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Sampling sites for abiotic environmental features in the Ulungur Lake
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Table 1 Characteristics of the 16 polymorphic microsatellite loci isolated from R. rutilus
N o RS B KR/ C 7 /1
i ¢ SR A (5'-3") GenBank 2 2% BB/ 7 b
. L . Repeat Annealing Product
Locus Primer sequences (5-3") GenBank No. . .
motif temperature size
R: TAAATGGACTCCGGTTGGCC
5 ; MF372687 GAG); ~27
H45 F.TCTCGGTCTCGGGGAGATTT k37268 ¢ ) 18 gal~zil
H71 R: AGCACCTTGGAACTACGGTG MF372692 (TCGT) 44 222~262
F: ACACAAATGGAGGTCTGGGA ’ e
R:CATCCGCCAACCGCTTAATG
H ; MF37269( TA 234~29
61 F: TCAGCAAGGACAGGTTCAGT 372690 (TA) 0 " 317296
R:GCAGCTCTCTTTCCTCAGCA . .
H80 e MF372693 (AG) 1o 44 267~321
F.GCAGTGGCACATCCCTTTTC
R:GGGGCAGCTTTACTTTCCCA
H MF372 TAT), 5 240~27
38 F: TGAGTGTGTTTTGCTCTGGGT 37268 ¢ ! o ’
H92 R:GAGAAGCAAACAGGCCGGAA MF372697 (G 56 107~145
F:AGGAATGCACGGTGTGTTCT Teo
R:ATGTCCACTACGGCAAGAGC
H20 MF372684 TTGC)s 5 256~300
F:AACTCATCCCGGATCCCAGA 37268 ¢ ¥ o6 5673
Hol R:GGAGAGAAACTGAGGCCGAG ME372606 IO . 137169
F:AGTGGGAACGCAGAGTGAAG e 7
- R:ATGGCAACTGGGAGAATGCT MEF372686 CTAG) . 235260
F: TCTGTGGCCTGCAAAAAGGA o ? 7
R:GGTATTTTGATGGATTGGGCGG
5 MEF: GC 5 ~
H55 F: TGTCTGCCTTTCGAAAGTGC F372689 (GOw o6 gz 118
Hou R: TCAATACGGCGGCTGACTTT MEF372698 A i, D08 236
: F:AGAGAGAGACAGCGTGGACT Sher e ?
R:ACGAGGGCGAATGTGAACTT
MF372 GT 5 ~314
H96 F:ACTGCATGACGTCACATCGT F372699 (6D o6 26831
R:CTCTCCTTTCTCTCACGGCC . _ _
H54 e MF372688 (GA) 1o 56 195~233
F:TGTGCTGTTTCTCTGTGTGTCT
R:AAAACAGCCTTCGGATTCGC
H65 : MF372691 (CATO); 56 279~323
7 F.ACTCGCGTCTTTCTGATGGG ‘ 2
_ R: TCAACATGTAAAGTAGCCTTGTGC MF372694 - , pso—0
F:CCAAGCTAATCAGTGAGCGC ' S 7 7
R:CACCCAAGCTGATCAAACGC
H ; MF372 AT 5 270~31
89 F:CACCCGGAAGAGTTCGTTGT 372695 (ADw o6 07318
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S5 R, 16 A a5 1 2 A7 3 PR BT R
12~34, P32 18.94, WL 2% 4 B2 A1 B2 4% 5 B 3
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Bk 0.823 0 f1 0.916 8, Z A E A S EIE K
0.839 4~0.950 5, F# K 0.902 9, {4 H80 £ &
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Bonferroni & 1E J5 £ il & {v 2 A %1 2 45 i 25 Har-
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WA 12 A 2B T RER 8% Z 0
o Tl R I I e i N | RN U NS B A7 ) Sy
435k 0.88,0.87 Fl 0.88, HLHI & - 48 1l 9 4L
R R 2 805 B AT 3R 45 A 3 AR AR
R 7K BT A (8 3BT = B4 4 B (1B 2) , 25 3R
AL 5% (COND) | 2% fff [81 & (TDS) 4k BE (SAT)
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Table 2 Characteristics of the 16 polymorphic microsatellite loci in the R. rutilus specimens

from the three populations (Xinjiang,China)

37 N
l{é;us Sar:f)lziifsizc MAF AN H. H, PIC HWE
H45 70 0.142 9 13 0.898 0 0.857 1 0.881 5 0.262 8
H71 72 0.215 3 13 0.875 5 0.819 4 0.856 0 0.000 0 *
H64 68 0.102 9 28 0.950 7 0.808 8 0.940 9 0.000 2
H80 70 0.114 3 34 0.959 4 0.757 1 0.950 5 0.008 6
H38 69 0.123 2 23 0.935 6 0.579 7 0.924 3 0.000 8
H92 71 0.218 3 17 0.887 1 0.873 2 0.869 8 0.630 3
H20 70 0.264 3 13 0.860 4 0.571 4 0.839 4 0.165 1
H91 67 0.171 6 16 0.907 9 0.910 4 0.893 0 0.174 5
H44 65 0.107 7 22 0.944 1 0.876 9 0.933 2 0.594 1
H55 65 0.215 4 14 0.882 8 0.938 5 0.863 8 0.073 5
H94 70 0.142 9 15 0.921 4 0.814 3 0.908 5 0.011 3
H96 72 0.097 2 23 0.949 1 0.875 0 0.939 5 0.000 0"
H54 72 0.166 7 17 0.921 1 0.875 0 0.908 6 0.055 8
H65 72 0.159 7 12 0.890 7 0.777 8 0.873 2 0.085 3
H86 72 0.138 9 19 0.931 4 0.972 2 0.920 0 0.007 0
H89 72 0.083 3 24 0.952 8 0.861 1 0.943 5 0.008 0
SFH{E Mean 69.812 5 0.154 0 18.937 5 0.916 8 0.823 0 0.902 9 —

1« FI/RTE Bonferroni & 1E )5 .3 f B Hardy-Weinberg -, Note: * Locus showed significant deviations from Hardy-Weinberg e-

quilibrium ,after Bonferroni correction.
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Table 3 Some indicators of water quality data of the three sampling sites

. N o A/ e T S A/ & B/ B
TR L/ C % A fE/ i A 'ﬁ%i/ A i/
s . it T pH (mg/L) (g/L) (g/L) (mS/cm) (mg/L) (mg/L)
Sampll site 21,

Amping site ¢ DO SAT TDS COND TN TP
A B HBH 12.49 7.58 11.73 0.04 0.06 0.09 0.50 0.06
Jbi% BW 13.76 7.67 10.92 0.07 0.10 0.14 0.64 0.08
Ligdis UL 10.30 8.84 7.99 2.07 1.89 3.34 1.06 0.03
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Fig.2 PCA plot of environmental factors and PIC of the three populations
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Table 4 Details of diversity parameters for the three groups of R. rutilus

{37 Wt HBH gl UL Jti% BW
Locus SS§ MAF AN H. H, PIC SS MAF AN H. H, PIC SS MAF AN H. H, PIC
H45 24 017 10 0.90 1.00 0.87 23 0.17 11 0.89 0.78 0.86 23 0.15 11 0.91 0.78 0.88
H80 24 0.21 19 0.92 0.83 0.90 23 0.13 11 0.91 0.70 0.88 23 0.13 16 0.93 0.78 0.91
H92 24 029 11 0.87 0.88 0.84 24 0.15 11 091 0.88 0.88 23 0.24 12 0.88 0.87 0.85
H20 24 023 9 0.86 0.79 0.82 24 0.27 9 085 042 082 22 030 12 0.87 0.50 0.84
H91 23 013 13  0.92 0.96 0.89 23 0.24 11 0.87 0.87 0.84 21 014 14 0.93 0.90 0.90
H44 21 0.19 12 0.90 0.90 0.87 22 0.14 14 0.93 0.86 0.90 22 0.23 8 0.87 0.86 0.83
H55 21 017 11 0.90 0.95 0.86 22 0.30 11 0.84 0.86 0.80 22 0.20 12 0.90 1.00 0.86
H94 24 017 14 0.92 0.83 0.89 24 0.19 13 091 0.83 0.88 22 016 12 0.91 0.77 0.88
H54 24 0.23 13 0.90 0.92 0.87 24 0.15 13 0.93 0.92 0.90 24 0.15 16 0.94 0.79 0.91
H65 24 017 11 0.91 0.79 0.88 24 0.19 10 0.89 0.83 0.86 24 025 9  0.87 0.71 0.83
H86 24 0.15 15 0.93  1.00 0.90 24 0.15 14 0.93  1.00 0.90 24 0.13 15 0.94 0.92 0.91
H89 24 0.13 18 0.95 0.83 0.92 24 0.15 20 0.95 0.83 0.92 24 0.13 19 0.94 0.92 0.92
J;;i{f 23.42 0.18 13 0.91 0.89 0.88 23.42 0.18 12.33 0.90 0.82 0.87 22.83 0.18 13 0.91 0.82 0.88
23 #BHEEBEESK ABERTE F L E Y /NF 0.05, BEEH 3 A FEAR ] 2k
PR 3 NHERE] Nei Rt AR R D Mt fe 7 RAEFMEESHE 504k, 3 A HEIRE T/ — AR iiE. AH

fRIEEF R 5. WS ﬂuﬁm%%‘ﬁ%)ﬁnﬂ%
Eiﬂﬁﬁil‘ﬂ‘%fﬂﬁ%%km:0.385 1), M EL 3

IV T A 1) 35t A% BE B A X BN (D = 0,282 2),
Wright™ #57 # F-5t i1 )5 i (F-statistics) F % f&
AR E F AR BB 8] 35t 1% A28 S DA M A AR AR L 3

KMk BT £ B (K 3),SAT.COND, TDS #l pH #
HF. 2EMXXR.DOTP MiRENS F, 57
MRKFR, BT Nei [RBHEHEE K UPGMA R%
AT RN (B 4) i B ALV B IR RO — 32, 518
ORI ST R — S 3R R AT T — K.
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x5 WEINBEEENEESUER(NALL) F6 HFFHEDH(AMOVA)
RiEfEESE(MAELT) Table 6  Analysis of molecular variance (AMOVA)
Table 5 Pairwise F (on the diagonal) and genetic R 3 SEH I HEE AR S ) %
distance values (under the diagonal) among the Source Sum of Variance Percentage
three groups of R. rutilus ofﬁ;a{;i;;;on squares  components  of variation
T RE B A s R 21.056 0.099 1.83
RAE LR =% (o] e Among populations
Sampling site HBH UL BW BEAR N AN A 8]
HBH 0 0.026 8 0.012 0 Among individuals 400.167 0.521 9.70
UL 0.385 1 0 0.022 3 within populations
BW 0.282 2 0.310 0 0 ROEENE]
T 342.500 4.757 88.47
Within individuals
AR
00002000 B
TN Total

.. OO0VOWY
8 > ..“00

L 4 oot
Ot“ﬂ

ZLAAAR R R O, W (A fR 3 IE AR OC , 2160 1 40 7 T AR A A R EE £
LA FZHER KN, Blue indicates positive correlations while red in-
dicates negative. The size and gradation of the color area represent
the significance of correlation.
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Fig.3 Correlation analyzing of the Fy and water

quality data among the three populations
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4 388 3 DB UPGMA RE ST
Fig.4 Phylogenetic dendrogram of the three groups of R. rutilus
based on the Nei’s genetic distance by the UPGMA cluster

AMOVA 208 iR (3 6) AN AR 8] 1) 7258 53 5T ik % 8
) 88.47 %6 X 43 Ax 5 ok PR F REAAR ] (1.83%4)
AN TRV BEAR ] 35 2 Hh B0 R B 35t 4% 2 Ak, 2 W 4L 3 A
b SRR 1] 1) 35 4% 728 S KB

3 W it
31 WIBSHHARSEMIWHL

TEHAZLE W N A v L HERR Bk B A 80 . &2
B R i TR B R L iR A A
E B R R A AR T S R L 5 T A
IR AR E AR D AR B I RS . H

Bl E A PR IC M T RCR M 2 A E T =
DU B 5 T A L A 5 B A S A 2 SR A — i, 3%
VTR AR TR A AR D B AT R R ik
YRR T R ARl A AT RB A I R
FEMZBERE SN E ., AUk i T
BRI A R KB =10 WL iR E R IR
B =7 W YRR A OB =5 U, DU TR TR
TFERE,

SRR I SR T ETI Y 34.4 % 1Y 1 K
YA i D PR AT g 5 WA AE S AR B AL RS S L
JPAE R LA S| et i R A . A RS R L
T IG5 7 5 11 0 B L T i A o 152 BB 1% 4 D
A, Mlumina F1 NGS 55 W 75 °F & e 5 & A= DT 45
W AN —AEEN R HE G TS T S R 51
SiAXA R NG . TR SR A X AR
X BH A ESMEEREENETF. &
S G E PN
32 BMEEhsHMESW

15t A% 22 R R DA D R B8 AR B0 1 T AR
52 R A A7 BE 0 38 B R T AN kAR U e % D) A
KB ZREEE R PICWM & H, 5 %
A AN I 58 H. 5802 R Wi ik sk £
BEPE B st A A8 5 1) 8 B S 800, X B 35 AL S B0 B
it Z e SN EE E R IEMXSY, PIC &M
TR ST R A R B 5 B A Y PIC KT
0.5 B s R IZAL K & B Z BN A, TR
P iC O 8 25 SR e W AR S AR 2 Y 16 M PR
PRIC A 2 AL . s H38 B9 H, I H, 2%
SRR KL AT RE R %L A b B TR A 3 R (null al-
lele) FT 7 BUAY ™ . 25 J0 &k 55 47 3% BROR B 1000, 78
PCR # W} 2 8Ll A 3 ol 5l 2% & F 82k, AT
SHH, it H. h8i w2, # Kk PIC.H. f1 H, 4§
BT F SRR RIEBUR TR R 3 AR R
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UL T B 52 P 5 5 0 RH X /N st AR 22 RV K P
SUg (6VET o S = AN o W VT S TN N
FE A2 52 MR 5 48 i I8 B A [ 450 R S5 30T T R AR 2 AR
(] 3gtf% Z AR 22 S i E BN R . KR IR BE K 3h B2 52
Wi 353 1% 22 P BEE A% 28 S (0 T 5T 0 T — K A A
Y KA S S E WL B R S e 0 2 A K
() LR BE 5 i [ & 22—, Naddafi %59 #fF 55 1 47
BTIE P AN [ 6 82 7K A B 358 v 40 6D R 1) A R R
S5 R R AR B oK A b it oL A KA . ARl
RR AR WA #E K T K B, R 2 0 4Rk
HH K S A B0 R T BOK AL BT ) R B 2
FE AR PR T IR K A BE Y e T AR S 3L
A A RS 4 He 7 B2 T B A T 3 23 S 1A LA R H A 1Y
Ui (I EPSSLETIRER NIV IR S: NN NI TR (2 2= S W
B Z FEAR L 3k — A R T — 2D A TARIESE .
33 ThEEESK

LR DNA BEfE & i8R e e i, AL
PERFAE o R, AT UK 4f8 30 T2 A7 s 7 AS ) 44 [ 0
AR T 3R 30 1) 35t 1 22 S PR AT Aol i) 6 1) B SR 2% 6 3R
YeERT, UPGMA RIS 5317 Fist % 43 Ak 45 Bk W1
LA 3 A Hby SR O ) R HF B RH 5401k, A5 B A T Y
1814 708 S AN Y i, T AR DAy DX B R X R L b B
AR B XL 3 A RER AL ZAEVERE N 4y
BT 3 A UL AR 10 Sk 5T 0 S D L 7 o I UL Sy
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Genetic diversity and population genetic structure of Rutilus rutilus

based on microsatellite genetic markers

LI Ke! MA Xufa' XIE Peng' GAO Meng' GUO Yan®* XIE Congxin' HOU Jie!

1.College of Fisheries, Huazhong Agricultural University , Wuhan 430070,China ;
2. Fisheries Science Institute of Xinjiang Uygur Autonomous Region , Urumqi 830000,China

Abstract Sixteen microsatellite markers were used to analyze the genetic diversity and population
structure of Rutilus rutilus from the Beiwan section of the main stream, Habahe River and Ulungur
Lake in the Irtysh River basin. The expected heterozygosity, average number of alleles and polymor-
phism information content were 0.916 8, 18.937 5 and 0.902 9, respectively, suggesting higher level of
genetic diversity. The genetic diversity of fish in Ulungur Lake was relatively lower than that in Irtysh
River. The principal component analysis showed that salinity might be the major factor for genetic diver-
sity between Ulungur Lake and the other two sampling sites. F, and UPGMA cluster showed that the
three populations were almost non-differentiated. AMOVA analysis revealed a high genetic variation
within individuals (88.47 %), while the genetic variation among populations was low (1.83%), indica-
ting lower variation levels among the three populations.

Keywords Rutilus rutilus; microsatellite marker; genetic diversity; population genetic structure
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