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ABSTRACT

Simple sequence repeat (SSR) marker is a polymehase reaction (PCR)-based marker system whichdegeme
a marker of choice for understanding plant geneliersity and a powerful tool in addressing gene&sources
guestions. However, the availability of SSR marlkesysecially for forest tree species is limited tfarsdue to the
high development cost, labour-intensive and timesaming. The present study aimed to develop aryaf&SR
markers for Neolamarckia cadamba using inter-singglguence repeat (ISSR) suppression PCR methafdidimelr
assessed the polymorphisms and transferabilith@fmarkers to other species.In total, 15 out ofSER markers
specific for N.cadamba were successfully devel@pedfurther characterized and validated by usingrgfividuals
of N. cadamba. The markers exhibited a considerhigb level of polymorphism across the tested Nlaoza
genotypes whereby 66 alleles were detected witlvamage of four alleles per locus. Most of the $8Rinalyzed
showed high polymorphism as indicated by their RP#lie which was above 0.5. The most polymorphievkre:
NCAC11 (PIC=0.849), NCAC12 (PIC=0.722) and NCAGBIO=0.712).The transferability rate was ranging fino
26.7% to 73.3% among the four cross-genera speéegted. The present study is the first report @ndévelopment
of SSR markers in N. cadamba. These markers praétimble genomic resources that could pave the foay
exploiting SSR genotype data for effective seleafmlus trees, provenance trials and establisitméforest seed
production areas (SPAs) of N. cadamba in the selefirest areas dedicated to planted forest devedoy, and
molecular breeding of N. cadamba and other indigentopical tree species in future.

Keywords: SSRs, Neolamarckia cadambakelampayan, ISSR suppression PCR method, gem@ersity,
molecular breeding

INTRODUCTION

Understanding the genetic variation of forest species is a prerequisite for the appropriatesatibn of forest
genetic resources. This information will be a bafs establishing tree improvement programme and fo
management or conservation of natural communi@es.previous findings have shown that populatioiit Vittle
genetic variation are more vulnerable to the afrofanew pests or diseases, pollution, changeslimate and
habitat destruction due to human activities or ptteastrophic events [16, 19, 46]. Such genefmrination of a
forest tree species is assessable either througsurement of morphological characters in the figlthrough the
study of molecular markers in the laboratory. Hogrevthose morphological characters can be influgnme
environmental factors meanwhile molecular markersichmany of the complications of environmentaltéas

acting upon characters by looking directly at vi@oia controlled by genes or by looking at the genetaterial itself
[14].
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The development of an ideal molecular DNA markestesy which is genetically co-dominant and highly
polymorphic allowing precise discrimination evenctdsely related individuals is becoming a majonazn due to
the genetic complexity of breeder’s populations bigh levels of heterozygosity in individual genoég [12]. As
such microsatellites or simple sequence repeat Y$%&Rker is the ideal marker system of choice for tree
breeders. The nature of SSR markers itself alseiggdhem a number of advantages over other maecnérkers
such as RAPD, DAMD or ISSR markers[19, 22, 42]. &ese of these attributes, SSRs loci are currehtly t
excellent markers of choice for individual genotypiand studies of gene flow, mating system, gemtiersity and
structure, cultivar identification, marker-assistadection and pedigree analysis in forest treeispeFor instance,
four SSR loci were successfully used to determimmetic relatedness among selected mother trees of
Shorealeprosulaand Dipterocarpuscornutyg46]. They found that four and three selected motinees ofS.
leprosulaand D. cornutus respectively were not closely related and theegfoould be used as potential seed
sources for an advanced breeding programme anglae&tions.

Simple sequence repeats (S3Rs)tandemlyrepeated motifs of 1-6 nucleotides doim all prokaryotic and
eukaryotic genomes. The uniqueness and value absdtellites arises from their multiallelic natuoedominant
transmission, relative abundance and extensivergeramverage[35].They provide a powerful tool fodmssing
genetic questions related to breeding where ged&arimination is paramount. These markers candeel to gain
more information on the level and distribution afngtic variation which is particularly a prereqgtésfor tree
improvement and conservation programmes for farests[29]. Although SSRs are powerful tools fordsts of
populations, the development of species-specifimgns could be a time-consuming and expensive psoce
Conventionally, isolation of SSR loci involves tbenstruction of restricted DNA library with enriclemt step and
screening with SSR-specific probes. Such isolapioocedures are usually labor-intensive, time-corsgnand
expensive. To overcome this disadvantage, an aligen protocol proposed by Lian et al. [26], Insémple
sequence repeat (ISSR) suppression-PCR method seasta isolate SSR loci. This method is relativ@inple,
rapid without enrichment and screening, and requrdy basic skill in molecular biology.

Neolamarckia cadaml§Roxb.)Bosser or locally known as kelampayan, bgéoto the Rubiaceae, is becoming one
of the most frequently planted trees in the tropit€adambawood is mainly used for pulp, producing low- and
medium quality paper. The wood can be used foramgldight construction since it is perishable iontact with
ground. According to Joker[23N.cadambads also suitable for reforestation in watershaus$ eroded areas and for
windbreaks in agroforestry systems due to its gastving property. It can be used as a shade tnedifiberocarp
line planting while its leaves and bark can be iggpin medicine. The dried bark can be used tevelifever and as
a tonic while an extract of the leaves can serve amouth gargle [47]. Despitd. cadambais important in
ecosystems and tropical forestry, but genetic m#dion about the species is limited compared toeroth
economically important tropical trees.In fact, tisisecies has been selected as one of the impapactes for
planted forest development in Malaysia, especialparawak [17]. The main goal of this study waslavelop
simple sequence repeat (SSR) markers specificdootgpingN. cadambarees with the intention of determining
the genetic diversity and structure df cadambaln addition,cross species transferability of the newly devedbope
SSR markers was also tested in the present study.

MATERIALS AND METHODS

Plant materials and DNA extraction:

The fresh young leaves bf. cadambaeedlings were sampled from the nursery of Sardwea&st Tree Seed Bank,
Sarawak Forestry Corporation (SFC), Semengok, Sdca@n the other hand, plant materials used for B&Rer
validation were collected from the KelampayanPrarere Trial Plot established at the Landeh NatureeRe,
Semengok, Sarawak. The trial plot was establishi#d seeds collected from the selected individuaturally
grown in three forest seed production areas (SR#sjely Pasai Bon, Niah and Lawas in Sarawak. &hgphng
sites were B3L5, B3L6, B3L7 and a total of 30 samplvere collected. Total genomic DNA was extradteth
fresh leaves by using a modified CTAB DNA extraotyrotocol [10].

Cloning and sequencing of amplified fragments tdrisimple Sequence Repeats:

Three SSR primers, namely (Ag)(AG)pand (GTG) were used to amplify the ISSR fragments flankedviny
microsatellite sequences arranged in opposite tatiens from the DNA ofN. cadamba The ISSR-PCR
amplification was carried out in a Mastercycler @eat PCR (eppendorf, Germany). PCR was performed i
volume of 25 pl containing 50 ng of genomic DNA, dol of the primer, 0.2 mM of each dNTP, 1x PCRfdny
2.5 mM MgC}L and 0.5 U ofTag DNA polymerase (Invitrogen, USA). The PCR profieas 94°C for 2 min
followed by 39 cycles of denaturation at 94°C fOrszc, annealing at 57.6°C for (Ag)62°C for (AG), and 65°C
(GTG) for 30 sec and extension at 72°C for 1 min. A Ifiagtension at 72°C for 10 min was included. The
amplified fragments with high concentration andesianged from 500 bp to 3 kb later were selectedgéd
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purification by using QlAquick Gel Extraction KiQ{AGEN, Germany). The purified fragments were tligated
into vectors by using pGERAT Easy Vector Systems (Promega, USA) accordingpéomanufacturer instructions.
Subsequently, the plasmids were transformed Etoli IM109 competent cell and the transformed cultwese
spread onto LB/amphicilin/X-Gal/IPTG agar platesieh act as selective media. Screening was perfbronethe
transformed culture by blue-white detection of mabinant clones. In addition, colony PCR using M1igner was
also carried out to further verify the insert oé thhagment into the vector from recombinant cloiasmid DNA
was then extracted and purified from the selectesitive clones by using WizafdPlus SV Minipreps DNA
Purification System (Promega, USA) and eventuadlguenced by Applied Biosystems 3730XL DNA Analyzer
using BigDy& Terminator v 3.1 CycleSequencing Kits (ABI, USK)was sequenced bidirectionallyby using M13
forward (5-GTAAAACGACGGCCAGT-3') and M13 reverses’(CAGGAAACAGCTATGAC-3) sequencing
primers. Consequently, an initiating primer (IPlasmesigned from the region flanking the SSR sexpielRor
nested PCR, another initiating primer (IP2) frone thequence between IP1 and the SSR sequence was als
designed.

DNA libraries construction:

Adaptor-ligated, restricted DNA libraries were ctvasted according to Siebert et al. [40]. DNA waparately
digested withEcaRV, Ssp, Alul, Rsd andHadll restriction enzymesat 37°C for 4 to 5 hourseThagments were
then ligated to a specific blunt adaptor (consggtin  of a 48-mer:5'’-
GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT-2nd an 8-mer with the 3-end
capped by an amino residue: 5-ACCAGCCC-N#). As adaptor primers for nested PCR, APl (5'-
CCATCCTAATACGACTCACTATAGGGC-3) and AP2 (5-CTATAGGCACGCGTGGT-3) also were
prepared.

Determination of the sequence beyond the determiB®R Sequences:

Genome walking method was used to determine theeseg beyond the determined ISSR sequence. Tws step
PCR amplification were carried out. The primarytadsPCR reaction was conducted with each constiudi¢A
library by using the adaptor primer AP1 and ISSRe#fic primer IP1. The reaction was conducted i@5apl
reaction mixture containing 1.0 ul of the adaptgaied DNA, 0.2 mM of each dNTP, 5.0 pmol of adagtomer
AP1 and ISSR-specific primer IP1, 1x PCR buffef thiM MgClL and 0.5 U ofTaq DNA polymerase (Invitrogen,
USA) with a Mastercycler Gradient PCR (eppendorérr@any). The PCR profile started with 94°C for 2nmi
followed by 35 cycles of denaturation at 94°C fomih, annealing at 62°C for 30 sec and extensiorRaC for 2
min. Then, it was followed by another one cyclalehaturation at 94°C for 1 min, annealing at 62330 sec and
extension at 72°C for 5 min. A final extension &°C for 10 min was included. The PCR products wben
electrophoresed in a 1.5% agarose gel togetheriidhop DNA ladders (Promega, USA). The gel waimsthwith
ethidium bromide and de-stained by using gdHor at least 30 minutes. It was observed on attd¥silluminator
and then the result was documented by using a Geluidentation System (Perkin Elmer, USA). The seapnd
reaction was conducted with 1.0 pl of a 100-foldtétin of the primary PCR product using the adaptdmer AP2
and ISSR-specific primer IP2. The same reactiontunixand PCR conditions as in the primary PCR wused,
except that the annealing temperature and cyclebeunwere reduced to 60°C and 29 cycles. The PCRupts
were examined on a 1.5% agarose gel electrophaesiseck whether they formed a single band. Sulessty,
PCR products which were forming a single band vpenéfied, cloned and then sequenced by Applied itmsns
3730XL DNA Analyzer using BigDy® Terminator v 3.1 Cycle Sequencing Kits (ABI, USMrimer IP3 was
designed for each locus from the newly identifieduence between the AP2 binding site and the S&Rregion.
Primer pairs IP1/IP3 or IP2/IP3 which flanking tB8R regions were used as SSR markers.

SSR search:

The sequences generated from ISSR fragments atetife€R products were searched for the presen88REby
using SSR Finder software (http://geboc.org/sshisat). The software was configured to locate aimimm of 12
bp SSRs. Motifs that were searched included periecttri-, tetra- and pentanucleotides repeatswafi as
compound repeats composed of di-, tri- and tetdaotides repeats and imperfect repeats. In theegerf
microsatellites, the minimum number of repeat ufdtsdinucleotides is six, four repeat units fanticleotides,
three repeat units for both tetra- and pentanudest In the compound and imperfect repeats, tmenmim length
of di-, tri- and tetranucleotides repeats is thumits. Imperfect repeat is defined as having noarban one
disruptive element of length less than 5 bp.

PCR validation with newly developed SSR primers:

To investigate characteristics of isolated SSR, [tminplate DNA was extracted from the fresh leawE80 N.
cadambatrees. PCR was carried out in a 25 pl reactiortuméxcontaining 50 ng of template DNA, 0.2 mM otlea
dNTP, 5.0 pmol of each designed primer pair, 1x BORer, 2.0 mM of MgC] and 0.5U ofTag DNA polymerase
(Invitrogen, USA). The PCR profile started with @4for 2 min followed by 35 cycles of denaturatidrfd°C for 1
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min, annealing at 60°C for 30 sec and extensiofi2AC for 1 min. A final extension at 72°C for 10mmias
included. The PCR products were separated on 3.8¥Mor agarose gels (FMC) andDNA size markers¢hwhi
were 25 bp and 100 bp DNA ladders (Promega, USAewan simultaneously. The result was documented by
using a Gel Documentation System (Perkin Elmer, JJSA

Cross species amplification of newly developed |38kers:

The SSR markers isolated frobh cadambawere checked for its success in cross speciesifazapbn with
Coffeacanephora (coffee, Rubiaceae), Duabangamah&c (sawih Sonneratiaceae), Shoreaparvifolia
(merantisarangpunai Dipterocarpaceae) an@anariumodontophyllun{dabai Burseraceae). The same reaction
mixture and PCR conditions as describe above wsed.vAmplification products were scored as positinby if a
sharp and reproducible band was observed.

SSR data analysis:

Standard genetic diversity parameters such as rafighe frequency, number of allele, gene diveraitg PIC value
were calculated using Power Marker software[27]atidition, deviation from Hardy-Weinberg equilibmiuwas
analyzed using Chi-square teB&(.05) using POPGENE Version 1.32 software [49].

RESULTS AND DISCUSSION

Cloning of amplified ISSR fragments and DNA libreoystruction:

PCR reactions were carried out based on the optithenmal cycling profiles to amplify ISSR fragmeifitsm N.
cadamba In total, 13 amplified ISSR fragments were susfidly/ clonedand sequenced. Thos8SR sequences
were used to design nested PCR primers (IP1 andftP2letermining the unknown flanking regiorfiddgure 1).
Primer IP1 was designed from the sequenced red@mkihg the SSR core region and for nested PCRthano
primer IP2 was designed based on the sequencedret®& and the SSR core region.

(AC)y, Primer priming site o
1 ACACACACACACACACACACACACACACACCCATTTCATTAAGTGAAGGA 50

51 CGTATAAGAAAAATCAAGGAGTGGCAGGCACCTTTACCTCTTTGGTTGAG 100
101 AGAGGGAATGGCAGTGGTGACGTACTGTGGCCGCAGCGATTGTGGGCTAT 150
151 GGGCTGGTGTAAAGCTGCAGCAACGATTACGATTATGTGCGTTTGGGCTG 200
201 TTTTTGATTGACGGTGTTGATCGATGGTAGAGTGAGGGGATGGAGTTGGC 250
251 GTGGGTTGTGATTTCGATTGCTTGTCTGTGCTGGAGGTGGTTAACGGTGG 300
301 TATTGCGATTAAGTTCATGTAGTGCTTAGCGGTGAGTTCAG% 350
351 GCTGTTTGTGCAGTCTGCTTGGTGGTGGATTTTGGTGGGTAACGGTGGTG 400

IP2 Primer N
401 CAATGGCAGAGAGGAAGGGGAGATGGAGGCGGCGTGCTGAGAAACAATGT 450

451 TACTATGTGTTGCACTACTQTGTGTGTGTGTGTGTGTGT 500
h (AC)o Primer priming site

Figure 1: Nested PCR primer¢lP1 and 1P2) flanking the SSR core regiorirom one of the amplified ISSR fragments by usingAC)1o
primer

Five adaptor-ligated, restricted DNA libraries wemnstructed according to Siebert et al. [40]. GeiccdDNA was
separately digested with restriction enzyfiepRV, Ssp, Alul, Rsd andHadll. Smeary band was observed from
the digested DNA sampleBifure 2), indicating that the DNA samples were completiiyested by each enzyme.
All digested DNA were then purified and ligatedadlunt-end adaptor. It is a universal practicaise different
restriction enzymes in the genome walking methodheke different libraries in order to identify arsblate the
desired upstream elements of variable size fromesomthe libraries. In most cases, the informat@n the
distribution of restriction enzyme sites in a regif interest is unavailable, thus, combinationseferal different
enzymes must be tried in order to increase thegtitity of generating convenient DNA fragments fosuccessful
genome walk using PCR [37]. Restriction enzymef asBanHl, Hindlll that do not generate blunt ends were not
suitable for the present study. In those casesréifit adaptor sequences have to be used to cigatied! libraries
since each restriction enzyme has its own sequestmgnition pattern. This probably will cause thethod more
complicated and problematic. Furthermore, as empthby Rishi et al. [38], by using other restrintenzymes that
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do not generate blunt ends, the strategy may ndt imcssome cases where, the location of the rewiricite is vey
far away beyond 10 kb upstream of the gene spepifimer. Such conditions cannot be amplified unther
experimental conditions adopted.

Figure 2: Digested DNA samples obtained on 0.8% agarosel¢H: Haelll; R: Rsd; S: Ssp; A: Alul and E: EcoRV

Determination of the sequence beyond the determ®®R sequen:

Genome walking method is a systematic identificatdd unknown regions flanking a known DNA sequerThe
traditional approach to isolate such unknown flagkiegions is to screen the genomic library by gisirspecific
probe, however, this strategy is laborious and -consuming [40]. Some PCBased techniques such inverse
PCR, vectorette PCR and adapspecific PCF have been developed and h&exzome popular since the methoi
efficient, fast and without the need to construat acreen libraries. For all P-based techniques, genomic DNA
digested with restriction enzyme and then ligatedséf, or to vectorette, or to adaptor, respectivele ligatec
product later is used as a template for amplifyflagking regions using PCR. In present study, amf-specific
PCR was carried out as genome walking method hygulsicu- and adaptor-spe@if nested primers to ampli
flanking regions. The technique is more accurate tuthe use of tw-round PCR, wherein nested lo-specific
primer is used in the second PCR, thereby incrgasie probability of amplification of the desirddriking DNA
sequence [38].

1 2 3 4 M NCAG6H36 NCGTG1081 NCGTGTTI NCAC439
MA EH R § M A E H R S A E H R SM A°E HR S M
1500bp
1000bp
500bp
(a) (b) (c) (d) (c)

Figure 3: PCR products obtained using genome walking methoda). Primary PCR products amplified with the adapta primer APl and
ISSR-specific primer IPI. (b) —(e). Second nested PCR products amplified with défent ISSF-specific primers from different restricted
DNA libraries. Lane A: Alul restricted library; Lane E: EcoRVrestricted library; Lane H: Haelll restricted library; Lane R: Rsal
restricted library; Lane S: Ssplrestricted library; Lane M: 100 bp ladder of DNA size marker

Nested PCR amplifications froutifferent restricted DNA libraries were performed lising the primers prepar
based on sequences of each ISSR fragment (IPIR2)dahd the longer strand of the adaptor (APl aR@)AThe
primary amplification using the IPI and API primpair usuallyyielded smeared banding patterns throug!
agarose gel electrophoresis. However, the secomdifanation using the IP2 and AP2 primer pair prodd more
specific single band from DNA libraries as showtFigure 3. Nested PCRs for 13 IS-specific primers produced
a total of 22 single banded profiles from mosthef DNA libraries. However, some amplification off5Sequenc
produced either no clear band or small fragmermt fsome restricted DNA libraries. No amplificatiomcertain
libraries may be deito an absence of a restriction site close td$&&-specific primer while the amplification
the small fragments could be due to the presenaereftriction site in the genome close to thegiesi prime
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[38]. Single-banded fragments were later clonedseglienced. A primer from the newly defined flagksequence
(IP3) was designed for amplification of the regaamtaining a SSR in combination with 1P2.

SSR search and primer design:

The nucleotide sequences were initially searchedie presence of SSR motifsby using SSR Findemwsaoé
(http://geboc.org/ssr/ssr.htmllFigure 4). A total of 39 SSR regions had been identifieghfrthe 22 nucleotide
sequences, however, only 31 (79.5%) of the dete8t& regions were found useful for primer desigeeBaon
Weber’s criterion [45]of repeated structure, amdimg 31 SSR loci, seven (22.6%) SSRs were classifitedthe
perfect type, eleven (35.5%) belonged to the ingmrfype and thirteen (41.9%) belonged to the camgdype.
The most abundant SSR class recovered was simgeepdinucleotide repeats with five occurrenced fatlowed
by compound perfect trinucleotide repeats with foacurrences. These represented 16.1% and 12.9%b 96Rs
recovered in the present study. In imperfect repehe interrupting sequence varied from 1 to Seutes in
length. The majority of imperfect repeats were espnted by compound trinucleotides repeats witthats
disruptive element. The number of repeats varidd/den 5 and 21 among all identified simple SSRs frtost
abundant repeat number found for simple SSRs wasafith six occurrences. On the other hand, theutation of
repeat length for compound SSR sequences was basth@ longest uninterrupted repeat. This was oetexd by
evidence that length variations preferentially efffthe longest repeat in compound and interruptaatosatellite
sequences [28]. In the present study, the numbegpafats varied between 2 and 8 among all idedtdf@mpound
microsatellites. The most abundant repeat numherddor compound SSRs was three which covered 5084 o
detected compound SSRs.

The most abundant dinucleotide motif found\incadambaas TG/CT. However, most of the surveys in plantsha
shown that the most frequently occurring dinucletiepeats are (Af)with (AG),and (AC)as second andthird
most frequent [6, 11, 25, 32, 44]. Surveys of SB&uences in forest trees have generally foundti@,(Aotif to be
more abundant  than (Ag) for  example, Quercusmacrocarpg®@3% (AG)) [9] and
Melaleucaalternifoli§d3%(AG),) [39]. The factors responsible for differencestie abundanceof SSR motifs
among plant genera arenot well understood;howéwehybridisation surveys they may simply refleéfieliences in
cloning, enrichment or screening procedures [2]i@he evidence that the repeat type and numbefiseimced by
the restriction enzyme used to size-fractionatgém@me when constructing the library [15]. In aidditCondit and
Hubbell [6] found that smaller inserts gave highstimates for (AG)abundance and suggested that poly-AC sites
are not randomly or uniformly spread through th@amee of tropical trees but are highly clusteredcéntain
regions.

Table 1: Primer sequences, complexity, type, sizbf) and genetic diversity parameters of each iderfied SSR repeat motif

ISSR Locus Repeat Motif Complexit Type Primer sawpe (5'-3) (Eb'?)? MAF | A h PIC
cacags | NCACO2 (TG)T(TG), Simple Imperfect| ] A | 133 | 070 | 3| 0464 o041
NCACO3 | (TG} Simple Perfect | F (CCCTICARCTO CICTACTS | 147 | 045 | 4| 0659 0.59]
rcras NCACO5 | (TGGYTTA(TGG), Simple Imperfect Eﬁgﬁ;?g;gggggﬁ;ﬁgﬁ;? 205 | 063| 3| 0527 0.46]
NCAC09 | (GTG)GTAAT(GATTG), | Compound | Imperfect 1 ioaccntl fOOTACTGECE -1 a00 | 057 | 3| 0571 0.9

NCAC10 | (CTh Simple Perfect | F G O i 182 | 037| 4| o668 059

NCAC11 | (CTHCCCT) Compound | Perfect | F GTIGSCTICOTIICTECATC | 187 | 020 | 9| 0864 o084
cacaas |NCACZ (TGG)YTTGTC(GTT) Compound | Imperfecy F SC] TOSTIAGCICOTOATEE | 162 | 032 | 5| 0767 072
NCACI3 | (TGGYTGT)(GGT) Compound | Perfect | F (GTTCCACCAGACASTITCS | 122 | 047 | 4| 0633 0568

NCAC14 | (TG)AA(TG), Simple Imperfect Eﬂig‘éﬁé%géﬁgﬁ?ﬁgﬁgg 166 | 043| 5| 0701 o065

NCAC15 | (GTMGAMGT) Compound | Perfect E:: Eﬁiﬁg%ﬁ;&ggg&%ﬁ% 207 | 050 | 5| 0673 o061
NCAGO1 | (CT) Simple Perfect | F A A e aeoa | 190 | 038 | 6| 0749 0713
NCAG849 | NCAGO2 | (ATCHTTTA)s Compound | Perfect | F TFACCORCCAGROAACCTC | 248 | 035 | 4| 0709 0.65¢
NCAGO3* | (GT)o Simple Perfect | F [CACTOTGTCTOTETCICTCTC 239 | 067 | 4| 0496 0.4
NCAG724 | NCAGO5 | (CAG) Simple Perfect | F CCACCACCTOACTACCATS | 177 | o067 | 3| 0480 0.413
NCGTG749 | NCGTG1l| (GGGL(GTG) Compound |  Imperfect Eﬁ%ﬁiﬁggggﬁgﬁgigg?ﬁf 120 | 045| 4| oesd 0611
Mean | 048] 4] 06424 059

F = Forward; R = Reverse; EPS (bp) = Expected prodsize (bp); MAP = Major allele frequency; A =uiber of alleles; h = Gene diversity;
PIC = polymorphism information content;*not sigw#int departure from HWE (P < 0.05)
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SSR marker validation:

All designed primer pairs were tested for theirdiionality where primer pairs that failed to ampldr amplified
poorly were eliminated. Based on the results, 150631 primer pairs were able to produce an arngalifragment
of the expected size and later selected for SSRenaalidation test. Total genomic DNA was extracheom adult
leaf tissue following the protocol described earli#he selected primer pairs were standardized FQR
amplification and then validated using the extrddBNA samples Table 1). As described by Kirst et al. [24],
selected SSR loci should have the following critefl) ease of interpretation of the amplified labeto allow
widespread use by several labs that do not nedgdsave access to automated sequencers; (2) mmistutter of
PCR products; (3) high polymorphism based on drpheary characterization and (4) absence of nigies.

1 ACACACACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTCTC 50
51 TCTCTCTCTCTCCCTCCCCAAATCGAACACCCTCTATTCTCTATCGATCT 100
101 CGCTCTCCCTCTCTTTCTCCTTCCCTCTGTTTTCTATCAATCTCTCTCTC 150
151 TCTCTCTCTCTCT(S"R;I'CTCTCTCTCTCTCTCTTTCTTCCTCCCTTTGTT 200

201 CTCTCTCTCTAACTAGTGGCTGTGGGCTGGGGAGTTGTTGGGCAGTTGGT 250

251 GATTGTTGGCTTGGTTTCTCCATCGATCTCTCTTTCCCTTCCTCCCTCCC 300
(CT)s(CCCT)5
301 TCTGTTCTCTATCAATCTCTCTCTCTCTCTCTCCCTCCCTCCCTCTCTAA 350

351 CTGGTGGCTGTGGGCTGGAGAGTTGTTGGGCAGTTGGTGATTGTTGGCTT 400

401 GGTTAGGTGGTGATGGCCGTGGATGGGGTTGTGGGTAATGTTGGAGATGG 450
(TGG);TTGTC(GTT);
451  ATTICGIGCIGGIIGICGRIGIRGIIGCTGGTTGTGTGATTATAGTGGTG 500

501 GTTGAATGGTGGTGTGGTGGCAGCTGGTTGTTGGAGGAGACAGTTTGGGA 550
(TGG)(TGT):(GGT),
551 GAGGGTTGTGTGGTTATAATGGTGGTTGTAEIGCIGIGISEIEEN G 00

601  GTTGTCAGAGAATGAGACAGGTAGTATTGGTAGAAGAGATGGAGGTTGTG 650
(TGLAA(TG),
651 GACTGTGTGTGAATGTGTGTGACTGCGTGTGCTTTGTGTGAGTGTTACTG 700

701 TGTGTGCTGTGTGTAGATGTGTGTGTTACAGTGTGTGTAAGTGCGTGTAT 750
(GT)3(GA)(GT)3
751 TGTGCGTGTAGAGTGTGAACTGTGTAACAGTGTGTGAGAGTGTGTGAATT 800
801 TACTGTGTGTATTAATATATGTTGTGTGTGAAAATTATGCTAGTGTGTAT 850
851 TCTTGGTGTTCTTGGTGTTTTATGGACAAAAATGAAATTTAATTAAATTT 900
901 CATTCTAATACACCCATCTAACCTATATGTGAACCAAGCAAAGCTATTGG 950
951 AATGAAAAAAATTCATTTCAATTTAGGGTGCATGATTTTATTTCTAATTC 1000
1001 CGATTCTAATTCACGAACCAAGCGGCCCTAAGTGTTAGTGATAAATATGT 1050
1051 CCCTTATGACATAAAACAAGAATCGAATAAAGGAAATTAGAAAGGTAACT 1100

1101 ATTAAAAAAAT 1150

Figure 4: SSR search by SSR Finder software. A prigr from the newly defined flanking sequence (IP3)sidesigned for amplification of
the region containing a SSR in combination with 1P2

Some of the DNA samples did not amplify the expg@dtagment, indicating a possible sequence divargém the
complementary nucleotide sequence of one of thepniwoers [3] and the presence of null allele in shenple [30].
On the other hand, analysis of the PCR-amplifiedRS$8ypically shows several additional signals besithe
expected PCR product. They are either known asoshadnds, stutter bands or spurious products. Toeurrence
may complicate genotyping and in extreme casedemhto ambiguous results.In the present studytestbands
were detected from some of the SSR amplificatidwzording to Fazekas et al. [13], among the facth@wn to
influence the proportion of stutter bands to thémnpaioduct are the repeat number, length of theagmotifs, PCR
cycle number and the DNA template concentratiore €bntribution from stutter bands is shown to iaseewith
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the repeat number while shorter repeated unitsllysgave rise to stronger stutter products. Besidesgth of
flanking sequences correlate positively with theddw band contribution and the possibility of stutbands
generation is increased with the use of low DNAfkte concentration [33].

SSR data analysis:

As mentioned by Choroszy et al. [4], number andjdency of alleles identified at individual loci,etreffective
number of alleles per locus, gene diversity andRHe value are among the basic indicators mosnaiteed for
analyzing the polymorphism of SSR DNA sequencedlifferent populations Table 1). Considerable allelic
amplifications were obtained for 15 SSR markeres&the tested genotypes. In general, the newlgloeedSSR
markers revealed medium to high allelic diverskytotal of 66 alleles were identified at 15 locitkvian average of
4 per locus. Most of the SSRIlocishowed high polyshism as indicated by the number of alleles deteete
particular lociand by the PIC value, which was ab6\5. The most polymorphic among the 15 lociwBI6AC11
(9 alleles with sizes ranging from 150 to 250 bpC#9.849), NCAC12 (5 alleles ranging from 160 to518p,
PI1C=0.722) and NCAGO1 (6 alleles ranging from 20@50 bp, PIC=0.712). Overall, the number of aiedd a
SSR locus is directly correlated with the numberegeats present, with longer repeats being molgmpophic
than shorter ones [20, 45]. However, this is noinaversal observation[30]. According to Jarvis kt[21], most
polymorphic markers had repeat lengths greater #tahp. In the present study, locus NCAC11 becdreamnost
polymorphic marker with the repeat length of 28 bpis confirmed the conclusions of Mason et al.][@ho
suggests that the future development of SSR madtessld focus on the identification of markers witdpeat
length of >20 bp in order to maximize polymorphism.

Deviation from Hardy-Weinberg equilibrium (HWE) wasalyzed using Chi-square teB&(0.05). Among 15 loci,
two of them, namely NCAC12 and NCAGO3 were followtkd HWE. The deviation from HWE may cause by the
nature of the tested genotypes which individual g@amthat were originated from the same mothersttead to
have low genetic diversity[18, 43]. In additionvidgion from HWE may also due to the presence df alleles or

an excess of homozygotBsill alleles are thought to arise as a consequefativergence in the SSR flanking
sequences since deletions or point mutations irptheer-annealing site would be expected to inhdsifprevent
primer binding and hence amplificatidd]. Although null alleles are rare among human S3$iRsy are relatively
common in barley and in various polyploidy specgesticularly in wheaf7, 8].

Cross species amplification of SSR markers:

SSRs have become one of the most widely used matamarkers for genetic studies in recent yearscémpared
to other DNA marker systems, SSRs have severalndalyas such as locus specificity, co-dominant eatiaigh
reproducibility and substantial size polymorphidtowever,de novoisolation of SSRs is required for the species
that need to be studied for the first time[34uch isolation requires extraction, cloning, segiren and
characterization of SSR loci, thus making the pdoces highly time consuming and expensiVe.minimize the
cost, cross species amplification of SSRs hasdm#ied for species with very little or no inforrizat on the DNA
sequence, through the screening of primers frofierdifit sources. Potential transferability of SSRnprs across
species of the same gen[ 5] and across genera of the same family was repadrteldeguminaced86],
Myrtaceags0] and Fagacedt]. Such transferable markers later can be utilizedtHer marker assisted breeding
programs for the improvement of the cross amplifeed [34, 51].

In the present studyransferability of SSR primers across genera ofsdrae familyCoffeacanephora (coffeand
across genera of the different famipuabangamoluccangsawih), Shoreaparvifolia(merantisarangpunai) and
Canariumodontophyllunfdabai) was checked for all the 15 microsatellisedated fromN. cadambaSuccessful
marker amplification was determined by comparing #xpected fragment size and the percentage ofemark
amplified as surrogates of transfer success. &, té® markers (80%) showed cross species ampidicandtwo
markers, namely NCACO02 and NCACO03 showed crossispaenplification in all species studied while NC#&Z
NCAGO01 and NCAGO03 did not show any cross specieglifioation (Table 2). Among the species studied, dabai
gave cross species amplification with highest numtfemarkers (11 markers or 73.3%) followed by eeff
merantisarangpunai and sawih showed cross ampidficavith least number of markers (4 markers oi726. The
amplified bands were distinct with either high awlintensity and no stuttering was observed.

Transferability ofN. cadambaSSR markers across the genera of same and diffarailies was confirmed in this
study. This indicates that the sequences flankiegISR regions iN. cadambare highly conserved across genera.
Although the transferability of SSRs indicate loucsess rate among plant species, some sequencassaated
with highly conserved regior{86, 51] Aldrich et al[1] showed the successful amplification@fiercusrubr&SR
loci in Castaneamollissimaa distantly related species of Fagaceae. Simijlatcalyptus SSRs amplified across its
unrelated members belonging to the family Casuaeaa and furthermore lead to the development of IB&RnN
Casuarinapecied48]. Hence, the newly develop&ER markers show good cross species amplificaffaneacy
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and can be useful for the studies of intra-spediggrsity, population genetic structure and theiolecular
characterization.

Table 2: Potential cross-species amplification dfl. cadambaSSR loci inCoffeacanephorgcoffee),Duabangamoluccangsawih),
Shoreaparvifoligmerantisarangpunai) andCanariumodontophyllum(dabai)

Locus C. canephora| D. moluccana| C. odontophyllum| S. parvifolia
NCACO02 + + + +
NCACO03
NCACO05
NCACO09
NCAC10
NCAC11
NCAC12
NCAC13
NCAC14
NCAC15
NCAGO1
NCAG02
NCAGO03
NCAGO05
NCGTG11 X
Percentage (% 66.7 26.7 73.3 60.0
“+” indicates expected amplifiable products and “ihdicates no amplification

XXX [X XX |X|+|+|X|X[X|[+

S [+ [+ |+ ]+ ]+ x|+ ]x |+
F X [+ [+ ]+ |+ ]+ ]x |+
] < < [+ ]>x |+

CONCLUSION

This study has demonstrated that ISSR suppresg<iéh-Rethod is a relatively cost-effective, simplethout
enrichment and screening procedures for developBig markers itN. cadambaA total of 15 SSR markers were
successfully developed and characterized by ussi®RIsuppression-PCR method. To the best of our lkdoe,
this is the first report on the development of S8&kers inN. cadambaand we hope these newly developed SSR
markers could pave the way for exploiting genotgipta for comparative genetic and genomic analysdssidual
genotyping and studies of gene flow, mating systgenetic diversity and structure, cultivar idewgfiion, marker-
assisted selection and molecular breediny.afadamband other indigenous tropical tree species inréutu
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