
Microsatellite Markers: Cross Species Amplification in 
Myristicaceae

Manuscript Number: 4465
NAAS Rating: 5.38

Abstract: one of the mega-biodiversity hotspot Western Ghats of India harbours several important and endemic plant taxa and Myristicaceae 
is one such example  also referred as “nutmeg” family one of the ancient families. ive species of Myristicaceae in Western Ghats. It is F occur , 
among them and var.  are exclusively associated with  swamps (India's most Gymnacranthera canarica Myristica fatua magnifica Myristica
threatened ecosystem). Other three species namely    and  are non-swampy but are Myristica malabarica M. dactyloides Knema attenuate
endemic to Western Ghats. Most of these species are listed in RET data book. In this study, an attempt was made to identify microsatellite 
markers through cross species amplification in Myristicaceae. Totally, 21 microsatellite (SSR) primers developed for   that are Virola sebifera
and   were examined against three different genera. The study indicated possibility of cross species amplification and use Myristica malabarica
of marker for genetic studies in new species. Microsatellite priming sites are more likely to be conserved and thus successful in closely related 
species (e.g., within subgenera) compared to those that are distantly related (e.g., between genera). Close to 90 percent of species/primer 
combinations tested within subgenera were successful, a much higher success rate than between genera and geographically distant species.
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Myristicaceae is one among the ancient angiosperm 

families, popularly known as nutmeg family (i.e. source of 

spice such as nutmeg and mace). Myristicaceae are a 

medium-sized family of angiosperm trees with a wide pan 

tropical distribution, mostly confined to lowland rainforest 

habitats (Sauquet 2003) and consist of about 21 genera, with 

about 520 species (Christenhusz and Byng 2016). The 

Western Ghats of India, one of the 36 hot spots of Biodiversity 

in the world (Myers et al., 2000) harbours several species of 

family Myristicaceae. These Myristicaceae are being used as 

timber, medicines, food and other purposes (Tambat et al., 

2014). Most of the species area are endemic (Ramesh and 

Pascal 1997) and also listed under endangered a threatened 

category (FRLHT 2000). Several Myristicaceae members 

endemic to Western Ghats, show poor regeneration, seed 

abnormality, discontinuous girth class distribution, etc 

(Tambat et al., 2007; Tambat et al., 2014). Most geneticists 

suggested this could be the result of inbreeding and poor 

genetic structure in endemic species (Savolainen and 

Kuittien 2000, Gitzendanner and Soltis 2000). 

However, to assess the genetic structure, there are no 

specific and precise molecular markers for Myristicaceae 

(Hemmila et al., 2010). Among the available molecular  

marker, icrosatellite (or) simple sequence repeats (SSRs) m

are the genetic markers of choice for plant and animal 

systems due to their abundance, co-dominant inheritance, 

hyper-variability, multi-allelic nature, reproducibility and 

transportability between species (Wang et al., 2009) and 

extensive genome coverage. In forestry, tree species 

microsatellite (SSR) are found to be power full markers for 

genetic mapping, diversity analysis, genotyping and SSR 

markers are capable of detecting large number of alleles, and 

DNA fingerprinting applications and are used to investigate 

questions related to effective population size, structure, 

migration, colonization rates and mating system. The ability 

of these hyper-variable regions to reveal high allelic diversity 

and delimit fine genetic structure has resulted in an increase 

in elaborate population studies (Rossetto et al., 1999, Singh 

et al., 2014). 

The widespread adoption of species-specific SSR 

(Simple Sequence Repeat) loci in plant research is hindered 

by their availability for only a limited number of taxa. While 

many laboratories possess the resources and expertise to 

conduct SSR - based studies, the characterization of new loci   

remains a costly and labor-intensive process (Hemmila et al., 

2010). An alternative approach involves using microsatellite 

primers developed for one species to detect polymorphisms 

in homologous regions of related species. This method 

significantly reduces resource requirements and broadens 

the applicability of SSR markers. The success of this 

heterologous PCR amplification largely depends on the 

evolutionary proximity between the source and target 

species. Greater genomic homology often results in higher 

conservation of SSR-flanking regions, improving primer 



transferability (Rossetto 2001). Research has demonstrated 

that SSR markers can be successfully transferred across 

species within the same genus and, in some cases, even to 

species in other genera. This study focuses on examining the 

cross-species amplification of microsatellite markers 

originally developed for  and Virola sebefera Myristica 

malabarica and testing their applicability to other species 

within the Myristicaceae family  the Western Ghats India.of , 

MATERIAL AND METHODS

In this study six species belonging to 3 genera were used. 

Species such as (King) Warb. and Gymnacranthera canarica 

Myristica fatua magnifica  Houtt. Var  (bedd) are known to 

associate with swampy habitats in Western Ghats. Species 

namely as  (J.Hk and Thw.) Warb) and Knema attenuate

Myristica dactyloides Gaerten, occurs in non-swampy habitat 

(Chandran et al., 1999, Chandran and Mesta 2001, Tambat 

et al., 2004, Banik and Bora 2016). However, a lone species 

known as  Lam. occurs under both Myristica malabarica

swampy and non-swampy conditions (Chandran Mesta 

2001) (Table 1).  Menities, Sinclair, Myristica fragrance

(Mollucas island) a domesticated species in India was also 

used in this study.

DNA extraction and PCR: Genomic DNA (g-DNA) was 

extracted from washed leaf samples using a modified cTAB 

method (Doyle and Doyle, 1990). The leaf tissue was 

digested at 65°C for 1 hour in an extraction buffer containing 

100 mM Tris-HCl (pH 8), 1 mM EDTA (pH 8), 5 M NaCl, 2% 

CTAB, 1% PVP-40, and -mercaptoethanol (2%). The β

concentration of -mercaptoethanol was increased to 2% β

due to the high tannin content in the leaf samples, and SDS 

was excluded from the buffer to optimize DNA extraction. To 

Species Habitat Reference Roots Reference Tree height 
(in feet)

Leaf 
characters

Forest types Distribution Reference

Gymnacranthera 
canarica (King) 
Warb.

Swampy Tambat et 
al., 2004

Knee 
roots

Chandran 
and Mesta 

(2001)

Large
(Up to 80)

Thin and 
smooth

Occasional in evergreen 
forest on windward side 

of Western Ghats

Endemic to 
WG

Ramesh and 
Pascal (1997)

Myristica fatua 
Houtt. Var. 
magnifica 
(Bedd.) Sinclair

Swampy Gamble 
(1935)

Prominent 
stilt root

Chandran 
and Mesta 

(2001)

Lofty
(Up to 100)

Thick and 
smooth

In swampy areas of 
evergreen forest of 

Western Ghats

Endemic to 
WG

Ramesh and 
Pascal (1997)

M  yristica
malabarica Lam.

Both Tambat et 
al., 2004

Stilt root Chandran 
and Mesta 

(2001)

Moderate 
(Up to 50)

Thin and 
smooth

Occasional in evergreen 
forest of Western Ghats

Endemic to 
WG

Ramesh and 
Pascal (1997)

M  yristica
dactyloides
Gaertn.

Non-
swampy

Tambat et 
al., 2004

No 
prominent 
stilt root

Chandran 
and Mesta 

(2001)

Large
(Up to 90)

Thick and 
smooth

Frequent in evergreen 
forest of Western Ghats

Widespread

Knema attenuata 
(J. Hk. & Thw.) 
Warb.

Non-
swampy

Tambat et 
al., 2004

No 
prominent 
stilt root

Chandran 
and Mesta 

(2001)

Moderate 
(Up to 50)

Thin and 
rough

Frequent in semi- 
evergreen forest of 

Western Ghats

Endemic to 
WG

Ramesh and 
Pascal (1997)

Table 1. Distribution, habitat and leaf characteristics of the Myristicaceae species of the Western Ghats, India

enhance DNA purity, chloroform and isoamyl alcohol (24:1) 

were added, followed by precipitation of g-DNA with chilled 

isopropanol. The resulting DNA pellets were washed twice 

with 70% ethanol and suspended in 10 mM Tris-HCl (pH 8). 

The extracted DNA was dissolved in TE buffer, and its 

concentration was measured spectrophotometrically at 

260/280 nm. The samples were treated with RNase to 

remove RNA contamination and analyzed using 0.8% 

agarose gel electrophoresis. Finally, DNA samples were 

stored at -20°C for further use.

Microsatellite primer sequences were obtained from 

published sources (Hemmila et al., 2010; Wei et al., 2013) 

and synthesized by Bangalore Genie Private Limited, 

Bangalore. The study utilized 11 primers developed for Virola 

sebifera Aubl. Myristica malabarica Lam  and 10 primers for 

(Table 2).

The PCR amplification was carried out in 10µl volume 

reaction mixture containing 50ng of template DNA, 2.5 mM 

dNTPs, 4mM each forward and reverse primers, 1.5mM taq 

buffer and 0.1U taq polymerase. PCR reaction consisted of 

an initial denaturation at 94  C for 2min followed by 35 cycles 0

of 40 sec denaturation at 94 C, 1min annealing at 50 C and 0 0

2min elongation at 72  C. Final elongation was carried out at 0

72 C for 10min. DNA fragments were separated on 2.5 % 0 

agarose gel at 40mA. At each of the PCR amplified 

microsatellite locus, the frequency of each allele was 

computed and compared (Wickneswari and Boyle 1999). 

RESULTS AND DISCUSSION

Totally, 21 different primer sets were used (Table 3). Three 

primers namely Mlr10, M2r6 and M4s14 showed cross 

amplification with all the five species of Myristicaceae. 
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Primers Primer sequence bp Temp ( C)0 PCR product size range (bp)

Mlr6-L CCTGACAACTGGCGAAGATGG 21 59.5 141-159

Mlr6-R TGATTTCAAACCCAGTCAAGG 21

Mlr10-L GATCTTGGTGTAAGCTTCTTCTTC 20 58 145-169

Mlr10-R CATGCCCCAAAATCACTTC 19

Mls20-L GACACTGGCCAATATTGATACG 22 63 185-188

Mls20-R GCAGCAGCAGCAGGAGTTA 19

Mls75-L AAGAAAATGGGGCAGACGTT 20 60 155-179

Mls75-R TGCTGCTAATTCTTCTTTCTCTGAT 25

M2r6-L GGTTCACTTGCCCTTTTGT 20 59.5 141-159

M2r6-R GATGCACTTTAGTAAGGTTTCAAGC 25

M2r9-L CTCTCCACATGTCTGAGGAACTT 23 59 208-217

M2r9-R AGGTGATATGGCCCATTTTG 20

M2r31-L AGCTTGGGATCAGGTGATATG 21 59 151-159

M2r31-R CGGCCCAATTGAGCTACTAA 20

M4S14-L GTTTACCAGATTGGCACACG 20 63 181-227

M4S14-R GCACATTGAGTGGACAGCA 19

M4S73-L AAGGTCTGGTTTGCTGATGA 20 63 244-268

M4S73-R AAGGTCTGGTTTGCTGATGA 20

M4S90-L CAGCACGGTGACTACAGCAG 20 65 203-239

M4S90-R TTTTTGGTGTCGTGTCCTTG 20

M5r33-L TCAAACAAAACCACCCATACC 21 62 141-156

M5r33-R GGTTTAAAAGAGGCCATGATTC 22

VSE02-L CGGTAGTCCATTGATTGGCA 20 55 266-296

VSE02-R GCTGTCATTGTCATCTTCCT 20

VSE11-L TATAGATGCCTGCCATTGGA 20 55 237-267

VSE11-R TCGTGCGAAATTCCCTTCTA 20

VSE30-L CATGCATGCTGGTCCATA 18 55 159-186

VSE30-R TTCAGCATATTCTCATGTTCCA 22

VSE31-L AACTAGGGCTCTCGCAGCTT 20 55 183-210

VSE31-R CCAAAGAAGTGCTCCTCAGC 20

VSE32-L TGCCCAAGTGGGTTTCTCTA 20 55 197-221

VSE32-R CCAGTGTTTCTTCTCTTGCATC 22

VSE36-L AGACGGATTGAGGAGAAGCC 20 55 222-243

VSE36-R CGGAGCACAGGAATGAAATC 20

VSE38-L CCATTTGCTCTAAGCAATTCATC 23 55 214-253

VSE38-R TCACATGCGAATTGTTCACAC 21

VSE42-L CACCGCTACTGTTTCCTGGT 20 55 283-306

VSE42-R GTGGGATGTGCGATAGAAGC 20

VSE45-L TGAAATTTGTTCCCTTCTGAGG 22 55 132-163

VSE45-R TGATCCATTATTCAGATGAGGC 22

VSE55-L GTTGGAGACTGTCCTCGGTG 20 55 162-192

VSE55-R TGCTTAACAGCATGGAATGG 20

Table 2. Details of the primer sequences, base pairs (bp), annealing temperature and PCR amplification product size range

1-10 M-series primers and 12-21 VSE series primers Source: Hemmila, et al., 2010; Wei, et al., 2013
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Primer Gc Ka Mm Mfr Md Mfa Alleles/ locus # species 
amplified

Mlr6 * * + * + ++ 1.5 3

Mlr10 + ++ + * + + 1.5 5

Mls20 * ++ + * + + 1 4

Mls75 * * + + ++ _ 1 3

M2r6 + _ + + ++ ++ 1.5 5

M2r9 + _ + * + ++ 2 4

M2r31 + _ + _ _ + 0.5 3

M4s14 + * + + + + 1 5

M4s73 * * + * _ _ 0.5 1

M4s90 * * + * _ _ 0.5 1

M5r33 * * + * * + 1 2

VSE02 * + + + _ _ 0.5 3

VSE11 * * + + _ _ 0.5 2

VSE30 * + + * + + 0.5 4

VSE31 * * * _ _ _ 0.5 0

VSE32 + * * * + _ 1 2

VSE36 * ++ + * * _ 0.5 2

VSE38 * * * + _ + 0.5 2

VSE42 * * + * _ _ 0.5 1

VSE45 * * * * _ _ 0.5 0

VSE55 * + * * + _ 0.5 2

Mean 0.79 2.04

Table 3. Primers used and amplification quality, alleles numbersper locus and number of species showed cross amplification

Amplification quality: ++ very good, + good, * very poor and – No amplification) Gc- Ka- Mm-  , Mfr Gymnacranthera canarica, Knema attenuate, Myristica malabarica
- Md- and Mfa Myristica fragrance, Myristica dactyloides Myristicafatua 

Primers like Mls20, M2r9 and VSE30 exhibited cross 

amplification probability with four species. Four primers 

namely Mlr6, Mls75, M2r31 VSE02 showed cross 

amplification with three species. Remaining primers showed 

cross amplification less than two species. The two primers 

Viz., VSE31 and VSE45 showed no cross amplification with 

Myristicaceae members. 

The mean cross amplification across the species 

observed as 2.04 species per primer. The primers developed 

for  (M-series) indicated on an average 2.27 M. malabarica

species per primer whereas the primers developed for Virola 

sebifera (VSE series) showed 1.64 species per primer. 

Number of alleles per locus ranged from 0 to 4 across the 

species. The primer M2r9 exhibited maximum diversity with 

an average value 2.00 allele per locus, whereas most other 

alleles exhibited less than 0.50 alleles per locus with an 

overall mean of 0.79 alleles per locus. 

Cross amplification of  primers with the M. Malabarica

native species  showed 45 % success. Similarly G canarica

with other native species , Knema attenuate Myristica 

dactyloides Myristica fatua were 18, 64 and 73 percent 

respectively whereas its was 27 percent with domesticated 

species . The cross amplification of  Myristica fragrance  V 

sebifera G.  primers with the Western Ghats species namely 

canarica, Myristica fatua  Knema attenuate  Myristica   and

dactyloides 10, 20, 40 and 50 percent respectively whereas 

its was 30 percent with domesticated species Myristica 

fragrance (Table 4). The results suggest that within genera 

cross amplification is high compared to across the genera. 

Further, Western Ghats species show more cross 

amplification with native species than with the distant species 

V. sebifera  . 

These results are in accordance with many previous 

studies (Zucchi et al., 2002, Yasodha et al., 2005, Williamson 

et al., 2002, Aldrich, et al., 2003, Wilson et al., 2004, Gutierrez  

et al., 2005, Magdalena et al., 2007, Barbara et al., 2007, 

Ravishanker et al., 2011, Wei et al., 2013). They have shown 

intergeneric transferability of SSR, for instance tall fescue to 

several grasses (57%),  to  Litch chinensis Blighia sapida

(58%) and  to six grass species (74%).  Setaria italic
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CONCLUSION

This study demonstrated the utility of  and Virola sebifera

Myristica malabarica SSRs markers for the genetic diversity 

and evolutionary studies of Myristicaceae member of 

Western Ghats  These results also indicate high levels of .

cross genera transferability possibility and demonstrated that 

distantly related species ( primers) show less Virola sebifera 

amplification possibility than closely related native species 

( ). Further, close to 90 percent of Myristica malabarica

species/primer combinations tested within subgenera were 

successful, a much higher success rate than between genera 

attempts.

ACKNOWLEDGMENT

Authors acknowledge the DBT- RGYI, Govt of India, New 

Delhi and Conservation Leadership Programme (BP 

Conservation Society, UK) for financial support. Authors also 

thank the students Anila and Deekhsa and COF, Sirsi.

REFERENCES
Aldrich PR, Jagtap M, Michler CH and Romeroseverson J 2003. 

Amplification of North American red oak microsatellite markers 
in European white Oaks and Chinese chestnut.  : Silvae Genet 52
176-179.

Antonovics J and Via S 1987. Genetic influences on the distribution 
and abundance of plants. In: Perspectives on plant population 
biology. Devy AJ, Hutchings MJ and Watkinson AR (eds.). 
Sinauer Associates, Sunderland. pp. 185-203.

Banik D and Bora PP 2016. A taxonomic study on the diversity of 
Indian  Lour. Knema (Myristicaceae).  (2): 141-158. Taiwania 61

Barbara T, Paima-Silva C, Paggi GM, Bered F, Fay Mf and Lexer C 
2007. Cross species transfer of nuclear microsatellite markers: 
potential and limitations. : 3759-3767.Molecular Ecology 16

Chandran MDS and Mesta DK 2001. On the conservation of the 
Myristica swamps of the Western Ghats, In: Forest Genetic 
Resources: Status, Threats and Conservation Strategies. Uma 
Shaanker R, Ganeshaiah, KN and Bawa KS (eds). Oxford and 
IBH Publishing Co. Pvt. Ltd. New Delhi, pp. 1-19.

Chandran MDS, Mesta DK and Naik BM 1999. Inventory and 
conservation of the Myristica swamps of Uttara Kannada. Forest 
Research and Training Institute Western Ghats forestry project, 
Bangalore, (Final report).

Christenhusz MJM and Byng JW 2016. The number of plants 
species in the world and its annual increase.  (3): Phytotaxa 261
201-207. 

Species M-series primer VSE series primer

Gymnacranthera canarica 45% 10%

Knema attenuate 18 % 40%

Myristica malabarica 100% 50%

Myristica dactyloides 64% 30%

Myristica fatua 73% 20%

Myristica fragrance 27% 30%

Average 55% 30%

Table 4. Percentage cross amplifications of SSR markers 
across the species

M-series – SSR of VSE series – SSR of Myristica malabarica Virola sebifera

Doyle JJ and Doyle JL 1990. Isolation of plant DNA from fresh tissue. 
Focus 12 (1): 13-15.

FRLHT 2000. , FRLHT, Red-listed Medicinal Plants of Karnataka
Bangalore, India.

Gitzendanner MA and Soltis PS 2000. Patterns of genetic variation in 
rare and widespread plant congeners. American Journal of 
Botany 87 : 783-792. 

Grattapaglia D, Vaillancourt RE, Shepherd M, Thumma BR, Foley W, 
Kulheim C, Potts BM and Myburg AA 2012. Progress in 
Myrtaceae genetics and genomics: as the pivotalEucalyptus    
genus.  463-508.Tree Genetics & Genomes 8:

Gamble JS 1935. , Vol. I to III. Flora of the Presidency of Madras
Adlard and Son, Limited, London.

Gupta S, Kumari K, Sahu PP, Vidapu S and Prasad M 2012. 
Sequence-based novel genomic microsatellite markers for 
robust genotyping purposes in foxtail millet [  (L.) P. Setria italic
Beauv].  323-337.Plant Cell Reports 31:

Gutierrez MV, Vaz Patto MC, Huguet T, Cubero JI, Moreno MT and 
Torres AM 2005. cross species amplification of Medicago 
truncatula microsatellite across three major pulse crops. 
Theoretical and Applied Genetics 110:  1210-1217.

Hamrick JL and Godt MJW 1996a. Conservation genetics of 
endemic plant species. In: Conservation genetics. Case 
histories from nature. Avise JC and Hamrick JL (eds). Chapman 
and Hall. New York. Pp. 281-304. 

Hamrick JL and Godt MJ W 1996b. Effects of the history traits on 
genetic diversity in plants. Philosophical Transactions of the 
Royal Society of London Biological Sciences 351 : 1291-1298. 

Hemmila S, Kumar M, Ravikantha G, Gustanfsson S, Vasudeva R, 
Ganeshaiah KN, Uma Shaanker R and Lascoux M 2010. 
Development of 11 microsatellite markers in the red listed tree 
species Myristica malabarica. Conservation Genetics 
Resources DOI 10.1007/s12686-010-9212-7.

Holsinger KE, Mason-Gamer RJ and Whitton J 1999. Genes, demes, 
and plant conservation. In: Genetic and extinction of species. 
Landwebe, LA, Dobson AP and Princeton NJ (eds). Princeton 
University Press, Pp. 23-46. 

Jonah PM, Bello LL, Lucky O and Moruppa SM 2011. The importance 
of molecular marker in Plant breeding programme: Global 
Journal Inc. (USA).  Global Journal of Science Frontier Research
11(5): 1-12.

Ramesh BR and Pascal JP 1997. Atlas of the Endemics of the 
Western Ghats (India). French Institute, Pondicherry.

Ravishankar KV, Reddy Mani BH, Anand L and Dinesh MR 2011. 
Developed of new microsatellite marker from Mango ( ) Mangifera
and cross species amplification. American Journal of Botany. 
American Journal of Botany (4): e96-9. 98

Lagercrantz U, Ellegren H and Andersson L 1993. The abundance of 
various poly-morphic microsatellite motifs differs between plants 
and vertebrates.   1111.Nucleic Acids Research 21:

Lande R 1999. Extinction risks from anthropogenic, ecological, and 
genetic factors. In: . Genetic and extinction of species
Landweber LA and Dobson AP (eds). N. J. Princeton University 
Press, Princeton. Pp. 1-22. 

Loveless MD and Hamrick JL 1984. Ecological determinants of 
genetic structure in plant populations. Annual Review of the 
Ecology and Systematic 15 : 65-95. 

Magdalena Cybulsk and Anna Parys 2007. Cross-species 
amplification of microsatellite in Orchesella flavescens 
(Apterygota: Collembola) Taxonomical Society, Wiechlice.

Mnejja M, Garcia-Mas J, Audergon JM and Arus P 2010. Prunus 
microsatellite marker transferability across rosaceous crops. 
Tree Genet Genome 6:  689-700.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB and 
Kent J 2000. Biodiversity hot-spots for conservation priorities. 
Nature 403 : 853-958.

Myristicaceae Physiolzogy Group 2009. An update of the 

118Tambat et al



Angiosperm Phylogeny Group classification for the orders and 
families of flowering plants: APG (PDF). Botanical Journal of the 
Linnean Society.

Powell W, Machray GC and Provan J 1996a. Polymorphism revealed 
by simple sequence repeats.  215-Trends in Plant Science 7:
222.

Powell W, Morgante M, Andre C, Hanafey M, Vogel J, Tingey S and 
Rafalski A 1996b. The comparison of RFLP, RAPD, AFLP and 
SSR (microsatellite) markers for germplasm analysis. Molecular 
Breeding 2 : 225-238.

Ramesh BR and Pascal JP 1997. Atlas of the Endemics of the 
Western Ghats (India). French Institute, Pondicherry.

Rossetto M 2001. Sourcing of SSR Markers from Related Plant 
Species in Plant Genotyping: The DNA Fingerprinting of Plants 
(ed. RJ Henry). CAB International, pp 211-224. 

Rossetto M, Slade RW, Baverstock PR, Henry RJ and Lee LS 1999. 
Microsatellite variation and assessment of genetic structure in 
tea tree (Melaleuca  – Myrtaceae). alternifolia Molecular Ecology 
8: 633-643.

Sauquet H 2003. Androecium diversity and evolution in 
Myristicaceae (Magnoliales), with a description of a new 
Malagasy genus, Doyleanthus gen. Nov. American Journal of 
Botany 90 (9): 1293-1305.

Savolainen O and Kuittien H 2000. Small populations processes. In: 
Forest Conservation Genetics, (eds) Young A, Boshier D and 
Boyle T. CABI publishing, Collingwood. pp. 91-100.

Singh MK, Singh NB and Naik PK 2014. Congruence of Random 
Amplification of Polymorphic Deoxyribonucleic Acid and Simple 
Sequence Repeats Markers in Genetic Characterization of 
Willow (  Spp.).  (1): 82-89.Salix Indian Journal of Ecology 41

Tambat B, Ravikantha G, Nageshwara Rao M, Chaithra GN, 
Ramesh BT and Uma Shaanker R 2004. Conservation of the 
Myristica Swamps - the highly threatened and unique ecosystem 
in the Western Ghats, India. BP Conservation Programme, 
Silver award winning project, UK (Final Report). 

Tambat B, Vishwanath K, Chaithra GN and Gunaga RP 2007. A 
report on seed abnormality in  Gymnacrathera farquhariana
(Hook.f.& Thoms.) Warb. (Myristicaceae), an endangered 

swampy species of Western Ghats. : 1075-Indian Forester 133
1080.

Tambat B, Chaithra GN and Uma Shaanker R 2014.  Myristica
Swamps: An Unique and Threatened Ecosystem of Western 
Ghats, Lambert academic publishing, German. 

Wang M, Li, Noelle A Barkley and TM Jenkins. 2009. Microsatellite 
Markers in Plants and insects Part I: applications of 
Biotechnology.  (Special issue Genes, Genomes and Genomics 3
I). Global Science Books. 54-67.

Wang Z, Weber JL, Zhong G and Tanksley SD 1994. Survey of plant 
short tandem DNA repeats.  Theoretical and Applied Genetics
88: 1-6.

Wei NA, Christopher W Dick, Andrew J Lowe and Michel G Garner 
2013. Polymorphic microsatellite loci for Virola sebifera 
(Myristicaceae) derived from shotgun 454 pyrosequencing: 
Applications in Plant Sciences 1  (4): 1200295

Wickneswari R and Boyle TJ 1999. , Version 1.31. CIFOR POPGENE
and Univ. Of Alberta, Edmonton, Alberta, Canada.

Williamson JA, Sommer EE, Louis JR and Bareber RC 2002. 
Development and cross species amplification of 18 
microsatellite markers in the Sumatran tiger (Panthers tigers 
sumatrae). Molecular Ecology Resources 2:  110-122.

Wilson AC, Blandine Massonnet, Jean Simons, Nathalie 
Prunierlleterme, Lotfali Dolatti, Kate S Liewellyn, Christin C 
Figueroa, Claudio C Ramirez, Roger Blackman, Aruaud Estoup 
and Paul Sunnucks 2004. Cross species amplification of 
microsatellite loci in aphids: assessment and application: 
Molecular Ecology Notes.

Wright S 1978. . Vol. 4. Evolution and the genetics of populations
Chicago and London: University of Chicago Press. 

Yasodha R, Ghosh M, Sumathi R and Gurumurthy K 2005. Cross 
species amplification of eucalyptus SSR markers in 
Casurinaceae. Acta Botanica Croatica 64: 115-120.

Zucchi MI, Brondani RPV, Pinheio JB, Brondani C and Vencovsky R 
2002. Transferability of microsatellite markers from Eucalyptus 
spp. To  (Myrtaceae family). Eugenia dystenterica Molecular 
Ecology Notes 2:  512.

Received 12 September, 2024; Accepted 22 December, 2024

119 Microsatellite Markers: Cross Species Amplification in Myristicaceae


