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Appendix 1: The Primer pairs from Gene bank database

Locus Chromosomal Location Repeat Length of

PCR product

Annealing

temperature (0 C)

Repeat motif Primer sequences 5’ to 3’ EMBI Accession

number

UNH 207 U 138 58 (CA)n F:ACA CAA CAA GCA GAT GGA GAC

R:CAG GTG TGC AAG CAG AAG C

G12358

UNH 145 lg 8 162 55 (CA)n F:CAT GCT GAA AGC TGA TTT

R:ACC CAC ACC TAA AAT TAG AGA TA

G12297

UNH 146 lg 4 122 55 (CA)n F:CCA CTC TGC CCC TCT AT

R:AGC TGC GTC AAA CTC AAA G

G12298

UNH 172 lg 4 180 55 (CA)n F:AAT GCC TTT AAA TGC CTT CA

R:CTT TTA TAG TCG CCC TTT GTT A

G12324

UNH 166 lg 9 190 55 (CA)n F:CCC TCA CAC ACA CTC TT

R:GAT AAC GAC ACG ACA GTA C

G12318

UNH 190 lg 21 167 55 (CA)n F:CGC GAT CGA GCA TTC TAA

R:TGT CTG CAC GCG CTT TTG T

G12342

UNH 214 lg 10 165 50 (CA)n F:TTC CAT AAT TGC TTT CTG

GCA CGT TTT CCA TCA CTT CAA

G12365

UNH 216 lg 23 124 55 (CA)n F:GGG AAA CTA AAG CTG AAA TA

R:TGC AAG GAA TAT CAG CA

G12367

UNH 231 lg 6 176 50 (CA)n F:GCC TAT TAG TCA AAG GCG T

R:ATT TCT GCA AAA GTT TTC C

G12382

UNH 194 lg 22 195 56 (CA)n F:ACT TAA TTT TTC AGC ATG ACA

R:ACA CAG CCT GAA CTC TG

G12345

UNH 173 lg 13 174 56 (CA)n F:CGT GAG AAA ACA ATG GT

R:TAT TGA TTT TAT AGC TGT CGT G

G12325

UNH 149 lg 5 156 56 (CA)n F:TTA AAA CCA GGC CTA CC

R:GTT CTG AGC TCA TGC AT

G12364
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Locus Chromosomal Location Repeat Length of

PCR product

Annealing

temperature (0 C)

Repeat motif Primer sequences 5’ to 3’ EMBI Accession

number

UNH 213 lg 1 194 56 (CA)n F:ACT GCT CCT CTT GTT TT

R:TGT GAT AAG GTT AAT TAA AGT TAG G

G12364

UNH 211 lg 30 112 55 (CA)n F:GGG AGG TGC TAG TCA TA

R:CAA GGA AAA CAA TGG TGA TA

G12362

UNH 162 lg 19 195 55 (CA)n F:CAG ACA CAG CAG AGG AT

R:TGA TAA GTA ATT CAT CTG TTT G

G12314

UNH 120 lg 18 160 55 (CA)n F:TAA GGC TCT ATG TGG TC

R:TTA AAG GGG AAG AAA GA

G12273

UNH 104 lg 1 138 55 (CA)n F:GCA GTT ATT TGT GGT CAC TA

R:GGT ATA TGT CTA ACT GAA ATC C

G12257

UNH 111 lg 7 192 56 (CA)n F:TGC TGT TCT TAT TTT CGC

R:ATA AGA GTG TAT GCA TTA CTG G

G12264

UNH 172 lg 8 180 55 (CA)n F:AAT GCC TTT AAA TGC CTT CA

R:CTT TTA TAG TCG CCC TTT GTT A

G12324

UNH 233 U 173 55 (CA)n F:TGC CGC CAT CTA TCT AT

R:AAA CAC AAA GTG TGA GAC AGA TA

G12384
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations

UNH 104

GT PS BN EG NS

202/146(1) 210/200(5) 175/172(1) 200/180(8) 200/180(4)

212/135(4) 210/210(2) 180/177(1) 180/180(2) 200/160(1)

209/185(2) 209/177(1) 200/200(1) 178/156(1) 200/159(1)

188/135(3) 160/162(2) 198/180(2) 180/155(1) 199/160(1)

180/180(3) 158/155(1) 200/177(1) 160/160(4) 198/157(1)

135/140(1) 160/158(1) 199/175(1) 200/158(1) 200/157(1)

140/140(1) 159/159(1) 200/180(3) 200/160(4) 197/171(1)

210/180(2) 197/139(2) 180/180(2) 180/160(5) 198/171(1)

206/158(1) 175/134(2) 176/174(1) 198/157(1) 200/179(1)

199/158(1) 178/140(2) 180/175(1) 199/159(1) 191/170(1)

200/161(6) 160/140(1) 177/176(1) 200/159(1) 206/181(1)

177/158(2) 180/140(3) 179/175(2) 200/162(1)

200/200(2) 175/140(1) 180/179(1) 191/152(1)

160/140(1) 180/180(2) 176/176(2) 200/200(2)

171/132(1) 180/160(1) 202/181(1)

188/140(1) 180/140(3) 200/157(1)

179/141(2) 140/140(2) 192/185(1)

138/149(1) 190/180(2)

140/137(1) 201/160(1)

136/134(1) 195/155(1)

140/125(1) 200/165(1)

209/180(1)

180/180(3)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 172

GT PS BN EG NS

200/180(5) 210/200(11) 140/140(4) 210/180(4) 210/180(10)

191/172(1) 210/180(5) 181/139(1) 200/180(12) 208/171(1)

190/180(2) 200/200(3) 180/142(1) 209/180(1) 200/182(1)

192/184(1) 180/180(3) 208/171(1) 210/200(10) 197/175(1)

190/181(1) 200/180(2) 180/180(3) 200/200(3) 200/200(3)

206/171(1) 200/181(1) 175/169(1) 200/180(9)

180/180(2) 209/172(1) 212/175(1) 210/200(5)

200/200(6) 161/140(2) 210/180(1)

178/170(1) 182/180(1) 200/160(1)

195/175(1) 212/185(1) 140/140(2)

190/170(3) 162/145(1)

175/171(1) 160/142(1)

179/180(1) 158/139(1)

210/180(1) 162/140(1)

205/176(1) 171/152(1)

209/191(1) 139/140(1)

200/195(1) 163/150(1)

182/142(1)

206/175(1)

149/143(1)

160/160(4)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 146

GT PS BN EG NS

210/180(3) 140/120(4) 140/120(5) 200/180(5) 200/180(8)

181/163(1) 150/126(2) 160/140(3) 180/180(3) 180/180(3)

180/160(1) 120/120(3) 158/140(1) 210/200(2) 216/200(1)

160/160(3) 180/140(2) 158/136(1) 212/175(1) 200/200(2)

140/140(4) 177/140(1) 180/160(3) 180/160(2) 210/160(2)

161/132(1) 180/142(1) 160/160(2) 176/162(1) 209/161(1)

160/140(2) 176/139(1) 176/160(1) 172/160(1) 194/158(1)

158/136(1) 160/140(3) 192/178(1) 182/160(1) 192/164(1)

200/180(4) 200/180(2) 196/180(1) 191/161(1) 191/152(1)

162/141(1) 190/180(1) 165/177(1) 178/159(1) 199/158(1)

160/135(1) 188/165(1) 200/180(3) 171/132(1) 200/157(1)

159/157(1) 200/160(4) 178/165(1) 180/166(1) 206/182(1)

210/160(2) 212/136(1) 162/145(1) 182/180(1) 208/176(1)

177/158(1) 210/145(1) 177/159(1) 200/177(1) 198/157(1)

206/161(1) 141/121(1) 140/140(5) 160/160(4) 210/180(5)

200/140(3) 140/140(2) 200/200(4)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 207

GT PS BN EG NS

180/160(4) 210/200(2) 200/140(4) 180/160(4) 200/160(10)

180/140(2) 140/140(5) 140/140(2) 210/180(3) 180/160(6)

160/160(3) 200/200(5) 180/142(1) 210/182(1) 180/140(7)

140/138(1) 210/140(1) 200/152(1) 180/180(2) 210/180(7)

140/140(6) 200/180(5) 195/160(1) 200/180(3)

200/160(1) 180/140(4) 182/175(1) 195/171(1)

209/161(1) 210/172(1) 200/160(2) 206/180(1)

180/180(5) 190/161(1) 207/158(1) 180/163(1)

210/180(3) 180/180(2) 210/180(2) 191/180(1)

200/180(2) 207/158(1) 171/142(1) 210/195(1)

200/200(2) 181/140(1) 160/160(2) 200/162(1)

191/160(1) 197/160(1)

210/192(1) 200/160(6)

210/200(2) 200/200(4)

179/180(1)

181/132(1)

200/200(3)

160/140(3)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 166

PS BN EG NS

200/180(8) 210/180(6) 200/180(5) 200/180(4) 180/160(3)

200/161(1) 200/180(4) 180/180(4) 200/200(3) 200/180(5)

180/160(7) 180/180(4) 210/190(1) 200/190(2) 211/180(1)

180/180(2) 197/171(1) 210/185(1) 210/180(2) 182/160(1)

210/160(3) 210/191(1) 190/162(1) 210/189(1) 190/190(2)

200/160(3) 186/164(1) 181/153(1) 191/160(1) 200/160(3)

210/171(1) 200/200(3) 181/159(1) 180/180(8) 192/167(1)

192/165(1) 187/160(1) 207/159(1) 190/180(2) 200/200(4)

207/182(1) 192/170(1) 180/140(3) 200/162(1) 171/160(1)

210/190(2) 190/160(2) 210/199(1) 195/170(1)

200/160(3) 187/162(1) 198/157(1) 190/170(2)

210/200(1) 190/180(1) 190/190(4) 210/190(3)

213/180(1) 200/191(1)

190/170(1) 179/160(1)

210/200(6)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 190

GT PS BN EG NS

210/160(3) 180/180(5) 200/200(4) 180/160(12) 190/160(9)

200/160(4) 180/160(5) 212/200(1) 200/163(1) 200/180(4)

210/181(1) 210/182(1) 210/200(3) 200/160(5) 200/190(1)

210/180(3) 210/180(3) 200/160(7) 200/180(3) 180/180(3)

160/160(4) 210/193(1) 190/160(2) 210/160(1) 200/160(2)

210/200(6) 200/184(1) 160/160(2) 210/170(2) 213/190(1)

200/200(2) 208/187(1) 160/140(1) 215/180(2) 210/180(2)

210/210(1) 198/187(1) 200/140(2) 210/190(2) 190/176(1)

180/160(3) 210/190(1) 210/180(4) 200/175(1) 215/180(1)

206/182(1) 180/180(2) 190/176(1) 187/161(1)

195/170(1) 211/187(1) 210/170(1)

200/160(4) 200/170(1) 200/170(3)

160/160(3)

190/170(2)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 111

GT PS BN EG NS
212/200(5) 180/160(1) 210/200(6) 200/160(13) 200/160(4)
200/200(5) 200/160(5) 200/180(11) 200/150(3) 210/180(5)
210/190(2) 180/180(1) 180/180(1) 200/200(3) 215/180(1)
200/180(3) 210/180(4) 210/180(4) 220/200(5) 220/200(3)
200/170(4) 210/200(3) 210/190(4) 210/190(1) 210/190(1)
210/191(1) 210/190(3) 204/170(1) 190/170(2) 200/200(6)
215/191(1) 185/160(1) 200/170(1) 215/170(3) 210/160(7)
190/170(2) 190/170(2) 195/170(2) 200/170(3)
212/187(1) 215/172(1)
220/200(3) 200/180(2)
210/210(1) 160/150(2)
190/170(2) 170/160(1)

200/170(1)
210/160(3)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 173

GT PS BN EG NS

210/200(5) 200/160(10) 180/180(4) 210/180(3) 200/180(6)

220/200(3) 190/160(3) 200/180(2) 180/180(8) 200/160(7)

200/200(7) 180/180(4) 210/120(9) 200/180(11) 180/180(3)

210/190(12) 210/180(5) 200/200(3) 210/190(4) 215/180(2)

210/180(1) 200/120(5) 180/120(4) 200/171(1) 200/200(3)

200/180(1) 160/120(3) 200/120(3) 182/160(1) 190/180(1)

190/190(1) 210/180(4) 190/190(2) 190/170(4)

210/190(1) 220/180(4)

UNH 189

GT PS BN EG NS

210/200(5) 200/160(7) 210/180(3) 200/160(1) 190/170(11)

210/210(2) 200/180(8) 180/180(8) 200/159(1) 210/190(4)

200/160(7) 180/180(2) 200/180(11) 199/160(1) 190/150(2)

210/180(8) 190/170(4) 200/160(7) 200/180(2) 210/190(3)

190/170(8) 180/140(3) 160/150(2) 200/160(8)

180/150(3) 170/160(1) 210/200(1)

160/140(3) 200/170(1) 180/160(1)

210/160(3)

170/150(5)

210/180(7)

210/190(4)

180/180(2)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 214

GT PS BN EG NS

180/160(3) 170/150(5) 220/200(6) 180/160(4) 210/180(4)

160/160(2) 210/180(7) 191/160(1) 180/140(2) 190/160(12)

176/160(1) 200/160(8) 210/192(1) 160/160(3) 190/190(1)

160/140(8) 210/172(1) 210/200(2) 190/170(15) 220/200(3)

210/180(8) 190/161(1) 160/160(2) 210/210(1) 200/170(5)

190/170(8) 191/159(1) 195/170(2) 210/190(5) 193/170(1)

204/170(1) 190/170(5) 190/180(4)

210/190(4) 180/160(10)

220/200(1) 191/150(1)

UNH 216

GT PS BN EG NS

223/200(1) 210/180(6) 210/180(13) 180/160(8) 210/190(4)

210/190(5) 180/140(8) 190/180(5) 200/180(15) 214/170(1)

200/160(16) 190/140(4) 200/170(8) 210/190(4) 220/190(6)

210/200(3) 193/150(1) 192/170(1) 200/171(1) 195/170(2)

182/160(1) 200/160(5) 211/194(1) 190/170(2) 170/150(5)

191/160(1) 220/210(1) 205/180(1) 180/160(4)

190/170(3) 220/185(1) 210/190(1) 187/180(1)

190/170(4) 190/160(4)

220/200(3)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 149

GT PS BN EG NS

210/200(5) 200/170(1) 212/175(1) 200/180(11) 200/180(6)

200/200(3) 210/160(3) 210/180(1) 210/190(4) 200/160(7)

200/160(7) 210/200(11) 200/160(1) 215/180(2) 180/180(3)

215/180(1) 210/180(5) 200/180(2) 200/160(13) 213/190(1)

210/180(4) 200/200(3) 210/120(9) 210/180(2)

190/160(9) 200/160(7) 200/200(3) 190/170(11)

190/190(1) 210/190(4)

204/170(1)

200/170(1)

195/170(2)

170/150(5)

UNH 231

GT PS BN EG NS

200/180(12) 200/140(9) 190/170(5) 160/140(6) 170/150(5)

200/161(1) 140/140(2) 180/160(10) 210/160(10) 180/160(4)

180/160(7) 180/142(1) 220/200(4) 190/190(2) 210/190(4)

180/180(2) 200/152(1) 200/200(3) 221/200(1) 220/200(3)

210/160(3) 195/160(1) 220/190(2) 190/180(5) 190/180(5)

190/170(2) 200/160(3) 200/191(1) 200/170(2) 193/150(1)

210/200(2) 200/170(3) 190/190(1) 212/180(1) 210/180(5)

170/140(5) 210/200(4) 190/170(1)

210/210(2)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 233

GT PS BN EG NS

210/160(13) 210/190(1) 160/160(4) 200/159(1) 190/150(10)

170/150(5) 206/182(1) 200/170(3) 199/160(1) 193/160(1)

210/180(7) 195/170(1) 200/192(1) 193/157(1) 200/180(6)

210/190(5) 200/160(4) 210/190(3) 200/157(1) 190/170(3)

160/160(3) 190/170(9) 197/171(1) 170/150(5)

190/170(2) 192/150(1) 196/171(1) 180/160(4)

200/200(4) 205/180(1) 200/179(1) 197/150(1)

171/160(1) 210/180(8) 191/170(1)

195/170(1) 200/181(1)

220/200(8) 210/200(6)

190/160(3) 190/160(5)

200/200(1) 200/200(3)

198/170(1)

170/170(6)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 213

GT PS BN EG NS
200/200(5) 210/180(3) 180/180(5) 192/170(1) 180/160(1)
210/190(2) 210/193(1) 180/160(5) 211/194(1) 200/160(5)
200/180(3) 200/184(1) 210/182(1) 205/180(1) 180/180(1)
200/170(4) 208/187(1) 210/180(3) 210/190(1) 210/180(4)
210/191(1) 190/177(1) 210/193(1) 160/160(4) 210/200(3)
190/170(9) 210/190(1) 200/184(1) 200/170(3) 210/190(3)
180/160(6) 190/150(5) 190/180(4) 220/200(8) 190/150(10)

200/170(8) 160/140(9) 190/160(3) 200/160(3)
180/160(3) 200/200(1)
172/150(1) 210/180(7)
202/190(1)
210/200(7)

UNH 145

GT PS BN EG NS
210/180(6) 210/190(5) 200/160(2) 200/180(5) 200/200(2)
200/180(4) 200/160(16) 209/150(1) 180/180(3) 160/140(1)
180/180(4) 210/200(3) 210/180(2) 210/200(2) 210/180(4)
190/180(4) 180/160(6) 171/152(1) 200/160(8) 210/200(3)
160/140(9) 160/160(2) 190/180(2) 210/190(3)

191/160(1) 190/170(4) 180/140(10)
210/192(1) 212/180(1) 220/180(7)
210/200(2) 220/210(5)
211/194(1)
200/180(1)
210/190(1)
190/150(10)
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Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)

UNH 162

GT PS BN EG NS

200/180(2) 210/180(12) 196/160(1) 220/200(15) 170/140(6)

210/120(9) 190/170(5) 193/158(1) 200/200(4) 200/170(5)

200/200(3) 192/170(1) 200/157(1) 180/180(2) 180/160(10)

210/190(4) 200/200(3) 190/171(1) 210/190(7) 210/210(3)

200/170(1) 180/160(9) 196/171(1) 200/180(2) 172/146(1)

190/180(1) 200/170(10) 190/170(5)

170/150(6) 200/180(5)

200/160(4) 209/180(1)

210/190(4)

180/160(5)
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UNH 194

GT PS BN EG NS

210/180(3) 140/120(4) 140/120(5) 200/180(5) 200/180(8)

180/163(1) 150/126(2) 160/140(3) 180/180(3) 180/180(3)

180/160(1) 120/120(3) 158/140(1) 210/200(2) 216/200(1)

160/160(3) 180/140(2) 160/136(1) 212/170(1) 200/200(2)

140/140(4) 170/140(1) 180/160(3) 180/160(2) 210/160(2)

161/140(1) 180/142(1) 160/160(2) 176/150(1) 209/161(1)

160/140(2) 176/140(1) 176/160(1) 172/160(1) 194/160(1)

150/136(1) 160/140(3) 190/170(1) 182/160(1) 190/170(1)

200/180(4) 200/180(2) 196/180(1) 191/161(1) 190/160(1)

165/140(1) 190/180(1) 165/140(1) 188/160(1) 200/160(1)

160/135(1) 180/165(1) 200/180(3) 171/132(1) 200/157(1)

160/157(1) 200/160(4) 178/165(1) 180/166(1) 206/182(1)

210/160(2) 212/136(1) 166/140(1) 182/180(1) 208/176(1)

177/158(1) 210/145(1) 177/159(1) 200/177(1) 210/180(1)

206/161(1) 141/121(1) 140/140(5) 160/160(4) 210/180(5)
200/140(3) 140/140(2) 200/200(4)

UNH 211

GT PS BN EG NS

212/200(5) 180/160(1) 210/200(6) 200/160(13) 200/160(4)

200/200(5) 200/160(5) 200/180(11) 200/150(3) 210/180(5)

210/190(2) 180/180(1) 180/180(1) 200/200(3) 215/180(1)

200/180(3) 210/180(4) 210/180(4) 220/200(5) 220/200(3)

194/170(4) 210/200(3) 210/190(4) 210/190(1) 210/190(1)

210/190(1) 210/190(3) 204/170(1) 190/170(2) 200/200(6)

215/190(1) 180/164(1) 200/170(1) 210/170(3) 210/160(7)

190/160(2) 190/170(2) 190/170(2) 200/170(3)

212/187(1) 215/170(1)

220/200(3) 200/180(2)

210/210(1) 160/150(2)

190/180(2) 170/160(1)

200/170(1)

210/160(3)

Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)
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UNH 120

GT PS BN EG NS
210/160(6) 180/180(5) 200/200(4) 180/160(12) 190/160(9)
200/160(4) 180/160(5) 212/200(1) 200/163(1) 200/180(4)
210/181(1) 210/182(1) 210/200(3) 200/160(5) 200/190(1)
210/180(3) 215/180(3) 200/160(7) 200/180(3) 180/180(3)
160/160(4) 210/193(1) 190/160(2) 210/160(1) 200/160(2)
210/200(6) 201/184(1) 160/160(2) 210/170(2) 213/190(1)
200/200(2) 208/187(1) 160/140(1) 215/180(2) 210/180(2)
210/210(1) 198/187(1) 200/140(2) 210/190(2) 190/170(1)

210/190(1) 210/180(4) 200/175(1) 215/180(1)
206/180(1) 180/180(2) 190/176(1) 180/160(1)
195/170(1) 211/180(1) 210/170(1)
200/160(4) 200/170(1) 200/170(3)
160/160(3)

Appendix 2: The observed genotypes for the 20 polymorphic loci, tested in the 5 populations (Continued)
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Appendix 3: Genetic distance measures of five populations.

============================================================

pop ID GT PS BN EG NS

============================================================

GT ****

PS 0.2187 ****

BN 0.4990 0.3709 ****

EG 0.3401 0.2940 0.4210 ****

NS 0.3036 0.3304 0.4115 0.0734 ****

============================================================

Nei's genetic distance (1972).

Genetic distance based on 20 microsatellite loci

============================================================

pop ID GT PS BN EG NS

============================================================

GT ****

PS 0.2065 ****

BN 0.4873 0.3577 ****

EG 0.3287 0.2813 0.4087 ****

NS 0.2918 0.3173 0.3988 0.0611 ****

============================================================

Nei's genetic distance (1978).

Genetic distance based on 20 microsatellite loci
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Appendix 4: Overall Allele Frequency for 20 microsatellite loci among 5 populations

==============================================================================
Allele \ Locus UNH104 UNH172 UNH146 UNH207 UNH166 UNH190 UNH111 UNH173
==============================================================================
Allele A 0.0376 0.1769 0.0214 0.0148 0.0269 0.0560 0.1836 0.1326
Allele B 0.2932 0.3269 0.1429 0.1556 0.4038 0.2910 0.4844 0.4205
Allele C 0.3045 0.3423 0.2893 0.4444 0.4385 0.3134 0.2227 0.3220
Allele D 0.2030 0.0154 0.1714 0.2185 0.1231 0.3321 0.1016 0.0682
Allele E 0.1617 0.0923 0.2750 0.1667 0.0077 0.0075 0.0078 0.0265
Allele F 0.0462 0.1000 0.0303
==============================================================================

==============================================================================
Allele \ Locus UNH149 UNH189 UNH214 UNH216 UNH231 UNH233 UNH213 UNH145
==============================================================================
Allele A 0.0599 0.1224 0.0652 0.0931 0.1241 0.1678 0.0034
Allele B 0.3188 0.1901 0.4965 0.1993 0.4103 0.4793 0.6154 0.3699
Allele C 0.4819 0.4190 0.3042 0.5471 0.3966 0.2966 0.1888 0.3596
Allele D 0.1993 0.3310 0.0769 0.1884 0.1000 0.1000 0.0280 0.2671
Allele E
Allele F
==============================================================================

==============================================
Allele \ Locus UNH162 UNH194 UNH211 UNH120
==============================================
Allele A 0.3830 0.2148 0.1232
Allele B 0.4539 0.2958 0.3592
Allele C 0.1596 0.4225 0.5833 0.3275
Allele D 0.0035 0.0669 0.4167 0.1901
Allele E
Allele F



117

BIBLIOGRAPHY

Agresti, J.J., Seki, S., Cnaani, A., Poompuang, S., Hallerman, E.M., Umiel, N., Hulata,
G., Gall, G.A.E., May, B. (2000). Breeding new strains of tilapia: development of
an artificial center of origin and linkage map based on AFLP and microsatellite loci.
Aquaculture 185, 43–56

Balloux, F & Lugon, M.N (2002). The estimation of population differentiation with
microsatellite markers. Mol Ecol. 11, 155-165.

Barman, B.K.; Little, D.C (2011).Use of hapas to produce Nile tilapia (Oreochromis

niloticus L.) seed in household foodfish ponds: a participatory trial with small-scale

farming households in nothwest Bangladesh. Aquaculture 317(1/4): 214-222.

Bhassu, S., Yusoff, K & Panandam, JM (2004).The genetic structure of Oreochromis
spp. (tilapia) populations in Malaysia as revealed by microsatellite DNA analysis
Biochemical Genetics 42 : 7-8

Beckmann, J.S., & Weber, J.L. ( 1992). Survey of human and rat microsatellites.
Genomics 12, 627–631.

Bentsen, H.B.; Gjerde, B.; Nguyen, N.H.; Rye, M.; Ponzoni, R.W.; Palada de Vera,

M.S.;Bolivar, H.L.; Velasco, R.R.; Danting, J.C.; Dionisio, E.E.; Longalong,

F.M.; Reyes, R.A.;Abella, T.A.; Tayamen, M.M.; Eknath, A.E (2012). Genetic

improvement of farmed tilapias: Genetic parameters for body weight at harvest in

Nile tilapia (Oreochromis niloticus) during five generations of testing in multiple

environments. Aquaculture 338–341: 56-65.

Biet, E., Sun, J., & Dutreix, M. (1999). Conserved sequence preference in DNA binding
among recombinant proteins: abnormal effect of ssDNA secondary structure.
Nucleic Acids Res. 27, 596–600.

Broders, H.G., Mahoney, S.P., Montevecchi, W.A & Davidson, W.S (1999). Population
genetic structure and the effect of founder eventson the genetic variability of moose,
Alces alces, in Canada. Mol.Ecol. 8, 1309–1315.

Bruford, M.W., Cheesman, D.J., Coote, T., Green, H.A.A., Haines, S.A & Oryan, C
(1996). Microsatellites and their application to conservation genetics. In: Smith,
T.B., Wayne, R.K. (Eds.), Molecular Genetic Approaches in Conservation. Oxford
University Press, Oxford, pp. 278–297.

Canapa, A., Cerioni, P.N., Barucca, M., Olmo, E & Caputo, V(2002).A centromeric
satellite DNA may be involved in heterochromatin compactness in gobiid fishes.
Chromosom. Res. 10, 297–304



118

Carvalho,G.R & Hauster,L (1994). Molecular genetics and the stock concept in
fisheries. Review of Fish Biology Fisheries. 4:326-350.

Chang, D.K., Metzgar, D., Wills, C & Boland, C.R (2001). Microsatellites in the
eukaryotic DNA mismatch repair genes as modulators of evolutionary mutation
rate. Genome Res. 11, 1145–1146

Chong, L.K (1998). Development of PCR baes DNA markers to identify and
characterize Malaysian river cat fish, Mytus nemurus (C&V): RAPD and ALFP.
Unpublished master’s thesis, University Putra Malaysia, Selangor.

Chew, N.S.K., Oliveira, C., Wright, J.M & Dobson, M.J (2002). Molecular and
cytogenetic analysis of the telomeric (TTAGGG)n repetitive sequences in the Nile
tilapia, Oreochromis niloticus (Teleostei: Cichlidae).Chromosoma 111, 45–52

Cnaani, A., Lee, B.Y., Ron, M., Hulata, G., Kocher, T.D & Seroussi, E (2003). Linkage
mapping of major histocompatibility complex class I loci in tilapia (Oreochromus
spp.). Anim. Genet. 34, 390–391

Cnaani, A., Zilberman, N., Tinman, S., Hulata, G & Ron, M (2004). Genome-scan
analysis for quantitative trait loci in an F(2) tilapia hybrid. Mol. Genet. Genomics
272, 162–172.

Cullis, C.A (2002). The use of DNA polymorphisms in genetic mapping. Genet. Eng.
24, 179–189.

Dale M.F.B & Bradshaw J.E(2003). Progress in improving processing attributes in
potato Trends in Plant Science, Volume 8, pp. 310-312(3)

Davis, G.P & DeNise, S.K (1998). The impact of genetic markers for selection.
J. Anim. Sci. 76, 2331–2339.

Dey, MM., Kumar,P., Paraguas,FJ., Chen,OL & Khan,MA (2010). Performance and
nature of genetically improved carp strains in Asian countries
Aquaculture, Economics and Management. 14:3-29

Dixon, M.S., Jones, D.A., Hatzixanthis, K., Ganal, M.W., Tanksley, S. D & Jones,
J.D.G (1995). High resolution mapping of the physical location of the tomato Cf-2
gene. Mol. Plant Microbe Interact. 8, 200–206.

Dorak, MT (2007). Basic population genetics. Retrived 15 June 2009 from
http://www.dorak.info/genetics/popgen.html

Edwards, A., Hammond,HA., Jin,L.,Caskey,CT & Chakaraborty,R (1992). Genetics
variation at five trimetric and tetrametric tandem repeat loci in four human
population groups. Genomics,12:241-253.

Ellegren, H (2000). Microsatellite mutations in the germline: implications for
evolutionary inference. Trends Genet. 16, 551–558



119

Fang, G & Sech, T.R (1995). Telomere proteins. In: Blackburn, E.H., Greider, C.W.
(Eds.), Telomeres. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
pp. 69–106

FAO.(2010). The state of World Fisheries and Aquaculture. Rome: Food and
AgricultureOrganization of the UnitedNations. Retrived 29 January 2010 from
http://www.fao.org/docrep

FAO.(2009). Status and Potential of Fisheries and Aquaculture in Asia and the
Pasific. Food and AgricultureOrganization of the UnitedNations. Retrived 29
January 2009 from http://www.fao.org/docrep

Felsenstein,J (1993). PHYLIP (Phylogeny Inference Package) version3.5c.Distributed
by author. Department of Genetics, University of Washington, Seattle.

Frank, A.C.(2000). Culture of hybrid Tilapia: A reference profile. Department of
fisheries and Aquatic Sciences. University of Florida, Gainesville.

George, O & Ronald, P (2005). Evaluation of reproductive performance and early
growth of four starins of nile tilapia with different histories of domestication.
Aquaculture135,28-31.

Gjedrem, T (1983). Genetic variation in quantitative traits and selective breeding in fish

and shellfish. Aquaculture 33:51-72

Glazier, A.M., Nadeau, J.H & Aitman, T.J (2002). Finding genes that underlie complex
traits. Science 298, 2345–2349.

Gregorius,HR (1978). The concept of genetic diversity and its formal relationship to
heterozygosity and genetic distance. Math Biosciences 41,253-271.

Gur-Arie, R., Cohen, C., Eitan, L., Shelef, E., Hallerman, E & Kashi, Y (2000).
Abundance, non-random genomic distribution, nucleotide composition, and
polymorphism of simple sequence repeats in E.coli. Genome Res. 10, 61–70.

Hedrick, PW (2000). Genetics of population. Jones and Bartlett,Studberry,Mass.

Henderson, E (1995). Telomere DNA structure. In: Blackburn, E.H., Greider, C.W.
(Eds.), Telomeres. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
pp. 35–68

Herbinger, C.M., Doyle, R.W., Pitman, E.R., Paquet, D., Mesa, K.A., Morris, D.B.,
Wright, J.M & Cook, D (1995). DNA fingerprintbased analysis of paternal and
maternal effects on offspring growth and survival in communally reared rainbow
trout. Aquaculture 137, 245–256



120

Higgs,P & Manchester (2001). Introduction to phylogenetics methods. Mol Biol Evol
17, 198-202.

Himadri, G & Ashish, D (2003). Optimal diallel cross designs for estimation of
heritability. Journal of Statistical Planning and inference,116,185-196.

Howe, A & Kocher, T (2003). Comparative mapping of QTL for red body color in
tilapia. Plant and Animal Genome XI Abstracts.

Hulata, G (2001). Genetic manipulations in aquaculture: a review of stock improvement
by classical and modern technologies. Genetica 111, 155–173.

Jackson, T.R., Ferguson, M.M., Danzmann, R.G., Fishback, A.G., Ihssen, P.E.,
O'Connell, M & Crease, T.J (1998). Identification of two QTL influencing upper
temperature tolerance in three rainbow trout (Oncorhynchus mykiss) half-sib
families. Heredity 80, 143–151.

Kent,EH & Bruce,SW (2009). Genetics in geographically structured population:
defining, estimating and interpreting Fst. Nature reviews Genetics 10,639-650.

Khaw, HL., Ponzoni, RW.,Nguyen,HN., Hamzah,A., Abu Bakar, KR & Yee,HY
(2010). Genetic analysis of the GIFT Strain (Nile Tilapia, Oreochromis niloticus) in
Malaysia. Procceding of the 9th World Congress on Genetics Applied To Livestock
Production.

Koebner, R & Summers, R (2002). The impact of molecular markers on the wheat
breeding paradigm. Cell Mol. Biol. Lett. 7,695–702.

Lee, B., Penman, D.J & Kocher, T (2003). Identification of a sexdetermining region in
Nile tilapia (Oreochromis niloticus) using bulked segregant analysis. Anim. Genet.
34, 379–383.

Lee, B., Hulata, G & Kocher, T (2004). Two unlinked loci controlling the sex of blue
tilapia (Oreochromis aureus). Heredity 92, 543–549.

Li, Y.C., Korol, A.B., Fahima, T & Nevo, E (2004). Microsatellites within genes:
structure, function, and evolution. Mol. Biol. Evol. 21, 991–1007

Liu, Z.J & Cordes, J.F (2004).DNA marker technologies and their applications
In aquaculture genetics. Aquaculture 238, 1-37.

Lowe-McConnell, R.(2006).The roles of Tilapia in Ecosystems.
In Tilapias:Biology and Exploitation. Kluwer Academic Publisher.p129-162

Mansour, M., Wright Jr., J.R & Pohajdak, B (1998). Cloning, sequencing and
characterization of the tilapia insulin gene. Comp. Biochem. Physiol., B Biochem.
Mol. Biol. 121, 291–297



121

May,B ., Krueger,C & Kincaid,HL (1997). Genetic variation at microsatellite loci in
sturgeon: primer sequence homoly in Acipenser and Scaphirhynchus. Canadian
Journal of Fish Science. 54:1542-1547.

McCartney, M.A., Acevedo, J., Heredia, C., Rico, C., Quenoville, B., Bermingham, E
& McMillan, W.O (2003). Genetic mosaic in a marine species flock. Mol. Ecol. 12,
2963–2973.

Melloul, D., Marshak, S & Cerasi, E (2002). Regulation of insulin gene transcription.
Diabetologia 45, 309–326

Metzgar, D., Bytof, J & Wills, C (2000). Selection against frameshift mutations limits
microsatellite expansion in coding DNA. Genome Res. 10, 72–80

Naylor, L.H & Clark, E.M (1990). d(TG)n–d(CA)n sequences upstream of the rat
prolactin gene form Z-DNA and inhibit gene transcription. Nucleic Acids Res. 18,
1595–1601

Nei, M (1973) Analysis of gene diversity in subdivided populations.Proc Natl Acad Sci
USA 70:3321–3323.

Nguyen, N.H., Ponniah, A.G., & Ponzoni, R.W (2006). Potential application of
reproductive and molecular genetic technologies in the selective breeding of
aquaculture species. Develpoment of aquatic animal genetic improvement and
dissemination programs: Current Status and Action Plans. The WorldFish Center,
Malaysia.

Nguyen, N.H., Khaw, H.L., Ponzoni, R.W., Hamzah, A & Kamaruzzaman, N (2007).

Can Sexual Dimorphism and Body Shape be altered in Nile Tilapia by Genetic

Means? Aquaculture 272S1: S36-S48

Nguyen, N.H.; Ponzoni, R.W.; Pongthana, N.; Hamzah, A.; Yee, H.Y. Genetic

improvement programs for red tilapia Oreochromis spp in Asia( 2011).World

Aquaculture 2011 - Meeting Abstract. p. 798.

Nichols, K.M., Robison, B.D., Wheeler, P.A & Thorgaard, G.H (2000). Quantitative
trait loci (QTL) associated with development rate in clonal Oncorhynchus mykiss
strains. Aquaculture 209, 233.

Nichols, K.M., Young, W.P., Danzmann, R.G., Robison, B.D., Rexroad, C., Noakes,
M., Phillips, R.B., Bentzen, P., Spies, I.,Knudsen, K., Allendorf, F.W.,
Cunningham, B.M., Brunelli, J.,Zhang, H., Ristow, S., Drew, R., Brown, K.H.,
Wheeler, P.A & Thorgaard, G.H (2003). A consolidated linkage map for rainbow
trout (Oncorhynchus mykiss). Anim. Genet. 34, 102–115



122

Norton, J.E & Ashley, M.V (2004). Genetic variability and population differentiation in
captive Baird’s tapirs (Tapirus bairdii). Zoo Biol. 23, 521–531.

O’Brien, S.J (1991). Molecular genome mapping: lessons and prospects. Genet. Dev. 1,
105– 111.

Okuda, H & Kajii, E (2002). The evolution and formation of RH genes.Leg. Med. 4,
139–155

Okuda, H., Suganuma, H., Kamesaki, T., Kumada, M., Tsudo, N., Omi, T., Iwamoto, S
& Kajii, E (2000). The analysis of nucleotide substitutions, gaps, and recombination
events between RHD and RHCE genes through complete sequencing. Biochem.
Biophys. Res. Commun. 274, 670–683

Oosterhout, C.V.,Hutchinson, W.F., Wills, D.P.M & Shipley, P.F (2005). Micro-
Checker Analysis.The University of Hull Cottingham Road, Hull HU6 7RX

Polziehn, R.O.,Hamr, J., Mallory, F.F & Strobeck, C (2000). Micriosatellite analysis of
North American wapiti (Cervus elaphus) populations.Mol. Ecol. 9, 1561–1576.

Ponzoni, R.W., Hamzah, A., Saadiah, T. & Kamaruzzaman, N (2005). Genetic
parameters and response to selection for live weight in the GIFT strain of Nile
Tilapia (Oreochromis niloticus). Aquaculture 247: 203-210.

Ponzoni,R.W.(2006). Genetic Improvement and effective dissemination: keys to
prosperous and sustainable aquaculture industries. Develpoment of aquatic animal
genetic improvement and dissemination programs: Current Status and Action Plans.
The WorldFish Center, Malaysia.

Poompuang, S & Hallerman, E.M (1997). Toward selection of quantitative trait loci and
marker-assisted selection in fish. Rev. Fish Biol. Fish. 5, 253–277.

Popma, T & Masser, M. (2000). Tilapia life history and biology. Southern Regional
Aquaculture Center. United States Department of Aqriculture.

Powel, W., Machray, G.C & Provan, J (1996). Polymorphism revealed by simple
sequence repeats. Trends Plant Sci. 1, 215–222.

Pullin, R.(1982).Genetics Undervalued.International Symposium on Genetics in
Aquaculture. Marine Policy 6 (4):345-347.

Raymond, M. & Rousset, F (2007). GENEPOP Version 4.0: population genetics
software for exact tests and ecumenicism. J. Hered. 86: 248–249.

Røed, K.H (1998). Microsatellite variation in Scandinavian Cervidae using primers
derived from Bovidae. Hereditas 129, 19–25.



123

Ruzzante, DE (1998). A comparison of several measures of genetic distance and
population structure with microsatellite data: bias and sampling variance. Can J Fish
Aquat Sci 55: 1–14.

Schierwater, B & Endler,A (1993). Different thermostable DNA polymerase may
amplify different RAPD products. Nucleic Acids Research 19:4647-4648

Schlötterer, C & Tautz, D (1992). Slippage synthesis of simple sequence DNA. Nucleic
Acids Res. 20, 211–215

Schneider, P.M., Bender, K., Mayr, W.R., Parson, W., Hoste, B & Decorte, R (2004).
STR analysis of artificially degraded DNAresults of a collaborative European
exercise. Forensic Sci. Int. 139, 123–134.

Sia, E.A., Kokoska, R.J., Dominska, M., Greenwell, P & Petes, T.D (1997).
Microsatellite instability in yeast: dependence on repeat unit size and DNA
mismatch repair genes. Mol. Cell Biol. 17, 2851–2858

Shirak, A., Palti, Y., Cnaani, A., Korol, A., Hulata, G., Ron, M & Avtalion, R.R (2002).
Association between loci with deleterious alleles and distorted sex ratios in an
inbred line of tilapia (Oreochromis aureus). J. Heredity 93, 270–276.

Simianer, H. (2005). Decision making in livestock conservation. Ecological Economics
53: 559 – 572

Streelman, J.T & Kocher, T.D (2002). Microsatellite variation associated with prolactin
expression and growth of salt-challenged tilapia. Physiol. Genomics 9, 1–4.

Steven, T., Kalinowski, AP.,Wagner ,I & Mark, IT (2006) ML-relate: a computer
program for maximum likelihood estimation of relatedness and relationship
Molecular Ecology Notes (2006) 6, 576–579

Subha,B (2002). Applications of DNA Microsatellite Markers in Tilapia Culture. Phd
Thesis. Department of Biology, UPM

Tautz, D & Renz, M (1984). Simple sequences are ubiquitous repetitive components of
eukaryote genomes. Nucleic Acids Res. 17, 4127–4138.

Toth, G., Gaspari, Z & Jurka, J (2000). Microsatellites in different eukaryotic genomes:
survey and analysis. Genome Res. 10,967–981.

Wan, Q.H., Wu, H., Fujihara, T & Fang, S.G (2004). Which genetic marker for which
conservation genetics issue? Electrophoresis 25, 2165–2176

Wang, Z., Weber, J.L., Zhong, G & Tanksley, S.D (1994). Survey of plant short tandem
repeats. Theor. Appl. Genet. 88, 1-6.



124

Weeratunge, N.,Snyder,KA & Choo,PS (2010). Gleaner, fisher, trader, processor:
Understanding general employment in fisheries and aquaculture. Fish &
Fisheries.11(4):405-420.

Wohlfarth, G.W., S. Rothbard, G. Hulata, & D. Szweigman (1990). Inheritance of red
body coloration in Taiwanese tilapias and in Oreochromis mossambicus.
Aquaculture 84:219-234.

World Bank (2004). Saving Fish and Fishers. Washington DC

Wright,S (1978). Evolution and the genetics of populations. Vol 4. Variability within
and among natural populations. University of Chicago Press. Chicago.

Yeh, F.C., Yang, R.C., Boyle, T.B.J., Ye, Z.H & Mao, J.X (1997). POPGENE, the
User-Friendly Shareware for Population Genetic Analysis, Molecular Biology and
Biotechnology Center, University of Alberta, Alberta, Canada.

Zardoya, R., Vollmer, D.M., Craddock, C., Streelman, J.T., Karl, S & Meyer, A (1996).
Evolutionary conservation of microsatellite flanking regions and their use in
resolving the phylogeny of cichlid fishes (Pisces: Perciformes). Proc. R. Soc. Lond.,
B Biol. Sci. 263, 1589–1598.


