
Introduction

Leaf rust and stripe rust, caused by Puccinia

triticina and P. striiformis, respectively, are dev-

astating foliar diseases of wheat causing serious

yield losses in many parts of the world. The culti-

vation of rust resistant wheat varieties is an eco-

nomical, efficient and environmentally

advantageous method to reduce yield losses

caused by rust diseases. Several hypersensitive

seedling resistance genes, effective against leaf

rust and stripe rust disease, have been identified in

wheat. Although the use of such genes is preferred

by breeders because of the convenience in their se-

lection in segregating populations and crop clean-

liness, resistance based on such genes has often

proven to be short-lived. Seedlings as well as adult

plants of some wheat varieties show susceptible

response to rust races in greenhouse tests in terms

of infection types, but against the same races these

varieties show low severity scores even under high

inoculum pressure in field tests. Since there is no

evidence of hypersensitivity on leaves of varieties

having this type of resistance, it is classified as

non-hypersensitive resistance (McIntosh 1992).

Such resistance is always effective against a large

number of races and remains effective for a long

period (Johnson 1988). Only two of the known

linked gene pairs, namely Lr34-Yr18 and

Lr46-Yr29, have so far been reported to confer

non-hypersensitive resistance (McIntosh 1992;

Singh et al. 1998; Suenaga et al. 2003; Rosewarne

et al. 2006; Lagudah et al. 2006). The Lr46-Yr29

gene pair is not effective in India. The adult plant

leaf rust resistance gene Lr34, identified from a

Chinese line PI58548 (Dyck 1977), is widely dis-
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tributed in germplasm collections from all over the

world (Shang et al. 1986; Sawhney 1992; Saini

et al. 1998; Kaur et al. 2000). Resistance conferred

by Lr34 is reported to be enhanced by the presence

of other leaf rust resistance genes (Pretorius et al.

1988; Drijepondt and Pretorius 1991; Singh 1992;

Rubiales and Niks 1995; Pretorius and Kloppers

1996; Sawhney et al. 1998).The Thatcher deriva-

tive RL6058 (6*Thatcher/PI58548) is the refer-

ence line for gene Lr34 (Dyck 1977). Another

Thatcher derivative RL6077 (6*Thatcher/

PI250413) has also been reported to carry gene

Lr34 (Dyck et al. 1994), but the F2 generation re-

sulting from the intercrossing of RL6058 and

RL6077 segregated for susceptible plants both at

the Punjab Agricultural University, Ludhiana, In-

dia (Saini, unpublished data) and Manitoba, Can-

ada (Dyck et al. 1994). Susceptible plants in the F2

generation from the cross RL6058/RL6077 were

ascribed to a translocation of gene Lr34 in RL6077

onto a chromosome different than 7D, which is the

chromosome carrying this gene (Dyck 1987).

Thus, a leaf rust resistant recombinant 90RN2491

from the cross RL6058/RL6077 was proposed to

carry two doses of Lr34, one on chromosome 7D

(Dyck et al. 1994) and the other on an unknown

chromosome. Both RL6058 and 90RN2491 are

partially resistant to leaf rust and stripe rust dis-

eases against a bulk of predominant Indian races.

The objective of the present study was to provide

genetic evidence for the presence of an additional

undescribed gene for partial leaf rust and stripe

rust resistance in the Thatcher derivative RL6058.

The study also aims to prove that - unlike the leaf

rust resistance gene Lr34 – the other gene in

90RN2491 is not linked to stripe rust resistance,

thus it may not be Lr34 and this gene needs further

characterization.

Materials and methods

Host material

Thatcher wheat lines RL6058 and 90RN2491 car-

rying Lr34 and a leaf rust and stripe rust suscepti-

ble Indian wheat variety WL711 were used for the

present work. The highest leaf rust and stripe rust

severity scores of RL6058, 90RN2491 and

WL711 (the scale for scoring severity is explained

in a further sub-chapter) in an artificial epidemic

during the period from 2004 to 2008 was 40MS,

30S, 80S and 40S, 30S and 80S, respectively. The

severity scores of these lines for the year 2006,

during which the present study was carried out,

were 40MS, 30S, 70S and 40S, 30S and 80S, re-

spectively. The consistently low severity score of

Thatcher lines RL6058 and 90RN2491 over the

years as compared to WL711 indicate partial resis-

tance of the Thatcher lines to leaf rust and stripe

rust diseases, that may be ascribed partly to the

Lr34-Yr18 gene pair.

Pathogen races

An Indian leaf rust race 77-5 was used because this

is the most virulent and frequently identified race

in the surveys carried out in India (Jain et al.

2004). Race 77-5 is virulent on seedlings of all the

near isogenic lines carrying known leaf rust resis-

tance genes and their alleles originating from

bread wheat, i.e. Lr1, Lr2, Lr3, Lr10, Lr11, Lr12,

Lr13, Lr14, Lr15, Lr16, Lr17, Lr20, Lr27+Lr31

(Gatcher), Lr33, Lr34, Lr36, Lr48 and Lr49. How-

ever, adult plants of the lines having genes Lr12,

Lr14b, Lr33, Lr34, Lr36, Lr48 and Lr49 show low

leaf rust severity against race 77-5 in field tests,

despite susceptible infection types on their seed-

lings (Sawhney et al. 1998; Tomar and Menon

1998). Of these, only genes Lr48 and Lr49 evoke a

hypersensitive response against race 77-5 at the

adult plant stage (Saini et al. 2002). Neither seed-

lings nor adult plants of Thatcher lines RL6058

and 90RN2491 showed hypersensitive response

against leaf rust race 77-5. Similarly, neither seed-

lings nor adult plants of Thatcher lines RL6058

and 90RN2491 showed hypersensitive response

against stripe rust race 46S119, i.e. the most viru-

lent and frequently identified race from India

(Sinha et al. 2006). Race 46S119 is virulent on

genes Yr2, Yr3, Yr4, Yr6, Yr7, Yr8, Yr9, Yr11,

Yr12, Yr17, Yr18 and Yr27 and shows avirulence

on genes Yr1, Yr5, Yr10, Yr15, Yr24, Yr25 and

Yr26.

Seed reproduction and experimental design

The Thatcher derivatives RL6058 and 90RN2491

were intercrossed as well as crossed with cv.

WL711 during the normal season. A portion of the

F1 seeds from each cross was sown during the

off-season to obtain F2 generations. The F2 seeds

thus obtained were space planted during the nor-

mal season. The F1 and F2 seeds were saved and

stored at 4oC for simultaneous testing of the F1, F2

and F3 generations. Each F2 plant from the crosses

RL6058/WL711 and 90RN2491/WL711 was har-

vested separately to obtain the F3 families. The F1,

F2 and F3 seeds were divided into two parts and
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sown at two locations at the experimental area of

the Punjab Agricultural University, Ludhiana, In-

dia for separate testing against leaf rust and stripe

rust disease. The five-year average day and night

temperatures in Ludhiana for the period

2004–2008 during March, when maximum dis-

ease development takes place, was 27.45oC and

13.25oC, respectively. In turn, the average day and

night temperatures during the entire growing sea-

son for the period of the study (November 7, 2005

to April 15, 2006) ranged from 19.2oC to 29oC for

days and 4.4oC to 14.2oC for nights. Sowing was

performed in 2m long, paired rows spaced 50 cm

apart in an open experimental area. Plant to plant

distance was maintained at 15 cm. Two rows each

of the leaf rust and stripe rust susceptible Indian

landrace Agra Local and variety WL711 were

planted all around the experimental plots as

infector rows. Recommended doses of fertilizers

(calcium ammonium nitrate, 200 kg/acre; super-

phosphate, 150 kg/acre) were used in the experi-

mental plots. Irrigation was performed at weekly

intervals to delay senescence and maintain high

humidity for maximum rust development.

Creation of rust epidemic and scoring

The leaf rust epidemic was created in the field by

repeated inoculations of the experimental mate-

rial with urediniospores of leaf rust race 77-5 sus-

pended in water using Tween 20 as a dispersant.

Field inoculations were performed late in the eve-

ning, everyday from mid-January to the first week

of March. The stripe rust epidemic was created by

keeping stripe rust infected wheat seedlings raised

in pots in the infector rows. Hand brushing of dew

wet plants in the infector rows with stripe rust in-

fected seedlings exhibiting profuse sporulation

was also performed early in the morning. The ex-

perimental material was repeatedly inoculated

with a water suspension of urediniospores of race

46S119, prepared using Tween 20 as a dispersant.

Inoculations were performed late in the evening,

starting in the first week of December and

continuing up to mid-January, when stripe rust

started to appear on the infector rows and suscepti-

ble plants. The leaf rust and stripe rust severity on

field grown adult plants was recorded as a percent-

age of leaf area covered with rust, using modified

Cobb scale as described by Peterson et al. (1948).

According to this scale rust severity is recorded as

trace susceptible (TS) and trace resistant (TR)

when few susceptible type and resistant type

uredosori, respectively, are seen on the entire

plant. The severity is recorded 5MR and 5S when

5% leaf area on a plant is covered respectively

with resistant type and susceptible type uredosori.

A further increase in severity is recorded as multi-

ples of 10, from 10S to 100S. The letters ‘MS’ are

suffixed with a numerical value expressing the se-

verity percentage of plants showing somewhat

smaller, suppressed and less sporulating uredosori

in comparison to large uredosori, that are pro-

fusely sporulating and described as ‘S’. In case re-

sistant type uredosori are observed on plants

showing 10, 20, 30, 40 and 50% severity, the se-

verity is recorded as 10 MR (moderately resistant),

20MR, 30MR, 40MR and 50MR, respectively.

Because Thatcher derivatives RL6058 and

90RN2491 flower 20 days later than the suscepti-

ble cv. WL711, the disease severity of the parents

and plants in the segregating generations was re-

corded twice at an interval of 15 days. The highest

percentage rust severity recorded on any plant was

taken as the terminal disease severity and used for

analysis. The plants which showed terminal dis-

ease severity lesser than the susceptible parent

were classified as resistant and the others were

classified as susceptible.

Statistical analysis

Compliance of genetic ratios in segregating gener-

ations was confirmed using the chi-square test.

Results

The terminal leaf rust and stripe rust severity on

the F1 plants from the crosses RL6058/WL711,

90RN2491/WL711 and RL6058/90RN2491 was

40S, 20S, 20S and 40S, 30S and 20S, respectively.

The observations on segregation for leaf rust and

stripe rust reaction in the F2 and F3 generations

from crosses of RL6058 and 90RN2491 with

WL711 and the F2 generation of their intercross are

given in Table 1. The F2 and F3 generations from

the cross of Thatcher lines RL6058 and 90RN2491

with WL711 segregated 15 resistant : 1 susceptible

and 7 homozygous resistant : 8 segregating : 1 ho-

mozygous susceptible ratio, respectively, both for

leaf rust and stripe rust reaction. It is inferred from

these results that both RL6058 and 90RN2491

have two independently inherited dominant genes,

each conferring partial resistance to leaf rust and

stripe rust diseases. None of the 440 and 735 F2

plants from the cross RL6058/90RN2491 tested

for leaf rust and stripe rust disease, respectively,

turned out to be susceptible. This implies that

RL6058 and 90RN2491 have at least one common
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gene conferring resistance to leaf rust and stripe

rust diseases. Accepting that the Thatcher deriva-

tive 90RN2491 has two doses of the Lr34-Yr18

gene pair, all the F3 families from the cross of the

Thatcher line 90RN2491 with WL711 should

show a similar reaction to both leaf rust and stripe

rust diseases. The F3 families from the cross of

Thatcher line RL6058 with WL711 should also

follow a similar pattern if the other leaf rust resis-

tance gene in this line is linked to stripe rust resis-

tance. Therefore, all the F3 families from the cross

of 90RN2491 and RL6058 with WL711 were

tested for their reaction to both leaf rust and stripe

rust and the results are given in Table 2. The F3

generation from both these crosses contained fam-

ilies, which were resistant to leaf rust and suscepti-

ble to stripe rust, or vice-versa. This unexpected

segregation pattern for the response of F3 families

202 S. Agarwal, R.G. Saini

Table 1. Segregation for leaf rust and stripe rust resistant and susceptible plants in F2 and F3 generations in crosses

of RL6058 and 90RN2491 with WL711 and intercross of RL6058 and 90RN2491

Generation

F2 F3

Cross/ Rust species No. of plantsa Expected ratio �2 No. of familiesb Expected ratio �2

R S Total HR Segr. HS Total

RL6058/ WL711

Leaf rust 422 28 450 15:1 0.01 153 188 22 363 7:8:1 0.47

Stripe rust 321 24 345 15:1 0.29 165 199 22 386 7:8:1 0.46

90RN2491/ WL711

Leaf rust 258 16 274 15:1 0.08 71 93 16 180 7:8:1 2.87

Stripe rust 295 21 316 15:1 0.09 100 103 13 216
7:8:1

0.57

RL6058/ 90RN2491

Leaf rust 440 0 440 – – – – – – – –

Stripe rust 735 0 735 – – – – – – – –

aR = resistant; S = susceptible; bHR = homozygous resistant; Segr. = segregating; HS = homozygous susceptible

Table 2. Reaction+ of F3 families from crosses RL6058/WL711 and

90RN2491/WL711 to leaf rust and stripe rust assuming that one of the two leaf

rust resistance genes in RL6058 and 90RN2491 is unlinked to stripe rust

resistance

Cross Rust species, nature of F3

family and proportion*
Number of F3 families �2 value

Leaf rust Stripe rust Observed Expected

RL6058/WL711

HR (19/64) HR 79 92.62 4.00

HR (8/64) Segr. 51 39.00 3.60

HR (1/64) HS 6 4.87 0.02

Segr.(8/64) HR 40 39.00 0.02

Segr.(22/64) Segr. 101 107.25 0.33

Segr. (2/64) HS 10 9.75 0.05

HS (1/64) HR 5 4.87 0.003

HS (2/64) Segr. 14 9.75 1.85

HS (1/64) HS 6 4.87 0.02

90RN2491/WL711

HR (19/64) HR 51 48.9 0.09

HR (8/64) Segr. 37 20.6 13.05

HR (1/64) HS 2 2.5 0.04

Segr.(8/64) HR 24 20.6 0.56

Segr.(22/64) Segr. 42 56.71 0.56

Segr. (2/64) HS 4 5.1 0.23

HS (1/64) HR 3 2.5 0.10

HS (2/64) Segr. 1 5.1 3.20

HS (1/64) HS 1 2.5 0.90
+ HR = homozygous resistant, Segr. = segregating, HS = homozygous susceptible; * = Proportion

of families is given in parenthesis



to two rusts suggests that one of the two leaf rust

resistance genes in each of the Thatcher lines

RL6058 and 90RN2491 is segregating, independ-

ent of the stripe rust resistance gene.

Discussion

Inheritance studies on RL6058 and 90RN2491

have revealed two dominant genes each for leaf

rust and stripe rust resistance in each of the two

Thatcher derivatives RL6058 and 90RN2491.

Two genes for leaf rust resistance were reported

earlier also from RL6058 (Shiwani et al. 1990;

Pretorius and Kloppers 1996) and 90RN2491

(Dyck et al. 1994), but the other stripe rust resis-

tance gene in RL6058 has now been identified in

this study. Thatcher line RL6058 is the reference

line for the gene pair Lr34-Yr18, but the present

results suggest that adult plant reaction of RL6058

to Indian races is the cumulative effect of the two

leaf rust and two stripe rust resistance genes in this

line. Thus it is not a true response of genes Lr34

and Yr18. The virulence pattern of the same race

across countries may vary and lead to similar dif-

ferences in results as those reported in our study.

The absence of any leaf rust and stripe rust suscep-

tible plants in the F2 generation from the cross of

RL6058 with 90RN2491 confirms that both

RL6058 and 90RN2491 have the Lr34 gene and

the linked Yr18 gene, respectively. The independ-

ence of segregation of the other leaf rust resistance

gene from stripe rust resistance in F3 from the

cross 90RN2491/WL711 indicates that in the sec-

ond dose of gene Lr34 the linked Yr18 gene has ei-

ther been separated by the translocation in

90RN2491 reported by Dyck et al. (1994) or the

assumed second dose of Lr34 in this line is not

Lr34 and it needs to be further characterized.

Swiss researchers Messmer et al. (2000) as-

cribed durable leaf rust resistance of a winter

wheat cultivar Forno to six QTLs. These QTLs

showed an additive effect, but unlike gene Lr34

none of these was located on chromosome 7D.

Earlier studies from India on a cultivar HD2009

having durable resistance to leaf rust (Saini and

Amita 2000; Khanna et al. 2005) and from

CIMMYT, Mexico (Singh et al. 2005) also sug-

gested that such genes for durable resistance show

quantitative and additive effects and these are

quite common in bread wheat. Because genes

other than the Lr34-Yr18 gene pair in Thatcher de-

rivatives RL6058 and 90RN2491 have contrib-

uted towards partial resistance shown by the two

Thatcher derivatives, these genes are also

important for developing cultivars with durable re-

sistance to leaf rust and stripe rust diseases. Pre-

cise chromosomal location and identification of

lines with such genes will be useful to quantify ge-

netic diversity for durable resistance to leaf rust

and stripe rust in wheat.
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