bw metadata, citation and similar papers at core.ac.uk brought to you by 4. CO

provided by Update Publishing (E-Jouri

Research Article Journal of Plantation Crops, 2013, 41(3): 277-286

Development of SSR markersfor Robusta coffee
(Coffea canephora)

Jeena Devasia®, JN. Madhurat, R. Rgj Kumar?, M.S. Sheshasayee!,
R.S. Kulkarni®, M. Udayakumar! and Jayarama

Central Coffee Research Institute, CRS Post, Chikmagalur Dist., Karnataka - 577 117
!Department of Crop Physiology, UAS, GKVK, Bangalore
2ITC, R&D Center, Peenya, Bangalore
3Department of Genetics and Plant Breeding, UAS, GKVK, Bangalore
(Manuscript Received: 02-02-13, Revised: 20-07-13, Accepted: 05-08-13)

Abstract

Coffee has long been bred with the view of improving important agronomic characteristics such asyield, bean size, cup
quality, caffeine content, disease, drought resistance etc. However, the progress in coffee breeding using conventional
approaches has been slow due to the narrow genetic base of cultivated coffee and the long generation time. The use of
modern tools of molecular biology holds great promise for the faster development of improved varieties. A primary
prerequisiteistheavailability of suitable marker systems. Co-dominant maker systemslike SSRs provides comprehensive
genome coverage, are locus specific and multi alelic. However, the number of SSR markers available for coffee is
limited and there is an urgent need for generating large number of microsatellite markers. Aim of the study was to
develop and characterize a comprehensive set of genomic and genic SSR markers for Robusta coffee by pre-cloning
enrichment strategy and also by annotating Robusta specific unigene sequences. The pre-cloning enrichment (selective
hybridization) strategy followed in the study resulted in identification of 405 SSRs in 267 sequences. The 405 SSRs
isolated consisted of more of mono-nucleotide repeats (40.2%) followed by penta (33.3%), di (12.1%), tri (10.6%) and
tetra (3.7%) nucleotide repeats. Among the genic SSRsidentified, 43.7 per cent contained penta-repeat motifs followed
by 22.5 per cent and 22.5 per cent sequences with hexa and mono repeat motifs respectively. The remaining identified
motifs consisted of 5.5 per cent tri nucleotide repeat motifs, 3.5 per cent di repeat motifs and 2.2 per cent tetra repeat
motifs. The study resulted in development of 31 genomic SSRs and 86 genic SSRs which were validated for locus
specific amplification.
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Introduction Microsatellite markers have been developed for a

Microsatellites or simple sequence repeats Iarg_e numt_)er of pl.ant species including cof_fee gnd
(SSRs) also known as variable number of tandem ~ areincreasingly being used for germplasm diversity,
repeats (VNTRs) are elements on DNA sequences  linkageanalysisand molecular breeding (Guptaand
organized into clusters of tandem repeatswith motif ~ Varshney, 2000; Combes et al., 2000; Baruah et al.,
sizesranging from oneto many basepairs(bp). They ~ 2003; Aggarwal et al., 2007). The use of these
are the most popular of marker systems and are marker system in C. arabica and related Coffea
widely used in genetic studies because of their ~ Speciesindicated higher levelsof diversity (Combes
abundant, distribution in the genome, multi-allelic €t al., 2000; Moncada and McCouch, 2004) when
nature, locus specificity, high polymorphism, compared to studies using RFLP (Paillard et al.,
reproducibility, inter-lab transferability and ease for 1993) and RAPD (Lashermes et al., 1993, 1996).
automation (Powell et al., 1996; Hendreet al., 2008). However, in spite of the apparent advantagesinusing
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SSR markers, only about 224 SSRs were reported
for coffee (Poncet et al., 2006) at thetimeof initiation
of this study, signifying the need for increasing the
availahility of these genetically informative markers.
The present study aimed at generating more number
of informative SSR markers, both genomic and genic,
for Robusta coffee.

The genomic SSRs are developed from the
genomic DNA sequence of the species. The pre-
cloning enrichment strategy was followed to make
an enriched library to find out microsatellites from
the coffee genome. This strategy employsthewhole
pool of digested DNA by subjecting them to repeat
oligomer hybridization, thereby leading to selective
enrichment. Among the various strategies followed
for the development of genomic SSRs, the pre-
cloning enrichment strategy was reported to be more
successful and widely used approach (Karagyozov
et al., 1993). The present study used this procedure
to develop genomic SSRs.

The genic-SSRs were developed from
sequencing data or EST database. Hence, this
provides acost-effective aternative when compared
to genomic SSRs. Identification of SSRs in gene
sequences of plant species was reported quite early
(Morganteand Olivieri, 1993). Theamount of public
sequence data available for SSR marker
development initially was limited (15,000 kb) and
therefore, only a few genic SSRs were reported
(Wang et al., 1994). The rapid increase in sequence
data generated from EST projects in severa plant
species, have allowed the development of genic
SSRsin large numbers (Varshney et al., 2005). The
EST database generated for coffee, from
approximately 47,000 cDNA clonesof C. canephora
varietiesincludes 13,175 unigenes(Lin et al., 2005).
In the present paper, an effort was made to develop
genic SSRs by annotating these ESTs by
Bioinformatics approach.

Materials and methods
Genomic SSR development

Genomic SSR markers were developed
following the pre cloning enrichment strategy. The
basic protocol was proposed by Karagyozov et al.
(1993), Armour et al. (1994) and Kijaset al. (1994).
DNA wasextracted from leaves of Coffea canephora
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variety S.3334 following the modified CTAB
method as described by Bhat (2002). The selective
hybridization protocol involved hybridization of
size-fractionated adaptor ligated genomic DNA with
complementary repeat oligomers followed by
elution of the captured DNA fragments and
subsequent amplification using adaptor primers and
cloning in a competent vector.

The size fractionation of the DNA was
achieved by restriction digestion with Rsal (1U) to
get approximately 500-1000 bp fragments. The size
fractionated genomic DNA was ligated to
appropriate adaptors and then hybridized with
biotinylated repeat oligomers to enrich the
microsatel lite contai ning regions, which werefurther
captured using streptavidin coated magnetic beads.
After appropriate washes, the captured DNA was
eluted by boiling and was subjected to amplification
using adaptor primersto recover the enriched DNA
fragments and the PCR product was ligated into
T/A cloning vector (pTZ57R/T) and incorporated
into a bacterial host. The transformed bacteriawere
plated on ampicillin selection media. The colonies
were screened by colony PCR in a 15 ul reaction
volume using M13 forward and reverse primers
(3uM), 100 uM dNTPs, 2mM MgCl, 1U TagDNA
polymerase and 1X PCR buffer, at annealing
temperature of 58 °C. The PCR products were
resolved on 0.8 per cent agarose gel using 1 Kb
ladder and the inserts ranging from 500-1000 bp
wereagain amplifiedina50 ul reaction and purified
for sequencing. The purified PCR products were
further sequenced using the nested M 13 forward and
reverse primers.

Genic SSR Development

Therobustacoffee specific unigene sequences
from the Cornell website were analyzed for the
development of genic or EST-SSRs.

SSR mining

The 13,175 C. canephora specific Unigene
sequences were screened for the presence of short
repeat motifs using MISA perl scripts (Micro
Satellite identification tool) with parameters
configured to have minimum threshold of 1-10,
2-5, 3-4, 4-3, 5-2, 6-2 (i.e., mono repeat-10 times).
The sequences containing repeat motifs of morethan
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15 bp in length were selected and primers were
designed on the flanking region of the repeat motifs.

Primer designing and standardization

The primers were designed using Primer3
(Rozen and Skaletsky, 2000) software, considering
the parameters of 50-55 per cent GC content,
annealing temperature of 5945 °C. The entire
pipeline was automated using customized perl
scripts using the Bioperl modules.

The synthesized oligos were standardized
using the genomic DNA of C. canephora line,
S.3334 astemplate. PCR amplificationswere carried
out inal15 ml reaction volume consisting of genomic
DNA (5ng/uL), PCR Buffer (1X), MgCl, (2.5 mM),
dNTPs(0.2mM), 2 uM forward and reverse primers
and 1U TagDNA Polymerase. The PCR was
programmed for initia denaturation at 94 °Cfor 5min,
followed by 35 cycles and each cycle consisting of
denaturation at 94 °C for 1 min, gradient annealing
temperature (+ 5 °C of oligos Tm) for 30 sec, primer
extension at 72 °C for 45 sec and a final extension
of 8minat 72 °C. The primers standardized for locus
specific amplification weretested for polymorphism
in the two parental lines of L1 Valley and S.3334.
The products were resolved on 3 per cent agarose
gel, to detect the polymorphism. The primers,
monomorphic on the agarose gel, were resolved
using 4.5 per cent poly acrylamide gel electophoresis
(PAGE) and checked for polymorphism.
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Results and discussion

From the enrichment experiment, 868
colonies were screened, 409 recombinant clones
with varied fragment sizes ranging from 250 to 500
bp were selected among which 384 clones were
sequenced with M/s Macrogen, Korea. Figure 1
depicts the agarose gel picture of the recombinant
cloneswhichwerepurified after PCR for sequencing
reaction.

Of the 384 sequences, 267 sequences were
found to contain atotal of 405 SSRs. An account of
69.53 per cent of clones sent for sequencing were
positive for SSRs and 38 per cent of the sequences
were found to contain more than one SSR and 38.5
per cent of SSRs were found to be in compound
formation (Table 1).

The 405 SSRs identified consisted of more
of mono-nucleotide repeats (40.2%) followed by
penta (33.3%), di (12.1%), tri (10.6%) and tetra
(3.7%) nucleotide repeats (Table 2, Fig. 2).

Inmono repedts, ' A’ motif was most abundant
(51%) followed by ‘T’ (33%), ‘C’ (22%) and
‘G’ (4%) repeats. In di repeats, TC motif formed the
majority (24%) followed by CT (14%), GA (14%)
and AG (12%) repeats. CG motif was only 2 per
cent of di repeats. Amongst the trinucl eotide repeats,
TTG motif was found to be most abundant (7.16%).
In the study, about 15 tetranucleotide repeats were

Fig. 1. Agarose gel (0.8%) depicting the colony PCR of the selected recombinant and transformed clones of 500- 1000 bp size

Table 1. Genomic sequences generated from the enrichment library

Library No. of colonies Colonies No. of clones Clones Sequences Total no. SSRsin

screened selected sequenced containing containing of repeats compound

(250- 500bp) SSR repeats morethan formation
one SSR

Enrichment 868 409 384 267 102 405 156
(44.8% of (69.5% of (38.2% of (38.5% of
recombinant sequenced total sequences total SSRs)

clones) clones) with SSR)
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Table2. Classification of genomic SSR repeats generated from the
enrichment library

Repeat type Total no. % of total no. No.>15 % of total no.
of repeats  bpsize  of bp repeats

Mono 163 40.3 29 17.79

Di 49 121 19 38.78

Tri 43 106 18 41.86

Tetra 15 37 40.00

Penta 135 333 370

Total 405 100.0 7

4%

0,
11% 12%

Bdi Btri Wtetra

Fig. 2. Distribution of different repeat motifs of genomic SSRs
developed by pre cloning enrichment strategy

Bmono Bpenta

isolated. Six repeats were more than 15 bp in size
and TATG repeat motif was the most abundant
repeat among tetranucleotides. About 135 penta
repeat motifs were also isolated in the present
enrichment experiment. Among the penta repeats,
AAAAT motif was found to be most abundant.

Analysis of the 13,175 unigene sequences
with  MISA perlscripts (http://pgrc.ipk-
gatersleben.de/misa/download/misa.pl), revealed
23,274 simple sequence repeat (SSR) motifs in
10,102 sequences. Of the 10,102 unigene sequences,
6270 sequences (47.59%) contained more than one
SSR repeats and among the SSRs, 6380 (27.41%)

Table 3. Genic sequences generated from the enrichment library

Devasia et al.

were found to bein compound formation. Summary
of the results obtained in the SSR searchisgivenin
Table 3. The success rate of discovering SSR
containing sequences in unigenes or non-redundant
ESTsin the present studyof coffee ESTs was about
77 per cent, which was relatively higher abundance
of SSRs compared to the earlier reports in other
crops, viz., grapes (Scott et al., 2000), sugarcane
(Cordeiro et al., 2001) and ceredls (Varshney et al.,
2002; Thiel et al., 2003).

Amongst the genic SSRs identified, 10172
(44%) contained pentarepeat motifs followed by
5248 (23%) and 5242 (22%) sequences with hexa
and monorepeat motifsrespectively. Only 1285 (5%)
seguences contained tri-nucleotide repeat motifs,
while 824 (4%) sequences had di repeat motifs and
503 sequences (2%) had tetra repeat motifs. A pie
chart depicting the distribution of the repeat motifs
among the total SSRs identified is given in
Figure 3.

Among the total mono repeats, ‘A’ motif was
the most abundant (68%) followed by ‘T (24%),
‘C' (5%) and ‘G’ (4%) repeat motifs. Among the di
repeats, CT/GA motif formed the majority (19.5%),

4%
5%

2%

44%

BENono BDi BTri B Tetra EPenta B Hexa

Fig. 3. Distribution of different repeat motifsin genic SSR identified
from unigene sequences

Sequences Total no. of SSR containing Sequences Total no. of No. of SSRsin
used sequences examined sequences containing > 1 SSR repeats compound formation
Unigene sequences 13175 10102 6270 23274 6380
(76.68 % of (47.59 % of (27.41 % of
total no. of SSR containing total SSR9)
sequences sequences)
examined)
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followed by TC/AG (15.4%), AG/TC (14.7%) and
AT/TA (12.5%) repeats. CG/GC and GC/CG repeat
motifs accounted to only 5 per cent each. The
trinucleotide repeats were abundant in the following
order: TTC/AAG>CAC/GTG>AAG/TTC>GAA/
CTT>CCA/GGT>AGA/TCT repeats while ACA/
TCT,ACG/TCG, CGA/GCT, TCG/AGC, GTT/CAA
wasfoundto beleast in number. Poncet et al. (2006)
reported similar results with GA/CT being the most
abundant and CG motif as the least abundant di-
repeat motif, whileAGG/TCC (23%) andAAG/TTC
(20.3%) were most abundant and AAC/TTG and
AAT/TTA were the least abundant tri repeat motifs.
Gaoetal. (2003) and Aggarwal et al. (2007) reported
more of GA repeatsfollowed by AT and AC di-repeat
motifs and AAG tri-repeat motif as the most
abundant followed by ACT, ACC and AAT.

Further, about 503 tetra-nucleotide repeats
were identified, of which, 80 were >15 bp in size.
TTTC repeat motif was the most abundant tetra
repeat followed by AAAT and AGAA. Amongst the
10,172 penta repeats documented, TTTTC>
AAAAG>GAAAA were most abundant followed
by CTTTT>TTTTG>TTCTT. Of the 5248 hexa
repeat motifs, 153 were >15 bp in size. The order of
abundance of hexa repeat motifs was
AAAAAGSTTTTCT>TTTTTCSGAAAAASCTTTTT.
The present analysis of Unigene sequencesreveaed
maximum number of penta repeat motifs, followed
by hexa and mono repeat motifs (Fig. 3).

The SSR search criteriaused for EST database
mining can significantly alter the relative estimates
of frequency/distribution of EST-SSRs, online with
the earlier reports of Aggarwal et al. (2007) and
Varshney et al. (2005) and hence thereis aneed for
fixing a universally acceptable search criterion for
identification of SSRs, in order to avoid wide
variationsin the per cent values obtained under each
type of SSRsin different studies.

Sequences with repeat motifs of more than
15 base pairs (bp) were chosen for designing the
primers. Of the total genomic SSRs detected, only
about 20 per cent were more than 15 bp size. This
could be because of the search criterion used to
identify the SSR regions (minimum threshold of
mono-10 repeat units, di-5, tri-4, tetra-3, penta-2,
hexa-2 repeat units) as mentioned elsewherein this
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paper. Further, among the 23,274 genic SSRs
identified, around 3,991 SSRs (17%) were
appropriate for primer designing. Most of the
sequences unsuitable for marker development was
due to the presence of SSR motif towards the end
of the sequences and hence absence of enough
nucleotides on the flanking regions of SSR motifs
to design the primers. A comparison of the various
types of genomic and genic SSRs detected and
those with more than 15 bp size is depicted (Fig. 4
and 5).

BTotal No.
W No. >15bp size

il BN,

di

Number

tri tetra

Type of SSR

Fig. 4. Graphindicatingthetotal number of genomic SSRswith >15bp
detected under each type from the sequences screened

mono penta

12000 A

10000 -

B Total No.
B No. >15 bp size

8000 -1

6000 -

Size in bp

4000 -

2000 A

Di Tri

Type of SSR

Fig. 5. Graphindicating thetotal number of genic SSRswith >15bp
detected under each type from the Unigene sequences

screened

Mono Tetra Penta Hexa

Among the genomic SSRs screened, 77
sequences were selected for primer designing. For
the genic SSRs, 1,097 sequences constituting di, tri,
tetra, penta and hexa repeat motifs were considered
for primer designing. Primers were successfully
designed for 61 genomic and 783 genic repeat
motifs. The 61 genomic and 100 genic primerswere
synthesized as desalted oligos from SigmaAldrich,
India



About 31 genomic and 86 genic primerswere
standardized for locus specific amplification. Figure
6 depicts arepresentative gel of genic SSR markers
standardized. A total of 117 SSR markers were
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submitted to the GenBank database and are available
for public use. The details of the SSRs devel oped
along with the sequence information and accession
numbers are detailed in Table 4.

Table 4. Details of the genic (prefixed CCES) and genomic (prefixed CCGS) SSR markers developed in the study

S. Primer  SSR Repeat Primer Sequence AT (°C) Prod Gen Bank
No. Name Forward Reverse size  Accession No.
1 CCESL (CTC), AGTCAGGTATGCTGCCATTG AGGCAGCTAAATCAGCCAAG 51.7 254 GF1110660
2 CCES3 (TC), GGATAGAATGCTTTGCAGCAG  TCTTTAACGGCGGAAAAC 51.7 129 GF1110744
3 CCEA (CCA) (AAC), CAAAGCAGCTTCTTGGCTG ACAACCTCGCCACCAAATAG 64.9 120 GF1110661
4 CCESS (GA), GCAGGCTTCACCGGTTTG ACTGGGATGATGTCTGGCTC 61.7 270 GF1110662
5 CCESs  (TCCAQ), AGCGAAGCTGCGTTTATC TTTTTATGCAAAATTGCTGAC 54.8 276 GF1110663
6 CCES® (CT), AGGATTTGTGCTTCCCTGTG ACCAGCAAAAAGACGTAGGG 56.7 237 GF1110664
7 CCES10 (TCT), GCTCTTCAGCAGCCAGAGA ACCCATAAGACAAAAGGGGG 56.7 216 GF1110665
8 CCESI2 (CT), TCGGCTCCCAAATATTCATC TTCTCAATGGTTTCGCATG 51.7 187 GF1110666
9 CCESI3 (AT), TTGCTTGAAAAATCAAGAGGC  TCTCTTCAAGTAAAATGTTTGA 51.7 251 GF1110667
10 CCESl4 (CCA), CACCACCACCTCCAGAG GAGGGTAAGGAGGAGGAGC 64.9 141 GF1110668
11 CCESI5 (CT), CCTCCTAATAGTCCTTGCCTTG ~ ACGGAATTTTCCCGGACTAC 56.7 274 GF1110669
12 CCESI6 (AGQ), ATCCCCATCAGAAGACCTC GTTTACAATCGTCGAGCCG 59.9 226 GF1110670
13 CCESL7 (GCA), TTTCACTACTACCGGAGGCG GCCGAGAAATCTGTCAGAGG 54.8 199 GF1110738
14 CCESI8 (CA), ACCCAAAACTGCCTTCC TGTAGAAGCACCCGGAGAG 61.7 106 GF1110671
15 CCES19 (AGA), AAACAGCAGGGAAAGCTG AACCAAGGTCCATAAACCCC 61.7 189 GF1110672
16 CCES20 (CT), GGAACGAACGTATCTCCTCG GCTTGTAGCAGGCAGGAAAC 59.9 244 GF1110673
17 CCES21 (AGGA), CTTCTGGAGTGAAAGCTTC CCAATCGGGACACTCAC 51.7 202 GF1110674
18 CCES2 (CT), AGGCTCTATCCTCCTCTCGG GGTCCGACCTTGTTAGCGTA 64.9 235 GF1110675
19 CCES23 (GAA), ATCATTGAAAGTTCAGCAGAC  TCCCAGTGATCTTCAGGGAC 64.9 237 GF1110676
20 CCES24  (CCA), CTTCTCTCCAGACTGCCCAC CAATCTCAATAACGGCAGC 64.9 267 GF1110677
21 CCES25 (CT), TCACACCAAGCCTAGCACAC ACCTCCCCGAGGACTTCTT 54.8 275 GF1110678
22 CCES26 (GAG), AGGTTGTTCTTGTACTTGTTTG  CGGAGAGCATGATGAGTG 59.9 211 GF1110739
23 CCES27  (GCA), ACAAAGCCTGTCGCTTG TGCTGTAGTTGTGCCAGAGG 61.7 256 GF1110679
24 CCES28 (AG), TTTCATGCCTCCATCTTTCC GCAAAACTAATCTTTTCCAAG 54.8 164 GF1110680
25 CCES29 (AC), TTATTGACGCAATCCCATG TCCAGGCGTCTGTCTG 55 236 GF1110681
26 CCES31 (TTA) TTC);  GTTTCAGGGTGTCGTTCG TGGGAAGTCCAAAGAGGC 61.7 245 GF1110682
27 CCES32 (CTCQ), GTCGTCTGTTCCTCCTCGAC CTAGGGTTTCGCAAGTCAGC 56.7 227 GF1110683
28 CCES33 (AAATCA) GATGGATTCACCACCAAAGG AAAAACATCAAGGGAGTGCG 64.9 247 GF1110684
29 CCES34 (TG), CACGGTCGCACACTAACAG CCACCAACAACCTTGC 61.7 265 GF1110685
30 CCES35  (ATC), CAAGAGGTGCCTATCACCG TTCTCGAGGACAATGGGAAC 57.9 127 GF1110686
31 CCES36 (AAG), GCTGCTAAAGCATCCGAAAC CTTGGTAAACCTCAACCCG 61.7 151 GF1110740
32 CCES37 (TTA), CCACAAATCCTTCTTGCC TGTCCCCAAGTAGGAAGC 59.9 271 GF1110687
33 CCES38 (CCT), GCTGCCGTCAATAAATTGG CTTGTCCTCAAAGGTAGCGG 46.8 192 GF1110688
34 CCES39 (AAG), CAACACTCCTGACCAAGACG CAGCCACAGGGTCTTC 46.8 236 GF1110689
35 CCESAL  (AAT), CAACAGAAAAGTTGGGGACG TTATTCCCGCGTGGTAG 59.9 150 GF1110690
36 CCESA2 (AG), CCGTTACAGAATTTGCGG AGCTCTGGTCGTTTCCAC 54.8 243 GF1110741
37 CCESA3  (TG), CAGCAACCAAACCTGCTG GGGCATACATGAAAAAGCC 61.7 262 GF1110691
38 CCES44  (GCA), GATAAAGAAAGAGGGGCTGG TTGAAGTTGAGACGGCTGTG 64.9 100 GF1110692
39 CCESA5 (TGO, TCCCAAGATCCCTTTTGATG TACCGCCATAACCAGACTCC 59.9 187 GF1110693
40 CCESA6 (ATG), TCGAGGAGTCTGGTTATGG TCGTCAATAATTACATGGCAC 59.9 221 GF1110694
41 CCES48 (GA), GCCGCGGTCAGTCTTACTAC CACAAATCAACACCCATCCC 56.7 266 GF1110695
42 CCESA9 (TA), ACACCCCTTTGCTTGATGAC TGGAGTTGAATTACATGAAGGTG 57.9 254 GF1110696
43 CCESS0 (TCA), GGCTCTTGGAGAGCTCAGG CCCATCTGCTGACTCTGG 55 253 GF1110697
44 CCES5L  (AQ), CGTTACCTAACCCTCCCTCC AAGAGGGTTTTGCAGGGTC 59.9 210 GF1110698
45 CCES52  (GGA), ATCTGGAGGAGGGGTTGTTC GCTTCTCCAAGAATTGCTGC 61.7 153 GF1110699
46 CCESS3 (TTC), ATCCCGAATATGTTCTGCC AAGAAAAACGGTGTTGCTGC 59.9 223 GF1110700
47 CCESH4  (CT),, GGCACTGCTGCTTCTAGGAC GGCTCCTTGTGTTTGGG 54.8 176 GF1110701
48 CCESS5 (CTC)Gctectcty TCTCTTCCAATTCCAATGGC TCCATAGTCCCCAAAAGCTG 61.7 126 GF1110702
(
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49 CCESS7  (TA), ATTTGGTCAAACCTTCACCG CCTTTTCCCTTTTCCCACTC 59.9 227 GF1110703
50 CCES58 (AAQ), GAGAAGCGGTAGGAGGG TCTTCTCGAGGTCATCCTGG 59.9 207 GF1110704
51 CCES59  (GAA), CGATAGATTCTACTCTTTGC AGTGCAGGATTCTATGGCG 61.7 127 GF1110742
52 CCES60 (TA), TTTTGCCCTTGAGGTAATGC ACTTGAGCTGGCATTTTCAG 59.9 166 GF1110705
53 CCES6L (CT), AGCTTTCACAACACACGCAC CAGTTGGCAAGACATCAACG 57.9 107 GF1110706
54 CCES62 (TG), TTTTCAAGTGTGGGCAATG TTGGAGAAAACCCGGAG 59.9 236 GF1110707
55 CCES64  (ACA), ACGAACGAACCAAAATCGAG CCCGCTTGCAAAGTAATC 61.7 258 GF1110708
5 CCES5  (CT), GAAGATACGAAAACGCGCTC CTGGCCTCTCGAGTCTCAAC 57.9 116 GF1110709
57 CCES86  (AAC), TCTTCCACTTTCATCGGTCC AAGGGCCAAAGGACTCTCTC 54.8 257 GF1110710
58 CCES67  (AT), TTGGCCAAAAGATGGACCT TTCAAACAAGCTGCAAACC 59.9 245 GF1110711
59 CCES89 (TCA), AAGTTGCAGGTTACGTTGGG AGGAGGAACAGTTGGAGAATG 617 279 GF1110712
60 CCES71 (GT), GCCTGCCACTAAACGATTTC TGAGTGCCATTCCACTGTG 54.8 237 GF1110743
61 CCES72 (TC), TGTGATCGACTTGGGATC CATCGTCAACCAGGTAACC 56.7 241 Not submitted
62 CCES73 (TTTG), TGGATCCTTTTAATGTTTAGTAG CCTGCATTAATGGCAAACAC 54.8 138 GF1110713
63 CCES74 (TC), GTTACCCATCGGGAGG TCGACATCGATGAAAAGCAG 54.8 247 GF1110714
64 CCES/5 (TA), CTCCTGGCCTTTTTATTCCC GCCGTTCTTGTCGATG 59.9 203 GF1110715
65 CCES76 (TC), CCTGGTTTCTCTTGCCTTG AGCGGTTTCAAGCTAACG 59.9 266 GF1110716
66 CCES77  (CAT), CATCATCAGCACCTCCATTG CCTTTTGAGGTGCCCAAC 54.8 246 GF1110717
67 CCES/8 (AG), CTTGGTTTCCGTCGAAAGAG TTTGGGAAGGCAGTCAAAAC 56.7 246 GF1110718
68 CCES/9 (TTC), GCAATTCCTAGTTTTACACA ACATAGTCACCGTTCCCTG 55 232 GF1110719
69 CCES80 (GCG), TGCTTCCCCATTTATTGAGC GGAGGAGCATAGCGTTTGAC 59.9 233 GF1110720
70 CCES8L (CAG), CTCCACACCAACAAAATCCC CCTGAGTCTGCTGCTAAGCC 64.9 162 GF1110721
71 CCES82 (CAQ), GTACACGGAGACATTGGGC CACCTGCTTTTCCTTCAACC 59.9 203 GF1110722
72 CCES83 (TCT), CGCTCTATCTCTGGTCGGTC TCAGAGCCTGAAGACGAGG 61.7 151 GF1110723
73 CCES84 (CGG), ATATCATGGATGGTGCTGCC AGCAGCTGGAACTAGAACCG 46.8 263 GF1110724
74 CCES85 (TTC), GGCACGAGGCTTTCTCTC TGCCTATGGCACAAGTTTC 55 229 GF1110725
75 CCES86 (GT), CCTTGATTGTCACGTGTATGC GCACATTCATTAGGGAGG 548 156 GF1110726
76 CCES87 (TCGT), AGGAGCAATTCGTTCATTCG GTAGGTTGGTGGAGACTGGC 55 176 GF1110727
77 CCES89 (TTTA), TTTTGTGCCAAAGGGAAGAG GACCGGAGAAGTCATTGG 51.7 108 GF1110728
78 CCES0 (AG), TATATTTTCCCGCATCCCAG CTCGACATTGACCTCACACC 59.9 201 GF1110729
79 CCES9L (TA), CGAACAATCGGCTCAAGTC TAGAAATTTGCGAACGCTG 59.9 245 GF1110730
80 CCES92 (CTT), AAGGTTCGAGCCAGGAAG ATCCTTTGCCTTGGTTGATG 61.7 147 GF1110731
81 CCES®3 (TG), ACACTTTGCGGGAATCAATC CAGGGTTAAACAACATTGG 54.8 135 GF1110732
82 CCES94 (TTTTTA), ATTACCGGCCTGAGACACAC CAATTCCGACGTTTCATCAG 64.9 272 GF1110733
83 CCES%6 (GAG), TGACGAGTACCATTGGGATG CGCCGTAAACCTAACTGGAG 59.9 192 GF1110734
84 CCES97  (ACC), CATCTTCCCGCTTTACCAG GAGGATAGCCGTGGTTG 64.9 252 GF1110735
85 CCES99 (AT), TGAGTGGAGAATCGAAGGG TGGATAATTCTCCGGTGAC 51.7 193 GF1110736
86 CCESI00 (CT), CGGGCTGCAGAAACAAG TCCCTCATCCTTTTCTCCC 51.7 273 GF1110737
87 CCGS6  (A), ACCATAGATTTTAAACATGCATC TGAATTTTCTTTGTCTTTTTACC  56.7 298 GF110629
88 CCGS7  (A), TGGACACCTACCACAACC CCAGGGCCTTCTTC 61.7 283 GF110630
89 CCGSY (1), GTTTACGCTCAAGGGGTTC GGGGTGTTATTAAGGGGTTATG 617 298 GF110631
90 CCGSL2 (A), CACGCTAAGTGGTCACGC ACACCAAGGAGTGGCCTTC 51.8 243 GF110632
91 CCGSI3 (A), AGCCAAGGATCTTCCC GGCCTAGATAGCAGAATCGC 55 207 GF110633
92 CCGSI5  (A), GGTCATTCCAACTCAGCAAC TTACAGGTTTGGGAATGGG 64.9 244 GF110634
93 CCGSL6 (T), CAAGAATCGCGTTCAAAAC GCAAACGTTCCCAACCTAAG 56.7 320 GF110635
94 CCGS22 (CT), AATCACCAAGTTTCCATGCC GAAGATCACGAAATCCCAGC 64.9 267 GF110636
% CCGs24 (TC),, CTAGCCTTGTCGTGCCAC AATCGCCCGACATTTATCAG 64.9 227 GF110637
9% CCGS26 (AT), TTCTGTATCCGGTGATGGG TGGGTTGGAGTCGATTCTG 59.9 280 GF110638
97 CCGS27  (AC),, TCACGTTACAACCAACC ATTTTCGCTAATGCTGGCAC 55 279 GF110639
98 CCGS28  (CT),, ACCATTCTGACACCTCTCGC GGAGAAGAAGGCCAAAATCC 59.9 198 GF110658
99 CCGS30 (CT), CAAGTGGTGATAGAAGCC CATGGGTCGGTCTACTTCGT 54.8 223 GF110640
100 CCGS3L  (AG), CGTTCAACTTATTCATCCTCTGG TCCTTGTTTTGCACTTTTGC 59.9 200 GF110641
101 CCGS32  (CT), ACCGAATCAATCCACC TGGACTTGGCCATTTTC 56.7 210 GF110642
102 CCGS33  (TG), GTTTGAAGGGAGGGGGTTC TCTCGATCGTTCAATTTTGC 59.9 245 GF110643
103 CCGS3H  (GA), GAGAAAATGAAACACATTTAGG GCCTCGCCTAGCAGTCATAG 451 280 GF110644
104 CCGS36 (TO), GGCTGAAGAGAGCAGGC TTCAGCCCTTTGTGGAAG 54.7 242 GF110645
105 CCGS37  (GAG),, CCCATTGGGATGATGAG ACATTTGACTTCCCGGG 518 280 GF110646
106 CCGSAL  (GAA),,, GCGACTCACTTGGAAGATGC GCGAATCTTCTGCCCAGATAC 56.7 300 GF110647
107 CCGSA2  (GCT), TCCCATTCCTCAGTCAATCC CCTCCAGTAAGCTCCTTGG 50 300 GF110648
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108 CCGSA5  (TTG), CTTGGAGAATTTTCGGTGG CCGAGGTGGGAGTTCATAG 54.8 193 GF110649
109 CCGSA7T  (TCA), AATGGGACAGAGGCATTAGC GGCAATGTTTGGTTTGATCC 64.9 280 GF110650
110 CCGHA8  (TGG), CCATCCACTTTGAACTCTCTC AAAGAACATGTTGGTGGGATATG 64.9 274 GF110659
111 CCGSA9  (AAG), TTGCGGAGACAGAATGTTC TTTGACGCTGGCTTTTTC 517 212 GF110651
112 CCGS50  (TTG), CCAATTAACGTTGGTAGGCTG TGCATACCACATCATTGAACG 54.8 250 GF110652
113 CCGSBL  (GAG), TGAGGGATTCTGAAAGAGC TTTTTCCAAGCAAGCCAAC 56.7 269 GF110653
114 CCGSE5  (AGAA), TAAGCCTGCAGCGTGAAAAG GGGCTTAGTCAGCATCAAG 64.9 210 GF110654
115 CCGSs6  (TQ),, TCAAAGGGGGAAAGGAG CACAACACAAATTCGATCTTCC  56.7 292 GF110655
116 CCGS58  (ATTGA),, GGACCCCTTTCAATTCC GCCTTTGAACTGAAGCATCC 50 222 GF110656
117 CCGS60  (ATTAA), TCCCAATGAATCTTGCC TATGACCCATGAATACGCC 422 260 GF110657

78 72 9 10 15 48 26 37 20 90 45 96 41 51 67 62 M 75 76 80 91 6 73 74 774653 82 57 58 97

Tl

Fig. 6. Representativegel of standardised genic SSR primers(Number sindicatethesuffixed CCESprimers) validated for locusspecificamplification
in S. 3334

The 31 genomic SSR primers and 86 genic genomic SSRs to be more polymorphic compared
SSR primers standardized for locus specific to genic or EST-SSRsin coffee. It wasreported less
amplification were tested for polymorphism in two polymorphism in genic SSR’s because of the
parental lines viz.,, L1 Valley and S.3334. Figure 7 sequence conservation in the transcribed regions
depicts a representative gel of the primer products (Scott et al., 2000). However, the present study
amplified in the two lines and compared on 3 per indicates more polymorphism in genic SSRs
cent agarose gel. compared to genomic SSRs which might be due to

Lt ol 2 Ve TSSO -
:GS17'CCGS19° M CCES63CCESG6CCES6S

: P2 ek

e J

Fig. 7. Representative gel of standardized genic (CCES) and genomic (CCGS) showing polymor phismin the parental lines L1 Valley (P1) and
S3334 (P2)

In the primer screening, of the 31 genomic the lesser number of genomic SSRs standardised
SSR screened, three genomics SSRs, (CCGS 22, and analysed for polymorphism (61) compared to
CCGS 35 and CCGS 41) were found to be that that of the genic SSRs analysed (86). Further,
polymorphic between the parental lines. Among the the polymorphism is with regard to only two lines
86 genic SSRs screened, 22 were found to be and hence cannot be generalised across species. The
polymorphic. Aggarwal et al. (2007) reported information generated in the study offers further
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scope of devel oping atleast around 170 genomic and
another 400 genic SSRs. It is hoped the markers
developed with prove beneficial to the community
of molecular biologistsin their effortsin identifying
genes and trait specific markers.
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