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ABSTRACT

Increased range of stripe rust (Pucciniaa striifromis tritici) viruience on
wheat (Triticum aestivum L.) in Egypt at 1ast decades has required assemblage of
a broad genetic base of resistance. The objective of this study was to identify
inheritance of Sakha 61 resistance to wheat stripe rust..

Six crosses between Sakha 61 and each of Sakka 8, Giza 162, Gemmiza
3, Sids 4, Sids 6 and Sids 9, were performed .Results indicated that all materials
tested at seedling stage exhibited susceptible reaction against stripe rust. Breeding
against stripe rust at adult stage under ficld condition proved that plamt
segregation indicated that F, plants of the six testers having Sakha 61 were
resistant and exhibited low stripe rust severity ranged between 0 and 10MR. The
result of F; plants reaction exhibited wide range of stripe rust severity ranged
between 0 and 905 but the direction was in the side resistance and this confirmed
the results of F,. This study indicated that c.v. Sakha 61 also contains the stripe
rust resistance gene at adult stage such as the tester proved to have.

The produced random analysis on amplified DNA polymorphism of
tested wheat individuals using the primer (GAAACGGGTG) clearly showed that
-resistance gene was present in F; of Sakha6l /Gemmiza 3 and did not present in
susceptible individuals.

INTRODUCTION

Stripe rust, caused by Puccinia striiformis £.sp. tritici, is one of the most
important diseases of wheat in the world. In Egypt, stripe rust attacked most of
the commercial wheat cultivars during 1968 to 1995, causing severe infection in
North Delta area (El-Daoudi ef al., 1996). Recently, stripe rust caused high loss in
the production of most Egyptian wheat cultivars in the Delta arca during
1996/1997 growing scason (Et- Daoudi, 1998).

The stripe rust disecase can be controlled using fungicide application.
However, breeding for resistance is considered to be the most economical and
environmentally suitable to reduce the degrease of pollutions. It is considered the
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traditional way for transferring dne or more resistance genes to a single wheat
cultivar depending on filed or greenhouse screening with different races is better
comparing with fungicide application, which is a very laborious and time.
consuming process. In recent years DNA based markers have shown great
promise in clarifying the resistance genes (Robert et al., 2000}.

Also, the objective of this study was to identify the stripe rust resistance
genes in crosses of certain wheat population.

MATERIALS AND METHODS

Six wheat cultivars i.e. Sakha 8, Giza 162. Gemmeiza 3, Sids 4, Sids 6
and Sids 9 exhibited a wide range of variability in their susceptibility to stripe
rust, while the cultivar Sakha 61 exhibited high level of resistance to stripe rust at
adult stage. (Aly. 1999). These parents were sown at Sakha Agric. Res. Stn.
during 2001/ 2002 growing season in six rows cach. All possible crosses among
the six cultivars and Sakha 61 were conducted to produce the hybrid seed of the
six crosses. The resulted F, plants are represented as follow: Sakha 61 x Sakha 8,
Sakha 61 x Giza 162, Sakha 61x Gemmiza 3, Sakha 61x Sids 4, Sakha 61 3 Sids
6 and Sakha 61x Sids 9, during 2002 / 2003 growing season, part of the six F,
hybrid seed was sown to produce the F, seed. The rest were left for the final
experiment in the next secason (2003 / 2004). A cooperative experimeni was
conducted in a randomized complete biock design with three replicates each
contained two rows for cach parent and F, well as 10 cm. for each F; . This
performance was carried out to create uniform environmental conditions. The
rows were 3m . long, 30 Cm . apart and seeds were sown 10 apart within rows,
therefor, each row contained 30 plants. Mixture of highly susceptible wheat
cultivars were sown around the experiments as a spreader to disseminate the
stripe rust uredinispores of the pathogen (Puccinia striiformis f.sp. tritici) .All
regular cultural practices were precisely applied during the growing seasons.

Pathogenicity test:
A- At seedling stage

Eight pots for cach of the parents and F, as well as 20 pots for each of F;
planis were sown . Each pot contained 10 seed. Seedling (7-8 days-old) of the
parents, F, and F, were uniformly inoculated with the urediniospres of P. s. f.sp.
tritici which was used for inoculating all of the tested materials at seedling stage
in the greenhouse using the technique described by Johnson et al., (1972).
Infection type data against the pathogen were recorded after approximately 15
days of inoculation according to the scale described by McNeal et a/., (1971). The
infection types i.e. 0, 1,and 2 were considered resistant, 3,4 and 5 types, moderate
resistant or (intermediate sporulation), 6 and 7 moderate susceptible and 8 and 9

high susceptible.

B- At adult stage:

In the adult tests under field condetion, inoculation was restricted in the
spreader plants which were moistened and dusted with spore mixture using the
most prevalent stripe rust races in the area. The inoculum was mixed at the rate of
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1:20 (urediniospares to talcum: powder) (w:w)..All materials were inoculated at
booting stage according to the method adopted by Tervet and Cassel (1951). Data
of stripe rust severity % were recorded on adult plants according to Peterson ef al.
(1948). To study inheritance of resistance, the F plants were grouped into 10
categories depending on the percentage of the disease severity and infection type
under field conditions. The discase severity (%) i.c. 0, 10R, 10MR, 30 MR were
considercd as the resistant phenotypes, while 20MS, 108, 308, 408, 608, and 805
were considered as the susceptible ones. Statistical and genetic analysis,
frequency distribution values, were estimated for each of parents, F, and F;
populations for infection type in all of the tested crosses in respect. To clarify,
modeofuﬂlenmnccofﬂleexpectedmuooimcphemtypcclassesofthestnpe
rust, infection types were determined using X analysis according to the method
of Steel and torrire, (1960). Molecular markers assigned for detection of stripe rust
resistance genes in wheat were applied .

Plant material:

RAPD marker linked to Sakha 61 was identified when Sakha 61 (resistant to
stripe Tust) at adult stage was crossed to Gemmiza 3 (susceptible) and gave resistant in
F; segregating plant. during 2003/2004 F, plants were grown at adult stage in the
greenhouse under controlled temperature, light and humidity, which enhanced the
disease progression and help in the distinction of discase reaction .

The specific primer was chosen according to the findings of Motawi, et
al. (2003) who tested 21 RAPD primers assigned for wheat stripe rust and found
that only two, (GAAACGGGTG) and (GACCGCTTGT) gave additional band 1o
the resistance of Sakha 61. Only one of them was chosen herein viz
(GAAACGGGTG).

Statistical analysis and goodness of fit to a 3:1 ratio was calculated for
RAPD marker using Chi-square (x°) test.

RESULTS

The infection type, frequency distribution and the disease severity
classes of the parents, F, and F, populations of each of the six crosses were
performed. Inoculation at seedling was accomplished by using race 134E158 and
a mixture of the most prevalent races in the area at adult stage Data presented in
Table (1) showed that, all of parents F1 and f; plants tested at seedling exhibited
susceptible reaction against the physiologic race 134E158. While, the crosses
between cultivar Sakha 61 and the wheat cultivars i.¢. Sakha 8, Gemmeiza 3,
Giza 162, Sids 4, Sids 6 and Sids 9 showed no segregation. This result indicated
that, these cultivars do not have the stripe rust resistance gene at seedling stage.
The results of crosses between the six wheat cultivars i.e. Sakha 8, Gemmeiza 3,
Giza 162, Sids 4 Sids 6 and Sids 9 and the stripe rust resistant cultivar Sakha 61
at adult stage are shown in Table (2). All of six parents exhibited high
susceptibility, where, stripe rust severity (%) ranged between (60s — 90s).
Meanwhile, Sakha 61 was highly resistant. As for F, plants of the six tested
crosses exhibited high resistance, where their stripe rust severity (%) ranged
between 0 and 5R. These results rcvealed that resistance was dominant over
susceptibility in these crosses in F, at adult stage.



Table (1) Evaluation of crosses of the six wheat cvs. having Sakha 61 agminst stripe rust infection using
race 134 E 158 at seedling stage, under controlled conditions at Sakha during 2003/2004.
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Table (2) : Evaluation of crosses of the six wheat cvs. having Sakha 6! against stripe rust infection using 8
mixture races at adult stage, at the experimental farm (Sakha) during 2003/2004.
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The obtained results derived from F; of the six tested crosses having
resistance gene exhibited a wide range of reaction to stripe rust severity ranged
between 0-90 s. The segregated phenotypes were as follow, 83 R: 37 §, 140 R: 40
S, 118R: 45 5, 153R: 45 5, 130 R: 50 S and 163 R: 57 S respectively, with
expected ratio 3: 1. This 3:1 ratio verified that single dominant gene pair control
resistance and supported the fact that cultivar Sakha 61 carried the adult plant
resistance gene and showed gene expression of resistance to stripe rust in all
tested crosses at adult stage.

In respect to the detection of resistance genes in wheat crosses using the
melucular markers, data in table (3) and illustrated in Fig (1) revealed that, the
produced DNA bands of tested wheat individuals, clearly showed that the bands
of Sakha 61 are present in lane (the consequence of bands) and the four

- individuals of F; plants are only linked with the primer and rendering as specific
clear bands at (900 pb) with the exception of Gemmiza 3 (lane 5) and one
susceptible individual of F; dived from Sakha 61x Gemmiza 3 (lane 7).
Meanwhile, Gemmiza 3 did not link with the primer at ($00pb) and could not be
detected .

In this respect,the analysis of this polymorphism revealed that only 28
out of 40 individuals of F; have linked with the primer where the rest 11
individuals did not. This result revealed that, the resistant; susceptible individuals
are 28: 12 with expected ratio 3: 1, which verified by X*. This result confirmed
the presence of resistance gene in the segregation of the resulied crosses and
verified that a single dominant gene pair controls resistance .

Fig (1): RAPD-PCR analysis of parents and F; segregates, having cv. Sakha
61as resistance gene and linked with primer (GAAACGGGTG)
(Lane 1 Sakha 61),(Lane 5, Gemmeiza 3), (Lanes 2,3,4,6; resistance
F; Lane 7, while, susceptible F;) the arrowhead pointed to the bands at
(900 pb) which differentiated between susceptible and resistance cross.
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Table (3): RAPD marker linked with c.v. .Sakha 61 in resistant whest

crosses segregation of F; .
RAPD Phenotypes Expected 2
markers Tegted cross RS ratio X
Sakha6]
00ph X 28 12 31 0.533
Gemmeiza 3
DISCUSSION

Wheat (Triticum aestivum 1..) is one of the most important food crops in
Egypt and allover the world. Stripe rust incited by Puccinia striiformis £ sp. tritici
in particular, was a sporadic discase in Egypt before (1990). .Most of the
Egyptian cultivars exhibit considerable level of susceptibility, with few exception
ElDauodi ef al. (1998).

Studying six crosses to stripe rust infection at scediing stage under
greenhouse condition revealed that all of them showed susceptibility to stripe rust
infection, in the greenhouse. However F; populations did not fit any ratio or they
show more susceptibility than resistance, which, may be due to the phenomenon
of partial suppression of resistance genes. At adult stage Sakba 61 and its crosses
with tested cvs. (F,), exhibited high resistance. The rest of tested parents showed
different degrees of susceptibility. Conversely F, segregations of crosses having
Sakha 61 indicated that resistance was dominant over susceptibility . Alse results
indicated that crosses fitted the expected ratio 3: 1. This ratio verified that single
dominant gene pair control stripe rust resistance and supported the F, result at
adult stage. Molecular marker can be used as marker assists selection for an
effective combination of genes and in a pyramiding siralegy to create more
durable resistance Rolefs et al,,(1992). Motawi et al., (2003) develop molecular
marker from the Sakha 61 DNA sequence which, was very specific for this
cultivar resistance gene in breeding material of diverse genmetic origin. The
produced random amphﬁed DNA polymorphism (PAPD) of tested wheat
individuals using the primer (GAAACGGGTG), clearly showed that cv Sakha 61
carried a gene which was successfully transferred present in F, of Sakha 61 x
Gemmeiza 3 which showed resistance and did not present in susceptible
individuals. This result confirmed the presence of resistant gene in the
segregations of the resuited crosses and verified that a single dominant pair gene
controls stripe rust resistance at adult stage. This work could be usefully
applicable in the breeding wheat program against rust diseases in general and
stripe rust in particular under Egyptian conditions.
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