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Tab. 1 Sample informations of six Brachymystax groups
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Population Location Number Longitude Latitude
HMGAN I JEi Malu River 15 106° 28'E  34° 42'N
BePiSNX  Hji[Hei River 14 107° 49'E  33° 50'N

V57K Xushui River 2 107°27'E  33° 44'N
VAtHEB ¥ Luan River 13 116° 56'E  42° 24'N
WrEEXIN W57 Haba River 16  86°23'E  48°08'N
FRRILIRM) 5 BTN B 2 134°39E 48°13'N
LNK Zhuaji in Wusuli

River

30y Huma River 12

ORI 5% BTN B 8
T™MS Zhuaji in Wusuli
River
505 YL B 8
Haiqing in
Wausuli River

126°29'E  51° 42'N
134°39'E  48° 13'N

134°39'E  47° 52'N
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Fig. 1 Phylogenetic branches with corresponding genotypes
a. ARG EE(Salmo salar) R ANEEI ANBEAE R & 3 SR REA RGUKE ok RN, Frahaiiask B Zoki i 2k R 2 Bl R A ), 43 SR
FAAECTF1—9FRIR, BRREE LS Gt — {5 & B AE 5 (0 A0 Hu/ AR 42 YRR (T R); b. A3 SO0 R I & B AR SR R B A, (B ef Xk

GRHATEIZAL A RIE N, 25 AR IZRRTEZAL 17 551250

a. Phylogenetic relationships among geographic populations of the Brachymystax, with Atlantic salmon (Salmo salar) as outgroup, topology

derived from mitochondrial genome data (unpublished), branches are represented by Arabic numbers 1—9, and each group abbreviation

(distribution/species) is used except Atlantic salmon (the same applies below); b. Genotype frequencies of each population corresponding to

each branch, the colour blocks represent the frequency of the population at that locus as 1, while the blank indicate the frequency to 0
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afllbg3 5l Ayt ARG (R4 BE 437 ) c. InDel7E 4R L3k R 20 e o fk L 1K) 43 A 85 B2, 8 1 K/ 1MB,; d. & BF AL 2 (¥ InDel 0 & Al
T InDelit H I Fgr 35 RE; e. *T(ﬁf%FH’JInDelETl_Jﬁ., F ) AR

a and b show the length distribution of insertions and deletions, respectively; c. InDels’ density on chromosomes using 1 MB window size;

d. Matrix of shared InDels’ number and Fgr-value calculated based on InDels for each population; e. Standardized InDel enrichment degree

in different genetic structures
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AH G R fig i 35k R v 5 AR W JEEAH DG 1 2% H A R 22,
A0, 55 40 Ff 5 (GO:0005886). I (GO:0016020)%%:
(K 6a). Wil # (Biological Process)HH 2% [ i ik
FERIAR /D, 32 A 95 B s RNk DR ik 1 45 4 o
£, BERNA A IR IETHE(GO:0045944).
FEPR FIA 1 1E )45 (GO:0010628) 2% (14 6a). 4> T
Tjfig(Molecular Function) 1 5 45 & Th REAH I 1) 5
BHERZ, P E A R4S (G0:0005515) 2 F s
(930 25 1, L URGE 73 B B ATPSE A (GO:0005524)
RNAZ54(G0:0003723)%Th g (K 6a).

KEGG/) it 31 2 56 5P A ki ai i, &
BRI T 17 (hsa04360). 4 E 7N 15518
% (hsa04722). 1 48 7% V£ Be Ak — 2 AR 40 B/ H
(hsa04080). #4515 5 18 4 (hsa0407 1)55; HLAMNE &
LR, TARIAE. gEET. SR
FHOC B Tl Re 2 g 19 40 PR 7 70 A S AR & A2, W R
5= IG M X R R AR 5 8 7R RS B A R

(K 6b). A W., GOMKEGGH: R0 & 5 T #h 4 A0
A, AT RE L XV M RN i S KR IIAT A
T A HhL X ) G B A K
3 iTig
3.1 AEEEEIDelfI D FHIER

AHIF FEF FH R ) 2 s A 2 T 6
figh e T A4 (1) InDel 4 &, o i 2 B0 K T A3,
T R TA] (kA 55 R AR AL PR AN, S EUR A
FEAR N B8 & A M InDel¥ & % 7 BK, R4 R G K
B K R AR AR HATATAE R R 4 2 5,
Bram. SRV ARV OB T A ) = A i ek A A
(FInDel £ &4 7 A3 AN MG EERE AR T B 2245 () 3d),
YLEHAH LG T 5 403490 30 &, Hrim s BT II3AS
A3 SCAE R 15 2 JL IR 2 (ZR 08 2N e ) P £ 43
YA EEEEE . SAh, AR IRIE RR KR E K
ZAOE 1 23 SR S 1 InDel A i 2 IR 5 1

=2 B\ EEEE AN InDel L EFF

Tab.2 Annotation of InDel positions on genome for each population of Brachymystax

AL E o O] B BIILRY) ORI
Location GAN SNX XIN LNK TMS
2R A X 363562 (62.51%) 382294 (62.56%) 428518 (62.13%) 810320 (62.32%) 874228 (62.23%) 864702 (62.20%
Intergenic region (62.51%) (62.56%) (62.13%) (62.32%) (62.23%) (62.20%)
HFFIX
Etrr::)n%]: 182476 (31.37%) 191260 (31.30%) 217841 (31.59%) 410348 (31.56%) 443366 (31.56%) 440409 (31.68%)
K |
I%prje:a{rﬁrf 15236 (2.62%) 16041 (2.62%) 18514 (2.68%) 34078 (2.62%) 37702 (2.68%) 36753 (2.64%)
LR
Sownstream 17404 (2.99%) 18319 (3.00%) 21103 (3.06%) 37899 (2.91%) 41652 (2.97%) 40665 (2.93%)
T IX
gl;(i;¥]: 2615 (0.45%) 2860 (0.47%) 3337 (0.48%) 6990 (0.54%) 7170 (0.51%) 7024 (0.51%)
BIIAL A 0 . . . . ,
Splice site 323 (0.06%) 338 (0.06%) 379 (0.05%) 586 (0.05%) 660 (0.05%) 685 (0.05%)
pupiL
Summary 581616 611112 689692 1300221 1404778 1390238

i BT FE AN InDel T 8 [ I 3 N 2 AR X TR, [J I (o - 5 B IR b i B o — AN B R, S B0 R E S AR T
InDel# & S Al T H

Note: A single InDel may fall into multiple gene structure, such as the upstream-downstream of two different genes, thus the sum of
annotated positions is greater than the total number of InDels; the same applies below

®3 BMRRLENIPHEEN DL TR

Tab. 3 Fixed InDel annotation in each phylogenetic branch

AN E s a 532 533 4 X5 73 X6 537 X8 5339
Location Cladel Clade2 Clade3 Clade4 Clade5 Clade6 Clade? Clade8 Clade9
FE R ] [X
Intergenic region 169994 208 23 17043 63589 18224 12306 126757 136875
N T 338234 4
Intron 545 107 31961 125518 35869 24520 247063 265590
FER [iF
Upstream 13084 21 5 1347 5521 1528 1005 10138 10939
HE R T
Downstream 15002 25 2 1561 6189 1657 1158 11809 12771
AR IX
Exon 1851 2 1 218 1121 221 158 1386 1571
BYIAL A
Splice site 219 0 0 19 97 31 20 211 150
Al 538384 801 138 52149 202035 57530 39167 397364 427896

Summary
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a. Principal component analysis of 6 lenok populations, the explained variance ratio in parentheses; b. Principal component analysis of
Shaanxi Qinling (SNX) and Gansu (GAN); c. Genetic structure calculated by ADMIXTURE, K value indicates the number of lineages/
subgroups assigned, color indicates different lineages/subgroups, and different populations are separated by vertical bars; d. Cross-validation

error rate of ADMIXTURE results for different numbers of lineages/subgroups, the lowest at K=6, when each population got different inde-

pendent lineages/subgroups
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GENETIC DIFFERENTIATION AND LOCAL ADAPTATION OF CHINESE
LENOK (BRACHYMYSTAX) POPULATIONS BASED ON
WHOLE GENOME INDELS

ZHANG Xin-Miao', ZHAO Chun-Long’, XIE Peng’, FENG Guang-Peng', CHEN Peng’,
WANG Li-Xin' and XIONG Dong-Mei'

(1. Department of Fisheries Science, College of Animal Science and Technology, Northwest A & F University, Yangling 712100,
China; 2. Hebei Ocean and Fisheries Science Research Institute, Qinhuangdao 066200, China; 3. College of Fisheries,
Huazhong Agricultural University, Wuhan 430070, China; 4. East China Sea Fisheries Research Institute,

Chinese Academy of Fishery Sciences, Shanghai 200090, China; 5. Xinjiang
Fisheries Research Institute, Urumgqi 830000, China)

Abstract: To study the genetics and evolution of the genus Brachymystax at the national geographic scale from the
perspective of InDel in genome-wide, we employed whole genome resequencing and InDel detection analysis on six
Brachymystax populations (a total of 90 samples) collected from Shaanxi, Gansu, Xinjiang, Hebei and Heilongjiang.
The aim was to provide new insights into the genetic differentiation and local adaptation of Brachymystax populations
through the perspective of InDels. Results showed the detection of a total of 3056034 high-quality InDel mutation sites
among the six Brachymystax populations, with deletions exceeding insertions. After standardizing various gene regions,
it was observed that intronic regions exhibited a relatively higher concentration of InDel sites. A total of 1715464 fixed
InDels were identified in all branches of the phylogenetic tree, accounting for 56.08% of the total, primarily situated at
the base of each lineage. Population structure analysis revealed that each geographic population of Brachymystax
displayed a relatively distinct genetic structure. Regarding adaptive analysis, 621 candidate selection genes associated
with local adaptation were detected using population branch statistics. Notably, two deletions affecting exonic
sequences were identified, resulting in the loss of two and one amino acid codons in insr and dnhdl, respectively.
Enrichment analysis of all potentially selective genes highlighted their significant involvement in pathways such as
neural development and metabolism. This study provides foundational information for the comprehensive exploration
of candidate adaptive genes in the mountain stream habitats of Qinling lenok, alongside facilitating the development of
molecular markers for artificial breeding and conservation efforts. Additionally, it serves as a reference for further clari-
fication of species differentiation within the genus Brachymystax.

Key words: InDel; Whole genome resequencing; Population structure; Local adaptation; Brachymystax
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