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Tab.1 Sample source and related information

FEmARE R i A R KAy AR-ARC 715 4 5 T

sample abbreviation sample source year of collection AR-ARC GeneBank ID species name
LGC-1996 P S48 Lagkor, Tibet 1996 CHN-SL-43 VO3 i i Artemia tibetiana
LGC-2021 P S48 Lagkor, Tibet 2021 CHN-SL-77 VO3 i I Artemia tibetiana

1.2 s HEBEESEHIENEN S5

157 b HOAE B AR B B, 3 0l BOME | B4
30 HUk 60 Ml pEA TR B R, FE RS
N BT A o MR I R S AR AL A
R B RTE . RIRERE, ZIRER . B
fu s B EAR L SR O, HEMEDN AR ARALEE: 1K

KoK K. ZRMEE . ZIRERE. iR
SMER . AT EA . AT KTE. B 1996
AR 2021 AERLRE b HO o3 S . HERGZE, TR EpRE
B BRI LAk St AT b e, FIH SPSS 22.0
XX 25 4 B A S AR AR AT I ST AR AS R 50 53
it Kolmogorov-Smirnov 4646 45 4~ HEA 1Y B P8



980 Hh [ K R A

%31 %

EHRIES/M, it Levene K50 # 1 77 22 1Y [l
i, R SPSS A% #dia kA Thm AL K AT I,
S A Origin AT £ M40 07, Az RS
1.3 E[FH4H DNA RBEEHERANF

AP AL 10 Hdifkpd B, FEHZ] DNA
P e FH R e 2 B A B AR AT R W) iy 4 PR A
PEWOR ) & 70 o BEHCL E I IIOME 13 M (Artemia
parthenogenetica)k R 41 (A PR 20 R e KA 1E
k52 SR AL UEA T IV 00, 5 2 o SR FH 114 PR
HIPE VI BE4 &4 Hae TI+Hpyl6611, HEYIFEL
KIETT A 364~414 bp, FLIICEF Y AT/
SESCEFEE . SCHEEA AT P4 HT R AL Bt I
AR A B R S8R
1.4 SNPtRiEF %

FEXT AR B R A7 o A A R e IS, PR B
BRI reads FEARHE A RIESAT R, LA
TRABIZE L EL I TN b B 3 PR 4 5% 51T SNP AR
OHFR o BT IS 1Y reads T BWAI 7k o xit
2 3 HE ) PROME R L 4L B, 5 A A GATK
(v3.8)2H1 Samtools(v1.9)2 i fh 77 v 17 SNP %k
P & FbRIC T & .

1.5 BHEREST
M 076 645 2 () SNPs, FIH 5828 /145

a
14k LGC-1996

[ LGC-2021

AL standardized value

A, 58 OBEIR B % ZREMERE AR T . B8
FE RS I BU(E,) . WA (He) . LI
G (Hy) . HEFZ R EI(Nel) . WD 4547 3
(0. ZEMEBETEPIC)MEFR-BMELU).

JLF SNP ##, i EIGENSOFT(v6.0)"*”!
BRAF € P A TR 1) 20 ANBEA B 32 54340 A o
FIMEGA XP Wi, SR HAR A 20 4> pa AL
RN R G KB o T E R ] 1) 3845 25 49 53 A >R
1 Admixture(v1.22)P b5 . TR 5 %
X% & 4y #r Al Kinship #4 & 2 il 5k H GCTA
(v1.92.1) PR AE5E

2 HBRE5HH

2.1 BEEEREREEUNES T

MSTAEAS ¢ K585 HT K B AF AR pi e
ACTE A2 IR (R BE A — fb ff K AS AR A AR B 35 25 57
(P<0.01), H 1996 4F pi Btk i 3 KT 2021 4F pa
(B 1a)o 1 PSR AR p A A 52 AR ] B A
PR A HNE K AG PR A7 AE M B 35 25 5% (P<0.01), 1996
A B AR I AN FE bR A R 2021 AR
(E 1b)e PINAEAR K B ARAE 2N TE B 248 T
TG 25, (A2 1996 4F ki M 7E IR A . 45
il A R R AR B A0 R K O A R 2021

ol4F b &Y LGC-1996
3 ] LGC2021 @
22|
s
El
g
im
=
@
lv}é \
0 \V \Q:\;Q > \ A @ \\ s
. P & & >
& S S e
B P P LI SF S
S && VS %‘Jé‘\@o £ F N o
& o & & SEPN P
S %S & T
> ‘& \’8/ rﬂfy S \9,( K D
S £ & F P
¥ CAPTN S
T X@Z;ﬁ@l@
S
p
¥ f«&»

K1 1996 4R 2021 4R R R4 i HUBF A 2522 S 1%
a. WEYE; b, HEE.
Fig. 1 Morphological variability in the population of the Artemia tibetiana in lagkor Co in years 1996 and 2021
a. Female; b. Male.
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Fig. 2 Principal component analysis of male Artemia morphology in Lagkor Co in years 1996 and 2021
A. The main view, B. The top view. a: body length, b: abdominal length, c: body width, d: genital segment, e: compound
eye distance, f: compound eye diameter, g: peripheral grasping apparatus, h: frontal knobs, i: head width.
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Fig. 3 Principal component analysis of female Artemia morphology in Lagkor Co in years 1996 and 2021
A. The main view; B. The top view. a: body length, b: abdominal length, c: body width, e: compound eye distance,
f: compound eye diameter, k: ovary diameter, 1: antennae length, i: head width.
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Tab. 2 Genetic diversity indexes of Artemia populations in Lagkor Co in years 1996 and 2021
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allele heterozygosity diversity index heterozygosity information content index
LGC-1996 1.468 0.331 0.356 1.848 0.334 0.268 0.503
LGC-2021 1.427 0.332 0.359 1.770 0.323 0.269 0.504
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Fig.4 Principal component analysis of Artemia populations
in Lagkor Co in years 1996 and 2021 based on SNPs
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Fig. 5 Neighbor-Joining phylogenetic tree of Artemia
populations in Lagkor Co in years 1996 and 2021
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Effects of climate warming-induced desalination of salt lakes on mor-
phological changes and genetic variation of Artemia in Lagkor Co,
Qinghai-Tibet Plateau
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Abstract: Artemia is a tiny crustacean that lives in high-salinity waters and is widely distributed in inland salt
lakes and coastal salt pans. Artemia is not only an important participant in the food chain of hypersaline water
ecosystems, but also a crucial live food for aquatic animals. The Qinghai-Tibet Plateau is one of the regions with
the most abundant salt lakes and Artemia resources in China. In recent years, the Qinghai-Tibet Plateau has
experienced warming and changing precipitation patterns. Fresh water from melting glaciers and snow on the
Qinghai-Tibet Plateau continuously flows into plateau lakes, leading to lake expansion and salinity reduction,
which may further cause the survival crisis of Artemia in these lakes. To explore the effects of climate warming
and salt lake salinity decline on the morphology and genetic characteristics of plateau salt lake organisms over the
past 20 years, we selected the 1996 and 2021 Artemia populations from Lagkor Co (LGC) for culture and
morphological measurement. In addition, the genetic diversity and structure of Artemia were analyzed using
specific-locus amplified fragment sequencing (SLAF-seq). This study observed that although the decrease in LGC
salinity in the last 25 years had negligible effect on the overall morphological changes in Artemia, the compound
eye distance, second antennal length and periplieral grasping apparatus length were significantly higher in 1996
than that in 2021 (P<0.01). A total of 229.12 Mb of read data were obtained by SLAF-seq, with an average
sequencing Q30 of 92.40% and an average GC content of 36.96%. Furthermore, 263069 polymorphic SLAF tags
were developed, and 680955 SNP markers were selected for population genetic analysis. Genetic diversity analysis
showed that the LGC-1996 population was larger than the LGC-2021 population in E,, O, and H, indices and
smaller than the LGC-2021 population in other indices; however, the overall genetic diversity difference between
the two Artemia populations was small. The polymorphism information content (PIC) values for LGC-1996 and
LGC-2021 were 0.268 and 0.269, respectively, indicating moderate polymorphism (0.25<PIC<0.5). The genetic
differentiation coefficient (F) value between the two populations was 0.106, indicating a moderate degree of
genetic differentiation (0.05<F4<0.15). Phylogenetic tree analysis, principal component analysis, and kinship heat
map analysis further showed obvious clustering differences between these two populations. The Admixture
analysis showed that K=1 is the optimal number of subpopulations, which indicated that these two Artemia
populations have differentiated to a certain extent over time, however, have not differentiated into two completely
independent populations and their genetic information comes from the same original ancestor. These changes in
morphological characteristics and genetic differences may be due to the decrease in salinity caused by climate
warming and the genetic drift that LGC has experienced in recent years. In addition, considering the overall low
level of genetic diversity and the potential threat of environmental change, developing and improving the
monitoring, assessment, and protection system of Artemia resources in salt lakes of Tibet is necessary. This study
not only contributes to a comprehensive understanding of the impact of climate warming on Artemia populations,
but also provides theoretical support for the conservation and utilization of Artemia germplasm resources in Tibet.

Key words: Qinghai-Tibet Plateau; Artemia; genetic diversity; genetic structure; germplasm resources; climate
warming; saline-akali water
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