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ABSTRACT

In this study, cach of the Egyptian wheat cvs., Sakha-61, Sakha-93,
Sids-1, Giza-164 and Gemmeiza-3, susceptible to leaf rust caused by Puccinia
recondita f. sp. tritici (race 77 under greenhouse and mixture of races 77 and 57
under field conditions), was crossed with one of the monogenic lines carrying
either the leaf rust resistance Lr13 or Lr24 gencs. The F1 populations in ail
crosses reacted against the leaf rust infection cither at seedling or adult stages in
similar way as the reaction of the resistant “donor” monogenic parent. Thus, the
resistance to leaf rust at both secedling and adult stages is dominant over
susceptibility in all tested F1 crosses. Exploration of protein bands using the SDS-
PAGE technique emphasized the dominance of resistance over susceptibility in
the F1 population of Lr24 x Sids-1 hybrid. The role of protein bands in
manifestation of the resistant Lr24 gene was discusscd.

As for the F2 gencration, the plant populations were segregated and
distributed along wide spectra of infection types (1Ts 0 to 4) and discase severity
(0 to 908S) at secdling and adult stages, respectively. Percentages of resistant
reactions at seedling stage (ITs 0, 0;. 1 and 2) were ranged between 60,42-80.79%
and 72.69-81.04% whereas, at the adult stage (DS 0 10 10MR) it was ranged
between 71.94 - 75.97% and 70.0 - 81.28% for F2 populations of hybrids Lrl3 x
testers and Lr24 x testers, respectively. The highest percentages of resistant
seedlings were recorded in F2 populations of Sids-1 crossed with the Lr13 and
Lr24 monogenic lines, respectively. At the adult stage, the expression of Lr24
gene was betier than Lrl3 gene when introduced, for example, into Giza-164
(81.28 & 75.97%) and Gemmeiza-3 (80.33 & 71.94%). At both stages, the F2
plants of all crosses were segregated into resistant and susceptible phenotypes at
ratios good fit to a ratio 3: 1, which indicated that the resistance to leaf rust
disease is controlled by one pair of genes.

Conferring leaf rust resistance genes to commercial wheat cvs had a
good effect on tillers formation, spike length and weight of 1000-kemels in F1
and F2 progenies compared with the receptor wheat cv.

Key words: Puccinia recondita, leaf rust. resistance genes, Lrl3, Lr2d,
monogenic lines.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the most important cereal crop in Egypt
and all over the world. Among discases affecting wheat plants, the leaf rust
disease (Puccinia recondita f. sp. tritici) is one of the most serious and familiar
rust diseases since, it caused severe losses in grain yield yearly (Roelfs ef al.
1992). Losses due to this rust discase reached 23% on some wheat cvs., in Egypt
{(Nazim et al. 1984).

Resistant cultivars are considered the most economic tool for controlling
rust diseases in several field crops. As for wheat leaf rust, many specific
resistance genes are known and some of them have been introduced into wheat
cultivars from wild relatives. It seems that when different leaf rust resistance
genes are combined in the same line, the disease is more easily controlied: For
example, Lrl6 and Lr13 or Lr9 and Lr24 have been shown to guarantee reliable
control (Long ef al. 1993). In France and several Enropean countries, no virulence
has yet been detected for the Lr24 resistance gene, therefore its presence in
combination with other resistance genes is desirable in European cultivars
(Dedryver, 1996). Ezzahiri & Roelfs (1989) attributed the adult plant resistance to
Lr13, Lr34 and a third, unknown genes, Lr34 which interacted in a
complementary way to enhance resistance. Thakare, ef al. (2001) mentioned that
the Lr9, Lrl9, and Lr24, were effective against eight pathotypes of Puccinia
recondita fsp. tritici prevailing at different localities in India. during rabi 1998-
99, Also, the effectiveness of Lrl6 genes conferring resistance against 757
isolates of wheat leaf rust pathogen (P. recondita f.sp. tritici) was monitored in
the peninsular zone of India during 1995-99. Leaf rust resistance genes Lr9, Lri9
and Lr24 were not overcome by any virulent strains of the pathogen (Hasabnis, er
al. 2002). Hasabnis, & Srikant Kulkarni (2002) detected the Ly resistance genes in
two groups of wheat genotypes using the infection type matching technique. The
Lrl0, Lr13, Lr23, Lr26, and Lr34 were found cither singly or in combination in
14 commercially grown wheat cultivars in India during 1996-97.

This study aimed {o investigate if the introducing Lr13 and Lr24 genes
could confer leaf rust resistance to some local wheat cultivars at the adult growth
_stage in Egypt.

MATERIALS AND METHODS

Breeding against wheat leaf rust:

Five wheat cultivars i.c. Sakha-61, Sakha-93, Sids-1, Giza-164 and
Gemmeiza-3 varied in susceptibility to leaf rust infection and two monogenic
lines (Lrl3 and Lr24) exhibited a high resistant reaction against leaf rust were
used in this study which was carried out at Sakha Agric. Research Station. In
1999/00 growing scason all parents were sown in experimental plots 6 rows per
each. Each of the later two monogenic lines was crossed as donor resistant parcnt
{P1} with any the first five cultivars as susceplible parents (P2) to produce the
sceds of the Fy hybrids, In 2000/01 growing scason, some of the resultant seeds of
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the ten F1 hybrids were sown and self pollinated to produce the F; sceds while
some others were stored to be used in the next season.

Screening for resistance to leaf rust infection at scedling stage:

"In the scason 2001/02, seeds of parents (P1 and P2) and the resuitant
hybrids (F1 and F2) were planted in 25 ¢ clay pots and kept in a conditioned
greenhouse at Sakha Agric. Rescarch Station. Seedlings 7-10 days old were
uniformly inoculated with urediospores of the race 77, of leaf rust (Puccinia
recondita f. sp. tritici) under Egyptian conditions as recovered by Abu El-Naga, ef
al. (1999) using the rubbing technique described by Stakman et al. (1962).

Table (1): Wheat leaf rust infection types scale used in disease assessment at
seedling stage, (Johnston 1961).

Infec-
re:lp‘:;: se tion Disease description
type
Imynune 0 1 No uredinia or other macroscopic sign of infection
No uredinia, but hypersensitive neurotic or chlorotic

Nearly immune | 0; flecks present

Very resistant 1 | Small uredinia surrounded by necrosis
Moderately Small to medium uredinia surrounded by chlorosis
resistant OF necTosis o
Moderately Medium-sized uredinia that may be associated with
susceplible chlorosis

Susceptible 4 | Large uredinia without chlorosis

Urediospores of Puccinia recondita-race 77, the most aggressive and
dominant race, were previously propagaled on the susceptible wheat cv. Giza-
139. Pots were kept for 48 hr under humid conditions then, transferred to the
greenhouse at 20°C +2 as adopted by Stubbs, (1988). To study the inheritance of
leaf rust resistance at seedling stage, the rust infection type was recorded
approximately 15 days from inoculation using the 0-4 scale (Table, 1) suggested
by Johnston (1961). Seedlings exhibited infection types 0, 0;, 1 and 2 were
considered resistant. while those of infection types 3 and 4 were considered as
susceplible.

Screening resistance to leaf rust infection at the adult stage:

This experiment was conducted during the growing secason 2001/02 in
open field at Sakha Agric. Res. Sta. The experiment was performed in a
randomized complete design with three replicates. Each replicate contained either
2 rows (each 3.5 m long and 30 cm apart) for each parent and F1 or 10 rows for
each F2 population. The sceds were planted at 10 cm in-between (35 plant/row).
For providing sufficient disease incidence, a mixture of highly susceptible wheat
cvs (Giza-139, Sids-1 and Little club) were sown around the whole experiment as
spreader to facilitate dissemination of urediospores of the leaf rust pathogen (P.
recondila [.sp. tritici). The spreader wheat plants were moistened and dusted with
spore powder mixture comprising the most prevalent leaf rust races 77 and 57 in
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the experimental area plus talcum powder at the rate of 1:25 (w/w) as suggested
by Tervet & Cassell (1951). Al regular cuttural practices were applied during the
growing season. Discase severity and infection type (JT) of leaf rust were
recorded 20 days after inoculation on each individual plant. Plants with discase
severity of 0, 5R, 10R, SMR and 10 MR considered resistant phenotypes, while,
those recording 5MS, 10 MS, 108, 20S, 40S and 805 were described as
susceptible phenotypes (Peterson et al, 1948). Then ratios of resistant to
susceptible plants were determined. Statistical analysis were computed for all
populations by determining the expected ratio and confirmed by X analysis
according to Steel and Torrie, (1960). Effects of conferring the leaf rust resistant
genes Lrl3 and Lr24 on the number of tillers/plant, spike length and 1000-kernel
weight (g) were also recorded for each parent and F1 and F2 hybrids.

Protein electrophoresis

Samples of healthy wheat leaves were taken from 10-days old seedlings
of P1 (Lr24), P2 (Sids-1), F1 and F2 to extract the water-soluble and non-soluble
proteins according to Laemmli (1970). The electrophoresis was performed at
room temperature in a verticat slab mold (16.5 x 14.5 x 0.1 cm and then the
resulted gel is silver stained. Electrophoretic protcin patterns of the tested samples
were clustered by the average linked technique (un-weighed pair group method)
Joseph et al. (1992). The results were expressed as phenograms. Cluster analysis
was performed with computerized program.

RESULTS

Screening for resistance against leaf rust at seedling stage:

_ Data in Table (2) reveal that the monogenic parents i.e. Lr]3 and Lr24
lines had low infection type (ITs) reactions {0; and 1 respectively) while, the
wheat ¢vs., Sakha-61, Sakha-93, Sids-1, Giza-164 and Gemmeiza-3 had high
infection types (3) against P. recondita {. sp. tritici (race 77) at seedling stage.
Morcover, populations of the FI hybrids exhibited resistant ITs (0;) for Lr13 x
Sakha-61and Lr13 x Sakha-93 and (1) for Lr13 x Sids-1, Lr13 x Giza-164 and
Lr13 x Gemmeiza-3. Similarly, F1 populations of Lr24 x Sakha-61, Lr24 x
Sakha-93, Lr24 x Giza-164 and Lr24 x Gemmeiza-3 showed “0: ITs” whereas,
Lr24 x Sids-1 exhibited “2 ITs”. These results show that the character of
resistance to leaf rust is dominant over susceptibility in all tested F1 crosses.

The data in Tables (2 & 3) prove also that, the F2 populations of a
known tested cross (lines Lr13 and Lr24 x testers) were scgregated and
distributed along wide spectra of 1Ts ranged between 0-4. Resistant ITs (0. 0;, ]
and 2), however, were recorded on 78.26, 60.42, 80.79, 78.00 and 78.07% of the
F2 populations of Lr13 x Sakha-61, Lr13 x Sakha-93, Lr13 x Sids-1, Lrl3 x Giza-
164 and Lr13 x Gemmeiza-3, respectively. The same resistant [Ts (0, 0;, I and 2)
were recorded also in 75.26, 74.42, 81.04, 7269 and 74.65% of the F2
populations of Lr24 x Sakha-61, L124 x Sakha-93, Lr24 x Sids-1, Lr24 x Giza-
164 and Lr24 x Gemmeiza-3, respectively.
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The obtained results indicated that the Lr13 gene might be introduced

into the tested commercial wheat cultivars through hybridization process easier
than the Lr24 gene. The F2 populations resulted from crossing the commercial
wheat cv. Sids-1 with the Lr13 and Lr24 monogenic lines produced the highest
percentage of resistant plants i.c. 80.79 and 81.04%, respectively. Moreover,
populations of the F2 plants resuited from crosses between the tow monogenic
lines and these five commercial wheat cultivars were segregated into two
phenotypes i.¢. resistant and susceptible. The F2 populations were segregated at

rates of 180:50,

145:95, 164:39, 156:44 and 178:50 for crosses with the

monogenic Lr13 and 143:47, 160:55, 171:40, 173:65 and 162:55 for crosses with
the monogenic L24. The segregation of F2 plants from the crosses of Lri3 and
Lr24 x testers gave a good fit to the ratio of 3 resistant: 1 susceptible in both
groups, which indicate the presence of one pair genes for resistance in this stage.

Table (2): Effect of introducing the Lr13 and Lr24 genes into some
commercial wheat cultivars on the leaf rust (Puccinia recondita
f. sp. trifici) infection type at the seedling stage.

Infection types
Tested population :.lx. :TI;:: Resistant Susceptibie |
o Jo, 1 [ 2] 3] 4
P2 (Sakha-61) 48 48
P2 (Sakha-93) j 60 1 7 T eo
| P2@Sids-) ] 70 ] I A N
P2(Giatd) " Te0 TN e0 [T
P2 (Gemmeiza-3) 45 1 T as |
P1 (Monogeniclinelr13); 50 | 15 | |
F1(Lrl3 x Sakha-61) | 60 0N I
[ F1 (Lr13 x Sakha-93) 50 ol T T
F1 (Lri3 xSids-1) 1 55 T Issy 1 1.
“F1 (Lrl3 x Giza-164) 50 - Lﬁ)_ﬁ so | T
Fl@r3xGemmeiza-d) |~ 67 " 1 [~ 167 1
EL——@‘S‘E‘:“:’*;;#-V* BT N
r13 x Sakha- 40 ] 4 0 55
[ F2(Lr13xSids-1) | 203 ] 63 | sS |25 |21t [ 15 ] 24 |
| F2 (Lri3x Giza-164) | 200 54 [ 50 (25 [ 27 | 24 | 20
¥2 (Lr13 x Gemmeiza-3) 228 50 | 55 | 30 | 43 40 10
P1 (Monogenic lineLr24) | 45 45 |
Fi(Lr2dxSakha6D) | 50 | 150 | T
F1 (Lr24 x Sakha-93) 35 ] 35 T
| F1 (Lr24 x Sids-1) 43 43
| F1 (Lr24 x Giza-164) | 38 8| }
F1 (Lr24 x Gemmeiza-3) 46 46
F2 (Lr24 x Sakha-61) 190 a5 (35 [ a8 {1517 {30
F2(Lr24xSakha93) | 215 |50 |60 f 357 15| S0 | 5
| F2 (Lr24 x Sids-1) 211 ] el [ 5038 22) 15 ] 25
| F2 (Lr24 x Giza-164) L_ 238 48 | s0 [ 35 1 40 | 25 | 40
F2 (Lr24 x Gemmeiza-3) | 217 39 (76 (35 (12355 {
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. Table (3): Segregation (phenotypes and ratios) at seedling stage of the F2
populations of Lr13 and Lr24 crosses artificially inoculated with
the leaf rust agent under greenhouse conditions.

Number | Segregated Phenotypes - | Expec-
F2 hybrid of R S ted | X
scedlings | Ng, (73 No. (73 ratio
Lri3xSakha6l | 230 | 180 | 78.26 | 50 | 21.74 | 3.1 [ 1.29 .
Lri3xSakha93 | 240 | 145 | 6042 | 95 | 3958 | 3:1 | 0.54 |
Lr13 x Sids-1 203|164 | 8079 | 39 | 1921 | 3.1 | 081
Lri3 x Giza 164 200 | 156 | 78.00 | 44 | 2200 | 3.1 | 095
LridxGemmeiza3 | 228 | 178 | 7807 | 50 | 21.93 | 3:1 | 13
L2AxSakha6l | 190 | 143 | 7526 | 47 | 2474 | 3:1 | 00
Lr24 x Sakha-93 215 {160 | 7442 | 55 | 2558 | 3.1 | 0.02
Ledd x Sida 1 211 171 ] 8104 |40 {1896 { 3:1 | 4.08
Li24 x Giza-164 238 (173 | 7269 | 65 [ 2731 ( 31 | 0.67
Li24 x Gemmeiza3 | 217 | 162 | 74.65 | 55 | 25.35 | 3:1 | 0.13 |

Similarity and diversity of Lr24 and its crosses at protein level:

Data in Table (4), declared that the protein bands shown in the SDS-
PAGE (Fig., 1) were greatly varied in their molecular weight (MW) and degree of
staining. In addition to the faint appearance of the 52Kd protein band in the donor
-parent “Lr24” compared with the receptor “Sids-1" one, the receptor had specific
31, 28, 26 and 21Kd protein bands while, the donor characterized with bands of
MW 37, 34 and 20Kd.

Table (4): Effect of introducing Lr24 gene into the commercial wheat cv.
Sids-1 on the molecular weights of the separated protein bands in
the F1 and F2 individual plants at secdling stage,

Molecular weight of the protein band (Kd) for:
n::::;ker Sids-1 | Lr24 | F1 F2 individuals
el No. 1 No. 2 No. 3
1 )82 ] 52 } 39 50 50 | 4
2 ] 39 [ 39 35 | 44 44 39
3 B3 (e w0 a0 [ s
4 ] 31 35 | 28 36 | 36 34
5 28 | 34 | 26 34 33 27 |
.6 I 2 23 123 29 ) 29 | 2
7 23 20 | 21 27 28 21
8 21 17 [ 17 ] 24 | 24 17
9 17 ] 14 | 14 21 | 22 | 14
A (RN AN TS 0 O RN LA N 20 A ¥
(N T N S (¥ T N AT W IO A
12 I - - 12 12 -

The observed variations in the characterized protein bands seemed (0 be
responsible and positively correlated with degree of resistance against leaf rust.
These facts were clearly shown in Fig. (2). In this figure, the receptor parent was



Evaluation Of Lr13 And Lr24 Genes In Resistance To Leaf....1555

located in separate main cluster while the donor parent, Fl and F2 progenies were
located in another separate main cluster with similarity of 88.49% between both
main clusters. On the other hand the donor parent and the Fl progeny were
located in single sub-cluster with 96.24% similarity in between. However, 2 oul
of the 3 individuals selecied from the F2 progeny were located in sub-sub-cluster
closely similar (98_19% similarity) while the third one was located in scparate
sub-cluster with average similarity 91 9% between them.

Screening for resistance against leaf rust at the adult stage:

Data in Table (5) show that, both monogenic lines Lrl3 and Lr24
exhibited resisiant reaction against infection with leall rust races 77 and 57 at the
adult stage under the open ficld conditions. In this regard, the monogenic line
Ls24 recorded lower discase severity (10R) than the monogenic Lrl3 (10MR), On
the comtrary, all tested wheat cultivars had high discase severity (DS) at the same
stage. In this respect. Sids-1 recorded the highest DS (90S) followed by Sakha-61
and Sakha-93 (405), Giza-164 and Gemmeiza-3 (305), respectively.

All plants of the F1 hybrids (lines Lr13 and Lr24 x testers) showed
similar resistani reaction particularly in testers crossed with the Lr24 monogenic
line (IOR). While, the F1 hybrids Lrl3 x Sakha-61, Lrl3 x Giza-164 and Lr13 x
Gemmeiza-3 resist infection with leaf rust at the adult stage (10R) better than the
domor monogenic Lri3 line (10MR).

Marker M 1T 3 gt
Fig. (1}: SDS-PAGE for protein bands of the parents Sids-1 “Lane-1", Lr24
“Lane-2", Fi (lane-3) and the 3 individuals of F2 (Lanes 4, 5 and 6)

at secdling stage.
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Fig. (2): Phenogram cluster anilysis of protqemx patterm ﬂol' ri V(Lritl), P2
(Sids-1), F1 (Lr24x Sids-1) and F2 (Lr24x Sids-1) wheat leaves at
seedling stage. A

Table (5): Effect of introducing the Lri3 and Lr24 genes into some
commercial wheat cultivars on the leafl rust (Puccinia recondita
f. sp. tritici) infection type at adult stage. '

Exemi- Rust severity
Tested Parents and | oed [Registant dasses | Susceptible dasses
Crosses "‘;:' sl 0] 20 [3] ®]w
RIMe|mMs| s | s | s]| s | s

P2 (Sulha-61) 60 60

P2 (Sakha-93) 45 __ 45
| P2 (Sids-1) 49 1 48
gﬂGba—lGd) 60 o 60 i
P2 (Gemuneiza-Y) 50 50

P1 (Lr13) 60 60 | ) )
FI(Lr13 x Sakim 61) | 55 51 - ]
F1(Lr13 x Sakha-93) 48 | | 48 )
F1(Lr13 x Sids-1) 47 47

FI(Lr131 Gun-164) | 58 58

FI(Lr13x Gemmelza-3)| 56 56 T ]
FYLri3xSakhasl) | 230 | 35 | 78 | 55 | 10 | 22 | 10 | 20 -~
F2Lr3xSekha93) | 198 | 28| 70 | 50 | 10 20 20|
F2 (Lr13 1 Sids-1) 2613 |80 |50 [ 15] 102 15
F2Lr13 x Giza-164) 23314710 (60 ] 21| 10| 157 10
FXLrI3xGemmeiza-3){ 196 | 26 | 40 | 75 | 35 10 10

Pl (Li24) 50 50

F1 (Li24 x Sakha-61) 53 53

Fl(Lr2dxSakha93) | 50 30 |

FI (Lr24 x Sids-1) 62 62 A
F1 (L4 x Glza-164) 57 I -1 S T B
F1 (Ls24 5 Gemmelzs 3) 62 | y¢62 ¢ oo
F2(Lr24xSakhe6l) | 236 | 37 [ 67 [ 83 | 8 1 7[5 ] 20 )
F2(L2Axsekha93) | 240 { 25| 80 [ 63 | 75 % | 2]

F2 (Li24 x Sids-1) 251 1 38 [ 9% | 51 | 15| 26 | 25

F2 (Li24 x Giza-164) 219 | 38 | 78 | 62 { 20 | 10 11 B
F2 (1s24 1 Gernmelza-J) 239 ! 45 | 66 | 81 | 10 201 17




Evaluation Of Lr13 And Lr24 Genes In Resistance To Leaf....1557

However, plants of the F2 generation (Tables, 5 & 6) showed wide range
of discasc severity ranged between resistant reactions (0 to JOMR) to the
susceptible ones (408 to 908). 1t is interest to state that some F2 plants (Table, 6)
exhibited lower disease severity at the adult stage than the domor monogenic
resistant lines, In this regard, 15.22, 14.14, 15.93, 20.17 and 13.27% of the F2
plants resulted from. crossing each of Sakha-61, Sakha-93, Sids-1, Giza-164 and
Gemmeiza-3 with the monogenic Lr}3 recorded the highest resistant class (0)
compared with the donor Lr13 which recorded the third resistant class (10MR).
‘Similarly, the F2 plants resulted from crossing the same wheat cultivars with the
monogenic Lr24 gave 15.68, 10,42, 15.14, 17.35 and 18.83% resistant class (0)
compared with the Lr24 itself (I10R). Percemage of planis showed diffcrent
resistant classes (0 to 10MR}, in general, were ranged between 71.94 - 75.97%
and 70.0 — 81.28% for F2 hybrids Lr13 x testers and Lr24 x testers, respectively.

Table (6): Segregation for feaf rust resistance under greenhouse conditions of
Lr13 and Lr24 crosses at aduit stage under field conditions.

Segrepated Phenotypes | Expec-
¥2 hybrid resed R s wd | X
Ne. % Ne. Yo ratio

Lri3 x Sakha-61 236 | 168 | 73.04 | 62 | 2696 | 3:1 378 |
[Le1dxSakha93 | 198 | 148 | 7475 | 50 | 2528 ' 31 [ 0.16
Lr13 1 Sids-1 226|166 | 7345 | 60 | 2655 | 51 | 038
|Lr13 x Giza-164 233 17717597 | 56 {2403 | 31 [0.114]
Lrl3 x Gemmeiza-3 196 | 141 [ 7094 | 55 | 2806 | 31 ; 0.97 |
Lr24 x Sakha-61 236 | 186 | 7881 | 50 | 21.19 | 3:1 | 0.64
Lr24 x Sakha-93 240 {168 | 70.00 | 72 {3006 | 3:1 | 52
Lr24 x Sids-1 251 {185 | 7371 | 66 | 2628 | 33 | 1
Lr24 x Giza-164 219 | 178 | 8128 | 4l | 1872 ] 3 | 245
Lr24 x Gemmeiza-3 239 1192 [ 8033 ) 47 { 1967 | 311 | 869

The superiority of a known monogenic lines for conferring leaf rust
resistant gene (donor) seems 1o be depended on “the receptor” wheat cv. Based on
percentage of resistant classes in the F2 populations, the present results reveal that
the expression of Lr24 gene was better than Lrl3 gene when introduced, for
cxample, into Giza-164 (81.28 & 75.97%) and Gemmeiza-3 (80.33 & 71.94%).
Data in Table (6) indicate also that the F2 populations for all tested crosses were
segregated to resistant and susceptible phenotypes at ratios good fit 10 a ratio of 3:
! which confirm the presence of one pair genes for resistance in the adult stage.

Data in Table¢ (7) indicate that conferring leaf rust resistance genes (Lr13
&Lr24) to commercial wheat cvs had a good cffect on tillers formation, spike
tiength and weight of 1000-kernels in F1 and F2 progenies compared with the
receptor wheat cv. In this respect, all tested crosses carrying Lri3 formed more
tilfers number than their female parents. The highest increase in tillers
number/plant was recorded in F1 and F2 crosses of Lri3 x Sakha-61, Lf13 x
Sakha-93, Lr24 x Sakha-61, Lr24 x Sids-] and Lr24 x Sakha-93. Introducing the
leaf rust resistant penes conspicuously improved spike length pasticufarly in the
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F1 progenics and fo less exicnt in the F2 progesics comparing with their foaale
parcots. Also, conferring the Lxl3 and L4724 prones 10 commercial wheat ovs
increased 1000-kernel weight of FI and F2 crosses. The highest increase was
reconded with the crosses ie. Lrl3 x Sids-1, Lrl3 x Sakka-93 and 1113 x Sakha-
61af F1 progenics but this increase was not clear in F2 for the same crosses. Also,
the sumne tremd was rocordod with crosses having 1124 where the highest imcrease
was vocorded with the crosses ic. Lr24 x Sakia-93, Li24 x Sids-1 and 1524 x
Sakka-61 at F1 and with L124 x Sakba-93 and L124 x Sids-] 2 F2.

Tabic (7); Effect of imtraducing the cafl rust resistance 1713 sad Lr24 gencs
inte some commercial wheat caltivars sw sampe yicld companrats
in the F1 and F2 progesics wader stress of inlection with Peccinia

recondita {. 3. tritici.
, Wheat growth characiers
Tested parents and Tillcrs No. | Spike lenpth | 1000-kermed
Cresses Mot (cm) i

P2 (Sakha-61) 142 11.50 4341
P2 (Sskha 93) Ik 1113 %623
P2 (Shdy-1) _nBo 13.00 45.50
P2 (Giza-166) Mo | N0 | 438
P2 (Gesamciza-3) 20 11.50 4383
| 1 (Mewoprmic linmc Lr13) | 177 | 1231 “o0z
Fil(lri3xSakha-61) | 194 | 1265 | 4663
F1 (Lr13 x Sakha 93) _” 183 P 13e | asae
F1 (Lrl3 x Sids-1) . 152 | 11} osteo |
FIQri3xGizalél) | M6 | 129 | 4560
Fi (l.:le(;c-ma-J)_ 136 1L 4516
F2(ArD3xSakha€l) & 198 | 114§ 360
Fl(lsI3xSakka93) ¢ 172 » 1215 | 4511
| F2(x13xSids 1) | B2 1225 _ M50
Hﬂrl3xGna—l“) opo.ooMd2 0 1200 1 60
F2 (Ly13 x Gemmecizs-3) 132 1136 ] S0
P1 (Memopesic line Lr24) 50 10.50 4080
Fl(Le2dxSakhaél) | 1380 § 1250 ;, 418
F1(lr2%4xSakkad3) | 160 1250 | 4830
Fi(e24xSids) | 170 | 1350 | 4650
Fl(LeUxGialé) | MO | 120 | B2
_F1 (L4 x Gemmciza-3) SB3s o 1rj  p 43z |
F2(Lr2dxSakha$l) | 172 . 1200 | 42
F2 (Lr24 x Sakha 93) 140 1200 § 4615
F2(lr24ixSids) | 150 | 13S0 | sz |
RUUGrals) | 1B5S | npoo | 400 |
F2 (Lr24 x Gemmciza-3) 13.0 11.90 4118 :
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DISCUSSION

Wheat (Triticum aestivum L) is the most important cereal crop in Egypt
and all over the world. Leaf rust (Puccinia recondita fsp. tritici) is one of most
important common foliar rust discases attacked wheat plants causing huge losses
yearly (Abd El-Hak ef al. 1972, Bajwa ef al. 1986 and Abu El-Naga ef al. 1999).
Since occurrence of stem rust in cpidemic form on wheat in Egypt during 1945, a
large number of wheat cultivars that had high production characters and resistant to
rusts were produced through the breeding programs. Because appearance of more
virulent or new rust races in addition to changes in climatic conditions in the last
years, the resistance against leaf and stripe rusts had been broken on some of these
cultivars although they still possessing highly productivity. In this respect, many
successful attempts were made to introduce Lr genes (Dedryver, ef al., 1996), Yt
genes (Stubbs, 1988) and Sr genes (Sawhney and Goel, 1986) from monogenic
lines to susceptible wheat cvs. Thus, the present study aimed to investigate efficacy
of Lr13 and Lr24 resistant genes that conferred to some commercial wheat cultivars
from 2 monogenic lines particulasly at the adult stage.

The obtained results indicated that the F1 populations acquired the leaf
rust resistance genes (from monogenic lines) reacted against the eaf rust infection
cither at seedling or adult stages in similar way as the reaction of the resistant
“donor” monogenic parent. Thus, the resistance to Icaf rust at both seedling and
adult stages is dominant over susceptibility in all tested F1 crosscs. This
observation was true in the F! population of all performed crosscs. The
dominance of the leaf rust resistance genes over the susceptibility was confirmed
by Barcellos ef al., (2000), and Kolmer and Liu, (2001) where they venificd that
Lrs genes such as Lrl3, Lel6, Lr27, Lr34, Lr37 and Lr 46 governed the resistance
of wheat cvs to leaf rust at adult and scedling stages.

Exploration of protcin bands using the SDS-PAGE technique reveal that
the degree of similarity was high between the donor of the resistance L124 gene
and the Fi progeny resulted from Lr24 x Sids-1 (96.24%). Both donor parent and
Fl progeny was located in single sub<cCluster while, the receptor parent was
{ocated in another separate cluster. This finding might explain the dominance of
the Lr24 gene over the susceptibility to leafl rust infection. Both doner and
receptor parents as well as their F1 and F2 progenies were greatly varied in the
molecular weight (MW) and degree of staining of the detected protein bands.
These variations in the characterized protein bands seemed to be responsible and
positively correlated with degree of resistance against leaf rust.

It was found that, the populations of any F2 gencration were segregated
and distributed along wide spectra of infection types (ITs 0 10 4) and disease
severity (0 to 90S) at seedling and adult stages. respectively. Among the F2
populations, percentages of plants exhibited resistant reactions were ranged
between 60.42-81.04% at seedling stage and 70.0 — 81.28% at the adult stage
depending on kind of the source of Lr genes (Donor) and the used female
commercial cultivar (Receptor). The genctic background of the receptor parent
might be very important for manifestation of the introduced Lr genes. In point,
the F2 populations of Sids-1 crossed with the Lr13 and Lr24 monogenic lines
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produced the highest percentages of resistant seedlings. At the adult stage, the
expression of Lr24 gene was bettér than Lr13 gene when introduced, for example,
into Giza-164 (81.28 & 75.97%) and Gemmeiza-3 (80.33 & 71.94%). At both
stages, the segregation ratip of the resistant to susceptible plants in the F2
populations of all crosses was good fit to a ratio 3: 1, which suggested that a
single, dominant locus defined this resistance. These results are in agreement with
Sawhney & Goel (1986) who stated that the near isogenic lines and cultivars of
wheat having single leaf rust resistance genes (Lr2a, Lri9, Li21, Lr22, Lr23,
Lr24, Lr25, Lr26, Lr27 and LrKT) were found to be resistant also to the Indian
stem rust. Kolmer, (1992) in North America, Mclntosh, (1992) in Australia, and
Sawhney et al. (1992) in India verified also that, Lrl3 is highly effective at adult
plant resistance against leaf rust and it may play an important role in interaction
with other gene. The present results prove also that, conferring Lr13 & Lr24
genes to tested Egyptian commercial wheat cvs improved tillers forming and
spike length as well as increased 1000-kernel weight of F} and F2 progenies.

The obtained results could be discussed in light the concept gene for
gene relationship of Flor, (1965) and the others that used this concept to make
similar interactions between specific genes like Loegering & Powers (1962) for
wheat stem rust, and Samborski & Dyck, (1968} for leaf rust. In this regard,
similar results were obtained also by Samborski & Dyck, (1982), Singh &
Mcintosh (1984), Dyke, (1994) and Sawhney (1992) who found that the
interactive gene conferring resistance in Chinese spring was later identified as
Lr34. While Mcintosh et al. (1977} indicated that Lr24 is tightly linked with stem
rust resistance gene Sr24 and provides a good resistance against leal and stem
rust. Therefore, Ezzahiri & Roelfs, (1989), Kolmer, (1992) in North America,
Mclntosh, (1992) in Australia, and Sawhney et al. (1992} in India verified that
Lrl3 is highly effective at adult plant resistance against leaf rust and it may play
an important role in interaction with other gene. Hasabnis, ef al. (2002) verified
that the prevailing dominant population of the fungus had lost virulence on Lrl0,
Lrl3, Lrl5, L120 and Lr23, The Lr genes viz., Lr9, Lr19, and Lr24 conformed
resistance 10 the pathogenic isolates whereas Lr2¢c and Lrl4 conformed
susceptibility. Genes from the near-isogenic lines, Lrl10, Lr20, Lr15, Lrl3, Lr23
and L.r26 conformed resistance to the pathogen next to the intact genes L9, Lr
19, and Lr 24,

Finally, introducing Lr13 and Lr24 into susceptibie highly producible
wheat cvs in Egypt will be useful in providing these cvs with ensured resistance
against prevalent leaf rust races. Also, this step could be serving in improving
breeding programs for increasing productivity and resistance efficacy in one time
for the three rusts attacking wheat under Egyptian conditions.
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