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Abstract-It is widely known that publicly available expressed sequence tags (ESTs) markers for a certain
organism, are used for development of simple sequence repeats (SSRs) for that organism. SSRs have been used
in a wide range of applications in genetic studies. However, many plants, animals and microbe species have only
limited number of (ESTs) markers available in the databases such as, mesquite desert plant species (Prosopis
juliflora). Available small amount of ESTs for Prosopis juliflora can be compared with those of well-studied legume
species in both less and well-studied species for further analysis and usage as traditional SSR markers for
genomic comparative studies with minimal amount of money and time required for genotyping accompanied with
high level of transferability and polymorphism than what expected by using anonymous SSR or ESTs derived SSR
randomly selected from closely related species or genera. Prosopis juliflora ESTs downloaded from Genbank were
clustered into different unigenes, each of which represents ESTs of same and relevant function. Then, they were
analyzed for the presence of various SSR classes in these EST unigenes knowm as (EST-SSRs) unigenes in
order to assess sequence, length, repetitious folds, distribution and relative abundance of different SSR motifs of
mono, di-, tri-, tetra-, and penta-nucleotide contained in these ESTs. Comparative analysis of (EST-SSRs) in
Prosopis juliflora with those of well-studied legumes, such as Medicago truncatula, Glycine max and Lotus
japonicus resulted in identification the SSR repeat motif categories existing in high frequency rates within those
legume species. These SSR regarded as promising SSRs markers used as cross genera were tested in P. juliflora
based on primer pairs of anonymous SSR of the well-studied species, Medicago, through PCR that have shown
transferability of these markers into P. juliflora as cross-genera SSR markers. The developed anonymous SSR
markers of loci across family would offer an opportunity in cheap and fast genotyping of less studied organisms
such as Prosopis legume species that suffers from poor genome resources.

Keywords-Prosopis juliflora, Expressed Sequence Tag (EST), Simple Sequence Repeat (SSR), CAP3 software,
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General background

Simple sequence repeats (SSRs) markers, known
as Microsatellites, exist both in coding and non-
coding genomic DNA [1, 2,] in range of 1 to 6 bp
repeat motifs and differ from genotype to genotype
due to high mutation rate in these motifs associated
with unequal crossing and replication slippage [3,
4]. Moreover, SSR reproducibility, multi-allelic
nature, co-dominancy and abundance [5] together
with their simple detection and high polymorphism
[6] make them attractive as a powerful molecular
approach of choice for diversity assessment [7] as
well as for variety protection, variety
characterization, molecular mapping, and marker
assisted selection that links between phenotypic
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and genotypic variation [8].

In the past, SSRs were either developed from SSR-
enriched libraries or identified by surveys of
genomic sequence databases [9, 10]. However,
development of SSR markers derived from genomic
libraries is expensive as library construction and
sequencing of clones is required [11, 12, 13].
Moreover, limited sizes of the available sequence
data restricted development of SSRs [14], so that,
status influencing plant breeding programs has not
been solved for so far. Although, sources
alternatives of microsatellites come mainly from
data mining sequence information from the publicly
available (EST) databases of important well studied
organisms [15, 16, 17, 18], which are currently
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known as the most widely sequenced nucleotide
count [19]. Consequently, many recent studies
have based upon publicly available (ESTs) of well-
characterized taxa for the efficient development of
large numbers of so-called EST-SSRs for that
proved very useful for genetic studies in closely
related taxa [20, 21, 22]. However, transferability of
these EST-based SSRs developed based on
conserved orthologous sets (COS) markers
considered for use across genera [23]. However,
the lack of polymerase chain reaction (PCR)
suitable primers to be used for amplification of
SSRs across species as they are frequently
species-specific, meaning that markers developed
in one taxon cannot be readily transferred to
another [24, 25, 26, 27, 28]. These problems will be
even more difficult to solve when intending
development of SSRs for genotyping utilization of a
less studied organisms based on bioinformatics
publicly available (ESTs) data from other genera
within a family, such as, the desert plant, P.
juliflora, which is the main problem discussed in this
paper.

In this study, we have examined non-redundant
ESTs derived SSRs of P. juliflora, against their
counterpart non-coding SSR markers in M.
fruncatula genomic which in turn have been
previously tested in other legume Medicago
species, in order to identify redundant SSRs among
legume genera that also appeared in high
frequency rates among other legumes. These non-
coding SSR, known as traditional or anonymous
SSRs transferability and polymorphisms across
genera within legume family are possible and
hence, the previous drawbacks associated with less
polymorphism or less transferability based on
utilization of conserved EST-SSRs or lack of (COS)
within legume genera respectively.

To examine this idea, the main objectives
undertaken in the present paper are; (a) Mining the
all available ESTs collections of P. juliflora (less
studied species) for non-redundant EST-SSRs, and
their motif sequences frequency and distribution
across less and well-studied legume genera
involving, in P. juliflora and M. truncatula (b) Motifs
with high frequency rate among various genera, will
be the reference for the selected genomic
microsatellite markers (SSRs) of M. truncatula to
screen P. juliflora, (c) validate selected SSRs
through PCR amplifications experiments for
transferability into P. juliflora.

Materials and Methods

Part I; Bioinformatics Mining

Al publicly available P. juliflora ESTs that are
(1,470), were downloaded from national center of
biotechnology institute databases (NCBI) dbEST
division at (http://
www.ncbi.nim.nih.gov/dbEST/index.html) in October
of 2010 in FASTA file format. Cluster analysis was

employed to define groups of overlapping EST
sequences representing the same native transcripts
as putative non-redundant (unigenes or singletons)
that are also aligned to remove Poly Adenine tails
formed post-transcription of these genes by using
free  license CAP3  [29] available at
http://mobyle.pasteur.fr. Consigns of P. juliflora are
screened for the internal SSRs detection, length,
abundance, and distribution by using Perl Script
based software available at
http://lwww.shrimp.ufscar.br/cid/. They are searched
for all possible combination of mono-, di-, tri-, tetra-,
penta- and hexa-nucleotide repeat motifs whose
minimum repeat units are defined as ten, six, for
mono and di-nucleotide motifs respectively and five
for the others. The most frequent mers identified in
ESTs derived SSRs are compared with their non-
coding SSR counterparts of the well-studied plant
species belonging to different genera within legume
family including, M. truncatula, Soybean and Lotus
japonicus in order to identify the motif category that
relatively showed high frequency rates in P. juliflora
genome and among other legume species SSRs.

Part Il; Plant growth, DNA isolation, PCR
amplification, and anonymous SSR marker
screenin

Plant seed were treated with 10% sulfuric acid for
one hour to enhance its growth on autoclaved soil in
which seeds lasts for 30 days before emerging
enough tissues for DNA extraction. Genomic DNA
was extracted from leaf tissues using CTAB
protocol previously described by [30, 31]
approximately 100 mg of leaf tissue, frozen in liquid
nitrogen, was ground to a final powder with mortar
and pestle. Leaf tissue was frozen in liquid nitrogen
and completely ground in 2ml eppendorf tube.
Preheated CTAB buffer lyses was added and mixed
well until homogenized and then incubated in water
bath at 65°C for 1 hour. 700uL of chloroform
isoamylalcohol (24:1) was added and then mixed
well and centrifuged at 12000rpm for 10. Then
400pL of upper layer was transferred and was
added with 400uL isopropanol. Then DNA was
washed in 70% ethanol. The DNA was dried and
dissolved in Tris-EDTA (TE) buffer, and the
concentration was quantified in a
spectrophotometer ~ (NanoDrop  Technologies,
Wilmington, USA) at 260 nm, and kept at ) -80
Celsius for storage.

Forty-six SSR primer pairs were selected based on
frequency of SSRs motifs categories corresponding
to those non-coding SSR markers previously
reported as cross species markers within a legume
reference, M. truncatula species (table. 1) were
used for screening of P. juliflora genomic DNA by
PCR technique for verification its transferability and
hence utility as across genera markers that can
save time and money paid for identification of SSR
in less studied species having a small amount of
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genome information data. Each PCR reaction was
conducted in 20 pl volume containing 5 ng of
Maguire’s genomic DNA  template, final
concentrations of 0.4 pM of both forward and
reverse primers, 2 mM of MgClz, 0.1 mM of dNTPs,
1X Tris-acetate-EDTA (TAE) buffer, 40 mM Tris
acetate, pH approx. 8.3, containing 1 mM EDTA,
and 0.1 U of AmpliTaq polymerase enzymes, and
diluted to volume with double-distilled water. The
cycling conditions for PCR on a GeneAmp® PCR
System 9700 (PE-Applied Biosystems) thermal
cycler were optimized to an initial denaturation of 5
min at 94 C°, followed by 35 cycles of 94 C° for
1min, annealing temperatures, ranging from 50 to
55 C° for 1 min, and extension at 72 C° for 1 min.
This was followed by final extension of 10 min at 72
ce. PCR products were separated
electrophoretically on high resolution 4% agarose
gels, visualized by ethedium bromide staining and
scored manually.

Results

The results have shown 296 non-redundant ESTs
representing putative unigenes of a redundancy of
54. 2 %. Trim-EST program of EMBOSS package
within CAP3 used to exclude poly adenine tails in
these unigenes dataset left with a total base pair of
2159430 bp, was then used as a source for
remarkable SSR detection and frequency
identification. Out of 296 putative unigenes, only 75
have internal SSR, known as (EST- SSRs) with total
sequence size of 143022 bp. Number of SSR
containing sequences are 65, while number of
sequences containing more than 1 SSR are 8 and
the SSRs present in compound formation are 5.
The frequency SSR distribution is 1SSR/1.907 kb.
Identified SSRs are clustered into 13 different types
of motifs constructed for mono, di-, and tri-
nucleotide SSRs that are; (A/T), (AG/CT), (AT/AT),
(CAITG), (ACIGT), (GAITC), (TAITA), (AAGICTT),
(AAT/ATT), (TAA/TTA), (AGGICCT), (GAGICTC),
(TCCIGGT), (AAC/TTG), (ACG/TGC) as it is shown
in (table 2) and (figure 1).

Each of the eight ESTs derived SSRs categories
found in  Prosopis was compared with its
corresponding SSR category in other legume
generas such as, Medicago truncatula, Glycine max
and Lotus japonicus, that have shown various
similarities in of SSR frequency rates among
legumes genera as it is shown in (table 2) and
(figure 2). 46 primer pairs of Medicago truncatula
cross species anonymous SSR markers (table 1)
that also involve previous SSR categories, have
been tested in P. juliflora genomic DNA, through
PCR reaction. There is only three markers have
shown amplification patterns illustrated in (figure 4)
showing the amplified DNA bands run on 4%
agarose gel that include mtgsp_003F07 and
mtgsp_001G08 out of 5 markers belong to AT
category as well as mtgsp_001¢10 out of 4 markers
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belong to AG category.

Discussion

Since, costs and time are limiting factors
determining the effectiveness and usefulness of a
particular approach to be considered in
development of SSR markers. Accordingly, EST
derived SSR markers (EST-SSRs) have gained
popularity among many researchers as a result of
their capability in reducing the amount of time and
money needed for genotyping. However, they have
shown lower level of polymorphism associated with
higher transferability in number of taxa within a
single species [32, 33, 34] when compared to
anonymous SSRs [20, 35]. Moreover, their
utilization in comparative studies of self-pollinated
species included in legume family is associated with
several limitations. For example, conserved
sequences in is significantly will reduce
polymorphism of EST-SSRs versus SSRs [36]. In
addition, as ESTs are derived from coding regions,
large introns as well as unrecognized intron splice
sites could disrupt priming sites, resulting in null
alleles similar to a problem for their anonymous
counterparts SSRs [22, 37,38]. On the other hand,
anonymous SSRs have low cross species
transferability caused by frequent mutation and
replication slippage [15, 39] as well as increases a
nul allele occurrence [40] restricting their utilization
and effectiveness power in genotyping.

The present study provides a new strategy, that
able to combine advantages and of both, EST-
SSRs and anonymous SSRs (derived from non-
coding DNA regions), markers respectively. The
created marker will also exclude the disadvantages
of both. This strategy rely on; firstly, identification of
SSR categories (motif sequence) having relatively
high frequency rate in ESTs nucleotide sequences
of the less studied P. juliflora to be compared with
the corresponding frequency rates of well-studied
legumes genera such as reference model M.
fruncatula, Glycine max and Lotfus japonicus
legume genera in as shown in (table 2 and figure 2
and 3). Secondly, SSR motif sequence with
frequency rate located within less and well-studied
legumes’ average rate such as, markers having the
repeat motifs (AG/CT) and (AT/AT) are the most
possible promising markers to be tested by PCR in
tested P. juliflora to confirm the previous idea. The
results gained in this study have supported the
previous idea. Because, results shown high
transferability rate of M. truncatula anonymous
SSRs markers’ having those repeat motifs shared
by less and well-studied legumes’ genera (figure 4).
However, there is no transferable markers belong to
the other SSRs with class motif (SSRs categories)
that exist in P. juliflora either with low frequency rate
or less than corresponding average rate in other
legumes (figure 3). However, transferability of
markers having repeat motifs didn’t exist in P.
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julifiora EST-SSRs such as AAC/TTG is completely
absent (figure 1, 2 &3). Similarly, markers with low
frequency repeat motifs no longer transferable to in
P. julifiora in spite of their high frequency rate in
other legumes. The adopted strategy in this study
based on EST-SSRs motif frequency comparisons
between less and well-studied individuals from
different genera within a single family, can be
regarded as predictive indicators for transferable
anonymous SSRs markers selected from rich
sequence data genera to screen another genera
with poor sequence data. They can also serve as
guidelines for motif type and starting number of
SSR markers to be used for genotyping at family
level with great efficiency and less time and money
requirements when compared with another
approaches based on EST-SSR or traditional SSR
markers alones that are associated with low
polymorphism and transferability either within and
among unrelated species. This is due to that, SSR
motifs are highly variable among, loci and among
alleles [41], so that, they will serve as polymorphic
markers across species, and genera. In addition,
these kinds of markers would have a potential
utilization for assessment of syntenic relationships
among genera within legume family. Moreover,
development of SSR markers by following this
strategy is straightforward solution for less studied
species based on ESTs databases of well-studied
species within a family.

Conclusion

Available public ESTs data of the less studied
legumes, P. juliflora, analyzed for SSR content and
distribution, and then compared with available data
of three other legumes including M. truncatula
resulted in identification of di-nucleotide repeats as
the shared class of repeats among and within within
legumes. The SSR markers of the model legume,
M. truncatula, known as cross species that are also
containing repeat motifs, (AT/TA and AG/CT) that
are shared by many legumes’ genera, were further
used to predict of cross genera markers based on
their primer pairs used through PCR for verification
of possible conservation of these markers as cross
genera within legume family. The approved
transferable SSRs then, will represent potentially
valuable markers for population genetic analyses at
the level of species, genera and family. They will
also offer a number of clear benefits, including rapid
and inexpensive development, without the known
drawbacks of EST-SSRs and coding SSR markers.
Therefore, the strategy we used for development of
theses markers will represent the best way forward
for the analysis of species for which only limited
resources are available.
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Table 1- Cross-species Medicago truncatula anonymous SSR (microsatellites) markers used for PCR screening of Mesquite

plant (Prosopis juliflora) genomic DNA

No Marker Repeat SSR Forward Primer SSR Reverse Primer Transferability | No. of Band
Motifs / PCR Size (bp)
folds Bands

Name (5-3) (5-3) (+-)
AT repeat motif

1 mtgsp_004G08 AT-11 GTGGAAGTTTGATCATTTCG CAAATCTCACCCACTACA -

2 mtgsp_003F07 AT-11 CAGGAGGACAAACACAACTC TCCACGCTTTGAGATAAAATGA + 11 ~190

3 mtgsp_003C03 AT-16 CCGGACACCCCACTTATTTA CCTCACAGTGCATTGGAAAA -

4 mtgsp_001G08 AT-12 CGGACAAAACAGATTGTCCTT GAAGGTGCGTTTAGCAACA + 1] ~180

5 mtgsp_001C04 AT-19 TGGCAAAGTGATGAGAGGGT ATATACCACCACAGCCGGAG -

TA repeat motif

6 mtgsp_001B05 TA-32 TTGTCTTAAATCGGATGGCT AGCGTTACAGGGTGTTCCTG -

7 mtgsp_005B08 TA-10 GCGTTAGCATGGGTTAATGG GCAAACAATGGTGTGTCGAG -

8 mtgsp_001E07 TA-8 GCCCTAAGGACTGCATTTTG CCCCTCCTAAACCCTCAATC -

9 mtgsp_004B09 TA-16 TATCAGTCATAAGGCAAAAG CTATTTAAGAGTATAATTGGGA -

10 mtgsp_005h11 TA-24 GTTGCCCGTTTGTCTGCTAT AAGGTGACCAAGGAATGTGG -

AG/CT repeat motif

11 mtgsp_004d03 AG-14 GAGAGATCACGACGGGACAT GCTTGTTGGGTTGGTCTGTT -

12 mtgsp_001b05 AG-17 TGGGTTTACGGAAGGATGAA GCAAGCACTTCCCATAAAGC -

13 mtgsp_001c10 AG-18 CAAATTTGCCCCACACAAAT TTGCCTTTCTGCCACTCTTT + 1| 170

14 mtgsp_005g08 AG-21 GCTTTCCGTAGGTTTGGTTG TTCTTTCCCTCCTCCTGGTT -

GA repeat motif

15 mtgsp_00103 GA-20 TGCAACAACAATGACCCACT GTTTGCGGTGGAAACAAAGT -

16 mtgsp_002F04 GA-19 AATCGCGTTGAGGTAACTGG CTGCTTCTCTTCCCATTTCG -

17 mtgsp_001e09 GA-16 CGGTGATTTTGAGCAAGAAA ATGCCCTCCGGATTACATTA -

18 mtgsp_002f04 AATCGCGTTGAGGTAACTGG GTCCTTTCTCTGCTGCTGCT -

19 mtgsp_003h04 GA-28 ATGGTTTATATCCGCTGCGA GGGGCATTTTCAGAATTTCA -

AC, CA, TG repeat motifs

20 mtgsp_005D09 AC-20 TGTTTCGATGGATTTGATTTTG GCTTGCCTTCAACCTTCAAC -

21 mtgsp_002c04 AC-29 GATAGCAGCTCAGGGCAGTT GAGGCAACCTCACAAGGAAA -

22 mtgsp_002c05 CA-16 CATGGTGCATTCAGAGCAAT GCGGGTGTCTTCTAGCAAAT -

23 mtgsp_003h02 CA-14 CCTGGTGTCAACGGATCCTA AATCTGTGGTGCAAAAAGCA -

24 mtgsp_004a06 TG-17 TCAATGGATGAGATTTGGTGTC | TGTGGTAAAATGTGGTCCCTAA -

25 mtgsp_002h12 TG-14 TCCAACCCCTGAACCTTACA CCTGAACCTTTGGTGTGGTT -

TTC, TCT, GTT, GGT repeat motifs

26 mtgsp_001g03 TTC-30 | TCTTCACCTCCAAGGTCCAC CCCCACACTTAGGAGAAGCA -

27 mtgsp_003a08b TTC-15 | TCCAACCCAATAGCCCATTA GGGAACGAGCAACCAAATAA -

28 mtgsp_001G05 TCT-12 | AAGAATGACGAAGAGGCGAA TCAGAAATTCCCTCCCATTG -

29 mtgsp_005A11 GTT-6 AGAACGCTATGGCGTCATTT GGGTTTCCCATTGTCGTATG -

30 mtgsp_001e10 GGT-7 CATGTTGGTCTCGGTTTGTG GCCGCTAACAAACATCCAGT -

AGC, CAC, AAG, AGA, GAA repeat motifs

31 mtgsp_004g06 AGC-8 TTGGCAGCATTGTCATCATT GCTCCAAGCAATGCTACTCC -

32 mtgsp_004f08 CAC-7 CATGGATTCTGTTGCAGGTG GGACCAGAGGCTACAGCTTG -

33 mtgsp_005f09 AAG-12 | GCGTTTTCCATGGTTGAGTT CTCCCTCCAATTCGTTTCAA -
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34 mtgsp_004a05 AGA-9 AGGGTTCAAGCTTGGTTTGAT AAAAGCCCGTGGTTTCTTGT -
35 mtgsp_001d07 GAA-29 | CCATCTTCACCTCCAAGGT CCCCACACTTAGGAGAAGCA -
36 mtgsp_005e05 GAA-8 AGTGAGAAGGAGCGCATGAT GGGTTTTCAGATTTGCTTGTG -
TAT, ATA, TAA, AAT, ATT, TTA repeat motifs
37 mtgsp_004d06 TAT-22 | AAAGGTTTCTTTTGACAAATCCA | ACCAAACAGGCAGTTCTTGG -
38 mtgsp_001c12 ATA-17 | TCTTAATACCCGTGGGAGCA AGCATGTACGGTTTTGGTGG -
39 mtgsp_005b09 ATA-13 | TCAAAGCCACAAGCAATCAG GTGGCTCACTTTGTCCAGGT -
40 mtgsp_005e04 TAA-9 ACTCGCATCACATTGTGGAA GACTTTGTCGGGTGGTCCTA -
41 mtgsp_004f01 AAT-7 CTCCTTTCCACGTGTCGTTT GGTCGCCGACAGAGATTAAG -
42 mtgsp_002f12 AAT-11 TGAGAGAGCTACGGGAGGAA CGATGTAGCAAAATTCGAGGA -
43 mtgsp_003f07 ATT-13 | AGGGGAAGATTTTTGGGAAG GACTCAGGTCGCAAGAAAA -
44 mtgsp_001A05 ATT-24 | GCACGACTGCCAAGTCTTCT CGAGGAAGTATTTCATGCCA -
45 mtgsp_001C05 TTA-8 TACTGGGTTCACGCACAAAA TTCAACCGTACCGCTCTTCT -
46 mtgsp_005a07 TTA-16 | TCCGCTAAAACCAGGATACG TCTCAGGCTACTGGGATTTTG -

Microsatellites markers were tested previously in different taxa within Medicago model plant species and shown high level of
transferability as it is reported by: [42, 43, 44; 45, 46, 47, 48]. SSR markers having the numbers (mtgsp_003F07,
mtgsp_001G08 and mtgsp_001c10) have shown positive PCR amplification in Mesquite genomic DNA tested in this paper,
which contain AT and AG repeat motifs. Abbreviations: SSR, simple-sequence repeat; +, Present of PCR product; - Absent of
PCR product; na, not available. Observed PCR product size is base number (bp).

Table 2- Frequency rates of various microsatellite categories (motifs) per million base pairs in genomic and EST sequences of

some legume plant genera

Repeat Motif Frequency rates in EST Sequences

Prosopis juliflora Medicago truncatula | Glycine Lotus

max japonicus

AT 36 - - -
C/G - 0.7 0.8 0
AT/AT ITAITA 8 24 7 1.7
AG/CT/ GA/TC 16 13.6 125 18.5
AC/GT/ CAITG 12 0.6 0.6 0.1
AAT/ATT/ TAAITTA 4 1.8 1.7 0
AAG/AGAIGAAICTT/TTC/TCT 2 6.4 29 14
AGG/CCT/ TCC/GGA /GAG/CTC 6 0.3 04 5.1
AAC/ACAICAA/GTTTTGITGT 0 0.9 2.3 39
ACG/ICGA/GAC/ICGT/GTCITCG 0 0 0.3 04
Reference The Current Study [49] [49] [49]

ESTs sequences of the mentioned legumes; Prosopis juliflora, Medicago truncatula, Glycine max and L. japonicus, can be
described generally as: 1) (A/T) Mononucleotide repeats for EST sequences are the more abundant, 2) (AG) dinucleotide
repeats are more abundant, 3) (AT) repeats frequency rate in Prosopis juliflora is closely similar to those rates of the three
other legumes.
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Fig. 1-AB-Prosopis juliflora SSR motif repeats distribution upon trimming of Poly Adenine tails from the ESTs sequences. In A;
Frequency rates of SSR repeat motifs are categorized as, high; (A/T), intermediate; (AG/CT), (AT/AT), (CA/TG), (AC/GT) low;
(GAITC), (TAITA), (AAGICTT), (AAT/ATT), (TAAITTA), (AGGI/CCT), (GAGICTC), TCC/GGT) and absent: (AAC/TTG),
(ACGITGC), while B; SSR motifs are organized according to motif repeats shared with other legumes SSR categories .
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Fig. 2-SSR repeat motifs distribution of Prosopis juliflora in comparison with corresponding SSR repeat motifs of the legumes;
Medicago truncatula, Glycine max and Lotus japonicus. Frequency rates that are closely related among the four legumes are;
(AGICT/GAITC), (AT/AT/ITAITA).
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Fig. 3-SSR repeat motifs distribution of Prosopis juliflora in comparison with average SSR motifs rates of the legumes;
Medicago truncatula, Glycine max and Lotus japonicus. Frequency rates of Prosopis juliflora that are nearly similar to the
average rate of other legumes are; (AG/CT/GA/TC), (AT/AT/TAITA)
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Fig. 4-Schematic appearance of PCR amplification of some SSR markers having AT and AG repeat motifs sequences. The gel
image also shows the negative amplification of some markers having medium, low and rare frequency rate of SSR repeat
motifs in Prosopis juliflora Abbreviation: M, 1kilo base pair DNA ladder sequences.
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