍes:

2.3 .3. a MONOGENIC INHERITAI\ICE

Resistance ËhaË is due to a single compleËely dominant gene is com-

monly observed in rust inheritance studies, (Ìfacindoe 1948 and Knott et

al. L957). Resistance that is due to a single incompletely dominant gene

has been reported by Ausemus (1943) , Green et al. (1960) and Loegering

gggt. (1969). Berg et al. (1963) found a recessive gene to condition

resistance in a cross between I'farquis and Little Club. t{atson et 41.

(1968) have transferred a recesslve gene sr17 from rrYaroslav Eu¡ner'r into

the Marquis background. In classical genetics (StrÍckberger 1969) the

gene ís equated to the expression of a certain character and exists in at

Least two separate functional for:ns (alleles or allelomorphs) r,rhich segre-

gate ât meiosis and recombine at fertil.ization. t{tren studied Ín detaÍl,

a gene is frequently found to exist in several allelÍc forms. This ís

apparently also true for genes conditíoning rust resistance. Pathologi-

cal and genetíc investlgations involving Chinese Spring subsÈitution

lines, conducted by Loegering and Sears (1966), showed that the varieËy
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Kenya Farmer carries the SrTa gene for resistance on chromosome 48.

Hope carries a different allele Sr7b. They also confirmed the existence

on chromosome 28 of gene Srga in Red Egyptian and Srgb in Kenya Farmer

and Kenya 1174.

These genes are regarded as alleles for two reasons: a) they show

no crossing over in the usual genetíc studies where only a few hundred

products of meiosis are examined and b) each gene conditions a different

spectrum of resistance to a series of differential bÍotypes of tJre patho-

gen. However, with the possible discovery of closely linked genes, inter-

pretations of allelic relationships may be revised.

2.3.3.b TI,TO OR I.ÍORE GENES ACTING INDEPENDE¡tTLY

Numerous genetic studies have revealed several genes for resistance

in a variety. This ís to be expecËed sínce present day plant breeders

fncorporaËe several genes for resistance into a single varÍety. The

genes may be dominant, recessive, or a combinatíon of dominants and ie-

cessives and act independently or through a form of gene-interacËíon.

Athwal et al. (1956) tested F, and Fr, backcross F, and famÍlies from FO

and backcross F^ of T¡itlcg¡n dicoccum Sctri.i¡f . f'IGrapli" * Iliglg durum

Desf. Marrocos 9623. Theír results indícated thaE at least four genes

control" the seedling reactíon of Khaplí to P. graminis trÍtici. In a

cross between Minnesota II-50-18 and Kenya Farmer, Ausernrs et al. (1951)

obtaÍned a segregation of fifteen resistant to one susceptible Índicating

that II-50-18 and Kenya Fa:mer differ by two pairs of dominant factors

in their reaction to race 158.
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Knott (L962) concluded that resistance to race 56 of Ktrapstein

(!. dioccum ttKhaplirr x 1. aestlvum rrsteinwedeltt) is conditioned by two

dominant genes r¿hich he designated Sr13 and Sr14. I,It¡ile resistance to

race 158 ¡ras conditioned by Sr13 and Sr7. In the latter case Sr13 acted

as a recessíve for resistance.

Gough et al. (1963) crossed and backcrossed two durum varieties

ttAcmet' and ItMindumtr to a susceptlble variety rrlfarrocos 9623tr. Tests of

F^ and F^ generations from the crosses and F, and F^ generatÍons fromz J - r z-
the backcrosses indicated that the resistance of each of the varieties

rsas conditioned by at least three Íncompletely doninant genes. Resis-

tance has also been noted by Sears (1957) to be due to two recessive

genes

2.3.3.c LINKAGE AllD INDEPBIDEIII ASSORTMEIII

A gene can obey Mendel I s second law only if the two genes occupy

sites on different chromosomes or are located 50 or more cross-over units

apart on the same chromosome. If tvro genes segregate together more often

than they do apart, the trùo genes are regarded as being linked. Loose

linkage of rust resistance genes has been noted in several genetic and

aneuploidy analyses (Loegering et al. L966, Sears et al. 1968, Shuh-Ji

et al. 1968). Knott (1959) reported that Sr11 and Sr12 were located on

chrorpsome 68 with a 28 per cent recombination. Later Green et al. (1960)

detecËed only one gene which has been designated as Sr11.

Some of the so-calLed alleles rnÍght be tightly linked genes which

would require a very large population for resolutÍon (Hanson 1959).



2.3.3.ci GBNB INTERACTIONS

It has been frequently observed that many resistance genes are modi-

f ied by interaction r,¡iËh non-allellc genes.

Complementary gene action is cor¡oronly used to describe the Lnter-

dependence of tr¡o or ru,re genes, all of which are essential for the ultÍ-

mate expression of a character. Ausemus (1943), llacindoe (1948) and Koo

et al. (195f) found Ërùo recessive complementary genes; while Bahl et al.

(1961) detected three recessive conplementary factors for resistance. In

the cross betr¿een Ceres and Kenya Farmer, (Ausemus et 41. 1957) the F,

population segregated into a ratl-o of 9 resistanË to 7 susceptible indi-

catíng a digenic complementation. OËhers who have observed tIrlo-gene com-

plementary factors in their naterÍal include Knott et al. (1956), Aslam

er al. (1958), Omar et al. (1956) and Rajaram et al. (1970) . Rao 1970

reported one dominant and one recessíve complement.ary gene interaction.

Epistatic gene action has also been reported. Ausernus (1943) noted

that the expression of a gene for rusE resistance may be inhibited by a

gene at another locus. Berg et a1. (1963) and Sunderman et al. (i963)

observed Ëhat genes that condition a higher level of rust resistance are

conrnonly episÈat.ic to those condit.ionÍng a lesser reactíon.

Genes which modify the actíon of other major genes have also been

reported. Green et al. (1960) observed thaË genes Sr9, Sr10 and Sr11

nodify the action of Sr7 and íncrease its resist,ance to race 158. The

effects of modifíer genes have clearly been demonstrated r¿hen major genes

are transferred individually to a comron baekground by backcrosslng.

16
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Green et al. (1960) and later Knott (L964) noted that Ìrith extended

backcrossing in the isolation of monogenic lines the leve1 of resistance

retained r¡as less than the original parent. For insÈance, Marquis lines

backcrossed ten tÍmes to isolate Sr11 from Lee were less resistant than

lines with six doses of Marquis and less than the donor parent variety

Lee. Presumably Lee carries modifier genes for resistance to stem rust

which lrere not reËained. Sears eÈ al. (Lg57), by the use of monosomic

analysís obtaíned evidence for the existence of several modifíers of re-

sistance to certain races.

Transgressive segregatÍon for rust reaction refers to the appearance

of planËs in the F, or l-at,er generations that are either more resistant

or ¡nore susceptibLe than either of the two origínal parents. This has

been reported by Allan (1966) for v¡heat stripe rust (Puccinia stríifornis

I.Iest.). Shuh-Ji et al. (1968) found that the varieties Conley and CT231

have major genes for 158 stem rusË which were diffeïent and additive Ín

their effecËs.

Reversal of dominance of a gene for rust resistance is unusual. In

some instances a gene may be expressed as a domínant to some biotypes of

the fungus and as a recessive to others. Knott et al. (1956) reported

that 316 controls resistance to both races 56 and 158, being dominant to

race 56, but recessive to race 158. Sundernan e! al. (1963) also observed

that ín some genetic backgrounds â gene rnay be expressed as a recessive

and dominant in others. Chester (1946) reported that a gene may behave

as a recessive in Ëhe seedlíng stage, but behave as a dominant as the
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plant becomes older

Samborski (1963) cautioned that recessiveness or dominance of cer-

tain resistance genes may depend upon the homozygosity or heterozygosity

of the corresponding locus controlling avirulence in the parasÍte, in

some cases the apparent reversal of genes may be attrÍbuted to differen-

ces between cultures of races used in the studles.

2.4 RUST FJSISTANCE GENES AIi¡D EIWIRONMEI.¡T

Susceptibility or resistance reaction phenotypes are the disease

symptoms r¿hÍch result from a complicated interacÈion. The interactions

result from combinaÈions of several factors: Èhe hosË, the rust patho-

gen and the ambient environmenË.

Most of the classical investigations pert,aining Ëo environmental

effect on resisEance have been concerned mainly with temperature and

humidity and to a very Limited exËent r^rith light or soil facËors (Johnson

et al. 1940, Forsyth L956, Sheen and Snyder 1965). Genes for rusË resís-

tance may respond dífferentíally to environmentaL conditions (Ihott L957,

I,Iatson et al. 1963 and 1968). Trso genes r¡hich conditíon resistance to

the same rust biotype may differ in temperature sensitiviËy. This trend

has been discussed by l(nott (1957) for 516 and Loegering et al. (1969)

for 5116. Loegering et al. (1969) also observed that SrB confers mode-

rate resistance under normal citcumstances but at temperatures belor^r 20oC

the characteristic chlorosis becones indístinct, and the homozygous iso-

genic pair nay be dífficult to differentiate from the heterozygote. Thus

the dominance is variable in response Ëo temperature effect.
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Mohamed (1960) found Èhat pre-lnoculatlon remperatrrres affect t[e

number of infection centres and stem rust infection. More infecËion

centres were produced and infection Ëypes were higher if the pre-inocu-

Lation temperature was 24oC.

2.5 THE ESÎASLISIIED SÎEM RUST (Sr) GENES

Most of the identified stem rust (Sr) genes have been isolated and

named by Dr. D. R. Knott and collaborators, (l(nott 1957, 1959 and 1966)

and (Knott et al. 1956 and 1960) . The system of allocating gene symbols

is basically the same as that recorunended by Ausemus et al. (1946). The

symbol for stem rust resistance "Sr,' is followed by the Arabic numeral

to indicaËe the locus in the variety.

2.5.1 TIIE GENES Srl and Sr2

Ausemus et al. (L946) recorrnended that the Ëwo genes conferring

adult plant resistance ín Hope and H-44 be named Sr1 and Sr2. Since much

of the previous work v¡as based on field reactÍons, it is impossible to

be sure of the identity of these two genes. Knott (1968) ídentified one

gene from Hope from seedling studíes as being l-ocated on chromosome 28,

and this he designated Sr1. I,ltrile the gene givíng adult plant resistance

he named Sr2.

The second gene (Sr2) has not been Ísolated probably because of the

difficulty of working with adult plant resistance. Furthermore the gene

Sr7 in Khapstein is likely to be the gene previously named Sr2 by Heermann

et al. (1957) and Srd2 by Kenaschuk et a1. (1959).
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2.5.2 THE GEIES Sr3 and Sr4

The naming of all the genes identified prÍor to L946 as Srl to Sr4

was recoÍtrnended by Ausernus et al. (1946) . The genes Sr3 and Sr4 are

known to be corplementary genes in the variety Marquillo (Ilayes eË al.

L925). Till now, ÍË has not been confimed whether any of these genes

are identical with any of the current Sr genes. These two genes have

neÍther been isolated into any common background nor have they been pro-

perly described. However, they are known to confer mature plant resis-

tance.

2.5.3 TIIE GENE Sr5

Sr5 is the ttKanredl inununity gene. It is located on chromosome 6D

of the variety Thatcher (üIatson et al. 1963). Sears et al. (1957) and

Sheen and Snyder (1964) observed that this gene provides a high level of

resistance to numerous cultures.

2.5.4 THE GENE 516

516 is often referred to as the McMurachy gene. It occurs on chromo-

some 2D. It conditions a hypersensitive reacËion to races 158 and 56,

but ís recessive to 158 and dominant to 56. It is very temperature sen-

sitive (Knott 1957 and Watson et- al. 1963). Watson eË a1. (1963) lisred

55 wheat sources of S16.

2.5.5 ÎIIE GENE Sr7

Sr7 conditions a type lt intection type to race 158 and is partially

dominant. Loegering et al. (1966) located it on chromosome 48 of Kenya
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Farmer and Hope. Kenya Farmer and Sapporo No. 1 both carry the SrTa

alLele while Hope carries the SrTb allele. A characteristic of Sr7 re-

sistance is the diffuse necrosl-s of the seedling leaves particularly at

the leaf Ëip and margins. I.fith other races, vafious fnfection types and

degrees of yellow chlorosls occur. Pustule sÍze may vary from infecËion

Èype 1to 3. This gene came from the Errrer varÍety Khapli (Ihott L966).

Sr7 is likely the gene named Sr2 by Heerrnann et al. (1957) and Srd2 by

Kenaschuk et al. (1959). The gene is knorsn to be extensively rnodifÍed by

other major Sr genes (Green et al. 1960).

2.5.6 TIIE GENE Sr8

' This gene condit,íons a 2t seedling infection to races I5B and 56 and

is partially dorninant. It is tenperaÈure labile. It occurs on chromosome

64. It has been t,ransfetred Èo Marquis from Red Egyptian. Knort (f962)

vùas not able to detect the presence of Sr8 in the Kenya varieties.

2.5.7 THE GENE Sr9

Sr9 conditions a moderately resisËant reaction to race 56 and is

partíally dominant. Three alleles Sr9a, Sr9b and Sr9c have been report,ed

(Green et al. 1960, I{aËson et al. 1968 and Sears L969). Srga was detected

in Red Egyptian and Srgb in Kenya 1174 and Kenya Farmer. Three Australian

varietíes; Tiunrera, Mengavi and Mendos, and the !{ísconsin lines C.T.L2632

and C.T.L2633 possess the Sr9c aIIele. Sr9 Ís located on chromosome 28

of Kenya Far¡ner and Red Egyptian (Sears È 3!.. L957).
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2.5.8 TIIE GENE Sr10

Sr10 is a partially dominant gene. It condiÈions moderate resis-

Ëance to race 56 but ís susceptible Èo race 158. It was transferred to

MarquÍs frorn Egyptian Na 95 (Green et â1. 1960). Sr10 appears to be a

naJor modifier of the resisÈance to race 158 condítioned by Sr7. Dyck

et al. (1969) state that Sr10 does not provide resístance Èo races cur-

rently prevalent ln Ïqlestern Canada, and as far as they know, Sr10 is not

present in the rnodern cultÍvars of North America.

2.5.9 THE GENE Sr11

This gene occurs Ín the varíeties; Gabo, TimsÈein and Kenya Farmer.

It conditions a moderate resisÈant reaction to race 56. The gene is

located on chromosome 68 in Timsteín and Kenya Far:r¡er (Loegering gL g!.

1966). Sr11 is closeLy linked to Ëhe kiIler gene (ki) which reduces the

male transmission and results in a distorted fit of a 3:1 resistant:

susceptible plant ratio (Luig 1960 and Loegering er a1. 1966) . The gene

Sr11 has been used extensively in plant breedíng (Anonymous 1970). The

gene gives clear infection Eypes with most rust cultures.

2.5.10 THE GENE ST12

Sr12 has not been properly identifÍed (Green et al. 1960) . It v¡as

originally shown to complenenË rüith Sr11 and had been locaËed on chromo-

some 38 of Thatcher. Subsequently, Sheen et al. (L964> proposed the sym-

bol Sr12 be used to designate the locus on chromosome 38 of Thatcher con-

ferring high resistance to the 111 race culture
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2.5.LL THE GENE Sr13

Sr13 was transferred ro |tMarquistt background from rrKhapsteinrt. It

conditions a moderate resistance reactlon to races 56 and 158. It is

dominant to race 56 but, Knott (L962 and 1966), has found iE to be re-

cessive to race 158. This gene together v¡ith Sr14, Sr15 and 5116 was

used for the first time in Canada ín 1968 (Green 1969). Sr13 gíves clear

infectíon types wiËh mosË race cultures.

2.5.L2 TIIE GENE Sr14

The gene Sr14 r¿as identified simultaneously with Sr13 by KnotË (L962)

and has sínce been transferred to Marquis from Khapstein (Knott 1966).

It has no effecÈ on race 158 and when alone it has only a slíght effect

on race 56. Knottrs (1966) preliminary data indicated that Sr14 was 1o-

cated on chromosome 18 of l(hapstein.

2.5.L3 TtlE GENE Sr15

Sr15 has been identified in Ëhe varieties rrNorkart and ttThewtf . It

occurs on chromosome 74. Green (1969) reported that this gene gave

variable infection types that were ofËen difficult Ëo interpret. The

variety Norka ís used to test for the effectiveness of Sr15. It is meso-

thetic to a number of North American races including C9 and C18 and sus-

ceptible to all other North American races. lhe mesoËhetic reacËion x

Ís interpreted as a moderaËely resistant reaction. Sr15 is ineffective

against alL EasË African races, (Green et g!. 1970)
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2.5.L4 THE GENE 5116

3116 is locaÈed on the long arm of chromosome 28, 5D or nore cross-

over units from the centromere, and is inherited independent of Sr9. The

host-reactlon is the lnfection type 21. Sr16 is incompletely dominant.

Loegering et al. (Lg66 and 1969) and Green (1969) reported that 5116 pre-

senËs problems for genetic studies because 1t is affected by the environ-

rnent and gives indefinite infection types. 5116 has been isolated from

Thatcher (Bârtos et 41. 1970). Race C17 (56) is virulent on 5rÏ6.

2.5 . 15 TIIE GENE sr17

This recessive gene has been transferred to Marquis from Yaroslav

Eruner. Seedlings having this gene are highly resistanÈ against specific

strains in Australia. So far no nrst culture from North America has been

found which possess a gene interactÍng pith sr17 (Mclntosh et al. L967-\
\

and l{atson et a1. L968). It is present {n the varieËy Mendos. Mclntosh

\

ÎE "1. (1967) located sr17 on chromosome /79 lÍnked with a recessíve gene

for resistance to mil-der¡ and with an incorupletely dominant gène for leaf

rust resistance.

The Sr monogenic lines can be used to deter:urine the races to t¿hich

a particular gene gives resistance; Ëhey are being used as sources of

resistance in breeding progrartrnes and l{atson et 41. (1963) and Green

(1965) have employed them as supplementary differentials to ÍdentÍfy rust

races. Sr lfnes are prerequisiËe in any successful regional gene-deploy-

ment programme or as a l,ogical source of multiline varieties (Ihott 1967 ,
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Browning et al. I969a and 1969b) .

Many sÈudies indlcate Ehat genes effective against races in one

country are not necessarily useful in another country with a differerrt

rust pattern; or genes isolaÈed in one country cannot ofÈen be differen-

tiated in another country during the same perlod of time. For Ínstance,

the discovery of sr17 in Australia and not in North America.

Evans eË al. (1969), Green et al. (1970) and PinËo et al. (1970)

pointed ouË that the current Sr lines identified in North America are

ineffective against mosË of the East African races in Kenya. ConsequenËly,

genetic investigations and the genes isolated from oÈher regíonal pro-

grannes are of límited inËernational applicaËion unless all the rust races

are taken into consideration (MacKey 1965). Presently, for many countries,

it is still unpopular to import rust races. therefore, for rust-resistance

genetics results to apply wholly to Kenyan rust condiËions, Èhe investiga-

tÍons have to be conducted in Kenya.



26

3. MATERIA-LS AND METHODS

3.1 SELECTION OF PARET{IAL VARIETIES AND LINES

Over 3,500 varieties and homozygous lines of Triticum aestivum L.

from the l,Iorld Spring Ï{heat Collection Nursery sent to the Plant Breeding

Station at Njoro (PBS) \¡rere screened for field resistance in 1967. Natu-

ral epiphytotics were good to excellent at both the Njoro and Molo trial

sites. Nevertheless, Ëo ensure heawy epidemícs, the nurseries were arti-

ficially inoculated with a mixture of virulent stem rust races. Thirty-

eight of the original cultivars and línes appeared highly resistant or

heterogeneous for resístance under Kenya conditions (Evans et al. 1969) .

Out of these, eighË have been extracted as donor parents in the Present

studies. TABLE 3:2 presents the names, abbreviatíons and pedigrees along

with their geographic origin.

The cultivars and strains listed in TABLE 3:2 v¡ere selected for the follow-

ing reasons:

a. Each strain has an established recognizable infection response

to the main test races (E44, EA5, il7, EAB, C10 and C17). Most of these

varieties possess genes which provide an effective resistance to at least

Èwo of the test races. TABLE 3:3 shows the ínfection types of the eight

parental sources of resistance and of Hindi 62. The latter ís susceptible

to the current virulent East African races and to most of the North Ameri-

can races.

b. The strains are either being gror¡rn co¡rrnercially in Kenya or are

important sources of rust resistance in the improvement prograÍEne
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c. They are of very dlverse origin and probably possess genes for

rust resistance not previously Ídentified.

Hindi 62 was selected as the suscepÈible parent because: it crosses

easily and seËs good seed with all the varieties being studied; it is

+
photo-insensítive; has consistently exhibited a 4- infection type to the

six rust races being studied and displays very little environmental re-

action variation.

3.1 .1 THE PURITY OF THE HOST PAREMS

Prior to the investigatíons, Ëhe experimental material was grown in

Lhe PBS nurseries for at least five years. During this period, iË was

continually rogued. The year before Ehe crosses were made a number of

heads were bagged individually from random selected plants. Progenies of

Ëhese selfed parental lines ¡¿ere inoculat.ed several times to ascertain

the infection types presented in TABLE 3:3.

3.2 THE OUTLINE OF THN ANAIYIICAL PROCEDURE

The basíc procedure followed Ëhroughout the investigations is illus-

trated in TABLE 3:4.

At PBS the crosses r¡rere usually made in the bírd-proof wire cages or

in the growth chambers. At the University of Manitoba all the crosses

were done during the winter in heated greenhouses.

3.3. PATHOLOGICAL

3.3. 1 STEM RUST INOCIILA USED

The pure cultures of races E"L4(295/L/3/4), EA5 (34/2/5./7 /8),
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E^7 (40/l/ 5/ 6), EAB(40/I/3/4/ 5/ 6) were originally providcd

Ct0(158-1) and Cf7(56) cultures were obtained from Canada

Agriculture Research Station, füinnipeg (CDA), through the

Dr. G. J. Green. These races r¿ere íncreased on seedlings

by PBS. Raccs

Department of

courtesy of

and on adult

plants of the varieties Florence Aurore and Little Club in isolated green-

house compartments, at PBS and CDA respecËively. TABLE 3:5 lists the

East African and Canadian races used and their virulence formulae. Their

ttlnternationaltr race equivalents are indicated.

Referring to TABLE 3:5 the races are given East African (EA) or

Canadian (C) designations after the sysËem developed by Green (1969) for

wheat stem rust. The resistant varieLies in the virulence formula are

given ín the numerator urhíle Lhose in the denominator are susceptible.

Only races with a broad virulence range or prevalent in the fields

when this project r^7as started were included in the present sËudies.

3.3.2 TIIE PURITY OF TIIE PRTMARY INOCUI,A

The original inocula were tested on the differential set and were

found pure. The four EA races viTere maintained on Florence Aurore at PBS

while the two Canadian races were maintained on Little Club at CDA Research

Station. Pot.s of the suscepËible host plants r¡rere gror¡rn and inoculated in

different greenhouse chambers to prevenË contaminaËion. StricË sanitary

precautions \"rere adhered to aË the tÍme of inoculation, collection and

storage of the inocula. The purity for each race r¡ras ascertaÍned by ino-

culating the differential set of varieties and the parental varieties
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(TABLE 3:3). The scores vrere always checked against the Key prepared by

Green (1970).

The above procedure q/as repeated for all the tests conducted during

the course of these investigations. The same race cultures were employed

throughout the period of this study. This was possible because of the

excellenË storage facilities available. The inoculum !üas vacuum sealed

in glass vials and stored eiÈher in liquid nitrogen or refrigerated at 20

to 4oC. Maximum storage periods never exceeded six months. There r¡râs no

noticeable reduction in viability of the cultures nor T¡ras there any evi-

dence of deviation from the expected reaction types on the parental varie-

Ëies or on the differential set of varieties.

3.3.3 METHODS OF SEEDLING INOCI]LATION

Seedlings were ínoculated, when the primary leaves r¿ere 7 to 10 centi-

meters 1ong, by spraying with urediospores of pure cultures suspended in

Bayol-D oil or Mobílsol-100 oil. They were then exposed to atmosphere for

approximately twenty minutes to dry Lhe excess oil. The pots vrere incu-

bated in dew chambers f.or 2O to 24 hours where they were fogged with a fine

spray of water and maintained in a saturated atmosphere. Following incu-

bation, the pots were placed on Ëhe benches in the greenhouse where they

remained until notes were taken on their rust reactions thirteen to fifteen

days after inoculation. The benches had overheadrtímed, fluorescent, supple-

omentary lights. Night temperatures averaged 18-C and day t.emperatures

ranged from 21oc to 24oc.
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3.3.4 RECOR-DING OF THE PATHOLOGICAL OBSERVATIONS

Classification of infection types vras in accordance with Èhe inter-

national usage described and revised by Stakman et al. (1962) . The

actual categories used in these experiments are listed in TABLE 3:6.

TABLE 3:6 CLASSES OF HOST REACTION AND TYPES OF RUST INFECTION.

Pathogen-hos t
Symbols for * Valuation in terms of reaction

infection type pathogen-host reaction abbreviaLion

O;, 1 Highly resistant
+1,1,2Resístant
+-cn2,2,3,3 ,x Moderatelyresistant

+x,3 Moderatelysusceptible

+-+3,4,4,4 Susceptible

VR

0; = no uredia are developed, hypersensitive flecks occur;

1 = uredia are very small and surrounded by sharp, hypersensitive,
necrotic areas;

2 = til,e uredia are smal1 Eo medium in size; hypersensitive areas
present in the form of necrotic halos, surrounding green islands
Ín the centre of which the uredia are usually located;

3 = uredia are of medium size and usually separaËe. Necrosís and
hypersensitiveness are absent but chlorotic areas may surround
the uredia, especially under unfavourable conditÍons.

4 = uredia are large and usually coalesce to form large irregular
pus tules .

x = plants are heterogeneous in theír reaction.

The symbols 
-, t, * irrdi""ae quantiËative variaEions in types of

uredial infection.

R

I'lR

¡,lS

s
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The divisions between thc different

TABLE 3:6 are quite arbitrary. The just

that it facilitates a comparison betr,¡een the relative resistance of tr¿o

or more varieties. Except r,rhere otherwise specified plants with infection

tyPes less Ëhan the standard 3 type including 3- and x type pusÈules were

considered as resistant and others as susceptible.

3.4 TESTS FOR GOODNESS OF FIl

The Karl Pearsonrs Chi-square method was extensively used to test

ion factorthe validity of hypothetical population ratios. Yates correct

was used whenever class populaËions hrere less than 30 plants.

classes in the scale given in

ification of this procedure is
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EXPERIMEMAI PROCEDIIRE FOR INDIVIDUAI EXPERIMEMS

4.T MODE OF INHNRITANCE

In this experiment the parental varieËies v/ere examined for Ëhe num-

ber of genes each possess ¡vhich confer resistancê against the races to

which each variety is resistanÈ.

4.L.T THE METHOD OF STUDY

The eight donor parents were each crossed to the susceptible re-

current parent Hindi 62. One-third of the F, seeds from each cross were

sPace planted in the bird-proof wire cage to raise adequate F, seeds for

a reliable inheritance analysis. These plants were also used to backcross

to Hindi 62 to produce the BCrFr. The remaíning two-thirds of the F,

seeds were used for testing to Ëhe six tester races (approximaËely 10 to

17 F. seeds per race).I

4.L.L.a Handling F, generations

In order to test large F, progenies at the PBS, plants were grown in

beds 3.1 by 1.1 meËres. Rows were spaced 10 centimetres apart. 100 to

120 seeds were planted in each row. All the seedlings were inoculated at

the one leaf stage using a slight modification of the standard procedure

described ín section 3.3.3. The beds vrere covered for 24 hours wíth a poly-

ethylene sheet to serve as an íncubation chamber. During this period ¡he

polyethylene and the seedlings were given a fine spray of water periodi-

cally to maintain high relative huurídity. At Ëhe CDA Research SËaËion, the

plants r¡rere Ëreated as described in secËion 3.3.3.

4.
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4.1.1.b Handlíng the BC'F, Plants.

The backcross F, plants \¡rere space planted in the greenhouse of the

University of Manitoba during the winter 1969. The minimum number of

BC,F. plants r,¡hich ¡¿ere raised r,¡ere calculated according to Èhe method
II

described by Hanson (1959) with fíve Ëo one per cent probabilities for

failing to observe a genoËype segregaËing for at least two gene differ-

ence. Usually many more plants were planted Ëhan required from the cal-

culations. TABLE 4:7 shows the cross, generat.ions and the plant or family

numbers used for each race-test.

4.I.I.c Planting and inoculating of F, backcross families

Progenies of individual BC'F, plants were planted in p

(Bc1F2)

ots to tes t

seedling reactions. The tart, seeds from each family were divided into

as nany portions as the number of races Ëo which the donor parent v/as

originally resisËant. ülhenever the quantity of seed r¿as inadequate,

only the most important races were gíven prioriËy. The identity of each

family was kept and the ratio of resistant to suscept.ible planËs in each

progeny was determined.

In some cases, in order to save time, space, seed and Lo isolate the

genes most effectively, the same plants r^rere test.ed with two races of

rust. At the first leaf-stage, Ëhe seedlings were inoculated with the

first race and seven to eight days later, at the time flecking began, the

same seedlings were inoculated r¿ith the second race. After thirteen to

fifteen days the first infect.ion was read and Ëhe rust.ed leaves removed

before the second infection developed. A week later the second infection
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TLBLE 427 cRossES, GENERATION, POPULATIONS AND TEST RACES.

POPI]LATION
CROSS GENERATION

EA4 EA5

Test Races
EA7 EA8 c10 CL7

H62 x KHR

H622x KHR

H62 x KLD

H622x lA,D

H62 x TPY

2
H62 x

H62 x

2
H62 x

H62 x

2
H62 x CLY

H62 x CIF

2
H62 x CIF

H62 x MIN

2
H62 x l"lIN

H62 x WIS

2
H62 x WIS

t7

3248
&

65

L7

3248

s4

I4
LL20

47

TPY

TBR

TBR

CLY

tt
,z

Uatt, Families

Ft
,z

UCTFZ Families

F I,z

BC'F2 Families

Ft
,z

BattZ Families

tt
rz

Uart, Families

tt
,z

UCttZ Families

tt
Fz

Uatt, Families

Ft
,z

BC'F, Families

16

727

52

16

637

53

15

637

50

18

712

6L

L6

870

53

18

596

65

16

970

46

t7
1109

56

18

1040

46

T7

581

52

L7

487

4B

t7

875

7L

T7

r 288

40

16

896

65

16

5s4

32

16

486

37

T7

LT44

60

I6
570

¿+6

lhe average population r¿ithin each BCIF2 family was 38 plants.
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r^ras read. No evidence was f ound to lndicate that second infection

differential varie-interferred adversely with the first infection.

ties and the parental varieties produced their typícal reactions to the

t\,ro races when inoculated in the same lrlay. A method similar to this has

been used by Knott et al. (1956) and Loegering et al. (1966).

In certain cases reciprocal irro".rlttions were performed. Reciprocal

tests involved dividing the BC'F, progenies into at least two lots of

seed. Then inoculating the first leaves of the first lot \^rith one of the

races and the second leaves with the other race. The race priority was

reversed in the second batch of seed.

In general, very uniform rust infections were obtained. In the few

cases where an tOt reactíon type was recorded, the planËs showing no in-

fection were either reinoculated or raised to maturiËy and their progenies

hrere re-evaluated as BC'F, 1ines.

4.2 THE ISOLATION OF THX MONOGENIC LINES

4.2.L MATERIAL AND METHOD

The material for this experiment was advanced from Èhe BC'F, families

described in Ëhe previous section. A careful examination of the results

from Ëhe doubly inoculated plants was conducted. Several plants from a

single BCTFZ family which segregated for one race but was susceptible to

the other were saved. Only Ëhose BC'F, families v¡hích segregaËed in a

3:1 or 1:3 monogenic ratio I¡/ere kept for Ëhe isolation exercíse. These

selecEed resistant BC.F^ plants r,rere gro$rn Ëo maturity. In cases where

the

The



4L

apparenËly a single gene conferred resistance to a number of test races

the same procedure was followed. In all cases susceptible families were

discarded.

In order to obtain monogenic lines which are essentially similar to

the recurrent parent (nøZ¡ a number of backcrosses are essential. Con-

sequently, resistant BCrF, plants which resembled H62 utere used to back-

cross to Híndi 62. The indivídual pollinators were select,ed from diffe-

rent BC F^ families and pollen from a single plant was used to make each
T2

cross. The BC'F¡ (non-crossed seeds) were used for a progeny t.est for

resistance against the race or races involved to confirm the genetic ratios

obtained from the F, backcross families. The BC'F, plants which segre-

gated in the UC'F3 together r¡ith their BC,F, qTere not used for the next

backcross but were kept as reserve seed stock. The BC'F, seed from the

homozygous BC'F, planËs r¡/ere grovrn and a fourth cross to Hindí 62 (BCaF')

was made. Hindi 62 was always used as female parent and only the back-

cross progenies which resembled Hindi 62 were used in subsequent back-

crosses.

The BCrF, from at least seven different UattZ progenitors I{ere tested.

The resistant plants were raised Ëo maturity. The Ua¡tZ seedlings were

subsequently tested and the resistant plants raísed to maturity. The re-

sulting Ua¡tS progeníes vrere tested in the greenhouse and the resistant

plants transplanted out in the field during the September-February out-of-

season period. Three resistant ta:t: from each of 6 to 17 BCaF2 homozygous

resistant progenitors were retained.
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On these apparently homozygous lines, a series of verification cros-

ses ltere performed. An extra cross to H62 was conducted to ratify the

monogeneity of the ísolated genetic lines and to furÈher reconstitutc tllrr

H62 background. Eventually one plant progeny resemblÍng Hindi 62 in most

respecËs was retained Ëo represent each isolated resistant gene.

Ttre schedule for the selectfons perforned at UnÍversity of I'fanitoba

was slightly different from Ëhe PBS programme. For the U of M material,

the BC-F^ seed from every family was dívided into two 1ots. The first32
1oË was field planted at PBS where Ehe planËs resembling Hindi 62 utete

crossed Ëo H62, Ëo the Sr series, wÍthin themselves and between lines from

other varietíes r¿hich had identical resístance. The second lot of BCaF2

seed was tested wíth races C10 and C17 at the CDA, Research Station. From

the results with the BCrF, seedlings, all the BC,F, generations including

their crossed seed originating from segregating Bc^F^ progenitors \rere
J¿

dropped from further Èests. The ttgt, progeny plus the crossed (Fr) seeds

em¿¡nating from homozygous *gtZ plants were again grotùn aË Njoro Ëo obtain

BCgF4 and F, seed stocks for monogenic line comparisons. In the pBS

fields the BC^F^ were selected for resemblance to Hindi 62. The U of M33
selected lines htere tested against East. African races. During the winter

months, February and March L972, the BG,FO lines together with the verifi-

cation F, Pro8enies were t,ested fn the greenhouse at CDA Research Statíon.

TABLE 4:8 illustrates the calendar of operations followed to isolate and

to idenËify the monogenic lines

Most of the monogenic lines rüere expecÈed to be highly susceptible
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TABLE 4:B lHn CA],ENDAR FoR MONOGENIC ISOIATION OPERATIONS.

Generation Year Season* Operation

A. NJORO PROGRAMME:

BCIF2 1968 Oct.-Feb. Mode of inherÍtance; Gene isolation; UaZtt
(C) produced. ' '

tCetr , *"i;i"t. No seedlÍns testr M¡tt produced.

BCaFI L969 Aug.-Feb. Seedling test; transplant resistant.
(c)

K¡te L}TO May -Jul. Seedling test; transplant resistant.
(cc)

"s's 1e70 n"'i;T"o' 
ï:::ï:-::":; ffi:"1:"î:":::'il:::å.",",
intergeni'c lines.

L97L Feb.-Aug. VerificaËÍon crosses advanced I

(C) 
veritlcaËion crosses advanced to Fr.

LgTi- Aug.-Dec. Completed isolation; checked the ídentity;
Sr relationship; studied effect of iso-
lated genes to oÈher races; tested U of M

selected lines to EA. races.
B. U of M and CDA PROGRAMME:

Ktt, L969 Sep . -Dec . Seedl ing tes t; transplant res is Ëant;
(G) BC2tf produced.

BC2F' L97O Feb.-Jun. Planted at PBS; No tesr; BC,F, produced.

UCgFt L}TO Sep.-Dec. Seedling test; transplant resistanË at
(c) U of M.

BCgFZ L97I Jan. -May Planted at PBS; seedling Ëest; crossed to
(C) H62, Sr lines, intragenic and intergenic.

BcaF3 L97L Jun.-Nov. Planted at PBS, seedling test to EA races;
advanced verification crosses to F2.

Uagt4 L972 Feb.-l"far. Conpleted ísolatíon; checked the identÍËy;
(G) Sr relationship; studied effect of isola-

ted genes to other races; tested Kenya
selected l-ines to Canadian races.

Letters in parenthesis ÍndicaËe r,ilrere the generation rsas raised to
maturity
(C) = Bird-proof Cage; (G) = Greenhouse; (GC) = Growrh CabÍnet.
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to a number of the races in the field. Therefore, fortnightly sprayings

with |tDithane" fungícÍde was comnenced afËer the tillering stage.

4.3. IDEI{IIETCATION OF THE ISOI,ATED UONOGENIC LINES

4.3.I RULATIONSHIP WIfiI TTTE IDEMIFIED STEX'{ RUST GENES

The establíshed stem rust (Sr) genes desÍgnated Sr1, Sr5, 516, Sr7,

Sr8, Sr9a, Sr9b, Sr10, Sr11, Sr13, Sr14, Sr15, 51L6 and sr17 were obtained

from Dr. G. J. Greenrs dífferential seed stock. These lines were included

in all the Ëests as a check on the purity of the races. Their infection

to the six races used are tabulaËed in TABLE 4:9.

I,lhen the relationship studies rvere conducted, the Sr infection types

hrere carefully compared with the ínfection types recorded from the parenEs

given in TABLE 3:3. Only those Sr gene lines that exhibited resistant re-

actions simÍlar to the parent variety or comparable Ëo the isolated mono-

genic lines were used in the crosses for the presenË investigations.

The techníque employed to obtain closely related and comparable hy-

brÍds was to select three well tillered plants of the homozygous lines

(BC^F^ lines for PBS material and BC^F^ línes for the U of M rnaterial).
J¿JJ

As many heads as there were numbers of Sr lines showing resÍstance to

Ëhe same race were emascuLated. The pollen was obtained from a single

plant in most cases

4.3.2. COMPARISON OF I,TONOGENIC IINES FROM THE SA}ÍE VARIETY

The identity of inËra-varietaL genes r¡as initially done r¡ith the

BC1F2 famílies. The planËs of each family ¡¡ere ÍnoculaËed with aÈ least
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TABLE 4:9 INFECTION TYPES PRODUCED oN THE 14 Sr LINES BY 6 STB'I RUST

h¡ces.

Sr Line Infection Tro.ol

EA4 (2es) EAs (34) EA7 (40) EA8(40) c10(1sB-1) cl7 (s6)

1

5

6

7

*t8-

9a

9b

10

11

13

I4

15x

16

17x

4

4

4

4

3

4

3

4

4

3+

+
3

4

4

4

4

4

;1

;1

+
3

4

4-

+
3

+
3

4

4

4

4

4

2

4

;1

4

+
2

2

2

4

;1

2+

+
2-3

4

4

;1

4

4

+
3

4

4

4

4

4

4

+
3

+
3

4

4

4

3

4

+
3

4

+
3

4

4

4

0;

2

4

x

+
3

;1

4

+
3

+
3

+
3

+
3

4'

4

+
3

+
3

+2-

+
3

4

+
3

4

*.1
Figures in parenthesis denote the International rtsËandardtt races.

* Not in Marquis background.

o2
Normal Ínfection type for Sr8 is 2l to race C10(158-1).
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tvro different races as clescribed in scction 4.1.1.c. If the gene(s) for

resistance to one race segreg"t.a fndependently of the gene(s) for Èhe

other race, then the tvro genes were different from one another. But in

cases where a single gene conferred resistance to tl¡ro or more races,

families which segregated for one, also segregated for the other, and

individual plants reacted similarly to both races. This was conclusive

evidence that the same gene(s) gave resisËance Ëo both Ëest races.

In the cases v¡here BCTFZ familíes were not conclusive, the BC,F,

homozygous lines were compared wfth the Sr línes as described in the pre-

vious secEion 4.3.1. F3 lines which dfd not segregate when crossed to

the same Sr gene line when inoculated with the same race T^Iere classified

as ídentical genes. Then there r^rere others (BCaF3 lines) which defied

all the above tests. These were inËercrossed. The resultíng F, Pro-

genies were inoculat.ed r^rith the race(s) to which the parental Lines were

resístant. Those BCaF3 1ínes r,¡hich segregated were classified as being

different while those which bred true for resistance were classified as

being identical genes.

Another criterion Ëo the identify of intra-varietal genes was the mode

of inheritance. Those genes which displayed a recessive mode of inheri-

Ëance vrere usually classified as being different from those showing a

dominant resistance gene.

4.3.3 COMPARISON BETI^TEEN I}fIERVARIETAI GENES

The remainíng 3CrF, lines, afËer identífying Ëhose r^rhich were ídenti-

ca1 Ëo the established Sr gene lines and after regrouping the intra-
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varietal gene lines, \¡rere crossed. TABLE 5:39 shows the lines which rvere

compared. Here again recessiveness and dominance of the resistant genes

r¡rere considered when making the crosses. A monogenic line derived from

a parenÈ r¿hich rras suscepËible Ëo a certain race hras not crossed to a

monogenic line whose progenitor was resistant to the same race. Only

those monogenic lines derived from parents conveying resistance to the

same race or races were crossed for comparison. Nevertheless, all the

K¡F¡ lines from all sources vrere tested to all the tester races.

4.4 THE INFECTION TYPES PRODUCED ON MONOGENIC LINES BY RACES OTHER

THAN THE PRIMARY SIX RACES

The range of resistance of the retained monogenic lines was deter-

mined by inoculating them with six addÍtional East African races:

EAll(40); EA12(a0); EA13(34); EA14(11); EAls(11) and EA16(34). culËures

of seven other North American races: CL(17); C2(174); CIB(158-1t);

C2O(11); C22(32); C25(38) and C41(32-1L3) r¿ere also used. These races

were selected because of their lncreasing frequency in the rust survey

collections ín recent years. The EA races were obËained from PBS while

the Canadian races were from CDA, tlinnipeg Research Station.

On Ëhe basis of the ínformation obtained regarding the idenÈity of

the isolated lines, only the lines which $rere apparently unÍdentified

previously \¡rere tested to Ëhese additional races. Ilindi 62 was also in-

cluded in the tests. In cases where H62 was resistant to a race, then

Ëhe monogeneity of the line or the parent that contributed the resistance

gene to Èhat particular race(s) would be doubted. The monogenÍc lines
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and Hindi 62 rvere seeded in a concentric order similar to the planting

patËern of race differential seË of varieties. Two such pot-plantings

ttere repeated for every race.
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5. RIÌSULTS

5.1 THE MODE OF INHERITANCE

5.1 .1 INHERITANCE STUDIES - KENYA HIJNTER x IIINDI 62

Kenya Hunter is resistant only to races EA4 and Cl7, therefore only

these tr,ro races t¡ere tested against the segregating populatíons. In

TABLE 5:10 is presented the parental, Fr, EZ, UattZ and BC'F, seedling

reactions of KHR x H62 crosses to race EA4.

TABLE 5:10 STEM RUST REACTIONS TO RACE EA4 OF PARE}IIS AND SEED1INGS

OF KENYA HI]NTER CROSS AND BACKCROSS 10 HINDI 62.

Generation or parent Breeding behaviour Expected chi- P-

R Seg Sx Ratio Square Value

Hindi 62 (H62) S.

Kenya Hunter (IAIR) R

H62 x KIIR

F-1700I

l' 2428 - 820 3: 1 0.105 . B0- .70,2

2
H62 x KHR

F^ families O 37 28 1:1 1.538 .30-'20
¿

*
F^ lines' 5 12 0 1:2 0.007 .95-.90

J

The ratio within the 37 segregatine BC'F, families r¿as 912R:316S for a

3:1 ratio; P = .50-.30. The ratio wiËhin BC,F. seg. families was
IJ

566R:193S for a 3:1 ratio; P = .80-.70.

R = Resistant: Seg. = Segregating; S = Susceptible.

BC1F: lines are progenies of reslstanË BC'F, planËs.
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Dominance in the F, generatlon for reslstance appeared complete.

The F, populatlons fltted the expectcd 3:1 ratlo for a single dominant

gene for resisËance. SegregatÍon in the BC'F, and BC'F, generations also

produced the expected monogenic raÈio. The results verify that a single

dominant facËor governs the resÍstance of Kenya Hunter to EA4 in the seed-

lfng stage.

Seedling reactions to race C17(56) r{ere, with verT few exceptíons,

definite and easy to classify. The resistant segregates produced 0;, 1

and 2 pustule Ëypes r¿hile the susceptibles had 3* to 4 infection Ëypes.

All the plants of the donor parent (Kifi.) consistently produced 0; or;1

and H62, 4 or 4 Ëype pusEules.

ReactÍons to C17(56) are presented ín TABLE 5:11.

TABLE 5:11 STEM RUST REACTIONS TO RACE C17 (56) OF PARE}IIS AND SEEDLINGS

OF KENYA HI}I.ITER CROSS AND BACI{CROSS TO HINDI 62.

Generation or Parent
Breeding behaviour

RSegS
Expected.

Ratio

chi-

Square

P-

Value

Hindi 62 (1162)

Kenya Hunter (IGIR)

H62 x KHR

tt
E,

t-
H62- x KIIR

F, families

F, lines

17 (MR) 0

674

s

R

3:1

1:1

l:2

0

20r 1 .920

0.014

0.0s4

.20-.10

.95-.90

.90-.75

03635
6150

The ratio ¡sithin segregating famÍlies

BC1F2 families; 1336R:4365

BCTFS tines; 1321R:470S

were:

P-va1ue

P-vaLue

for a 3:1.

for a 3:1

ratio = 0.70

ratio = .30 to .20
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The distribution of F, plants suggested the operation of a single

major factor paír in Kenya Hunter governíng resistance to race C17(56).

Since the F, seedlings showed a moderately resistant ;2 pustule type,I-

the gene is only partially dominant. Family distribution in the BC'F,

generation and BC1F3 lines seLect,ed from resistant BCttZ plants clearly

confirm the single gene inheÈitance.

The results of the reclprocal tests on the F, families from the back-

cross of KIIR and H62 suggested independent segregation of the factors for

resistance toEA4 and C17(56). Four groups of lines were observed: 13

lines segregated for both the races; 17 lines segregated for race EA4 but

!ìrere susceptible to race C17(56); 9 lines segregated for race C17(56) but

ürere susceptible to EA4. 13 other lines Írere completely susceptible to

both races. This 13 ;L729:13 proportion fiËted the 1:1:1:1 ratio expected

of a digenic inheritance postulated for F, backcross families. The calcu-

lated P-value for the Chi-square goodness of fit was .20 to .10.

These mode of inheritance studies reveal that Kenya Hunter possesses

tvro major genes for resistance against races EA4 and C17(56). The one

giving resistance to EA4 is being isolated into Hindí 62 background. (See

sections 4.2 and 5.2 f.ot methods and the resulËs pertaining to the isola-

tion of monogenic lines).

5.T.2 INHERITANCE STUDIES - KEI{YA LEOPARD x HINDI 62

Kenya Leopard crosses lrere tested agafnst the three races EA5, EA7

and G17.

In tesËs with EA5, (lABtE 5:12), the Chi-square tesË of goodness of
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fit for F, populations conformed to a 3:1 ratio. The F, observations

indicated that resistance hras not completel-y dominant. The breeding be-

haviour of the BC1F2 plants and BC'F, lines from Ëhe resistant BG'F, both

substantiate a single factor inherÍtance.

TABLE 5:12 STEM RUST REACTIONS 1O RACE EA5 OF PARENTS AND SEEDLINGS OF

KEIIyA LEOPARD CROSS A¡üD BACKCROSS TO HINDI 62.

Generation or Parent BreedÍng behaviour

RSegS
Expected

Ratio

chi-

Square

P.

Value

Hindi 62 (H62)

Kenya Leopard (ICD)

H62 x KLD

Ft

,2

H622x KLo
F, farnilies

F, lines

L6

552

S

R

02527
7L70

00
- r75 3:1

1:1

l:2

0.334

0.019

0.o47

.75-.50

.95- .90

. 90-.80

The ratio within segregating ffilFz families: 529R : 1575; P value for 3:1

was .30 to .2O. I,fithin BC'F: lines: 1020R : 3405; P value for 3:1 was

.95- .90.

Kenya Leopard is highly resistant (;1) to EA7, whereas the recurrent

parent Hindí 62 gave 3* to 4 reaction types. The F, plants \rere not as

resistant as Kenya Leopard. They exhibited 1* to ;2 infection types.

Therefore the Kenya Leopard gene is either incompletely dominant or less

effective under the Ínfluence of llíndi 62 background. The infected seed-

ling leaves were characterÍzed by early senescence. Horcever in the F,
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generation, some of the resistant plants exhibÍËed infection types identi-

cal to Kenya Leopard (;1, pustule type), whÍle others r¿ere moderately re-

sÍsÈanÈ, (;2), like the heterozygous F, plants.

The F, populations segregated into 458R : 138S (TABLE 5:I3). This

fitted saËisfactorÍly the postulaËed 3:1 ratÍo with a P value of .50 to

.25. The obser'¡ed proportion shows a higþer number of plants Ín the re-

sistant class than expected. This might be accounted for by the fact that

some r¿ithered plants which r¡ere classified as resistant might have been

susceptible. This was found true at least in one of the BC'F2 planLs which

had been classifÍed as resistant but proved to be homozygous susceptÍble in

the BC'F, tesËs. The breeding behaviour of BC'F, and BC'F, (TABIE 5:13)

further confirm the one gene hypothesis.

TABLE 5:13 STEM RUST REACTIONS 1O RACE EA7 OF PARENTS AND SEEDLINGS OF

KEI{YA LEOPARD CROSS AND BACKCROSS TO HINDI 62.

GeneraÈion or Parent
Breeding behaviour

RSegS
chi- P-

Square Value

Expected

Ratio

rrindi 62 (1162)

Kenya Leopard (IGD)

H62 x KLD

Ft

,,

11622x \Õ.D

F, farnilies

F, lines

18

4s8

s

R

3:1

1:1

L:2

00
- 138 1 .083 . 50- .25

0.019 .95-.90

o.062 .80-.70

03332
5130

l{Íthin the BC'F, se8. familiesz 495 : l-635; P value of

3:1 ratio. llithin BC'F, se8. famiLies: L272R t 4Q2S;

for a 3:1 ratio

.95 to

P value

for a

to .30

.90

.50
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since some of the F, plants and the homozygous BC'F, plants dis-

played resistant infection types similar to Kenya Leopard, it night be

inferred that the moderate resistance observed in F, v¡as not due to the

Hindi 62 background. Probably Ehe Kenya Leopard gene lras less effective

in a heterozygous condition. It is most likely to be a partially dominant

gene.

The genetic data presented in TABLE 5:14 show thaË Kenya Leopard had

one partíally dominant gene for resísËance against race C17 (56) . The

UaltZ and BCIF, families fitted satisfacËorily the proposed monofactorial

inheritance even though the F^ ratio 1,las not in good agreement.
¿

TABLE 5:14 STE}'I RUST REACTIONS TO RACE C17(56) OF PARENTS AND SEEDLINGS

OF KENYA LEOPARD CROSS AND BACKCROSS TO HINDI 62.

GeneraEion or Parent
Breeding behaviour ExpecLed Chi- P-

RSegS Ratio Square Value

Hindi 62 (H62)

Kenya Leopard (Kl,D)

H62 x KLD

tt
,z

2
H62 x IÕD

F, families

F, lines

T7

927

0

364 3:1

1:1

I:2

6. 683

0.047

S

R

0

02020
7L70

Less .01

1

.90- .80

lJithin the

ratio with

P value =

backcross

P value of

- .05 for

,z

d

.10

seg. families the ratío

.80 - .70. ÏIithin seg.

3:1 ratio.

was 697R : 2265 for a 3:l

BCtt¡ lines: 1245R : 4565
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Infection Ëypes recorded on the resistant seedlíngs varied from ;1
+to ;2:. It was assumed that plants gíving the ;1 were homozygous for

resistance while the ;2t t"r. heterozygous. Hence most of Ëhe backcross

oPerations to isolate the genes were performed on Èhe transplanted plants

that had gÍven ;1 fnfection type.

Kenya Leopard - Hindi 62 backcross fanilies were simultaneously

tested Ëo the three experimenËaL races EA5(34), EA7(40) and G17(56). The

results (TABLE 5:15) suggest that the s¿rme gene confers resístance to both

races EA5 and C17(56) because every family that segregated for resistance

to one of the races also segregated for the other. Similarly susceptible

families for EA5 were also susceptible to C17(56). Resistance to EA7

appeared to segregate independent of the gene for both EA5 and C17 (56) .

TABLE 5:15 THE COMBINED RESULTS FOR RACES EA5, EA7 AITD C17 FOR KEIIYA

LEOPARD x rrrNDr 622 (BC1r2).

RACES EA5 AND C17
TOTAI.

Seg. (3:1) Susceptible
P-
VaIue

RACE

EA7

Seg. (3:1) 24

11Susceptible

28

25L4

.80-.70

TOIAT

P-value (1:1)

35

.05-.0L

18
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From TABLE 5:15 it is noteworthy Ëhat out of 53 BC1F2 families, 38

gave the parenËal phenotypes, that ls, they either segregated simul-

taneously to the Lhree races or vrere susceptible. Only fifteen families

displayed some recombinant, phenotypes. Thís deviaÈion from the expected

ratio of 1 parental : 1 recombinant phenotyPes indicates that the two

genes responsible for resisËance against races EA5, EA7 and C17 are 1o-

cated on the same chromosome, and linkage is in the coupling phase. A

línkage value of 28.3 per cent was estimaËed from the BCIF' data in

TABLE 5:15.

The two ïesistance genes against races EA4, EA7 and C17(56) predicted

for Kenya Leopard are both lsolated ín the Hindi 62 background.

5.1.3 INHERITANCE STUDIES - TROPHY x HINDI 62

Trophy is a l"lexícan wheat variety which is used extensively in the

Kenya breeding progïamrne and has accounted for more than 50 per cent of

wheat acreage in Kenya in 1971. Trophy is highly resistant (;1) to race

EA5, moderately resistant Z! to EA8 and very resisËant to C17.

The inheritance proved to be simple when tested with race EA5 (TABIE

5:16). The F, PoPulations displayed a hypersensiËíve reaction with

brownish necrotic lesions around Ëhe tiny pustules. The F, segreBation,

the BC'F, and BC'F, breedÍng behaviour all verify a single dominanË gene

as responsible for resistance to EA5.

As indicated in TABLE 5:17, Trophy produced a moderaËely resistant

2L reactíon when ínfected by EA8. Fl plants were difficult to classify.

They showed 3 or *t iofe.tion type which is regarded as susceptíble índica-

ting a recessive resisËance.
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ÎABLE 5:16 THE SÎEM RUST REACTIONS TO RACE EA5 OF PAREÌ{TS AT{D SEEDLINGS

OF TROPI{Y CROSS AND BACKCROSS TO I{INDI 62.

Breeding behaviour Expected Chi- P-
Generation or Parent 

-

RSegS Ratio Square Value

HÍndi 62 (H62)

Trophy (TPY)

H62 x TPY

Ft

Fz

2
H62 x TPY

F, families

F^ lines
J

L6

285

0

r52 3:1 0.440

0 .016

R

03332

6L20

1:1

L:2

.70-.50

.95-.90

1.

I{ithin F,

3:1 raËio.

.70 for a

backcross families seg.: 515R : 1825; P

I^lithin F, backcross Lines seg.: 85LR :

3:l ratio.

value .50 - .30 for a

2903; P value .80 -
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TABLE 5:17 THE STEM RUST REACTIONS TO RACE EA8 OF

OF TROPHS CROSS AI{D BACKCROSS TO HINDI
PARENTS AND SEEDLINGS
62.

GeneraËion or Parent Breeding behaviour

MR Seg S

chi- P-

Square Value

Expected

Ratio

Hindi 62 (H62)

Trophy (TPY)

1162 x TPY

F
1_

,z

2

s

MR

24

0

H62 x

Ez

Fg

0

L27 1:3

017

o 454

1:1

lPY

families

1 ines

0

11

2B

0

4.551

0.308

.05- .01

.70-.50

I,fithin segregati.,g KtF2 familíes 60MR: 2335; P-value .10 to .05 for a

3:1 ratio.



59

Some F, plants exhibited a infection type like the resistant

above infection tyPes

had intermediate infection types 23, i3, 3cn and x-

population presented a problem. However, all the

were classified as a resistant group. On this basis

the F^ segregation satisfied a single recessive factor Ínheritance for
¿

resistance.

Segregation among the BC'F, families conclusively supported the single

gene inheritance. The behaviour of the F, backcross lines selected from

resistant Uart, planLs confirmed the hypotheËical single recessive gene

(a11 the lines were homozygous although they were less resistanË than the

donor parent Trophy). Ttrese results also suggest the presence of minor

gene(s) which enhance the resistance of Trophy to EA8'

The present. ínvestigations indicate that Trophy is a good source of

resistance to the North American race C17(56). The host-pathogen reaction

type is a fleck. The F, Plants were all moderately resisËant with infectíon

;2 type pustules, thus indicating incomplete dominance inherítance' The

genetic analytical data given in TABLE 5:18 shows that the inheritance to

race C17(56) is governed by a single gene.

F, populations indicated thaË a single gene conferred resisLance to

Cl7 (56) . The resistant F, seedlings exhibited a variation of infection

type;1 like the donor parent or 2L like the heËerozygous F, population.

Data from the BCIF, and BCIF, families selected from the resistant tcttz

progenitors fitted satisfacËorily a monogenic inheriËance postulated for

Trophy.

2!

parent TrophY. Others

Classification of this
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TABLE 5:18 THE srEM RUST REAcrroNs ro RAGE c17(56) oF PAREIÌIS AtrD
SEEDLINGS OF TROPHY CROSS AND BACI(CROSS TO HINDI 62.

Generation or parent Breeding behaviour Expected Chi- p-

R Seg S Ratio Square Value

Hindi 62 (ttOZ¡

Trophy (TPY)

H62 x TPY

tt

,z

2
H62 x fPY

F^ families 0 33 32 1:1 0.016 .95-.902-
F^ lines 6 13 0 L:2 0.006 .95-.903-

Ratios n¡ithÍn segregating fanílies r^rere as foll-ows:

tCtFZ 969R : 331S P for 3:l- rario - .70

tattg 1176R z 4025 P for 3:1 ratio = .7O - .50

e

R

1600

678 - 2L8 3:1 0.2L4 .70-.50
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The 33 BC'F2 families that segregated in Canada for C17(56) also

segregated for EA5 in Kenya whlle 32 farnilies were completely susceptibl€.

Èo both races. rE is most probable that the same gene in Trophy is res-

ponsible for resistance to both cL7 and EA5 (TASLES 5:16 and 5:18). The

recessive gene effective against EAB assorted independently of the former

gene.

These results indicate that Trophy possesses at least two genes for

resistance against races EA5, EA8 and C17(56). AtÈempts were made Ëo iso-

late all the resistance to all. three races in Hindi 62 through a serÍes of

backcrosses.

5.L.4 INHERITANCE STIIDIES - TOBARI 66 x HINDI 62

Tobari 66 is another Mexican variety that combines high yield and

good resisËance. IL consistenËly produced infecËion Ëypes ;1 Ëo race EA5,

L to 2 to race EA7 and a 0; infection type to race C17 (56) .

The 15 F, plants were as resist,ant as Tobari 66. Resistance to EA5I

is therefore controlled by a compl-ete1y dominant gene (TABLE 5:19). The

F,, segregation indicates a nonofactorial mode of inheritance. Again for
¿

Tobari 66 as for Kenya Leopard agaÍnst EA5 there was a slight deficiency

of the resistant plants. However the BC'F2 segregation confirmed the mono-

factorial inheritance. I.IÍthin segregatÍng famílies the fit to the expected

3:1 ratio r.ras belov¡ the .05 probability level. the discrepancy cannot be

attribut.ed to the chance error alone. I.{?rile, there is strong evidence for

a single major gene detetmining resistance in Tobari 66, it is probable

that some modifiers effect the expressivety of the major géne and tend to
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distort Ëhe exPected raËio.

TASLE 5:19 TIIE STN4 RUST REACTIONS TO RACE EA5 OF PARElifIS AND SEEDLINGS
OF TOBART 66 CROSS AI{D BACI(CROSS TO ETNDI 62.

Generation or parent Breedlng behaviour Expected chi- P-

R Seg S Ratio Square Value

HÍndi 62 (it6Z) s-
Tobari 66 (TBR) R

1162 x TBR

F1500I
F^ 475 - L62 3:1 0.063 .80-.70

¿

2
H62 x TBR

F familíes O 25 25 1:1 - I'2

F^ lines 5 L2 0 Lz2 0.007 .95-.90
J

Ratio within segregating famÍlíes were:

BCIF2 familÍes: 529R : 2195 P-value .05-.01 for a 3:1 ratio
BGttg lines: 809R : 2875 P-value .50-.30 for a 3:1 ratío.

I,Jïren the BC1F3 lines randomLy selecËed from resistant BC'F2 families,

were tested, the observed 5R : 12 Seg. fitted to the expected lR : 2 Seg.

ratio we11.

Tobari 66 is moderately resistant (1 to 2) to race EA7. Híndi 62 ís

very susceptible (4) t,o the same race. TABLE 5:20 gives Ëhe surmnary of

the genetic intrerítance results obtained by crossÍng the two varieties.
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The F, plants showed susceptibility 3 to 3* infection Ëypes to race EA7.

TABLE 5:20 STE{ RUSI REACTIONS TO RACE EA7 OF PAREÌ{IS AI{D SEEDLINGS
TOBART 66 CROSS AI{D BACKCROSS TO HINDI 62.

THE

OF

Generat.ion or Parent
Breeding behavlour

¡fR Seg S

ghi- P-

Square Value

Expected

Ratio

Híndi 62 (H621

Tobari 66 (TBR)

H62 x TBR

tt
,z

H622x lBR

, Z families

ì{R

0

2L3

16

757 1:3 1 .141

1:12t

0

25

.30-.20

0.196 .70-.50

Within KttZ segregating families the rario was 195R: 2855; P for l:3 =

.05 - .01.

Classifícation into resistant and susceptÍble categories in the F,

generation ri¡as complÍcated. lJhenever the mean temperature in the green-

house was above normal, that is, more than 30oC, the plants gave 3+ to 4

infection Lypes. Accordíng to the standards set in the present studies
J.

plants giving 3' were classiffed as susceptible. TABLE 3:6 shows the

standards adopted to delineate resístanÈ from the susceptíble plants. The

resuLts in TABLE 5:20 were recorded under normal Njoro greenhouse tempera-

tures (diurnal rean of ZZoC¡. The distribution of the F, population fitted
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the expected lR:35 ratio for a recessive gene.

Forty-six F, backcross families tested to EA7 segregated in a manner

thar confirmed the single gene hypothesis. The 25 segregating families

fitted poorly (P - value of .05 to .01) Ëhe expected 1R:3S ratio. The

poor fit suggests the operation of some other additional factor or factors

modifying the major gene.

AËËempts to study Ëhe twenty-one BCIF: lines proved futile when all

of them vrere susceptible. This might be explained by assuming that the

Tobari 66 gene is temperature sensitive. A hot wave that prevailed at

Njoro in October, Lg7L, during the fourteen day period allowed for infec-

Èion to develop, might have influenced the reacËion. The Hindi 62 back-

ground cannot be precluded totally as an influencing factor on the Pene-

Ërance and the expressiviËy of Tobari 66 resistance gene agaínst EA7.

Tobari 66 ís highly resistant (0;) to race C17(56). The hypersensi-

tívity ís characterized on seedllngs by greyish necrotic areas which sur-

round the pusËules.

The F, plants t{ere resfstant wíth ;2 pustule types. Thís indicated
I

tha¡ the resisÈance \¡ras somewhaË reduced in a heterozygous condition or

by the genetic background of the susceptible parent Híndi 62. The F,

generation segregated into approximately 15R : 1S plant classes. Two domi-

nanÈ duplicate gene inheriËance was inferred from this data. I¡liËh re-

ference to TABLE 522L, the paËtern of breeding behaviour between Èhe F,

backcross familles confirmed Ëhe dlgeníc mode of inheritance: 24 famÍlies

segregated while 8 families were ful1y susceptible. This distribution fiËs
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TABLE 5:21 TIIE STEM RUST REACTIONS 1O RACE C17(56) OF PAREIIIS Al{D

SEEDLINGS OF TOBARI 66 CROSS AI{D BACKCROSS TO HINDI 62.

. Breedíng_þeþqvþur Expected Chi- P-Generation or Parent
R Seg S Ratio Square Value

Híndi 62 (H62) s -

Tobari 66 (TBR) VR

H62 x TBR

F1600
1

F^ 52L - 33 15:1 0.081 .80-.70
z

2
fI62 x TBR

F^ fanilies O 24 8 3:1 1
¿

Withín the BC'F, families segregatÍon was:

l-6 families seg. 376R:1045 P =.L0 - .05 for 3:1 ratio

8 families seg. 269R z 225 P = .50 - .30 for 15:1 ratio.
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perfectly the expected 3:1 for BCIF' ratio. Furthermore the disÈribu-

tion of the 24 segregatÍng faurilies was 8 segregating into approxÍmately

15R : 1S and 16 families segregating 3R : 1S. This obsenred proportion

fits a digenic test-cross ratio of 1:1:1:1 when the trùo non-parental geno-

types are pooled, (that ís, when the I susceptible famílies are included

in the proportlon 8:24:8).

It r¡as observed that one of the two duplicate genes conditioned a

+
;2- infection type while the other lras more effective and conferred a

+hypersensitive 1 infection type. Presumably when the tr¡o genes are com-

bined, a more effective resÍstance (;1 infection type) results. This

inferrence \ùas derived by examining the BC1F2 familÍes. The progenies

of families segregáting 3:1, that is, segregaÈing for one of the genes,

displayed infection type 1+ while the other monogenically segregatÍng

familles displayed infection type 2t. Those famílies ¡vhich segregated

into 15R : 15 displayed both phenotypes on dífferent plants Ín addition

to the highly resistant phenotype of Tobari 66. To Ísolate the monogenic

lines these reaction dífferences of the genes were also taken into consi-

deration.

The present.ed data reveal the presence of four genes for resistance

against races EA5, EA7 and C17(56) in Tobarí 66. The four genes are being

isolated in a corunon background.

5.1.5 INI{ERITANCE STUDIES - CONLEY x HINDI 62

The data presenËed ín TABLE 5:22 shows that Gonley is moderaËely re-

sistanË, (;2) to race EA7. IlindÍ 62 on the other hand ís fully susceptible.
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TABLE 5:22 THE STEI'I

OF CONLEY

RUST REACTIONS TO RACE EA7 OF

CROSS AND BACKCROSS TO HINDI
PARENTS AND SEEDLINGS

62.

Generation or Parent
Breeding behaviour

MR Seg S

chi- P-

Square Value

Expected

Rat io

Hindi

Conley

2
H62

62 (H62)

(cLY)

CLY

CLY

famil ies

L.602 30-.20

MR

1162 X

Ft

,z

X

,z

0

259

t7

850 1:3

27

0

29 1:1 0.018 .9s-.90

Segregation within tattZ families u¡as:

3: 1 ratio .

92R : 2775; P-value = 1 for a

The F, generation \,ras susceptible, 3* irrf""tion type. This indicates

Ëhat the gene for resistance in Conley ís recessive. The F, backcross

families segregated into 29 Seg. : 275, thus substanËiatíng the single

gene hypothesis.

During the seedling stage, Conley controlled the EA5 very effectively.

The infection type on Conley was ;1 pustules surrounded by a whitish nec-

rotíc area. The data on TABLE 5:23 shows the resPonse to EA5 of the

parents: Hindi 62 and Conley; F, and Fr; tartZ and BC'F, families used

in gene analysis.



TABLE 5:23 THn STEM RUST REACTIONS TO RACE EA5 oF
OF CONLEY CROSS AND BACKCROSS TO HINDI

68

PARENIS A}ID SEEDLINGS

62.

Generation or Parent
Breeding behaviour

RSegS
chi- P-

Square Value

ExpecÈed

Ratio

Hindi 62 (H62)

Conley (CLY)

H62 x CLY

F
1

,z

2
H62 x CLY

F, famÍlies

F lines
3

R

180
s4L

0 30 31

5130

0

17L 3:1 o.367

0.008

0.062

L:1

Lz2

.70-. s0

.95 - .90

.80-.70

Irlithin the segregating families the ratio was:

BC-F_ famÍlies 392R : 152S P-value = .2OL2

BC1F3 lines 904R : 303S P-value = .95

.10

.90

for 3:1 raËio

for 3:1 ratio.

The 18 F, plants being as resistant as Conley suggested that the

Conley gene for resisËance to EA5 is completely dominant. The F, plants

segregated into proportions indicating a rnonogenic mode of inheritance

for Conley. From the 61 BCIF2 families a closely fitting 1 Seg. : lS

ratio r¿as obtained in support of the rnonogenic inheritance. Within the

segregatíng lines a 3:1 ratio was obse¡r¡ed in splte of a slíght deffi-

ciency in the resisÈant class. Ihe segregation ¿rmong the BC.F, families,

selected from resistant, Bc1F2 plants, also fitted a L:2 ratio expected



69

for a progeny test ratio in the absence of a susceptible class. The seg-

regation within the BC'F, familíes fitted satisfactorily the 3:1 ratio

with a P-value of .95 to .90.

Conley is highly resistant (;1) to race C17(56). The results in

TABLE 5:24 show complete dominance in the F, generation. The infection
+

type ;1- scored ¡sas identical to that of conley parent. The F, popula-

tíon indicated a digenic mode of inheritance by fitting the expected

15R:15 ratio satisfactorily. A total of 37 BC1F2 familÍes were also

tested. The results obtained fitted the 3:1 ratio expected from BC'F,

for a türo-gene mode of inherÍtance: 28 families segregated whereas the

remaining nine were susceptible, confinning Ëhe thro-gene hypothesis.

ûIiËhin the segregating lines 7 lines segregated into 129R:95 thus fitting

a 15:1 ratio satisfactorily. The remaining 21 families segregated inËo

573R:1855, this was also a close fit to the expected 3:1 ratío.

Although the two duplicate genes qrere more or less equally effecËive,

nearly one-third of the resistant familíes differed slightly from the

rest by exhibiting a light yell-ow necrotic area around the pusEules.

The other one-Ëhird, segregaÈing into 3:1 ratio had a reaction phenotype

which was indistinguishable from the dígenicaLly segregatíng familíes with

white necrosis around the pustules. For the isolation of monogeníc lines

from Conley, one criterion was to select the whÍte flecked plants segre-

gating for a 3:L ratío and to discard all whÍte fLecked seedlings segre-

gating into 15:1 ratio. Similarly the yellol¡ish speckled plants were

earmarked as carriers of the second gene
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TABLE 5:24 nIE STEl,f RUST REACTIONS TO RACE C17(56) OF PAREI{IS AND

SEEDLINGS OF CONTEY CROSS AIID BACKCROSS TO HINDI 62.

Generatíon or parent BreedÍng behaviour Expected Chi- P-

R Seg S Ratio Square Value

HÍndÍ 62 (H62) S -

Gonley (CLY) R

H62 x CLY

Í.L600^t
F- 459 - 27 15:1 0.400 .70-.50

2

2
H62 x CLY

F^ families 0 28 9 3:1 0.009 .95-.90
¿

Segregatíon wiËhin BCIF2 famílies was:

7 families seg. 15R : 15 P-value .70-.50

21 farnilies seg. 3R : 15 P-value .80-.70
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The inheritance studies reveal four genes in conley for resis-

Ëance against races EA5, EA7 and c17 (56) . Three of them are being iso-

lated into HindÍ 62 background.

5.1.6 INHERITANCE SïUDIES - C.I.815¿|-FROCOR2 x HINDI 62

c.r.8154-Fto"or2 is a very usefur breeding materíal in Kenya. rt

is resistant to u¡ost of the prevaÍling EA races as indicated in TABLE 3:3.

Dominance of resistance to EA4 was evidenced from the 17 Fl plants

(TABLE 5:25). The planrs exhíbited ;1 infecrion rype idenrical ro
t

c.I.8154-Frocor'. The F, population fitted the expected 3:1 ratío, sug-

gesting a slngle dominant gene inheritanee for C.I.8154-Fro"ort against

EA4.

TASLE 5:25 THE STEM RUST REACTIONS TO RACE EA4 OF PAREÌ\IIS AND SEEDLINGS
OF C.I.8I54-FROCOR2 CROSS AND BACKCROSS TO HINDI 62.

GeneraËion or Parent
Breedine behavíour

RSegS
ExpecËed

Ratío

chÍ-

Square

P-

Value

Hindi 62 (H62)

C.I.8154-Frocor

H62 x CIF
tt
F

2

H6221 g1¡

F, families

t- (crF) R

.S

7700
2428 - 820 3:1 0. 105 .80-.70

1:12826 0.018 .95-.90

The wiËhin BC'F, families segregated: 703R : z46s for a 3:l_ ratio hrith

P-value of .70 to .50.
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The 1:1 BC-F^ segregation confirms the single gene mode of inheri-
LZ

rance hypothesized (TABLE 5225). Segregation within these UattZ families

did not deviate from Ëhe expected 3:1 ratio, thus further confirming tlìe

domínant single gene difference bet¡seen CIF and H62 against race EA4.

C.I.8154-Fro"or2 is highly resistant (;1-) to the East African race

5. Ttre F. plants were fully resistant (TABLE 5:26). Thís indicates that
I

2
C.I.8154-Frocor- is completely dominant over Hindi 62 fot resistance

against race EA5.

TABLE 5:26 THE STEl,f RUST REACTIONS TO RACE EA5 OF PAREMS AND SEEDLINGS

OF C.I.8154.FROCOR¿ CROSS AND BACKCROSS TO HINDI 62.

Generation or parent Breedíng behaviour Expected chi- P-

R Seg S Ratio Square Value

Hindi 62 (H62) S -

2
C.I.8154-Frocor- (CIF) R

H62 x CIF

Ft

F
2

2rc
H62 x CIF

F families 0 41 12 3:1 0.082 .80-.70
2

*See text for the breeding behavíour ¡¡Íthin the BC'F, families.

1600
9LZ ' 58 15: 1 0.258 .70- .50
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The F^ generation revealed the presence of ttro dominant genes which
¿

r¿as conf irmed on the basis of data from the *ttZ families . 4L out of

53 BC.F_ famil.íes segregated for resistance ¡shÍle 12 families útere fullyL2
susceptible. Among the 41 segregating fanilíes: 17 segregated in approxÍ-

mately 15:1 ratio. The remainJ.lg 24 BC1F2 families segregated into 3R:1S

classes. It ís to be noted that the segregation of the 53 BC'FZ lines

into 17 Seg. 15:1; 24 Seg. 3:1 and 12 susceptible familíes fits Ëhe ex-

pected domínant duplicate ratio of 1:2:1, that is, when the Èwo classes

of families segregating into 3:1 ratio are indistinguishable. The calcu-

lated P-value for the observed L7224:1-2 was .75 to ;50.

All the resistant planËs whether segregating for trtro gene loci or

síngle gene locus rùere indistínguishable from the C.I.8154-Fto"o.2 pheno-

type. All exhibited a dirty white necrosís surrounding the pustules.

C.I.8154-Fro"or2 provídes a very weak resistance to the North Ameri-

can race C1O(158-1) (TABLE 5227). IË exhibits a mesothetic (J) type of

resistance reaction. The larger pustule" 3"t predominated over the

smaller more resistant types.

F, plants were fully susceptible. this points to a recessive rnode
I

of inheritance. In the F^ generation distínguishing the various resístanÈ
¿

classes from the susceptible plants r.ras noË clearcut. This might accounE

for the poor fÍt to the expected 1:3 ratio. Other reasons for the poor

fit are also possible. In this context, the acËíon of the modifying fac-
2tors influencing the mesothetic resistance in C.I.8154-Frocor is highly

suspected. Occasionally plant,s of x Èype were obser¡¿ed ln the F, Benera-



TABLE 5:27 THE sTB"f RusT REAcrroNs To RACE c10(158-1) oF rARENTS AND
SEEDT,INGS OF C.I.8154.FROCOR2 CROSS AND BACKCROSS TO
III¡IDI 62.

. Breedine_Þehevi-qg-r Expected Chi- p_Generation or Parent ïMR Seg S Ratio Square Value

Hindi 62 (tt6Z¡ s

t
C.I.8154-Frocor- (CIF) ¡ÍR

H62 x CIF

tt

Fz

2

00L7

108 - 379 1:3 2.084 .20-.10

962 x CIF

F,, famílies O 25 23 1: 1 0.021 . 9O-. g0¿ -----

The r¿ithin BC.F^ families segregaËed: 147R : 542s with a p-value of ,:L2
.05 - .01 for 1:3 ratio.

74
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tion. In spite of problems in classification, Ëhe F, data surunarized in

TABLE 5:27 indLcates the presence of a single recessive major gene in
2C.I.8154-Frocor The monofactorial inheritance was clearly demonstrated

from the backcross F, families which fitted a 1:1 ratio expected for a

single gene difference. The fitness within BC'F2 famílies was almost as

poor a fit to 1:3 ratio as that observed for the F, populations.

C.I.8154-Fro"or2 is highly resísranr (;1) ro C17(56). The CIF in

crosses with the susceptibLe H62 produced F, plants which were less resis-

tant (;2) than their resistant parent, il infection type (TABIE 5:28).

Therefore a partially dominant inheritance is postulated.

TABLE 5:28 THE STm{ RUST REACTIONS TO RACE C17(56) oF PARENIS AND SEED-
LINGS OF C.I.8154-FROCOR2 CROSS AND BACKCROSS TO HINDI 62.

Generation or Parent
Breeding bg.haviour

RSegS
chi- P-

Square Value

Expected

Ratio

Hindi 62 (H62)

c.r. 8154-Fro"or2 (cIF)

H62 x CIF

tt
,z

H622x CTF

F, families

F, lines

L7

876

0

268 3:1

1:1

I:2

1.510

1 .067

0.047

s

R

0

o2634
7t60

.30- .20

.30

.90-.80

RaËio within the segregaEing

BC1F2 families: 668R

BC'F¡ lines: 1245R

families qrere:

: 2355 for 3:1

: 4465 for 3:1

ratio

raËio

P-va1ue

P-va1uê

.50 - .30

.10 - .05
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In the F, generation individuals r¿ith the parental types of infec-

tion types ;1 and 4 only rrere recorded with a frequency distríbution that

fltted a 3:1 ratio for a single domínant gene governing resistance against

C17 (56) in C.I.8154-Fro .ot' .

A more critical inforration regarding Ëhe postulated mode of inheri-

tance was obtaíned from the F, backcross families which yielded 26 segre-

gating : 34 suscepËible non-segregating families. The Chi-square test

indicates that the F, backcross data are in agreement with the hypothesis

of a monogenically controlled inherítance Ëo race C17(56). The BC'F, lro-

geny test also confirmed the single gene hypothesis.

The fact that the F, and BC'F2 families were less resistant (;2) Èhan

the resistant (;1 ) parent, while some F, plants Ì¡tere as resisËanË as

2C.I.8154-Frocor- deserves further consideration. The mosË plausible ex-

planatíon is the effect of the 1162 background which subdues the effect of

the major gene.

The present studies suggest Èhat fíve genes confer resistance against

,
races EA4, EA5, ClO(158-1) and C17(56) in C.I.8154-Frocor-. Three most

effective ones are being isolaËed into llindi 62 background.

5.L.7 INHERITANCE STUDIES . MINNESOTA 3654/OO X HINDI 62

Mínnesota 3654/60 is an advanced line from a cross (Frontana-Kenya 58-

Newthatch) Pilot. This line exhibits infection tlpe ;2 to p,A4.

The 14 F, plants were susceptible suggesting a recessÍve mode of in-
I

heritance (TABLE 5:29). There were 276 moderately resisËant (;2) and 844

susceptÍbIe plants suggesting a single recessive gene conferring resistance.
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The BC'F, data provide confinnatory evidence in support of Ëhe monofac-

toríal hypothesis for resisËance to EA4 in Minnes ota 3654/60.

TABLE 5:29 THE STEM RUST REACTIONS TO RACE EA4 OF PAREI{IS AND SEEDLINGS
OF MINNESVTA 3654/60 CROSS A¡ID BACKCROSS TO HINDI 62.

Generation or parent Breeding behavfour Expected Chi- p-

lfR Seg S Ratio Square Value

Hindi 62 (H62) S -

MinnesoËa 3654/60 (¡frN) MR

H62 x lfIN

F_00t4I
F^ 27 6 - 844 1 :3 0 .076 .80- . 70

¿

,
H62'x MIN

F^ families 0 25 22 1:1 0.085 .BO-.70
¿

The wiËhin seg. BC'FZ families: 166R z 4275 for 1:3 ratio with a P-value

of .10 - .05.

Minnesota 3654/60 is normall-y very resistanË to C17(56) race of s¡em

rusË, the infection type varying between;1 to 1+. The F, (TA3LE 5:30)
I

of this cross tras as resistant as the resistant parent. This is an indi-

catíon of complete domÍnance for resistance. The F, population indicated

that the inheritance l¡tas controlled by two independently functioning genes

segregatíng int,o approximately 13R:35 plant classes.
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TABLE 5:30 lHE STN,f RUST REACTIONS TO RACE

SEEDLINGS OF MINNESVTA 3654/60
ITINDI 62.

c17 (56) OF PAREÌÙIS AND

CROSS AND BACKCROSS TO

Generation or Parent Breeding behaviour

RSegS
chi- P-

Square Value

ExpecËed

Rat io

Hindi 62 (H62)

Minnesota 3654/60 (¡fllf) R

H62 x MIN

rr160
,z 476

?
H62-x lfIN

-L

n2

0-
94 13:3

0388 3:1

1.909 .20-. 10

1 . 138 .30- .20

*see text for the breeding behaviour within the BC'F, families.

The results of tests on thrr BC'F, families indicate that about one-

fourth of the fanilies were fully susceptible (TABIE 5:30). The results

of the segregat.ing three-fourths of the famílies were more confounded:

19 of these fanilies segregaÈed into 401R:1235; a proportion that fits a

3:1 ratio (P-value of.50 to .30); another 8 BclF2 farnilies segregated

in approximately 349R:70s, L3:3 ratio with a p-value of .30 Ëo .2o. The

remaining 4 families gave a poor fit to a 1:3 ratio with 36R:82S classes

(P-value.20 to .10). In some cases the numbers in the families were too

small to make it possible to distinguish definitely between Ëhe three
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segregating classes. TABLE 5:31 iLlustrates the breedÍng behaviour of

the BG,F, generation more elaborately.
L¿

A1Êhough the fitness !o 1:1:1:1 expected ratio is not satisfactory,

there is a definite indication of two major genes conferring resistance

againsË c17(56) (TABIE 5:31). one of the genes is dominant while the

other is a recessive gene. The presence of minor genes cannot be pre-

cluded since withín a few of the segregating lines the plants gave fairly

larger pustule (2 infection types). Both the two major genes are equally

effective sínce both reaction types varied between i to 2 infection types

on a few plants within the segregating families.

TABLE 5:31 AMLYSIS OF THE B0tte FAI{ILIES 0F HINDI 62 x MINNESOTA

36s4/60 ro RACE c17(s6).

F, Backcross FamiLies

Segregating Sus -

3:1 13: 3 1:3 ceptible

Expected

RatÍo

1:1:1:1

Observed

Calculated

19

9.75

8

9.75

48

9.75 9.75

Chi-square

P-vaIue

11.000

.05 - .01
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To isolate the monogenic lines, plants from the families segregating

for 3:1 and 1:3 were kept separately for further backcrosses and selec-

tions. The three genes detected in the presenÈ mode of inheritance stu-

dies of Minnesota 3654/60 are all being isolaËed into Hindi 62. In addi-

tion, four other genes which have not been described in the present stu-

dies, but confer resistance to races EA5 and C10(f5B-1) will also be in-

cluded in the isolatíon exercise.

5.1.8 INHERITANCE STUDIES - IüSCONSIN 245-II-50-17 x HINDI 62

Stem rust resistance governed by Ilisconsin 245-II-50-17 has been

relied upon in Kenya for a long time. In the present investigations,

geretic information relating Ëo EA7 is reporËed. The recurrent parent.

Híndi 62 gave a 4 ínfection type while Ïfisconsin 245-TT-50-I7 (IÀIIS) pro-

duced ;1 infection type.

The F_ plants exhibited a less effectíve resisËance;2 than Ehe re-I

sistant parent signifying an incompletely dominant mode of inheriËance.

The F^ varied betrnreen the heterozygous phenotype ;2 to the resistant ;1
¿

of l^Iísconsin 245-II-50-17 but gave a satisfactory fit to the expected 3:1

ratio (TABLE 5:32).

Out of the 46 tatFZ backcross families, 22 segregated for resistance

while 24 were susceptible confirming the single gene predicted on the

basis of E, generaËion. The BC'F, lines from selected resistant BC'F2

progenitors further supported the single gene hypothesis. I^lithín the

segregating BC'F, families, the frequency dÍstribution of 1505R:5015 fit-

ted perfectly the postulated single gene inheritance for trIisconsin
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TABLE 5:32 THE STEM RUST REACTIONS TO RACE EA7 OF PAREI{TS AND SEEDLINGS

OF I{ISCONSIN 245.II.50-17 CROSS AI{D BACKCROSS TO HINDI 62.

Generation or parent BreedÍng behaviour Expected chi- P-

R Seg S Ratio Square Value

Hindi 62 (1162) -S

Iqlis. 245-TT-5O-L7 (I,\IIS) R

H62 x I,üIS

F-18001-
Ír 783 - 260 3:1 0.003 1-.95-2 tvr r.L v.vvJ

t
H62'x I,IIS

F^ families O 22 24 1:1 0.022 .90-.80
¿

F^ l ines 11- 20 0 LzZ 0.029 .90- . B0
J

The ratio within Ëhe segregatíng families rsas:

tattZ families: 797R : 2565 for 3:1 P-value = .70-.50

*Crt¡ lines: 1505R : 5015 for 3:1 P-value = I
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245-TT-5O-17 against EA7. Resistant plants in thís cross v¡ere very easy

to distinguish. All were characterized by a white necrotic area sur-

rounding the ;1 pustules.

The gene for resistance against race EA7 indícated in the preceding

data (TABLE 5:32) in addition to a partially dominanË gene effecrive agaÍnst

race EA5 but not described here ín deÈaiI will be isolated from l{isconsin

245-TT'50'L7. From the eight varieties studied a Ëotal of 25 genes were

revealed. All of these were isolaËed as monogenic lines initially.

5.2 THE MONOGENIC LINES

Twenty-five monogenic lines presenÈed Ín TABLE 5:33 have been iso-

lated and retained for further studies. Each of them was extract,ed from

4single plants of Hindí 62 x donor resistant parents, that is, from BcrF,

lines in Èhe manner described in chapter 4. Only homozygous plants from

non-segregaËing lines have been retained to ser:\¡e as the carriers of the

resistance genes from their respective donor parents. A varlety which

üras tesÈed to more than one race; if resistance to each race in the test

qras governed by single genes, the corresponding number of lines were re-

tained initially. Likewise varieties possessing more than one gene for

resistance Ëo Ehe same race, the corresponding number of monogenes erere

retained.

the retained lines have been designated names: the first three

letters stand for the donor parental abbreviation, whilst the second parË

of Ëhe nomenclature refers to the primary race for v¡hich the gene was

initially isolated. I,lhenever a variety had more than one gene conferring
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TABLE 5:33 INFECTION TYPES OF llIE 25 MONOGENIC LINES TO THn SIX TESTER

RACES.

*1
Race Reaction

1)2
GeneMonogene Line

EA4 EA7 EAB c10 Cl7 expression

KHR4

CIF4

MIN4

CIF5a

CIF5b

TPY5

CLY5

MIN5

!fis5

TBR5

TBRT

I{IN7

ï.IIS7

i(LDT
:t?

TPYS'

MINCI-0a

MINCIOb

KLDC17

TPYCl7

TBRClTa

TBRClTb

CLYClTa

CLYClTb

MINClTa

MINClTb

Hindi 62

1

l_

1

4
+

3

+
3

4

1

+
3

4
+

3

+
3

+
3

+
3

+
3

4
+

3

4

4

4

4

3

+
3

1

4

+
1

+
3

;1

1

I
1

+
1

1

1

2

2+

3

+
1

2

+
1

4

;1

;1

2

+2-
+

1

+I
;1

2

4

444
++3' 4 2

-++233
-L1' 4 4
+L44
-.L1 3' 4
Á1' 4 4

143
++;1 3 3

244
+++313
++313
+++123
-++223

+a-J

444
444
+-+333
144
-++l3-3

444
-L3' 4 4

L44
444

.L2'¿+4
444

4

3

3

4

4
+

3

4

3

L2

+
3

3

3
+

3

4
+

3-
2

+2-

23

4
+

3

L2

1

+
2

2

23

4

D

D

R

R

D

D

D

R

D

D

R

R

PD

PD

R

RorD
D

PD

PD

PD

D

D

D

D

R

It*1411 the monogenic linces are in Hindi 62 background (¡tindi 6z+)
*2D = complete dominanË PD = partially dominant R=recessive
o3Th" gene r¡ras ineffective after third backcross.
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resistance to the same racc, then a suffix with a lower form lettering

was appended tcr thc ¡t,:r¡uct . Thrr-c lillR.i rtrt',ltrrs t ìtl¡ t t ìì(t ììì\\1ì\\q(ììl(r lr'å:: i s" i nl r:'ì

from Kenya Hunter \{ith EA4 as the avirulent race; CLYCITa refers tur ttte

monogene that Þ/as isolated from Conley (CLY) which governed resistance

to race c17(56). Futhermore resistance \^7as governed by more than one

gene; the letter trarr represents one of the genes. In this monogenic for-

mula no distínction between recessíve and dominanË genes has been indi-

cated.

The infection types of the monogenic lines and Hindi 62 recurrent

parent are given in TABLE 5:33. IË is obvious that a number of the mono-

genes had their resistance reduced in comparison to the reactions re-

corded for the donor parents as presented ín TASLE 3:3.

The Hindi 62 lines possessing genes for resisËance to races EA8 and

CIO from Trophy and C.I.8154-Frocorz 1rere more difficult to deal with

because the infection types of the lines varied somewhaÈ belween the tests

and frequently resembled the mesothetic (*+) infection tyPe. rn the pro-

geny of the third backcross, the resístance Lo races EA8 and C10 lras com-

pletely ineffective. IsolaEíon of these t\.ro monogenes tllas Ëherefore dis-

continued. However, the behaviour of the BCIF, families índicated that

the same recessive gene in each variety was mainly resPonsible for the

reaction of races EA$ and ClO(158-1) since the same lines segregated or

qrere susceptible to both the races.
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5.3 IDEMITY OF THE ISOLATED GENES

5.3.1 THE MONOGENIC LINES IN RELATION TO IDEMIFIED Sr. GENES

The results of the crosses with known Sr lines are presented in the

five tables to fo1low. As described in the chapter on Material and

Methods, those Sr lines that were símilar to the parental donors or Lo

Lhe ísolated monogenic lines in reaction to a partícular race were tested

to establish the relationship between the established genes (TABLE 4:9)

and the genes in the experimental varieties. In a few cases susceptible

Sr genes were also crossed to the ísolated monogenic lines primarily to

test their monogeneity.

All the Sr lines except Sr13 are ineffective againsE EA4 (TABLE 4:9)

Moreover the resistance (Z!) displayed by Sr13 against EA4 was tempera-

ture labile and r{as very ineffective ín the present tests.

As outlined in TABLE 5:34 Ëhe genes effective against EA4, namely

CIF4, KIIR4 and MIN4 are not amongst the known Sr genes. Instead of the

expected Lotal resistance amongsË the F, progenies or a digenic segrega-

tion, the F^ plants segregated into a 3:1 ratio, or a 1:3 ratio for KHR4
¿

and MIN4 respectively indicating a monogenic inheritance. However, Sr13

apparently expressed its effect when combined with C.I.8154-Fro"or2. The

segregation 217R:10S fíts both the ratio 15:1 and 61:3, but closer to the

6l:3 mode of inheritance than Ëo a digenic 15:1 ratio. This might be

interpreted to indicate thaË besides the tv/o genes (CIF4 and Sr13) there

is at least one more minor gene still accompanying one of the two mono-

genic lines. However, on Ëhe assumpt.ion that the isolation of Sr13 was
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complete, the CIF4

this factor.

TABLE 5:34

gene requires morc backcrosses to H62 to eliminate

MONOGENIC LINES TO SELECTED SrTHE RESIILTS OF CROSSES OF

LTNES AGAINST RACE EA4.

Cros s
No. of. F, plants

Expected

Ratio

chi- P-

Square Value

KtlR4 x

CIF4 x

CIF4 x

Sr13

Sr1 1

Sr1 3

3:1

3:1

15:1

61 :3

3:1

1:3

1:3

1:3

1:3

1:3

0.664

1 .318

0.040

0.198

0.877

0.039

0 .405

0.041

0.029

I

.50-.30

.30-.20

.90- .80

.70-.50

.50-.30

. 90- .80

.70-.50

.90-.80

.90-. B0

r32

113

2L7

44

32

10

CIF4 x

MIN4 x

MIN4 x

MIN4 x

MIN4 x

MIN4 x

Sr15

S15

S16

Sr1 3

Sr1 5

srIT

68

119

160

218

2t9

217

2L7

33

55

79

7L

74

From the available information Èhe genes isolat.ed from CIF, MIN and

KIIR are not Sr13 and have not been ldentified previously. However, addi-

Ëiona1 analyses are necessary before they can be given Sr numerical status.

TABLE 5:35 shows the results of the EA5 rust reactions of the crosses

of monogenic lines to the knorrn Sr lines. From this data iË is evidenË
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t¡¿¡t L-¡rr rrto¡ro¡4otrlc I ines CIF5b, CLY5, TBR5 and TPY5 are all sim il ar to

Srll. As ¿¡ cor<¡llary thc four monog(ìnes arc comparable to onc ¿rnotlìcr.

This lnterpretatlon is drawn from thc facL that every F, Plant progeny

from crosses involving CIF5b, CLY5, TBR5 and TPY5 to the Srll line bred

true for resistance. In contrast, the monogenic lines WIS5, and the re-

cessive line MIN5 which are effective agaínst I;45 do not match any identí-

fied (Sr) gene which ís effective against EA5. Of the fourteen Sr lines,

only Sr11, Sr13 and sr17 gave comparable resistance with the presently

isolated genes. Sr15 gave a mesothetic reaction type when conditions were

just right but v/as suscepEible on slight temPerature fluctuaLions. The

other genes Sr1, Sr5, 516, Sr7, Sr8, Sr9a, Sr9b, Sr10, Sr14 and 5116 were

susceptible and presumably do not provide resistance t.o the race EA5. In

spite of their susceptibility some of them (TA3LE 5¡35) were crossed to

the isolated monogenic lines; and all F, Progenies segregated in the ex-

pected 3:l ratio.

The monogene line CIF5a when crossed to Sr15 fitted most closely to

61:3 trihybríd ratio than to the 15:1 two gene dífference. The aPparent

three gene dífference might be due to minor gene factors " Furthermore

the mesothetic reaction of S115 is quite sensitive to environmental changes.

In view of this, misclassification of resistant : suscePtible groups rnight

have contributed to the poor fit to a 15:1 dihybrid ratio. However CIF5a

is identical to sr17.

The Sr15 gene when crossed to monogenic line MIN5, produced a segre-

gation r.¡hich fitted a 927 complementary inheritance. This-ís difficult to
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TABLE 5:35 THE RNSULTS OF CROSSES OF

LINBS AGAINST RACE EA5.
M0NOGENIC LINES TO SELECTED Sr

Number of Plants Expected
Ratio

chi -
Square

P-
ValueCros s

CIF5a x Sr11

CIF5a x

CIF5a x

CIF5a x

CIF5b x

TPY5 x

TPY5 x

TPY5 X

TPY5 x

CLY5 x

CLY5 x

CLY5 x

CLY5 x

CLY5 x

MIN5 x

MIN5 x

MIN5 x

MIN5 X

ïüS5 x

!l-IS5 x

I^IIS5 x

I^IIS5 x

Srl 3

Srl 5

srLT

Srl 1

Sr5

Sr6

Srl I
S113

Sr5

Sr6

Sr1 I
Sr13

Srl 5

S16

Sr13

Srl 5

srl 7

S15

Sr6

Sr1 1

s rl7

3:1
13: 3

15:1

15:1
6L:3

3:1

3:1

15: 1

61 :3

3:1
13 :3

3:1

3:1

15:1

1:3

3:1
13 :3

9:7

7:9

3:1

3:1

15:1

3:1
13:3

.80-.70

.05- .01

.70-. s0

.30-.20

. B0- .70

.9s-.90

.90- .80

.05 - .01

.30-.20

.70-.50

.20- . 10

1

.90-. B0

.80- .70

. B0- .70

.10-.05

.70- .50

. B0-.70

. 50-.30

.90- .80

.70-.50

.95-.90

.05-.01

.70-.50

48

t7

I
290

181

138

L72

L4L

118

t54

240

248

138

t26

r49

140

103

2L

96

T2L

60

80

TL4

78

110

0

0

40

50

0

I

42

42

0

48

6

58

20

90

89

28

34

6

22

0.064
6.068

0.266

1.3L2
0.087

0 .008

0.02b

4.267
I .333

0.267
2.482

0.028

0. 103

0.105

3.724
0.173

0.103

0.734

0 .049

0.324

0.011

4 .889
0.376 

.

continued
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ÏABLE 5:35 continued

Number of Plants Expected
Ratio

chi-
Square

P-
Value

Cross

TBR5 x Sr5

TBR5 x

1BR5 x

TBR5 x

TBR5 x

TBR5 x

Sr6

Sr11

Sr13

S115

srl 7

3:1
13 :3

3:1

15: L

3:1

3:1
13:3

0.L42
1.688

o.t22

0.204

3.7l-2
0.005

. B0-.70

.20- . 10

.80-.70

.70- .50

1

.10-.05

.95-.90

88

75

T2L

2s6

L44

Ls4

27

23

0

L9

48

36



90

explain. It might be assumed that the variety Kenora (sr15) possesses

some other factor(s) which modífies the effects of the major genes. But

the 7:9 ratio obtained by crossing ÞfIN5 to sr17 is quite normal for F,

segregates from tT,Io recessive independently assorEing genes. lfIN5 and

srl7 are both recessive monogenic 1ines.

I,lhílst monogenic lines MIN5 is recessive, Sr11 is completely domi-

nant resistant against race EA5. FurËhermore Sr11 produces 0; (TABLE

4:9), MIN5 exhibits clear whitish necrotic lesions around the;1 pustules

(TABIE 5:33). Therefore MIN5 and Sr11 are probábly noË idenËical genes.

In TABLE 4:9 Lt vras demonstrated that none of the Sr lines exhibit

any resístance to the East African race 7. fhe results surunarized in

TABLE 5:36 confirmed this observation. The monogenic lines carrying genes

resistant to F:47 when crossed to the established Sr lines, all displayed

a síngle gene inheritance. The aPparent exceptions were the I{LD7 gene

vrhen crossed t.o Sr11 and sr17. The Sr11 cross segfegated closer to a

13:3 ratio (P-value .75 - .50) Ehan to a 3:1 ratío (P-value of less than

.01). This behaviour deserves some explanation. Sr11 alone is not effec-

tive against EA7, but in combina¡íon with IÕD7, Sr11 gives some protec-

tion. This leads one to surmise that the expression of Sr11 against EA7

is inhibited in a predomínantly Marquis background. A larger population

for Èhe I(LD7 x sr17 is necessary Ëo ascerÈain which of the two ratios

(13:3 or 3:1) is the most appropriate raËio. However, from the results

obtained, Lhere is clear proof Ëhat KLD7, TBR7, MINT and tr'IIS7 monogeníc

lines have not been identified prevíously.
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TABLE 5:36 THE R-ESULTS OF CROSSES OF MONOGENIC LINES TO SELECTED Sr
LINES AGAINST BACE EA7

Cross
Number of. F, Plants chi- P-

Square Value

Expected

Ratio

TBRT x

TBRT x

TBRT x

TBRT x

TBRT x

MINT x

MINT x

l"fIN7 x

MINT x

MINT x

I,IIS7 x

!IIS7 x

I^IIS7 x

llIS7 x

I(LD7 x

I(LD7 x

KLDT x

KLDT x

KLDT x

Sr5

S16

Srl 1

Srl 3

srl 7

S15

S16

S 113

Sr1 5

s 117

Sr5

S16

Sr1 I
sr1 7

Sr6

Srl 1

S11 3

Srl 5

s r17

0. 813

0.828

0 .056

0.900

0.145

0.r72

0 .002

5.116

0.001

o.L92

0,077

0.183

0.067

0.052

0.477

7 .706

0.202

0.672

0.837

0.797

0.955

.50-.30

.50-.30

.90- .80

. 50- .30

. B0-.70

.70-.50

I
.05 - .01

1

.70-.50

.80-.70

.75-.50

.80-.70

.90-.80

. s0- .30

Less.01

.75-.50

.50-.30

. 50- .30

. 50- .30

. s0-.30

79

89

75

93

91

29

48

34

5B

46

160

L2L

t32

174

320

298

118

266

298

2t8

297

277

95

143

156

173

r28

51

44

46

56

1:3

1:3

1:3

1:3

1:3

1:3

1:3

1:3

1:3

l:3

3:1

3:L

3:1

3:1

3:1

3:1

l3:3

3:1

3:1

3:1

13:3

25L

391

91

95

97

110

33
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The monogenic lines lsolated from Mínnesota 3654/60 hrere crossed to

516 and Sr7. The resulËs are surmnarized in TABLE 5:37. All F, Plants

of cross MINC1Oa x 516 were all resistant. I.Ihilst, when monogene MINC1Oa

was crossed to Sr7, the F, plants segregated in the manner expected for

a digenic ratío. The 13:3 ratio is obËained when tI^lo genes, one recessive

and the other dominant are segregating independenEly for the same charac-

ter. It is therefore concluded that the monogene line MINC1Oa is identi-

cal to 516.

Of all the fourteen Sr tester stocks used (TABLE 4:9) only 516 and

Sr7 exhibited consistent resisËance to race C10(158-1). The remainder

were either fu1ly susceptíble or erratic. SrB úras susceptible more often

than resistant (3 infection type).

TABLE 5:37 TIIE PGSIILTS OF CROSSES OF MONOGENIC LINES TO THE Sr LINES

THAT CONFER R-ESISTANCE TO NORTH AMERICAN RACE C10(r5B-1).

Number of F, PLants Expected Chi- P-

S Ratio Square Value

Cross

MINC1Oa x 516

MINC1Oa x Sr7

MINCl0b x 516

MINCl0b x Sr7

54

161

L76

84

0

3L

46

0

13: 3

13:3

0.755

0.780

.50-.30

.50-.30

Referring again to TASLE 5:37 the nonogene line MINC1Ob proved to

be identical to Ëhe Sr7. Thís interpretation ís based on the observation
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that all the F^ progenies of MINC1Ob x Sr7 were all resist.ant. The gene
2

516 when crossed to MINC1Ob gave F^ segregates which fitted a 13:3 ratio

with a P-value of .50 - .30.

From TABLE 4:9, resistance to race C17 (56) is governed by most of

the established Sr lines except Sr5, Sr7, Sr10, Sr15 and 5116. Sr1, SrB,

Sr9a, Srgb and Sr13 normally conferred a moderate protection while SrB

and Sr14 rirere temperature sensitive and Ëended to produce susceptible re-

+++
action (3') rather than their resPectLve 2' ot 2:3 infecËion types. Sr9b

-l-

was also inconsístent and often produced (infection type 3') susceptíb1e

reaction. Lines of Marquis 516, Sr11 and Renown (sr17) gave hypersensitive

resistant reactions.

The sunrnary of the data collected to compare the relationship between

the Sr lines and the monogenes TPYCl7,1BRC17a and CLYC1Tb with Sr11

(TABLE 5:38) dld not show any segregation. It is therefore inferred that

these monogenes are sími1ar to Sr11 and therefore allelic Eo one

another. One of the two Conley monogenl-c lines CLYC17a, I'fINCl7a, TBRC1Tb

and KLDC17 are possibly identical to 516 because they did not display any

segregation in the F, generation.

C.I.8154-Fro"or2 monogenic line CIFC17 when crossed to both the

genes Srl and sr17 displayed no segregation in Ëhe F, Beneration. Several

possibilities could be advanced to explain this. The most. probable ex-

planation is that the genes Srl and sr17 are Present in the monogenic

line CIFC|7 rvith some linkage, hence do not, assort independently. A 1ar-

ger populaËion would be needed Ëo get nevt recombinants possessing genes
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TABLE 5:38 THE RESIILTS OF CROSSES OF MONOGENIC LINES TO SELECTED Sr
LINES AGATNST NORTIT AMERTCAN RACE C17 (56) .

Cros s
Number of F^ Plants Expected Chi-

¿
P-

Square ValueRatio

KLDCl7 x 516
ICLDC1T x Sr11

Sr5

Sr6
Sr9a
Srl I
Sr13

Srl

S16
S r11
Sr13
Sr14
Sr15

Srl
S16
S19a
Srl 1

Srl 3

Srl
Sr6
S19a
Srl I
srI 7

S16

Srl 1

111

202

88

136

79
258
142

111

99

136
120

218
r28
L44

r52
85

LL4
136
t4r

L2B
9L

185
151

177

TT2
27L

0

L6

29

9

28
0

11

32

26

8

0

11

46
38

8

0

10

6

46

9

0

L2

L3

L2

8

0

15: I

3:1
13 :3
15:1
3:1

15: 1

61 :3
3:1

3:1
13 :3
15: I

15:1
3:1
3:1

13; 3
15:1

15: 1

15:1
3:1

13:3

15:1

15: I
15:1
15:1

15:1

o.+:i

0.003
2,798
0.000
0.78

0. 230
2.t42
0.524

L.t76
0 .34s
0.119

0.818
0.191
L.643
0.542
0.252

0 .439
0.394
0.016
4.L99

0.024

0.008
1.47 6

0.003

0.002

. zo-. so

1 -.9s
. 10- .05

1

. B0- .70

.70-.50

.20-.10

.50-.30

.30- .20

.70- .50

.80- .70

.50- .30

.70-.75
.20

. s0-.30

.70-.50

.70- .50

.70-.50

.9s-.90

.05 - .01

.90- .80

.9s-.90

.30-"20
I -.95

1 -.95

TPYC17 x

TPYC17 x
TPYCl7 x
TPYC17 x
TPYC17 x

TPYCl7 x Srl4

TBRC1Ta x

TBRClTa
TBRClTa
TBRClTa
TBRClTa
TBRClTa

TBRClTb
TBRClTb
TBRClTb
TBRClTb
TBRClTb

CLYClTa
CLYClTa
CLYC1Ta
CLYC1Ta
CLYClTa

CLYClTb
CLYClTb

X

x
x
X

x

X

x
x
x

x
X

x
x
X

x
x

carried forqrard
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TABLE 5:38 continued

Cross
Number of F^ Plants

¿
Expected Chi- P.

Ratío Square Value

CIFCl7
crFc17
CIFC17
crFc17
crFc17

MINClTa
MINClTa
MINClTa

MINClTa
MINClTa

tflNclTb
MINClTb

x
x

X

x

x

x

MINC1Tb x srIT

X

X

X

x

Srl
S16
Sr9b
Sr14
s r17

Sr5
S16

Srl 1

Sr13
srl 7

S16

Srl 1

97

98
L37

107
189

:,

85
186

L45

BO

161

t43
156

67

0

7

27

35
0

5

0

J

4

38

30
4L

74

15:1
15: 1

,:t

15: 1

15: I
61:3
15: I
13:3

13:3
13: 3
3:1
7:9

0.031
0.563
0.009

0.074

4.504
2.345
0.317
0.016

0.225
0.550
1 .843
0.813

.90-.80

. 50- .30

.95-.90

. B0-. 70

.0s - .01

.20-. 10

.70-.50

.95-.90

.70-.50

.50-.30

.20-.10

.50-.30
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Srl and sr17 in separaËion.

AnoÈher possibility is that the monogenic line CIFC17 is one of the

alleles in a multi-allelic system where sr17 is a recessive allele; sr17

(Srl) a11ele. Therefore no

these tr.ro monogenes are

be,:omes hyposÈatic ín the presence of CIFC17

susceptible segregants are expected ¡,¡herever

segregating.

A third possibility is to assume that one of these major genes

(possibly sr17) acts as a modífier of CIFC17 gene. Hence the F, popula-

tions are resistant irrespective of their genotyPe.

In spite of the above complication monogenic line CIFCl7 and Sr1

are. alike on the basis of dominance and the F, behaviour (TABLE 5:38).

Referring to TABLE 5:38 again, the second recessive monogenic line

MINClTb of Minnesota 3654/60'has no corresponding esEablished Sr gene to

match with. It is thereïore regarded as a ne'hr gene. trlhen crossed to the

recessive sr17, the MINúl7b monogenic line produced F, plant classes in

proporËions of 67R:.745. This closely fits a 7:9 ratio expecËed when two

recessive genes assort independently.

TABLE 5:39 gives a sumrìåry of the relationship between the 25 iso-

lated monogenic lines and the Sr genes. Of t}:,e 25 genes studied 15 are

obviously idenËical to identified genes of the Sr series. The remaining

10 are unidentified but may include some cluplicaËions.

5.3.2 IMRA-VARIETAT MONO -GENE COMPARISONS

As already described Ín section 4, under the ttProcedure for índivi-

dual experimenËsrr, every UCtrZ family vlas tested to as many races as the
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donor parent v/as resistant if seed was adequate. This was accomplished

either by proportioning the backcross seed or by simultaneously inocula-

ting each plant with two different races. In this way iL was possible to

select and retain the UarU, families or plants v¡hich \^lere resistant to

one race but susceptible to the other. In certain cases the same gene

conferred resistance to tvro or more races; families which segregated for

one race also segregated for the other race and those ¡¿hich were fully

susceptible t.o one or more races vlere likewise susceptible to the other

race(s). In some cases of digenic inheritance, when both the intra-genes

were dominant, the i-nfection types I^Iere a guide to the identity of the

different genes of the same variety. Recessiveness or dominance of re-

sistance was also a good criteríon in telling resistant genes of the same

variety aPart.

trIhen the above leads vlere not conclusive enough then the intra-

monogenic lines concerned \.lere each crossed to the Sr tesEer stocks '

TABLE 5:39 gíves a suÍmlary of the genes identified in the Previous sec-

tion 5.3.1.

The monogenic lines MIN4 and MIN5

from BC'F, familV that segregated into

are al1eIíc.

progeniËors of the same Plant

35. ConsequentlY, the two lines

are

1R:

Monogenic line MINT was inoculaËed with EA5 and EA4. The line while

completely resistant to EA7 was fully susceptible (4 infection tyPe) to

races EA4 and EA5. This is interpreted Ëo mean that the monogenic lines

MIN4 and MIN5 are not similar to MIN7. Similarly the recessive monogene
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TABLE 5:39 THE IDENTITY OF IMRA-VARIETAI
TO THE Sr TESTER STOCKS.

GENES IN R-EI,ATION

Hindi 62

monogenic line
Corresponding

Sr line

s

Gene

express ion

KIß4

CIF4

CIF5a

CIF5b

crFcl7

CLY5

CLYC1Ta

CLYClTb

TPY5

TPYCl7

MIN4

I'fIN5

MINT

MINCl0a

MINCIOb

MINClTa

MINC1Tb

KLDT

KIDCl7

TBR5

TBRT

TBRC1Ta

TBRClTb

I^IIS5

WIST

srl 7

Srl 1

Srl

S11 I
Sr6

Srl 1

Sr1 I
Srl 1

S16

S17

Sr6

Sr6

Sr1 1

Sr1 1

Sr6

D

D

R

D

D

D

D

D

D

PD

R

R

R

R

D

D

R

PD

PD

D

R

PD

D

D

PD

D = Completely dominant PD = Part.ially domínant
R = Recessive
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MINC1Tb was a pïogeny from the UartZ farnily which had perpetuated the re-

cessive monogenes MtN4 and MIN5. Since these lines were selected in dif-

ferenË countries (Canada and Kenya), the best comparison \¡las made when

4
these homozygous (Hindi 62' x MIN) F3 lines were tested to these races

separarely. All the three lines (MIN4, MIN5 and MINC1Tb) proved homozy-

gous resístant to the three tester races EA4, EA5 and C17 (56) . It is

reasonable to conclude that l"1IN4, MIN5 and MINC1Tb are s imilar to each

other. Any one of these three monogenes is, therefore, sufficient to

protect wheat varieËies against stem rust races EA4, EA5 and C17 (56) .

Applying the same argument, the monogenes TPY5 and TPYC17 are boËh compar-

able to Sr11 (TABLE 5:39).

The monogenic lines K,D7 and Ì(LDCI7 from Kenya Leopard present some

difficulty to interpret. BCIFZ families whÍch segregated for EA7 also

segregated for C17 (56) . IÕDC17 x 516 when tested under CDA greenhouse

conditions against C17(56) showed no segregation. Similarly, KLDT x 516

under CDA greenhouse conditions against C17(56) showed no segregation.

But when both the monogenes were tested under PBS greenhouse conditions

the results v/ere different: both segregated when tesËed to EA7. This

might indicaËe that trGD7 and KLDC17 are linked, one of Ëhem being temPera-

Eure sensitive. At Winnipeg under moïe exacting greenhouse condítions,

those plant segregates possessing either 516 recombinant or one of the

tvro monogenic lÍnes cannot be discerned from one another. But when the

segregates possessing the temperature sensiËive S16 genotype alone are

tested under the PBS environmenË, the 516 gene becomes ineifective.
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Another conflicting observat.ion is that Kenya Leopard is not resis-

tant to race C10(158-1) while 516 is resistant. This might imply that

the gene involved in resistance against EA7 and C17 (56) is probably dif-

ferent or allelic to the existing 516. Another probable explanation to

the apparent discrepancy, is that the monogenic isolaEion process is pre-

mature and therefore more tests and backcrosses would be needed before

the complete identity of IC,D7 and KLDCl7 is confírmed.

Referring Èo TABLE 5:39 again, TBR5 and TBRC1Ta are a11elic to

Sr11. The BCrF, famíly which perpetuated monogenic lines TBR5 and
Lc

TBRC1Ta is the same. TBRC1Tb a duplicate pair of TBRC1Ta has been deter-

mined in the present studies (TABLE 5:39) to be identical to 516. The

Ëhird Tobarí 66 gene (recessive) designated TBRT which confers resistance

to EA7 has not been identified as yet. However, being recessive TBRT ís

not likely to be identical to one of the two domínant Tobari 66 monogenic

1ines, TBRC1Ta or TBRCl7b.

The two dominant monogenic lines WIS5 and WIST isolaËed from WIS.

245-TT-50-17 are not allelicn This is lnferred from the observation

thaË the BC1F2 families which segregated for EA5 did not necessaríly seg-

regaËe for EA7. WIS5 and I^IIS7 are progenies of different UCttZ families

which segregated for one of the races and susceptible to the other race.

Furthermore, when the BC,F, WIST homozygous lines selected for resistance

to race EA7 were ínoculated with EA5 they were susceptible, similarly,

when trfiIS5 monogenic line was inoculated with EA7 it r¿as also susceptible.

This confirms that WIS5 and ÌJIS7 monogenic lines are noË identical.
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5.3.3 INTER-V-ARIETAI MONOGENE COMPARISONS

The monogenes KHR4, CIF4, MIN4, MIN5, MIN7, MINCl7b, IC,D7, KLDCl7,

TBR7, trf,IS5 and I^IIS7 remained unídentifíed with resPect to Sr series.

,Those from the same variety are also different excepL ì'lIN4, MIN5 and

MINC1Tb which are identical to each other. Therefore all these lfIN mono-

genes except MIN4 will be discarded.

¡¡hen a thorough examination of the donor parents of the monogenic

lines hTas performed (TABLE 3:3), it was found that Kenya Hunter is sus-

ceptible to EA5, E^7, EAB and C10. On the assumption of gene-for-gene

hypothesis Lhe monogenic line KHR4 would also be ineffective against the

above races; and in fact when Ëhe KHR4 homozygous line was inoculated

wíth EA5, EA7, EAB and C10(158-1) it was susceptible. Therefore it was

considered illogical to assume that ICIR4 would be identical to other

inter-varietal monogenic lines which do not confer resistance Ëo EA4.

Therefore, KHR4 !üas compared to CIF4 only, since MIN4 is a recessive mono-

genic line whí1e KHR4 and CIF4 are dominant. In Ëhe cross KHR4 x CIF4,

(TABLE 5:40) no segregaËion occurred in the F, Eeneration, indicating

that monogenic lines KHR4 and CIF4 which both confer resistance to EA4

are similar.

I,lisconsin 245-II-50-17 confers resisËance to all the test races ex-

cept EA4 and EAB. Genes whích are specific to EA4 and EA8 only are, sub-

sequently, not identical to monogenic lines I.fiS5. From inoculation tests,

EA7 and C10(158-1) are also virulent on l¡TS5. Therefore I{IS5 was compared

to those inter-varietal genes which were effective against-EA5 and C17(56)



ÎA
B

LE
 5

:4
0 

R
E

S
IS

T
A

-I
IT

 x
 R

E
S

IS
T

A
I{

I 
IM

E
R

-V
A

R
IE

T
A

I 
C

O
M

P
A

R
IS

O
N

S
 
(F

2 
P

O
P

U
LA

T
IO

N
S

).

C
ro

ss

K
H

R
  

x 
C

IF
4 

L0
2E

A
4

R
S

M
IN

T
 x

 T
B

R
T

I,f
iIS

7 
x 

K
,D

7

E
xp

. 
P

-
ra

tio
 

va
lu

e

M
IN

4 
x 

T
B

R
T

 I
4L

8t
+

E
A

5

R
S

tl-
IS

5 
x 

I{
LD

T

96

E
xp

. 
P

-
ra

tio
 

va
lu

e

3B

B
5

3:
1 

.3
0-

.2
0 

16
1

76

66

E
A

7

R
S

72

0

11
5

t4
r

E
xp

. 
P

-
ra

tio
 

va
lu

e

44

L2
5

76

3:
1.

30
-.

20
 L

64

50

C
17

 (5
6)

 E
xp

. 
P

-
R

 
S

 r
at

io
 

va
lu

e

3:
1,

30
-.

20
 ]-

42

0

43

76

3:
 I 

.2
0-

 .
10

 1
08

13
:3

.5
0-

.3
0

3:
 1

 .9
0-

. 
80

 L
62

46

43 58 39
3:

1

6L
3:

1.
50

-.
30

F O N
J



103

only. Of the monogenes which have not been accounted for, (TABLE 5:39),

in terms of Sr lÍnes, none of them fulfils this prescription. It is

therefore inferred that ffiS5 is different from Ëhe presently isolated

genes including the established Sr lines.

Another unique paír of resistant monogenic lines are the lines MINT

and TBR7. The genes involved in these lines are both recessive. It rnras

therefore consídered unnecessary to compare these v¡ith Lhe dominanË mono-

genic línes I,lfS7 and I(LDT vrhich also conferred resistance to race EA7.

Crosses between MINT and TBRT were conducted; (TABLE 5:40) there was no

segregation in the F, generation indicating Ëhat they are the same. Data

in TABLE 5:33 also lead to the same ínferrence.

The remainíng monogeníc llnes IJIST and I(LD7 each confers dominant

resistance to EA7 only in the present, Ëester races. tr'ltren K,D7 vlas crossed

Ëo I,IIS7 the F^ generaËion Ìrras homozygous resisËant, hence the two monogenes
¿

¿¡s probably identical.

0n the basís of these tests, the 25 monogenic línes are composed of

at least 10 genes: fÍfteen lines are duplicates of 5 exisËing Sr genes

whlle the remaÍnlng ten lines lnclude dupLicates of 5 unidentífied genes.

5.4 THE RANGE OF RESISTANCE CONI'ERRND BY THE }IONOGENIC LINES

The f lve new unidentified monogenic l-ines (TA3LE 5:41), rìrere tested

to seven North American races and to six EasË African races Ëo check on

the spectrum of Ëheir resistance. The North American rust cult.ures \.rere

obtaíned from CDA Research StatÍon, tlinnipeg through the courËesy of

Dr. G. J. Green. The cultures included: Cl(17) 87-65¡ C2(174) 6-68;
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cl8(1sB-11) 20-68; C20(11) 23t-7O; c22(32) 39-68; C2s(38) 1e7-65 and

c4L(32-113) 92-70. The East African races included: EAll(40); EA12(40);

iiAI3(34); EA14(11); EA15(11) and EA16(40). Ihe observed infections are

presented in TASLE 5:41.

From TABLE 5:41 it is obvious that Èhe five new genes confer resis-

tance to a wide range of faces " They are therefore very useful breeding

maEerial.

Nevertheless, the reactions presented in TABLE 5:41 require more con-

firmatory tests. The Ëabulated results are a sunmary of two replications

on1y. Ir Ís possible that for races: cI(17); C2(174); C20(11) and C25(38)

r¿here the recurrent, Hindi 62, parent showed some resisLance, the infection

types displayed in TABLE 5:41 might not be due Èo the resistance of the

isolated donor genes alone but also might have been contributed by Hindi 62

genotype.
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6. DISCUSSION AND CONCLUSIONS

The inheritance of reaction in the seedling sËage to individual wheat

stem rust races r.vas studied using Fl , F2 and BC'F, families. Frequently

progeny tesËs were conducted on the BCrF" lines derived from the resis-
IJ

tant BC.F^ progenitors. The prirnary test races included EA4(295); EA5(34);
L¿

EA7(40); EA8(40); C10(158-1) and C17(56). In regard to the meËhods for

genetLc analysis, it was found that the study of F, families from back-

crosses Ëo a susceptible variety lùas superior over the study of F, lines.

In backcross analysis, however complex Lhe mode of inheritance seemed to

be, it was easier to distinguish segregating from non-segregaÈing families.

Furthermore segregation r.rithin the BC'F, families added invaluable supple-

menÈal informaLion regarding the modes of inheritance.

1,he results obtained relative to the seedling inheritance of resis-

tance point in the main to a Mendelian nìanner of inheriLance. Temperature

and possibly light rùere also considered to be important factors in the

breakdor,¡n of seedling resÍstance in these sËudies. ResísËant reactions

to the six races were found to be controlled by at least ten different.

major geneLic factors. Susceptibility r+as dominant in l"linnesota 3654/60

for EA4 resistance; Trophy t.oo had recessive genes conferring resistance

against EAB. Tobari 66 and Conley had one recessive gene each against EA7.

2
C.I.8154-Frocor- also displayed a recessive gene expression for resistance

against C10. However, resistance r!¡as dominant in most of the cases sÈu-

died. For most situations, resistance factors were inherited Índependently

of one another. Linkage of the genes might have distorted a few of the
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genotypic ratios. In one clear case mono-gene CIFCl7, selected for re-

sistance against race C17; and identical to gene Sr1, was found not to

segregate independent of sr17. In another case the two monogenic lines

KLDT and KLDC17 from Kenya Leopard were found to associate togeËher quíÈe

frequently with a recombinational value ot 28.3 per cent. The results

showed that resistance to EA4 is controlled by two major genes; EA5 by

four genes; EA7 by one gene; C10(158-f) by two genes and C17(56) by four

genes.

Gene expressíon for a number of the genes reported ín this paPer

could be explained by at least partially dominant factors and for several

of them, such as the gene in the variety C.I.8154-Fro"or2 conferring re-

sistance against C10(158-1) or the Trophy gene for EAB, the heterozygotes

condiËioned an infection type thaË was boarderline between a type 2 and

a type 3. During the course of these studies iË was also noted that

varieËies or lines of Tobari 66, C.I.8154-Fto"ot' and Trophy conferring

a moderate resistance reacËion were erratic and became ineffective aE

times especially when the test conditions \iùere sub-optimal . Some of the

variability in these expressions hras undoubtedly due to modifiers. The

varieties carrying these apparent. variable fact.ors hrere crossed and back-

crossed three times to Hindi 62 and selectíon for resistance to respec-

t.ive races was done continually. As the backcrossing proceeded, selection

became more difficult. Wtren the lines were in ta:t¡, all Ëhe plants l¡Iere

susceptible. To recover good resistance from such lines, it would be

necessary to add some of the modifying genes. From Ëhe present resulËs'
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iË was evident that the inheritance of rust resistance ís extremely com-

plex. The evidence now avaílable from numerous studies (Loegering eË 41.

L957, Green et al. 1960 and Berg et al. 1963) also support the existence

in many wheat genotypes of extensíve sysEems of loci which modify the

effects of major.genes for stem rust resistance. The modifiers make it

diffículL both to identify the effects of the major genes, and to study

the possible complemenÊary or episËatíc inËeractions between these genes.

The importance of modifiers or perhaps of a genic-environment balance on

rusÈ resist,ance is again emphasized in Èhe present work. Wtrile the genes

reported here determine r¿hether a variety vlas or vras not resistant to the

experimental races, the degree of resistance they condiËion was variable

in different crosses. In these cases it vras not known whether Lhe diffe-

rence was due to specific modifiers carried by Hindi 62 ot Ëo Ë.he genic-

environment interaction in general. For instance, iË ¡"¡as clear that there

Íras at least one modifier of the resistance to race EA8 condiËioned by a

single major recessive gene Ín Trophy. This observaLion is in agreement,

with the findings of Andersor,.a "r. 
(1956) and Sheen et 41. (1965) who

reported enhanced and reduced resistance reaction by modifying factors.

Besides, the minor factors, major genes (Sr9 and Sr10) have been reported

to act as modifiers of the gene Sr7. This modífier effect probably ex-

plains many of the difficultÍes encountered ín maintaining fu11 resistance

while backcrossing t,o produce rust resistant varieËies and monogenic 1ínes

When genes conditioning resistance to the same race were combined in

the inter-varietal or intra-varietal gene interrelationshif comparisons,
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the resulting host. reaction was typÍcalIy that associated with the locus

conferring Ehe higher leve1 of resistance and the F, segregations hlere

generally in good agreement. with ratios calculaËed on the expected paren-

tal genotype. The lone excepËion was when monogenic line MIN5 was crossed

to Sr15 where a good fit to 9:7 raLio rras obtained. The latter suggested

Ëhe occurïence of inter-al1elic interactíons in Ëhe determination of host

reactions. In the absence of non-allelic interaction betl¡een major 1oci,

the genetic basis of the host-parasíte relationship postulaËed by Flor

(1946) requires as many alleles to condition host resistance as there are

pathogenicíty genes in the pathogen. Apparently from the present results

the wheat host displayed a relatively smaller number of loci in comparison

with the uride array of genes for virulence in P. graminis races employed

in these studies. Evidences relating to possible multíple allelism at

various 1ocí conferring host resistance are limited and inconclusive.

Resolving close 1-inkages governing resisËance and the problem of criti-

cally demonstrating the identity or non-identity of loci from different

hosts present dífficulties which pose a límitation to the analysis of this

host-pathogen system. However, the backcross (Eest-cross) analytical pro-

cedure may prove more efficient than the tradítional F. populaËion analy-

sis for the resolution of resistance factors.

In spite of analyËical complications, the results demonstrated that

the eight experimental varieties and strains: KIIR, KLD, TBR, CLY, CIF,

I.fIS, TPY and MIN; carried at least five idenËified genes, Sr1, 516, Sr7,

Sr11 and sr17 for rust, resistance. They also carried five.promising new
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resistance genes. The present results corroboraËe the predicLions made

by Evans eË al. (1969) and Green et al. (1970) that there hrere gene dupli-

cations and a few unidentified resistance genes effective against the

East African races amongst the current Kenya sources of black stem rust

resistance. They concluded this when the Sr genes idenÈified in North

America were largety ineffective against East African races. The present

studies also showed a very high predominance of Sr11 in the current Kenya

varietíes and breeding material. This fíndíng is in concordance rrith

Harder's L972 finding that Sr11 was effecËive to 52 per cenË of all the

1970 rust isolates in Kenya and Tanzania, and that probably it (Sr11)

would occur ín most of the Kenya wheat varieties. Another ínteresting

observation from Ëhese results v¡as the fact that of the older Sr lines

identified (Knott et a1. 1956 and 1962), amongst Ëhe Kenya culËivars, only

genes 516 and Sr11 with broad spectrum of resistance and high effective-

ness over the past and the current EA races appear to have survived Ëhe

selection pressure over the years.

The five ne\4r genes could not be traced back Ëo any conunon ancestor

since they (experimental cultivars) were of diverse geographic origin and

parentage. Besides, none of their parents had ever been studied under

stem rust race situation sÍmilar to Kenya nor had they ever been genetí-

ca1ly analyzed in Kenya. Nonetheless, in general the results in Ëhis

paper agree well with those reported for the progeniËors of some of the

varietÍes by other ínvestigators, wherever the genes vrere also effective

agaínst the four EA and two NorËh American races in the present experimenË.



111

Conley, for insËance, inherited Sr11 from the variety Lee for resistance

to EA5 and C17(56) and 516 from the variety McMurachy. Trophy has Tim-

stein as one of its parents, hence, it has derived its Sr11 gene from

Timstein (Ihott et a1. 1956 detected Sr11 in Timstein). Kenya Leopard

and I^Iisconsin 245-II-50-17 have sister lines, C.I.L3632 and C.I.13633

progenitors respectively. In the present sËudies the mono genes KLDT

and I,IIS7 were found to be identical. The two varieEies, IIIS and K.D, are

likety to have inherited the mono genes I(LDT and IfIS7 (unídentified iden-

tical genes) from these Èwo síster progenitors which convey resistance

against race EA7. Allard et al. (1954) reported that lines C.I.13632 and

C.I.f3633 have aÈ least two linked genes in cornmon for stem rust resis-

tance. Tobari 66 has K324, Timstein, NewËhatch in its parenËage. It is

therefore expected Ëhat Sr11 was inherited from Timstein while most pro-

bably K324 provided the 316 gene. The other nehr gene TBRT might have come

from oËher parents such as T"pp, Mentana or Marroqui. Minnesota 3654/60

on the other hand has Frontana, Kenya 58, NewÈhatch and Pilot for iLs

parents. Therefore it rnight have ínheriËed the 516 from K5B and Sr7 from

Nevrthatch. The oËher recessive genes detected in the present studíes could

noË be aËtribuÈed to any of its parents since no previous records are

avaí1ab1e.

That the progenies or derivatives from any cross míght not inherit

all the resísLance genes from their progeniËors \,/as not unusual. Hence

the genotypes of the eight donor parents cannot necessarily correspond

fu1ly with the combined parental genotypes. For example, !'rontana which
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carries Sr8 (Knott et a1. 1956) has been used extensively in the Kenya

breeding progranme. However, Ln 1962 KnoÈt could not detect Sr8 from any

Kenya varieÈy or line. Líkewlse Sr8 rnTas not detected in the present ex-

perimental material r¡hich vrere extracËed from the Kenya established and

SRPC cultivars and strains though the differential race C17 (56) was used

in the present studies.

The number of genes predicËed in this thesis for each of the varie-

ties; KHR, K,D, TBR, CLY, CIF, IùIS, Tff and l"fl,N, are valíd as far as the

present test races are concerned, but it ís doubtful that these are the

only loci homozygous for genes conditioning resistance in these varieties.

Actually all of these varietíes probably have addiËional homozygous genes

that condition resistance. These hrere not apparent in these studies pre-

sumably because of the tester pathogens used and perhaps because of the

similariLy of loci for resÍsËance present in the resistant and the suscep-

Ëible parents used. Thus one can never be sure Ëhat, in a genetic study

of only paËhogeniciËy of Ëhe pathogen or only reaction of the host, one

has demonsËrated the presence of all the genes conditioning avirulence in

the pathogen or resistance in the host.

The use of genetic syrnbols such as KHR4 or CLYC1Ta adopted in this

Ëhesis was intended as a Èemporary device only. trlhen the respective loci

postulaEed hereín have been proved beyond doubt by further experirnents,

the loci involved shall then be given Sr or sr designations in series

with the already numbered genes as proposed by Ausemus et 41. (L946) .

From the present evidences it was very tempËing to co4clude that the
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existence of a large number of physiologic forms rras a less serious threat

from a breeding point of view than it fírsË appeared. It was clear that

the inheritance of resistance governed by a single gene pair such as 1flN4,

KIIR4 or Sr11 protected several varieties from a wide spectrum of races.

I'fIN4, for inst.ance, conveyed resÍstance against races EA4, EA5, EAI 1, 8412,

8413, 8414, E415, EA16 and to the North American races Ci(17), C2(L7L),

C18(158-1L), C22(32), C25(38), C41(32-1f3) and probably to many more races

which vrere not included in the present sËudies. Thus any line of a cross

involving MIN4 which is resistant to one of these forms wi1l, in all pro-

babiliLy, also be resistant to other races in this group.

The present results also revealed that it must not be supposed that

all the races are characterized by the same type of reaction on different

varieties or lines Ëhough the same reaction gene(s) might be involved.

As a matter of fact Ëhe differences \¡rere striking for certaín host-pathogen

relationships. A comparison between the reactions Eo races C10 and C17

(TABLE 5:33) will serve Ëo illustrate this point" ÛtINCl7a (S16) exhibited

2 infection type to C10(158-1). The same mono gene produced ;1 to Cf7(56).

In conLrasË Iü,D17 (516) exhibited 2,3 infecËion type when inoculated wiËh

C10(158-1) but the infection type was again ;1 when inoculaËed with C17(56).

This observatíon ís in agreemenË vrith most of the recenË works with stem

rust of wheat (Green et a1. 1960, Loegerlng et al. 1967 and Bàrtos et al.

1970).

In the course of this project to determine the mode of inheritance,

isolation of genes, their interrelationshíp and spectrum of effecËíveness,
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a number of accomplíshmenËs and conclusions reached have so far been dis-

cussed in this chapter.

The significance of the presenËed results to the wheat improvement

programne in Kenya will be discussed briefly. The mono gene lines des-

cribed here could be used in both basic and applied research. i,trith re-

gard to applied research, it is advocated that one of the prime necessi-

ties in the successful breeding for rust resistance is gene identifica-

tion and gene management. Too often iË is not known r¿hether a group of

resistant ¡¿heat cult,ivars possess the same or different genes for resis-

tance. Some progress in thÍs dírection has been accomplished in the pre-

sent. investigaEions.

The knov,rLedge of the major genes implicated in a resistanË reaction

should help to plan intelligently a planËing schedule for varieEies to

escape the rust onslaught. For instance 516 is well knor¿n to be influen-

ced by temperaÈure fluctuaËions. Hence varieties, such as Trophy t¡hich

might depend on a temperature sensitive gene like 516 for their resis-

tance to certain EA races would normal-ly be recommended for plantíng ear-

lier in the season to enable Ëhem to ripen before the high Ëemperature

renders the gene ineffecËive.

The ísolated mono genes should also be incorporated into the Kenya

stem rust differential sysËem. FruiËful results are envisaged from the

use of mono genes as different.ial hosts because epistatic gene inter-

action and modifier effects will be greatly elíminated" The factors men-

tioned above alËer the infection types in response to environment causing
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identification of races most difficult and unreliable.

fhe programme to deËermine the interrelationships of the genes for

rust resistance carried by various varieties including all the Stem Rust

Parental Collection (SRPC) cultivars, will be continued and extended using

the present monogenic lines as tesËer checks. Thís procedure should en-

hance greatly the grouping of the SRPC material and other sources of re-

sistance in an orderly system on the basis of resistance genes. Even-

tually, by applying various suitable breeding methods these genetically

identifiable material will be deployed to evolve cultivars of superior

resisËance to wheat black stem rust.

Another important feature of the present work is the extensive use

of tesË crosses involvíng the Marquis lines carrying single genes for rust

resistance. This procedure should, in Èhe fuËure contríbute ir¡unensely to

the identificatíon progranme at PBS by making it relatively easier and

fasËer to deËermine whether a varÍety carries any of Ëhe known genes for

resistance or possess unknoü/n genes.

The present investigatíon had its weaknesses Ëoo. Only six races of

black stem rusE were employed in the isolation of the monogenic lines and

for Ehe genet.ic analysis. Therefore genes which provide resistance Ëo

races other Ëhan those studied were not detected. Furthermore only a

small number of races were employed in order to gain some idea on the

spectrum of resístance of the isolated monogenic lines. This short-

coming ís due to the laborious Ëechníque incident to the idenÈificaËion

of these genes; the number of culËures of both.races and ho.st populatíons
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and generaËions thaL can be handled is mueh more limiLed than if the

character studied were readily discernible by vísual inspection. Also a

precise localization of the genes rías not completed. Nevertheless, the

work is in progress on monosomíc and telosomic analytical t.echniques

which will give a more accurate determination of the locatíon and the

association of the presently described mono genes. A remarkable diffi-

culty in the present studies on the mode of inheritance IÀIas to decíde on

plants which were resistanE and which to classify as susceptible. An

arbitrary division was set up: all the seedlings having infection type 3

or better r¿ere classified as resistant. Unfortunately such a classifica-

tion might not. always be genotypic although in Ëhe present ínvestigations,

the ratios obtained indicated that the ilstandardsrt set qlere reliable in

predicting the genotypes.

More backcrosses to the newly discovered genes are being continued

for complete transference of these genes to Hindí 62 background. I,Jhen

the backcrossing is complet,ed, the desired lines will be sent to other

scientisEs to ascertain the spectrum of resistance and further identity

of these mono genes. Ultimately the genes shal1 be given Sr gene desig-

nations.
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