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ABSTRACT

F, wheal crosses having Yrl5 gene {rons the wonogenic fine (Triticumn
dicoccaidesy were resistant 1o stripe rust under greenbouse and field conditions at
both scedlivg and adull stages While. I, populations segregated as ralipo of 3
resistant: 1 susceptible which suggest that resistance to stripe rust is controthed by
a single donsinant gene The suceessful conter of Yri s pene was cmphasized by
using the random amplificd DNA polvaorphssn techmgue and the specific
primer OPB-13  Among F. populatious ol Yrl5xSakha-6% (70 plants) and
Yrl13xGiza-103 (40 plantsy. the YriS gene was detected m 52 and 29 plawts,
respectively with the ratio 31 Y118 gene was nat detected in the tested wheal
parents (Sakha-69 and Giza-163) nor in ther susceplible F o segrepates,
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INTRODUCTION

Wheat (Trittcum gestivam L) 18 the most unponant dynanuc scctor m
world grain production. Under Egyptian conditions, wheat cultivars are attacked
with several rust discases like stem, teaf and stripe caused by uccinia graminis
tritict. I’ recondita and P. striiformis. respectively Recently, siripe rust is one of
the major problems affecting wheat production i Egypt. Tn this respect. the first
stripe rust cpidemic was recorded 1n 1967 and then three major epidemics were
recorded in 1995. 1997 and 1999 scasons where the stripe rust destroyed most of
the wheat cultivars in Northern and Southern Delta arcas (Abdel-Hak ef ol [977.
El-Daoudi er af 1996 and Abu El-Naga ¢t al 1999

Production of the resistant cultivars 1s an cffective approach (o elininate
the usc of fungicides and minimize crop losses duc 1o this discase. However. most
of the described major genes for resistance 10 stripe rust in cultivated wheats have
become ineffeclive to one or more of the known pathogenic races when acting
singly (Stubbs 1985). 7 dicoceoides G-25 was shown 10 be highly resistant to
more thau 20 stripe rust races from six countries (Gerechter and Stubbs. 19700
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Further studies showed that this resistance was conferred by one dominant geoe,
designated as Yri 5 (Gerechier and Adriana 1974). Adriana e af, (1984) reported
that the wheat lines conferred Y5 had good baking quality, high vicld, vellow
rust resistance, high protein content. good agrononiic characters, and resistant o
stem and leaf rusts. Gerechler of of, (198D investigated 3 crosses bolween
Triticum spelta var. album (Y15) and Triticum dicoccoids sel G.25 (Yr15) and
found that the segregation ratio of the F; seedlings (inoculated with Puccinio
strifformis) had a good fit for a 15 resistant: | susceptible ratio, Luthra ef af,
CEUEY)Y eponted (hat Triticum. spelta var. athum has three doménant gencs and
onc recessive gene for resistance o [ndean races. Based on cytogenetic analysis,
Mclnlosh er af. {1996) revealed that the YelS gene resides in the short arm of
chromosome 18 of wheat. Sun of al., (£997) recorded that the F- population (123
plants) derived from crosses belween stripe rust sonsceptible Yriticum durum
wheat cultivar D447 and resisiance tine (Yrl3) were segregated at ntio of 95
resistant: 28 susceptible. They coucluded that this resistance was conferred by
one dominanl genc Y115 The sigle dominant Yo genes conferring suripe rusl
resistance was reporied by several investigators (Peng ef al.. 1999, Robert et al,
1999, Mclntosh and Lagudah. 2000 and Johnson ef af. 2404

The molecular markees {primers) showed pobvinorphisim with resistant
genes (using the RAPD, AFLP and some other new techniques) provided greal
help in breeding for plam discase resistance. Among hundeeds of the RAPD
primcrs tesled fewer numbers could dink to the stripe rust resistance genes (Sun of
al, 1997 Tnoa similar way, the RAPD primers were used also for detectiag
markers linked with (he yellow rust resistance gene Frf7 (Robert ef of) 1999}
Smith, (2002} developed a sequence-tagged-sife (S18) marker for a vellow rust
tesistance gene desipnated YrMoro in the wheal cultivar Moro. The single
YeMoro gene was mapped (o the group | chromosomes. Wang LanFen ef of |
(2002) mentioned that a microsatellite marker. Ypap30600. localed on the end of
chromosome EBS was linked with the vellow rust resistant gene Yrl.

This work auned 10 investigate the effect of Y5 resistant gene when
conferred to the commercial wheat entrics on severity of stripe rust (Puce inia
striiformisy at seedling and adult stages. Detection of the Yrl5 gene in F; wheat
population using linked molecular markers was atso investigated,

MATERIALS & METHODS

Breeding against wheat stripe rust:

During 199972000 scason. the wheat YrlS anonogenic line Triticum
dicoccoides resistant (0 stripe rust infection at seedling and adull stages (Abou-Aly.
2004) was crossed “as malc (P)) parent™ with each of the wheat caliivars Sakha-8.
Sakha-69 Giza-163 and Sids-7 as fomale susceptible (P;) parents. Then, kernels
representing the F, hybrids YrlSxSakha-8, Yrl5xSakha-6Y. Yel5xGiza-163 and
Yr15x8ids-7 were obtained. In 200072001 growing scason. some plants of each of
the 4 F, hivbrids wore self-pollinated to produce the F- kernels.
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Evaluation of vesistance to stripe rust infection:

1u (he scason 2001/62. parents and the resuttant hybods were evaluated
against ariificial stripe st fection 1 steciformits ) at the seedling stage (noa
conditioned greenhouse) and booting stage st Saklin Apric. Res. Sta nobas
tespect. individual pustules (Huceniin strnforme) were taken fros the collectied
samples and propagated on the susceptible wheat v Ciza-160. Scedlings of the
P1. P2, FL, F2 (7-10 days old grown in 25 ¢ clay pols) were dusted with 2 mixtare
containing urcdiospores of cach rust simple plus talcum powder at the rale of 1:
20 (w w) as suggested by Terver and Cassel (1951). Pols were kept for 48 hr at
9"C followed by incubation for 18-20 days al 15-18°C" as adopled by Swbbs,
(198R8). then the wnfection types of sinpe mst were estimaied vsing e scale of
McNeal ef of {14713 as showa in Table (1)

Table (1) The infection t¥pe scale (Expressions) of wheat stripe rust as
described by McNcal e of. (1971}

lnfqﬁ Expression Descriptions .|
on type
0| O=Imomse No visibic infection
) :I VR ——Vcry resistant Necric or chlorotic flecks. no spor uia!_ltiou _____
_________ 2 _ R:RL:SNLmI Nq:gnlic ;u}df’or ch]brq_l_i(_: ﬂ.lnp(‘s no sporulation
3 MR = Modcralcly Necrutic ad/or chilorolic strpes, (e
' resistant sporutation

Necrotic and/or chlorotic Sripes, Tight

4 LM = Low moderale .

o . .  spondation

5 M = Moderale Nocmiic_ and/or chilvrotic stripes, ernodiate

N T L sporulation _ .

‘ HM = High modcrate Necrotic andfor chlorotic stripes nwderie
o sporulation .

7 MS = Moderatcly Negrotic and/or chlorotic stripes, abundant

_____ susocptible sporulation

b S = Susceptibic Clilorosis behind sporulating arca abundant

9 _VS = Very susccptible | No chlorosis or necrosis abundam Spomlil.li()ll;. ]

Al beoting stage. a completc randomized biock design with threc
replicates was conducted (o evaluate plani population of each parent and the
resultant hybrids against nataral stripe rust infection at the adult stage The secds
of any population werc sowll In rows 3-m long and 20-cim apart at the rate of 20
seeds/row. Each replicate contained one row for cach of Py, P.aud F, and 6 rows
for F,. A mixturc of highly susccptible wheat cultivars (Giza-160. Giza-163 and
littie clube) was sown around the experiment 10 disseminate the urediospores ot
the pathogen Puccinia siriiformis. Natural infection was achieved at booting stage
from the spreader plants around the expertment as mentioncd before according to
the method of Tervet and Casscl (1951). Discase severity and infection type (1)
of stripe rust were recorded 20 days afler inoculation on each individual plant
according to the disease severity scale of Peterson ef af. (1948) According 1o this
scale. plants with discase severity of ¢, SR, 10R. SMR and {0 MR were described
as resistant phenotypes. while, those recording SMS. 10 MS, 108 208, 40S and
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808 were described as susceptible  plicnotypes. then rate of resistam (0
susceptible plants were determined.

Statistical analysis werc comguled for atl populations by determining the
expected ratio and confinmed by X© analysis according, lo Steel and Torc,
{19640).

Detection of conferred YrlS gene in wheat hybrids uying the random
amplified polymorphic DNA (RAPD) technigue:

For emphasizing successful conferring of Y115 through the hybridization
process. the green leaves of P, P, F) and F; plants (Sakha-64 and Giza-167) were
collccted for RAPD-PCR analysis as following.

DNA extraction:

Samples of green feaves of Py P F, and U- of 1ested wheat plants (300
mg) were [rozen using liquid nitrogen and ground into a {ine powder with a
mortar and pestle. The powder was transferred into o | S-mi microfupe be and
dispersed in 1 mt of extraction buffer (50 mM "Fris-HCL. pIT 8.0 150 mM NaCl.
and 1000uM EDTA). mixed thoroughly and 0.06 ml of 20% sodium dodceyl
sulphate {final concentration 1%) was added. The misture was gently shaken lor
I 1 at about 20C. mixed with 0 35 mi of 3 M NaC'l {final concentration ¢ #M) and
613 mi of CTAB/NaCl solution (10% CTAB in 0.7 M NaCl, final concentration
1%). and kept at 65 C for 20 min. The mixwure was divided imo two 1.5-ml
microfuge tubes and extacted with clhiloroform/isoanyl alcohol (24-1Y The top
aqueous phase was Lansferred 1o a clean fube. and abous 360 pl of cold
isopropacol was added  Afier 20 mun of mcubarion at 4°C. the solution was
centrifuged for 10 i at 10,000 rpacat 207°C to precipitate the mcleic acid The
pellet was rinsed twice with cold 70% cthanwl, dricd i vacuwm, and dissohved
.5 ml of TE buffer (1M Trs-HCEand 1 M EDTA, pit 840 One aiicrohites
of ribounclease from stock 1thmp/ml was added (final concentration 20 pg/ml)
and kepl at 4C overmpht to completely digest the RNA. The DNA was
reprecipitated, rinsed with cold 70% cthanol. dried. and dissobved i -H pl of TF
(stock DNA). then DNA was quantificd by the minigel wietbod (Sambrook ef af.
1989). After quantification. the stock DNA was kept at - 20°C for lawr use.

The stock DNA solution was diluted to about 0.1 ag/ul. The solution for
amplification reaction consisting 4.2 mM of cach dATP. ¢CTP. dGEP. and TTP
(Sigma Chemical Co. Si. Louis. MO) 2 mM MgClz, 0.3 units of Tag DNA
polymcrasc (Promega. Madison, W1, 2pM speailic primer. (2ng DNA templaic,
£.25 ul of 10x Taq polymerase buffer (Promega) and sterile water added to reach
a final volume 13 pl. Sterile distilled water was used in place of DNA templatc as
a control. To ensure that there was no contamination. the solution was overkad
with mineral oil. The primer OPB-13 (TTCCCCCGCT) which specifically link
with Yr!5 stripe rust resistance gene (Sun of af, 1997) was oblained from
Amersham Pharmacia Biotech UK Limited, England HP79NA. Amplification
was carried out in DNA Thermo-cycler “Perkin-Elmer model 4807 programincd
for 10 min a1 94°C for iniual denaturation and 45 cycles that consisted of 1 nun at
94°C. 2 win at 37°C. and 2.5 min at 72°C followed by a final 10 min extension al
72°C. After amplification, 33l of the solution for each sample was
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electrophoresed in a 2% Agarose gel in 0.5X TBE buffer (0.089 M Tris-borate,
0.089 M boric acid, and 0.002 M EDTA). A 1-kb DNA ladder (0.15 pg) (Gibco
BRL, Bethesda, MD) was used to estimate the size of each amplified DNA
fragment. The gel was run for 90 min at 100 volis, stained with ethidium bromide
(0.5ug/ml) for 30 min, and photographed under ultraviolet light (Chen ef af.
1993).

RESULTS

Plant populations of the commercial wheat cultivars; Sakha-8, Sakha-69,
Giza-163 and Sids-7 (susceptible to stripe rust), and Triticum dicoccoides resistant
Y15 monogenic line and their F, and F, crosses were evaluated for the stripe rust
resistance.

1- At Seediing stage in greenhouse:

Data in Table (2) and Fig (1) reveal that stripe rust resistance was
dominant as F; population of the four crosses exhibited low infection type
ranging between 0, - 1 (resistant). Also. F, population of the four crosses
exhibited a wide range of infection type (i.c. 0-9). F, scedlings of the crosses of
Yr15 x Sakha-8, Yri5 x Sakha-69, Yrl5 x Giza-163 and Yr15 x Sids-7 have been
segregated to resistant and susceptible phenotypes at the ratio of 82:33, 84:36,
95:43 and 90:40, respectively, with expected ratio of 3:1 for all. This 3:1 ratio
proves that a single dominant gene pair is controlling stripe rust resistance in
wheat.

2- At Adult stage in the field:

Data in Table (3) show stripe rust severity among wheat plants of four
parent cvs tested and their F, and F; crosscs having Yrl5 gene. The obtained
results emphasized the high sosceptibility of the tested commercial wheat
cultivars as well as immanity (0 reaction) of the monogenic line Yr15 plants. All
F, plants in Yrl5xSakha-8, Yrl5xSakha-69 and YrlSxGiza-163 werce immune
while stripe rust scverity reaction of the F; plants in Yr15xSids-7 hybrid ranged
between imunune to highly resistant (SR). These results revealed that resistance
was dominant over susceptibility in all F; progenics. However, plams of the F»
populations of the four tested crosses having Yr]5 cxhibited a wide reaction of
stripe rust severity ranging from 0G-808. The segregatcd phenotypes were as
follows, 93R:19S, 83R:245, 77R:20S and BIR:37S for the four crosses
respectively, with expected ratio of 3:1. This ratio emphasize that a single
dominant genc pair controls resistance Lo stripe nust in F, population.

Detecting stripe rust resistant geoc Yr15 in wheat crosses using RAPD-PCR:

This experiment aimed to detect the stripe rust resistant gene Yri5in F,
populations. Specific RAPD primer OPB-13 to stripe rust resistant gene Yrl5 was
used to test DNA of 70 and 40 individual wheat plants (resistant and susceplible)
which represent F, progenies of the crosses Yr15xSakha-69 and Yrl15xGiza-163
as well as to compare with Py, P, and F, progenics as shown in Table (4) and
Figures (2,3, 4 & 3)
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Table (2): Evaluation the crosses of the four tested wheat cultivars having
Yr15 against stripe rust infection at seedling stape.

SES LSS LSS

i & ‘

Infeviion types (1T) ‘ Phonoiype i
|

I Crosses &
v Parents

._ Mo of pha
: Fapected Tabi:!

R hgllel2an]23]
Yri5 x Sids-7 o
P1 500 - -13%0
P2 300 - | -] -
Fl 49 - | - 149
F2 130021 | 19|23

As for the specific primer OPB-13 (Fig. 2), the resulted DNA bands of
tested wheat individuals clearly show that Yrl3 (lanc 4), F; of Yrl3xSakha-69
(Lanc 5) and two icsistani individuals of F; of Yrl5x8Sakha-69 (lanes 6&7) oniy
linked with the primer OPB-13 through generating a specilic clear band at (920
bp). Meanwhile, cv. Sakha-6Y (Lane 1}, and two susceplible individuals of Fz of
Yr15xSakha-69 (lancs 2&3) did not link with the primer OPB-13 where 920 bp
bands were not appeared. Meanwhile, Fig. (33 shows the produced amplificd
DINA bands in F, of ¥Yr13xSakha-69 hybrid which reacted with the primer OFB-
13. In this respect, the analysis of this polymorphisi revealed that only 52 oul of
70 individuals of F have linked with the primer OPB-13. Where, the resi 18
individuals did not link. This result revealed that 1he resistant. suscephible
individuals arc 52:18 with expected ratio 3:1 which, venlied by X°. This result
confirmed the presence of Yrl5 in the scgregation’s of the resulted cross and
verified that a single dominant pair genc controls resistance.

On the other hand, the produced random amplificd DNA polymorphism
of tested wheat individuals show that Yrl5 (lane 2), F of YrI5xGiza-163 (Lane
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3) and three resistant individuals of Fy of Yr13xGiza-163 (laneS, 6&7) only
linked with the primer OPB-13 and generated specific clear band of 700 bp.
Meanwhile, cv. Giza-163 (Lane 1), and one susceptible individuat of Fz of
Y115xGiza-163 (lane 4) did not link with the primer OPB-13 where no specific
bands werc detecied (Fig. 4). The reaction of F; individuals with the primer OPB-
13 appearcd in Fig. 5. In this respect, out of 40 F; individuals, specific DNA
segments of 29 individuals of F; have linked with the primer QPB-13 at 700bp
band. The rest 11 individuals did net link with the same primer. This resuit
revealed thal the resistant: susceptible individuals were 29:11 with expecied ratio
3: 1 which, venificd by X?. This result confirmed the presence Yris in the Fp
segregations of resulted cross and verificd that a single dominant pair gene
conirols resistance

Table (3): Evaluation the crosscs of four tested wheat cultivars having YrlS

against stripc rust infection at adult stage.

Stripe rust severity classes | henotype 'ﬁ-g <
_—-—-——-————"’_“_‘.—“_Lgﬁ
Yri5 x Sakha-8

Pl 601607 - | -1 ~[-T-1-]-F-F-T-J60] -] - |~

[7) sof -1 -1 -1-1-1-1{-|-1-1-15}-js0} - 1-

F1 6leo| -t -1-1-7-1-]-]-]-]-Teot} -1 -1-

F2 1121812813619 1 - | - [11] 8 93 [ 197 3:1 [0.44
Yri5 x Sakha69

Pl 6oleo[ - [ -1 -T-7-7T-T-T-1-1-1e0]-1-1-

P2 5] - - |- -[-1-1-1-]-]-155{-]355] - | -

Fl 50050 <1 -F-1-1=|-]-t-1-]-]s0]-]-1]j-

F2 1072612161291 - {14} 6 [ 4] 83243112
Yri5 x Giza-163 - L

Pl 607160 607 -

P2 55 55 55 1

FI__ |48 48 R last -1 1

F2 97(24127]26] - { - | -1 - | -4 3 |13f77120031][L0
Yrlsx8idss7 o

P1 60|60 Pl 60 - o

P2 60 1 60| - |60

Fl 51|201(31 ) }“ """ 50| -

F2 1igl1o(22f1818 (14| - | - | - [16|13] 8 {81 [37] 3:1 [0.99

Table (4); RAPD markers linked with Yri5 loci in resistant wheat crosses
segregations of F.
RAPD Markers | Tested crosses Total |Phenotypes|Expected| X'

individuals R g ratio
OPB-13 (820 bp) |¥r1Sx Sakha-69 70 52 18 31 0.03
OPB-13 (700 bp) [ Yr15xGiza-163 40 29 11 31 0.43
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Fig. (1): F, population of the four crosses eshibited low infection type
ranging between (3 - 1 (resistant), showing role of stripe rust
resistance gene YriS gene at seedhng stage.

A= ¥rl5 x Sakha-8 B =Yrl5 x Sakha-6%
C =Y¥Yrl5 x Giza-163 D =¥rls x Sids-7
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Fig. {(2): RAPD- PCR analysis of pareats, £, and F, segregations having Yrls
as a resistance gene and finked with OPB-13 primer.
Sakha 04 (lane 1) F susceptible (Lane 2 and 3), Yr 15 (lane 43, F (Lane 33,
resistant ¥; (lanes, 6&7) and marker (M),
The arrowhead indicates to the bands at 920 bp which, difterentiating between
susceptible and the resistant crosses.

M 1234567 809101l 12 131415

Fig. (3): RAPD-PCR analysis of 15 individuals of F; segrepgations having
Y115 as a resistance gene which, inked with OPB-13 primer,
The arrowhead tndicates o the polvinorphism bands at 920 bp which
differentiating between susceptible and the resistant crosses.
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Fig. (4): RAPD-DNA polymorphism of parents, F, and F; segregations
having Yr15 as a resistant gene linked with OPB-13 primer.
Giza-163 (lane 1), Yr15 (lane 2), F) (Lane 3}, F; resistant (lane 5, 6 & 7) and
susceptible ¥ (lane 4) and Marker (M).
The arrowhead indicates the bands &t 700 bp which, differentiating between
susceptible and the resislant crosses.

13 i+ 15 16 17

Fig. (5): RAPD-DNA polymorphism of 17 individuals of F; segregations having
Yrl5 as a resistance gene which linked with OPB-13 primer.
The arrowhead indicates 6 700 bp band which, differentiating berween
susceptible and reststant crosses.
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DISCUSSION

Breeding against stape rust under greenhouse and ficld couditions, 1,
whcat plants of crosses having YrlS geac were resistant at scedhing and adull
stages As well as. Fy segregation of crosses having, Y115 contirmed the resufts of
F, and indicated that resistance was doninail over susceptibility Similar resulls
were obtained by (Gerechter and Adriana 1974, Gerechter of of . 1989, Luthri e
al. 1989, Chen and Line 1987, and Sun o ol (1997 who stated that the
resistance in ¥ segregations of crosses between stripe rust susceptible Vriticum
durum wheal cultivar D447 and resistance line Y115 was conferred by onc
dominant gene Yri5. These resulis proved that one dominant gene pair or 1two
mteracting gene pairs governed discase severily. Flus, plant breeders should not
rely on the host pedigree only, but they should put the pathogen genotype and
environment in considerations as two iiportant vanables in the pathogen: host:
environment systemns as indicated by (Shehab F-Din, 1986 and Shehab E1-Din e
al, 1991

The development of mobccular markers for specific genes ablows 1he
detection of these genes independently of the penotype (Rolefs ef al, 1992) Sun
er al. (1997) develop maolecutar marker from the Y15 DNA scquences which.
was very specific Tor the detection of the Yrl5 resistance gene in breeding
material of diverse genetic origin. The produced random amplificd DNA
podyimnorphist of tested wheat individuals using the primer OPB-13 clearly show
that Yrls gene was successfully introduced in Fooof Yr15xSakha-69 and
Yr115xGiza-163, resistant individuals of F: of the same crosscs and did not present
in susceptibie individuals. This result confirmed the presence Yr1s in (he
segregation of the resulied crosses and proved that a single dominant parr gene
controls resistance. The results indicated 1hat the F- population of Sakha-6Y or
Giza-163 showed a good fit with the ratio 30 |

In conclusion, the genctic basis of a partcular sinipe fust Tesistnce in
cconomically important bieeding materials (s often unknown and thercfore,
breeding for combinations of different resistance genes cin ol be reached.
Therelore. molccular idenufication of resistance geucs in geuetically doverse
material is an idcal method in plant breeding, Also. it will allow manipulation ol
wheat resistance: gene in way that the durability of resistance 15 inereascd by
reducing pathogen adaplation to single or combined resistance penes.
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