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Genetic variation among cultured, selectively bred and natural populations of rohu,

Labeo rohita (Hamilton, 1822), in Thailand
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Abstract

Genetic variation based on
microsatellite markers was analysed among
bred and natural

cultured, selectively

populations of rohu, Labeo rohita (Hamilton,
1822) in Thailand. Eight populations were used
in the analysis which include a cultured

population from Kalasin Inland Fisheries

Research and Development Center, four
populations (P,, F4, F, and F;) from a selective
breeding program of Uttaradit Aquaculture
Genetics Research and Development Center
and the other three natural populations from
Mun River (Ubon Ratchathani Province), Bueng
Si Fai (Phichit Province) and Moei River (Tak
With microsateliite  loci

Province). eight
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screened, the genetic variabilities including per
locus averages of number of alleles (A, =
2.1250 — 3.2500), effective number of alleles
(A, = 1.6342 — 2.2075), allelic richness (A, =
2.0696 — 2.7714), observed heterozygosity (H,
= 0.3183 - 0.5303) and
heterozygosity (H, = 0.3209 - 0.5031) were
obtained, and were not significantly different
(P>0.05).

Significant deviations from Hardy-Weinberg

expected

among all the eight populations

equilibrium were not found in any of the
populations (Py\e>0.05). Estimated effective
population sizes (N,) were 1.5 — 109.5, of
which the Kalasin Inland Fisheries Research
and Development Center population was of the
lowest N,, so, particular attention should be
paid to this population. Population differences
analyses implied that the eight populations
generally were in a single group, with genetic
differences between the populations within this
group. It was found from further analyses in
each pair of populations that the populations of
Kalasin Center, Mun River, Bueng Si Fai and
Moei River were not different from each other
(Pes>0.0007, Bonferroni correction). This finding
also supported that these populations are
related to those introduced to Thailand in 1968-
1969. Another relative analysis of genetic
structure, resulting in a close relationship
among the Py, F,, F, and F; populations of the
Uttaradit Center, confirmed that the Py, F,, F,
and F; from the

in 1998.

populations  originated

population introduced to Thailand

Results  from the between-generations
comparisons of Py, F4, F, and F; based on the

population genetic data in this study and growth
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performance from the previous study showed
that mass selective breeding by the Uttaradit
Center could make better growth appear in the
F, generation, whereas the population genetic
differentiation would begin to be affected in the
F, generation. Consequently, a recommendation
is that much attention on genetic management
should be paid to the brood-stocks after the F,

selectively bred generation has been achieved.
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Table 1 Information of each stock, sources and number of individuals used
Sample stock/population Stock/population information Source/station No. of inds
1. The Uttaradit Aquaculture This cultured stock was originally produced by the Uttaradit Uttaradit Aquaculture 50
Genetics Research and Aquaculture Genetics Research and Development Center Genetics Research and
Development Center with a number of fish introduced from India in 1998. After Development Center
cultured stock. The P, growing up the fish stock for a while, the Uttaradit Center
population in mass- operated a mass-selective breeding program for the fish
selective breeding program better growth. This cultured stock was then used as the
broodstock and became the P, population of the breeding
program.
2. The F, population in mass- This population was the F; generation in mass-selective Uttaradit Aquaculture 50
selective breeding program breeding program which was operated for better growth by Genetics Research and
the Uttaradit Aquaculture Genetics Center. Originally, the F, Development Center
population came from the population introduced from India in
1998.
3. The F, population in mass- This population was the F, generation in the mass-selective Uttaradit Aquaculture 50
selective breeding program breeding program of the Uttaradit Center. Originally, the F, Genetics Research and
population came from the population introduced from India in Development Center
1998.
4. The F; population in mass- This population was the F; generation in the mass-selective Uttaradit Aquaculture 100
selective breeding program breeding program of the Uttaradit Center. Originally, the F5 Genetics Research and
population came from the population introduced from India in  Development Center
1998.
5. The Kalasin Inland Fisheries This cultured stock was the broodstock of Kalasin Inland Kalasin Inland 10

Research and Development

Center cultured stock

Fisheries Research and Development Center. Presumably, the

fish stock should have been originated from the fish introduced

Fisheries Research and

Development Center
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Table 1 Continued.

Sample stock/population Stock/population information Source/station No. of inds

from India in 1968-1969. This was because the introduced
population was grown up and distributed to many places by

the Department of Fisheries (DOF) long time ago.

6. The Mun River natural This sample population was the fish caught from the Mun Fish-market in Ubon 8
population River and sold in fish-market in Ubon Ratchathani Province. Ratchathani Province

The fish sold in the market were in large sizes but small

number and not available every day. It was reasonable to

believe that the Mun River population came from the fish

introduced from India in 1968-1969. This was because after

the fish introduction and the population had grown up, the

DOF released quite number of the fish in some north-east

reservoirs. A few years later, number of the fish were then

found in many natural waters. (Duangswasdi and Pupipat,

1982)
7. The Bueng Si Fai natural This natural population was originated from the cultured Bueng Si Fai, Phichit 30
population stock of Phichit Inland Fisheries Research and Development Province

Center. The Phichit Center released the rohu, as well as
other cultured species, to the Bueng Si Fai many years ago.
The Center still release some of the fish into this natural
water, due to some particular occasions. Like the cultured
stock of the Kalasin Center and the Mun River natural
population, the rohu population of Bueng Si Fai should,
reasonably and originally, came from the fish introduced

from India in 1968-1969.

8. The Moei River (Thailand- This sample population was the fish caught from the Moie Market in Mae Sot, Tak 14
Myanmar border) natural River and sold in fish-market in Mae Sot, Tak Province. Like Province
population the Mun River population, the fish sold in the market were in

large sizes but small number and not available every day.
Reasonably, the rohu population of Moie River (Thailand-
Myanmar border) should be close to the populations
introduced from India in 1968-1969. It was realized that both
natural and manipulated disseminations of rohu from the
original habitats were found in other countries nearby and
finding of this fish in Pakistan, India, Nepal, Bangladesh to
Myanmar was also reported. (Khan and Jhingran, 1975;
Duangswasdi and Pupipat, 1982; Jhingran and Pullin, 1985)
Unsurprisingly, the rohu has been found living in the Moie

River nowadays.

(2552) leinoanuli 2005; Patel et al., 2009) Mufiszylu Table 2
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Twswasnlainmswauliuas (Das et al, ) Usznausiy GLauaisudu 10 ng, tWIwas
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981982 0.5 uM, 1x PCR buffer (Promega), 1.5
mM MgCl,, 0.2 mM dNTPs, 0.2U Tag DNA
polymerase (Promega) ¥nifAisenWdans 50U
1 1 94 °C 5 w1, 38ufi 2-30 i 94 °C 30
5% 71 T, °C (Table 2) 30 Fudi uazil 72 °C
1 WIN LLazsauqﬂﬁwﬁ' 72 °C 5 w17 40
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5o 1 alug  uazfl 40 Taddasn 3 Galug
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SUNALASLA I UTUIAN I WIAALEWLONIATIIH

M13 sequence ladder
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heterozygosity, H,) LazANAIAAZLY (expected
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s (Hardy-Weinberg equilibrium, HWE) 374
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square test (Smouse et al., 1983) ATNATIER
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WioNNITLATIZWlATIRT 9NN FURUEN S

WINTIUIEnI93231n362875 unweighted

WU N3N ﬂﬂﬂ?ql"ll LT AT

pair-group method with arithmetic averaging
(UPGMA) lagltldsunsy FSTAT version 1.2
(Goudet, 1995) L8z POPGENE version 1.31
(Yeh et al., 1999) ANIUANTIATIEA null allele
ward3u5TulndleTUsunsy Micro-Checker
version 2.2.3 (Van Oosterhout et al., 2004)
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Rohlf (1981) uas Ward et al. (1994) lagld
T5unsN SPSS (SPSS Inc., 1999) Lazyyeiiin
(N) luudaz
dsz11n3 laslslusunsn LDNE (Waples and
Do, 2008)

@1 effective population size

’“JLﬂi’]:ﬁmﬁNLL@ﬂ@h\‘m*mw”uqﬂ‘i‘m
ei9UszanslasdT analysis of molecular
variance (AMOVA) layATI9ROUINNAT F-
statistics (inbreeding coefficients w38 fixation
indexes) B961UIIHNEN variance components
(V) udmasaulasnmsdianzien P lunnzdy
WASNNAUIETINTBINIIATIIROUVAINUANGN
ﬁi:ﬂ”ﬂﬁﬂﬁﬂﬂ”@maam P 7002 (Fu 1997;

Alonso and Armour, 2001; Excoffier et al,
2006; Holsinger, 2012) §1%3UNTANM1ATI LT

A1081997nU 525NN VY6 wIadUseaa

'
a

furazurandszainsisuduifoanunie
Iﬂﬁl,ﬁmﬁ'umﬂﬁq@ (Table 1) Mnualaidn 2
ngy Ao (1) najuﬂs:mnsﬁma:?mmw%a
Infiaesnudszansannmsddnlusisusn
(2511-2512) leiun dazm1n3an awa.nwiug
LL&iﬁwa Tl uazusiinue uas (2) ngw
Uszmnifigunanaindszsinsingnlud 2541
leunt Uszmnyiu Py, Fy, F, uaz Fy luldsunsy

a A > a 6 a 6
msﬂmaanﬂsuﬂ?ﬂwugmaa ANN.QAIAAT

@
o o

AInUlUTUA E]%ﬂ']i%l,ﬂi'lzﬁﬁx‘iﬁﬂ']iﬁ']%%@]ﬂ@;&l
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Usemng (F, uaz V,) szwinsdszansmely
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lunsdivesnisidSoutfisuainy
. DA oa A v, .
wanenailng FINNTAIRTZRDY Fuiunng

muldszautadayuasan P Alasun1sdsu

ngy (F,  waz V) szndndazraininielu  lagld Bonferroni correction 1iannugnndas
UIzTININIRNA (Fq WaE V. WAZIEWIN f1AIVNINAROUUUY multiple tests  (Rice,
Uszaninng lavlglusunsa Arequin version  1989)
3.1 (Excoffier et al., 2006)
Table 2 Eight microsatellite loci, primers and details used in this study
Locus GenBank Primer sequences (5'-3") Annealing temp. Allele size (bp) No. of alleles
accession no. (Ta 0C) found
Lr3 AJ507520 F: ATCTGGCTGCCTATTCACC 58 150-158 3
R: CATCGGCGACTGCACTGGA
Lr10 AJ507523 F: GATCTTCAGCGCCAGCGTG 60 250-252 2
R: GAGGACCTGCCCAGCATG
Lr12 AJ507524 F: CACCGCTGCTGTCCATCA 58 159-165 4
R: AGGTCGGCCAGATACACG
Lr14b AJ831434 F: TCACATGGGAACAACAAACC 58 168-174 3
R: CCGCCGCTTACCCATCAC
Lr20 AJ831435 F: GCCCGCTGCCGTCTGAC 58 144-146 2
R: CAATAACTCAGCATGTGGAG
Lr21 AJ831436 F: GATCAGAGGGTCAATGTGG 58 148-166 4
R: CAGCAGAGTACTATGGAAGA
Lr28 AM231177 F: TTCACGGACAGATTTGACCCAG 60 155-175 4
R: AGTCTTTTCAGGAGATTAGCAG
Lr29 AM231178 F: ACGTAAAGGTCACAAGCTGAAG 60 168-172 3

R: AGCACGGTGTTTGTGTGCGAG

HANIINAADILALIDNTO
TayanaaNNulIUTIUNIINBINIIN HA
nstdIsuingudsunmariaudsdsiwn
321391922103 HAN1INATDUANANIIIA-
Ta96i05n uaza@n effective population size (N )
NNTAATIzR ANt dILnafia
Lﬂ%:ad‘v\&ﬂwaulzﬂii&leSJIﬂiLL‘Uﬂmavlﬂﬁ P
8 duntks IndszmnsUsdaning 8 Uszming
(Table 1) VL@TﬂTagammLLﬂiﬂsaum\‘iw”uﬁqmsu
28993 8 UszrnT Wiaurisnansiseufisy
ﬂ’%mmmmLnJiaJnumuw“’u'gnsim:wj'w
Uazmny HanInasauaNgaanTa-hlidin uas

@1 effective population size (N,) aunuaasln
Table 3

‘ITE]HM]’J’]&JLLU’EﬂS’J%Y]’NWDng"ﬂ‘i’Eu 4
Usznaudoiadododunienns S1wanLes
ﬁaﬁﬂswng (A,), effective number of alleles
(A,), allelic richness (A), AFatnatanalslaoln
& (H) wazdraeazimamnalslolngd (H,)
ldun A, = 2.1250 — 3.2500, A, = 1.6342 -
2.2075, A, = 2.0696 — 2.7714, H, = 0.3183 -
0.5303 Waz H, = 0.3209 — 0.5031 MURIAL WA
nadisuinsudsunmanundsdsiunig

W“'uﬁqnﬁmm:mﬂi:mnﬂ@mhéf\mfcin WU
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nnd liuaastsdayluanuuandiiszniig
Usz37n3 (P>0.05) niensndntunitsde
ﬂ%mmmmLLﬂiﬁJi’mmaw”uﬁqmiwamﬂ
Urzmnsagluszauidoanu wialiuanedrnulu
NNUIzTINT WANINARAUANQAFTA- Lattidin
(ManauuaznasnisUsusTulniilesann nul
allele) Ys1ngin "L&iﬁmil,ﬁw,uumnauqaaﬁ
§1290 850 (Pawe>0.05)  lidnfidszmanslag
YaE% U N, fvszfinluudazdszannidan
9g9eMI19 1.5 - 109.5 Uszmnsfinudnfen N,
én laun dszmnaiwnzidoones ﬂwa.mwﬁuﬁ
(N, = 1.5) wazdszansanuaitinme (N, = 8.0)

FRSUNSANENASIN uidnesiTas e %
fﬁwmu@'ﬁam\‘lagﬁwﬂumdﬂi:mm (8, 10 uaz

14 @18819 Iuﬂs:‘mmmml,xiﬁwa ANT.

WU N3N ﬂE]\ﬂ?ql"ll LT AT

mwﬁuf ULAZLABILNEY ANNRIAL) WANANTT
6 a € a6 v 1
ﬂﬂaauauqamm-%mmn Vlm:qmnn
Uszznylddnmadosuuainaugaaia-last
a = , ' '
50 Seuananazuaasinlaidaanuuandls

RN H, w8z H, lunnﬂiszﬂiLLﬁa CPH

0
ﬁ‘im’mﬁaaﬂ'wﬁﬁagﬁhmuﬁnLLamﬁaqmauﬁ'ﬁ
maaﬂi:mmﬁagluamp @36-1aidsn) uas
waadfsnautduniatduaiu
(homogeneity) Vadaatnsluudarlszans B9
Wugmauidvasniadne unudszanIna
f9usa0819 NI UIWNES 8-14 Aag19RaNY
ﬂ%mtu,ﬂ'nNLLﬂiﬂnumdw"'uqﬂ‘i‘mslu
Uanfisninaisiaszwlansed wanainazly
Lmﬂehaﬁ'ulunﬂﬂ'i:"mmuﬁa ﬂ'aayﬂm:ﬁ'uﬁ

InfiAsanuNanIsAnsuad Alam et al. (2009)

Table 3 Per locus averages of genetic variabilities (A,, A., A, H,, Ho) in each of the 8 populations. P
values show results of the among populations comparisons of the genetic variation. P, values show
results of Hardy-Weinberg equilibrium (HWE) tests overall of the 8 loci screened and the effective

population sizes (N,) estimated in each population.

Genetic Kalasin Bueng Si
variation Py F, F, Fs center Mun River Fai Moei River p
Inds 50 50 50 100 10 8 30 14
A, 3.2500 3.1250 3.0000 3.2500 2.3750 2.1250 2.7500 2.5000 0.0660
(0.2500) (0.2266) (0.2673) (0.2500) (0.4199) (0.3504) (0.2500) (0.3273)
A, 2.1483 2.0551 2.1258 2.2075 1.6342 1.6955 1.8593 1.6809 0.5700
(0.1771) (0.2848) (0.3357) (0.2765) (0.2200) (0.2147) (0.1987) (0.2166)
A 2.7714 2.5859 2.5756 2.7609 2.2286 2.0696 2.4583 2.2370 0.5430
(0.2012) (0.2687) (0.2620) (0.2036) (0.3797) (0.3317) (0.2178) (0.3208)
H, 0.5303 0.4334 0.4675 0.5222 0.3906 0.3423 0.4317 0.3183 0.6950
(0.0692) (0.0796) (0.0786) (0.0630) (0.1294) (0.1166) (0.0835) (0.0803)
H, 0.5031 0.4523 0.4603 0.5055 0.3209 0.3496 0.4291 0.3424 0.5580
(0.0507) (0.0725) (0.0718) (0.0544) (0.0997) (0.1037) (0.0605) (0.0907)
Puwe 0.2542 0.1306 0.1375 0.3466 0.2393 0.2937 0.0625 0.2375
N, 63.8 109.5 50.3 51.1 15 60.5 69.0 8.0
95% ClI 20.2-inf 26.1-inf 17.5-inf 24.6-152.6 0.6-78.8 24 8-inf 11.2-inf 2.1-406

Values in parentheses are standard errors (+SE)
A, values calculated using the smallest individual number of all populations (8)
P > 0.05 : no significant differences among the amount of population variations (A,, As, A, Ho, He)

Puwe > 0.05 : no significant differences between H, and H, under Hardy-Weinberg equilibrium
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(A, =275 — 35, H, = 0.38 — 0.46, H, = 0.49 —
050) lagldldiasasnunelulasuannalar
WU 4 GRS (Lr3, Lr12, Lr1db, Lr21) ﬁ'gn
Ilumsanmnitasitun (Table 2) idnmlu
Uszrnsdandanimeanudinaenan 3 su
Pa9UIARILNE GﬁdLﬂuﬂﬁﬂumjuﬂizmﬂﬁLﬂu
unasiniiavasaoiiail (Khan and Jhingran,
1975; Jhingran and Pullin, 1985) NNIANEN
Pad Alam et al. (2009) WU ANNLYITUTIN
maw”uqmmmaaﬂa‘:’mmﬂmﬁ'aﬂmﬂluﬁaﬂm
inafiUsunmsaudadndafisunudsesinslu
Sy lasanuansznuanuwevasdszanng
S (founder effect) ﬁaﬂs:mmw'al,mw”mf
(effective population size, N,) NFUWIALENSININ
lasviufl 39vilAiAa genetic drift i (Allendorf,
1986) Tun1s@nmnassit nan1vuszidnen N,
Pa9U5EmIN TN NI (%aLﬁuLLajﬁﬁmﬁﬂaﬂ
pasutaasinlunin uazidunsvuan
sssuTndnuszninelnoiuwain 4 9.910) 321
"ummlaaﬂi:’mm‘w‘au&iw"’uﬁ:ﬁﬁﬁ‘i'lmmﬁm 8 ¢
i (N = 8.0) Fnihazidunsmivayuainy
dwldlduasmsifia genetic drit anaifany
Uszannsugin (riverine population) luilszine
Wi Wi TutuiAelwl sz mnsuaitinvasts
2009)

FNINBIARDNNARILARING ﬁ’ﬂuﬁ’mgﬁ

A8 UNA (Alam et al, mald
Uszimauazninidudusfiavasdansiia
W@EINH (Khan and Jhingran, 1975; Jhingran
and Pullin, 1985)

Tunsiwnziassaadein uidnladin
Urzmninawinuialdwanunwe wiadidn
N, §IWDENAIT LRBL B WL ANLAINIINEY
1890% MNANUFUWKEIZAING N, NUEATINNT
\faldondaniugaslay Tave (1993) TZUTALIN
71 wn N, Wiy 50 aamsiialieadalnau
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laifay saanaadny Kapuscinski and  Miller
(2007) Aungainin ﬂi:mmwgl,ujw"uﬁ:lumi
nziesFaTineasian N, lidinin 50 dnsy
NANTIUIZLAnAT N, Tudszansimisatasny
mamsasslunmsnsadai saulngdar N,
NN 50 andndszeing ﬂwa.mwﬁuﬁf Afen
N, W84 1.5 YT NnToyawuslzia (Table
1) UanfaninayszsnsiunannsinizLaes
LLa:ﬂszﬁnUw"’uﬂmmuﬁizmLf}amumuﬁa
TagvnazisuanyszansiinEnanswaoaoud
Tug9usn (W.a. 2511-2512) ersinsadwlyle
atnadsianfaninealszmniitasdunaauian
mawenutlasliweuddwintesfusdanuan
Ll T@Uﬁﬁ‘ﬁmuwgmw”uﬂﬁa@ aden g
Tumamznusudazin ananamaassline
ﬁLﬂuWaLL&iw"’uxfmaaﬂi:’mmjuﬂ%qﬁ’u
LL&T’J"]Nﬂﬂﬁiﬁﬂmﬁluﬂ%ﬂﬁ%:i:qiﬁ
‘ﬂ%&l’mm’s’mLL‘]JT]JTJW/I’IGWuﬁqﬂiimluﬂi:‘ﬁ’mi
Usnfsninaannlsamizan (ﬂiz‘ﬁ’miLW']ngm
wazdiuLzanug) lifianuuandrsandszsing
lusssus@ LL@:J@@QI%?:@”UL@Mﬂ”Uﬁﬁ
msans M ludserinssssumavestinaiing
(Alam et al., 2009) Galushunitaonassrianly
WAuiagmawnanugnIsuluidiuinves
ﬂi:“li’]ﬂﬂi\‘iLW’]ZWUﬂluﬂ’liLﬂ%WaLL&iWU%E (Wl
LazAY, 2548) WAFIWIUUTZTINIVEY AND.
mwa’?uf W dudasniiwiiesanysziduen
N, ledann wasfisudinluanuduass N, vas
ﬂi:mﬂﬂuq@mﬂﬁﬁvlﬁmnmiﬂizLﬁuu‘“ﬂa:@‘ﬁ
ﬂiwmmlmﬂizmniWaLLaJﬁ'ufﬁa
(Kapuscinski and Miller, 2007) ua@aa861 N, ~?‘i
frannRes 1.5 S9auarsagnabsndszannsa
fannaves awa.mMwang azdedlaunineila
1@@LLamﬂéfﬂ']iﬂ%%'}iﬁ'@nwaﬂ"mLﬂi’dﬂ%’@]

' a o v Ado, o o & 4
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a:ﬁaulﬁl,ﬁuﬁaﬁ'ﬂﬂmwmaﬁ'ugmiwaa
Uyzrng LLazﬂszﬁﬂﬁleumiLﬂuwaLLaJ'w”mf
Tusru21) 9901992 aIANd189L540991NN13
NEULREATA (inbreeding depression) NI
'w'aLLajw”uijﬁ‘hmuﬁaﬂmﬂlummamﬂizmmwa
winusluinda g 11 lunsdniiuinisdanis
U3e1n3209 ﬂwamwﬁuf TG WARIT b
I@]Uﬁm?j”ﬁ‘w'au&iw‘”ufﬂmﬁanmamn@ha
Uszmnsdnanudaululssmnein Seludiing
MIUATIZRATUANURAINAAENNAUTNTTN

i:qiﬂnﬂﬂi:mﬂﬂiﬁﬁ’ﬂsnwwﬁ‘ﬂLﬁsmn°u WARIN

WU N3N ﬂE]\ﬂ?ql"ll LT AT

ﬁmsrmLﬂ’%'smLﬁmumnaaﬁﬁszﬂauﬁagaluu@i
ardyzanslagasifoauds wuityszsnsd
uﬁauiﬁlmﬂﬁqﬂuwzvlﬁl,l,ﬁﬂﬁz"mm F, 2849
ﬂwn.qmﬁmﬁ esanidudszannslssmnznnd
mumiﬂ%'uﬂ;aw”uﬁ:uﬁa 3 3% LATAUNEAIIN
Uszmnsiighfianenia (Table 1) lapyngdn
Fy 32%39¢U327703 (Table 4) uazi3unmaaa
%mnmmmaw"’ugﬂiiﬂmm A, A. A, H,
H, (Table 3) agﬂm:é’uﬁgalumwsw w3 K
mnagaunsiaaz ldusasnsdanyluai

LANAINANN

Table 4 Nei (1978)’s genetic distances (below diagonal) and F between each two of the

populations (above diagonal)

Kalasin Bueng Si
Population Py F, F, Fj Center Mun River Fai Moei River
P, 0.0062 0.0124 0.0265 0.0592 0.0174 0.0501 0.0434
F, 0.0088 0.0073 0.0256 0.0636 0.0166 0.0570 0.0306
F, 0.0184 0.0128 0.0206 0.0519 0.0168 0.0487 0.0313
F, 0.0339 0.0319 0.0251 0.0800 0.0346 0.0390 0.0306
Kalasin Center 0.0712 0.0718 0.0630 0.1027 0.0382 0.0420 0.0853
Mun River 0.0439 0.0394 0.0436 0.0663 0.0349 0.0513 0.0216
Bueng Si Fai 0.0559 0.0606 0.0506 0.0538 0.0455 0.0577 0.0206
Moei River 0.0458 0.0347 0.0356 0.0532 0.0616 0.0343 0.0211

ANMMNTNABS LAZAIINUANAIIND
WwNIINITEWINU TN

Figure 1 tdunt1suaaslasiasng
m’mé’wﬁ'uﬁmaw”ugﬂﬁuiijwﬂsz‘mﬂsﬂm
fanne 8 Uszanns Nlaanmasiessiesis
UPGMA laslddayad1szaziiinmanugnay
289 Nei (1978) (Table 4, below diagonal) 9
Usngraawit Usemins Py, Fy, F, ez Fy be
Lmznéjuagﬁwﬁu Lga93N Uszonsns 4 4
mwé’uw”ufﬁinﬁ%@n”umﬂluﬂéjwmnmf’l

& o

AINTUFNANBINUUTLTINTO U 9

mml@‘fmsﬁmu@n&juﬂiwﬂmﬁmm:ﬁ
ANNFNWUS INaTanwLenLdw 2 ngu leun nguy
Uszansivazanann st lugael) 2511-
2512 (AWA.MWAUT Lmﬁwtﬂ FaFlW uazuaitin
L) LLa:mjuﬂi:ﬂmmmmﬁﬁﬁLiﬁluﬁ 2541
(P,, F,, F, WAz Fy) Wa2LAIIZHA variance
components LLa:mwme@mmaw”uqmm 3
320U QD ANNLANAIITZRING 2 ngwlszIng
(For WRE V,) izmwﬂszmnsmﬂlumjw
(Fo. WAZ V,) wazszninsdszoinsaielu

Y3231 ININNe (Fy waz V) U3ngua
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arunuaadlily  Table 5 @0 variance

components 1%  Table 5 srydndiunmany
Lmﬂ@mﬁﬂﬁﬂgLﬁauﬁmumﬂumwmmn@m
senindrzrinsnsludssrinsrinaa (v, =
95.83%) F9ATINUAT P-values TILFAINANIT
AnnzFnivue lapszylifitoddanyluanw
LANGEIITERING 2 mjwﬂi:"mmﬁﬁmu@
(Pe>0.02) uddisisnan luanuuandiening

Uz ninulunguiiminug (Pe<0.02) uazlu
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ﬂgwma%isl,uﬂa;mﬁmﬁu Wi luLangaunu udd
mwLL@mems:MNﬂizmmﬁa;jmsfl,uﬂﬁjw
L& oanwil LLazLfiafamswzﬁl,wia:ﬂﬂszmm
(Table 6) WLIIANULANAIIAINETD fina
szm'w@J’ﬂizmmﬁvlﬁﬁmu@mwé’uw”uﬁwlﬂu
nRuLAEINU (P MU Fy) uazdnangariu (Ge&1n
Ay P, waz J9F1W AU F,) (P-,<0.0007,
Bonferroni correction)

%N Nk NNTAUATIERAMVLANANS

UTETINTNIRNG  (Pr<0.02) uaadin Uszmns  lasdn Fy lunncﬂﬂszmm (Table 4, above
Genetic distance
41 0.05 ]
1 1 [ 1 L 1 1 ]
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Figure 1Phylogenetic dendrogram of 8 rohu populations constructed by UPGMA using Nei

(1978)'s genetic distances. The Pgy, Pgr. and Pg, are the ones shown in Tables 5 and 6.

(P:>0.02: no significant differences found among the groups determined, P:,<0.02: significant

differences found within the groups determined, and Pr,<0.0007: significant differences found

between two of the populations)

Table 5 Variance components (V: V,, V, and V), F-statistics (Fy, Fs, and Fg) and the P values

showing differences among groups (Pry), between populations within groups (Pg,.) and within total

populations (Peg)

Variance components V, Vp V,
0.0444 = 1.97% 0.0494 = 2.20%

2.1575 = 95.83%

V= V4V 4V,
2.2513 = 100%

F-statistics Fo = VoIV Feo = Vp/(Vp+Vy) Fg = (Va+Vp)V
0.0197 0.0224 0.0417
P-values Py Prge Prgy
0.0273 0.0008 0.0000

P<0.02: having significant difference (Fu, 1997; Excoffier et al., 2006)
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. 4 -
diagonal) TILFAINANITILATIZR (Pry) AN
Table 6 sz lidanuuandrilunnddszmng

A & ' & 2 A 3
289 AW MWEUT udthya ToFIW wazuasin
L8l (Pr>0.0007, Bonferroni correction) Nan13y
AemzainansanadasuazaiUaUENL AT
anufldlddayald (Table 1) I1dszang ana.

a & .9 P ¥ \
ﬂ']Wﬁuq LLN%WH@ 'UGEIVI,W WRSLNWILNEY a%l%

WU N3N ﬂE]\ﬂ?ql"ll LT AT

ﬂ&juﬁﬁuﬂaw%aﬁmwulnﬁ%@ﬁuﬁixmmﬁl
g lug9d 2511-2512 wazanwansanslu
Figure 1 G‘fidizym’]ué’uw”uﬁ‘maﬁ'uqﬂﬁuamd
lndgaszninedsesins P, F,, F, uar F,
wnnAnuysensan iWumsiusudnsiia
Passzmny Py, F,, F,

W8T  F; 31379710

Uszrnsidsinuning buagied 2541

Table 6 Results of the between each pair of population differences shown by the Py, (above

diagonal) and the symbols ‘+’ or ‘-’ (below diagonal), under Bonferroni correction (P, = 0.02/28

tests = 0.0007)

Kalasin Mun River Bueng Si Moei River
Population Py Fy F, Center Fai
Py 0.1771 0.0596 0.0000 0.0147 0.2147 0.0000 0.0188
F, - 0.1894 0.0033 0.0204 0.2498 0.0000 0.0735
F, - - 0.0074 0.0294 0.2743 0.0025 0.0735
Fs + - - 0.0114 0.0710 0.0025 0.0367
Kalasin Center - - - 0.2596 0.0727 0.0522
Mun River - - - - 0.0710 0.3461
Bueng Si Fai + + - - - 0.1910
Moei River - - - - - -

Pr,<0.0007 and ‘+ showing significant difference

Pr,>0.0007 and ‘-’ showing non-significant difference

@n'\&lLmn@i'\aswi'\ﬁ:%ﬂs:mnsﬂm?ian
welullsunsamsandanysulanig
z%m%’uﬂmﬁanmmaww:ﬂi:mmﬁayj
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(Pr5<0.0007, Bonferroni correction) Glummz‘ﬁlmi
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i F  Sualdusdsnmafinaaiyidule
Wndunalagiininuazatneis daile
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Figure 2Changes of allele frequencies at each of the 8 microsatellite loci (Lr3, Lr10, Lr12, Lr14b,

Lr20, Lr21, Lr28 and Lr29) in the P, F,, F,, and F; populations. The numbers shown in a marker-

line box of each subfigure are allelic base pairs.
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