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ABSTRACT: Only a limited number of simple sequence repeat (SSR) markers is available for the 
genome of garlic (Allium sativum L.) despite the fact that SSR markers have become one of the 
most preferred DNA marker systems. To develop new SSR markers for the garlic genome, garlic 
expressed sequence tags (ESTs) at the publicly available GarlicEST database were screened for 
SSR motifs and a total of 132 SSR motifs were identified. Primer pairs were designed for 50 SSR 
motifs and 24 of these primer pairs were selected as SSR markers based on their consistent am-
plification patterns and polymorphisms. In addition, two SSR markers were developed from the 
sequences of garlic cDNA-AFLP fragments. The use of 26 EST-SSR markers for the assessment 
of genetic relationship was tested using 31 garlic genotypes. Twenty six EST-SSR markers ampli-
fied 130 polymorphic DNA fragments and the number of polymorphic alleles per SSR marker 
ranged from 2 to 13 with an average of 5 alleles. Observed heterozygosity and polymorphism 
information content (PIC) of the SSR markers were between 0.23 and 0.88, and 0.20 and 0.87, 
respectively. Twenty one out of the 31 garlic genotypes were analyzed in a previous study using 
AFLP markers and the garlic genotypes clustered together with AFLP markers were also grouped 
together with EST-SSR markers demonstrating high concordance between AFLP and EST-SSR 
marker systems and possible immediate application of EST-SSR markers for fingerprinting of 
garlic clones. EST-SSR markers could be used in genetic studies such as genetic mapping, as-
sociation mapping, genetic diversity and comparison of the genomes of Allium species.
Keywords: expressed sequence tags (EST), simple sequence repeat markers, genetic 
relationship
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Introduction

Garlic (Allium sativum L.) is one of the important 
cultivated species of the genus Allium and it is classified 
as belonging to the Alliaceae family. Garlic has a very 
large genome (33.5 pg/2C, Ranjekar et al., 1978) which 
is a characteristic of many Allium species, that compli-
cates molecular and genetic studies of garlic compared 
to other molecularly well-investigated plant species with 
smaller genome sizes. Most of the molecular studies on 
garlic have focused on the analysis of genetic diversity 
among cultivated garlic genotypes. 

The genetic diversity between garlic clones has 
generally been assessed using amplified fragment length 
polymorphism (AFLP), randomly amplified polymor-
phic DNA (RAPD) and isozyme markers (Ipek et al., 
2003; Buso et al., 2008; Ipek et al., 2008a, Paredes et 
al., 2008; Morales et al., 2013). In addition, molecular 
markers have been utilized for the development of a low 
density genetic map for garlic (Ipek et al., 2005; Zewdie 
et al., 2005). In order to increase the density of the ge-
netic maps and anchor dominant markers such as AFLPs 
and RAPDs, it is essential to develop co-dominant DNA 
markers like simple sequence repeats (SSRs) and single 
nucleotide polymorphisms (SNPs) for the garlic genome.

SSR markers have become one of the most pre-
ferred marker systems because they are typically co-
dominant, reproducible, cross-species transferable and 
highly polymorphic. Recently, DNA, cDNA and EST (ex-

pressed sequence tag) sequence databases of plant spe-
cies are mined with computer programs to identify SSR 
motifs. Using this effective approach, large numbers of 
SSR markers for expressed regions have been success-
fully developed for many plant species (Lu et al., 2013; 
Blair and Hurtado, 2013; Mohanty et al., 2013). 

With the development of next generation DNA 
sequencing technologies, large nucleotide sequence da-
tabases of EST and genomic DNA have been generated 
for many plant species and are available for screening 
simple sequence repeats (Yang et al., 2012; Zalapa et 
al., 2012; Wu et al., 2013; Gilmore et al., 2013). SSR 
markers based on cDNA or EST have a number of 
additional advantages such as being tightly linked to 
traits of interest, having a high rate of transferability 
between related species, and providing genetic diver-
sity and mapping analyses for the expressed regions 
(Varshney et al., 2005).

For the garlic genome, however, a limited num-
ber of SSR markers have been developed and too few 
are available to generate high density genetic maps in a 
crop with such a large genome size (Cunha et al., 2012; 
Ipek et al., 2012; Khar et al., 2012). To improve genetic 
maps and genetic diversity analysis, more SSR markers 
need to be developed for the garlic genome. This study 
aimed to develop new SSR markers from the garlic EST 
sequences and to validate the utility of these markers by 
evaluating genetic relationships between diverse garlic 
clones.

Development and validation of new SSR markers from expressed regions in the garlic 

genome
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Materials and Methods

Thirty one diverse garlic clones obtained in Pull-
man (46o43’54” N, 117o09’28” W), in the state of Washing-
ton, USA were used to find allelic polymorphisms in EST-
SSR markers (Table 1). Twenty one of these garlic clones 
had been previously characterized with AFLP markers 
(Ipek et al., 2003) and they were selected to represent ten 
phylogenetic groups identified in this AFLP genetic diver-
sity assessment study. Young leaf samples were collected 
from each clones at the 3-5 leaf stages, freeze-dried for 3-4 
days and powdered with a paint shaker. 

DNA samples were extracted from 20 mg of lyophi-
lized leaf samples by using DNeasy Plant Mini Kit (Qiagen, 
Germany). The DNA concentration of each sample was 
measured using a Qubit Fluorometer and adjusted to 30 ng 
µL–1 in tris-ethylene diamine tetraacetic acid (TE) buffer.

SSR motifs of 2-6 nucleotide repeats in 7720 non-
redundant garlic EST sequences at the publicly avail-

able GarlicESTdb (http://garlicdb.kribb.re.kr) (Kim et al., 
2009) and in ESTs derived from cDNA-AFLP fragments 
(unpublished EST sequences ) were screened using SSR 
Locator v.1 computer software . Primer pairs were de-
signed from the flanking sequences to SSR repeat motifs 
using the SSR Locater program. Forward primers were 
tailed with M13 sequence (GACGTTGTAAAACGACG-
GCC) (Schuelke, 2000). 

Each 20 μL PCR reaction mixture contained 1.0 U 
Taq DNA polymerase (Fermentas, CA, USA) with sup-
plied reaction buffer at 1 × concentration, 0.25 mM of 
each dNTP, 1.5 mM MgCl2, 0.10 μM of M13 sequence 
tailed forward primer, 0.20 μM of reverse primer, 0.20 
μM of M13 primer labeled with LI-COR infrared dye ei-
ther at 700 nm or 800 nm (LI-COR, Lincoln, Neb., USA) 
and 45 ng of template DNA. 

The thermal cycling conditions were as follows: 2 
min at 94 °C; 6 cycles of 45 sec at 94 °C, 1 min starting at 
5 °C above the annealing temperature of each primer set. 
The annealing temperature was reduced 1 °C after each 
cycle, and 1 min and 10 sec at 72 °C for extension; 28 
cycles of 45 sec at 94 °C, 1 min at the annealing tempera-
ture of each primer set, and 1 min and 10 sec at 72 °C; 7 
cycles of 45 sec at 94 °C, 1 min at 54 °C, and 1 min and 10 
sec at 72 °C and a final extension step of 15 min at 72 °C. 

An Applied Biosystems thermal cycler was used 
for the PCR reactions. The PCR products, diluted 20 
times in formamide loading buffer, were denatured at 94 
°C for 4 min and immediately placed on ice. The dena-
tured PCR products were separated on 6 % denaturing 
polyacrylamide sequencing gels by running at 30 W for 
2-3 h with a LI-COR 4300 automated sequencer system. 
The putative function of EST sequences with polymor-
phic SSR repeats were determined by “blasting” their pu-
tative amino acid sequences to the GenBank database at 
National Center for Biotechnology Information (NCBI) 
by using BLASTX program.

The PCR reaction mixtures for analysis of poly-
morphic SSR markers, thermal cycling conditions and 
size fractionations of PCR products were performed as 
described above. Allele sizes of each SSR marker were 
determined using Saga GT Software (LI-COR) according 
to the 50-350 bp sizing standard labeled with either IR-
Dye700 or IRDye800 (LI-COR). All alleles were manually 
identified from each SSR marker and were scored as ab-
sent (0) or present (1) to obtain binary data. The EST-SSR 
data were bootstrapped by resampling 2000 times using 
TREECON v.1.3b computer software. During the con-
struction of UPGMA dendrogram, Nei and Li (1979) dis-
tance coefficient was used. Observed heterozygosity and 
the polymorphism information content (PIC) values for 
each SSR marker were calculated using PIC Calculator 
Extra (http://www.genomics.liv.ac.uk/animal/pic.html).

Results and Discussion

Screening 7720 non-redundant garlic EST se-
quences using the minimum repeat unit criteria of nine 

Table 1 – Names, species and the country of origins of the 
accessions.

Clones Species Country of origin*  AFLP grouping**
DDRGRU2 A. sativum DE I
KS/10 A. sativum FR I
PI497951 A. sativum SY II
W6-1961 A. sativum ES II
PI493118 A. sativum PL III
PI383817 A. sativum YU III
PI515971 A. sativum US IV
PI515974 A. sativum US IV
DDR6811 A. sativum DE V
PI493116 A. sativum CZ V
DDR7116 A. sativum DE V
K/RO A. sativum FR VI
DDR6819 A. sativum DE VI
U094 A. longicuspis UZ VII
U079 A. sativum UZ VIII
JN/EG A. sativum US VIII
DDR130 A. sativum DE IX
DDR7085 A. sativum DE IX
PURPLE A. sativum US IX
DDR6801 A. sativum DE X
M/PIT A. sativum CZ X
PI540358 A. sativum US na
PI540344 A. sativum DE na
WM-2516 A. sativum PT na
PI540354 A. sativum GE na
PI540350 A. sativum DE na
PI515976 A. sativum US na
PI540319 A. sativum PL na
RAL27 A. sativum US na
PI540356 A. sativum GE na
PI540355 A. sativum BY na
*BY = Belarus, CZ = Czech Republic, DE = Germany, ES = Spain, FR = France, 
GE = Georgia, PL = Poland, PT= Portugal SY = Syria, UZ = Uzbekistan, US = 
United States of America, and YU = Former Yugoslavia; **roman numerical 
indicates the AFLP groups assigned by Ipek et al. (2003). na = genetic 
relationships of these genotypes were not previously analyzed by AFLP markers.
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Figure 1 – Four alleles of EST-SSR AS6389 in 31 garlic genotypes.

for dinucleotides, six for trinucleotides and four for tet-
ranucleotides, pentanucleotides, and hexanucleotides re-
vealed 132 SSR motifs in 125 ESTs (some ESTs contained 
more than one SSR motif). The frequency of ESTs with 
SSR motifs in garlic was 2 % which was low compared to 
the frequency of ESTs with SSR motifs of 8 % in barley 
(Hordeum vulgare L.) (Thiel et al., 2003), 8 % in sesame 
(Sesamum indicum L.) (Wei et al., 2008) and 19 % in opi-
um poppy (Papaver somniferum L.) (Şelale et al., 2013). 

Among the 132 repeats, dinucleotide repeats (60 
%) were the most abundant repeat motifs and 34 (57 %) 
of these dinucleotide repeats were (AT/TA)n repeats. The 
remaining 34 repeats (26 %) were tri-, 16 repeats (12 %) 
were tetra-, six repeats (5 %) were penta- and 16 repeats 
(12 %) were hexa-nucleotides. This result supported the 
findings of a previous study indicating that garlic ge-
nome is rich in A/T bases (Kirk et al., 1970). Lengths of 
SSR motifs ranged from 16 to 172 bp. SSR motifs with 
16 bp were obtained from (tetranucleotide)4 repeat motif 
and 172 bp were obtained from (GA)86 repeat motif. 

Trinucleotide motifs are the most common repeats 
in plant species (Varshney et al., 2005) because simple 
sequence repeats, other than trinucleotides or hexanu-
cleotides, cause frame shift mutations which result in 
nonfunctional gene products if they are located in the 
coding region of a gene (Kalia et al., 2011). However, 
dinucleotide repeats were the most abundant in garlic. 
Trinucleotide repeats were the second most abundant 
and (AAG)n repeats were the most frequent trinucleo-
tide repeat motif in garlic, as in other plant species (Li et 
al., 2004). Hexanucleotide repeats were more abundant 
than pentanucleotide repeats, which were comparable 
in number to tetranucleotide repeats. 

Primer pairs were synthesized for 50 SSR motifs 
identified in garlic EST sequences at GarlicEST db by 
using SSR Locater program. Amplification patterns of 
these 50 SSR motifs were optimized using eight diverse 
garlic genotypes. Forty five primer pairs amplified DNA 
fragments but the remaining five did not produce any 
amplicon. Twenty four primer pairs with good amplifica-
tion pattern were selected, based on their consistent am-
plification patterns among the garlic genotypes and poly-
morphisms (Table 2 and 3; Figure 1). In addition, two 
more primer pairs designed from the flanking sequences 
of the SSR motifs in the sequences of garlic cDNA-AFLP 
fragments were also used. EST sequences carrying poly-
morphic SSR repeats were blasted to the GenBank da-
tabase at the National Center for Biotechnology Infor-
mation (NCBI) to determine their putative functions. 
Of these 26 polymorphic ESTs, 17 sequences matched 
with nucleotide sequences of genes in GenBank while 
nine (35 %) did not match with any sequences indicating 
the presence of uncharacterized expressed genes which 
were unique to the garlic genome (Table 2).

Genetic relationships between 31 garlic genotypes 
were assessed using 26 EST-SSR markers developed in 
the present study. Twenty six primer pairs generated 130 
polymorphic DNA fragments among 31 garlic genotypes. 

Number of polymorphic alleles per primer pair ranged 
from 2 to 13 with an average of 5 alleles per primer pair. 
The sizes of alleles of EST-SSR markers ranged from 103 
to 341 bp. Observed heterozygosity values of EST-SSR 
markers were between 0.23 and 0.88 while PIC values 
ranged from 0.20 to 0.87 (Table 3). Cunha et al. (2012) 
developed ten SSR markers from SSR enriched genomic 
library of garlic and they found 44 alleles among the 75 
garlic accessions with an average of 4.4 alleles per locus, 
similar to our results. Cunha et al. (2012) also found PIC 
values of these SSR markers ranging from 0.19 to 0.78.

For seven (27 %) EST-SSR markers, there were more 
than two alleles in the genome of a given garlic clone, 
indicating that these ESTs are present in more than one 
copy in the diploid genome of garlic (Table 3). Although 
amino acid sequences of three of these multiple copy 
ESTs did not match any of the amino acid sequences in 
GenBank, amino acid sequences of the remaining four 
multiple copy ESTs matched with seryl-tRNA synthetase 
(EMS50639.1), elongation factor 1-alpha (BAN42602.1), 
heat shock protein (ADF31772.1) and conserved trans-
membrane protein (BAD61224.1) (Table 2). In previous 
studies, Ipek et al. (2005; 2008b) identified at least six 
alleles of alliinase, five alleles of chitinase, three alleles 
of SST-1 and eight alleles of gaLFY in the diploid genome 
of garlic indicating that at least three copies of alliinase 
and chitinase, two copies of SST-1 and four copies of 
gaLFY genes in the garlic genome. In a mapping study 
of garlic, Ipek et al. (2005) also found numerous AFLP 
markers segregated in a 15:1 ratio, typical for duplicated 
loci. Similarly, King et al. (1998) found that about 21 % 
of the RFLP loci evaluated were duplicated in another 
Allium species, onion (A. cepa L.). These results support 
the hypothesis that duplications are common in the gar-
lic genome (Jones and Rees, 1968; King et al., 1998).

Of 31 diverse garlic genotypes analyzed using these 
polymorphic EST-SSR markers, 21 had been previously 
analyzed by Ipek et al. (2003) using AFLP, RAPD and iso-
zyme markers and these 21 genotypes represent ten phy-
logenetic groups determined in that study (Table 1). Ge-
netic relationships between the remaining ten genotypes 
had not been previously assessed. The UPGMA dendro-
gram demonstrating genetic relationship between these 
genotypes was developed using the Nei and Li (1979) dis-
tance matrix based on the 130 SSR alleles (Figure 2). 

Ten groups previously determined by Ipek et al. 
(2003) were also identified in the present study and 
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Table 2 – Primer sequences, repeat motifs, primer annealing temperature (Ta), NCBI BLASTX results and GarlicEST db ID number for each SSR 
loci.

SSR loci Primer sequence (5'–3')
 (F: forward; R: reverse) Repeat Ta (°C) NCBI BLASTX results (Putative 

function; GeneBank ID; e-value) GarlicEST db ID

AS1722 F: AGCTGAGGTCTCAAAACCAAA
R: ATGTTCTCTTGATTTGCCGC (AT)11-(AT)15 55 No significant hit EPP004LLAA12S001722_644

AS6580 F: AACTGGATCAGCCGGTACTC
R: GAAGCGAGGAGGAGTGGTAG (TTG)8 55 No significant hit EPP004LLAA12S006580_715 

AS5453 F: CAGGATGAGGCAAAGGTTTCA
R: ACATTTTGGTGTTGCTGTTGG (CAG)11 57 Transcriptional corepressor; 

EMT14678.1;5e-33 EPP004LLAA12S005453_625

AS739 F: AACAGGGATCTTTGCTTCAGC
R: GATCTGTTGTGGTTGGATGTTC (AGC)10 59

Mediator of RNA polymerase II 
transcription subunit 15a-like; 
XP_004171466.1;6e-36

EPP004LLAA12C000739-1115

AS987 F: GTACCAACTCTTTCCTAACGC
R: TCCAATAGTTGTGATGACAGG (AAT)6 57 Zinc finger protein; 

XP_002511370.1; 8e-33 EPP004LLAA12C000987-690

AS623 F: CACAAATTAAAACCCCAATCAAG
R: AATGAATCAACATCAAGCGTA (GCT)6 56 Clathrin assembly protein like; 

XP_004150528.1; 8e-89 EPP004LLAA12C000623-1281

AS2655 F: AACTCAATGCATGACAGAAGG
R: AGGAGGAGGAGAATGCTGAA (AGAAA)5 57 Heat shock protein; ADF31772.1; 

4e-60 EPP005LLAA12S002655-638

AS981 F: AACATGCCCACCAACAGTC
R: GAGATTGGTTGCGCTTAGAT (AAG)7 59 Conserved transmembrane 

protein-like; BAD61224.1; 4e-31 EPP005LLAA12C000981-677

AS96 F: TCTTCACCCCTTTCAACAACAG
R: AGTAATCGGAGGTCGAAGTTG (AACGGC)4 55 Sorting nexin-1-like; 

XP_003544040.1; 2e-26 EPP005LLAA12C000096-709

AS30 F: GTGCCTCCTCGACCTTAG
R: TAGAAGAACCTGCTGTGACG (GCT)6-(AGCAGG)4 59 No significant hit EPP005LLAA12C000030-946

AS437 F: TCGTCTGGCGTTGCATTATC
R: CGCTTGTAATCGTTGATGACG (AGA)8 60 40S ribosomal protein; 

EEC69352.1, 2e-13 EPP005LLAA12C000437-640

AS449 F: CTCTCTTATTTTGCACACCGT
R: AAGCTCCCATCTTCATCTC (AGATGG)5 55 Plant cell wall protein; 

NP_001233914.1; 3e-34 EPP005LLAA12C000449-672

AS589 F: TCTTTGCATCTCTGTCTTGCAT
R: GAAGGCACGATTACATTTCTCG (AC)10 55 No significant hit EPP005LLAA12C000589-706

AS614 F: AATTCAATGCGCTTCACAGC
R: AGCAGGTGCAATCAAACTGG (AAAT)5 59 Mutator-like transposase isoform 1; 

EOY11007.1; 1e-89 EPP005LLAA12C000614-713

AS653 F: CACGTCAACTTTTCTTCGTTT
R: TCATAAATTCAAAGCTCACAAAG (CTTTT)4 58 Elongation factor 1-alpha; 

BAN42602.1; 5e-96 EPP005LLAA12C000653-747

AS352 F: GAAATGATCACAGCCCATTAC
R: AGGAGATGGAGTAGATCTGGC (CCT)6 59 No significant hit EPP005LLAA12C000352-663

AS392 F: TTTCAACAGCATCAGTTTGTAGA
R: CCTTCACCATCAACCTACATTG (AC)10 57 No significant hit EPP005LLAA12C000392-696

AS6389 F: GGCAGAAAACACCGAGAATG
R: GCTGCTCCCCTTATATCGTTC (AGCCTG)5 60 No significant hit EPP005LLAA12S006389-575

AS211 F: AGAACATGAACCGGGATAGA
R: GAGGTTGCTGTTGCTGC (CAG)7 57 Zinc finger protein-like; 

NP_001149802.1; 1e-68 EPP004LLAA12C000211-768

AS5944 F: AGAGGGTTTTTCGATCTGGA
R: AGTGGCATCAAAGCAAGATG (AC)28 57

General transcription factor IIH 
subunit 3-like; XP_004241513.1; 
1e-15

EPP004LLAA12S005944_656

AS11065 F: AACAGTCGAAAGCGTGGATTG
R: TACGGCTTGCTACCAAAGAC (GA)12 57 Receptor-like protein kinase; 

XP_003554892.1; 4e-05 EPP005LLAA12S011065-751

AS926 F: GCCTTGCTTGTCTACAACAC
R: CCCTTTTACTTATACACGACTTAC (TA)21 58 Chloroplast photosystem II PsbR; 

ABW35320.1; 6e-41 EPP004LLAA12C000926-662

AS440 F: AATGTGGTTTTGGGTTTAATGG
R: TGGAGCATCAAATATAACGACC (TA)20 54 No significant hit EPP004LLAA12S000440_756

AS299 F: TGGATATAAAGCTGGCTGGTG
R: CCCTTACCCAAAGACATCAAAC (GAG)6 58 Uncharacterized protein; 

XP_002282384.2, 8e-15 EPP004LLAA12C000299-726

ASTC-MGC F: GGTGCCGGAGTACTACGAGG
R: GGACATCTTTCCATTCATCCTGC (TAA)4-(AGGTA)2 55 No significant hit EST drived from garlic cDNA-AFLP 

fragments 

ASCT-MCA F:GGGAAAATAGTCCTCTAGCTTCAACC
R: GTAGTTCCAGAAGCATTGAGGCC (TCC)5 55 Seryl-tRNA synthetase; 

EMS50639.1,; 8e-15
EST drived from garlic cDNA-AFLP 
fragments 
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genotypes clustered in these groups were the same in 
both studies. These results indicate that discrimina-
tion of garlic clones using EST-SSR markers agreed with 
AFLP markers, although EST-SSR markers were devel-
oped from expressed regions of garlic genome while 
AFLP markers were likely derived from throughout the 
genome. 

Accession, U094 was classified as A. longicuspis 
L. in the Germplasm Resources Information Network 
(GRIN) of the US Department of Agriculture Agricul-
tural Research Service (USDA-ARS) but the assessment 
of genetic relationships between U094 and other acces-
sions from A. sativum L. based on AFLP and EST-SSR 
markers did not suggest that these species are geneti-
cally distinct (Figure 2). Accessions from A. sativum and 
A. longicuspis were clustered together based on their 
flowering ability but not their geographic origins in the 
present study. Accessions in groups I, V, VI, VII, VIII, IX 
and X were flowering, accessions in III and IV were not 
flowering and accessions in group II were incomplete 
flowering genotypes (Ipek et al., 2003). 

Five of ten garlic genotypes which had not been 
previously analyzed were also placed into ten phyloge-
netic groups previously identified with AFLP markers, 

demonstrating the immediate utility of these EST-SSR 
markers. These five genotypes share common pheno-
typic characteristics such as flowering ability with garlic 
clones in the same groups (data not presented). The re-
maining five newly analyzed genotypes were not placed 
in any of the ten groups but formed three new groups 
(Figure 2). PI540319, RAL27 and PI540356 which were 
clustered together in a new group. Although all of these 
three genotypes were able to flower, their geographic 
origins were different (Table 1). 

Ipek et al. (2003) compared AFLP, RAPD and iso-
zyme markers for their power of discrimination in garlic 
genotypes. While RAPD and isozyme markers did not 
find any polymorphism within any group, AFLP mark-
ers were able to detect intra group variation. Similarly, in 
the present genetic diversity analysis based on EST-SSRs, 
intra group variation was detected in groups I, II, III, IV, 
V, VI, and IX (Figure 2). EST-SSR markers developed in 
the present study were effective for determining genetic 
relationships between garlic genotypes and discriminat-
ing closely related garlic clones.

In summary, garlic EST sequences were found to 
provide numerous SSR motifs and 26 of 52 SSR motifs 
identified in this study were polymorphic from among 
the diverse garlic clones tested. Additional polymorphic 
SSR markers can be developed from garlic EST sequenc-
es in a rapid and cost effective way. EST-SSR markers 
developed in this study can be utilized for diversity and 
genetic mapping studies for expressed regions of the gar-
lic genome effectively. However, there is still a need to 
develop many more SSR markers for the generation of 
high density genetic maps and other genetic studies in 
the garlic genome.

Table 3 – Number of alleles per loci, range of allele size, observed 
heterozygosity (Ho) and polymorphism information content (PIC) 
values for each SSR loci.

SSR loci No. of alleles Allele size (bp) Ho PIC
AS1722 5 250–260 0.73 0.68
AS6580* 5 103–202 0.73 0.68
AS5453 2 266–334 0.38 0.31
AS739 7 201–227 0.79 0.76
AS987 5 216–231 0.76 0.72
AS623 2 313–329 0.47 0.36
AS2655* 5 242–262 0.80 0.77
AS981* 3 209–215 0.66 0.59
AS96 4 130–148 0.58 0.49
AS30 6 252–267 0.75 0.71
AS437 4 332–341 0.72 0.66
AS449 4 198–215 0.73 0.68
AS589 8 221–241 0.84 0.81
AS614 2 194–198 0.24 0.21
AS653* 4 140–146 0.64 0.56
AS352 2 289–292 0.24 0.21
AS392 4 294–302 0.71 0.66
AS6389 4 118–136 0.69 0.63
AS211 4 146–164 0.70 0.64
AS5944 12 177–243 0.86 0.84
AS11065 11 189–219 0.87 0.86
AS926 2 110–112 0.42 0.33
AS440* 13 131–167 0.88 0.87
AS299 3 219–225 0.23 0.20
ASTC-MGC* 5 144–162 0.76 0.72
ASCT-MCA* 4 197–221 0.71 0.66
*indicates the EST-SSR loci which present more than two alleles in the diploid 
genome of garlic.

Figure 2 – UPGMA dendrogram demonstrating genetic relationships 
between the 31 garlic genotypes. The dendrogram is based on 
the Nei and Li (1979) distance matrix calculated using the EST-
SSR marker data. Numbers on the branches are the bootstrap 
values (2000 replications). *Indicates the genotypes which had not 
been previously analyzed. Roman numerals are the group numbers 
previously identified with AFLP markers by Ipek et al. (2003).
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