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Abstract
Heterogeneous inbred families segregating for rust resistance were identi-
fied from the two crosses involving susceptible (TAG 24 and TG 26)
and resistant (GPBD 4) varieties of peanut. Rust-resistant (less than score
5) and rust-susceptible (more than score 5) plants were identified in each
HIF and evaluated under rust epiphytotic conditions. The set of plants
belonging to the same HIF, but differing significantly in rust resistance,
not in other morphological and productivity traits, was regarded as near-
isogenic lines (NILs). Largely, rust-resistant NILs had GPBD 4-type
allele, and susceptible NILs carried either TAG 24 or TG 26-type allele
at the three SSR loci (IPAHM103, GM1536 and GM2301) linked to a
major genomic region governing rust resistance. Comparison of the
remaining genomic regions between the NILs originating from each of
the HIFs using transposon markers indicated a considerably high similar-
ity of 86.4% and 83.1% in TAG 24 9 GPPBD 4 and TG 26 9 GPBD
4, respectively. These NILs are useful for fine mapping and expression
analysis of rust resistance.
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Peanut (Arachis hypogaea L.) is an important oilseed crop
grown and consumed worldwide. Rust disease caused by Pucci-
nia arachidis is one of the devastating foliar disease resulting in
severe yield loss and deterioration of fodder quality. Although
chemical control of this disease is available, its use is limited by
the high cost in addition to not being an eco-friendly approach.
Significant progress has been made in developing resistant culti-
vars through conventional breeding approaches, but combining
higher level of resistance with acceptable market traits into high-
yielding cultivars has not been very successful owing to the fac-
tors such as interference among the foliar diseases, complex
inheritance pattern (Bromfield and Bailey 1972, Tiwari et al.
1984, Paramasivam et al. 1990) and undesirable linkages of
resistance with other traits (Subrahamanyam et al. 1993). Thus,
integration of genomic tools with conventional breeding
approaches will enhance the precision and speedy development
of improved peanut cultivars for rust resistance.
Substantial efforts have been made in peanut to develop

genetic and genomic resources such as identification of diverse
parent(s), development of mapping populations, development of

molecular markers and identification of Quantitative Trait Loci
(QTL), and markers linked to several important traits (Bhat et al.
2012, Pandey et al. 2012a,b, Varshney et al. 2013). Subsequent
QTL analysis in two related recombinant inbred line (RIL) popu-
lations (TAG 24 9 GPBD 4 and TG 26 9 GPBD 4) could
identify a common genomic region governing rust resistance
(Sujay et al. 2012). Two QTLs flanked by GM2009-GM1536
and IPAHM103-GM1954 were detected within this common
region on linkage group AhXV, and these two major QTLs
explained up to 82.27% and 82.96% phenotypic variance (PV),
respectively. In addition, a third QTL flanked by GM1536-
GM2301/GM2079 was detected only in TAG 24 9 GPBD 4,
which alone could explain 62.35% of PV. Validation of these
QTLs with linked markers for rust resistance will be of great
importance in identifying candidate genes as well as for their
deployment in molecular breeding for rust resistance in peanut.
Near-isogenic lines (NILs), sharing a common genetic back-

ground, but differing by only a small region of the genome
(Paterson et al. 1990, Kaeppler et al. 1993), offer a great opportu-
nity for validating the QTLs, in addition to allowing fine mapping
and characterization of individual loci (Borevitz and Chory 2004,
Brouwer and Clair 2004). NILs are generally developed from
advanced backcross lines. NILs differing in nematode resistance
have been developed from backcross lines (Holbrook et al. 2008).
Alternatively, heterogeneous inbred families (HIFs), developed
from selfing and selection scheme (Allard 1960), that segregate
only for a small portion of the genome of interest have been uti-
lized as the source of NILs for rust resistance in common bean
(Haley et al. 1994) and seed weight in sorghum (Tuinstra et al.
1997). This study reports the development of NILs from HIFs seg-
regating for rust resistance in peanut and validation of previously
identified (Sujay et al. 2012) rust resistance QTLs.

Materials and Methods
Identification of NILs: TAG 24 (Patil et al. 1995) and TG 26 (Kale
et al. 1997) are two early-maturing genotypes with high harvest index,
high partitioning coefficient and tolerance to bud necrosis, but both are
highly susceptible to rust disease. GPBD 4 is a highly resistant variety to
rust (Gowda et al. 2002). This variety was derived from the cross KRG
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1 9 CS 16 (ICGV 86855) and is a second-cycle derivative of
interspecific hybridization with a desirable combination of early maturity,
high yield, high pod growth rate, desirable pod and kernel features with
high oil content. Two crosses, TAG 24 9 GPBD 4 and TG 26 9 GPBD
4, were made at the University of Agricultural Sciences, Dharwad, India.
Generations were advanced by single-seed descent (SSD) method to
develop recombinant inbred lines (RILs) for genetic mapping and HIFs
for fine mapping/QTL validation. Field screening for rust disease was
carried out by inoculating 35 days after sowing (DAS) using infector
row technique (Subrahmanyam et al. 1995). Disease scoring was carried
out at 70, 80 and 90 DAS according to a modified 9-point scale
(Subbarao et al. 1990). Lines segregating for rust resistance in advanced
generations like F5, F6 and F7 were identified as HIFs in both the
crosses. Plants differing in rust resistance in each HIF were harvested
separately and evaluated in subsequent generations during 2008 (rainy
season), 2009 (rainy season) and 2010 (rainy and summer seasons) under
artificial disease epiphytotic conditions. They were also evaluated for
pod yield per plant (g), test weight (g) and shelling outturn (%) during
2010 (summer season) as per the ‘Groundnut descriptors’ (IBPGR 1992).

Analysis of variance (ANOVA) for various characters was carried out
using Windostat, version 8. Pooled analysis of variance was carried out
for rust resistance scored at 90 days after sowing (DAS) from the data
collected for four seasons. Duncan’s multiple range test (DMRT) was
carried out for the traits showing significant F using M STAT-C.

Genotyping of parents and NILs
Genomic DNA was isolated from the parents as well as from
plants selected from HIFs following CTAB method (Cuc et al.
2008). HIF-derived plants were checked for the type of allele for
the three SSR markers (IPAHM103, GM1536 and GM2301)
linked to rust resistance QTLs (Sujay et al. 2012). Touch-down
PCR was carried out in a final volume of 20 ll containing
100 ng genomic DNA, 1X PCR buffer, 2 mM dNTPs, 10 pmol
of each primer and 1 U of Taq DNA polymerase (New England
Biolabs, Ipswich, MA, USA). Amplification was carried out in a
mastercycler (Eppendorf, Hamburg, Germany) by setting the
conditions for one cycle of predenaturation (94°C for 4 min), 35
cycles of denaturation (94°C for 1 min), annealing (starting from
65°C for 30 s with a decrease of 1°C/cycle for the first five
cycles) and extension (72°C for 1 min). One cycle of final elon-
gation (72°C for 10 min) was included before the product was
held at 4°C for 30 min. The PCR products obtained for
GM2301 and IPAHM103 were resolved on 3% agarose gel by
electrophoresis. PCR product of GM1536 was resolved on 4%
polyacrylamide gel electrophoresis (PAGE) using Sequi-Gen
(BIO-RAD, Hercules, California, USA) followed by silver stain-
ing. The type of allele was scored as susceptible (TAG 24 or
TG 26 type) and resistant (GPBD 4 type).
To check the genome similarity between the set of plants

selected from each HIF, parental genotypes (TAG 24 vs. GPBD 4
and TG 26 vs. GPBD 4) were screened for polymorphism using
A. hypogaea genomic SSR (AHGS) (Shirasawa et al. 2012b),
A. hypogaea EST-SSR (AHS) (Koilkonda et al. 2012) and
A. hypogaea transposable element (AhTE) markers (Shirasawa
et al. 2012a,b). Two possible products of each AhTE marker dif-
fering by ~205 bp corresponding to the transposable element
(Shirasawa et al. 2012a) were separated on 1.5% agarose gel. Sub-
sequently, polymorphic AhTE and AHGS markers along with
previously tested polymorphic SSR markers (Sujay et al. 2012)
covering all the linkage groups were used to genotype the HIF-
derived plants of both the crosses. The alleles were scored to work
out the genome similarity between the plants selected from the
same HIF. The same genotypic data were also used to estimate the
contribution of the two parents among the HIF-derived plants.

Results
Families of the advanced generations (F5, F6 and F7) developed
from the two crosses TAG 24 9 GPBD 4 and TG 26 9 GPBD
4 were evaluated for rust resistance under epiphytotic conditions.
Majority of the families bred true, while a few families segre-
gated for rust resistance in F5:8. Advanced families segregating
for rust reaction were identified as heterogeneous inbred families
(HIFs). Eleven and ten HIFs were identified in TAG
24 9 GPBD 4 and TG 26 9 GPBD 4, respectively (Table 1). A
set of two or three plants that are either rust resistant (less than
score 5) or rust susceptible (more than score 5) was selected
from each HIF of both the crosses (Table 1).
Such HIF-derived plants were evaluated for rust resistance

during four seasons (rainy season of 2008, 2009, 2010 and sum-
mer season of 2010) and productivity traits such as pod yield
per plant (g), test weight (g) and shelling outturn (%) during
2010 (summer season). Analysis of variance indicated a signifi-
cant variation in rust resistance among the HIF-derived plants of
TAG 24 9 GPBD 4 and TG 26 9 GPBD 4. Plants selected as
resistant and susceptible from each HIF of both the crosses bred
true and differed significantly for rust resistance (Table 2). For
example, of the two plants selected from HIF 14, 14-1 was rust
resistant with a mean disease score of 4.88 and 14-2 was rust
susceptible with a score of 6.38 at 90 DAS. In general, although
the plants within each set (selected from the same HIF) differed
for rust resistance, majority of them did not differ for pod yield
per plant (g), test weight (g) and shelling outturn (%). Hence,
the plants within each set were regarded as NILs.
Further, HIF-derived NILs were genotyped using the

rust-resistance-linked markers and background markers. The
resistant and susceptible alleles for three SSR (IPAHM103,
GM1536 and GM2301) loci linked to three major QTLs within
the same genomic region on linkage group AhXV governing rust
resistance were scored. In general, rust-resistant NILs across the
crosses showed resistant (GPBD 4 type) allele for IPAHM103,
GM1536 and GM2301 (Fig. 1). Contrastingly, rust-susceptible
NILs showed susceptible (TAG 24 or TG 26 type) alleles,
indicating that NILs extracted from each HIF differed for the
genomic region harbouring rust resistance. A strong cosegrega-
tion was found between the type of allele at the three marker
loci and the reaction to rust among the NILs. Perfect cosegrega-
tion was found among the NILs of nine HIFs (of total 11) in
TAG 24 9 GPBD 4 and seven HIFs (of total 10) in TG
26 9 GPBD 4.

Table 1: Heterogeneous inbred families and near-isogenic lines identified
for rust resistance among the two crosses of peanut

TAG 24 9 GPBD 4 TG 26 9 GPBD 4

SN HIF NILs SN HIF NILs

1 9 9-1, 9-2, 9-3 1 1 1-1, 1-2
2 14 14-1, 14-1 2 7 7-1, 7-2
3 47 47-1, 47-2 3 46 46-1, 46-2, 46-3
4 50 50-1, 50-2 4 53 53-1, 53-2
5 60 60-1, 60-2, 60-3 5 58 58-1, 58-2
6 64 64-1, 64-2 6 79 79-1, 79-2, 79-3
7 77 77-1, 77-2 7 138 138-1, 138-2
8 83 83-1, 83-2 8 156 156-1, 156-2
9 89 89-1, 89-2 9 162 162-1, 162-2
10 101 101-1, 101-2 10 167 167-1, 167-2
11 116 116-1, 116-2
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Extent of similarity for other genomic regions was checked
among the NILs of nine and selected four HIFs of TAG
24 9 GPBD 4 and TG 26 9 GPBD 4, respectively. Rust-resis-
tant (GPBD 4) and rust-susceptible (TAG 24 and TG 26) parents
were screened with 1079 (AHGS), 470 (AHS) and 405 (AhTE)
markers to identify the polymorphic markers. In total, 79 and
163 were polymorphic between TAG 24 vs. GPBD 4 and TG 26
vs. GPBD 4, respectively. In addition, previously identified 89
polymorphic SSR markers were also employed for genotyping
the NILs. These polymorphic markers covered all the linkage
groups of peanut genome with number of markers per linkage
group ranging from 2 (A02) to 14 (A03) in TAG 24 9 GPBD
4, while 6 (B10) to 22 (A03) in TG 26 9 GPBD 4 based on
consensus maps (Gautami et al. 2012, Shirasawa et al. 2013).
The extent of similarity (indicated by monomorphic markers)

ranged from 51.7% (among the NILs of HIF 77) to 86.4%
(among the NILs of HIF 14) in TAG 24 9 GPBD 4. Similarly,
it varied from 54.8% (among the plants of HIFs 1) to 83.1%
(among the NILs of HIF 53) in TG 26 9 GPBD 4 (Table 3).
An effort was also made to check the relative representation

of the two parental genomes among the NILs using the back-
ground markers. In general, the average representation of TAG
24-type alleles was more with a range of 41.1–62.7% among the
NILs of TAG 24 9 GPBD 4. Likewise, the average number of
TG 26 type of alleles was more with a range of 41.9–64.4%
among the NILs of TG 26 9 GPBD 4, indicating a wide range
of recombination events among the HIFs (Table 4). But it was
interesting to note that the phenotype of the NILs with regard to
rust resistance was not influenced by the background genome of
either of the parents.

Table 2: Performance of the NILs from the two crosses of peanut for productivity traits and rust resistance

TAG 24 9 GPBD 4 TG 26 9 GPBD 4

NILs
Pod yield

per plant (g)
Test

wt. (g)
Shelling

outturn (%)
Rust

(90 DAS)2 NILs
Pod yield

per plant (g)
Test

wt. (g)
Shelling

outturn (%)
Rust

(90 DAS) 2

9-1 13.51 45.00 65.25 6.38abc 1-1 10.60 42.00bcd 61.75 4.38e

9-2 10.55 47.00 69.25 4.38f 1-2 12.27 37.50de 69.00 7.13b

9-3 10.39 41.00 71.50 6.5ab 7-1 10.80 49.00 ab 68.00 6.13c

14-1 16.90 40.50 62.50 4.88ef 7-2 12.00 39.50cde 70.00 4.13e

14-2 17.51 47.25 64.75 6.38abc 46-1 14.17 51.50a 74.00 6.50c

50-1 15.09 48.50 73.50 5.88bcd 46-2 15.68 34.75e 71.75 7.75a

50-2 11.86 48.00 77.25 4.63f 46-3 15.46 44.50 abcd 72.00 4.88d

60-1 16.23 44.00 71.50 6.63a 53-1 15.12 45.50 abc 75.25 4.38e

60-2 16.88 44.00 72.00 6.63a 53-2 15.49 46.00 abc 71.75 6.19c

60-3 15.57 46.00 74.50 4.38f

77-1 11.83 36.50 67.00 4.63f

77-2 15.02 37.50 66.75 6.88a

83-1 11.25 34.00 67.50 4.63f

83-2 9.03 44.50 69.00 5.38de

89-1 13.09 40.00 76.00 4.5f

89-2 15.34 38.00 74.25 6.25abc

101-1 14.68 41.00 68.50 4.5f

101-2 18.12 43.00 72.25 6.25abc

116-1 18.60 46.25 66.50 4.88ef

116-2 17.79 38.00 68.00 5.75 cd

CV (%) 25.36 9.92 8.73 10.27 12.05 6.60 12.61 10.14
LSD (0.05)1 6.24 – – 1.68 – 6.60 – 1.88

1LSD is calculated when F is significant.
2Values significantly different at P < 0.05 are indicated by different letters.

M P1 P2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

200 bp 

100 bp

Fig. 1: Contrasting alleles at GM2301 locus among the NILs and parents of TAG 24 9 GPBD 4 (M: 100-bp DNA ladder, P1: TAG 24; P2: GPBD 4,
1: 14-1, 2: 14-2, 3: 77-1, 4: 77-2, 5: 9-1, 6: 9-2, 7: 9-3, 8: 50-1, 9: 50-2, 10: 60-1, 11: 60-2, 12: 60-3, 13: 89-1, 14: 89-2, 15: 101-1 and 16: 101-2)

M P1 P2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

550 bp 

350 bp 

Fig. 2: Type of alleles at a transposon marker (AhTE0268) locus among the NILs and parents of TAG 24 9 GPBD 4 (M: 100-bp DNA ladder, P1:
TAG 24; P2: GPBD 4, 1: 14-1, 2: 14-2, 3: 77-1, 4: 77-2, 5: 9-1, 6: 9-2, 7: 9-3, 8: 50-1, 9: 50-2, 10: 60-1, 11: 60-2, 12: 60-3, 13: 89-1, 14: 89-2, 15:
101-1 and 16: 101-2)
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Discussion
Heterogeneous inbred families (HIFs) are developed through sel-
fing and selection scheme (Allard 1960). As HIFs represent
advanced inbred lines, they segregate for only a small region
within the genome. Use of molecular markers allows faster iden-
tification of HIFs that segregate for the marker(s) at the genomic
region of interest. Within each HIF, the plants that differ for the
marker at the genomic region of the interest or for the phenotype
are selected as the near-isogenic lines (NILs). HIFs offer a time-
and cost-effective source of NILs as compared to backcross
lines. HIF-derived NILs have been used for validating the QTLs
(Loudet et al. 2005, Diaz et al. 2006, Bai et al. 2010, Liu et al.
2011, Ma et al. 2012, Tuyen et al. 2013) and narrowing
down the genomic region harbouring the QTL (Hu et al. 1997,
Yamanaka et al. 2005, Coles 2009, Liu et al. 2009, 2011) .
This study reports the development of NILs from HIFs that

segregate for rust resistance and using them for validating the

rust resistance QTLs in peanut. Advanced generations of two
crosses, TAG 24 9 GPBD 4 and TG 26 9 GPBD 4 involv-
ing the parents differing in rust resistance, consisted of a few
families segregating for rust resistance. In total, 11 and 10 such
heterogeneous inbred families (HIFs) were identified in F5:8 from
TAG 24 9 GPBD 4 and TG 26 9 GPBD 4, respectively. From
each HIF, rust-resistant (less than score 5) and rust-susceptible
(more than score 5) plants were selected in both the crosses.
Field evaluation of HIF-derived plants during 2008–2010 indi-
cated that the plants differed significantly for rust resistance but
not in general for productivity traits such as pod yield per plant
(g), test weight (g) and shelling outturn (%). Such plants origi-
nating from the same HIF and segregating only for rust resis-
tance but not for other traits were selected as NILs as a genetic
resource for further genetic studies.
Availability of DNA markers allows ascertaining the genomic

regions that either differ or not (isogenic) between the NILs. For
this purpose, IPAHM103, GM1536 and GM2301 SSR markers
each linked to the three different QTLs at a single genomic
region (20.6 cM on linkage group AhXV) harbouring rust resis-
tance (Sujay et al. 2012) were selected. NILs belonging to the
same HIF differed in the type allele at the three SSR loci. The
set of NILs derived from nine and four HIFs of TAG
24 9 GPBD 4 and TG 26 9 GPBD 4, respectively, was then
tested for background genome similarity after parental survey
with a large number of transposable element markers and SSR
markers covering complete peanut genome based on published
consensus genetic maps (Gautami et al. 2012, Shirasawa et al.
2013). Genotyping with 168 and 252 polymorphic markers in
TAG 24 9 GPBD 4 and TG 26 9 GPBD 4, respectively, indi-
cated a considerably high loci similarity among the NILs belong-
ing to the same set. NILs (14-1 and 14-2) derived from HIF 14
showed the highest genome similarity of 86.4% among those
selected in TAG 24 9 GPBD 4. The same was 83.1% among
the 53-1 and 53-2 NILs of HIF 53 in TG 26 9 GPBD 4. There-
fore, the plants selected from each HIF could be regarded as the
NILs because they phenotypically differed only for rust resis-
tance but not for productivity traits. In addition, genotypically,
these NILs carried contrasting alleles only at the three SSR loci
linked to rust resistance while retaining the identical alleles at
majority of other loci.
To date, HIF-derived NILs have been reported from rice

(Kobayashi et al. 2006), sorghum (Tuinstra et al. 1997, Goldsb-
rough et al. 1998), wheat (Hu et al. 1997), maize (Coles 2009),

Table 3: Genome similarity between the pair of NILs derived from the HIFs of the two crosses of peanut

TAG 24 9 GPBD 4 TG 26 9 GPBD 4

Pair of NILs Total number of markers Monomorphic markers Pair of NILs Total number of markers Monomorphic markers

9-1:9-2 162 127 (78.4) 1-1:1-2 228 125 (54.8)
9-2:9-3 162 128 (79.0) 7-1:7-2 187 112 (59.9)
9-1:9-3 161 133 (82.6) 46-1:46-2 224 149 (66.5)
14-1:14-2 132 114 (86.4) 46-2:46-3 216 131 (60.7)
50-1:50-2 162 99 (61.1) 46-1:46-3 209 163 (80.0)
60-1:60-2 151 90 (59.6) 53-1:53-2 219 182 (83.1)
60-2:60-3 145 95 (65.5)
60-1:60-3 150 88 (58.7)
77-1: 77-2 151 78 (51.7)
83-1:83-2 140 77 (55.0)
89-1:89-2 135 97 (71.9)
101-1:101-2 138 91 (65.9)
116-1:116-2 133 87 (65.4)

Values in the parentheses indicate the percentage similarity.

Table 4: Representation of the parental alleles among the NILs of the
two crosses of peanut

TAG 24 9 GPBD 4 TG 26 9 GPBD 4

NIL TAG 24 GPBD 4 NIL TG 26 GPBD 4

9-1 78 (48.2) 84 (51.9) 1-1 145 (60.7) 94 (39.3)
9-2 87 (53.1) 77 (47.0) 1-2 111 (46.8) 126 (53.2)
9-3 84 (51.95 78 (48.2) 7-1 132 (64.4) 73 (35.6)
14-1 82 (61.7) 51 (38.4) 7-2 96 (42.3) 131 (57.7)
14-2 93 (58.9) 65 (41.1) 46-1 104 (45.2) 126 (54.8)
50-1 74 (44.6) 92 (55.4) 46-2 154 (64.2) 86 (35.8)
50-2 91 (55.5) 73 (44.5) 46-3 93 (41.9) 129 (58.1)
60-1 71 (43.9) 91 (56.2) 53-1 117 (48.8) 123 (51.3)
60-2 81 (52.6) 73 (47.4) 53-2 115 (51.3) 109 (48.7)
60-3 87 (56.9) 66 (43.1)
77-1 91 (57.2) 68 (42.8)
77-2 78 (49.7) 79 (50.3)
83-1 75 (47.2) 84 (52.8)
83-2 74 (51.0) 71 (49.0)
89-1 96 (60.8) 62 (39.2)
89-2 75 (52.8) 67 (47.2)
101-1 91 (60.7) 59 (39.3)
101-2 62 (41.1) 89 (58.9)
116-1 71 (46.4) 82 (53.6)
116-2 89 (62.7) 53 (37.3)

Values in the parentheses indicate the percentage.
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barley (Nduulu et al. 2002), Arabidopsis (Bikard et al. 2009)
and soybean (Ikeda et al. 2009). Although development of NILs
differing in resistance to peanut root knot nematode has been
reported by backcross breeding approach (Holbrook et al. 2008),
this is the first report on developing NILs from HIFs in peanut.
In this study, the QTLs governing rust resistance (Sujay et al.

2012) were validated by determining the type of allele at linked
markers and the phenotype. Largely, rust-resistant NILs carried
resistant (GPBD 4-type) allele for all the three markers, while
rust-susceptible NILs carried susceptible (TAG 24 or TG 26-
type) allele depending on the cross. Such a cosegregation
between the type of allele and the phenotype was to the extent
of 81.8% in TAG 24 9 GPBD 4 and 70.0% in TG 26 9 GPBD
4, indicating a strong association between the QTLs and rust
resistance.
Near-isogenic lines (NILs) derived from HIFs in comparison

with backcross-derived NILs have a unique advantage of ascer-
taining the expression of a specific locus under different geno-
mic contexts as the NILs (across the HIFs) represent an array of
recombination events. Such a situation would also enable ascer-
taining epistatic interactions and degree of penetrance for the
genomic region in question (Tuinstra et al. 1997). In turn, this
also gives the advantage of selecting the ideal genetic
background that gives maximum expression of the QTL. This is
mainly due to the fact that HIF-derived NILs, unlike
backcross-derived NILs, do not bear strict resemblance to the
recurrent parent (Haley et al. 1994). Hence, an effort was made
in the present study to determine the relative representation of
the two parental genomes among the NILs as a possible measure
of recombination.
In general, alleles from the female parents were more frequent

than those of male parents in both the crosses. Average number
of alleles from TAG 24 ranged from 41.1 to 62.7% among the
NILs of TAG 24 9 GPBD 4. Likewise, the average number of
TG 26 type of alleles ranged from 41.9 to 64.4% among the
NILs of TG 26 9 GPBD 4. This wide range of allele representa-
tion is the indicative of diverse recombination events among the
HIFs and thereby among the NILs. Hence, the NILs identified in
this study with varied recombination events could be used in
analysing the expression of the rust resistance QTLs in terms of
their epistatic interactions and penetrance. Currently, these NILs
are being employed for fine mapping and expression analysis of
rust resistance QTLs. NILs are also being registered by deposit-
ing the seeds at National Bureau of Plant Genetic Resources,
New Delhi.
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