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Abstract Pearl Millet is an important crop coarse grain
cereal crop in the semi arid tropics which is extremely
susceptible to oomycete plant pathogen Sclerospora gra-
minicola causing downy mildew (DM) disease. The aim of
the current study is to breed resistance against downy
mildew disease into high yielding cultivars of pearl millet.
Hence, in the present work a sequence characterized
amplified region (SCAR) marker was developed as a
molecular screening tool to identify DM resistance source
and presented here. Of the 27 inter simple sequence repeats
(ISSR) decamer primers used to identify polymorphism
amongst pearl millet genotypes ICMR-01007 (P1) and
ICMR-01004 (P2) and their populations (F; and F,), only
one primer pair ISSR-22 produced polymorphic bands on
ICMR-01004 producing 1.4 kb size. The PCR
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amplification of 1.4 kb band was found tightly linked to the
resistant line of ICMR-01004 and also in F, segregation
population was in the ratio 3:1. This band was cloned,
sequenced and candidate SCAR primer (SCARssr s63) Was
designed. Segregant analysis of their F, progeny revealed
that the SCAR g5 563 marker was linked to downy mildew
resistance linkage group (x* 3:1 = 0.86, P = 0.22) with a
genetic distance of 0.72 cM. This SCAR marker was fur-
ther validated using diverse pearl millet lines of India and
Africa. Results indicated that the SCAR g5z 5653 band was
amplified in all the seven resistant lines and were absent in
five susceptible lines. The confirmation of the ISSR-
derived SCAR marker in different genetic backgrounds of
pearl millet lines suggests that this marker can be exploited
for DM resistance screening in pearl millet breeding
programs.

Keywords Pennisetum glaucum - Sclerospora
graminicola - ISSR primer - SCAR marker - Downy
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Introduction

Pearl millet [Pennisetum glaucum (L.) R. Br.] is reported as
the fifth most important cereal crop in the world [1] and
stands fourth most important food crop in India, after rice,
wheat and sorghum [2]. In India, the crop is grown in an
area of 9.3 million hectares with the production of 9 mil-
lion tons and 957 kg ha™' yield [1, 3]. Pearl millet pro-
duction is seriously affected by various phytopathogens, of
which the major devastating pathogen is the oomycete
Sclerospora graminicola (Sacc.) Schroet., an obligate
biotroph, which causes downy mildew/green ear disease [3,
4]. Since, pearl millet is grown under a wide range of
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climatic conditions, it is difficult to manage this disease
through cultural practice.

Presently, greenhouse and field screening techniques
have been standardized and are used successfully to screen
pearl millet lines for downy mildew resistance. However,
these techniques are costly, labor intensive and time con-
suming and their success depends strongly on the envi-
ronmental conditions. In addition, greenhouse and field
screening techniques have limitations like absence of
pathogens at the screening sites, low natural disease pres-
sure, environment driven fluctuations in resistance level,
age of the plant and stage of development and variability in
pathogenicity [5]. Thus, there is a demand for a fast, sen-
sitive, and more reliable screening method for the rapid
detection of pearl millet downy mildew resistance genes in
the breeding materials. As advances are made in biotech-
nology and molecular techniques, more rapid and cost
effective screening methods have to be employed to
enhance the efficiency and success rate of resistance
breeding programs. Hence, there is a need to identify
marker (s) tightly linked to disease resistance loci that
could be used in marker assisted breeding programme in
developing high yielding disease-tolerant hybrids.

The conventional breeding way of transferring one or
more resistance genes into a variety rely on greenhouse and
field screening with different races, which is very difficult,
laborious and time consuming process. The introduction of
DNA marker technology, pave a way for the development
of various types of molecular markers and molecular
breeding strategies that have shown great promise in less-
ening the time and expense for pyramiding resistance genes
[6-9]. Molecular markers are now widely used to track loci
and genome regions in several crop-breeding programs, as
molecular markers tightly linked with a large number of
agronomic [10-13] and disease resistance traits [14—16] are
available in major crop species.

Until 2000, there were no reports on molecular markers
or marker-based genetic linkage map for pearl millet due to
which the traits could not be linked to marker locus posi-
tions on a non-existent map. By 2001, hundreds of pearl
millet molecular markers had been created [17-20], and
detailed marker-based genetic linkage maps produced [17,
21]. Such maps could be redirected to study the genomic
positions of quantitative trait loci (QTLs) for pearl millet
downy mildew resistance [22, 23]. The first molecular
marker-based genetic linkage map of pearl millet was
constructed by using restriction fragment-length polymor-
phisms (RFLPs), the marker system of choice then [17].
Pstl is a genomic clone from inbred line Tift 23DB, which
has now become the base genotype for pearl millet
molecular genetics. The development of the pearl millet
maps and markers has provided a nucleus around which
other millet resources and technologies have been
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developed. Since the first reports of random amplified
polymorphic DNA (RAPD) markers have been published
[24], their application has spread rapidly. However, RAPD
markers are usually dominant markers, and are sensitive to
minor changes in reaction conditions during PCR amplifi-
cation. Molecular markers facilitate the pyramiding of
durable resistance genes into an elite cultivar background
within short time and are also less cost-effective [25]. A
good molecular marker should produce high polymor-
phism, co-dominant inheritance, frequent occurrence and
even distribution throughout the genome, which will
facilitate a easy operation, low cost and high reproduc-
ibility that can be successfully utilized in breeding resistant
hybrids [26].

In recent years, DNA-based sequenced characterized
amplified region (SCAR) markers have been widely used
for rapid development of molecular markers for specific
traits and pyramiding resistance genes in breeding pro-
gramme [9, 27]. This method will save money by running
only one reaction per plant sample, instead of several
reactions. Simple sequence repeats (SSR) marker is one of
the most potentially used molecular markers for its great
numbers and rich polymorphism [26, 28]. Relative to SSR,
SCAR markers that are constructed using inter-SSR (ISSR)
primers has the advantages of simple experimental proce-
dure for yielding high polymorphism, easy operation and
are more reliable for large-scale marker-assisted selection
(MAS) [27, 29].

In our center, screening of pearl millet lines for downy
mildew (DM) resistance has been practiced in the All India
Coordinating Pearl Millet Improvement Program of Indian
council of Agriculture Research to identify markers tightly
linked to DM resistance locus which can be utilized in
selection of resistant lines and in MAS for gene pyramid-
ing. In this context the aim of this research was to develop
the SCAR markers for identification of resistant pearl
millet lines and their use in marker assisted selection
program.

Materials and methods
Plant materials

Parents ICMR-01007 (P1), ICMR-01004 (P2), Fy, F, and
F; plant generations were used for the present study.
ICMR-01007 and ICMR-01004 are derived from downy
mildew resistant isolines with the cultivar H 77/833-2 as
elite recurrent parent (selection from landrace of the driest
region of Haryana, HAU, Hissar) and ICMP 451-P6 donor
parent with resistance Quantitative trait loci (QTLs) on
linkage group (LG) 1 and 4. ICMR-01007 carries pollinator
with LGI resistance from ICMP 451 in H 77/322-2
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background and ICMR-01004 carries pollinator with LG4
resistance from ICMP 451 in H 77/322-2 background [22].
Parents are accessions of ICRISAT, India obtained under a
material transfer agreement from university of Mysore and
were used throughout the study. F; and F, seeds are the
part of the Ph.D. Research work of R.S. Mahala [30]. The
F; seeds were generated after selfing the F, plants at the
experimental plot of Department of Biotechnology, Uni-
versity of Mysore, Mysore.

Pathogen

The DM pathogen, S. graminicola highly virulent patho-
type-1 which was isolated from the highly susceptible pearl
millet cultivar 7042S and maintained on the same cultivar
under greenhouse conditions at 22 &+ 2 °C with 80 % rel-
ative humidity (RH), was used for all inoculation experi-
ments. Downy mildew-infected leaves were collected in
evening, washed in running tap water, blotted dry and
placed in a moist chamber at 20 °C and >95 % RH for
sporulation. Fresh sporangia produced on the leaves were
harvested into sterile distilled water, the spore load was
adjusted to 4 x 10* zoospores ml~' using a hemocytom-
eter, and used as a source of inoculum in greenhouse
studies.

DNA sampling and generation advancement

Seeds of parents ICMR-01007, ICMR-01004 and their
crosses, F; and F, were sown in earthen pots (12-15 cm
diameter) containing soil, sand and manure at the ratio of
2:1:1 w/w under greenhouse conditions. Fresh leaf tissues
were harvested from 12-day-old plants for DNA extraction.
The leaf tissues were frozen in liquid nitrogen and stored at
—80 °C until further use.

Screening for downy mildew disease under green house
conditions

Parents ICMR-01007 (P1), 1CMR-01004 (P2) and their
populations (F;, F, and F3) were sown in earthen pots con-
taining soil, sand and farm yard manure (FYM) (2:1:1) w/w.
Three-day old seedlings were whorl inoculated with the
zoospore suspension of S. Graminicola (4 x 10* zoospores
ml™"). The experiment was carried out in four replicates of
100 seedlings and repeated twice. These pots were arranged
in a randomized complete block design and maintained under
greenhouse conditions (23 £+ 2 °C, 80 % RH).

DNA extraction

One gram of leaf tissue was used for DNA extraction as
described in [31].

ISSR-PCR amplification and electrophoresis

Twenty-seven microsatellites repeat primers (ISSR), of
which 17 were anchored at 3’ end. Ten unanchored primers
were used for PCR amplification (Table S1). Amplification
was performed using 1 x PCR buffer, 200 mM of dNTPs,
0.5 pm primer, 0.6 Units of Taqg DNA Polymerase (Ban-
galore Genei, Bangalore, India) and 50 ng of genomic
DNA in a final volume of 20 pl for 40 cycles in a ther-
malcycler (UNO II-BIOMETRA, Gottingen, Germany).

Amplified products were mixed with loading dye (Bro-
mophenol blue, xylene cynol and sucrose), resolved on
1.8 % agarose gel stained with ethidium bromide using
1x TBE buffer pH-8.3 at 60-65 Volts in electrophoresis
unit (Maxicell, EC-360 M Apparatus). After the run, the
gel was visualized under UV light for scoring the bands.

ISSR-PCR amplification and agarose gel electrophore-
sis were carried out for three times independently and those
fragments that are consistently amplified and reproducible
were considered for our study.

Isolation, cloning and sequencing of ISSR fragment

Reproducible polymorphic ISSR bands obtained from cross
ICMR-01007 x ICMR-01004 were excised individually
from the agarose gel and purified using a QIAGEN gel
extraction kit and re-amplified in 20 pl of reaction mixture
using the same primer that identified the polymorphic ISSR
fragment. The purified polymorphic ISSR fragments were
cloned in pGEM-T easy vector (T/A cloning) and
sequenced (MWG, Biotech, Bangalore, India).

Design of SCAR primers

Candidate SCAR markers were designed using Primer 3
and primer sequences were analyzed with Net-Primer
(Premier Biosoft International, Palo Alto, CA) software.
Primer sequences are as follows,

UOMI1-Pm-ICMR-01004-F: 5'-AAGGCCGCTCTGCT
GCTG-3'

UOMI1-Pm-ICMR-01004-R: 5-TAGTAGTAAGGCGG
CGGCG-%¥

The primers were synthesized by Sigma Aldrich (Banga-
lore, India).

PCR amplification of SCAR marker

SCAR marker was amplified with original same DNA
(used for ISSR study) to check the reproducibility of the
SCAR marker. SCAR-PCR amplification and agarose gel
electrophoresis were carried out for three times for parents
ICMR-01007, ICMR-01004 and its cross derivatives (F;)
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Fig. 1 Polymorphic bands P2 P1 P2

obtained from ISSR primers 4,
6, 7, 13 and 14 on ICMR-01007
and ICMR-01004 pearl millet
DM susceptible and resistant
lines. No. Of polymorphic
bands are pointed with an
arrows. The lane marked M
shows the 5 kb ladder

and 87 F, populations. PCR was carried out in 20 pl
reaction volume as described above. SCAR PCR was
performed for one initial step of 3 min at 94 °C followed
by 30 cycles with the temperature profile 45 s at 94 °C,
30 s at 70 °C annealing temperature, 90 s extension at
72 °C and a final extension for 7 min at 72 °C. Reaction
products were resolved by -electrophoresis unit. PCR
reactions with SCAR primers were repeated at least three
times. Data was scored for the presence of SCAR marker
and recorded in binary form (&4).

Validation of SCAR marker

DNA was extracted from 12 diverse pearl millet lines of
which 3 genotypes belonging to highly resistant (HR)
category viz., P-1449-2, 1P-18292 and IP-18293, 4 geno-
types which are under resistant (R) category namely,
700651, P7-4, P310-17 and ICMP-451. Genotypes 7042S
and NHB-3 were highly susceptible, and the remaining
7042R, HHB67 and 852B genotypes were susceptible to
downy mildew disease in India and Africa. PCR reactions
and conditions were carried out as described in PCR
amplification using SCAR marker.

Linkage analysis

Student’s Chi square test was used to analyze the SCAR
marker segregation in F, and phenotypic segregation in F3
populations and to determine possible linkages between the
ISSR/SCAR marker(s) and the DM resistance loci.

Statistical analysis

PCR reactions with SCAR primer(s) were repeated at least
thrice. Data was scored for the presence of SCAR marker
and recorded in binary form (£). Goodness-of-fit test (y2
analysis) was performed using Microsoft Excel spreadsheet
software (Microsoft Corp., Redmond, WA) for the segre-
gation ratio of 3:1 (Resistant: Susceptible) in the F,
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P-1 P-2

P-1,2,3=Anneal (40C) P-4
P1=1CMR-01007.

P2 P1 P2 P1L P2 P1L P2 P1L P2

P-3 ) P-6 P-7 P-12 P-13 P-14

,9,6,7,12,13,14=Annealing (45 C)
P2=1CMR-01004

population. SCAR marker segregation, phenotypic segre-
gation and linkage analysis were carried out by using
Student’s Chi square test.

Results

Screening for downy mildew disease under green house
conditions

Parents ICMR-01007 and ICMR-01004 upon pathogen
inoculation revealed susceptible and resistant reaction with
15.3 and 5.3 % DM disease incidence, respectively. The F,
plants of the cross ICMR-01007 x ICMR-01004 recorded
highly resistant reaction with 4.7 % disease incidence.
Differential downy mildew incidence was recorded in
plants of F3 population selfed from F, plants. Among the
87 plants 27 plants had less than 5 % disease, followed by
15 plants with 10 %, 27 plants with 10.1-25 % and 18
plants showed 25 % disease respectively.

ISSR-PCR amplification

Out of the 27 ISSR primers screened, primers ISSR-4, 6, 7,
11, 13, 14, 17, 19, 20 and 22 produced polymorphic bands
on ICMR-01007 and ICMR-01004 (Figs. 1, 2). Two
primers, ISSR-11 and 14, produced polymorphic bands on
ICMR-01007 and one primer ISSR-22 produced polymor-
phic band on ICMR-01004. On repeated PCR amplifica-
tion, only primer pair ISSR-22 produced polymorphic band
on ICMR-01004 showing 1.4 kb in size. The 1.4 kb band
identified from the parent ICMR-01004 was screened for
the presence or absence in the parents ICMR-01007,
ICMR-01004 and their F, populations. The data was
recorded in the binary form (&).

Marker data of F, and phenotypic data of F5 were cor-
related. The 1.4 kb band was found tightly linked to the
resistant line ICMR-01004 and also in F, segregation
population in the ratio 3:1 (Fig. 3a—d) indicating the



Mol Biol Rep (2014) 41:7815-7824 7819

Fig. 2 Polymorphic bands PL P2 PL P2 PL P2 PL P2 PL P2 P1 P2 P1L P2
obtained from ISSR primers 22, :
17, 19, 20 and 11 on ICMR-

Skb
01007 and ICMR-01004 pearl 3 By . i = e
millet DM susceptible and — 10 § - g;— bt 1 - SKkb
resistant lines. No. of _— —ggr - g i __ __ = B 1xb
polymorphic bands are pointed p =@ == = &= v, 3
with an arrows. The lane e s ® seenr
marked M shows the 5 kb
ladder

P-8 P-9 P-10 P-22 P-15 P-16 P-20 P-11
P-8,9,10,11,15,16,17,19 <(Annealing - 48 C) P-20,22 <(Ann-50C)>
P1=ICMR-01007. P2=I1CMR-01004

Fig. 3 a-d Agarose gel (1.8 %)
stained by ethidium bromide M P1 P2 1 9 10 1M 12 13 14 15 16 17 18 19 20
showing amplification of ’ |

parents ICMR-01007 (P1),
ICMR-01004 (P2) and in F,
populations a (01-20);

b (21-40); ¢ (41-60); d (61-80)
using primer pair (CCTA),.
Lane marked M shows the 5 kb
ladder

P1-ICMR 01007; P2 - ICMR 01004 (ISSR - 4 Anneal - 45°C)

P1 P2 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

P1 -ICMR 01007; P2 - ICMR 01004 (ISSR - 4 Anneal - 45°C)

P2 61 62 63 64 65 66 67 68 71 72 73 74 75 76 77 78 79 80

-ICMR 01007; P2 - ICMR 01004 (ISSR - 4 Anneal - 45°C)
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DMI (%) as a function of presence/absence
of 1.4 kb fragment
90.0

80.0
70.0
60.0
50.0

y =-30.068x + 38.47
40.0 R*=0.604
30.0 ;

20.0
10.0
0.0

<— |CMR 01007

ICMR 01004 —

0 1

Downy mildew incidence (%)

Fig. 4 Association of 1.4 kb band from ICMR-01004 with F, marker
data and phenotypic data of F5

presence of the resistant gene in this line is associated with
LG4 of pearl millet. The dominant marker allele identified
in this study from both the resistant (ICMR-01004) and
susceptible parent (ICMR-01007) was confirmed by mar-
ker and phenotypic data of F, and F3 populations respec-
tively (Fig. 4).

The product 1.4 kb was cloned. Sequences were ana-
lyzed for sequence homology in National Center for Bio-
technology Information (NCBI) GenBank, the sequence
data of all clones showed same sequence. Sequence
homologies were analyzed with the BLASTN and
BLASTX programs (1) at the NCBI network service.
Sequences have been deposited in the GenBank (NCBI
accession no EU729336).

SCAR primer design and amplification specificity

Candidate SCAR primers were designed based on sequence
data of EU729336 using Primer 3 service package. PCR
amplification using SCAR primer pairs (UOMI1-PM-
ICMR-04-F/R) from ISSR-22 detected a single band of
863 bp band in ICMR-01004, which is absent in ICMR-
01007. Upon screening the SCAR g5z s63 primer pairs with
87 plants of F, segregation population (Fig. Sa—c),
SCAR;ssr 363 band was present in 58 lines and absent in 29
lines (Table 1).

Validation of SCAR marker

The SCAR;ssr s63 marker was found to be present in the
diverse lines having highly resistant and resistant reaction
to DM disease viz., P-1449-2 (HR), IP-18292 (HR), IP-
18293 (HR), 700651 (R), P7-4 (R), P310-17 (R) and
ICMP-451 (R), and absent in susceptible and highly sus-
ceptible diverse lines viz., 7042S (HS), NHB-3 (HS),
7042R (S), HHB67 (S), and 852B (S) (Fig. 6).
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Linkage analysis

An F, population of the cross ICMR-01007 X ICMR-
01004 was analyzed for segregation of marker and Fj
populations with the downy mildew resistance phenotype.
In the F, population, the resistant SCAR 55z 363 marker and
F; resistant phenotypes were dominant and segregated as
3:1 (%* 3:1 = 0.86, P = 0.22) with a genetic distance of
0.72 cM (Table 2a, b).

Discussion

During selection, a breeder is prone to determine the pre-
sence of a specific disease resistance gene(s). A DNA
marker for the gene of interest can greatly facilitate plant
breeding procedure and further eliminate the need for
phenotypic expression of the gene.

The parent ICMR-01004 carrying resistant QTLs on
LG4 with ICMP-451-P6 background confer high degree of
DM resistance under Indian and African conditions [22]. In
this study, the DM disease screening data of F; plants
remained highly resistant corresponding to its parental line
ICMR-01004 indicating dominance of resistance. Also, the
fifty-eight plants of F, provided resistant reaction and 29
plants categorized under susceptible showing a monogenic
segregation ratio (3:1, expected value = 65.25: 21.75).
Further, the DM disease data of the F5 population selfed
from F, plants revealed that out of the 87 plants, 42 were
resistant and 45 remained susceptible.

To develop molecular markers, we used 27 ISSR primers
and studied the linkage analysis among parents and its
progeny. Primer pair ISSR-22 detected a polymorphic
fragment of 1.4 kb in both the parents and the F, populations.
The 1.4 kb band was cloned, sequenced, catalogued and its
resistance linkage on pearl millet LG4 was established by
converting the DM resistant candidate SCAR 55z g53 marker
based on sequence data of 1.4 kb (EU729336). We also
correlated the SCAR g5z g63 marker data obtained from F,
plants with that of DM disease data of F; plants. The result
from the current finding, in which SCAR g5z s63 band was
present in 47 of the 58 resistant F, plants, but absent in all of
the 29 susceptible F, plants, confirms the tight linkage of the
SCARssr s63 marker to pearl millet LG4 and indicates that
this marker may be useful for MAS. This frequency of
finding a marker associated to plant disease resistance was
comparable to other studies using ISSR-derived SCAR
marker for rust resistance genes Sr39 and Lr35 in wheat
breeding lines, ISSR-SCAR for conferring resistance against
wheat leaf rust [32], ISSR-derived SCAR markers linked to
the Mungbean yellow mosaic virus (MYMYV) resistance
gene [29]. SCAR markers linked to the Citrus tristeza virus
resistance gene from Poncirus trifoliate has been reported by
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Fig. 5 a-c: Candidate SCAR
primers designed based on
sequence data (NCBI accession
no EU729336). PCR
amplification using SCAR
primer pairs (UOM1-PM-
ICMR-04-F/R) showing
presence of 863 bp band in
ICMR-01004 (P2) and absent in
ICMR-01007 (P1) and is
inherited in 3:1 (R:S)
segregation ratio in F, progenies
is associated to downy mildew
resistant gene. a (1-20);

b (21-40); ¢ (41-60). Lane
marked M shows the 5 kb
ladder

BiIsP2 21

863bp

22 23 24

10 11 12 13 14 15

16 17 18 19 20

N

P1-ICMR-01007; P2-ICMR-01004 SCAR Primer (UOM1-PM-ICMR-04-F/R Annealing 70°C)

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

P1ICMR-01007; P2-ICMR-01004; SCAR (UOM1-PM-ICMR-04-F/R Annealing 70°C)

42 43 4 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

863bp

Table 1 4 x 2 contingency Chi square

Category Observed Expected (assuming no (o—e)"2/e
linkage)
Present Absent Present Absent
HR 27 0 20.25 6.75 9.000
15 0 11.25 3.75 5.000
S 16 11 20.25 6.75 3.568
HS 0 18 13.50 4.50 54.000
Total 58 29 62.25 21.75 71.568%*
0.81 242
Marker Chi Square 3.22
Disease (HR + HR + R) 0.22 0.65
Chi Square 0.86%*

* 71.568 Highly significant departure from expected distribution if
there is no association

** (0.860 Significant Chi square for goodness of fit to 3:1 ratio

[33]. The development of a SCAR marker (RYSC3) based on
nucleotide differences within resistance gene like fragments
isolated from a potato plant carrying the Ryadg gene that
confer resistance to potato virus Y disease was reported by
[34]. The authors of the present study group successfully

P1-ICMR-01007; P2-ICMR-01004; SCAR (UOM1-PM-ICMR-04-F/R Annealing 70°C)

developed a ISSR based SCAR marker of 284 bp linked to
downy mildew pathotype-1 and has been used in detecting
the pathotype-1 strain of pearl millet in ICAR program of
India [4]. Earlier reports support the finding of the current
study, SCAR marker of 350 bp was developed for detection
and differentiation of pathogenic Pierce’s disease strains of
X. Fastidiosa [35]. Species-specific ISSR-derived SCAR
marker was designed for the rapid identification of Sinoc-
alycanthus chinensis an endangered plant in china [36]. This
strategy has been widely and successfully used to develop
markers for various traits in a number of crops, for instance,
ISSR-derived SCAR markers was successfully designed for
identification of the seasonal flowering locus in Fragaria
vesca [37], SCAR markers linked to the 7m-1 locus in tomato
was designed [38]. SCAR and CAPS markers linked to the
beta gene in tomato were developed and utilized in breeding
program [39].

The validation of this SCAR;gsr ss3 marker was further
assessed using diverse pearl millet lines that are known to be
sources of resistance and susceptible varieties for downy
mildew disease across India and Africa. The SCAR g5z 63
band was amplified in all the seven diverse resistant lines and
were absent in five diverse susceptible lines. In support to our
findings, several reports in the recent past have described the
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Fig. 6 Detection of SCAR marker in diverse downy mildew resistant
and susceptible inbred lines. Presence of 863 bp band in resistant
(lanes 3 (P-1449-2), 4, 5,9, 10, 11 and 12) and absence of the band in
susceptible (lanes 1, 2, 6, 7 and 8) inbred pearl millet lines. Lane M:
500 bp ladder,Lanes 1-12 are amplified with SCAR;gsz g3 marker to

genomic DNA of pearl millet inbred lines namely 7042S (HS), NHB-
3 (HS), P-1449-2 (HR), IP-18292 (HR), IP-18293 (HR), HHB67 (S),
7042R (S), 852B (S) 700651 (R), P7-4 (R), P310-17 (R) and ICMP-
451 (R), respectively

Table 2 a: Genetic distance Linkage analysis of SCAR marker, b: Genetic distance Linkage analysis of SCAR marker

SCAR marker Observed Expected values

R-1 R-0 Total Present Absent
SCARyssr s63-1 (present) 52 6 58 35.33 22.67
SCARssr 863-0 (absent) 1 28 29 17.67 11.33
Total 53 34 87 53.00 34.00
Genetic distance Tl T2 T3 T3-T1-T2
R (cM) 52/(3 + 1) 28/(1—r) T#(1=1)/[r*(2—r)]
0.03 17.16 28.87 114.89 68.86
0.04 17.11 29.17 85.71 39.44
0.05 17.05 29.47 68.21 21.68
0.06 16.99 29.79 56.53 9.75
0.07 16.94 30.11 48.19 1.14
0.075 1691 30.27 44.85 —2.33
0.072 16.93 30.17 46.80 —0.30
0.0715 16.93 30.16 47.14 0.05

R-1 represents the presence of DM resistant SCAR;ssg s63 band. R-0 refers to the absence of SCARssg 563 band

analysis and validation of resistance genes in other crop
species [40—44]. The presence of the specific DM resistant
SCARssr gs3 marker in ICMP-451 strongly confirms the
specificity of our developed SCAR;ssr 563 marker with the
resistant QTLs present on LG4 of pearl millet. The confir-
mation of the ISSR-derived SCAR marker in different pearl
millet varieties suggested that this marker can be exploited in
a wide range of genetic backgrounds. A necessary pre-req-
uisite for a successful breeding program is isolation of a gene
linked to resistance loci for use of markers in molecular
screening. In conclusion identified our SCARjg5z g53 marker
is expected to facilitate development of DM-resistant pearl
millet cultivars carrying the relevant gene for the resistant
trait and will be useful for map-based cloning of DM

@ Springer

resistance in pearl millet which could effectively be used as a
low cost high-throughput alternative for conventional
breeding program to produce DM resistant high yielding
pearl millet variety/hybrid.
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