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He Al R 3L 257 TR T T He s R G ke 1512,
T 5 | 2 A e B AR G 98 AR 2D, AR5
Sy BIHEFIE S K Zhifk DNA (mtDNA)FR /X
BRI IEAT T A3 A A

FEHLAHIE Ry P [ 5 K A 1 e i £ 2 14 73 4
KA, B JE AR Z i B Sl Ao 5 T
fif . DUMI/R M E R0 58 S e i, ARG I T
T 3 R sEAY AR ST, R HGE R BT
A 2SR I (AP JRER T LS AL ZREE R T R S
5% . mtDNA HA TGEH . bR, RRE X
SR A AR 22 AR A, AL R AR A
G5 H R FAriet™ Rk R 8 AL M e i A
PIRh I 2258 Ty ), A A R JRUATE T 17 B A R
FEUO, TR A RIS R, Bk
SER I TT IR, AHE ST AR SFHE SR A COT 5
DX [ 58 BLACIA 3 il o et 47 b o 6 5 A it
T 2 REVES BT, LIS 8 BT el ) f B .
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1 #MHEFE

1.1 SEEdFAY

3 B R SRR SR B BT IR AR R,
B Ol B T A BRA F R DU /R M
HEf: 16 B, & fiE 30 B, mEsk 2 B, A
FREARBEST 95% L P RAE £ .
1.2 EFH DNA BIIREX

BB 95% G BEORAE R BE 2%, IRAUIK T &
B, A 2 mL B0 A 600 uL DNA $2HLEY
f# W (43 1 mol/L Tris pH 8.0, 5 mol/L NaCl,
0.5 mol/L EDTA pH 8.0, 10% SDS #1 200 pg/mL
Protein K) T 55°Cad % iFA; I H A SE AR 113/
FAOTRAWA - DIEE 1K, 12000 rpm %7 20
10 min, "HX F (29 550 mL)IA 1 mL Jo/K 2
DUTE, 12000 rpm % 7 B0 10 min, 70% B A R4 1
W, ZER T 10 min, A 0.1 x TE &t R
1% 8 A B8 e H Pk AS ) DNA |9 52 ¢, Nano-
drop 8000 (Thermo Fisher Scientific, MA, USA)lll
E DNA W 5B ZE 10 ng/ul, 4 CIEA7E& .
1.3 COI EEMSI4KIER PCR § 1%

2 kit CO1 5|92 I8 Prasanna 25U 7 38 138

H 51 % (COI-F: 5-TCAACCAACCACAAAGAC-
ATTGGCAC-3'; COI-R: 5'-TAGACTTCTGGGTG-
GCCAAAGAATCA-3"), PCR JZ b MR RN

25 uL, HP 4 & A#l PCR buffer mix 18 uL
(50 mmol/L KCl., 10 mmol/L Tris-HCl. 0.10%
Triton X-100, 1.5 mmol/L MgCl,. 0.10% NP-40,
0.01% gelatin F1 200 pmol/L dNTP mix), ¥k
10 pmol/L 1Y LR Ui#51494% 1 pL, Taq DNA R4 i
0.2 uL (Fermentas, 5 U/uL), Ak DNA 2 uL, £
FRE KA BARFL 25 pL, RN 95°C il
M 3 min; 35 MEEHE 95°C15 s, 57.7°C 30 s,
72°C 30's; #)i 72°CHE{H 7 min, PCR ¥ 44 7= 4 H
1.5% 9 B BiR BEEE e v DK A I 5 A% O, 2% 2 AE 0
FEIER 28w AT ] o
1.4 FHAERSH

45 20 /9 )7 5 S04 DNASTAR  Laser-
gene 7.1 Y EditSeq 4% i il fasta #5280, R H
ClustalX 1.83 %} COI 57447 Z 5 X, 3K
19 %5 5% J5 B [FR T 51, SR NCBI W ik £2 4t 1y
Bankit #£32%] GenBank #(¥g%E . FF DNAsp
5.10.01 HEZEALAB(S) . BAAETIEH) . HBAf
BIZHEME(Hy) . TR ZHEMEP) . I IR 22
SEUK); B MEGA7.0 355 A 45 B0 150 1) i ik
AN . BRI A B e R (B SR S oI
F 2018 4 1 A 25 H M GenBank i FE P F &
K220 F i (HQ960660~HQ960663, JX960896)
T B [ i (KT630722 . KT630724 . KU867881 .
KU867882, EU523973. EU523976. EU523979.
JQ390058 . JX960893) . W Hn/R M H 1 (JX960891)
Ko HORE SRR RK (88 (C. autumnalis) (KX958407 .
KX958408 . EU523946~EU523951. EU202649)I%)
COI ¥4 1t 24 2%, HABSEINAT )7 51 47 [F]
PR, I MEGA7.0 % 15T Kimura 3
BB A (Kimura's  2-parameter, K2P) 9 2B % 1
(neighbor-joining, NN H R4k B LR, 2
1000 X H & (bootstrap) £ %, % H 4T % (Oncor-
hynchus mykiss) COI J&[H Bt (GenBank %3¢
LCO50735)F R R Gk Ak B ) S5 8E 56 T K2P
RN R S R PN ey  CI R Y (3 E
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2 EREHSW
21 BEESHEMESH

P9 2t b 3RS 15 8] COL A RUT A JE K
631 bp. 75 FRABITHIILEIME] 15 FhEAE R
(Fl 1), BRAERLT 51 S ) $2 58 2] GenBank 248 17
H1(GenBank %55 : MF632312~MF632325), H
HROULUIR M H R = 5 Fp A5 (Hap 1~Hap$),
i I BEAT 5 AL R (Hap 1 1~Hap15), 55 i3k

A 7 M%) (Hap6~Hap10. Hapl3. Hapl5), 9&
B e R A R 2 2 RS AL (R 1) HAERLAR
AT EA, AL T, C. G4 FPiIERT 5 H 6
FetE e, FH &R BN 21.2% . 29.4% . 30.1%
Ml 19.3%, A+T SH(50.6%)8mHT C+G &
(49.4%) ., “FIEIEAS I/ wide R EHN 7.03, itfk
ZRWES B TR, 98 BRI SR 2R
TOUIZR M H e, w5 e AR GER 2),

Hap_1
Hap_ 2
Hap 3
Hap 4
Hap_5
Hap 6
Hap_7
Hap_8
Hap 9
Hap_10
Hap 11
Hap_12
Hap_13
Hap_14

Hap_15

F1

CAACTTACACACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCACATCCATGAACCCCCATTTCGGGAGCTTCTTTCGCCTACACCATTTCAGTCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCACATCCATGAACCCCCATTTCGGGAGCTTCTTTCGCCTACACCATTTCAGTCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCACATCCATGAACCCCCGTTTCGGGAGCTTCTTTCGCCTACACCATTTCAGTCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCACATCCATGAACCCCCGTTTCGGGAGCTTCTTTCGCCTACACCGTTTCAATCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCACATCCATGAACCTCCGTTTCGGGAGCTTCTTTCGCCTACACCGTTTCAATCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCGCATCCACGAACCTCCGTTTCGGGAGCTTCTTTCGTCTACAGCGTTTCAATCCCGGTAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCGCATCCACGAACCTCCGTTTCGGGAGCTTCTTTCGCCTACAGCGTTTCAATCCCGGTAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCCCGTGTGCCTGCGCGTCCACGAACCTCCGTTTCAGGAGCTTCTTTCGCCTACACCGTTTTAATCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCCCGTGTGCCTGCGCGTCCACGAACCTCCGTTTCAGGAGCTTCTTTCGCCTACACCGTTTCAATCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCCCGTGTGCCTGCGCGTCCACGAACCTCCGTTTCGGGAGCTTCTTTCGCCTACACCGTTTCAATCCCGATAGGCCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCATGTGCCTGCGCATCCACGAGCCTCCGTTTCAGGAGCCTCTTTCACCTACACCGCTTCAATCCCGACAGACCGTACT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCGCATCCACGAGCCTCCGTTTCGGGAGCCTCTTTCACCTACACCGCTTCAATCCCGACAGACCGTGCT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCGCATCCACGAGCCTCCGTTTCAGGAGCCTCTTTCACCTACACCGCTTCAATCCCGACAGACCGTGCT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCGTGTGCCTGCGCATCCACGAGCCTCCGTTTCAGGAGCCTCTTTCACCTACACCGCTTCAATACCGACAGACCGTGCT
CAACTTACAAACGTGTTAGCTGTACACTGCCTCATGTGCCTGCGCATCCACGAGCCTCCGTTTCAGGAGCCTCTTTCACCTACACCGCTTCAATCCCGACAGACCGTGCT
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Fig. 1 Sequences of 15 haplotypes of COI gene found in three whitefish species
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Tab. 1 Distribution of 15 haplotypes of COI
genein three Coregonus species
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Tab. 2 Genetic parameters of three Coregonus species

. & B pEm g P
RE DUIKITH AR BACEE  GiRrE WA R e s s seee R
haplotype C. migratorius C. peled C. nasus species BN 5SS HH  H, P, RACK
2; 1 éﬂjjﬂg\rioﬂiﬁi 16 5 5 0600 0.00211 1.333
H3 1 E A C. peled 29 3 5 0.680 0.00155 0.976
H4 10 FEE L Conasus 30 16 7 0826 0.0089 5.359
H5 3
H6 ! 22 FEZBXRSW
H7 : DL Kimura XS HCHBARITH T 3 Fhft 15
o ; LA RO 9P 1R (3 3) SRR ]
o o RERIG AN DUIZRIY H EEEEE 5 F g%
HI1 7 # Hapl~Hap5, HJFH1/3E A 0.002~0.008; 5
HI2 3 B EEILAT 7 RS GRS R 2 Fp
H13 4 3 Gh, HMEE 5 FeAfs R Hap6~Hap10 FYF 51401k
Ei: 1411 . JEH A 0.002~0.011; 75 5 R Lf% A Hapl1~
Oy . . N Hap15 §)F 510 R 0.002~0.005 422 #4357 Jiit

total number

F£ Al LK Hapl~Hap5. Hap6~Hapl0 #l Hapll~
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Tab. 3 Sequence divergences between 15 haplotypes

Hapl Hap2 Hap3 Hap4 Hap5 Hap6 Hap7 Hap8 Hap9 Hapl0 Hapll Hapl2 Hapl3 Hapl4 Hapl$5
Hapl 0.001  0.002 0.003 0.004 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.006
Hap2  0.002 0.001 0.003 0.003 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.006
Hap3 0.003  0.002 0.002  0.003 0.004 0.004 0.005 0.004 0.004 0.006 0.005 0.006 0.006 0.006
Hap4  0.006 0.005 0.003 0.002  0.004 0.003 0.004 0.004 0.003 0.005 0.005 0.005 0.005 0.005
Hap5 0.008  0.006 0.005 0.002 0.003  0.003 0.004 0.003 0.003 0.005 0.004 0.005 0.005 0.005
Hap6  0.016 0.014 0.013 0.010 0.008 0.002  0.004 0.004 0.003 0.005 0.005 0.005 0.005 0.005
Hap7  0.014 0.013 0.011 0.008 0.006 0.002 0.004 0.003 0.003 0.005 0.005 0.005 0.005 0.005
Hap8  0.018 0.016 0.014 0.011 0.010 0.011 0.010 0.002  0.002 0.005 0.005 0.005 0.005 0.005
Hap9  0.016 0.014 0.013 0.010 0.008 0.010 0.008 0.002 0.002  0.005 0.005 0.005 0.005 0.005
Hapl0 0.014 0.013 0.011 0.008 0.006 0.008 0.006 0.003 0.002 0.005 0.005 0.005 0.005 0.005
Hapll 0.024 0.023 0.021 0.018 0.016 0.018 0.016 0.016 0.014 0.016 0.003  0.002 0.003 0.002
Hapl2 0.023 0.021 0.019 0.016 0.014 0.016 0.014 0.018 0.016 0.014 0.005 0.002  0.002 0.002
Hapl3 0.024 0.023 0.021 0.018 0.016 0.018 0.016 0.016 0.014 0.016 0.003 0.002 0.002  0.002
Hapl4 0.026 0.024 0.023 0.019 0.018 0.019 0.018 0.018 0.016 0.018 0.005 0.003 0.002 0.002
Hapl5 0.026 0.024 0.023 0.019 0.018 0.019 0.018 0.018 0.016 0.018 0.002 0.003 0.002 0.003

W ML RIP AR RE, R A2k 7 )2 1000 X bootstrap 15 1 iR I Y b ifiz i 22

Notes: The sequence divergence between haplotypes is below the diagonal; the corresponding standard error obtained by the 1000 bootstrap is

above the diagonal.

Hapl5 430 3 4. M 3 ATLLAEH, 455
AN, Hrh4 1 (Hapl~Hap5)MiZH 2 (Hap6~
Hap10)f4/3 1 4 0.006~0.018, HK M4H 2 (Hap6~
Hap10)#12H 3 (Hapl1~Hap15), 0.014~ 0.019, fxi=
MR 1 A 3, HArE R 0.0014~ 0.026, H,
DUBMZR M H R0 98 S 1 6 SR 25 O0C R e, FLk
R B e e R g e, T DU R M E R
fief 2% 2% O R IR
23 BEKRKHIMBEHEMNNWRGEHL S

# GenBank FHE 2R AY 3 B e KBk
fief: () COT & K )7 91 5 AR 5 B As 2R A5 i A 7 (] U
FExtie, SRH MEGA7.0 #{Frp 4RI T
Ao kBN (E 2). HE 2 T LIEH, SER
R MR 53 4 /NS, BRAEEITA K RIT
GBI R —, HAy 3 AN S e 4 B e
AT G ARAT () A5 80 55 AR I 1 & 327 91 AL AR,
FEHARMFTTARAT Y 3 il 1 fe 11 LA TR S04 2 1
() £ SRS RE (] (74 K2P sstfLiE B n 3k
4 iR . HER 4 FTLAAE t, DUIIRIMTE R 5E S
P P 35 A% R B BT, IR R D B 1 R R e
M DUINJR MY B R 2 e 5t A% R B8 iz . i 4G
R R T AR o0 B R A 45 R — 30 .

R4 BABRERZAFEMELFRAFLYEELES
Tab. 4 The mean genetic distance between groups and
within each group in Coregonus species

JERE 1] By gt A2 i

o . EHEN T
%g mean distance between groups }ﬁ%ﬂﬁ%
ey L .., . mean dis-
group H (4 . B | C':E H%d tance within
- . autumnalis C. pel
C. migratorius P group
DUNAR :
xm¢wﬂaﬁ 0.004
C. migratorius
Bk A i ) 0.027 0.000
C. autumnalis
o 1 e
i B 0.023 0.02 0.003
C. peled
58 b A i 0.014 0.022 0.019  0.004
C. nasus
3 iTig

3.1 Dm/RIME AEER S FKib s

HHGA 40 PR a8 R T4k 4 HH
HIFF, RE LTI kKA T RHE R0k,
JedERH ALy ST R, Pt R AT
AL AES RS NAERKNBE I E, X
b 22 5 n] BE S 80 e A 2SR ] LR ST b, b
MaEkg 2 A F i (C. lavaretus) 2 AR, K
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—Hap 8

B Ak C nasus EU523973

— SRS E#E C nasus KU867881
46| SEBEE C. nasus KT630722
B C nasus KT630724

— SEE M C nasus JQ390058
45| B EE C nasus TX960893
Hap 9

64 |l 52 8 F1fE C. nasus KUS67882
L SEE#E C nasus EU523977
~Hap 10

Hap 6

Hap 7

Hap 5

DUBNZR YT B F: C. migratorius 7X960891
Hap 4

Hap 3

Hap 1

FKEEE C. autumnalis KX958407

At C. autumnalis KX958408
Tkt C. autumnalis EU202649
61| FkEE C. autumnalis EU523951
a4 C. autumnalis EU523950
FkE#E: C. autumnalis EU523949
K E#E C. autumnalis EU523947
e C. autumnalis EU523946
Lk 4k C. autumnalis EU523948
56,Hap 11
501 53 B E#E C peled HQI60660
Hap 15
i Bk C. peled HQ960661
9570 Hap 12
B e C. peled HQ960662
Hap 14
Hap 13

H Eif: C. peled JX960896
B E#: C. peled HQ960663
218 Oncorhyncjus mykiss LC050735

37

42
32

0.020

K2 AsEARMRGR T L NI
a5 BB BoR 1000 KEE K bootstrap B IELE R, b RAVEFFFI 45 .

Fig. 2 Neighbor-joining tree of Coregonus species
Bootstrap values in 1000 replications are shown on branches; the scale bar represents the sequence divergence.
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[, HA A RSB, W R M e
FIRK 6 1) 43 28 2 v, LD A B 2 3 AR 30 A L
A= BE AR A RRAE A AR, K 1M H k0 Bk
fief: (1) 37 Fft (C. autumnalis migratorius)'l; {H 2, Fifi
B FAMCH &R, AZAEdE 0 DU /R M H A

fi 157K A B (1) 5 % 56 FR R . Politov PRI 15
AR T 38 A G DX oA AR, A TE SR A
PRI £ o8 R A7 76 0 2 AN TR), DR DU ZR M1 H
itk I AR i v ROk R 4 oK B, Sukhanova
A2 gl 2Rk A Cyt b, D-loop M2 rDNA ITSI
I FARCHE AR 1 537 R G AR LB, DU
JRIMNH SR FIF 2 B A E SR — 0,
SCHRFHC — ANl A, R 2R LR LR
W DU /R M1 H &£ 1 GenBank [ iZWIFh EL & £ )
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ff R DU /R 4 H L cor 3 2 il e
A RLIE D, 32 B I T i PR A o ] 1) st % 74 57
BERTFRN M BEE R RErsERmE,
FH COT JE [N S, Tl st A5 10 B Al s 2912220,
R 4 ATLVE H, SRBENNEEIER Y/ NT 1%,
T DU R 1M H A 8RRk &L & B 0.027,
MASHIF 5T 1 i 2 ) R Gtk AR (B 2) W mT LA
i, DUMUR M H A5 Rk e o 5 o R 2, S
Fr 3 P PSR, X SR s 45 R R —
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PaHaE, W8 A KRB A Y e R R
PR S AR, XA S IR AR SR AR
BRI EAR, I Hor b s T2 e =0, R,
[7) 7K kb A 408 K Sl AN [ A 70 g 1 e 22 00 o A
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BRI T AR S5 2 0 A £ — 2 R 1L 3t B
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IR AR KA 2 AR AR, HROR DR R A R 4 i
TERARTE(E 2), SR, M 3 Bk Y B 750 20 A ok
B, vim kS eI o fpep i) 1
=z SR T ey B SR R (R 2), R
AT REAFAE AN [ R B A S DR 58 i, v 11 e P BN
LR PR 2ok 2 52 s 2 v S T EERE AR N . 4R,
XA 7 B A T RS S, A% SRR, Y
T DX A Jei I 4 e AN [) ol 110 296 0 6 2 M %, Bl
MLASE IR, kg BN T A4 ss ik E, DU
PRFEAS [ Fb 8 A R 1

S FEMIRES 2 T o R A & R s E
RN i R BRI . WK A (Barbus capito), 5l
HHEARAR, AT AENNMERE L
B, BREMSENFMEERRAE e &
ol K REREPY . SEEAMEN
i B o A B R R B 6, Skt S Rh B AR,
RECT B b O AP, WnBERs 3~4 4E51HEH R

J MR, [ hEpAF R 15 AR A A R 2000 R LA
o WARWFSE B BE AL T LAFR Y, s R DL
R H A Y 5 A 2 R PR R, (T S
FEARAEE AR A R AT REVE, DA st Al Z Atk e T
TP o IR LAl A 7 90 1T AR 2 A B0
TR 2 Yy e W b B e o558 ¢ I G L I B i
(R ARG I B A, 2R A4 g 1 e R £ DS 11 i A%
ZREPE, DRAUET DR (0 ) ] 3522 K i o
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DNA barcoding analysis of three Coregonus species in the Sayram
L ake of Xinjiang
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Abstract: The germplasm and genetic diversity of three Coregonus species introduced in the Sayram Lake of the
Xinjiang Province, Baikal omul (Coregonus migratorius), peled (Coregonus peled) and broad whitefish (Core-
gonus nasus), were characterized using DNA barcoding of the CO I gene. A total of 15 haplotypes were found in
the three species of interest, of which five haplotypes were identified for the Baikal omul, seven for broad white-
fish, and five for peled; the latter two shared two common haplotypes, indicative of gene introgression from C.
peled to C. nasus, based on the haplotype analysis. Construction of a phylogenetic tree using the neighbor-joining
method showed that 15 haplotypes were divided into three different branches, and each branch was respectively
clustered with the published sequences, which indicated that the Coregonus species introduced to the Sayram Lake
had still been maintaining good provenance characteristics; C. autumnalis, which had the largest genetic distance
(0.027) to its close species C. migratorius, had clustered independently. Genetic diversity of the three species is
moderate, and C. nasus had a higher genetic diversity than C. migratorius and C. peled because of the possibility
of hybridization between C. peled and C. nasus. We recommend that the fishery production department in the
Sayram Lake continue planning the breeding, fishing, and other production activities scientifically, and importing
advanced germplasm identification technology to avoid germplasm contamination caused by artificial hybridiza-
tion. Meanwhile, it is necessary to improve and maintain the genetic diversity of the Coregonus species, thus, en-
suring the sustainable development of fishery in the lake.
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