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STELLINGEN

De hypothese verwoord door Dinoor en Eshed dat resistentiegenen in
natuurli jke ecosystemen zorgen voor een evenwicht tussen waard en

parasiet is in zijn algemeenheid niet juist.

Dit proefschrift
A, Dincor and N. Eshed., 1984. Ann. Rev, Phytcpathol. 22:443-B6

De stelling dat, ten behoeve van resistentieveredelingsprogramma's,
hoog-resistente planten van wilde emmer tarwe het beste Kunmen worden
verzameld op plaatsen waar deze soort een optimale habitat bezet, gaat
voorbij aan het feit dat veredelaars veel meer geinteresseerd zijin in

genetische diversiteit.
Mcseman, J.G., E. Wevo, M.A. El Morshidy and D. Zchary, 1984. Euphytica 33:41-47

Het in zijn algemeenheid afwijzen van het gebruik van overgevoe-
ligheids-resistentiegenen ('major genes’) in de plantenveredeling is

niet verstandig.
Dit proefschrift

De aanwezigheid van overgevoeligheids-resistentiegenen  tegen
Phytophthora infestans in geavanceerd uitgangsmateriaal van aardappel
moet vermeden worden.

0ok in de toekomst blijven chemische bestri jdingsmiddelen noodzakeli jk.

Het postuleren van resistentiegenen op basis van corresponderende
bekende virulentiegenen, na toetsing mwet verschillende fysio's, leidt

vaak tot verkeerde conclusies.
M.S. Perwaiz and R. Johnson. 1985. Plant Breeding 97:289-296
C.R. Wellings, R.A. McIntosh and M. Hussain, 1988, Plant Breeding 100:88-96

De uitspraak dat partiéle resistentie van gerst tegen dwergroest "bijna

fysio-niet-specifiek” blijkt te zijn, is een contradictio in terminis.
J.E. Parlevliet. 1982. In: Durable resistance in crops. Eds. F. Lambarti, J.M. Waller
and H.A. van der Graaff, Plenum Press, New York and London. Pp. 57-80

Het gegeven dat larven van vele tweevleugelige insekten in de bodem
leven, maakt dat het inbouwen van het Bt-toxinegen in een bodembac-
terie ter Dbestrijding wvan emelten ongekende risico's met zich
meebrengt.




10.

11.

Er is een discrepantie tussen de definitie van de termen virulentie en
agressiviteit, zoals gegeven in de lijst van gewasbeschermingskundige
termen van de Nederlandse Planteziektenkundige Vereniging, en het
internationaal gebruik in de literatuur over obligate parasieten van
granem.

Het is een slecht gebruik om in plaats van de naam van de vegetatieve
fase, de naam van de generatieve fase van schimmels te vermelden in
publikaties betreffende onderzoek over de aantasting door deze
schimmels in hun vegetatieve fase.

Z. Eyal, A.L. Sharen, M.D. Huffman and J.M. Prescott. 1285. Phytopathology 75:1456-62
&. Shaner and R.E. Finney. 19882. Phytopathology 72:154-158

Het begrip zelfvoorzieningsgraad in publikaties over voedselproduktie
in ontwikkelingslanden, geeft vaak een schromeli jke onderschatting van
de werkeli jke behoefte.

Stellingen behorende bij het proefschrift van C.H. van Silfhout, getiteld
"Identification and characterization of resistance to yellow rust and powdery
mildew in wild emmer wheat and their transfer to bread wheat", te verdedigen
op 23 november 1989 in de Aula van de Landbouwuniversiteit te Wageningen.



AUTHOR'S ABSTRACT

In wild emmer wheat three different kinds of genes for resistance to yel-
low rust were found, namely genes causing overall resistance, genes caus-
ing adult-plant resistance and genes which induce resistance detectable at
higher temperatures. At least eleven different and probably novel major
genes for overall resistance to yellow rust were detected. The inheritance
of overall vresistance genes and temperature-sensitive genes was found to
be mainly dominant, while the latter showed an additive gene action as
well. Several new sources of resistance to powdery mildew were found.
These include overall resistance, true seedling resistance, adult-plant
resistance and partial resistance. There proved to be ne serious crossing
barrier between tetraploid wild emmer and hexaploid bread wheat. It was
shovn that genes for resistance as well as other positive traits are read-
ily transferable to bread wheat, while the negative traits of wild emmer
can be easily removed. Two or three consecutive cresses with bread wheat
appeared to be optimal for developing wild emmer-derived germplasm or wva-
rieties.
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GENERAL INTRODUCTION

Cereals are worldwide the most important staple food. World production
in 1986 amounted to 1867 million metric tons (MMT), of which about 30 per
cent was contributed by wheat, while rice and maize each contributed about
25 per cent {(Anonymus, 1988). Wheat production in the developing countries
contributed about 40 per cent to the total wheat production which stood at
535 MMT in 1986. Wheat production has enormously increased since 1970 when
319 MMT was produced. About half of this increase has been grown in the
Third World (Curtis and Klatt, 1988). Although several of the developing
countries have become self-sufficient, they remain the largest importing
group (including China), having received about two-thirds of the total
shipments of 84 MMT in 1985, Real shortages of staple food are still high-
er than this {figure indicates, because in many developing countries the
mean daily caloric intake is below the necessary level.

One way to overcome the present shortages and to answer to the demands
of the still growing world population, is to inerease the yields per hec-
tare and to decrease the yearly fluctuations due to adverse conditions. In
general, the gap between the genetic yield potential and the actual yield
is quite large in many developing countries. Even under the present socio-
economic conditions at the small farms, considerable yield improvements
can be obtained. Production constraints are drought, heat, floods, rains
during harvest, suboptimal cultural practises, weeds, diseases and pests.
Some improvements with respect to the first four mentioned constraints can
be expected from more adapted varieties, but the main improvements can be
expected from better farm management with respect to cultural practises
and contrel of weeds, diseases and pests. The use of resistant varieties
will be the main method to control diseases and pests in developing coun-
tries, because chemicals for crop protection are in most cases not availa-
ble to farmers, and their application is expensive. In areas where thase
chemicals are available, resistant wvarieties can reduce the dependence of
the farmer on these chemicals and reduce the envirommental pollution.

The most important wheat diseases in developing countries are caused by
the follewing pathogens; Puccinia recondita (brown rust), P. striiformis
(yellow rust), P. graminis (black rust), Erysiphe graminis (powdery mil-
dew), Septoria tritici (septorie tritici leaf bletch), Fusarium graminea-
rum {scab), Helminthosporium sativum (spot blotch) and Ustilage tritiel
{loose smut) (Rajaram et al., 1988).

Among these pathogens yellow (stripe) rust (Puccinia striiformis Wes-
tend. f.sp. tritici Eriks.,} is considered the most or second most impor-
tant. pathogen in six out of nine agroecological regions as defined by
Rajaram et al. (1988), while powdery mnildew <{(Erysiphe graminis DC. ex
Merat f.sp. ¢tritiei ({E. Marchal]) is an importamt pathogen in four re-
gions.

In the developed countries the above mentioned pathogens are also caus-
ing economic losses, although black (stem) rust, spot bloteh and loose
smut are relatively less important.

Losses due to yellow rust in Asia and Africa since 1970 are given by
Saari and Prescott (1985). In this period 16 moderate to major epidemics
have been recorded with estimated vield lossez of 5 to 30 per cent.

Losses due to powdery mildew are reviewed by Jenkyn and Bainbridge
{1978). Annual yield losses range from 1-5 % in areas where mildew is a
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problem, but in localities where the disease 1is severe, losses greater
than 20 % have been recorded. A recent disease-loss relationship (- 0.013
kg per are per pustule-day per leaf) has been given by Daamen (1989).

The scientific name of yellow rust, and also its other common name
(stripe rust), has been derived from the linear arrangement (stripes) of
the yellow pustules on the leaves of adult plants . This phenomenon is
caused by the growth process of yellow rust, which also differentiates
this fungus from the other wheat rusts. The mycelium of the fungus grows
longitudinally between the mesophyl cells, while transversal growth is
inhibited by the vascular bundles which fill the space from upper epider-
mis to lower epidermis in adult-plant leaves. Germination of uredospores
on the wheat leaf is initiated by contact with water, after which the germ
tubes penetrate the leaf through the stomata. For a successful infection,
about eight hours of leaf wetness are necessary. The life cycle of Pucci-
nia striiformis is hemiform; only the uredial and telial stages are known.
In the epidemioleogy of this fungus only the uredial stege is important.
Therefore the development of wvariation for virulence must be due to non-
sexual mechanisms, such as mutation, somatic recombination and parasexual-
ity. Evidence has been given that the first two mechanismsz may play a role
in the formation of new races; wutation being considered the most Impor-
tant (Stubbs, 1%85). Hundreds eof different physiologic races have been
detected worldwide, of which many have been stored in the gene bank of the
Institute for Plant Protection in Wageningen, the Netherlands.

Hyphal growth of FEArysiphe graminis is superficial and haustoria are
normally restricted to the epidermal cells. Optimal conditiens for infec-
tion are 15-20 °C and 100% relative humidity, while free water hampers the
infection proces. After the formation of the first hausteria, hyphae begin
ta grow from the appressorium over the leaf surface and further epidermal
cells are penetrated as the colony spreads over the leaf surface. Young
colonies are usually white but become grey or reddish brown when sporulat-
ing. Conidial chains develop from a characteristic basal cell; mature
spores at the apex of the chain are easily detached by wind. Cleistothecia
are usually formed in the mycelial mat a&after conidial production has
ceased, each cleistothecium containing up to 25 asci with normally eight
ascospores. The cleistothecia are considered to play an important role in
the oversummering of the fungus; the role in overwintering seems to be
negligible. New virulence genes arise most probably from mutations (muta-
tion rates of up to 2000 per locus per hectare per day have been recorded)
and can be recombined during the generative stage, making powdery mildew
even more flexible than the rusts. Numerous physiologic races have been

detected in all the major cereal growing areas (Jenkyn and Bainbridge,
1978).

Because resistance to several of these pathogens is scarcely available
in bread wheat (Triticum gestivum (L.) Thell.) or has become ineffective
{(e.g. Stubbs, 1988), the search for sources of resistance has been extend-
ed to the wild relatives of wheat. Lange and Balkema-Boomstra (1988) have
given a concise review of the taxonomy and phylogeny of bread wheat and
its diploid and tetraploid ancestors. Among the wild relatives of bread
wheat, wild emmer wheat (Triticum dicoccoides Kérn,, or Triticum rurgidum
L. ssp. dicoccoides [Kérn] Bowden) is the most Important ancestor; tweo
(genome A and B) of the three genomes (A, B and D) of bread wheat are de-
rived from this wild species. The donor of genome I is the wild species
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Aegilops squarrosa L. {(Triticum tauschii).

Wild emmer wheat has been divided into two races by Harlan and Zohary
(1966), i.e. the Palestine race and the Turkish-Iraqi vrace, the former
race characterized by a remarkably large and robust plant type with large
seeds, heavy awns, wide leaves and thick stems; the latter characterized
by small and slender plants with small spikes and grains. Within Tsrael,
besides the typical type of the Palestine race, several different forms
have been found which indicate that the botanical identification of wild
emmer wheat in Israel might be more complex than described previously (Z.
K. Gerechter-Amital, pers. comm.).

Wild emmer wheat was discovered by Aaronsohn (1910, 1913) in northern
Palestine, and he already at that time indicated the importance of this
species for breeding, especially for resistance to rust, After this dis-
covery it took about half a century before substantial research on this
species was continued. Among the pioneer researchers were several lsraeli
scientists like D. Zohary, who studied its distribution, ecology and evo-
lution (Zohary and Brick, 1961; Harlan and Zchary, 1966), and I. Wahl and
Z.K., Gerechter-Amitai who studied the relation between this wild species
and wheat pathogens (Gerechter-Amitai and Wahl, 1566; Gerechter-Amital and
Stubbs, 1970). The latter report has been the first publication resulting
from a cooperation between Israeli and Dutch scientists on research in
wild emmer wheat which started in the early sixties and has been continued
up to the present day and is reflected in the present study.

The primary objectives of the present study were to investigate the
variation in wild emmer wheat with respect to resistance to yellow rust
and powdery mildew, and to transfer the resistance to these pathogens to
bread wheat. This included the selection of resistant plants from the wild
emmer populations, and the study of the effectiveness, the possible race-
specificity, the mechanism, and the inheritance of the resistance. For the
transfer of the resistance to bread wheat, research was focussed on possi-
ble crossing barriers, hybrid necrosis, breeding strategies, and selection
procedures.
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Major genes for resistance to yellow rust in wild emmer wheat

C.H. VAN SILFHOUT!, G.H.J. KEMA! AND Z.K. GERECHTER-AMITAI?

1 Research Institute for Plant Protection {IP0), P.0. Box 9060, 6700 GW
Wageningen, the Netherlands

2  Agricultural Research Organization, The Volecani Center, P.C. Box 6, Bet
Dagan 50250, Israel

Abstract

In a search for new sources of resistance to yvellow rust from wild emmer
wheat, about 830 samples were collected from wild emmer populations in
Israel. Of these circa 10% proved te be resistant to the Israeli test iso-
lates used in this study. Further tests with 28 isclates from 19 countries
in South America, Africa, Asia, Australia and Europe revealed that 30 se-
lections were vresistant to all 28 isolates, while another 38 selections
were in various ways susceptible to one or more isolates. The reaction
patterns of 19 of the latter selections were different from each other, as
well as from the reaction patterns which are shown by the European differ-
ential wvarieties for yellow rust when tested with the same isolates, A
Person-analysis of the results revealed that at least eleven different
factors for resistance are present in the tested wild emmer selections.
Strategies for the use of the involved genes are discussed.

Additional keywords: Triticum dicoccoides, Puccinia striiformis, stripe
rust.

Introduction

With the recent breakdown of Yr5 in India and Australia (Nagarajan, 1983;
Wellings, 1986), all the described major genes for resistance te yellow
rust (Puccinia striiformis Westend. f.sp. tritici Eriks.) in wheat have
become ineffective to one or more of the known pathogenic races when act-
ing singly (Stubbs, 19853). In all wheat-growing areas of the world, the
virulence of the races has been shown to increase step by step (Stubbs,
1985), often breaking down even combinations of resistance genes. In order
to be able to protect the world's wheat crop also in the future by virtue
of major genes, it is necessary to obtain novel resistance genes.

In this respect, several wild relatives of wheat have shown promising
resistance to the wheat rusts (Gerechter-Amitai, 1967). A particularly
premising source for yellow rust resistance, which until recently has
barely been utilized in breeding, is wild emmer wheat (Triticum dicoccoi-
des Kérn.). This wild species was discovered in northern Palestine by
Aarconsohn (1910). He observed that wild emmer wheat excelled in rust re-
sistance, obviously referring to yellow rust, Already at that time he re-
alized how great the potential importance was of combining the rust re-
sistance of wild emmer wheat with agrounomic traits of commercially grown
wheats (Aaronschn, 1913). Also Crepin (1924) observed that wild emmer
wheat, experimentally grown near Paris, repeatedly proved resistant to
yellow rust.



During the sixties, the study of resistance te yellow rust im wild em-
mer was revived by the Israeli scientists Z.K, Gerechter-Amitai and I.
Wahl in cooperation with R.W, Stubbs from the Netherlands. Preliminary
results in Israel revealed that among 55 seed samples of wild emmer wheat,
17 contained seedlings which were resistant, while in the Netherlands 21
of the 57 accessions exhibited resistance to yellow rust. One accession
which was more extensively tested (T. dicoccoides sel. G-25) proved to be
highly resistant to all 21 races and fileld races used in the tests (Ge-
rechter-Amitai and Stubbs, 1970}, In the mid-seventies the above-mentioned
cooperation evolved into a formalized cooperative research project on wild
emmer wheat, part of which Is reflected in the present study.

The objectives of the present study were

1, to collect a large and representative sample of the population of wild
emmer wheat growing in Israel;

2, to select from this collection plant-progenies which are homogeneously
resistant to yellow rust;

3, to investigate the effectiveness of the resistance in these wild emmer
selections to isolates of yellow rust from important wheat growing areas
in the world, and

4, to compare the resistance of these selections with the resistance due
to already described Yr-genes for resistance to yellow rust in wheat.

Materials and Methods

In the course of this study, about 850 accessions of wild emmer wheat have
been collected. The collection is of wide geographic origin, extending
from the Judean desert in the south to Upper Galilee, the Golan Heights
and Mt. Hermen in the north, where wild emmer is most abundant. Topograph-
ically, the seed has been collected from -125 m alt, near Lake Kinneret
(Sea of Galilee) to approximately 1500 m alt. on Mt. Hermon. The specimens
showed a wide variation for morphological traits and spike color charac-
teristics (Gerechter-Amitai, unpublished),

After collection, the accessions were tested in Israel for resistance
to local isolates of yellow rust. Tests were carried out in the seedling
stage and the adult-plant stage; in the seedling stage with one or more of
the isolates WYR-004 (race 2El8), WYR-295 (race 2E0) and GYR-22 (race 2E0)
and in the adult-plant stage with a mixture of races, including 2E0, 2E16,
2E18 and 82El6. The seedlings were tested in growth rooms at 15 °C and a
daily photoperied of 14 h, including 12 h at a maximum light intensity
(22000 1lux, combined fluorescent and incandescent light) and a step-wise
light increase and decrease, respectively, of one hour each. The seedlings
were inoculated when the second leaf appeared. Incubation of the plants
occurted in dew chambers at 9 °C during 24 h in the dark after which the
plants were grown under the same conditions as before inoculation. Obser-
vations on infection types were made during the third week, usually 16-18
days after inoculation. From non-homogeneous entries, resistant plants
were selected and the progenies of these plants were retested. This proce-
dure was repeated when necessary until progenies were obtained which were
homegeneous for resistance te yellow rust.

The resistant entries, which were obtained from these tests, were then
tested in the Netherlands with 28 isolates of yellow rust from the Gene
Bank of Yellow Rust (CBYR) maintained at the Institute for Plant Protec-
tion (IPC). These isolates have been collected in different countries and
carry the matching virulence genes for all described major genes for over-
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all resistance to yellow rust (Table 1). Of each entry, about 10 seedlings
were grown in plastic pots and inoculated just before the second leaf ap-
peared, The plants were incubated in a controlled environment chamber at
L/D: 12/12 h, BRH: 100% and a temperature of 9 °C for 24 h. Before and af-
ter Incubation the seedlings were kept in climate rooms at L/D: 16/8 h,
RH: 70%, a temperature of 17/15 °C, and a light intensity of appr. 25000
lux. Infection types were scored, using the 0-9 scale (McNeal et al.,
1971} at 17 days after inoculatlion. If entries did not perform uniformly,

further selections were made, either in the Netherlands or in Israel.

Table 1. Geographic origin, culture number, race designation and deter-
mined virulence factors of 28 isolates of yellow rust used in wild emmer

seedling tests

Isvlate Country Isolate Race Virulence factors?!

code of origin number designation and virulence genes
A Pakistan 75059 67E(16) 5/0, 1, 7, (8)
B Netherlands 78627 234E139 5/0,5D, 2,3,3N,4b, 7,7R, 9
c Kenya 80022 318E22 SD, 6,6P,7,7R,8
b Chili 75002 (108)E(¢203) §/0,8D, 2,(3),3N,4b,6,6P, (SP)
E Chili 74210 10BE173 §/0,8D, 2,3,3N,4b,6,6F cv
F Kenya 75147 38Elé SD, 6, 7, 8
G Egypt 75080 82E16 s/0, 7, 8,10
H India 76033 {71)E0 §/0, (1), {6), 7
I Netherlands 78527 108E169 5/0,8D, 2,3 ,3N,4b,6, cv
J Tunesia 76078 6EL6 6, 7, 8
K Afghanistan 81065 7E134 1,2, 6,6PF,7,7R
L Ecuador 81047 66EQ 5/0, 7
M Algeria 80093 41E136 s$p,1,2,3,3N
N China 82015 15E158 1,2,3,3N,6,6P,7,7R,8
0 Tanzanla 80100 38E(18) 3D, 6, 7,7R,8
P Nepal 80054 4E16 6, 8
Q Ethiopia 81038 70E148 5/0, 2, 6,6P,7, 8
R Peru 81035 104E9 5/0,8D, 3,3N,4b
5 Iraq 77167 82E16 5/0, 7, 8, 10
T Colombia 74176 12E132 2,3, 6,6P
U Iran 78098 82E16 5/0, 7, 8, 10
v Netherlands 87506 169E168 sD,1,2,3,3N, 9,CV
W Netherlands 85537 234E171 s/0,8h, 2,3,3N,4b, 7,7R, 9,CV
X Netherlands 88547 105E169 $/0,5D,1,2,3,3N,4b, cv
Y Netherlands 88507 108E141 §/0,8D, 2,3,3N,4b,6,6F
yA Australia 85569 360E137 §/0,8D, 2,3,3N,4h,5

AA Pakistan 86026 7E150 1,2, 6,6P,7,7R.,8

AB Netherlands 58017 104E9 $/0,8D. 3.3N.4b

! Virulence factors indicated by the corresponding differential variety or
known Yr-geme; S$/0 - Suwon/Omar, 5D - Strubes Dickkopf, 1 to 10 - Yri to
Yri0, 3N - Yr3 and Nord Desprez, 4b - ¥Yr3 and Yrib, 6P - Yré and Peko,
7R - Yr7 and Reichersberg 42, CV - Carstens V, SP - Spaldings Prolific




Isolate

KO 2 AFJ CHUNU BMQGS RKRPUITEBETYXMABDUWVL

Table 2. Reaction patterns of 68 selections of wild emmer to 28 isolates of yellow rust '’

Wild emnmer

selection

o0

OCO00O00CO0O0O00O0OOO0MHOOMOQACHADADONDOM2OQOAACO

FELEEE

FA AN AN A N A A A A N A A R A
A N N A A A A T
e A A A A A A A A A A A A AR A A A A A ]
Ll A e R A A A N A A A A
o A A R A A Y Y A A A A A e A
ErEmmaKE KRR MO My MM
LA A AR A R A AR - A e A A < R R A ]
[P A A A A - - meemo oo ook
RN AN N N A A
(=AY Y A A A A A
LA - e A A Y -
MMM R M MM EMNEE RN RN X
MmN NN RO MN MK O MK
LR A A R A - R - - 4 [ I~
A AN AR A A R A A A L A
(SR A A A - A A A - A
- A A e A A A AR N e e
R RN e X A MmO

M KRR MR MR O 21
[ e - Y e e A e - U [~ - - T 1
e N R e e A A A A [ =1
== - - A - < A A B A e A m
[Le e QYA A LA - - A N A REE AR MR [+ 4
e e A A A R Y LA o

o g o s A A A s o A A R A A A A A 4 [ = A= - e A [ == =4 [+ -l <4
FEEEOXOKOMOCCQOOMOMOQOOOOK MOQOOME © MmMoOoOM

MEEMY MEK KFMXXEM* MM KEENRNE X % *
MM EY MEEMNOEEOR*sMEOENEOXNKNE KON XM *
3 .

F ot - ~ =
$8% 1% caotabegE G ¢ g . 1

— o = L o B - ) [a'] < (1] o~

it b isheanesEng iloamaalay Lonnn
2§§ﬁ323§”S§3SQMN2Nﬂﬂ”ﬁ°§“ﬁﬂ§§§” aehaas
ettt R e Rkttt e kR R R e ik




Table 2. Cont.

Isolate

Wild emmer

selection

K OZAFJCHNMOQGSRPUTITUBETYXMAMABDWVL

r‘-'lHtﬁOtﬂﬁ'Nr"’lﬂOHNmmr—lHr‘-mr‘-HMhNﬂF\O\Dﬂg:

o AD D e Eaks [} o~ OO WD WO
AARG0RRA83233a8384d4338” ~ o

o M e MM
KA KNOM MM M KEEOW
KO RO MAae M KKK
MEKEAE MR s KRN EEOE W nun
K R r e m M R KO mN

(S A A A R A R [+ ]

(- A A A EEEMEEAETEO MEXOG
A Y YT - me M @)
RN - - - X~ -1

[T I~ I - - A A - - A 4 - 4 LI N4 mx w0
PG [ - - - 5]
[ -1 e Mem K R -+
Moo PR Ko © oW -4 7 ) A
M M X -4~ 1 [+ -4 [+ 4
* M AKE M Xk *ROEE KU n o wown
-1 x| wnuwn Wi [+ 4 W 2%}

-] @ " nwneEx« W0 mEmnnw mwy nwmwuan

M M o ww m one @
K @ o wnw nwEKo w wn o
P ® XEe WX e
® & ® P o
K wEX © o w oo W
PR P Py @ ) wwn
0 NoxOoOME Mo MOoOO @mMee & oMwuE~XW
* (o [+ A 0 * nwm myoumyy wnnaw
maw wmw;m *x ¥ NWE w) npw mwwm uy u
=
™
i % T o 5 F
! o & T T & B4 =]
oL LE  IT mEmm A5 00 TR
zluzz$? $? P T T |$|EIIEITﬁ$§t
g guga i R R e R R R R R R R R R
B~ b~ ™M uy [y M ] N MM M ™M Mg
CHEESE8EBEB0IICBEBREELEIEIBEILT

139

1246

25 32 30 37 35 35 36 35 36 38 40 43 42 45 44 48 51 51 50 53 52 53 54 54 55 55 59 58

2412 2 610 5 4 1T 7 8 517 6 7 0 2 O I 4 0O 1 3 1 1 9 2 1¢0

! R - resistant; S - susceptible: * - nat tested; 0 - no symptams; space - results inconclusive

1 For isolate codes see Table 1




Results

The vresults of the seedling tests with 28 isolates of yellow rust carried
out In the Netherlands are summarized in Table 2. Only those 68 wild emmer
selections are presented which showed promising resistance or which indi-
cated the presence of different resistance genes. Conclusive results were
obtained in 1385 out of the 1904 possible host-parasite interactions. In
the other 519 instances it could not be established conclusively whether
the entry was resistant or susceptible for the particular isolate used. In
thege cases the corresponding places in the table were left blank or were
marked with an asterix or zero. Inconsistent responses such as nonuniform-
ity in reaction (even though in many cases repeated re-selections had been
made)} and contradictory results between repetitions were marked by a blank
space. An asterix was used to indicate that the wild emmer selection was
not tested to a particular isolate due to lack of seed or bad germination.
In case of a zero all tested plants were free of visible symptoms, due to
a wvery strong hypersentivity reaction or, perhaps, to escape from infec-
tion.

As shown in Table 2, 30 wild emmer selections were resistant to all
isolates for which conclusive results were obtained., Thirteen selections
were susceptible to only one isolate, four to two isolates, and eight to
three isolates, while the remaining 13 selections were susceptible to more
than three isclates. Selection G410-1 was susceptible to the largest num-
ber of isolates, namely for 15 out of the 21 isolates with which conclu-
sive results were cbtained,

Among the 38 wild emmer selections which were susceptible to one or
more 1isolates, at least 18 definitely different reaction patterns can be
discerned, implying at least 18 different compositions of resistance genes
in the entries studied. Resistance to all 28 isolates as expressed by
selections G303-1M-4-3-2, G340-3B-3B-6 and G344-1-1-3M-1 represents a
nineteenth reaction pattern. All patterns discerned are shown in Table 3.

The various reaction patterns of the wild emmer entries were compared
with the reaction patterns of the European set of differential varieties
in order to determine whether the resistance in the wild emmer selections
could be similar to the resistance 1n the differentlal varieties with
already described genes for resistance to yellow rust (Table 4). Not a
single reaction pattern appeared similar to that of a European differen-
tial variety.

The reaction pattern of each of the 19 type-selections which showed an
unique pattern was compared with that of all other selections. Selections
which showed similar reactions to the Isclates for which conclusive infor-
mation was available were grouped together with the corresponding type-
selection (Table b5). Several entries could be placed in more than one
group; for instance, selection G4-1M could be grouped with selection G168-
1-2-4B, G25-78-35, G193-1M or G506-1M. In addition, selection G&4-1M could
even have a different resistance genotype than any of these four type-
selections. Only when additional information becomes available on those
interactions with selection G4-1M where conclusive information is now
lacking, final conclusions can be drawn whether selection G4-1M helongs to
any of these groups, and if so, to which of them. Clearly the same heolds
for the other selections with incomplete data as well.
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Table 3.

of yellow rust, defining all unambiguously

patterns present in Table 2

Reaction patterns of 1% selections of wild emmer to 15 isolates

different reaction

Wild emmer
entry

Isolate!

G303-1M-4-3-2
G168-1-2-4B
G25-78-35
G193-1M
G714M
G297-3M
G506-1M
G281-3M
G323-1-2-2
G395

G695-1

G487

G305-3M
G306-12-3-1M
G351

G410-1

G744M
G356-5-3B
G4l1l-1
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Table 4, Reaction patterns of the European yellow rust differential wvarie-
ties with identified Yr-genes to 15 isolates of yellow rust

Differential Yr- Isolate!
variety gene

N K O F R AAG € 858 X D J A B Z
Chinese 166 1 5 5 R R R S RURRSRRSZRR
Lee 7 $§ 8§ § S8 RS S S S8 RUR S S8 SR
Heines Kolben 6 S 8 8 S R S R S R R S S RZERR
Vilmorin 23 3 S R R R S R RRIBRS SRR S5 5§
Mora 1¢ R R RRRRSUER S RURIRIRUZBRTR
Strubes Dickkopf R RS S S R RS R S S RUR 8§ S
Suwon,/Omar R R RR SR S R S 8 8 R 8§ § 8
Clement g9 R R RRRIRIPRIBRRERTRIERTRSTR R
T. spelta album 5 R RRRPRRUBRERIRRURIRIPRUERS
Hybrid 46 Ib+4b R R R R S RPRURURS S RR § 8
Reichersberg 42 T+7 §$ S S RRSRSPRRZRTIRIRSR
Peko 6+7 §$ S R R R SRS RUERSUPRUZBRUZRR
Nord-Desprez 347 S R R R S R R RUR S S RR S 8§
Compair 8 S R 8 S R 8 8 8 S R R S8 8 R R
Carstens V R R RRRURURIERIRSI ERUERTERTZ RTER
Spaldings Prelific R R RREZRUERRIRIBRSI ERTERTERTR R
Heines VIT 2 S S R R R S R R R 8§ S R R S _8

1 R - resistant; S - susceptible; for isolate codes see Table 1
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Table 5. Wild emmer entries which could have similar resistance genotypes
according to their seedling reaction to 28 isolates of yellow

rust
Type Similar
selection selections!?
(G303-1M-4-3-2 340,344, ....2
G168-1-2-4B 4,846,194 316,345,348 ,495,693
G25-78-35 4,7-2-4,21,23,40,117,179,345,484,495,693,747
G193-1M 4,21,23,179,342,495
G714M 7-2-4,179, 345,387 484,485 507,693,713
G297-3M 21,23 315,348,503
G506-1M 4,179,194,315,345,348,485,495,693,716,747,789
G281-3M 29,240,315,326,507,642,693,789
G323-1-2.2
G395 240,348,693 ,802
G695-1
G487 240,315,345,493, 747
G305-3M 481,716
G306-12-3-1M 802
G351 354
G410-1
G744M
G356-5-38B 348,354 481,493
G4l1ll-1 481

! Selection numbers in full are given in Table 2
2 All other 27 entries with merely R-reactions

4 Person-analysis (Person, 1959), based on the gene-for-gene theory,
was carried out on the data given in Table 2, using a computer programme
designed by Kampmeijer (1980). The analysis revealed that at least eleven
different resistance factors must be involved in the 68 wild emmer selec-
tions to explain the variocus responses of the wild emmer selections to the
test isolates. Of these eleven postulated reslstance factors, nine would

be present singly in nine out of the nineteen different type-selections
(data not shown).

Discussion

There are different approaches to determine whether new collections of
wild emmer wheat, which were found to be resistant to Israeli isolates of
yellow 7rust, differ from each other with respect to their resistance
genes. The most secure approach is the application of a diallel crossing
scheme, which however is also the most laborious technique. This technique
can in fact only be applied with a limited number of entries. Therefore,
three other appreoaches have been applied at first. One of these is to de-
termine the number of resistance genes and their gene action by analyzing
the offspring of crosses between the test entries and a susceptible parent
(Van Silfhout et at., 1989). A second approach is to cross new sources of
resistance with a wild emmer selection for which it has been shown already
that its resistance gene is different from the described genes for yellow
rust resistance {(Gerechter-amitai et al., 1989). A third approach, which
is the subject of the present study, is to compare the reaction of the new
sources of resistance to different isclates of yellow rust. This technique
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has the advantage, in comparison with the other techniques, that already
an indication can be given concerning the effectiveness of the involved
resistance. Disadvantages of this method are that no coneclusions can he
drawn when entries are resistant to all test isolates, that only the num-
ber of different resistance factors can be estimated (each of which may
contain one or more resistance genes), and that ne conclusions can be
dravn with respect to gene action and possible allelism. A comparison of
the most promising sources of resistance using a diallel crossing scheme
is in preparation,

From the results obtained in this study, one of the drawbacks mentioned
above is very evident. From the tested selections about 50% was resistant
to all isolates with which conclusive results were obtained, but neverthe-
less nothing could be concluded about the number and identity of the re-
sistance factors involved in these selections. The resistance in the lat-
ter selections may be based on various single genes which completely dif-
fer from each other, but the resistance may alsoc be based on one or more
resistance factors which are similar to each other or on the presence of
some of the few unmatched combinations of the resistance factors found in
the selections which were susceptible to one or more isolates, Anyhow, the
resistance in these selections appears to be widely effective and may
therefore be very useful in breeding for resistance.

Although 19 different reaction patterns were found in the tested wild
emmer selections, only eleven different resistance factors were assigned
by the Persen-analysis to explain the results. The reason is that several
entries may have genes in common, although in different combinations,
Whether this is really the case can not be discerned with certainty in
such an incomplete matrix. Moreover, in the application of this method
only the minimum number of resistance factors is ascertained, as is common
practice in other genetical methods as well, In crossing experiments with
wild emmer selections (van Silfhout et al., 1989; Gerechter-Amital et al.,
1989) including several of the same selections, only one or two resistance
genes were found in most wild emmer selections. Only in a few cases three
or more genes were postulated. With the Person-analysis on the data from
the present study, one or two resistance factors were indicated in most of
the studied selections as well. Nine of the postulated resistance factors
were assumed to occur singly in certain selections. This may indicate that
in these cases each resistance factor represents a single gene. If so, at
least nine of the eleven factors would be novel genes differing from the
known Yr-genes. In a few selections up to five resistance factors were
postulated, which seems to be an unlikely high number. This might in part
be due to the Perscon-analysis which is designed to search for the minimum
number of factors; if more resistance factors would have been postulated,
less complex genotypes would have resulted from the analysis.

In the present study major attention was given to the expression of
resistance in the seedling stage. However, as stated in the description of
the methods used in this study, all entries were also tested in the adult-
plant stage to a mixture of local yellow rust isolates in Israel and in
many cases also in the Netherlands. The results of these tests indicated
that the resistance detected in the seedling stage was also effective in
the adult-plant stage. Therefore it is assumed that the resistance found
in the studied selections can be designated as overall resistance.

The resistance in the studied wild emmer selections induced a very low
infection type, mostly without sporulation. Together with the apparent
single occurrence of most of the postulated resistance factors in specific
wild emmer selections, and the conclusion reached above that these resist-
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ance factors probably represent single genes, it is reasonable to desig-
nate the resistance genes present in the studied selections as major
genes.

The fact that several entries were found to be susceptible to one or
more isolates does not mean that the resistance in these selections is of
less importance. For example, 32 of the 38 selections of wild emmer which
were susceptible to ovne or more of the 28 isolates, proved to be resistant
to eight of the main yellow rust races from the Netherlands. The resist-
ance of these entries can still be used in this area. Although £for other
areas smaller numbers of isolates have been used, the same is probably
true for these areas as well. In addition, the fact that different resist-
ance factors can be assigned to these selections opens the possibility to
combine these factors, either in single varieties or in variety mixtures.
The different resistance factors can be of use in diversification schemes
as well.

In conclusion, it has been shown that the resistance in the studied
wild emmer selections is based on at least eleven resistance factors which
represent probably single genes differing from the known Yr-genes. These
novel genes can be designated as race-specific major genes for overall
resistance. Most of these genes appeared to be widely effective to viru-
lent isolates from different continents and can be of great value in wheat
breeding for resistance to yellow rust.
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Abstract

Out of 71 selections of wild emmer wheat which were involved in this study on the inheritance
of resistance to yellow rust, 45 selections gave conclusive resuits. The most common finding was
that the observed segregation ratios in the F,-progenies indicated that the resistance is based on
one or more dominant genes (67%). Less frequently, resistance may be conferred by one or more
recessive genes (18%), or a combination of both dominant and recessive genes (15%). At least
eight different genes have to be involved in the 45 wild emmer selections in order to account
for our findings.

Additional keywords: Puccinia striiformis, stripe rust, wild emmer wheat, genetics, inheritance,
major genes.

Introduction

For breeding bread wheat cultivars resistant to yellow rust (Puccinia striiformiis Wes-
tend.), the need for yet unused genes has been emphasized (Van Silfhout and
Groenewegen, 1984). Since cultivated wheat as a donor of effective resistance genes
appears to be greatly exhausted, the necessity for a new source was indicated.

Gerechter-Amitai and Stubbs (1970) found a valuable source of resistance to yellow
rust in Israeli populations of wild emmer wheat (Triticum dicoccoides Korn.). In these
initial screening tests including 55 entries, 17 were found to contain resistant seedlings;
two in particular, G-7 and G-235, proved to be resistant to many races and field-races,
both in the seedling and in the adult plant stages. The inheritance in one of these acces-
sions, sel. G-25, was subsequently studied in crosses with a susceptible T, durtm cultivar,
revealing that the resistance in this wild emmer selection is probably conferred by one
dominant gene (Gerechter-Amitai and Grama, 1974). Using T. durum as a bridge, and
also by direct crosses with T qestivum, it was shown that the resistance can be transfer-
red to bread wheat (Grama and Gerechter-Amitai, 1974). In further work, Grama et
al. (1984) demonstrated that the resistance could be incorporated into an agronomical-
ly desirable type of bread wheat, with good baking quality.
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The initial study of a limited number of wild emmer accessions was expanded into
a comprehensive research project, including country-wide coliections of T, dicoccoides
in Israel, and screening of this material with local isolates of yellow rust, Eighty-two
selections which had proved resistant in this research were further analyzed with 20
isolates of vellow rust from different countries and continents. Concurrently, 71 of these
resistant selections were subjected to genetic analysis. In 26 of these selections, the
F,-progenies presented a wide range of infection-types and the segregation ratios in-
dicated the presence of modifier, suppressor or minor-effect genes, a complexity re-
quiring further study. The present analysis deals with the 45 selections for which
conclusive results were obtained.

The objective of the present investigation was to study the mode of inheritance of
vellow rust resistance in wild emmer, and to make the resistance genes accessible for
wheat breeding.

Materials and methods

The seed of wild emmer used in the present study consisted of 45 sclections from 38
collection sites in Israel and two in Lebanon. The collection was of wide geographic
origin, extending from Mt. Hermon in the north to the Judean Desert in the south.
Topographically, the seed had been collected from sea-level at the Mt, of Beatitudes
to approximately 1400 m alt. on Mt. Hermon. The entries showed a wide range of
variability for morphological traits and for colour characteristics,

In the crossing programme, T, durum Desf. ¢v. D447 (= LD393/2 Langdon NDS58-
322) was used as the susceptible parent. When crossed with the resistant wild emmer
selections, the durum cultivar served usually as the femnale parent. The crosses were
carried out in a wire-screen-protected nethouse.

Parents and progenies were tested in the seedling stage for yellow rust reaction in
growth chambers under controlled light and temperature conditions. The seedlings were
grown at 15 *C and a daily photoperiod of 14 h, including 12 h at a maximum light
intensity (22 000 lux, combined fluorescent and incandescent light) and a step-wise light
increase and decrease, respectively, of one hour each. Each of the F,-progenies was
inoculated with one of the following isolates; GYR-22 and WYR-295, belonging to race
2E0, and WYR-004, belonging to race 2E18, which were avirulent to all parents, The
seedlings were inoculaied when the second leaf appeared. For incubation the plants
were kept in dew chambers at 9 °C for a 24 h dark period and afterwards grown under
the same conditions as before inoculation. Notes on the infection-types (Gassner and
Straib, 1928, 1932) were taken during the third week, usually 16-18 days after the
inoculation.

in the segregating F,-populations, non-sporulating (I.T. 00-0?) plants were con-
sidered to be resistant and sporulating (1.T. 1-4) plants to be susceptible, This border-
line between resistance and susceptibility was chosen because it coincided with the
infection-type of the resistant parent or of the F -population, if the F, was resistant.
Expected ratios as well as the respective chi-squares were calculated for each of the
Crosses.
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Results

The observed and expected F, segregation ratios in the 45 crosses between selections
of resistant wild emmer and susceptible durum wheat are given in Table 1. In several
of the crosses studied, two or more genotypes could be postulated on the basis of the
observed segregation ratios. In these instances, the theoretical segregation for the simplest
genotype was shown in Table 1, unless additional data would suggest otherwise. More
complex genotypes were postulated when three or more distinct infection-types, in par-
ticular of the intermediate range, were observed in the F,-populations. In a few cases
also the data obtained in crosses with resistant sel. G-25 were taken into consideration
in postulating the genotypes.

On the basis of the theoretical segregation ratios, nine different groups could be
discerned. The largest of these (group 1) consists of 22 entries, each of which does not
deviate significantly from what is expected under the hypothesis that the resistance is
based on one dominant gene (3 : 1). Next (group 7), the F,-populations of six entries
showed segration ratios indicating the presence of one dominant and one recessive gene
(13 : 3) and in five entries (group 6) the resistance seems to be based on two recessive
complementary genes (1 : 15). These are followed by two groups (nos. 3 and 4), each
including three entries, which probably have two dominant genes; in the former in-
dependently inherited (15 : 1), and in the latter complementary (9 : 7). Two entries (group
5) may be carrying two recessive genes each (7 : 9). The three remaining groups were
represented by single entries only; in one of these (group 2), one recessive gene seems
to be present (1 : 3), whereas in the other (group 8), one dominant and two recessive
genes were indicated (55 : 9). In one cross (group 9), all 256 plants proved to be resis-
tant, showing that probably at least three dominant genes are involved.

In all 45 crosses, the chi-square values (Table 1) were not significant at the 5% level.

Discussion

Although in our genetic study of resistance in wild emmer F,-populations could not
be tested due to the large number of selections included, additional studies of some
of the same selections furnished supporting evidence on our hypothetical genotypes.
By crossing 17 of the same selections with the resistant wild emmer sel. G-25, in 13
of these crosses confirmatory results were obtained {Gerechter-Amitai et al., 1989). Only
in four of the crosses different genotypes were indicated in the two tests.

Each plant in an F,-population with an infection-type lower than I'T. 3 has inherited
part of the genes which are involved in the resistance of the parent. Therefore the border-
line between the susceptible class and the resistant class can be set between any two
consecutive infection-types. If the border is set between L.T. 00 and L.T. 0? one can ex-
pect segregation ratios which indicate the highest number of genes and indications for
interaction between the genes. With a border at higher infection-types one will find
a lower number of genes and fewer interactions between the loci. By using this method
of shifting border-lines, supporting evidence can be found for the conclusions which
were drawn at the lower infection-types (Van Silfhout and Drenth, 1987). Because in
this paper too many crosses were analyzed to go into detail, one fixed border-line be-
tween LT. 0= and L.T. 1 was chosen for all entries. In most cases this will give a good
estimate of the number of genes and the mode of inheritance.
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Table 1. Genetic analysis of resistance to yellow rust in 45 crosses between resistant wild emmer
selections and susceptible Triticum durum cv. D447,

Group Wild emmer F, segregation ratio (R : 8) Chi- P value
selection square
observed theore- expected
tical
1 G 025-5B 36: 9 31 33.75. 11.25 0.600 0.30-0.50
G 029-1 59: 17 31 57.00: 19.00 0.281 0.50-0,70
G 197-2-1B 111:; 28 31 104.25: 34,75 1.748 0.10-0.20
G 240-5 64: 25 31 66.75; 22,25 0.453 0.50
G 288-3-5 80: 19 31 74.25: 24.75 1.781 0.10-0.20
G 298-8-1 90: 30 31 90.00: 30.00 ¢ 1.00
G 303-1-4-3-2 32: 7 31 29.25: 9.75 1.034 0.30-0.40
G 305-1B 117: 41 31 118.50: 39.50 0.076 0.70-0.80
G 313-9-1-1 25: 11 31 27.00: 5.00 (.593 0.30-0.40
G 314-4-7 106: 36 31 106.50; 35.50 0.009 0.90-0.95
G 315a-3 141: 48 31 141.75: 47.25 0.016 0.90
G 332-1-2 21: 11 31 24.00: B.00 1.500 0.20-0.30
G 351-3-1 68: 26 301 70.50: 23.50 0.355 0.50-0.70
G 360-1-3-2 111: 29 3:1 105.00: 35.00 1.371 0.20-0.30
G 363-4-3-1 38: 12 RS | 37.50: 12.50 0.027 0.80-0.90
G 368-6-1 18 7 31 18.75: 6.25 0.120 0.70-0.80
G 436-4 48; 21 KHI 51.75: 17.25 1.087 0.30
G 476-10 34: 12 31 34.50; 11.50 0.029 0.80-0.90
G 484-6 96: 30 3 94.50: 31.50 0.095 0.70-0.80
G 485-5 100: 30 3:1 79.50: 32.50 0.256 0.50-0.70
G 487-11-3-3 32: 12 1 33.00: 11.00 0.121 0.70-0.80
G 498-2 19: 12 11 23.25. 1.75 3.108 0.05-0.10
G 503-2-1-1 59: 24 31 62.25: 20.75 0.679 0.40-0.50
2 G 411-1-4-1-2 9: 46 1: 3 13.75: 41.25 2.188 0.10-0.20
3 G 117-1-1-1-3 32: 4 15: 1 33.75: 2.25 1.452 0.20-0.30
G 168-1-2 63: 6 151 64.69: 4.31 0.704 0.30-0.50
G 309-8-1B-1 95: 11 151 99.38: 6.62 3.082 0.05-0.10
4 G193-1 49: 34 97 46.69: 36.31 0.262 0.60-0.70
G 327-6 116:103 9: 7 123.19: 95.81 0.959 0.30-0.40
G 340-3 52: 34 9: 7 48.38: 37.62 0.621 0.40-0,50
5 G 121-1-3-1-1-5-3 12: 25 7.9 16.19: 20.81 1.926 0.10-0.20
G 493-1-2 26: 31 7: 9 24.94: 32.06 0.080 0.70-0.80
6 G 213-2-8 7:132 1:15 8.69:130.31 0.350 0.50-0.60
G 281-3-4 3:100 1:i5 6.44: 96.36 1.958 0.10-0.20
G 474-4-14 5: 92 1:15 6.06: 90.%4 0.199 0.60-0.70
G 507-6-3 11:100 1:15 7.56:113.44 1.667 0.20
G 695-1 2: 19 1:15 1.31: 19.69 0.384 0.50-0.60
7 G 028-3-1-3 119: 25 13: 3 117.00: 27.00 0.182 0.60-0.70
G 040-1-2 106: 21 13: 3 103.19:; 23.81 0.409 (.50-0.60
G 156-2 159: 31 13: 3 154.38: 35.62 0.739 0.30-0.50
G 194-3 79: 17 13: 3 78.00: 18.00 0.068 0.80
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Table 1, Continued.

Group Wild emmer F, segregation ratio (R : 8) Chi- P value
selection square
observed theorc- expected
tical
7 (cont.) G 316-2-5 120: 29  13: 3 121.06: 27.94 0.050 0.80-0.90
G 34541 152: 36 13: 3 152.75: 35.25 0.020 0,80-0.90
G 156-3 126: 19 55: 9  124.61: 20.39 0.110 0.70-0.80
9 G 303-3 256: 0

From our study of the 45 selections of wild emimner it becamme evident that we are
dealing with a number of different resistance genes. On the basis of only four of the
postulated genotypes, namely, two dominant genes, two complementary dominant
genes, two recessive genes and two complementary recessive genes, it can be concluded
that at least eight different genes must be involved.

Based on these results, a backceross breeding programme was initated by us to transfer
the resistance genes from wild emmer to high-yielding spring wheat cultivars.
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Samenvatting

Resistentie van wilde-emmer tarwe tegen gele roest. 1. Kruisingen met een vatbare
durum farwe

In dit onderzoek werden 45 resistente wilde-emmer selecties (Triticum dicoccoides) ge-
kruist met de vatbare Triticum durwm cv, D447 om na (¢ gaan hoe de resistentie van
de wilde-emmer selecties overerft. De ouders, de F,- en F,-populaties van een bepaal-
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de selectie werden in het kiemplantstadium getoetst met één Israélisch gele-roest iso-
laat van fysio 2EQ of van fysio 2E18. In de uitsplitsende F,-populaties werden de niet-
sporulerende planten als resistent beschouwd en de sporulerende als vatbaar.

De waargenomen uitsplitsingsverhoudingen komen overeen met 9 verschillende
theoretische uitsplitsingsverhoudingen in de F,. Het meest voorkomend (23 her-
komsten) was een R : S = 3 : | uitsplitsing, wijzend op één dominant gen. In zes her-
komsten lijken twee dominante genen aanwezig te zijn, die in drie gevallen onafhanke-
lijk overerven (15 : 1} en in de andere drie complementair (9 : 7). In één herkomst lijkt
de resistentie op tenminste drie dominante genen te berusten, daar alle 256 getoetste
planten resistent waren. Een uitsplitsing wijzend op €én dominant gen samen met één
of twee recessieve genen (13 : 3 of 55 : 9) werd in zeven herkomsten gevonden. Resisten-
tie berustend op uitsluitend recessieve genen werd aangenomen in acht herkomsten.
In drie gevallen erven deze genen onafhankelijk over (1 : 3 of 7 : 9), in de overige vijf
complementair (1 : 15).

Concluderend kan worden gesteld dat de resistentie in dit wilde-emmer materiaal
in de meeste herkomsten (67%)} op uitsluitend dominante genen lijkt te berusten, of
op cen combinatie van dominante en recessicve genen (15%). In de overige herkomsten
(18%) lijkt de resistentie te berusten op uvitsluitend recessieve genen. Om de gevonden
resultaten te kunnen verklaren moet worden aangenomen dat er tenminste acht genen
zijn betrokken bij de resistentie in deze wilde-emmer herkomsten.
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