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FERES  FERORIE RN AR-ARCRIGRESRS WFAHK
YC-1993 HEZBHERS] 1993 CHN-SL-29 A. sinica
YC-2019 TEZBHEB 2019 CHN-SL-66 A. sinica
YC-2023 HEEWENS 2023 CHN-SL-94 A. sinica
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E2R (p<0.001), A7 E M, 7R
I, YC-1993 # i & K F YC-2023(p < 0.001); HAth 45
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Fig. 1 Morphometrical variation analysis of three Artemia populations

F.MEPE; ML HEPE. P rh B AR AR R bR HEARAE, PR UEAIE =T 252 3R AR 3k T8 o+, o o0 i) Bl R 7R P4 18] 22 57 . 3 (p < 0.05).
AR B (p<0.01), #53E (p<0.001)

F. Female, M. Male. The y-axis represents standardized values, calculated as each morphological trait divided by head width. *, ** and *** respectively indic-

ates a significant (p < 0.05), a very significant (p <0.01), an extremely significant (p < 0.001) difference between the two groups

PC1 F1 PC2 BTk Z43 H 15.21% Fl 4.66%. YC-1993
T B AN A HE 8540 B, T YC-2019 BER T YC-2023 B
AR, = E B R GF A B ER
Bk YC-1993 BEAA IR 43 K51, PCL ANREHS 3 A HER
43 FF, PC2 ALK YC-2019 B A5 HAh 9 4~ FF 14 X 53 FF,
H YC-1993 BEAA K I r A5 YC-2023 FEAR R TE —
& (E 3a). REGEKEREER G F B 53 45 R AL,
YC-2019 Bf 1R 5 7E — i, 1 YC-1993 ik 55 YC-2023
AERERAH B S, 3R 3 D RER A7 — 2 R B st %

534k (1 3b).

HE— 220 B7 %, YC-2019 BEAR 55 YC-2023 #EfA
] 19 3 4% 431k R B (F,) R 0.087, 2 B W & A7 1 P
ALK (0.05 < F, < 0.15); YC-1993 BEIR 5 55 4R Wi 4
BERHY F A6 R 0.151, FRBIAELE & B 8% 431k (0.15 <
F,<025), SR, £ F Admixture 73 Hr 45 58 WoR, 24
K =10}, 28 LR UEAS 1R 5 55 I8 (18] 4), R 3 ASHER
W R 58 AL IS SR A . RS OC R IR A B 4 2R
5 3 505 4 BT B S5 AL, YC-1993 BER Y 5 A4k
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Fig. 2 Principal component analysis of morphometrical data of three Artemia populations (A. Female; B. Male)
a PR, b A, o 58, d FIRIEEE, e IR EAR, £ 3k 98, ¢ AEFE W, h IR SRS, L AEE 4K, j. IR BE 5, k. 5% M K

a. Body length, b. abdominal length, c. body width, d. distance between compound eyes, e. diameter of compound eyes, f. head width, g. genital segment length,

4
A ¢ B * YC-1993
L - *© YC-2019
~ \0\ C C
* YC-2023
\ e,/ * YC-1993 ,| —
\‘ *© YC-2019
© YC-2023 _ el
< i ’
= d g
v
= 0 = ey
- 3 S c.a
j 4 R
a - d
N b
b -2r e
K
. . . . 4 . . . .
-2 -1 0 1 2 3 -2 -1 0 1 2

h. outer circumference of the clasping organ, i. frontal tubercle length, j. ovary width, k. length of the second antenna

R2 3T HHBEGANEESHEEER

Table 2 Genetic diversity indexes of three Artemia populations

BEIK HAERAE( RURIE A WA BURI B FEH R ZAMER AN
EHFB(E,) K0, S (H,) B (H,) R4 (Nei) i (PIC) AL (D)
YC-1993 1.554 1.850 0.374 0.421 0.409 0.297 0.553
YC-2019 1.519 1.769 0.385 0.286 0.423 0.305 0.567
YC-2023 1.357 1.700 0.310 0.375 0.310 0.252 0.476
a ° YC-1993 YC-1993
° YC-2019 YC-2019
° YC-2023 YC-2023
0.4
®
03F 9§
_o2r
S olf
O ®e
T o
o~ [ ] °
g -01 -i.,,
oot 0.6
03 0.2 “}‘Q\“\
_04 L L L L L *02 C:BK
01 0 01 02 03 04 05 <
PC1 (15.21%)
&3 3T SNP A9 3 4~ pd HUBER 32 52040 #T (a); 3 4> i ORI B S8 3 R4 & B (b)

BH—AWEE, HANERY YC-2019 #f4K . YC-2023

Fig. 3  Principal component analysis of three Artemia populations based on SNPs (a); Neighbor-Joining

phylogenetic tree of three Artemia populations (b)
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Fig. 4 Model-based population assignment by Admixture analysis for K =1 to 10 (a); cross validation error rate (b)
(@) H AN [7] B € PR 280 A BT £ 94 S TR AEL ST 388 4% 281 4, A TR 19 2508 PEL o S T 230 €6 194 o8 L 3@ 7% X IO AEL 598 B 4 1 L)
Each color represents an inferred ancestral genetic component in (a); the proportion of each color in an individual bar indicates the individual’s estimated mem-

bership coefficient for that component
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Fig. 5 Heat map of kinship of three Artemia populations
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The color gradient in the figure corresponds to the coefficient of kinship. The transition from blue to red indicates a gradual increase in the coefficient of kin-

ship, meaning the genetic similarity between individuals gradually strengthens



104

GRERE TR

PR oA . ZREME KO JOBE N k5P, 7 2RI
BeH 7, SRR KA AR RGN R A I,
A A AT B A B B HLAE P R TR
FEAN O] IPPE SR A Y3 N A BT B By X, XA R B
P A AT LA EEE L, 5Z280KAEsH
Ll o HOCBERH S L AR AR e, L S B
TS Fis AL BB S BEFE W, e R B 7K S8 i
MR 3E /N, HL T RE A I A PR T B IR Y R
TR I = R 3 BN e Ak, K TR A
S B B A I A P R AR

T 30 a, SEH A5 R BE R 0902 SRR W i LT
A2 MR & AR AR, AR R 2 T
AN AR SRS A 1 R B A2 52 T R 3 . WIFoE 3R,
¥ 22 [ IH 4 1 < B (Artemia franciscana) 51 A FFE 7K
MER B, 2o K PR B IE 1 5 9% 4 45 B 42, HOJE
B RN AL, IR IRAR A /N | R A AR N
FARIA T, o B A A fE B Rz .
JE RV BE A9 5% MR, R 95 Bk 7R, 19902022 4532 3k 3 1A
K 3T B 2 R e R A, X — AR Ak 32 B SRR R
R T ZI  AF DG, R BE AR b AT B L R Wiz I
W R B e U AE R R I AL AR O )
G 6 7 SR R ) 1996 1 2021 5 A AN [ 4 AR i He
M B BRI AR 1R, 1996 4F i dUrE &2 IR [A] 1 . 25 — fist
FAR AR NE KGR L B2 (p<0.01) KT 2021
AP b H, IR F 2 R I A SR T 48 g 1 A
AR Y R B BRI Y . AR AR % I kR
T Ui AR DR T 5 K RN AR 52 Z R OK IR B IR 1
efml s, 5K, #HE . £ KA S & pH, COD
FEM ., HREZERRIBWIAT, 2015 478 iz 1
0 SR R << 3 1 ) HRH 455 5 180 0 e B 9 B0 St T s 5 B A
g Ay WL KRS A 2020 4R, 12 W3R W IR
St <38 AR I WK, BRI Tolk AR 7 g Ak,
T A S T R W A2 10, HR ™ A R K A 8
TR . pa HUEEDRE A W 08 T R Y AR AR R in 4
A BE X p H A5 VR D A ) A A R A KR B R AR
PRI, 328 IR W90 17 HOJE 25 2 0 (L T AT BB A 4Ok
AR N 1000 5 B0 R 190 98 58 AR AR L
1) 7 5 RN PRARE 0 A Z P IR 26 VR FH R 25 5, ELIAR DR
R A R Tk — 5.

TEMAR 358 1 22 B 1 S P 3 I 2 2% A 1 Ak
fifh, R TR BN EES S P EREES
it (PIC) 5 2% & B J& PP Al 18t 1% 22 R 1 P 4> DG S 4
Fro ARG PIC 54K, i2 WL Wi i UBF AR TR EL S
(0.25<PIC <0.5); IHEI G (H,) 5 M Z5 T (H,) ik

Bl 23 51K 0.310~0.385 F1 0.286~0.421, 3% LE45 5 5
T3 T SNP B i 1932 i i HUAF 5 4 5 U, AT AR O
R T A A RREAROR TR], ARG il TR A i 3R AR 1Y
SER ARG RN FARICRAIAR B 2257, YC-2019
W EA TR Ay BE 5 W 2% 4 BE K S AR 2, AT g2 A2 3 g%
AR T B 52 . Y C-2023 BEIA AL ZRETE R A, X
A B FH T 3T A O T 6 7 1) R 1 P 5 e A DA B N2
Xof i R FRE B RN AT B A RS PR P R A .

Wi 0 35 12 5 A0 SR 3t A% A8 SR A BRI N | B AAR I B
B (A RUBE b 14 20 A A S, S A ) 7 it A i o By
SRINERVEBEIE 1 5 AN i sh TP L R 28 s i 45 5, 2
B fife 2 P 3 0L 1 E LR A A R R W A A%
RGEREBEWS M0 BR, YC-1993, YC-2019
YC-2023 X 3 A F 4K A7 75 — 5 B B 0 8t 4% o Ak .
Fy M1 7R, YC-1993 B4 55 55 AP A B (6] 77 A 1=
B 3 A% 4r 4k (F, = 0.151), i YC-2019 BE{K 5 YC-
2023 FE A R AAE7E H B2 a8t A% 4 Ak (F, = 0.087) . 8t %
SEFY T RS2 HER AL | BUE TR | WA E K B AR ik
P A L2 B0 R T, T S R RO L G A AR S R
Z AL AR 5l AL sk B Y, Li AU o & Ve
JECHT L 1998 4F | 2007 4F I 2019 4F 3 AR i HLURE
PRI AL ZHREVER BT B, AN FAE RO BEAR A7 AE B 3
(1835 A% 53k, 3 0 36 T R 2 a8 VA8 AR e %
M5 0 o AT GE & B 3s IR AR 1 3 A4S i HURER ] 2
B H B 3 R AL 40k, {2 Admixture S AT R =
EIE T —4H e . R4 3 A FEUAE 78 i ] % 41k,
{H 3 B0 oAb S2 78 B — FR S R N Y B S8 Ak .

S T AR R 32 IR T AR RN S R R
ST 3G, AR TG A AR A . AT, R W AR
ROESFLZHEEHHEEN T, 4568 Wb
A3k 110 WA T A8 P B N 26 T 0, 4T 6 18 2 B TR
TR bR 1) %GR A BRARES T R p HOB A B[]
REEBRAEAR S EEF N, BeAh, 26T i s fe 2R
SRR, A (1) #7328 R 9 1 AL Rl T 9 R
B, Pt il 2 Re s (2) Mt SR AR B L AR SE R S
18t 1 Z2 BEE TR B 1 0 Sh A WA &R (3) il 21
B2 PEAl 0 3 5 A5, BT IR B G 3h; (4) XA 8 4% B¢
VA% U R X, 6 £R 15 N 2 2 2~ 3 AR R K IR, %
NEE RS R R SR IR AR B X, ARy B AR TN PR A
TR v fL A, LA S B 0 A 0 VR A T R R

5 451

AHFFERS H A3 AT T3 30 a 1L 74 S Sl 2k 1 e By
B 5B, RBRAESSH LT e T



3 SRRSO 30 AFB R W T AR i R (Artemia sinica) BB S 5 it i 7R F 105

W 1L 22 RE R AR S AR ] P B B B AL o pa ORP SRR DR AP SR I TR, RTINSt v PR
o X SeAS AR AT BE IR T BRI AR A KOS SR AR AT AL IR Al A W AR O e R 4 SRS AR TR T R O U8 5
TR R PG AL TRAL o ANETE s W) WE RS SRR T O R S e S

Sk
[1]  Sorgeloos P, Dhert P, Candreva P. Use of the brine shrimp, Artemia spp. , in marine fish larviculture[J]. Aquaculture, 2001, 200(1/2):
147-159.
[2]  Van Stappen G, Sorgeloos P, Rombaut G. Manual on Artemia production and use[R]. Rome: Food and Agriculture Organization of the
United Nations, 2024.
[3] Waurtsbaugh W A, Maciej Gliwicz Z. Limnological control of brine shrimp population dynamics and cyst production in the Great Salt
Lake, Utah[J]. Hydrobiologia, 2001, 466(1/3): 119-132.
[4]  Van Stappen G, Sui Liying, Hoa V N, et al. Review on integrated production of the brine shrimp Artemia in solar salt ponds[J]. Reviews
in Aquaculture, 2020, 12(2): 1054—-1071.
[5] Aladin NV, Gontar V I, Zhakova L V, et al. The zoocenosis of the Aral Sea: six decades of fast-paced change[J]. Environmental Science
and Pollution Research, 2019, 26(3): 2228-2237.
[6] Asem A, Eimanifar A, van Stappen G, et al. The impact of one-decade ecological disturbance on genetic changes: a study on the brine
shrimp Artemia urmiana from Urmia Lake, Iran[J]. Peer], 2019, 7: €7190.
[7]  Li Wenjie, Chen Panpan, Sui Liying, et al. Temporal genetic variation mediated by climate change-induced salinity decline, a study on
Artemia (Crustacea: Anostraca) from Kyébxang Co, a high altitude salt lake on the Qinghai-Tibet Plateau[J]. Gene, 2024, 902: 148160.
[8] Wang Feipeng, Feng Jia, Wang Jie, et al. Phylogenetic and morphological investigation of a dunaliella strain isolated from Yuncheng Salt
Lake, China[J]. Acta Geologica Sinica - English Edition, 2014, 88(S1): 106—107.
[9] Zheng Mianping. Resources and eco-environmental protection of salt lakes in China[J]. Environmental Earth Sciences, 2011, 64(6):
1537-1546.
(10] EALMH, ik, o, 55 BIRERWI AN R S50 B LS ZREVEIMIT (D). A P)2A41R, 2024, 64(6): 1906-1921
Wang Chuanxu, Yang Jing, Wang Zhuo, et al. Community structure and ecological diversity of bacteria in Yuncheng Salt Lake[J]. Acta
Microbiologica Sinica, 2024, 64(6): 1906—1921.
[11] Li Xin, Yu Yinghui. Biodiversity and screening of halophilic bacteria with hydrolytic and antimicrobial activities from Yuncheng Salt
Lake, China[J]. Biologia, 2015, 70(2): 151-156.
[12] Zhang Lei, King C E. Genetic variation in sympatric populations of diploid and polyploid brine shrimp (Artemia parthenogenetica)[J].
Genetica, 1992, 85(3): 211-221.
[13] Eimanifar A, Wink M. Fine-scale population genetic structure in Artemia urmiana (Giinther, 1890) based on mtDNA sequences and IS-
SR genomic fingerprinting[J]. Organisms Diversity & Evolution, 2013, 13(4): 531-543.
[14] Saad Y M, El-Sebaie H E A, Mahoud N H, et al. Reconstruction of phylogenetic relations among some Artemia species[J]. Life Science
Journal, 2014, 11(8): 822—826.
[15] Han Xuekai, Xu Ruyi, Zheng Yuyu, et al. Development of EST-SSR markers and genetic diversity analysis among three Arfemia species
from different geographic populations[J]. Crustaceana, 2019, 92(7): 841-851.
[16] Li Ke, Zhang Rui, Sui Liying, et al. Genetic structure of ten Artemia populations from China: cumulative effects of ancient geological
events, climatic changes, and human activities[J]. Frontiers in Marine Science, 2024, 11: 1375641.
(17] 2Rk SR 2 X pd AR RFR L A5 T R SR A A (D], K RHEHBHIRE, 2024,
Li Ke. Artemia population genetics analysis, strains identification, and species distribution modeling of Artemia populations in world
main production areas[D]. Tianjin: Tianjin University of Science and Technology, 2024.
(181 FESLHE, M=K, TAEF. SNP 2r TARICHIBITE KR HE R[], P44, 2012, 28(12): 154-158.
Tang Liqun, Xiao Cenglin, Wang Weiping. Research and application progress of SNP markers[J]. Chinese Agricultural Science Bulletin,
2012, 28(12): 154-158.
(19] ZER}, AT, Sh2fl, 25, JORER fruitless 5K B8 Artemia franciscana WIASVEPERISET]. VESAAR, 2023, 45(10): 114-122
Li Ke, Ren Yizhuo, Han Xuekai, et al. Reproductive regulation of fruitless gene in brine shrimp Artemia franciscana[J]. Haiyang Xuebao,
2023, 45(10): 114-122.
[20] Cohen R G, Rodriguez Gil S G, Vélez C G. The post-embryonic development of Artemia persimilis Piccinelli & Prosdocimi[J]. Hydrobi-
ologia, 1998, 391(1/3): 63—80.
[21] Sun Xiaowen, Liu Dongyuan, Zhang Xiaofeng, et al. SLAF-seq: an efficient method of large-scale de novo SNP discovery and genotyp-
ing using high-throughput sequencing[J]. PLoS One, 2013, 8(3): ¢58700.
[22] Li Heng, Durbin R. Fast and accurate short read alignment with Burrows—Wheeler transform[J]. Bioinformatics, 2009, 25(14):
1754-1760.
[23] McKenna A, Hanna M, Banks E, et al. The Genome Analysis Toolkit: a MapReduce framework for analyzing next-generation DNA se-

quencing data[J]. Genome Research, 2010, 20(9): 1297—1303.


https://doi.org/10.1007/978-94-017-2934-5_11
https://doi.org/10.1111/raq.12371
https://doi.org/10.1111/raq.12371
https://doi.org/10.1007/s11356-018-3807-z
https://doi.org/10.1007/s11356-018-3807-z
https://doi.org/10.7717/peerj.7190
https://doi.org/10.1016/j.gene.2024.148160
https://doi.org/10.1111/1755-6724.12266_26
https://doi.org/10.1111/1755-6724.12266_26
https://doi.org/10.1111/1755-6724.12266_26
https://doi.org/10.1111/1755-6724.12266_26
https://doi.org/10.1111/1755-6724.12266_26
https://doi.org/10.1007/s12665-010-0601-8
https://doi.org/10.13343/j.cnki.wsxb.20230636
https://doi.org/10.13343/j.cnki.wsxb.20230636
https://doi.org/10.13343/j.cnki.wsxb.20230636
https://doi.org/10.1515/biolog-2015-0033
https://doi.org/10.1007/BF00132273
https://doi.org/10.1007/s13127-013-0135-5
https://doi.org/10.1163/15685403-00003916
https://doi.org/10.3389/fmars.2024.1375641
https://doi.org/10.1371/journal.pone.0058700
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1101/gr.107524.110

106

GRERE TR

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Li Heng, Handsaker B, Wysoker A, et al. The sequence alignment/map format and SAMtools[J]. Bioinformatics, 2009, 25(16): 2078—
2079.

Catchen J, Hohenlohe P A, Bassham S, et al. Stacks: an analysis tool set for population genomics[J]. Molecular Ecology, 2013, 22(11):
3124-3140.

Price A L, Patterson N J, Plenge R M, et al. Principal components analysis corrects for stratification in genome-wide association
studies[J]. Nature Genetics, 2006, 38(8): 904—909.

Kumar S, Stecher G, Li M, et al. MEGA X: molecular evolutionary genetics analysis across computing platforms[J]. Molecular Biology
and Evolution, 2018, 35(6): 1547—1549.

Alexander D H, Novembre J, Lange K. Fast model-based estimation of ancestry in unrelated individuals[J]. Genome Research, 2009,
19(9): 1655—1664.

Yang Jian, Lee S H, Goddard M E, et al. GCTA: a tool for genome-wide complex trait analysis[J]. The American Journal of Human Ge-
netics, 2011, 88(1): 76—82.

Botstein D, White R L, Skolnick M, et al. Construction of a genetic linkage map in man using restriction fragment length
polymorphisms[J]. American Journal of Human Genetics, 1980, 32(3): 314-331.

Lavergne S, Mouquet N, Thuiller W, et al. Biodiversity and climate change: integrating evolutionary and ecological responses of species
and communities[J]. Annual Review of Ecology, Evolution, and Systematics, 2010, 41: 321-350.

Velasco J, Gutiérrez-Canovas C, Botella-Cruz M, et al. Effects of salinity changes on aquatic organisms in a multiple stressor context[J].
Philosophical Transactions of the Royal Society B: Biological Sciences, 2019, 374(1764): 20180011.

Ge Qiangian, Li Zhengdao, Li Jitao, et al. Effects of acute salinity stress on the survival and prophenoloxidase system of Exopalaemon
carinicaudal[J]. Acta Oceanologica Sinica, 2020, 39(4): 57-64.

Yao Xiaocui, Meng Lifang, Zhao Wangli, et al. Changes in the morphology traits, anatomical structure of the leaves and transcriptome in
Lycium barbarum L. under salt stress[J]. Frontiers in Plant Science, 2023, 14: 1090366.

Manfra L, Savorelli F, Di Lorenzo B, et al. Intercalibration of ecotoxicity testing protocols with Artemia franciscana[J]. Ecological Indic-
ators, 2015, 57: 41-47.

Ravanbakhsh R, Agh N, Nouraein M, et al. Prolonged ecological changes can affect morphometrics and gene expression profile? Focus-
ing on Hsp-70 and NLHS-induced Hsp-70 of Artemia urmiana[J]. Environmental Research, 2023, 238: 117254.

Litvinenko L I, Boyko E G. The morphological characteristics of Artemia shrimps from Siberian populations[J]. Inland Water Biology,
2008, 1(1): 37-45.

Naceur H, Jenhani A, Romdhane M. Influence of environmental factors on the life cycle and morphology of Artemia salina (Crustacea:
Anostraca) in Sabkhet El Adhibet (SE Tunisia)[J]. Biological Letters, 2011, 48(1): 67—83.

Pais-Costa A J, Lievens E J P, Redon S, et al. Phenotypic but no genetic adaptation in zooplankton 24 years after an abrupt +10°C cli-
mate change[J]. Evolution Letters, 2022, 6(4): 284—294.

Kappas I, Abatzopoulos T J, Van Hoa N, et al. Genetic and reproductive differentiation of Artemia franciscana in a new environment[J].
Marine Biology, 2004, 146(1): 103—117.

He Qicheng, Zhang Zhihao, Zhang Yuan, et al. Spatiotemporal evolution and driving mechanisms of ecological risk in the Yuncheng Salt
Lake Wetland, China[J]. Water, 2025, 17(4): 524.

X, THR. SRR 31 SEAE B S K AATE b AR AL T MRS 1 43 BT [0, TR T2 4R (A SRR, 2021, 40(5): 80-89,180.
Liu Chang, Ma Chao. On the change of vegetation and water indicators and driving forces in Yanhu district of Yuncheng city in the past
31 years[J]. Journal of Henan Polytechnic University (Natural Science), 2021, 40(5): 80—89,180.

e, A, FLPURIA, S, SRR IR R T R I ] AR R R SR HUE SR A s (L AR S 2R (D). KRR, 2024,
31(8): 978—987.

Han Xuekai, Zhang Rui, Lhamo T, et al. Effects of climate warming-induced desalination of salt lakes on morphological changes and ge-
netic variation of Artemia in Lagkor Co, Qinghai-Tibet Plateau[J]. Journal of Fishery Sciences of China, 2024, 31(8): 978-987.

AR, Y ERAN, 2. T8 SRR 1 77 e R R Al S 2 R I 2R 22 5 ], IR 50K, 2025, 48(11): 37-49.

Lin Feng, Feng Minquan, Li Hongbin. Seasonal differences in the plankton community structure and diversity in Yuncheng Salt Lake[J].
Environmental Science & Technology, 2025, 48(11): 37—49.

SRR, 3B IRER I 5 O A BLIR A I[T]. EhRkE 540 T, 2020, 49(3): 1-2.

Jing Xiaona. Development status and suggestions of Artemia in Yuncheng Salt Lake[J]. Journal of Salt Science and Chemical Industry,
2020, 49(3): 1-2.

T, TRAE, SR BIRER W A MR i 2 PRECE ARR[T]. MR A AT, 2024, 3(4): 333-344.

Zhang Yu, Zhang Jie, Guo Donggang. Research on biodiversity in Yuncheng salt lake: the past, the challenges, and the future[J]. Emer-
ging Science and Technology, 2024, 3(4): 333—344.

Mathur S, DeWoody J A. Genetic load has potential in large populations but is realized in small inbred populations[J]. Evolutionary Ap-
plications, 2021, 14(6): 1540—1557.

Wright S. Evolution and the Genetics of Populations. Volume 2: The Theory of Gene Frequencies|[M]. Chicago: The University of Chica-
go Press, 1969.


https://doi.org/10.1093/bioinformatics/btp352
https://doi.org/10.1111/mec.12354
https://doi.org/10.1038/ng1847
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1101/gr.094052.109
https://doi.org/10.1016/j.ajhg.2010.11.011
https://doi.org/10.1016/j.ajhg.2010.11.011
https://doi.org/10.1016/j.ajhg.2010.11.011
https://doi.org/10.1146/annurev-ecolsys-102209-144628
https://doi.org/10.1098/rstb.2018.0011
https://doi.org/10.1007/s13131-020-1582-4
https://doi.org/10.3389/fpls.2023.1090366
https://doi.org/10.1016/j.ecolind.2015.04.021
https://doi.org/10.1016/j.ecolind.2015.04.021
https://doi.org/10.1016/j.ecolind.2015.04.021
https://doi.org/10.1016/j.envres.2023.117254
https://doi.org/10.1007/s12212-008-1007-0
https://doi.org/10.2478/v10120-011-0008-6
https://doi.org/10.1002/evl3.280
https://doi.org/10.1007/s00227-004-1420-9
https://doi.org/10.3390/w17040524
https://doi.org/10.12264/JFSC2024-0210
https://doi.org/10.12264/JFSC2024-0210
https://doi.org/10.19672/j.cnki.1003-6504.0344.25.338
https://doi.org/10.19672/j.cnki.1003-6504.0344.25.338
https://doi.org/10.12405/j.issn.2097-1486.2024.04.003
https://doi.org/10.12405/j.issn.2097-1486.2024.04.003
https://doi.org/10.12405/j.issn.2097-1486.2024.04.003
https://doi.org/10.1111/eva.13216
https://doi.org/10.1111/eva.13216
https://doi.org/10.1111/eva.13216

3 SRRSO 30 AFB R W T AR i R (Artemia sinica) BB S 5 it i 7R F 107

RAl 3P HHEBANKGIRE
Table A1 Hydrated cyst diameter of three Artemia populations

T YC-1993 YC-2019 YC-2023

TFHIPIAR/um 254.28+12.95 252.51+12.18% 250.35+12.73

T R PR LI R 22 305 Bl Ay B/ NG FREORA R RHA R 225 835 (p < 0.05), A MIAFHFRERARE .

T A2 30N HBEARLAKE SLAFHIRELE
Table A2 Summary of SLAF data collected in the final assembly of 30 samples of Artemia

LN Fedh ID i Reads %1 GC & /% Oso LBl (%) SLAF %fit S TR EE SR TR
YC-2019 YC19-1 7730 082 36.96 91.89 128 700 2693397 20.9277
YC-2019 YC19-2 9128422 36.50 91.87 134211 3195396 23.808 7
YC-2019 YCI19-3 8677512 37.23 92.31 134 580 3039 460 22.5850
YC-2019 YC19-4 7565912 36.68 92.06 129 481 2651116 20.474 9
YC-2019 YC19-5 9054 058 36.63 91.90 132390 3 145 646 23.760 5
YC-2019 YC19-6 10202 738 36.61 92.07 138 366 3 542 986 25.606 0
YC-2019 YC19-7 10 577 008 37.14 91.72 140 711 3726 514 26.483 5
YC-2019 YC19-8 7837192 36.89 91.56 133 090 2739 000 20.580 1
YC-2019 YC19-9 10 243 238 37.20 91.56 149 720 3553052 23.7313
YC-2019 YC19-10 8 848 634 37.20 91.55 141 781 3115994 21.9775
YC-2023 YC23-1 3813192 38.35 95.51 158 604 1004 285 6.3320
YC-2023 YC23-2 4431 566 36.13 95.43 178 285 1509 089 8.464 5
YC-2023 YC23-3 4187818 36.72 95.45 177 335 1367148 7.709 4
YC-2023 YC23-4 4496 128 36.37 95.33 181 340 1494317 8.240 4
YC-2023 YC23-5 3418 262 36.23 95.53 163 679 1133275 6.923 8
YC-2023 YC23-6 3722 144 37.55 95.70 163 969 1082619 6.602 6
YC-2023 YC23-7 3 568 966 37.69 95.67 160 624 1035437 6.446 3
YC-2023 YC23-8 4270412 37.38 95.38 170 823 1257 894 7.363 7
YC-2023 YC23-9 3507 526 37.48 95.49 163 502 1008 386 6.167 4
YC-2023 YC23-10 4805234 38.10 95.15 160 080 826 324 5.1619
YC-1993 YC93-1 3045370 36.90 95.33 49 050 373 637 7.6175
YC-1993 YC93-2 4008 736 36.52 95.46 53772 500 266 9.303 5
YC-1993 YC93-3 3343790 36.42 95.65 49 779 425918 8.556 2
YC-1993 YC93-4 3491 636 36.74 95.51 168 186 1137129 6.761 1
YC-1993 YC93-5 3505 134 36.83 95.71 165 605 1139 004 6.8778
YC-1993 YC93-6 2390254 36.81 95.45 140 956 772 447 5.480 1
YC-1993 YC93-7 3771782 36.73 95.28 176 151 1195748 6.788 2
YC-1993 YC93-8 3 827 588 37.26 95.82 48 863 428 842 8.776 4
YC-1993 YC93-9 2987 962 36.83 95.70 155 639 962 015 6.1811

YC-1993 YC93-10 3110 194 36.52 95.56 48 361 384 469 7.950 0
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Morphological and genetic variation of Artemia sinica in
Yuncheng Salt Lake over the past 30 years

Wan Xuerui', Li Yunjie?, Wang Chuanxu’?, Zhang Rui', Li Xin®, Yu Huiying®, Sui Liying', Han Xuekai'*

(1. Tianjin University of Science and Technology, Asian Regional Artemia Reference Center, Tianjin 300457; 2. Shanxi Key Laboratory
of Yuncheng Salt Lake Ecological Protection and Resource Utilization, Yuncheng University, Yuncheng, 044000, China; 3. Institute of Fish-
eries Science, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850032, China)

Abstract: Artemia is important live bait in the cultivation of marine fish and crustacean seedlings, with more than
90% derived from wild Artemia resources. In order to study the effects of environmental changes and the unique
aquaculture and harvest management on the morphometrical and genetic characteristics of Artemia in Yuncheng
Salt Lake, Shanxi Province in the past 30 years, Artemia cysts collected in 1993 (YC-1993), 2019 (YC-2019) and
2023 (YC-2023) from Yuncheng Salt Lake were cultured and morphometrical measurements were conducted. Spe-
cific-locus amplified fragments sequencing (SLAF-seq) was used for population genetics analysis. The results
showed that the YC-2023 group was extremely significantly larger than the YC-1993 group in terms of body length,
abdominal length, ovary width, interocular distance, eye diameter, second antenna length, and peripheral claspers,
while the cyst diameter of the YC-2023 group was significantly smaller than that of the YC-1993 group. The res-
ults of genetic analysis showed that the YC-2023 group had the lowest genetic diversity. The polymorphism inform-
ation content (PIC) of three populations was between 0.252 and 0.305, showing moderate polymorphism (0.25 <
PIC < 0.5). The F, value of the genetic differentiation coefficient between the YC-2019 and YC-2023 populations
is 0.087, indicating moderate genetic differentiation (0.05 < F,, < 0.15). However, the F value between the YC-
1993 and the other two populations is 0.151, indicating a high degree of genetic differentiation (0.15 < F, < 0.25).
Phylogenetic tree, principal component analysis, the kinship heat map and Admixture analysis further revealed that
although there was a certain degree of genetic differentiation among the three populations, their genetic informa-
tion originated from the same original ancestor. The morphometrical traits and genetic variations of Yuncheng
Artemia may result from genetic selection and genetic drift caused by the environmental changes that Yuncheng
Salt Lake has undergone in recent years, and unique aquaculture and harvest management. This study will provide

theoretical support for the conservation and utilization of Artemia germplasm resources in Yuncheng Salt Lake.

Key words: Yuncheng Salt Lake; Artemia; genetic diversity; genetic structure; germplasm
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