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ABSTRACT
Pretorius, Z. A., and Roelfs, A. P. 1996. The role of Lr10, Lr13, and Lr34 in the expression of
adult-plant resistance to leaf rust in the wheat cultivar Era. Plant Dis. 80:199-202.

Elucidation of the genetic basis of the highly effective resistance in Era wheat to Puccinia re-
condita f. sp. tritici could assist breeders in reconstructing similar Lr gene combinations in
other cultivars. Attempts to relate the presence of Lr10, Lrl3, and Lr34 with the expression of
adult-plant resistance showed that a combination of these genes did not necessarily confer high
levels of resistance to pathotype UVPrt8 of P. r. f. sp. tritici. The most resistant adult F, plant
derived from a cross between Era and line RL6058 was homozygous for Lr10, Lri3, and Lr34,
but other F, plants exhibiting intermediate levels of adult-plant resistance also appeared homo-
zygous for all three genes. In the leaf rust—susceptible background of Line E, no clear relation-
ship between Lrl3 and expression of adult-plant resistance derived from Era was observed.
Limited evidence was obtained that Lr/0 in association with an unknown gene or Lrl3 inter-
acted with Lr34 to confer an improved level of resistance to leaf rust in certain plants. Mostly
results indicated a lack of interaction among Lr10, Lr13, and Lr34. It seems unlikely that wheat
breeders will be able to reconstruct a similar Era-type of leaf rust resistance by combining

Lr10, Lri3, and Lr34.

In 1970, the semidwarf wheat (Triticum
aestivum L.) cultivar Era (CI 13986), with
resistance to several important diseases,
was released in Minnesota (10). Following
its release, Era was widely grown in the
hard red spring wheat region of the United
States (13) and proved to have adequate,
long-lasting resistance to leaf rust caused
by Puccinia recondita Roberge ex Des-
maz. f. sp. tritici (8). It is believed that the
Era-type leaf rust resistance is also present
in the wheat cultivars Wheaton (3) and
Marshall (4).

According to the pedigree of Era, infec-
tion type data, and genetic studies, the
cultivar contains the Lr10, Lr13, and Lr34
genes for resistance to leaf rust (2,8,15,
19,20,24). Era may also have an addi-
tional, unidentified gene for seedling resis-
tance (8). The nature of adult-plant resis-
tance in Era appears more intricate.
Ezzahiri and Roelfs (8) demonstrated that
adult-plant resistance could be attributed
to Lr13, Lr34, and a third, unknown gene.
In combination with the other two genes,
Lr34 interacted in a complementary way to
enhance resistance.
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If Lr10 and Lrl3 interact with Lr34 to
provide durable resistance, wheat breeders
could combine these genes in future culti-
vars to maintain a level of resistance simi-
lar to that of Era. The objective of our
study was to investigate the role of Lri0
and LrI3 in the expression of adult-plant
resistance in Era.

MATERIALS AND METHODS

All experimental work was conducted at
the Department of Plant Pathology, Uni-
versity of the Orange Free State, Bloem-
fontein, South Africa.

Adult-plant resistance. A leaf rust-re-
sistant single plant selection of Era was
crossed with RL6058 (Thatcher*6 x PI
58548 [Lr34] [7]) and with the susceptible
cultivar Line E (W2691 X Indian H [12]).
F, plants from the crosses Era x Line E
and Era x RL6058, the parents, and
Thatcher (Tc) backcross lines RL6004
(TcLr10) and CT263 (TcLri3) were
grown (three per pot) in plastic pots con-
taining 4 kg of soil in a greenhouse at 18
to 25°C. Three weeks after planting, and
weekly thereafter for the duration of the
experiment, a water-soluble fertilizer (6.5-
2.7-13.0 N-P-K) was applied (0.5 g per

pot) as a soil drench. Flag leaves of 441
Era x Line E and 292 Era x RL6058 F,
plants, and of the check lines, were inocu-
lated (1) with fresh urediniospores of
pathotype UVPrt8 (Table 1) of P. r. f. sp.
tritici. Pathotype UVPrt8, which occurs
commonly in South Africa (17), is virulent
to Era seedlings but avirulent to adult
plants in the field (16). At the time of in-
oculation, the growth stage of F,, parent,
and check plants varied from 49 (first
awns visible) to 69 (flowering complete)
on the decimal scale (25).

Inoculated plants were kept in a dark
dew chamber for 19 h before being trans-
ferred to an air-conditioned greenhouse
compartment where the ambient tempera-
ture was maintained at 12 to 18°C (15°C).
This environment was selected because a
previous study indicated that adult-plant
resistance in Era in a greenhouse is best
expressed at low temperatures (18). Dupli-
cate sets of the check and parental culti-
vars, and 70 Era x RL6058 F, plants, were
placed at 24 to 28°C (26 C). Illumination
of 120 pE-m?2s"' was provided by cool-
white fluorescent tubes for 12 h each day
to supplement daylight. F, plants at 15°C
were classified according to infection type
(IT) 16 days after inoculation, whereas
those at 26°C were scored after 13 days.
ITs were scored according to the descrip-
tions of Roelfs (21): resistance to suscep-
tibility ranged from 0, indicating no mac-
roscopic sign of infection, to 4, describing
large uredinia without chlorosis (c) or
necrosis (n). Chlorotic flecks are indicated
by a semicolon (;), and plus or minus signs
denote pustules that are larger or smaller
than the normal range for a given IT.

Relationship between Lr10, Lr13, and
adult-plant resistance. Seed was har-
vested from 41 Era x Line E and 23 Era x
RL6058 F, plants, each of which had been
characterized for flag leaf reaction to
pathotype UVPrt8. These selections repre-
sented the complete range of observed flag
leaf ITs (1 to 4 for Era x Line E and ; to 3*
for Era x RL6058) and were at the same

Table 1. Avirulence/virulence formulae of South African pathotypes of Puccinia recondita f. sp
tritici used to evaluate seedling and adult-plant resistance in Era wheat and its progenies

Pathotype Lr genes?

UVPrt2 1,2a,2b,3ka,11,13,15,17,20,24,26,30/2c,3a,3bg,10,14a,16
UVPrt8 3a,3bg,3ka,11,16,20,26,30/1,2a,2b,2¢,10,13,144,15,17,24
UVPrt10 3a,3bg,3ka,10,11,16,20,24,26,30/1,2a,2b,2¢,13,144,15,17

a Avirulence/virulence formulae based on seedling data at 20°C, except for Lrl3, which was tested at

26°C.
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growth stage at the time of evaluation. To
relate the presence or absence of genes
assumed to be Lrl0 or Lri13 with the adult-
plant reaction observed in the F,, seed of
each Era x RL6058 F; family was divided,
providing two groups for testing. Seed-
lings were inoculated with either patho-
type UVPrt2 or UVPrt10 (Table 1) to de-
tect which adult F, plants, all homozygous
for Lr34, were also homozygous for Lrl3
or Lr10. Tests for Lr13 were conducted at
26°C, and those for LrI0 at 20°C. Era x
Line E F; families were tested in the seed-
ling stage for Lr13 with pathotype UVPrt2
at 26°C. Unexpectedly, UVPrtl0 was
avirulent to Line E and thus confounded

Table 2. Flag leaf infection types of wheat
cultivar Era, Line E and Thatcher (Tc)
backcross lines at two temperatures to
pathotype UVPrt8 of Puccinia recondita f. sp.
tritici

Infection type
at temperature

12 to 18°C 24 to 28°C

Cultivar or line

Era 1* 2
Line E 3+ 4
RL6058 (TcLr34) 1+ 3
RL6004 (TcLr10) 3 3=
CT263 (TcLr13) 3+ 3¢
Thatcher 3+ 3+

confirmation of Lr/0 in Era x Line E
progeny. The identity of the resistance
gene in Line E is not known.

Progeny from three Era x RL6058 F;
families (ER6, ER10, and ER16), which
displayed different seedling reactions to
UVPrt2 and UVPrtl0, were tested for
Lr10 and Lri3. To confirm the presence or
absence of these genes, single F, plants
(ER6/2, ER10/1, and ER16/1) were se-
lected from each of these families on a
basis of IT and test-crossed with RL6004
and CT263. F, populations from these
crosses were tested in the greenhouse with
the appropriate pathotype—temperature
combination for Lr10 and Lrl3.

Parental and control genotypes were
included in all seedling tests. ITs produced
on plants at 20 and 26°C were scored 12
and 9 days after inoculation, respectively.
At the time of evaluation in all tests, pus-
tule development appeared maximal on the
susceptible cultivars.

RESULTS

Adult-plant resistance. Era was resis-
tant, whereas Line E, RL6004 (TcLri10)
and CT263 (TcLrl3) plants were suscep-
tible at 15 and 26°C to pathotype UVPrt8
(Table 2). RL6058 (TcLr34) produced a
flag leaf IT very similar to Era at 15°C but
was susceptible at 26°C. Both RL6004 and

Table 3. The relationship between the adult-plant reaction of Era x Line E F, plants to Puccinia
recondita f. sp. tritici and the presence of Lr13, based on 41 F, family progeny tests

F, parent plants® with genotype

F; family numbers®  F, flag leaf ITP Lri3Lri3 Lri3irli3 Ir13Ir13 Total
EElto 6 1 0 6 0 6
EE7to 9 1* 0 2 1 3
EE10to 14 1+ 2 3 0 5
EE15 to 25 2 2 8 1 11
EE26 to 28 3 1 2 0 3
EE29 to 40 3+ 0 11 1 12
EE41 4 1 0 0 1
Total 6 32 3 41

2 F; families were grouped according to F, flag leaf infection types.
® Infection types (ITs) produced by pathotype UVPrt8 on flag leaves.
¢ The presence of Lr13 was determined by inoculating F; seedlings with pathotype UVPrt2.

CT263 exhibited slightly lower ITs at
26°C than at 15°C.

A ratio of 122 resistant (IT range of 1 to
2) to 319 susceptible (IT 3 or 4) among the
Era x Line E F, plants suggested the seg-
regation of a single recessive gene ()23 =
1.67) to pathotype UVPrt8 at 15°C. No
susceptible Era x RL6058 segregates were
observed among the 222 F, plants tested at
15°C. At a greenhouse temperature of
26°C, however, eight derivatives from this
cross were susceptible and 62 resistant.

Relationship between Lr10, Lr13, and
adult-plant resistance. Lr13 (IT ;1= to
X°") was present in 38 of the 41 Era x Line
E F; families tested (Table 3). ITs on flag
leaves of F, plants not containing Lri3
were 1*, 2, and 3**. Of the 38 families in
which Lri13 was confirmed on the basis of
IT, six were homozygous for this gene.
Lri3 was, furthermore, present in 15 of the
16 F; families derived from susceptible F,
plants (flag leaf ITs 3, 3**, and 4).

The relationship between the flag leaf
reaction of Era x RL6058 F; plants and the
presence of LrI0 and Lrl3 is shown in
Table 4. Lr10 occurred in 10 and Lr13 in
eight of the 12 Era x RL6058 F; families
derived from F, plants tested at 15°C. Flag
leaf ITs of F, plants without Lr10 were ;1
and 1%, and of plants without Lr13 were ;1,
1, and 1*. A 1* IT was recorded for the F,
plant whose F; progeny did not reveal
Lrl10 or Lr13. Reactions of Era x RL6058
F, plants containing Lr10, Lr13, and Lr34
ranged from ; to 2*. All Era x RL6058 F,
plants selected at 26°C possessed Lri3.
All but two of these F; families also pos-
sessed Lr10. In this material, ITs of F,
plants postulated to contain Lri0, Lri3,
and Lr34 varied from ; to 3*.

In the F3, family ER6 was homozygous
for Lri0 (IT ; to ;1 to UVPrt10), but the
2** IT displayed by seedlings in this fam-
ily to UVPrt2 deviated from the typical
Lri3 seedling reaction (X°) at 26°C
(Table 5). The 2** IT was allocated on a
basis of medium-sized uredinia associated
with the characteristic green islands and
chlorotic borders (21). Evaluation of

Table 4. The relationship between the adult-plant reaction of Era x RL6058 F, plants to Puccinia recondita {. sp. tritici and the presence of Lr10 and LrI3,

based on 23 F; family progeny tests

Number of F, parent plants® with genotype

F; family F,flag Temp. Lr10Lri0 Lr10lrio ir10lr10

numbers? leaf IT® (Fyplants) LrI3Lrl13 Lri3lr13 Irl3Irl3 Lri3Lr13 Lrl3lr13 Irl3lr13 Lri3Lrl3 LrI13Iri3  Irl 3ir13 Total
ER1 H 15°C 1 0 0 0 0 0 0 0 0 1
ER2to 5 31 15°C 1 0 0 0 1 1 0 1 0 4
ERG6 to 8 1to 1+ 15°C 0 0 1 0 1 0 0 0 1 3
ER9 to 12 27to 2% 15°C 1 0 0 0 2 1 0 0 0 4
ER13 to 14 ; 26°C 1 0 0 0 1 0 0 0 0 2
ER15to 17 ;1 26°C 0 0 0 0 2 0 0 1 0 3
ER18to 19 2= 26°C 0 0 0 0 1 0 0 1 0 2
ER20t023 3 to3* 26°C 0 0 0 0 4 0 0 0 0 4
Total 4 0 1 0 12 2 0 3 1 23

* F3families were grouped according to F, flag leaf infection types.
® Infection types (ITs) produced by pathotype UVPrt8 on flag leaves.
¢ The presence of Lr10 and Lri3 was determined by inoculating Fj seedlings with either pathotype UVPrt10 or UVPrt2.
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RL6004 x ER6/2 and CT263 x ER6/2 F,
progeny provided genetic evidence that
ER6 contained Lr/0 but not Lri3 (Table
6). The 15:1 (x* = 0.06) ratio indicated
segregation of Lrl3 and a second domi-
nant gene for resistance to UVPrt2. Based
on seedling ITs, family ER16 was homo-
zygous for Lrl3 but expressed an IT 2,
which deviated from the typical Lri0 low
reaction to UVPrt10. Here, progeny from
the RL6004 x ER16/1 cross revealed the
absence of Lri10 or other genes effective to
UVPrtl0 in ER16 (Table 6). No suscepti-
ble segregates were found in the CT263 x
ER16/1 F,, indicating that these two lines
have a gene in common. Confirmation of
Lri3 in ER16 thus suggested that Lrl3
and Lr34 may have interacted to produce
improved resistance to UVPrtl0 in this
family. According to the seedling ITs,
family ER10 was homozygous for both
Lrl10 and Lri3. This was confirmed by the
absence of susceptible F, segregates when
tested with UVPrt2 or UVPrt10 (Table 6).

DISCUSSION

The genetic nature of leaf rust resistance
in Era appears complex. Similar to the
observations of Ezzahiri and Roelfs (8),
the IT of Era was consistently lower than
what is conditioned by any of the Lr genes
known to reside in this cultivar (Fig. 1).
This indicated additional Lr genes, as was
proposed (8), or perhaps gene interaction.
Complementary interaction occurs be-
tween Lr27 and Lr31 (23), whereas resis-

tance enhancement has been attributed to
several Lr gene pairs (9,11,22).

Genetic studies aimed at identifying leaf
rust resistance genes other than Lri0,
Lrl3, and Lr34 in Era have mostly been
unsuccessful (Z. A. Pretorius, unpub-
lished). It appears that the full complement
of major and modifying genes, which all
contribute to the leaf rust resistance of Era,
cannot be easily analyzed. This implies
that it would be extremely difficult to re-
construct Era resistance by pyramiding the
essential genes. If these additional modify-
ing genes are important in the optimum
expression of certain resistance gene
combinations, the deliberate combining of
Lr10, Lri3, and Lr34 would not necessar-
ily result in improved resistance. However,
by using Era as a crossing parent in a
breeding program, and through selection
for the desired leaf rust response in ensu-
ing generations, it has been shown that Era
resistance can successfully be retained
(3,4).

Temperature is important in the expres-
sion of Era resistance. This can at least
partly be attributed to the environment-
specific expression of all three major Lr
genes. Browder (2) characterized Lrl0 as
moderately sensitive to environmental
influences. This study and others (5,6,19)
have shown that the optimum expressions
of Lrl3 and Lr34 are strongly influenced
by temperature. The low-temperature
adult-plant resistance of Era previously
recognized in greenhouse studies (18) can

Table 5. Seedling infection types of parental and check wheat cultivars and lines at two temperatures
to pathotypes UVPrt2 and UVPrt10 of Puccinia recondita f. sp. tritici

Infection type produced to pathotype

UVPrt2 UVPrtl0

Cultivar or line 20°C 26°C 20°C 26°C
Era e ; ; =
Line E 3 3t 243 243
RL6004 (TcLrl0) 3 3 i 1€
CT263 (TcLri3) K T Xen 3+ 3+
RL6058 (TcLr34) 34 % b : 3
Thatcher (Tc) 3+ K g s 3+
ER6/2* 2 7++ : «c
ER10/1P < «cn . c
ER16/1¢ Xen X~ 2 2

 Era x RL6058 F, line with Lri0, Lr34, plus an unknown gene.

b Era x RL6058 Fyline with Lri0, Lrl3, and Lr34.

¢ Era x RL6058 F; line with Lrl3 and Lr34.

be attributed to Lr34. The strong pheno-
typic resemblance in the small-uredinium
reaction between segregates and RL6058
suggested the involvement of Lr34. Of the
222 Era x RL6058 F, plants evaluated at
15°C, only 20 had ITs slightly higher than
the characteristic 1* of RL6058.

The testing of F; progenies of F; plants
exhibiting different adult-plant reactions
clearly showed that the presence or ab-
sence of Lrl0 or Lrl3 was not correlated
with the F, adult-plant reaction. A highly
resistant Era x Line E F, plant (IT 1*) did
not contain Lrl3, whereas several suscep-
tible F, plants (ITs 3** to 4) contained
Lr13. In the Era x RL6058 cross, the most
resistant F, plant at 15°C (IT ;) was homo-
zygous for Lrl0, Lri3, and Lr34. Con-
versely, an F, plant displaying a 2~ flag
leaf reaction also appeared homozygous
for the three genes. All families in which
Lri3 was postulated contained plants
showing either a mesothetic reaction or
severe chlorosis and necrosis in associa-
tion with pustules (ITs ;1" to X*"). In the
Era x RL6058 F; family ER6, Lrl3 could
not unequivocally be identified on a basis
of IT. The 2** IT exhibited by all plants in
this family was distinctly different from
the typical Lr/3 low reaction. Homozygos-
ity for Lri0 in ER6 raised the question
whether Lr10 in combination with Lr34
could have conferred resistance to patho-
type UVPrt2. The data obtained in the test
crosses confirmed the absence of Lr/3 in
ER6 but indicated segregation of a gene
not previously detected. Lri10 in ER6 was
confirmed by the absence of susceptible
segregates in the RL6004 x ER6/2 cross.
This suggested that Lrl0, Lr34, and an
unknown gene combined to produce an
improved resistance to UVPrt2. In ER16,
genetic evidence was obtained that Lri3
was present alongside Lr34. We assume
that the resistance displayed to UVPrt10
by ER16, which lacks Lr/0, resulted from
interaction between Lrl3 and Lr34.

All Era x RL6058 F; adult plants that
were susceptible at 26°C segregated for
Lrl0 and Lri3 in the F;. The F, adult-
plant reactions could thus have been influ-
enced by heterozygosity for Lrl0 or Lrl3,
the absence or suppression of essential
modifying genes, or by the fact that Lr34
is less effective at high temperatures (5).

Table 6. Response classes of F, wheat seedlings derived from crosses between Era x RL6058 lines and RL6004 (TcLr10) or CT263 (TcLri3) to Puccinia

recondita f. sp. tritici

Number of plants

Cross Pathotype® Temp. Resistant Susceptible Low IT range Ratio 4
CT263 x ER6/2 UVPrt2 26°C 441 31 ito2 15:1% 0.062
RL6004 x ER6/2 UVPrt10 20°C 498 0 Jto ;1= 15:1 -
CT263 x ER10/1 UVPrt2 26°C 423 0 Fto Xt 15:1

RL6004 x ER10/1 UVPrt10 20°C 402 0 Jto 1= 15:1

CT263 x ER16/1 UVPrt2 26°C 398 0 ¥ to X 15:1 -
RL6004 x ER16/1 UVPrt10 20°C 250 84 o 2 3:1 0.004

* Pathotype UVPrt2 is virulent to Lr/0 and avirulent to Lrl3, whereas UVPrt10 is avirulent to Lrl0 and virulent to Lrl3.
® Assuming that family ER6/2 does not contain Lrl3, a 3:1 ratio (3’ = 85.53) was expected. The observed ratio suggested segregation of two dominant

genes for resistance to UVPrt2.
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Fig. 1. Infection types (ITs) produced (A) at 26°C by pathotype UVPn2 of Puccinia recondita f. sp.
tritici on the adaxial surface of primary leaves of, from left to right, Era (IT ;), RL6004 (TcLr10, [IT
3]), CT263 (TcLri3, [IT X*]), and RL6058 (TcLr34, [IT 3**]), and (B) at 20°C by pathotype
UVPrt10 on Era (IT ;), RL6004 (IT ;17), CT263 (IT 3**), and RL6058 (IT 3**).

Until the nature of the Era resistance geno-
type has been characterized more fully, it
appears unlikely that similar adult-plant
resistance can be reconstructed by combin-
ing Lrl10, Lri3, and Lr34. Considering the
urgent need for effective genetic resistance
to leaf rust other than the almost exhausted
monogenic Lr sources in wheat (13), the
unraveling of genotypes such as Era
should prove useful.
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