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Transfer of resistance genes from Triticum araraticum

Table 1: Triticum araraticum accessions, collection sites, and reactions to leaf rust and powdery mildew

T. araraticum Leaf rust? Powdery mildew’
accession Collection site' PRTUS 25 Isolate 9 Pmd Axminster
TA 28 2 km NW of Salahadin 12C 9 -
TA 30 41 km NW of Sulaimaniya to Surdash 13C 5 -
TA 145 2 km NW of Salahadin 12C 4 0
TA 870 1 km NE of Salahadin 01C-23C 4 2
TA 874 2 km NW of Salahadin - 5 -
TA 878 4 km NE of Shaglawa 12C-33C 9 0
TA 895 13 km W of Shaglawa 02C-22C 4 0
TA 913 I km NE of Salahadin 12C-23C 4 4
TA 920 1 km NE of Salahadin 12C 4 4
TA 1485 1 km NE of Salahadin 12C-23C 3 0
TA 1520 21 km S of Harir between Rowandus and Shaqglawa 02C-13C 3 1
TA 1538 19 km E of Sulaimaniya to Chuarta 01C-12C 4 0

'All collection sites are in north-eastern Iraq

*First and second digits indicate relative amount of sporulation and lesion size, respectively. C = chlorosis

*Rated on a scale of 0 to 9, where 0 = lowest infection

and parents were screened for reaction to 37 different cultures of B.
graminis f.sp. tritici as previously described.

Results

The selection of T. araraticum accessions for crossing was made
originally on the basis of resistance to leaf rust, but, after inter-
specific hybridization had been made, resistance to powdery
mildew was detected in nine of the T. araraticum parents (Table
1). Accessions were collected from eight different collection
sites, all in north-eastern Iraq.

Crossability of T. araraticum with hexaploid wheat

Hybrid plants from crosses between wheat and T. araraticum
were male sterile, and female fertility was low. Overall, the
mean number of BC, seed per spike was 0.42. The BC, seed-set
per spike varied among crosses, but differences in mean BC,
seed-set among the common wheat parents were small. Hybrids
having KS9OWGRCI10 as a recurrent parent set the greatest
number of BC, seed per spike, with a mean of 0.52. Hybrids
having ‘Arlin’, ‘Karl 92’, TAM 107, and “Wrangler’ as recurrent
parents had means of 0.38, 0.42, 0.43, and 0.37 BC, seed per
spike, respectively.

Of 114 BC, plants grown to maturity, selfed seeds were har-
vested from 2] plants that were partly male fertile. Female
fertility of 91 BC, plants that were backcrossed was higher than
that of F, hybrids, with an average of six BC, seed per spike.
Male fertility of BC, plants was higher than that of BC, plants,
with 86% setting some selfed seed. However, only 20% of these
plants set 10 or more seeds per spike.

Chromosome numbers
With the exception of one 56-chromosome plant, BC, plants
had chromosome numbers ranging from 36 to 48, with a mean
of 41. Of the 21 plants from which selfed seed was obtained,
the chromosome number ranged from 39 to 48. One 41-chro-
mosome plant from the cross ‘Arlin’ x TA 895 was fully fertile.

Chromosome numbers of BC, plants varied from 37 to 48,
with a mean of 41. After two backcrosses, 66% of plants had
chromosome numbers in the range 39-42. Plants with chro-
mosome numbers between 40 and 44 on average set the most
selfed seed.

The chromosome numbers of BC, plants were related loosely
to the chromosome numbers of their BC, parents. Forty-four
percent of progeny from 42-chromosome BC, plants had a

chromosome number of 42. Only 3% of progeny from BC,
plants with chromosome numbers between 36 and 39 had 42
chromosomes. BC, plants obtained from BC, plants with chro-
mosome numbers in the ranges 36-39, 4044, and 45-48 had
similar mean chromosome numbers of 40.43, 41.33, and 41.28,
respectively.

Chromosome numbers of 42 BC, plants resulting from
crosses between homozygous leaf-rust resistant BC,F, plants
and their recurrent parents were determined. Twenty-nine
plants had a chromosome number of 42. Three plants had
2n = 43, seven plants had 2n = 41 and one plant had 2n = 40.
Telosomic chromosomes were detected in two plants; one plant
had 41 chromosomes plus a telosome, and another plant had
40 chromosomes plus a telosome.

Transfer of leaf rust resistance

Seven hundred and thirty-nine BC,F -derived families were
screened for reaction to leaf rust. Resistant plants were identi-
fied in 66 families, representing 16 of the 26 different T. aes-
tivum-T. araraticum cross combinations. These crosses involved
10 different T. araraticum accessions and four common wheat
genotypes. The majority of lines tested were in a TAM 107
background; 49 of the families in which leaf rust resistance was
detected had TAM 107 as a recurrent parent. Small quantities
of BC,F, seed were available for leaf rust screening, and seg-
regation ratios within BC,F, families were not determined.

Leaf rust resistance derived from TA 874 was conditioned
by a single dominant gene; crosses between TAM 107 and
resistant lines derived from TA 874 segregated three resistant
to one susceptible (Table 2). The heterogeneity x* value for
families of different lineage from this cross (families U3190,
U3191, U3193 and U3194) was not significant, and the pooled
data of 268 resistant plants: 83 susceptible plants fit a 3:1 ratio
(x> = 0.01, 0.95 > P > 0.90).

Families from crosses between TAM 107 and different homo-
zygous resistant BC,F, plants derived from crosses with TA 28
and TA 870 had segregation ratios that were not homogeneous.
For example, observed segregation ratios in the F, families
designated U3169 and U3170 from the cross TAM 107*4/TA
870 deviated significantly from a 3:1 ratio (Table 2). Both cases
had an excess of susceptible plants. However, segregation in the
families designated U3166 and U3168 fit a 3:1 ratio. Differences
in the transmission of resistance may have been due to different
types of transfers (i.e. recombination, translocation, or chro-
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Table 2: Numbers of BC,F, or par-
ent plants resistant or susceptible to

Number of plants

leaf rust, with y° tests for fittoa 3:1  BGC,F, or parent Family Resistant Susceptible ¥ (3:1) P
resistant to susceptible ratio. Plants
were inoculated with culture TAM 107*4/TA 870 U3166 39 11 0.11 0.80-0.70
PRTUS 25 of Puccinia recondita U3168 114 39 0.00 0.99
U3169 58 43 22.19 <0.001
U3170 65 36 5.55 0.02-0.01
TAM 107*4/TA 28 U3067 177 115 3145 <0.001
U3172 63 25 0.32 0.70-0.50
U3176 43 11 0.40 0.70-0.50
TAM 107*4/TA874 U3190 67 22 0.00 0.99
U3191 65 19 0.00 0.99
U3193 81 25 0.05 0.90-0.80
U3194 64 17 0.49 0.50-0.30
TA 870 40
TA 28 30
TA 874 10
TAM 107 110

mosome substitution). The BC,F, plants that gave rise to the
BC,F, families U3166 and U3168 were descended from different
BC,F, and BC,F, plants than those that produced the families
U3169 and U3170.

Leaf rust resistance derived from TA 28, TA 870, and TA
874 in BC,F,,; lines was expressed at a level comparable to that
of the donor parent (Table 3). Whereas the infection type of
the donor parent was generally within the range of reactions
observed in the derived lines, the line designated U2657-2-28-1
had a lower infection type at 28°C than did its 7’ araraticum
parent. This line was derived from a cross between TA 874 and
the wheat cultivar ‘Karl 92°. Infection types of ‘Karl 92” were
lower than TAM 107 infection types at all three temperatures
when inoculated with PRTUS 25 (Table 3); therefore, a com-
bination of genes from ‘Karl 92’ and TA 874 may have produced
progeny with an infection type lower than that of either parent.

Lines scored as homogeneous or segregating for leaf rust
resistance as seedlings were classified similarly in the field in

Table 3: Infection types (C = chlorosis, P = green and X = mixed) of
four BC,F,; lines carrying leaf rust resistance genes derived from Tri-
ticum araraticum, their respective donor parents, and recurrent wheat
parents when inoculated with leaf rust culture PRTUS 25 and placed
at different temperatures

Wheat genotype 16°C 22°C 28°C
U2665-14-5-2 03C-13C  03C-13C 14C-24C
(TAM 107*3/TA 28)

TA 28 04C 12C 23C-23X
U2664-1-10-1 04C 13C 13C-34
(TAM 107*3/TA 870)

TA 870 13C-23C 12C 23X-34X
U2668-1-8-1 03C-14C 03C-13C 13C-23C
(TAM 107*3/TA 874)

U2657-2-28-1 03C-13C  03C-14C 14C
(‘Karl 92°'*3/TA 874)

TA 874 03C-14C 02C-13C 23C-23X
TAM 107 88P 88P 88P
‘Karl 92 78X-88P 78X 78X

'First and second digits indicate relative amount of sporulation and
lesion size, respectively

1994 and/or 1995. Therefore, resistance was expressed at the
adult-plant stage. However, few BC,F,; lines had overall
phenotypes similar to those of their respective recurrent parents,
suggesting that further backcrossing will be needed to recover
desirable agronomic types.

Severe leaf chlorosis of many lines challenged by the leaf rust
pathogen in 1995 field plots was the most obvious problem
introduced by introgression of T. araraticum genes. In 1994,
when the leaf rust epidemic was less severe, extensive chlorosis
was not observed in plant rows segregating for resistance. A
severe epidemic of soilborne mosaic virus also occurred at the
Manhattan location in 1995. The chlorosis was most severe in
crosses having TAM 107 as the recurrent parent. No evidence
of chlorosis was seen in TAM 107 or any of the other recurrent
parents. The extent of chlorosis also was related to the severity
of soilborne mosaic virus in a plot. Testing of leaf rust-resistant
lines in different environments will be done to determine
whether the chlorosis observed in resistant lines was caused by
the interaction of the 7. araraticum-derived resistance genes
and heavy levels of leaf rust inoculum, an interaction of other
T. araraticum genes associated with resistance and the wheat
background, or the effect of leaf rust in combination with
extremely wet soil and soilborne mosaic virus.

Cytogenetic analysis of leaf rust resistant lines

Meiotic analysis of pollen mother cells of BC,F, plants from
the lines U3067, U3166, U3172, and U3193 was performed
to determine whether abnormalities in chromosome pairing
influenced the transmission of leaf rust resistance observed in
these lines (Table 2). Overall, a mean of 20 bivalents and one
univalent was observed per cell with a low frequency of multi-
valents. In each line, ring bivalents were more frequent than
rod bivalents. A trivalent was observed at a low frequency in
all lines except U3193. A quadrivalent was detected in 29% of
cells of one line, U3067. Transmission of leaf rust resistance in
this line was poor (Table 2).

Pairing was most normal in the line U3193, in which no
multivalents were observed. Transmission of leaf rust resistance
in this line was normal (Table 2). C-banding of metaphase |
chromosomes showed that this line was carrying one copy of
chromosome 5G from 7. araraticum, which failed to pair with
chromosome 5B of wheat in approximately one-third of the
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cells examined, accounting for the average of 0.67 univalents
per cell. These two chromosomes were associated as a rod
bivalent in half of the cells analysed and as a ring bivalent in
the others.

One plant from U3166 had a chromosome number of
2n = 40. An average of two univalents was observed in each
cell. These univalents were heteromorphic, indicating that the
plant was probably monosomic for two chromosomes.

To determine whether resistance was associated with a chro-
mosome substitution or translocation that could be detected by
chromosome banding, C-banding was performed on mitotic
metaphase chromosomes from root tips of BC,F; plants that
were homozygous resistant and homozygous susceptible to leaf
rust. Plants from crosses between TAM 107 and each of the
accessions TA 28, TA 870, and TA 874 were examined. In lines
derived from all three T. araraticum accessions, chromosome
2G from T. araraticum was substituted for chromosome 2B of
wheat. However, this chromosome was not associated with leaf
rust resistance; the 2G(2B) substitution was also detected in
homozygous susceptible plants. Chromosome 5G of T. ara-
raticum substituted for chromosome 5B of wheat in some plants
from each of the three crosses, but not all resistant plants carried
a copy of chromosome 5G. Other T. araraticum chromosome
substitutions were not detected. However, both A and A' gen-
ome chromosomes are lightly banded, and chromosome sub-
stitutions or rearrangements involving A and A' genome
chromosomes may not have been detected by C-banding.

Diversity of leaf rust resistance genes transferred from 7. ara-
raticum

T. araraticum accessions were intercrossed to determine how
many loci were involved in the leaf rust resistance transferred
to wheat. TA 145, TA 870, and TA 1520 had a leaf rust resist-
ance gene at the same locus (Table 4). No susceptible plants
were observed in the F, of the cross between TA 145 and TA
870. One small F, plant from the cross between TA 145 and
TA 1520 was susceptible to leaf rust. Four different trans-
location types are present in the nine T. araraticum accessions
that were intercrossed (Badaeva et al. 1994a); therefore, a low
frequency of progeny that were aneuploid or had deficiencies
and/or duplications of chromosome regions was expected in the
F, populations from many of these crosses. These could have
produced rare susceptible plants from crosses between
accessions with the same leaf-rust resistance gene.

TA 28 and TA 1538 probably have a common gene for leaf
rust resistance, despite the occurrence of two small susceptible
plants (Table 4). No susceptible plants were detected in the F,
of the cross between TA 1538 and TA 913. In this test, the TA
1538 parent had a low infection type, whereas the TA 913 parent
was characterized by a mixed reaction. In TA 913 seedlings, the
tissue around some lesions was chlorotic, whereas the tissue
around other lesions on the same leaf was not. Plants with
reactions similar to those of both parents were observed in the
progeny. F, plants more resistant than either parent were also
observed. TA 913 and TA 1538 may have different alleles for
leaf rust resistance at the same locus, or they could have linked
resistance genes, with no susceptible recombinants detected in
the F, population.

The leaf rust resistance gene in TA 28 and TA 1538 appar-
ently is linked to that in TA 145, TA 870, and TA 1520, as
indicated by a segregation ratio of 32:1 in the cross between TA
145 and TA 1538. The gene in TA 145, TA 870 and TA 1520

segregates independently of the genes in TA 30 and TA 895.
Segregation ratios observed in the crosses between TA 145 and
TA 30 and between TA 1520 and TA 895 fit a 15:1 ratio.

The genes in TA 30 and TA 895 are linked (Table 4), and
they condition different reactions to P. recondita. Although
some sporulation occurred on seedlings of TA 30, lesions fre-
quently became necrotic, approximately 10 days after inocu-
lation, without sporulating. This necrosis was not observed in
TA 895 or other accessions, although TA 895 consistently had
a low infection type (Table 4). The gene in TA 28 and TA 1538
segregates independently of the linked genes in TA 30 and TA
895 (Table 4).

The genetic relationship of the resistance in TA 920 to resist-
ance in other accessions was difficult to determine. The gene in
TA 920 segregates independently of the gene in TA 145, TA
870, and TA 1520 (Table 4). Segregation for resistance occurred
in the cross TA 920/TA 30, although observed ratios in two
runs of the test differed (48:1 in run 1 and 15:1 in run 2).
Conflicting results were obtained in two different tests of F,
from the crosses of TA 920 with TA 28 and TA 1538. In both
cases, segregation that fitted a 15:1 ratio was observed in one
run, and no segregation was observed in the other run. The
infection type of TA 920 varied between 01C and 34X in differ-
ent tests. When the infection type of TA 920 was relatively high,
plants with an infection type similar to that of TA 920 and
the high infection types of susceptible plants were difficult to
distinguish.

The T. araraticum accessions that were intercrossed can be
placed into four groups having leaf rust resistance genes at
different loci: (1) TA 145, TA 870, and TA 1520; (2) TA 28, TA
1538, TA 913 (and possibly TA 920); (3) TA 30; and (4) TA
895. Linkage occurs between groups (1) and (2) and between
groups (3) and (4). It is possible that TA 913 has an allele that
differs from the other accessions in group (2). The linkage
relationship of the gene in TA 874 that donated leaf rust resist-
ance to wheat was not determined. Therefore, at least four, and
possibly as many as six, unique leaf rust resistance genes exist
among the accessions and their hexaploid progeny.

Transfer of resistance to powdery mildew

A total of 32 BC,F, families from crosses of ‘Arlin’*3/TA 895,
‘Karl 92°*3/TA 145, and ‘Wrangler’*3/TA 145 were screened
for reaction to powdery mildew. Fifteen plants were scored as
resistant when screening was performed on detached leaves and
on seedlings. All but one of these plants were from the cross
‘Arlin’*3/TA 895. One seedling from the cross ‘Wrangler’*3/TA
145 was identified as resistant, but no resistant F; progeny were
recovered from this plant.

Segregation ratios within BC,F, families were not deter-
mined. When results from nine different BC,F, families from
the cross ‘Arlin’*3/TA 895 were combined, 75 plants were sus-
ceptible and 13 were resistant. Progeny of nine of the 13 resistant
BC,F, plants were segregating for powdery mildew resistance,
and four lines were homozygous resistant. The infection types
of the homozygous resistant BC,F, plants were lower than those
of plants that gave segregating progeny. Therefore, powdery
mildew resistance may be conditioned by complementary loci
or by an incompletely dominant gene that was transmitted at a
lower-than-expected frequency.

Resistance to powdery mildew in two BC,F,; lines (U2659—
1-7-M1 and U2659-2-9-M2) derived from the cross
‘Arlin’*3/TA895 was expressed at a lower level than that of the
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Table 4: Infection types of leaf rust resistant Triticum araraticum parents and numbers of F, plants with low (01C-13C), intermediate (23X-56X),
and high (78X-88P) infection types, with the observed (low + intermediate):(high) ratio and y? tests for fit to a 15:1 ratio. Positions of the columns
‘Parent 1’ and ‘Parent 2’ do not indicate male and female parents. Plants were inoculated with culture PRTUS2S of Puccinia recondita

Observed ratio

Infection type (number of plants) (01C-56X):
Parent 1 (P1) P! IT Parent 2 (P2) P2IT 01C-13C  23X-56X 78X-88P (78X-88P) x? (15:1)
TA 28 02C-03C TA 30 01C-03C 156 10 12 13.8:1 0.01
01C TA 920 0iC-11X runl 118 39 9 17.4:1 0.08
13C-33X 01C-23X  run2 56 139 0 - 11.96**
0tC TA 1538 02C-34X runl 194 24 2 109.0:1 9.86**
03C-23X 01C-23X run2 126 98 0 - 44.75%*
TA 30 - TA 145 - 832 - 6 13.8:1 0.00
- TA 895 - 180 7 5 37.5:1 3.76
02C-04C TA 920 01C-12C runl 126 17 3 47.7:1 3.81
04C-13C 03C-13X run2 46 24 4 15.0:1 0.07
TA 145 0-13C TA 870 13C-56X 139 2 - 8.23*+
0-02C TA 920 0-22C 87 42 11 11.7:1 0.37
23X TA 1520 23C-34X - 100 - 3.91*
13C TA 1538 56X 114 44 S 31.6:1 2.30
TA 870 13C-34C TA 920 13C-34X 11 56 4 16.8:1 0.00
TA 895 03C-13C TA 1520 13X-56X 31 130 11 14.6:1 0.01
01C TA 1538 02C-34X i16 11 7 18.1:1 0.10
TA 913 23X-34X TA 1538 13C-23C 63° 97 0 - 9.63%*
TA 920 23C-77X TA 1520 23C-56X 0 45 4 11.0:1 0.07
01C-12C TA 1538 01C-04C runl 207 37 0 - 15.22%*
02C-23X 03C-13C  run2 109 16 6 20.8:1 0.37

* **Significantly different from zero at P = 0.05 and P = 0.01, respectively

'Infection type

?Plants were scored as resistant or susceptible

3Number of plants with infection types similar to that of TA 1538
“Number of plants with infection types similar to that of TA 913

T. araraticum parent. When inoculated with 37 diverse isolates
of powdery mildew, TA 895 consistently had few or no disease
symptoms (rating = 0—4) and ‘Arlin’ was susceptible (rat-
ing = 7-9) to 35 isolates (Table 5). Both. derived lines gave
intermediate reactions when inoculated with 25 isolates. Low
reaction types (rating = 0-3) resulted from inoculation of the
derived lines with five isolates (9, 127, 146-2a, 209a,, and
Asosan). The Asosan isolate produced no disease symptoms on
leaves of U2659-1-7-M1 and U2659-2-9-M2. This isolate gave
an intermediate reaction type on the recurrent parent. The
derived lines may not be homozygous, because susceptible
plants were detected in both lines (Table 5).

Discussion

Whereas production of the initial interspecific hybrid between
wheat and T. araraticum is not problematic, the production of
inadequate numbers of backcrossed seed is a potential barrier
to successful introgression from T. araraticum in a backcrossing
programme. Gill and Raupp (1987) and Cox et al. (1991)
observed that, in direct crosses of wheat with the diploid species
T. tauschii and T. monococcum, a potential limiting factor for
gene transfer was low production of BC, seed. In crosses
between T. araraticum and wheat, production of an adequate
number of BC, seed is also important. In this introgression
study, no selection for pest resistance was done on BC,F, plants
because we were interested in transferring resistance to more
than one pest and we needed to keep plants as healthy as
possible in order to obtain selfed or backcrossed seed. Because

most BC,F, plants were male-sterile, selfed seed for screening
could not be obtained. Therefore, randomly backcrossing as
many BCF, plants as possible was necessary. Because female
fertility of BC,F, plants is high, production of sufficient num-
bers of BC,F, seed is simply a matter of making enough pol-
linations.

We detected resistance to powdery mildew in 38% of the
BC,F, families tested; however, resistance to leaf rust was
observed in only 9% of the BC,F, families screened. The latter
frequency is lower than expected, indicating that there may be
selection against chromosomes or chromosomal regions from
T. araraticum. Evidence of selection both for and against trans-
fer of certain chromosomes of T. timopheevii and T. araraticum
in backcrosses to T. aestivum has been reported (Allard 1949,
Gill et al. 1988, Friebe et al. 1994, Brown-Guedira 1995).

Using several accessions of the wild parent and different
wheat genotypes when attempting to transfer genes from T.
araraticum has a number of advantages. In this study, the num-
ber of seed obtained at the first backcross varied with different
combinations of T. araraticum and wheat parents. Although
information about resistance to pests other than leaf rust was
not available when the initial crosses were made, resistance to
powdery mildew and other pests was subsequently detected in
the 12 7. araraticum accessions that had been crossed to wheat
(Brown-Guedira et al. 1996). In addition, although nothing was
known about the diversity of resistance to leaf rust in these T.
araraticum accessions, at least four leaf rust resistance genes
were apparently transferred to wheat. Some parental com-
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Table 5: Infection types of Triticum araraticum parent (TA 895), recur-
rent wheat parent (Arlin), and two BC,F,; lines derived from a cross
between wheat and Triticum araraticum when inoculated with 37 iso-
lates of Blumeria graminis f. sp. tritici

Line

Isolate TA 895  ‘Arlin®  U2659-1-7-M1  U2659-2-9-M2
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'Rated on a scale of 0 to 9 where 0-3 = resistant, 4-6 = intermediate
and 7-9 = susceptible

binations of T. araraticum and wheat may also produce more
desirable progeny than others.

Browder (1980) noted temperature sensitivity of the T. tim-
opheevii-derived resistance gene Lr18, which becomes ineffec-
tive at a temperature of 25°C. In our study, infection types of
seedlings carrying T. araraticum-derived resistance increased at
28°C, but resistance remained effective in the tested temperature
range. The amount of variation in infection type observed at
different temperatures was dependent on the wheat back-
ground. The leaf rust resistance gene derived from TA 874 gave
lower infection types at 28°C in a ‘Karl 92’ background than in
a TAM 107 background.

The chromosomal locations of the transferred leaf rust resist-
ance genes were not determined. Cytogenetic analysis did reveal
the presence of chromosomes 2G and 5G in different resistant
lines, although these chromosomes did not appear to be related
to resistance. McIntosh (1983) noted that the T. timopheevii-
derived genes Lr18 and Sr36, located on chromosomes SBL
and 2B, respectively, were transferred to wheat in various inde-
pendent programmes. He suggested that wheat chromosomes
2B and 5B may have close homology with their T. timopheevii
homoeologues, making for rapid and repeatable transfers.

Powdery mildew resistance transferred from TA 895 to
‘Arlin’ is conditioned by a gene other than the Pm6 gene already
transferred to wheat from 7. timopheevii, because isolates used
in screening were virulent to Pm6. In aggregate, the 37 isolates
of B. graminis f.sp. tritici used to screen the two BC,F,.; lines
carrying powdery mildew resistance derived from TA 895 are
virulent to all of the named powdery mildew resistance genes
with the exception of Pm16. That gene was transferred to hexa-
ploid wheat from the wild tetraploid species T. diccocoides
(Mclntosh et al. 1995). Possibly, a new gene for powdery mildew
resistance has been transferred to wheat from T. araraticum.
Wheat lines carrying this gene had intermediate infection types
when inoculated with most of the isolates tested, whereas the
T. araraticum parent was highly resistant to all isolates. The T.
araraticum-derived resistance gene may have reduced
expression in a hexaploid wheat background, or TA 895 may
have additional factors conferring powdery mildew resistance
that were not transferred.

In summary, direct hybridization of locally adapted wheat
cultivars with 7. araraticum followed by backcrossing to the
wheat parent was an effective way of transferring pest resistance
from this species. Plants that are fertile and euploid can be
obtained after two backcrosses to the wheat parent, but devel-
opment of germplasm with acceptable agronomic traits may
require additional backcrossing. Although transfer of resistance
genes from T. araraticum to wheat is labour-intensive, the effort
is worthwhile when considering the resistance to a wide range
of pests and the diversity of leaf rust resistance genes available
in T. araraticum.
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