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Abstract Two synthetic hexaploid wheat lines
(xAegilotriticum  spp., 2n=6x=42, genomes
AABBDD), SW8 and SW34, developed from the
crosses of the durum wheat cultivar Langdon (Triticum
turgidum L. var. durum, 2n =4x =28, genomes AA
BB) with two Aegilops tauschii Cosson accessions
(2n = 2x = 14, genome DD), were determined to carry
Hessian fly [Mayetiola destructor (Say)] resistance
genes derived from the Ae. tauschii parents. SW8 was
resistant to the Hessian fly biotype Great Plains (GP)
and strain vH13 (virulent to H13). SW34 was resistant
to biotype GP, but susceptible to strain vH13. Allelism
tests indicated that resistance genes in SW8 and SW34
may be allelic to H26 and HI3 or correspond to para-
logs at both loci, respectively. H26 and HI3 were local-
ized to chromosome 4D and 6D, respectively, in
previous studies. Molecular mapping in the present
study, however, assigned the H26 locus to chromosome
3D rather than 4D. On the other hand, mapping of the
resistance gene in SW34 verified the previous assign-
ment of the HI3 locus to chromosome 6D. Linkage
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analysis and physical mapping positioned the H26
locus to the chromosomal deletion bin 3D1.3-0.81-1.00.
A linkage map for each of these two resistance genes
was constructed using simple sequence repeat (SSR)
and target region amplification polymorphism (TRAP)
markers.

Introduction

Hessian fly [Mayetiola destructor (Say) (Diptera: Cec-
idomyiidae)] is an important pest of wheat, including
durum (7. turgidum L. var. durum) and common wheat
(T. aestivum L1.), in many of the wheat-producing
regions around the world (Hatchett et al. 1987). Host
resistance is considered the most effective management
tactic for Hessian fly in wheat (Berzonsky et al. 2003).
To date, over 30 major resistance genes, designated H/
through H32, have been identified and assigned to
eight different chromosomes in wheat genomes (Mcln-
tosh et al. 2003; Williams et al. 2003; Liu et al. 2005a;
Sardesai et al. 2005). Among the Hessian fly resistance
genes identified thus far, HI3, H22, H23, H24, H26,
and H32 were derived from Ae. tauschii, the D-genome
donor species of common wheat (Martin et al. 1982;
Gill et al. 1986, 1991a, b; Raupp et al. 1993; Cox and
Hatchett 1994; Ratcliffe and Hatchett 1997; Sardesai
et al. 2005), and were localized to chromosome 6D, 1D,
6D, 3D, 4D, and 3D, respectively (Gill et al. 1987; Wil-
son et al. 1989; Sardesai et al. 2005).

Some of the Hessian fly resistance genes previously
identified were mapped using molecular markers.
Dweikat et al. (1994, 1997) identified 18 DNA marker
loci linked to Hessian fly resistance genes H3, HS5, HO,
HY, H10, H11, HI12, HI3, HI14, H16, and HI7 through
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randomly amplified polymorphic DNA (RAPD) analy-
sis in a set of near-isogenic wheat lines. H9 and HI0
were localized to chromosome 5A in the previous stud-
ies by Carlson et al. (1978), Stebbins et al. (1982), and
Ohm et al. (1995). Recently, these two resistance genes
mapped to the short arm of chromosome 1A (1AS) by
Liu et al. (2005b) and Kong et al. (2005). Another Hes-
sian fly resistance gene derived from cultivated emmer
wheat, designated Hdic, was also assigned to the same
region as the H9 and HIO loci on 1AS (Liu et al.
2005a). Ma et al. (1993) assigned the Hessian fly resis-
tance genes H23 and H24 to chromosome 6D and the
long arm of 3D, respectively. A linkage map for each of
these two genes was constructed using restriction frag-
ment length polymorphism (RFLP) markers (Ma et al.
1993). The Hessian fly resistance gene H6 was localized
to chromosome 5A via monosomic analysis (Gallun
and Patterson 1977). Dweikat et al. (2002) generated
sequence tagged site (STS) markers linked to the H6
locus. Williams et al. (2003) positioned H31 to the
short arm of chromosome 5B using amplified fragment
length polymorphism (AFLP) and STS markers. Liu
etal. (2005¢c) developed a linkage map of HI3 using
SSR markers and assigned this resistance gene to a
chromosomal region proximal to the breakpoint of
del6DS-6 through deletion analysis. Recently, Sardesai
et al. (2005) reported a new Hessian fly resistance gene
designated H32 and mapped this gene to the chromo-
somal deletion bin 3DL3-0.81-1.00 using molecular
markers.

Two synthetic hexaploid wheat lines, SW8 [Langdon
(LDN)/Ae. tauschii Clae 25] and SW34 (LDN/Ae. tau-
schii RL5544), were identified as resistant to the Hes-
sian fly biotype Great Plains (GP) (Friesen et al. 2003;
Xu et al. 2006). The durum wheat parent involved in
SW8 and SW34, LDN, was identified as susceptible to
biotype GP and strain vHI3 (Friesen et al. 2003; Xu
et al. 2006). Thus, resistance in SW8 and SW34 should
be derived from their Ae. tauschii parents Clae 25 and
RL5544, respectively. The objectives of this study were
to determine the allelism of the Hessian fly resistance
genes in SW8 and SW34 with the previously identified
resistance genes derived from Ae. tauschii and to pre-
cisely position the resistance genes in the synthetic
hexaploid wheat lines using molecular markers.

Material and methods
Plants and insects

The three synthetic hexaploid wheat lines, SW8, SW34,
and SW11, were derived from the crosses of LDN with
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three Ae. tauschii accessions, Clae 25, RL5544, and H-
80-114-1, respectively. They were originally developed
by L. R. Joppa (USDA-ARS, Fargo, ND) in the 1980s.
SW8 and SW34 were identified as resistant and SW11
as susceptible to the Hessian fly biotype GP (Friesen
et al. 2003; Xu et al. 2006). Two F,.; mapping popula-
tions were developed by hybridizing SW11 to SW8 and
SW34, respectively. The four hexaploid wheat lines
each carrying a Hessian fly resistance gene on a D-
genome chromosome, including PI 562619 (H13, 6D),
PI 535766 (H23, 6D), PI 535769 (H24, 3D), and PI
572542 (H26, 4D), were obtained from the National
Small Grains Collection, Aberdeen, ID, USA.

Two colonies of Hessian fly, biotype GP and strain
vHI3, were initially obtained from the USDA-ARS
Laboratory at Purdue University and maintained by
the Department of Entomology, North Dakota State
University, Fargo, ND. Hessian fly populations are
characterized relative to the ‘biotype’ of individuals
(Ratcliffe et al. 1994). The Hessian fly biotype GP is
avirulent for most known resistance genes, including
H3, H5, H6, H7/HS8, H9, HI3 (Ratcliffe et al. 2000;
Harris et al. 2006). The Hessian fly strain vH13 is char-
acterized as virulent to wheat genotypes having the
H13 resistance gene. The Hessian fly biotype GP and
strain vHI3 used in this study were maintained on
‘Reeder’, a hard-red spring wheat cultivar susceptible
to Hessian fly.

Evaluation of Hessian fly resistance

The hexaploid wheat lines, including SW8, SW34,
SW11, PI 562619, PI 535766, PI 535769, and PI 572542,
were evaluated for resistance to the Hessian fly biotype
GP in a randomized complete block design with two
replicates (7 plants per replicate) in the greenhouse.
Reactions of SW8, SW34, SW11, PI 562619, and PI
572542 to the Hessian fly strain vH13 also were evalu-
ated. The F, hybrids and F; families derived from each
of the F, individuals in the crosses of SW8 x SW11 and
SW34 x SW11 were evaluated for resistance to biotype
GP.

One plant was grown in each of the super-cell cones
(Stuewe and Sons, Inc., Corvallis, OR) filled with Sun-
shine SB100 Mix (Sun Gro Horticulture Distribution
Inc., Bellevue, WA), and fertilized with Osmocote Plus
15-19-12 (Scotts Sierra Horticultural Product Com-
pany, Marysville, OH). To infest plants with Hessian
fly eggs, seedlings (n =100) at the two-leaf stage were
held for 24 h with mated Hessian fly females (n = 40—
50) using a tent made from a blue cotton sheet. Three
days after eggs were oviposited, plants were trans-
ferred to a high humidity chamber (60% RH, 25°C,
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16:8 L:D) to ensure good survival rates during the
migration of larvae from egg-laying sites on the leaf
blade to feeding sites at the base of the plant. After this
migration was complete, plants were transferred to the
greenhouse at 25°C, with a photoperiod of 16:8 (L:D) h
and 30% RH. Twenty days after infestation, plants
were scored ‘resistant’ or ‘susceptible’ as described by
Cartwright and LaHue (1944). Susceptible plants were
stunted and dark blue-green in color with broad second
or third leaves. In addition, live larvae or pupae were
found at the base of the leaf sheath in the susceptible
plants. Resistant plants showed normal growth with
dead first-instar larvae found at the base of leaf sheath.

Allelism tests

The hexaploid wheat lines, PI 562619 and PI 572542,
were hybridized with SW8, and PI 562619 was hybrid-
ized with SW34 in the greenhouse. Two co-dominant
SSR markers, Xgwm484-2D and Xgwm337-1D, were
used to select true F; hybrids from the allelism test
crosses. The F, individuals derived from true F; hybrid
plants were evaluated for reactions to the Hessian fly
biotype GP. Chi-square () analysis was conducted to
determine the goodness-of-fit to Mendelian segrega-
tion ratios.

Molecular markers and linkage analysis

Genomic DNA of the parents, F,’s, and F, populations
were extracted as described by Dellaporta et al. (1983).
Primer sequences of the SSR markers assigned to the
D-genome chromosomes were obtained from the
GrainGenes Database (http://www.wheat.pw.usda.gov/
GG2/index.shtml). Bulked segregant analysis was per-
formed to identify SSR marker loci linked to the Hes-
sian fly resistance genes. Two bulks of DNA were
prepared by pooling equal amounts of DNA from five
homozygous resistant and five homozygous susceptible
F, individuals, respectively. The SSR loci were ampli-
fied as described by Roder et al. (1998). PCR products
were separated on 6% non-denaturing polyacrylamide
gelsin 1 x TBE buffer at 300 V for 1.5 h. The gels were
visualized by staining with ethidium bromide or
scanned with a Typhoon 9410 variable mode imager
(Molecular Dynamics, Ithaca, NY) after staining with
SYBR Green II (Sigma, St. Louis, MO).

Target region amplified polymorphism (TRAP)
marker analysis was conducted following the proce-
dures of Hu and Vick (2003). One fixed primer in com-
bination with two random primers labeled by different
dyes (IR-700 and IR-800, Li-Cor Biosciences, Lincoln,
NE) was used to amplify TRAP loci via the polymerase

chain reaction (PCR). The fixed primer was designed
based on a conserved telomeric repeat (Hu and Vick
2006) and the random primers were designed as
described by Hu and Vick (2003). The PCR products
were visualized on a Li-Cor Global DNA Sequencer
4300. Electrophoresis was conducted at 2,000V,
40 mA, 50 W for 2.5 h.

Linkage of molecular markers with the Hessian fly-
resistance genes in the two mapping populations was
analyzed using MAPMAKER 2.0 (Lander et al. 1987)
for Macintosh at LOD > 3.0 with Kosambi mapping
function (Kosambi 1944).

Results

Reactions to Hessian fly infestation and resistance
genes

Both SW8 and SW34 exhibited resistance to the Hes-
sian fly biotype GP, whereas SW11 showed susceptibil-
ity. All the F;’s of SW8 and SW34 with SW11 were also
resistant to biotype GP (Table 1). A total of 97 F, indi-
viduals from SW8 x SW11 and 111 from SW34
x SW11 were self-pollinated to produce F; families.
About 16-30 plants from each of the F; families were
evaluated for resistance to biotype GP. No segregation
was found in the F; families derived from homozygous
dominant and recessive F, plants. A 3:1 segregation
ratio of resistant to susceptible plants was observed in
most of the F; families derived from the heterozygous
F, plants. A few F; families derived from the heterozy-
gous F, individuals exhibited a segregation ratio devi-
ated from 3:1. This might result from the small sample
size of the F; families. Three categories of I, individu-
als, including homozygous resistant, heterozygous
resistant, and homozygous susceptible, were identified
based on the evaluation data of the F; families. A seg-
regation ratio of 1:2:1 (homozygous resistant:heterozy-
gous resistant:homozygous susceptible) was obtained
in both F, populations (Table 2). These results indi-
cated that Hessian fly resistance in SW8 and SW34 was
conditioned by a single dominant gene.

PI 562619 (H13), P1 572542 (H26), P1 535766 (H23),
SW8, and SW34 all exhibited resistance to biotype GP,
whereas PI 535769 (H24) was susceptible. Therefore,
resistance genes in SW8 and SW34 were different from
H24 in P1535769. P1 562619 (H13) and SW34 were sus-
ceptible to the Hessian fly strain vHI13. SW8 and PI
572542 (H26) showed resistance to vH13. These results
suggested that SW34 may have a resistance gene allelic
to or the same as HI3, and the resistance gene in SW8§
is different from H13 (Table 1).
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Table 1 Reactions to the Hessian fly biotype Great Plains (GP) and strain vH13

Genotypes Resistance genes Replicates Number of plants evaluated
GP vHI3
Resistant Susceptible Resistant Susceptible

SWi1 1 0 7 0 7

2 0 7 0 7
SW8 1 7 0 7 0

2 7 0 7 0
Sw34 1 7 0 0 7

2 7 0 0 7
(SW8 x SW11)F, 1 7 0 - -
(SW34 x SW11)F,; 1 7 0 - -
P1562619 HI3 1 7 0 0 7

2 7 0 - -
PI 535766 H23 1 7 0

2 7 0 - -
PI 535769 H24 1 0 7

2 0 7 - -
PI1572542 H26 1 7 0 7 0

2 7 0 -
Table 2 Segregation of Hessian fly resistance in two F, populations
Crosses Number of F, plants Total 1 121

Homozygous resistant Heterozygous resistant Homozygous susceptible

SW8 x SW11 19 53 25 97 1.58
SW34 x SW11 22 61 28 111 1.74

32 (df =2, P =0.05) = 5.99

Allelism tests

The two hexaploid wheat lines showing resistance to
biotype GP, PI 562619 and PI 572542, were included in
the allelism tests with SW8 and SW34. PI 535769 was
not included in the allelism tests because it was suscep-
tible to biotype GP (Table 1). Over 90 F, individuals
were evaluated for resistance to biotype GP in each of
the allelism test crosses. A 15:1 segregation ratio of
resistant to susceptible plants was obtained in the F,
generation of the cross SW8 x PI 562619. One stunted
plant was observed among the 405 F, plants derived
from the cross SW8 x PI 572542. A live larva or pupa,
however, was not found at the base of this stunted
plant (Table 3). These results indicated that the resis-
tance gene in SW8 is independent of H13 in PI 562619,
but may be allelic to H26 in P1 572542 or correspond to
paralogs at this locus. All the 217 F, plants of the cross
PI 562619 x SW34 were resistant to biotype GP and no
segregation was observed in this cross. These results
demonstrated that the resistance gene in SW34 may be
allelic to H13 in P1 562619 or correspond to paralogs at
this locus.
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Table 3 Segregation of Hessian fly resistance in the allelism tests

Crosses Number of F, plants Total x5,
Resistant  Susceptible

SW8 x P1562619 85 8 93 0.88

SW8 x P1572542 404 1# 405 24.91*

P1562619 x SW34 217 0 217 14.47*

 Stunted plant without a live larva or pupa found
*Significant different from a 15:1 ratio at P < 0.05
“¥2(df=1,P=0.05)=3.84

Molecular mapping of the Hessian fly resistance genes
in SW8 and SW34

SW8 was determined to have a Hessian fly resistance
gene at the H26 locus based on the allelism test. This
gene locus was assigned to chromosome 4D based on
the monosomic analyses for chromosome 1D, 2D, 4D,
5D, 6D, and 7D in P1 572542 (H26) in a previous study
by Cox and Hatchett (1994). Molecular mapping,
however, was not previously conducted with this gene
locus. The present study attempted to precisely
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position this resistance gene via genetic and physical
mapping. Since monosomic analysis for chromosome
3D in PI 572542 was not included in the study by Cox
and Hatchett (1994), we decided to verify the chromo-
somal location of this gene locus using bulked segre-
gant analysis prior to molecular mapping. A total of
216 SSR marker loci assigned to the D-genome chro-
mosomes, including 42 BARCs (Song et al. 2005), 73
GWMs (Roder et al. 1998), 20 GDMs (Pestsova et al.
2000), 24 WMCs (Gupta et al. 2002), 55 CFDs (Sourd-
ille et al. 2004), and 2 CFAs (Sourdille et al. 2003),
were surveyed for polymorphisms between the parents
(SW8 and SW11) of the mapping population. Sixty-five
of them were polymorphic between SW8 and SW11.
Bulked segregant analysis with these polymorphic
markers identified eight SSR markers (Xbarc71,
Xgwm3, Xcfd211, Xcfd223, Xgwm314, Xwmc656,
Xbarc42, and Xgwm664) linked with the Hessian fly
resistance gene in SW8 (Fig. 1). These eight SSR mark-
ers were mapped previously to the long arm of chro-
mosome 3D (3DL) (Sourdille et al. 2004; Somers et al.
2004; Song etal. 2005). In addition, we conducted
bulked segregant analysis with seven SSR markers
assigned to the long and short arm of chromosome 4D.
Linkage was not detected between the marker loci on
4D and the resistance gene in SW8 (Fig. 1). Therefore,
the Hessian fly resistance gene locus H26 should reside
on chromosome 3D instead of 4D.

A linkage map of the resistance gene locus H26 was
constructed with those eight SSR and one TRAP

Fig.1 Bulked segregant anal-
ysis to determine chromo-
somal location of H26.
Polyacrylamide gels show
polymorphic DNA fragments
amplified in SW8 (Lane 1
from left), SW11 (Lane 2),
(SW8 x SW11) F, (Lane 3),
resistant bulk (Lane 4), and
susceptible bulk (Lane 5) at
each of the SSR marker loci
on chromosome 3D (upper)
and 4D (lower). The SSR
marker loci are indicated at
the top of the gels. The Lane
M is 100-bp DNA ladder. Ar-

Xgwm 664
M, —A—

100 bp

Xgdm 61

Xbarc 42  Xwmc 656  Xgwm 314
—

Xwmc 285

markers in the population of 97 F, individuals derived
from the cross SW8 x SW11 (Fig.2). Comparative
analysis of this linkage map and the consensus genetic
map of 3DL (Somers et al. 2004) is illustrated in Fig. 2.
The three marker loci, Xgwm314, Xcfd223, and
Xgwm3, were found at a different location on the con-
sensus map than on the genetic map constructed in the
present study (Fig. 2; Somers et al. 2004). The molecu-
lar markers proximal (Xbarc42, Xgwm314, Xcfd223,
and Xcfd211) and distal (Xgwm3 and Xbarc71) to the
H26 locus were assigned to the chromosome bin 3DL3-
0.81-1.00 (Fig. 2, Sardesai et al. 2005; Song et al. 2005;
http://www.wheat.pw.usda.gov/GG2/index.shtml).
Therefore, the H26 locus should reside within this
chromosome bin. Since this gene locus is localized in
the last distal bin of 3DL, we tried to generate a molec-
ular marker within the telomeric region of 3DL to
define the physical end of the linkage map using the
TRAP marker technique. Amplification with a fixed
primer (5'-CCCTAAACCCTAAACCCTAAAA-3)
designed based on the conserved telomeric repeat, and
a random primer (5'-CTATCTCTCGGGACCAAAC-
3") identified a TRAP marker locus, Xwgc7330-3D,
linked to the resistance gene. This TRAP marker, how-
ever, mapped 4.0 cM proximal to Xgwm3 rather than
within the telomeric region (Fig. 2).

Reactions of SW34 and PI 562619 to the Hessian fly
strain vH13 and the allelism test between SW34 and PI
562619 revealed allelism of the resistance gene in
SW34 with HI3 in PI 562619. The HI3 locus was

Xcfd 223 Xgwm 3 Xbarc 71 Xcfd 211

Xwme 331 Xgdm 40 Xbarc 48 Xbarc 1183 m Xbarc 1118

rows point to the DNA frag-
ments amplified from each of
the SSR loci in the parents
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Fig. 2 Genetic and physical
mapping of H26. Left Genetic
map of H26 on 3DL. Middle
Consensus genetic map of the
chromosomal region harbor-

3DL GENETIC MAP

ﬂ— Centromere
’f

3DL CONSENSUS GENETIC MAP

3D DELETION MAP

(Somers et al. 2004) (Sourdille et al. 2004)

F Centromere
/ 7

ing the H26.locus on 3DL. 7 ’ Xewm3l14.
Right Deletion map of chro- || 3 07_—- T Xewmo64 ™,
mosome 3D (right). Marker Xgwm664 - 20/—— Xbarc42., ™.
loci are listed to the right and 10.1=— ) S Xefd223., €3DS-6(0.55)
centiMorgan (cM) distances 0.6 Xbarc42 =" Xwmc656 " «-3DS-3(0.24)
are shown to the left. The frac- 8.1 — Xwmc656 -
tion length of the deletions Xgwm314~ “4-Centromere
(within parentheses), the 100 — Xgwm3...
breakpoints, and the centro- Xcfd223 " Xcfd211.., «-3DL-2 (0.27)
mere are indicated to the right ss—1|| T
of the deletion map Xefd211-"

AL €-3DL-3 (0.81)

2.9 =

4'0/_-\Xwgc73jQ=3D 33.0—

T xewms (T
s—f 0
Xbarc71 Xbarc71""

mapped recently to 6DS by Liu et al. (2005¢c). We used ~ Discussion

the SSR marker Xcfd132 co-segregating with H13 and
two other co-segregating SSR markers Xcfd75 and
Xgdm1i32 that mapped 14.4 cM distal to H13 (Liu et al.
2005¢) to verify the allelism of the resistance gene in
SW34 with HI3. Linkage analysis indicated that the
resistance gene in SW34 was 3.7 cM from Xcfdi32.
This analysis also demonstrated that Xcfd75 and
Xgdmli32 were 0.6 cM apart and mapped distal to HI3.
A linkage map of the resistance gene in SW34 was con-
structed with these three SSR markers in the popula-
tion of 111 F, individuals derived from the cross
SW34 x SW11 (Fig. 3). The order of the loci and the
map distance among them in this map are consistent
with those in the linkage map of HI3 constructed by
Liu et al. (2005¢). These results confirmed the allelism
of the resistance gene in SW34 with HI3.

Fig. 3 Linkage map of H13 6DS
on 6DS. Marker loci are listed
to the right and centiMorgan 1
(cM) distances are shown to A
the left 0.6 \chd75
Xgdmli32
235 —
37 Xcfd132
| —HI3
A
L Centromere
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Hessian fly resistance derived from Ae. tauschii was
identified in synthetic hexaploid wheat lines and their
derivatives (Hatchett et al. 1981; Xu et al. 2006). We
screened a number of synthetic hexaploid wheat lines
for resistance to the Hessian fly biotype GP and strain
vHI3 and discovered resistance in some of them (data
not shown). The synthetic hexaploid wheat lines SW8
and SW34 were included in this study because they
exhibited different reactions to strain vHI13, although
both were resistant to biotype GP.

Allelism tests with the resistance gene derived from
Ae. tauschii, including H13, H22, H23, H24, and H26
(Hatchett and Gill 1981; Gill and Raupp 1987; Ratcliffe
and Hatchett 1997), revealed allelism of the resistance
gene in SW8 and SW34 with H26 in P1 572542 and H13
in PI 562619, respectively. One stunted plant was
observed among the 405 F, individuals derived from
the cross SW8 x PI 572542, but a live larva or pupa was
not found in the stunted plant. Stunting of this plant,
therefore, may have been caused by some physiologi-
cal factors.

SWS carries a Hessian fly resistance allele at the H26
locus. The H26 locus was previously localized to chro-
mosome 4D through monosomic analyses (Cox and
Hatchett 1994). This resistance gene locus, however,
mapped to chromosome 3D based on allelism tests and
molecular mapping in the present study. Linkage anal-
ysis and physical mapping of the molecular markers
near the H26 locus positioned this resistance gene
locus within the chromosome bin 3DL3-0.81-1.00. A
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recently discovered Hessian fly resistance gene, desig-
nated H32, mapped within the same chromosome bin
as H26 (Sardesai et al. 2005). The two SSR markers
flanking H32, Xgwm3 and Xcfd223, mapped near H26
although their orders were opposite on these two maps
(Sardesai et al. 2005; Fig. 2). It appears these two Hes-
sian fly resistance gene loci map close to each other.
Allelism between H26 and H32 has not been tested.
Sardesai et al. (2005), however, reported that the syn-
thetic wheat line having H32 was susceptible to the
Hessian fly biotype GP. This could differentiate H32
from H26 because H26 confers resistance to biotype
GP.

Another Hessian fly resistance gene, H24, was also
mapped to 3DL (Ma et al. 1993). Sardesai et al. (2005)
indicated that H24 resides distal to H32 within the
chromosome bin 3D1.3-0.81-1.00. In the present study,
PI 535769, carrying H24, exhibited susceptibility to bio-
type GP; indicating H26 and H24 were two different
Hessian fly resistance genes. These results demonstrate
that H24 is a distinct Hessian fly resistance gene from
H32 and H26, although all three of them are localized
within the same chromosome bin.

To date, over 30 Hessian fly resistance genes have
been identified in various sources. Accordingly, 16
Hessian fly biotypes, designated GP and A through O,
were identified (Ratcliffe and Hatchett 1997). Addi-
tional sources of resistance are continually needed to
manage this insect in wheat (Berzonsky et al. 2003). It
is widely accepted that gene stacking is an important
strategy in the development of new cultivars with
durable resistance to different biotypes of an insect
pest, including Hessian fly. However, evaluation of
Hessian fly resistance is a labor and time-consuming
process and leads to the loss of plants evaluated.
These factors limit progress of breeding for Hessian fly
resistance in wheat. The identification of molecular
markers linked to the Hessian fly resistance genes
could facilitate efficient utilization of the resistance
gene in breeding and minimize screening during the
breeding process. In the present study, we positioned
the H26 locus in the distal region of 3DL and identi-
fied a SSR marker (Xcfd211) 7.5 cM proximal to H26
and a TRAP marker 2.9 cM distal to H26. These
markers should prove useful in breeding to assist
selection of the Hessian fly resistance conferred by
H26 and to pyramid H26 and other Hessian fly resis-
tance genes in wheat.
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