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74T e A 2 FEPE IS ATT, 45 RTE 1 047 bp 18] Cyeb J32 51 o SLAG I H 58 ANA8 S hUF 11 AN 2, R IRASE i )
FERIZRENE (h=0. 815) FIEGRMIZ TR ZAEME (=0.024 71). AMOVA 7o, {558 30 IS AR ) K 22 $iist
fh 22 ok B REMRTE] (77.86% ) SANEEREI) F AENO0.779 (P <0.01), Ffia] 138 4% BE 2 0. 000 3~ 0. 046 4,
Forp )\ AT FI AT R B A AL R S i K (0,046 4), SRR ANB B AR EAL BE 2 5/ (0,000 3D i PEAG IR 25
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IR R TEAZ A R 2 VAR, RUIEEAEBIE M GEMG: RAKR B 45 RER I, REImER
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A% 2 FE P (Genetic diversity) X RN R £
FEVE (Genes diversity) , /& 424 2 KV 1) 3 240 A6
g, WP AV R IRDUIR I SR, T
(AL 22 FE 1T (1) 2 R b 4350 AR M4 iy 1 A% 15
SRRV B SRR T A 22 B B AR DR ]
Tl IE PN A7 TR I8 A% 28 7 (1 RTS8t
e Z FEIEAR BB R A ZAEE . % 2 ek
T AR, AR AR B R R HOR A 1Y)
TR TR R AR EBUR A, — B
AR B AL/ A AR R AT A2 38 1R A 23 n
BB AL 2 A B EFRENY n — e Wi ) P 2 A BB
AT AR R, FLB A 2 FEIE SRR FRAR, B
AR KA. PRI, it 22 REPE AT 7T T LR R
Yidp e K G . B T DR 52 T I IR )
FED A RO IER AL Z BT 2 S
RIARIE . ZERiiRgEM Lz b (Cyb) BRI AR B
R gt DN, B AR, S T s AN Y , BE

B LRGN HH VS E PR MR AEE A% 20 ) R, )T B
T BRI AL 2 FEERF T AR AL R
T R A B P PR 5 I R R 5 2 B R R (1 Lk
A Cyib ZE K FP 31, 9 M AN [RI B ER A 1388 4% 22 4 2k
AN AL LR, LA Ja H A o F) 58 0 OR 0 A e 2
RO I

1 #MR57EE

1.1 SCIEHARL 201949 A& 202046 H , fEikEr
B S5ANKEE 201999 H £ 20204F6 H , R4
5K SRR AR 1T R AR A 103 )2, Fedr \
W34, et 132, b 9 B, AL AR 25 2, IR
2R D HRERZ TR ERIR A 103, H
)b 34 8, B ERIE 13 )2, B 9 B AL A 25 ),
W22 ). BYHUbRAA MINGEEE , £ To/K C K fG
TRAFT 75% W LR . F T 43 T A2 S0 A
i PRAT T A TR SR A B i AR AT
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Tab.1 Collecting information of Plesiomyzon baotingensis samples

PR KA H KA H R 2353 S WK R
J\H BC 2020-04-26 34 109°44' 17" 18°45" 14" R KT i
BEL YGL 2020-05-19 13 109°34' 21" 19°1" 54" BT
B QZ 2020-06-21 9 109°48" 49" 19°2' 9" T3 SR
LR HIT 2019-09-26 25 110°19' 17" 19°14' 59" T3 SR
I BL 2020-06-21 22 109°48' 51" 18°45' 58" TR
12 DNARZEUKRPCRY G AWFFAEHFRAIKR A3 EEAAR S 122 70T (AMOVA) \Tajima’s D

EPREUE S 2L S DNA {3 FH I8 51 9097 38 Cya
FH A, 8@ 5l P4 FR N L14724 A HI5915
(L14724: GACTTGAAAAACCACCGTTG; HI5915:
TCCGATCTCCGGATTACAAGAC)™ ., PCR Jz W4k %
(AR N 50 ul, B A : 94 CHIAEYE 3 min; 94 °C
A5 30 5,60 ‘CIE-K 30 5,72 ‘CIEM 1 min, 547354
PEFR 72 “CIEAH 10 min 5 PR17- T4 “CUKFH. PCRF=4)
EH T S R TR DRI T 7 Bt 56 Al A AL o

1.3 BUBSH 16 Seqman BAFBHEM T T IE
FRHINS . ABF AL AT T 104 £ 52 30 R R Aifk ) i
A2 41, Hodr 103 26k AT 72, 0 R 1 265751 R 3%
H GenBank (J¥* %5 : KF732713) . {# i} DnaSP 5.0
BAEGE T S R 2 A A BB H AT IR 2 4
PE DL R AL BRAS e o A i 26570 {8 Arlequin 3.5 %X

IFFu’s Fs R30S i MEGA 7.0 545t 117 1)
ORI B B AR B L, HE AT p-distance B AY
(1000 bootstrap) T 5 Ff 44 [ F1HE 44 P (1) 382 4% B
gabol S BRI TR B Sewellia lineolata (745 :
APOL1292) 1E Ay AP FHERY A FH 45 K ALAR V2 (Maxi-
mum likelihood , ML) 14 8 R 4t & B 3R , 2515 5
SRR EL Bootstrap 10 000 ¢ 2 AG I BAS T .

2 FHRE5HR

2.1 REIELEE W mtDNA F5I 08 AT 00
(1) Cyth B 7 5K FE N 1047 bpo 103 25 /7571 1 it
WA (AD B IEER4 (G - il Jigt s e (T i s g (CD
Bl 3 & B2 N 25.7% 15.0%+29.0% F1 30.3%,
A+T &8N 54.7%, C+G 7 5N 45.3%, RILH A+T
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Tl 1 5 A7 AE 58 AN A7 A, B dE 3 AN R IR AR
AL R 55 AN 2945 B A

{4 FH DnaSp V5 X -5 30 B R A S /N4 103
AME mtDNA Cytb AT 18 4% 2 FE1E 73 A, JEAG I H
LA BY (R 2D, BEAR LA B AR VEFR SO A 7

i % FF M 48 205 3 0.815+0.018 1 0.024 71+
0.010 64+ 55 3T 5 WS SR FF PR35 204 22 1 4
AE 02905 ~ 0.615 (3K 3), R 2 Ff M B o
0.000 37 ~ 0.021 88, &AM AN 54
HIERZAE IR BRI 2 TR K

x2 REFIEEWH Cyd BE R ERREERSFHNSH
Tab.2 Haplotypes of Cytb gene and their distributions in P. baotingensis population

AN TR H S5 Or ATAREU
AN SRR
J\K BC AR YGL Q7 LR HIT 4 BL

Hap 1 19 19
Hap 2 15 15
Hap 3 11 7 12 2 32
Hap 4 1 2 3
Hap 5 1 1
Hap 6 11 5 16
Hap 7 1 1
Hap 8 1 1
Hap 9 13 13
Hap 10 1 1
Hap 11 1 1
Bit/RE 34 13 9 25 22 103

®3 FREFEERMSFHEEESHEREAER IFER 2P M

Tab.3 Genetic diversity of P. baotingensis for diferent popolations and the number of individuals in lineage 1 and

lineage 2

T FASyR BaiiE BERZE BRI ISR 1P MESR(E ) R 2R CE 5 HD
J\FIBC 34 2 0.508 0.002 43 34(69.39%) 0
WEEFIE YGL 13 3 0.295 0.000 29 0 13 (24.07%)
B Q7 9 2 0.389 0.000 37 0 9(16.67%)
LI H)T 25 4 0.597 0.004 45 0 25 (46.30%)
U BL 22 5 0.615 0.021 88 15 (30.61%) 7 (12.96%)

&t 103 11 0.815 0.024 71 49 (100%) 54 (100%)

22 RFIEERMA R A EEESIEES
3 #r fEMEGA 6.0 1, 5T p-distance f 8 1+ 5
5 AN 55 T R 65K A D) R P )38 A R S, 25
AR B R]EAL E 2558 0.000 3 ~ 0.046 4(R 4),
J\F 5 2 RS PR 2 izt (0.046 4) , B EHIR
I AR 0 A B 25 5500 (0.000 3D 5 2H Py J A% i 2
490.000 3 ~ 0.021 9, fif U ¥ 44 25 A 3t A% R 29 4 K
(0.021 9, B AE A4 2H PN gt A% R 59 8 /) (0.000 3D .

Iy FAR S T7 223 M (AMOVA) 45 SRR B, 248 7 5T ik
R F R BRI (77.86%) , BEMR N 28 7 TTRRE N
22.14% (K5 . A REARER FAEHN0.779(P <
0.01) , F A FEAAR IR A B 2 A3 AL 450 . BEAARIR] T %
ZIIF AT R (R OEWH, B TS A S
B Fh AR B AR U E A B (F,=-0.014 8,P >
0.05) , FCAth B s ] 357 38 21 vy P T 4% 73 AL KT (F, >
0.25,P <0.05).
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Tab. 4 Fixation index among populations (F,, below diagonal) , pairwise genetic distance (above diagonal) and genetic

st

distance within population (diagonal) of P. baotingensis

Tl J\H BC B EFIS YGL mHhQZ LR HIT JHUE BL
J\K BC 0.002 4 0.045 4 0.045 2 0.046 4 0.016 5
B EFIR YGL 0.959 5% 0.000 3 0.000 3 0.004 2 0.0327
B QZ 0.955 7% -0.014 8 0.000 4 0.004 3 0.032 6
LLEFHIT 0.929 1* 0.362 8* 0.331 5% 0.004 5 0.033 0
Ji1Is BL 0.311 4% 0.602 4* 0.565 0* 0.612 8* 0.0219

RN EFEEFEWP<0.05),

=5 EHT Cyb EERIAMOVA 5317
Tab.5 The analysis of Amova based on Cyth gene

AR SRR H HE S5 i RS AR 5 LA UL AR e O
A4 ] 4 977.794 12.265 37 Va 77.86
AR A 98 341.779 3.487 54 Vb 22.14
it 102 1319.573 15.752 91 0.779 (P < 0.01)

23 REEERBABHANRELEXRR . AR &R 1VEE ) UR b BRHE 35 &
T Cyb BFMEML ARG R EW (B DEIR, RFIE 2880 B (LR I S B A . i 0% it
MRS R B AL I 2 VRO E R SR E BMERE D O MA R R R 1P B O IR
B B R T 2B RAKEERGERT  FLZEREN NS T REKR MRS TR

P.baotingensis

1 &TF Cyth BRMGERZIERMHML RE L B
Fig. 1 Maximum likelihood (ML) phylogenetic tree based on Cytb gene of Plesiomyzon baotingensis
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TR FR 5 5 SR 7K 2 10 9 0 BR B 300, 251 9T
U5k s B EFUE B T B ALTIOK & B3 SO0, 1T B AL
TLANS SR G U o3 A R IE T HAR (L AL A AR R

24 REEERHBFHBEREHSHH EL
Tajima’s D Hl Fu’s Fs A5 I B A% BR A TIC 23 A7 X fR-5
3T R SRR A R AT TR AN 45 SRR W, AR ER U
FEIRI Tajima’s D I Fu’s Fs B Y38 AH , Hod s 3
FAE ) Tajima’s D M Fu’s FsE BN IEE . 854
DR 5= T BB RE A2 A DR — A AR R AT P VR 56 1Y)
oM, a5 SRR, BB AE Tajima’ s D (Tajima’s D=
1.337 78, P > 0.0 fl Fu’s Fs {f (Fu’s F5=6.002 61,

P> 0.05) %5 B35 8 IEE (3R 6) , IR L 4 A A&
LB YA AT (L 2) o

0.20 p=

i
Observation
L0105k
.. B
% Expectation
£0.10
2o
=0.05
P L—fooo-o- pr :

20 40 60 80
TR X 2 5240 Pairwise differences

2 REIEERHAAERIEEC S

Fig. 2 Nucleotide mismatch of P. baotingensis

x=6 (RFITAEIREN S DRHAD QL
Tab. 6 The Neutrality tests of 5 different geographical populations of P. baotingensis

FR G 56 J\K BC A YOL B QZ ZLEFEHIT U4 BL S Total
Tajima’s D 2.848 14 -1.468 01 0.156 47 3.098 83 2.053 47 133778
Tajima’s D P-value 0.998 0.058 0.742 1.000 0.950 0.750
Fu’s FS 7.767 84 -1.4015 0.477 44 6.053 33 17.11597 6.002 61
Fu’s FS P-value 0.997 0.021 0.427 0.986 1.000 0.682

3 O Ji t0 S I v A B 2 R A H R 2 R 1 A

3.1 RZ=IEFEWRE Cyrd BEEF 530 & Hh IR EF
IBEZHMST B Z PR YA I AT
A TR, S5 P00 AT B HE I B B AR
I8 A OC, B S st A% 22 BE VR LE PEAL A Bl
BEURIAR « 1 7 BT A PR OR A SR W 2 37 5 P
A O R SR T TR PR AR PR A
L Z R B TR AR A SR B 2 AR B IR 2
FEMEFR . AHE FULE 103 AN 52 30 IR W 65 RE o b
FSE U B Y 1A, AR B T 22 A PR AR HORT A
TR 2 FE 48 205 71 0.815 #10.024 71, Lk —4&
I R BBk Rk 2K PR 38 A 22 REVEAIG, A0 ARV K R IR
K J5E 2 11 5K ) B R 2 B 1 R IR 22 R
B /& 0.971 F10.04824 . K Grant ZE 252 H (1) h=
0.5, 7= 0.005 [ E , AHHF 7 Or 52 305 15 I At o ko
B R 2 R M TR $00.815) FIAZ HF R & FF 1 45 %K
(0.024 7D 43 5T = 0.5 = 0.5% HI/KF, BRI
N A R 2 AR R S AL IR 2 AR 7K\
K BEAA (h=0.508, w=0.002 43) Fl 41 ZE V& FEAK (h=
0.597,m=0.004 45) ¥R I & B A5 B 2 FEPE AR
BAERZ MK A PHES B0 5 R 30 58 I Y

2, HEM X AT i 2 28 i SR f0 P B 2 7 00 250 R0 B
Ja RAEPUEY IR, MR ok I R R AR R st A%
A S o A IO B A T 2 RE I, RIS AR IR 2 R
T3 4 T AR A, ] e 2 B R g Ak g sk R e
J% . Tajima’s DA Fu’s Fs R0 3 A% R 5 BT 53 A
1) &5 SR 2% B O 5 30 1 VR At REE A 30 IR 3 8 P P
G % S s 1 AN S AR 0 = =
B Y 2R AR B R 2 FE M A ) 5 PR 2
FhEE Ak D) S0 R 3 B (1) o B A U b L T (1)
125 B %2 BE L 48 % (0.295) K% 1 1R 2 KE 18 4k
(0.000 29 ¥4 /NTF 0.5% , & BN “ % B f5 24 22 F 4
AURAZ TG 2 FEPE” , #0782 122 b B R 12 4L
J3 S5 28 R A8 R S e AR RO A 5k A i R
R .

3.2 REFIERNHFAEFEBREERSC B
AR T BRI B B 2 R — AN B BRYE . iRk
R F , MiE P51 22 S A N 0020, AT 7T
55 R WA A) AL 7R BS 7E 0.000 3-0.046 4, J\Ff
L5 21 2 R R 38 A% PR S B K (0.046 4) 5 2H Py g%
P BSTE 0.000 3 ~ 0.021 9, fif I B A 21 Py 38 A% B 29
R (0.021 9) o JE A TR] 1) 153 A% BE B R A4 N
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) 388 A% PR S 20 8 0.02 A B, {H 2 X e 44
IR RIMA HAE S L ZER . PITET
FUV R T 288 11 ARORR O 1A% R S b R IR, R VL AN B
ILAEE S HR 12K RFB R SEAER KT
0.08 , F AR T /K RATALTT /K 2P 30 4% P 5k 3]
0.095. Shaklee ZE27 i H 2 JREAEL BE B X K8
FRFIFRFEREAT 5 5E , BIE 53 709 0.9.0.3 F10.05, 4
APF 0 H R 5 T I R SR P o A P R0 b ) (1) a8t % R
B R R R A BB (0.05) o AL 1k RER
S FEAAR )AL Ak ) B B R bR o FEAAR IR 83 4%
A FAE AR DAY )R8 A VA AR i) P 2 R A2 I o
SE T 1 2 5 25 6 EL I A0 4k 1) 256 DR A2 UL, 1 RSO
V)t B8 A 20 Ak, [ B A 358 S o R ) AR 3 4
FH £ Jomi Fl BE L5 R, Wright PS8 AR 3 F 8
FEFEE 0 0 A AR FE R 50 R AAFLE 046 (0 ~ 0.05)
o1 B 704K, (0.05 ~ 0.15) F i 434 (0.15 ~ 0.25) &
TEAHIEFE A A 5 AR5 i B AR B A R R L BR T
PO EFUS AN IR AR R ANEE b (F =-0.014 8) , H
by 1 E R (9] 776 5 04k . AMOVA 25 55881,
TR 5= 0T TR 68K 14) K 22 5088 % 738 S ok 1 A ] A
S, HEEREERP<0.05). KL, ff=iTEk
fifk - 1t B Fop B 2 [R)AELESEA% 234, 2 DR A8 3
T2 GRS 1T Sk b R A )B4 A0 A 3 1
PG R — 5 THI VA 25 T AR 5% 3 VR BBk A i SRR AT
PRS2 3T RE R Ak R R A 2, L L TR A I
TRk, BB KRR 0.1 ~ 0.4 m-s07, 1
BT AR A b DU & BRI KR AU B N &,
TeVFAE N B BRI . AN, B ep R A R4
J& T TSR K R s )\ 8 T BKIK R, 57
SRAAT 7K 2R B R S B S 00T, 38 R AT U5 Sk 5 B 5
Ve )& T BARTIK & RSO 1 B AT AN T SR
MES B EETHIRLALERN AR E. REREN
BRI SRR RIE2 NG R A, Hdr, e i
RS B AKIAT R\ A o5 3847 B B, TTRE
SRR ZRRE )\ A o R R B B AT
KFR: RGKE M SR 5 R A I 11
R, IR 2 o A AR T B AR G SR ) R
W 77 5 T R AT 2R 3 T BT SR R R
BE BT G, AN R K 2R 2 A7 7E 2
R 5, K B0 11 bt 3 o 2536 i T 2B T B 5, T A [
by B (] 2R A1k

33 RFIABEINESFERIF R IEIERER 2 i

P8 R ) 2 b, B SRR A AT RGN
HEH R WY RN LT RGLEH Bl
HEBEAE . AT R R OR5 3 I S A
b T AR ) B TR R D, BRI A 2 AR AL
R 5 2 DR 52 30 JIE R 00 A8 45385 18 E 0859, 5 )
AP FABTARAE RN A B A 3
HELZE R U S PR A B R 0
2.3.2450 B 7B RSN, SoAth it BRI S
REA BRSPS IR A 2
M 3. Bk, 8 7 BEs sk, &
WAE T A% BEUR OR 74 BE b B AR B /KT A 3 2R
T E R TIRIISR RS o Moritz & H A7 (1 1 4k 5
BT (ESU MR R g SONAT i 25 1845 74
HAELRARTE R SAZFE A AH E o R AR .
FEN G KA ARAR I P 0 b7 i E T K
TLVLIRS B TR A F R BEL S &, X 2 M
ol 43 73 A 3R T 2R AR VLTI i R R — e fR
PR E AR BN E R — AR B S . B IT
DBV QR B SN o i -0 & TR et B VL
REEEL T 2 AR RS 5 BRIk, O 7 S
DRI OR 52 30 B IR SR B 2 B, B4 T 2 R AR
DNA % 5 735 A 90T, 5 85 P AE DiZ i i) AE 4
SARFAEAA DX 22 A 1 S Kt (R 2Rl B 255 0
Ji By 3 3k Ak 2 25 BT (Evolutionarily Significant
Units, ESUs) #1E # F.7C (Management Units, MUs)
SGORIP A TC. U B A REAE 2 N R 2 )
At HAE 5 AR RPE b5 00 B BRI RR AT A
RN R 22, S VOSN3 A U L DX PR Ry 70 B
FAT, 939 7 B B 2 5 1 R IR 2 35
R B BRI A R IR ] A R R 20 45 ) 1 i A%
PRACHE B M TPl ORI B R GUR A A
BEACTT HIBEFES e i T AR 2 7 AR AR IS
MAS[E) £ AN 2 T 5 A2 4 8% 15 2, i I A~ 7)
TR AR ICAEAE B8 B 78 0 AR ff L 5 7o £ SR A%
LS RGKERAE . RHT TR LR A
DNA #1250 VAL 1 OR 5% 30 R PR ofk 32 A% 22 FEPEBIDIR
A Je K A ] 22 PB4 AR AC IR AT TC O 5 3 S VR 6Bk
A% 22 1 AT R R B R £ S8 AR St AL, B AE N IR
I RV SR 5 B R g S BB AR

EEP S
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Genetic diversity of Plesiomyzon baotingensis, a rare and
endangered fish in Hainan Province, and its conservation

DENG Shuqing'?, CAI Xingwei"!, WANG Han’, FU Chenghui’, ZHANG Qingfeng'*,
SHEN Zhixin"*, LI Gaojun"*, LI Fangyuan"*

(1. Hainan Academy of Ocean and Fisheries Sciences, Haikou, Hainan 571126, China; 2. The Changjiang Civilization Museum
(Wuhan Natural History Museum), Wuhan, Hubei 430010, China; 3. Yinggeling Branch, Hainan Tropic Rainforest National Park
Administration, Baisha, Hainan 572800, China; 4.Hainan Research Center for Freshwater Biological Resource and Ecological
Environmental Protection Haikou, Hainan 571126, China)

Abstract: Plesiomyzon baotingensis is endemic to Hainan province. Due to river pollution, overfishing, invasive
species and habitat degradation, the wild population of P. baotingensis is quite small in Hainan Province. An
attempt was made to estimate genetic diversity of P. baotingensis to provide experimental data of its germplasm
resources. An analysis was made of 103 individuals including 5 geographic populations (Bacun, Yinggeling,
Qiongzhong, Hongjuntan and Bengling). Partial sequences of Cytb gene (1 047 bp) were obtained from these
individuals. Fifty—eight variable sites and 11 haplotypes were identified in the whole populations, respectively
with relatively high haplotype diversity (h=0.815) and high nucleotide diversity (w=0.024 71). The analysis of
molecular variance of the populations indicated that most of genetic variation (77.86% ) came from between
population. F value among five populations was 0.779 (P < 0.01), and the genetic distance between populations
ranged from 0.000 3 to 0.046 4; the farthest genetic distance (0.046 4) of P. baotingensis was identified between
Bacun and Hongjuntan populations, and the closest genetic distance (0.000 3) was found between Yinggeling and
Qiongzhong populations. Fu’s Fs neutral test showed that historical population expansion was observed in the
Yinggeling population. Phylogenetic tree showed there were two lineages in the five P. baotingensis populations in
Hainan. In order to better conserve the wild resources and genetic structure of P. baotingensis, two mitochondrial
DNA lineages should be paid more attention to. The geographical population of P. baotingensis in Bengling was
found to contain two lineages, and its haplotypes and endemic haplotypes were the largest in number among the
five geographical populations. It is suggested to strengthen the conservation of P. baotingensis in the Bengling
area.

Keywords: Plesiomyzon baotingensis ; mitochondrial DNA ; Cytb gene ; genetic diversity
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