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fiE 7 E AR BE J7 DA Kl R RE ) AR b, i
1 Z2 AR I8 2 T W b B R 352 A% 25 A O A% O T 53
T 40 ol 3 o A 199 35 A% 45 W %ok LT R T L 7 b e L A
B A48 1 EL A B P B R

K (Artemia saline) X FRERK FHHR  FA4E R,
BT Tz (Arthropoda) Hl 72 40 (Crustasea) il
W 2 24 (Branchiopoda) & 1 H (Anostraca) & 4 #&
(Artemiidae) X HJ& (Artemia) By — Fh /N F 52 3
YL RIS R EE SRR, RK R
A 7 P B0 B T TR A SR BE 44 SR K B
Yo E WK REAIEE R A Tz
FHSEI A g s EL A SR R R 3 R 5 S
A 3 JEL 0D i S R A 2 R A B S B T R R A SR
s,

b HRUTE T S5l (R b B b X BR AM) B9 AR 2 @ 3k
IKAR YA o3 A o A 1 22 38 55 A [ 5K 350 2 A Ml
XU R U R R A A AR T A G R
UL K VG 58 B i T T N S AL L L7 5 ) R 1)
TV M DR O X g e R AR B 1Y
FE L AR A B LT e T LT A E
FUTT S R LT A B0 DX DX DL R Ll 2R 48 AR e N T
YT ARE T Hop A i N TR AR A
T T A 77 pa L J5ORE 7 HL B 48 2% e 1l A 1 LB
Y T2 AR IO, AR I AT O A 4 1 4% Ml R R i He
BEZE X WA 5 I TR AT

Sy il 2 T IR OK 7 R ARk R 7 R L 1991 4
IH4 1 < B (Artemia franciscana) #9851 A W E i i
T BE A TH 4G Ll b B 51 A 0 T Tl DX Y e o
AR P2 = A Z AR 5 FORE B 1H 42 L
R E BN O I A A E TS X IH 4
LU pir L I 119 35 4% 22 B M B Tl 3 35t A% 45 A 20 fif A 4T
AN B G T b R L XA TH 4 il g R R
WALERF I . W TR TS R AR PR 2 L AR H 4
B T AT Y b DX TR XS HE 35 A% 45 A 18 IR K
ARG SN Z LD XA TH 4 Ll b B8R Y PR Al
T .

LT A 5 o SR A T AL A Y N T B BT
R RRREEREAS R CO T 3L AR R 4 F A, 20 #r
RN R AL 2R JFR 5 TH 4 L g B ER T D
TR TH 45 LV FhoE 2EAT L4, AR B BT IH 43 1l
TR 1 35t 4% 45 A8 70 B A 2 1) 3 1 v R AL S TR
FR AT RO PR B H 4 L pa s BT R 4 Ik 0 B S

R IF 0 TH 4 g g LA 2 3 T A 3 DX B0 i) A7 P 2
M7 R BOA LA

1 MB5RFE

1.1 HMmEES5 DNARK

2020 4F 9 H T4 v N T B B T R HE T AR o
SEAEAT(38°22" NL117°40" E) R4 33 AN IH 4 1l pq it
BIAE . R AE B ) B0 F Chelex-100 (Bio-
Rad, USA) i 7] & £ U A 240 DNAL - U7 2%
St g DR
1.2 COIl ERARFFIIBRNF

fiH CO T HPE 5% 1/2CO 1 _Fol-F (5'-
ATTCTACGAATCACAAGGATATTGG-3") fil 1/
2CO 1 _Fol-R (5 - TACACTTCAGGATGGC-
CAAAAAATCA-3") 18 Jy 51 1%, b A A= 3 ] 41
DNA 1y CO I ZE 7 5 #4749 1. PCR ¥ 1 R H
20 pL &R, 2 X EasyTaq® PCR SuperMix 10
pL,DNA B 1 pL, B m 5144 0.5 pl.ddH, O 8
pL, PCR Y4 F : WA 95 °C 5 min; M 94 C
45 5,38 &k 55 °C 60 s, Eff 72 °C 60 s,35 DMEEHF; K
FEAR 72 °C 10 min.4 ‘CHRAFE. 3™ Wi K/ F 4l
BEFH 1.5 %6 35 R B 6 15 ri TRk L 75 30 H i K
B PCR 9™ 1y = %k 2 b st R AR W B LA 4 B
oy mE AT
1.3 HEIW

W I 25 R 5 5 [ [ ST AR AR A Bt (NC-
BD BLAST #{ ## J% (https://blast. ncbi. nlm. nih.
gov/Blast. cgh) WHEAE I K CO 1 3 H 7 B v 51 5k
PEVEAT HE X B Mega7 " #E47 DNA {5 B A7 45 4
M G 2B BT BRE S
PR IHA thpg K ER 0 Fh R LT &) Bk - E6 i) i
BE” L GSL) 5 1H 4 1l pd BUIH 4 i A LR i B 1H
SRR SFB) B R R L 41 CO T R BLF 41
s R IR T 2013 4R 9 NCBI 3048 % Chttps: // www.
nchbi. nlm. nih. gov/nucleotide/, #& 1), ffi A Net-
work program v5. 0 JEAT HLAE R 25 43 B L il B TH 45
Ly p Hhe o AR (LR R B e AR, HUD 5 KR
AR E R IH 4 LIV RRE 38t 4% 50 Ak . R ERAF Arle-
quin v3. 5 T BB R AY A5 BRI Cho) | AR T L
(Hr) BA 5B Z RV (Hd) B R G 2 R 1
(Pi) EYRATRR 25 B (k) (2L S HCS) B4
g o3 AL ds B (F ) IF 3EAT 43 F 5 22 43 Bt CAMO-
VA),
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Table 1

BHMBESIHELEME CO1 EEFF 5 GenBank

GenBank store information of CO I gene sequence of

the Great Salt Lake population and the San Francisco Bay popu-

lation
REAS B 0 A GenBank % &5
e Number of GenBank
Population samples accession
distribution number
GSL 1 KF662960
(29 samples)
2 KF662968
21 KF662970
2 KF662971
2 KF662976
1 KF662977
SFB 26 KF662960
(37 samples)
6 KF662968
4 KF662970
1 KF662975
2 HREHMH

2.1 COl EERFF»H

AT L R B MR BE CO T 3 X ¥ 51 33 4%,
KN 709 bp, 1t 5 NCBI % B2 B 12 N %77 1Y
K H CO T 3 DNA K By 81 HE A7 L X, 1 5 A% F
FEARELA DNA R BEYY 4 IH 4 g ML, 8 B R 3
2 BWME ALHMBEMBESLSHENBRESREEE

Ay COT RFFHNEA 7424484, Hh f (5
BLE 1A, BRI 6 A5 T A ER 1) Fh e RE A iy
COT HREFFH HA 11 AT Hoh R 2945 B4
STAVABMA 4N IHE ISR REREA R CO T
HHFIEA 7 DA S b A E B 6
ALHBENE 1A,
2.2 BESHESN

H1 3 2 T, 22 25 S B0 AR 567 a5 B0 A
FEPR A BE FE 3 A FiRE b X 4[], o B D BF L DK 3k i
FRRE L TH & Ll VS PR B0E 23 500 o 6.11.7, 6 30y o it
TR <IH 4 1L 8 R <K ER IR A Horp B R B S
IH 4 LV b B0 2 30 . % 0 R 0 1) B £ 8 2 R O
0. 324 KT R EL W (0. 475) FIH 4 1L Fh#E (0. 480) .
B UL TR (9% 1 R 22 R 1% (0. 000 87) BA B A% T K £h
AR 0. 002 78) FTIH 42 11 ¥ F (0. 003 20) , 15 B
Tl RE 04 7 249 0% 17 R 25 5 8 €0. 523) B B AR T kR
FRAE (L. 680) FIIH 4 LLVE R HE (1. 946) . X L4875 5L
5T Z R A 45 SR R B R — B0, d e RR A 9
PERE B FE bR Tajima’s D fH4 — 1. 802, I A i 3,

5 R R W BB I 4 1 ¥ R R A L B R A
P18y SRR D 22 A T A T 1R 2 A M M A X 4RI, e
AR T 28N AR £ B9 1H 4 1l i R RE L 51 AJF 25l T
FEI VAT b 4 v ) T 2 0 T R HE T o ST AR R R TH 42 1
7 SRR 1) 358 % 22 B I R AR

Table 2  Genetic diversity information of Huanghua populations, the Great Salt Lake populations and the San Francisco Bay popula-

tions

Z AL e g L {ﬂ]gﬁ: Tajima's

- HA R v BRI wgwm wpmzen  ZEE W N

verage 5 5

. Number of Number of . Number of Haplotype p et
Population samples lvmornhi Site number of haplotypes diversit Nucleotide number Tajima’s
samples po y"tO\ PRIC T total variation aplotypes versity diversity of nucleotide D neutral
sites differences test value

HU 33 6 6 4 0.324 0.000 87 0.523 —-1.802
GSL 29 11 11 6 0.475 0.002 78 1. 680 —1.297
SFB 37 7 7 4 0. 480 0. 003 20 1. 946 0.451

2.3 BERRESH

BT CO T B IR 7 51 E4T HE A 35t 1 4548 3 B, It
A 99 ANIH 4 1l g sREA 3 AN FhRELAG I 2 9 Ff
fEARICHL - HO) , Hodr H1 . H5,H6 b = 2% B A5 A,
I35 5 BB 35.35% (35 MEEAR) (27,27 % (27 4
FEA) FIT 25. 25 %6 (25 AFEA) (K1 1,58 3), HFE 3T
ALHT 85 77,14 %0 R B U R RE LS. 71 00 K3

AT FE R 17, 14 %0 B TH 4 Ll v Foe 28 % HS 28 43 )
H1 3. 70 % B K ER WA AR A 96. 30 %6 1 1H 4 11 75 b B
ZH A s H6 B 435 Fy 84. 00 %6 Y K £ W A B AT 16. 00 %6
PR TH 45 Ly V5 o o 2 1

UL RRE 4> W 40 A5 fE H1,H2,H4 , H9 %, 3
B R H1 B (81.82%)., H Wk i H4 B
(12.12%), # % K H2 # (3.03%) F1 H9 #I
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(3.03%0), K #4373 45 /£ H1, H3, H5,
H6.H8 . H9 v, = Z IRy HE B (72.41%) ;
HKA H1(6.90%) . H8(6.90%) ., HI (6. 90 %)
PR N H3(3.45%) JH5(3. 45 %) 8, 1H 4 111 75 Fh e
Sy sy A fE H1 . H5  H6  H7 B, 222 s 50 oy HS
(70, 27%), Hok o H1 B (16.22%) . Fk 4 H6
B1(10. 81%) . Ja b H7 B(2.70%) (£ 3), & FpEE

H9

H4 H2

H1

HS5

H7

Bl 1 BT CO L PR p 5 by £ 11 3 Y Ah A L O 40 3 Fl 1
FITH 4 LV Fob e 174 B 22 ) 2% [

Fig.1 Haplotype networks of Huanghua population, the
Great Salt Lake population,and the San Francisco Bay popula-
tion constructed based on CO [ gene sequences
x3 BUHEAEANEGRBERILS
Table 3 Number and proportion of haplotypes in various popu-

lation samples

g it Uil e/ %
Haplotype Population Number of Proportion/ %
samples

H1 HU 27 77.14

GSL 2 5.71

SFB 6 17.14
H2 HU 1 100. 00
H3 GSL 1 100. 00
H4 HU 4 100. 00

H5 GSL 1 3.70
SFB 26 96. 30

H6 GSL 21 84.00
SFB 4 16. 00
H7 SFB 1 100. 00
H8 GSL 2 100. 00
H9 HU 1 33.33
GSL 2 66. 67

Total 99

f B AL A A RS B L3 A R By L R A
IR W] 3 A Mt 2 18] W2 A i 2 o1k
2.4 BHKBEELHOW

12 4 n] R, 3 AN P 2 [ 44 47 7 0 35 A 3t
e (P =0.000 1), 2 B Al fHE 15 Ok £ 180 7 R L TH
< ULV Rl R 1o 1) 32 A5 S0 AR 48 RO O 0. 644 K 3 1 B
HE 55 TH < 1L ¥ 7o 2 1) 119 352 % 70 AR 18 B0 0. 56. 3 A4
H 4 Ll e HORREE B9 0107 22 50 e 4 2R (3R 5) KWL 1
3 AP B BB LA S P A 61, 0400 i8R L 57 ok
U 3 AT (8] F) et £ 72 S o T AT 38. 96 04 119 38t 1%
AR S SRR T 25 ol R A A ] 1 38 A A S L R TX 3 A
[ < Ly g R R () A T A ) 3t 15 A
F4 3T EESLOHMBEEANEESHESR(F, , NALT
FIRBREMKRE (P, MHELET)
Table 4  Genetic differentiation index (F, , below diagonals)
and significance test (P ,above diagonals) between three popula-

tions of A. franciscana

YA R A IF L 75 e
HU GSL SFB
HU 0.00 0.000 1 0.000 1
GSL 0.64 0.00 0.000 1
SFB 0.64 0. 56 0. 00

5 3N EHELUKBMBEEANS FREDH
Table 5 Analysis of molecular variance among three popula-

tions of A. franciscana

\ BRAR S0
7R S K IR B TG ri/ %
ariance ol
Source of Degree of  Sum of bon- Variation
variation freedom squares o Iil)O percen-
ents tage/ %
Among populations 2 73.112 1. 091 99 61. 04
Within populations 96 66.908  0.696 96 38.96
Total 98 140.020 1.788 95  100.00
3 itig

3.1 BuMBEREEESHEN

i Z R AR W R R AL 4 3 ), e P R I
JOL BRI B 0 B B PR B DRI BN S S 52 W) Aol A A A7
IR R A R4 207 SN W Rl 119 38 1% 2 0 3t A
Gk 2 B B KL AN S A A R A B L A 2
ol IR 2819 52 00 490 o e AR ) et A 22 A 4 T L S
TE AR 2 B8 5 2 v 14— SR e 14 7 ol = R0
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W, X 4 e o R 0 5 A% 22 RE R 3t A% 45 4 BE AT DF
G AT LA 43 Bt 40 i 8 38 1) 26 A7 R L 1R
DA B 1y RE 75 36 T LA 4 B A1 Sk 9 R i AR HILER
g

AT CO 1 FEHFH)XT L 58 T w5 Wb
FE R W R A IE 4 1LV R 1 a8t AL 2R E 2
AT E R S S BGX P AR bR L R R S
IH 4 L R 320, IR F R AR WA BE s FE R T R 2
BEE T 20 R 22 5 A DA B oA R 2 R v S AR A
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RUIEAHE 2B 3 AN B BE 2 8] A B B 19 38 4% o Ak
ARG Ny A LT 2 PNAS 1 A9 TH 4 L IR 38
FERNIH 4 1LV FBpRE , 51 b Jf 2 58 T IA7 645 v ) i o e
T8 TH 4 L g 1 38t 1 Z2 R PE AR X A, i — 25 21 5
#EE Vinh Chau b X 52 5 A9 1H 42 1L i BB a8t 1% 2 B
PRGBS L 3 0] B S T B 3 o RO Y
BV W AR RS PR 5 | AR AR G 20 A R B A A s s v]
RE 2 1P 76 58 B 5 26 T 1 M ST 5 BORP R /)N
4 B T) N TR B AT B AR AT 2R
R
3.2 HWMBEMIE

BRI A N E RN E l R b R N W N YR TR N
2 D TH 4 L i H A 9 A4 = 8 o 058 3l R 6 1 R AT TH
SIS FRER Z K GIA L B ALFE AN b S8 9 DL % R
FRRERY 51 ALY A gE K B, B O AR Y 32 B
FEA S H B 1 R W R A IH 4 LV e ) 32 22
FAABI ANk HE BIFN HS B, B U f fre 1 3 B e
R R IR AL L IH & IS R 7 e 22 52, B AT
B3R AL A0k s IF ELix 3 AN IH 4 Ll AR B Y
BB AR S R BORIE T 3 SRR ) 8L A S, R
B YL R O A A DA K 380 o 3 R IH 4 L ¥ o R 3
ANTH G Ll ped =5 2 b 8 5 | A7 L 1T nT BE R
P TH 4 1 pe AR 1 JE At VR A Fof 0t (A = b U b 5 ) A 2
BEL I P 1) 05 | o ) i 1X) 1 v 5 90 5 KO 51 ol L B4 AT
M .

A FT 38 1 X ) A6 44 v M T i e HE ]
SEAERT I A g R RER CO T JE P3R4 I L IF 4%
D745 5 5 R AR W R L IH S IS AR BERY CO T 2N
2 9B 64T H X s DT A3 A7 B AR 3 A TH 4 L p B
FlRE ) a8 15 ZRE I B S5 i 25 5 . ARG RN

AF T T O R 50 Ao R R T 4 10 v e B i A A ) 35t A%
ZAE AR O AN, 4 0 AT BB 2 TH 4 Ll 7R B i |
Tl BE 3t R rh 28 g ok B R A 80N AU SR 5 A
BN S RER W ARE L TH 4 LTS R R A A I s
1 oAk, 2 B i R0 R O 4 DO ER 39 R A TH 482
LU b 5 | b A3 T A

i T IH 4 Ll B R A AL B R B A IR Z 30 XA
FE#F Vinh Chau M1 X .38 K F) IV Port Hedland Hb
X B Urmia ) DL S i 18 7800 20 o X SR BB & R &
A7 1 R p LB 3 TH 4 L A A R Y )
At 7 32 B8 4 77 S N R By T4, Bt e
BUEFPRE AT BB 20 0 S AR - A I M 9 5k 2 5 B
B WA A 1 FR S A, PRt Stk — D R e
ol RE B384 22 AR o AT AR W A BT 465 1 5 b
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Research on Genetic Diversity of Artemia franciscana popula-
tion in the Huanghua City.,Hebei Province
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Abstract: Artemia franciscana was widely spread after it was introduced into the Bohai Bay area of China in
1991. In order to explore the population genetic diversity and population genetic structure after the introduc-
tion of A. franciscana into Huanghua City, Hebei Province,33 samples of A. franciscana eggs were collect-
ed,and the CO 1 gene was amplified and sequenced. The analysis of genetic diversity and population genetic
structure was conducted combined with two local American populations of A. franciscana (29 samples from
the Great Salt Lake population and 37 samples from the San Francisco Bay population) stored in the National
Center for Biotechnology Information (NCBI) in the United States. The results showed that the nucleotide
diversity of the Huanghua population (0. 000 87) was significantly lower than that of the Great Salt Lake
population (0. 002 78) and the San Francisco Bay population (0. 003 20). The average number of nucleotide
differences (0. 523) of the Huanghua population was also significantly lower than that of the Great Salt Lake
population (1.680) and the San Francisco Bay population (1.946). In haplotype analysis,a total of 9 haplo-
type types were generated. The haplotype diversity of the Huanghua population was 0. 324, which was signifi-
cantly lower than that of the Great Salt Lake population (0.475) and the San Francisco Bay population
(0. 480) ,and the main haplotype types of the three populations were not the same. Among the total genetic
variation of the three populations,61. 04 % of the genetic variation was derived from the genetic variation a-
mong the three populations,while only 38.96% of the genetic variation was derived from the genetic varia-
tion among individuals within each group. Therefore,this study suggests that the genetic diversity of Huang-
hua population is relatively low compared with A. franciscana of the Great Salt Lake population and the San
Francisco Bay population. There is significant genetic differentiation between the Huanghua population and
the Great Salt Lake population and the San Francisco Bay population,and the Huanghua population is not di-
rectly introduced and reproduced from the Great Salt Lake population and the San Francisco Bay population.
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