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Abstract: Molecular species identification and environmental DNA (eDNA) technologies have advanced rapidly in recent



years. These tools are widely used in biodiversity surveys and environmental monitoring because they are highly efficient and
non-invasive. Their effectiveness and accuracy depend strongly on the completeness and reliability of reference databases,
especially DNA barcode libraries. In most river basins across China, systematic, standardized, and comprehensive fish barcode
resources are still lacking. This limitation restricts the application of molecular techniques in ecological assessment and
biodiversity conservation. The Yarlung Tsangpo River is one of the world’s largest transboundary rivers at high altitude. Its
unique climate, combined with complex hydrological and geomorphological conditions, supports rich and endemic freshwater
fish diversity. However, a complete fish DNA barcode reference library for the entire basin has not yet been established. The
absence of systematic genetic data further hampers the use of molecular monitoring tools in this alpine region. In this study,
we compiled fish DNA sequences from specimens collected by our research group across the whole Yarlung Tsangpo River
basin from 1998 to 2024, and supplemented them with validated sequences from public databases. All genetic data were
processed following standard protocols and underwent strict quality control and reliability assessment based on genetic
distance metrics. We constructed the first comprehensive fish DNA barcode reference dataset for the entire basin. This dataset
contains 3174 high-quality DNA sequences, including 2890 newly generated sequences (91.1%) and 284 sequences (8.9%)
from public databases. Specimens were collected from 82 sampling sites, covering river main stems, major tributaries, adjacent
lakes, and wetlands, with elevations ranging from 155 to 4,600 m. The dataset covers 78 fish species belonging to 49 genera,
21 families, and 8 orders, including 62 native species and 16 non-native species. It includes 69% of the basin’s endemic fish
species and 100% of the fish species found upstream of the Lhagu River confluence. The average sequence length is
approximately 813 bp. Cytochrome ¢ oxidase subunit I (COI) and cytochrome b (Cyt b) are the core molecular markers, with
sequence length ranges of 461-1779 bp and 798-1390 bp, respectively. Most species show clear DNA barcode gaps, ensuring
reliable taxonomic identification at the species level. The dataset follows an independent metadata—sequence data structure
and complies with the FAIR (Findable, Accessible, Interoperable, Reusable) and CARE (Collective Benefit, Authority to
Control, Responsibility, Ethics) principles. It integrates standardized metadata, including taxonomic information, voucher
specimen records, species distribution, sampling date, collector details, and sequence origins, and provides in-situ color
photographs for some fish species. The dataset is publicly available through the Science Data Bank (ScienceDB; DOI:
10.57760/sciencedb.36688). This dataset fills a critical gap in fish DNA barcode reference resources for the Yarlung Tsangpo
River basin. It supports species discrimination, biodiversity inventory, non-native species monitoring, and eDNA
metabarcoding studies. It also provides fundamental genetic data for the conservation of plateau river ecosystems and
watershed management.

Keywords: Qinghai-Tibet Plateau; Transboundary river; Fish DNA Barcode; Biodiversity Monitoring; Environmental DNA
(eDNA).
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Fig.1 Workflow for establishing a fish DNA barcode reference database for the Yarlung Tsangpo River
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Tab. 2 Summary of primer information used for PCR amplification in this study
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Tab. 3 Descriptions of the fields used in the fish DNA barcode dataset from the Yarlung Tsangpo River Basin
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B—RaE, RJEEEMIBAL o i S ph s e SR AL T AT SE (Y B A

= 4 ISR R

Tab.4 The base composition of the sample sequence

T RTY BAEER TPHEERE BAEE PRAERR
G% 11.00 16.76 35.21 0.04
C% 9.06 27.33 36.23 0.04
A% 12.26 26.82 37.68 0.03
T% 16.67 29.08 41.38 0.03

3.3 FirlE] 55 % A 1R 1% BE B RRAE



QU JOAO S2OUANDIS JO IOqUINU SATIR[NWIND AU} SAIBIIPUT AUI] Paysep ) pue 1edk 1od saouanbas pajerouasd Ajmeu Jo roquinu dy) judsaIdor sieq a1oym

‘saouanbas opooreq YN Jo uonenunode [erodwa] (D) soys Surjdures jo uonnqrysip [eneds ay) Sunensn[ji ‘10ARy od3ues], Sunprex oy Jo UOIOAS ONOJAl AY) JO MaIA padie[uy (g) ‘suonoses Furjdwes jo

UONNQEISIP oY) Pue WYsKs JoAL 10w ) Furmoys “urseg] 1Ay odBues], FunjIex U1 Jo MAIAIAQ (V) $90UaNDbaS 9P0dIEq VN JO UONE[NWINOIE [eiodwo) puE ‘UonNqrIsIp ons Surduwes ‘eare Apis 7 Sig
L Bl s LR 2 Bl X

TS O el FHBH T R N oL |13 3 2 R L ) S S B Y o MR [l ML TR L A4 VNG (D)
A3k YNQ 7 R YT T B

FLHYE B N RR 3 MR A R (D

N o8T

N 06T

N o0€

Nol€

096

1496

qob6

4006

66

gL

L UYWL B R Y R A S (V) LR (] G O 1 o
\E 23

& & &

fELESPSEe e,

4006

.88

.88

SHFES P SEsSs
11
sesaanieul
h
h
; Zo
!
h
1 3
' i
_ i
! Zoor ]
'
‘ 4
...... 4 = — — 10001
T8 (v GO R oy By
O 100001
9498 q0b8 g.28
3pod pue onds Aoning
4 9ISV N o¢
®
[ended [erouInald 35 ()
[,
Nof

q78

4,98



“I‘Jbl | WIEH
Cypriniformes Siluriformes

Wi H e H
Beloniformes Gobiiformes

-~
s Giyli|] 003%
HHIEH o
o %9 -
Mugiliformes Anabantiformes e Order
<gln ‘ o == '
iEH o g
Cyprinodontiformes Synt hiformes

o I . N2 TFEAAE 0 2 b I v
B. o e— C. s o —_ ﬂ"m"("% ?’.:?-sr.ﬁ aer
st vucn, &69 (n=284) n=1548
v
e
ez .
ki A
i - 0 i N
ik [ 5 e
rfeanon N 210% i — T
fucions N 321% L) =y
oehit [ ¥ brid
LIREEe ™ 3 % (n=171)
syt :
st 1,67 (3
moeis: [ 6 (1]
seieishonk I 1.32% ¥
mew Bl 1.26% 7]
whinwin Il 12%
ke il 107% (n=2890)
Ul _JRALY
e L%

ok 0 1L01% . ) A e A ¢ TN 1N
0 5 10 15 (COT) (n=1630)

Kl 3 S ALk A IS DNA S FEADEHE 4 10 2 SR A R AE
Fig.3 Taxonomic composition of the fish DNA barcode database for the Yarlung Tsangpo River Basin
Tl Py 5 o (] 388 B S PRI ARG R /N0 B2 APl DNA RIS B R ER S A MMM A T A E M E
B . — BN, BTN E) R SR TR AR S, RIAEAEIE T “ 269 (] R (barcode gap) 7,
MIZ TS 1 22 BB S W FRIX 43 B8 T o At FU3E T LA AR B o S A ok R o R e A% 78 R 5 L A e 40 o
(B3 % HE 2 (nearest-neighbor distance, NN) , XFFEEG AL M2 DNA KILIDEAREEYFIX 43 ET
H AR T FEVEREAT TS
£ % DNA &M dEES SR CO1 5 Cyth ¥4, KA Kimura2-parameter (K2P) #5755
THE T B PR IR FE B (mean intraspecific distance, Mean Intra) « H¢ KM IS AE R (maximum
intraspecific distance, Max Intra) LAJ I 40FP RIS FE PSS, Hi8id NN-Mean Intra 1 NN-Max Intra FJHI
BT T (B 4) o FEBUREY, AT N 5 M a0 L PR S A S i B R /0 e, H BTy
X IR AR AE SE RS AT
SEREIR, TR AT AL IR BT R e RPN B A BE S VE N LU R, R 2 B K e Y e A B
B TR, 1 R AR (A8 BE B A S, BUR RS T y = x MALLL L, REA L
FAEECNIEIY DNA SKIERSIRIRR . X —25 R Ui, FEEBAMILIARE R DNA KSR £/ ok Lae
R X A FIF, ARG ST S, RERAERRT X — RS, EEDHuR %0
AR B R A S RSB R ES U R, WAHCRE TR ML T . i, WER AR
(Schizopygopsis) TG AJE (Schizothorax) HAH 5 MR (KRR LA S. younghusbandi~ 285



i S. integrilabiatus SRR S. molesworthi IS M S. curvilabiatus. FViZEREM S. o'connori)
AAAEFTUADIRIRR, Fm AL Fh AL BE UK, SMABME L R B — B RN & . HEN 51T
G RASEGE RAR TSR AR, WA A IR R e R R AT RE . R, XZSRIE SRk
THER, BWSETEFREEATSR G FE, IRFEEE kR P55,

AT S, BT UL R A 45 RN, AR SR A S U VLR 38 DNA SRR IS5
SAEBAE L ETHRA RIFYIF X 36871, NIGEEHT 40 77 5 0 0 28 YR 48 58 55 4R ) 2 RV 7T 3R 43t
TR AR LA

A. B.
03 y=x //’ % y:)( "",
/’ % ’4
i i
¥ 4
B |2 I
E . § e
b o
| m .
g ol fg ol
ot smumn col e col
j amEm
00 = H.‘L%.‘[ﬁlm = - 0o 1 Hmfmﬂm‘ ~
FhPO R AK2 PG RER TR FHIK2PIBIEIES
C. D
" y=x ’,"” y=xX "‘,'
B ’ B
ﬁ i
(-
g % :
g | IS
\E - .E ]
% ’:ﬁwnm % ’F.n}ammg
- SR B Cytb id Yane B b0 T Cytb
- W R M ' ’L‘IR%:E.WQ
1 Rl LI A
Bt R - — un%% ﬁhm\lﬁ:’h —
FP R AK2 PSR TR EHIK2PIR{SEEE

® i#EH @ B iz B2 st g FEREE ® HEE

Bl 4 BT cytb 55 col BEFM DNA KTEISEBR AT (K2P HEED
Fig.4 DNA barcoding gap analyses based on Cyt b and COI genes using K2P distances

4. BURSERAEMEN

AT B AE VAR SIS AT T 1 28 DNA SRR B SR RIS 77 i, I A RIWT T SR s
FEANOINDN iGN R T =
4.1 BiREHFERAE

PR A FAIR J5 0] (B8 8588 vy A A S T iy e 8 5 T 5 A, AT 5 IR 2 1 45 A V1 £ 5% DNA
ST BN AEGE T ScienceDB(RFHAEURMRAT, DOI: 10.57760/sciencedb.36688), A7l E i F#H T
A EE S0 .
4.2 AL BLAST BUBRERRIME T £

X AR P A e L SRR O BRR BRI R IR AR SR, BRATsR AL WO 7 AT 5
ISR R AR 4 . BT AR 245 (R 7E 28 BLAST JIR%%, AMufb 7 ZREAAG BZEMRSE: (D =i
Eexf: ANSZ 2 SEIR 5 a5 2 BA S R ], 470 i 55 eDNA PP s i Pul i, (2) mEr e #i
FOH PRI BAARE,  RIE e s AN R R N E iU R IE R R . (3) BiEze SR W
TRAR DT BURFIEE g IR (R RS S s EE 208 (4) AW ERE S5 Azhik: A
WS TRGIEYE B2, REFT AR g 2.



A BLAST i SR M 5 A IR T B %%, W (EHRAE R 404 NCBIBLAST+ LA, JF7E R 3F
b 2z B rBLAST J¢ A 5% 12 /7 A M85+, B Ji5 , DA B4 4R 32 46 /9 AR 1 b FAST ST (I
Yarlung_Fish COLfasta){F %% 751, F| H makeblastdb() & % B v] 7 A Hu k% H BR B ¥E 45 (dbtype = “nucl’).
BRI 2 UG, 18I blastO PRI, F# F predict() BREH £F B 7 FIBAT LT » 200 FEK S B 45
VLECA R P AUARIE . LU R Giih B EE E)ENRE R, MIsEIUPuE . AEw M4 E .
SERE T AIACHS LB 4
4.3 BURENALREEIL

NFG REEARKAR A G ML — Rk S KRN, @WHERL N AR R A

(1) BEAERHEAE: SPRIEMIE . & R85 S B R A RHE, (FRAARHY . BTy

FIVSEFEAT LEXF, WA 2800k G R 4 BRECHE 45 o v S A R AR 2 1 S U A R DS BRI A e ) /. (2)

SCH¥ eDNA 5 SRR 9T : AR 4R rIAE 9 IT JR E & A VLR K eDNA S SR . Hh s

] COI I Cyt b WMZLor FARML O 2R T eDNA W& H 2 FudEH PR R Cngtx) col

(] VCOI-U LA SRS Cytb (¥ edm_Cytb-F/RPNS) |, iZHf 4R o] LAFE B4 eDNA I /3 45 SR HEAT 43 22408

e, NIRRT ) SRR R et . R BRI, SEREASRENA AR A TE B AT R RR

i, AR B AR SRR A 2 OO M, X R A SR 2 i A BUT 43 AR YRR B kb ]

SN AT . HeAh, IR G HEAE P — SRR IC N ) T REAETE 7 R Re 1A IRIUTE UL, AH G 19 LA £y

TEJG R T il Y RV . SIANE 249 Fhrid T U — 55w,

AR HHE BE AR T Dy A SRR A ) 8% A B RV AL SRR LSO, X PPA 43R DNA SR HOE PR AE &
JE T 2R 7 b R P M A R S AROR TR A SR AL 5 A IR BUE AR SR A, F
FEES IR LT, CAVE A AN R IRRHE (1] R385 A AR N R AR P SITE R 195 DNA S5 JR B 7
f1)3E F A

I FARAMAL . SRR T, AEIRE B TEN— RS IIEAR RIE, SR RE S A T
IR DRSNS W ORI AEVD B T S E SR I 1 LR & o AREURE R A RR S 5
HYidr . i A, €SS SR E IR TR B RO R A B AR A i, DARR At AT,
1 %A

B Bt BAF IR KA AWM RITKEEYEWIE KK E, R—H 5T I RN E S35 AT
BRI, FRAEFHE, WEK, ZHEEIFRAHALR I, FRLLMEY, s AL
ERA B RRBR A B I, Edb—H & TEHM!

5 MifF

Bt £F W H TR (DOI 10.18307/2026.0635)

6 BEHk

[1] PEEFREBEE B R SR B GEIN. PRI S WA, Jbat: BHEHRRAL, 1984,

[2] He DK, Chen JN, Ding LY, et al. The status and distribution pattern of fish diversity in the Yarlung Tsangpo River. Biodiversity Science,
2024,32(11): 24143. DOL: 10.17520/biods.2024143.[{a £ 2, FRrd, T XIHS%. MEEMAMILARZ LIRS MR, £Y
ZHREPE, 2024, 32(11): 24143.]

[3] He DK, Sui XY, Sun HY, et al. Diversity, pattern and ecological drivers of freshwater fish in China and adjacent areas. Reviews in Fish
Biology and Fisheries, 2020, 30(3): 387-404. DOI: 10.1007/311160-020-09600-4.

[4] Sui XY, Lin PC, Ding LY, et al. Genetic insights into drainage evolution: Late Miocene river capture in the eastern Himalaya. Journal
of Systematics and Evolution, 2026, 64(1): 33-48. DOIL: 10.1111/jse.70050.

[5] Li XX, Qian JS, Huang JH, et al. Genetic memory of fishes for Himalayan river evolution. Quaternary Sciences, 2023, 43(3): 819-837.
DOL: 10.11928/j.issn.1001-7410.2023.03.11.[Z= 36 ¥, ERAEM, #R5E, AT, MMOHE, (e, skt 3 SR sk
FiEAZ. SEIULHTA, 2023, 43(3): 819-837.]

[6] Convention on Biological Diversity (CBD). Kunming - Montreal Global Biodiversity Framework. Fifteenth meeting of the Conference

of the Parties (COP15), 2022.



[7] Hebert PDN, Cywinska A, Ball SL, et al. Biological identifications through DNA barcodes. Proceedings of the Royal Society of London
Series B: Biological Sciences, 2003, 270(1512): 313-321. DOI: 10.1098/rspb.2002.2218.

[8] Ratnasingham S, Hebert PDN. BOLD: The Barcode of Life Data System (http://www.barcodinglife.org). Molecular Ecology Notes,
2007, 7(3): 355-364. DOI: 10.1111/j.1471-8286.2007.01678.x.

[9] BRXUHE, BRIEFS, 1R30Y, 4. R0 TS EBOR. BT HITRSE TR, 2012,

[10] Ma B, Li L, Wang JL, et al. Morphological and COI gene barcode analyses of Schizothorax waltoni, S. o'connori and their natural
hybrids in the Yarlung Zangbo River. Journal of Fishery Sciences of China, 2018, 25(4): 753-761. DOI:
10.3724/SP.J.1118.2018.17359.[ by, 2%, T4k, 5. FESMBUAATL R 2L M, SRR M LI QAR IES S COl
FERZIAD T, EK = REE, 2018, 25(4): 753-761. DOL: 10.3724/SP.J.1118.2018.17359.]

[11] Shen Y J, Hubert N, Huang Y, et al. DNA barcoding the ichthyofauna of the Yangtze River: Insights from the molecular inventory of a
mega-diverse temperate fauna. Molecular Ecology, 2016, 25(20): 5029-5044. DOI: 10.1111/mec.13853.

[12] Jiang PW, Li M, Zhang S, et al. Construction of a fish DNA metabarcoding reference database in the Pearl River Estuary based on
mitochondrial COI and 12S rDNA genes. Journal of Shanghai Ocean University, 2023, 32(6): 1153-1165.[#4{f 3¢, Z=f, g, It
TF&hifk COI Al 12S rDNA FER P EEERITIM 128 DNA 2246 TR A . g i Kk, 2023, 32(6): 1153-1165.]

[13] Xu YQ, Liang XH, Chen XJ, et al. Construction of a DNA barcode reference database for common fishes in the Northwest Pacific
based on the COI gene. Journal of Shanghai Ocean University, 2024, 33(4): 823-835.[#& i, RLUT, ML, T Col HH
FEEPE AL APV WA DNA ZIBSHHIRE. g RS540, 2024, 33(4): 823-835.]

[14] Xiao Y, Liu K, Wang YC, et al. Sequence and morphological diversity analysis of Corbicula fluminea in the Yangtze River Basin based
on DNA barcoding. Journal of Lake Sciences, 2025, 37(1): 194-203.[H4%, XI#l, THA %, FT DNA KM NIKITRIBIAK
PRI 2 FEPE S #T. IR, 2025, 37(1): 194-203.]

[15] Brosse S, Cuenot Y, Condachou C, et al. Near complete 12S DNA reference library for the freshwater fish of French Guiana, northern
Amazonian region. Scientific Data, 2026, 13: 408. DOI: 10.1038/s41597-026-06811-5.

[16] Altermatt F, Couton M, Carraro L, et al. Utilizing aquatic environmental DNA to address global biodiversity targets. Nature Reviews
Biodiversity, 2025, 1: 1-16. DOI: 10.1038/s44358-025-00044-x.

[17] Ji YQ, Diana A, Li XY, et al. High quality, granular, timely, trustworthy and efficient vertebrate species distribution data across a
30,000 km* protected area complex. Ecology Letters, 2025, 28(12): €70302. DOI: 10.1111/ele.70302.

[18] Zhou CJ, Ma K, Wang T, et al. Assessing current fish diversity in the Yellow River Basin by integrating large-scale barcoding and
morphological data.Ecology and Evolution,2025, 15: €72617. DOI: 10.1002/ece3.72617.

[19] Shi X, Kou C, He C, et al. DNA barcode reference library and undetected diversity of fish species in the Yuanjiang River, China. Fishes,
2025, 10: 418. DOI: 10.3390/fishes10080418.

[20] ETHE. FEGBUAGL FIFMAIE DNA FIEIEE AR e R (24008 30, BT hER AR, 2022.

[21] Feng X, Li B, Chen YF, et al. Species-level monitoring of rare and invasive fishes using eDNA metabarcoding in the middle and upper
Yarlung Zangbo River, Tibet. Water Biology and Security, 2023, 2(1): 100089. DOI: 10.1016/j.watbs.2022.100089.

[22] Manel S, Guerin PE, Mouillot D, et al. Global determinants of freshwater and marine fish genetic diversity. Nature Communications,
2020, 11: 692. DOIL: 10.1038/s41467-020-14409-7.

[23] Grush J, Noakes DLG, Moccia RD. The efficacy of clove oil as an anesthetic for the zebrafish, Danio rerio (Hamilton). Zebrafish,
2004, 1(1): 46-53. DOL: 10.1089/154585404774101671.

[24] American Veterinary Medical Association. AVMA Guidelines for the Euthanasia of Animals: 2013 edition. Schaumburg, IL: American
Veterinary Medical Association, 2013.

25] K=K, REE. HEm i m3g, Bl W)IRSEOR T R, 1992.

[26] V5L E A DK . PR R ILBER. st AR AR, 1995.

[27] SFas. P EBYIE WA - SUEH(F). Jbat BREH AL, 2000.

(28] #Hrs, AL, T, PEME « BEEHH - SHEH. JE Bt 1999.

[29] Gong Z, Lin PC, Liu F, et al. Exostoma tibetana, a new glyptosternine catfish from the lower Yarlung Tsangpo River drainage in



southeastern Tibet, China (Siluriformes: Sisoridae). Zootaxa, 2016, 4527: 392-402.

[30] Gong Z, Deng SQ, Wang J, et al. A new species of genus Garra (Cypriniformes: Cyprinidae) from the lower Yarlung Tsangpo River
drainage in southeastern Tibet, China. Chinese Journal of Zoology, 2018, 53(6): 857-867.

FEIE, AWK, AR5 VERUMES AT L Rkt )@ —Hrm(B% B . 88RD. ¥4k, 2018, 53(6): 857-867.]

[31] Gong Z, Freyhof J, Wang J, et al. Two new species of Garra (Cypriniformes: Cyprinidae) from the lower Yarlung Tsangpo River
drainage in southeastern Tibet, China. Zootaxa, 2018, 4532: 367-384.

[32] Chen YX, Tan HM, Lin PC, et al. Taxonomic revision of the Sisoridae (Osteichthyes: Siluriformes) fishes of the lower Yarlung Tsangpo
River, with descriptions of three new species and one new record in China. Acta Hydrobiologica Sinica, 2024, 48: 920-949.[[/BKEZ,
TERAL, MMSRESE. ML N bR 20 JORE % = i RoRT b E B adaebh. KR AR, 2024, 48: 920-949.]

[33] Ward RD, Zemlak TS, Innes BH, et al. DNA barcoding Australia's fish species. Philosophical Transactions of the Royal Society of
London B: Biological Sciences, 2005, 360(1462): 1847-1857. DOI: 10.1098/rstb.2005.1716.

[34] Messing J. New M13 vectors for cloning. Methods in Enzymology, 1983, 101: 20-78. DOI: 10.1016/0076-6879(83)01005-8.

[35] Xiao W, Zhang Y, Liu H. Molecular systematics of Xenocyprinae (Teleostei: Cyprinidae): taxonomy, biogeography, and coevolution
of a special group restricted in East Asia. Molecular Phylogenetics and Evolution, 2001, 18(2): 163-173.

[36] K. rvIE T RRMIMR L% f AN SO O T RS I St A% ZREME T [2EA0R S0 i BRI RAE, 2016,

[37] Oliveira LM, Knebelberger T, Landi M, et al. Assembling and auditing a comprehensive DNA barcode reference library for European
marine fishes. Journal of Fish Biology, 2016, 89(6): 2741-2754. DOI: 10.1111/jfb.13169.

[38] Du TQ, Ding CZ, Ke Y, et al. A global dataset on species occurrences and functional traits of Schizothoracinae fish. Scientific Data,
2024, 11: 727. DOIL: 10.1038/s41597-024-03098-2.

[39] Porter TM, Hajibabaei M. Over 2.5 million COI sequences in GenBank and growing. PLoS One, 2018, 13(9): €0200177. DOI:
10.1371/journal.pone.0200177.

[40] R Core Team. R: A language and environment for statistical computing. Vienna: R Foundation for Statistical Computing, 2025.
https://www.R-project.org/

[41] Winter DJ. rentrez: an R package for the NCBI eUtils API. The R Journal, 2017, 9(2): 520-526.

[42] Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic Acids
Symposium Series, 1999, 41: 95-98.

[43] Pages H, Aboyoun P, Gentleman R, et al. Biostrings: efficient manipulation of biological strings. 2024. R package version 2.74.1. DOL:
10.18129/B9.bioc.Biostrings. https://bioconductor.org/packages/Biostrings.

[44] Kumar S, Stecher G, Li M, et al. MEGA X: Molecular evolutionary genetics analysis across computing platforms. Molecular Biology
and Evolution, 2018, 35(6): 1547-1549. DOI: 10.1093/molbev/msy096.

[45] Paradis E, Schliep K. ape 5.0: an environment for modern phylogenetics and evolutionary analyses in R. Bioinformatics, 2019, 35:
526-528. DOI: 10.1093/bioinformatics/bty633.

[46] Kimura M. A simple method for estimating evolutionary rates of base substitutions through comparative studies of nucleotide sequences.
Journal of Molecular Evolution, 1980, 16(2): 111-120. DOIL: 10.1007/BF01731581.

[47] Fricke R, Eschmeyer WN, Van der Laan R, eds. Eschmeyer’ s catalog of fishes: Genera, species, references. San Francisco:
California Academy of Sciences, 2026. http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp.

(48] HHBCRR, FF)HA, BiEARSE. B ER RGN, F i RS R, 2017.

[49] Qian JS, Ding LY, Li YY, et al. Latin-Chinese dual translation of global fish taxonomic names using large language models. J Lake Sci,
2026, 38(1): 425-434. DOI:10.18307/2026.0161.[Ekadhil, T x5, ZMEPFISE. HeT OOUE 5 B0 0 tH 57 A R PO BRI R, 9
B2, 2026, 38(1): 425-434.]

[50] Saccone C, De Giorgi C, Gissi C, et al. Evolutionary genomics in Metazoa: the mitochondrial DNA as a model system. Gene, 1999,
238(1): 195-209. DOIL: 10.1016/S0378-1119(99)00270-X.

[51] Yu D, Zhang Z, Zhang J, et al. Genetic diversity and population demography of Schizothorax molesworthi from the Motuo area of

lower reaches of the Yarlung Zangbo River and Lohit River. Acta Hydrobiologica Sinica, 2019, 43(5): 923-930. DOI:



10.7541/2019.109.[firS}F, 5K, k@S T Cyt b FEDAIHEGHBA T S8 At T B S SR AT S5 i A 10 F) 3844 22 oF 2k
FEDI B AT, KRR, 2019, 43(5): 923-930.]

[52] Peng JL, Wang XZ, He SP. The progress and application of DNA barcoding. Acta Hydrobiologica Sinica, 2008, 32(6): 916-919.[# /&
i, FLEHL, 5T DNA SR EAR Wt e S ILRIH. KB, 2008, 32(6): 916-919.]

[53] Zhou JS, Zhang C, Liu HP, et al. Studies on identification of Schizothoracinae population in Tibet water system by DNA barcode.
Freshwater Fisheries, 2019, 49(1): 33-41. DOI: 10.13721/j.cnki.dsyy.2019.01.006.

[ BE, 5K, XHET-4E DNA FFASLE VUK R RN 0 T R 86 P AL, /K, 2019, 49(1): 33-41.]

[54] Zhang Z, Schwartz S, Wagner L, et al. A greedy algorithm for aligning DNA sequences. Journal of Computational Biology, 2000, 7(1-
2):203 - 214.

[55] Hahsler M, Nagar A. rBLAST: R interface for the Basic Local Alignment Search Tool. 2019. R package version 0.99.2.
https://github.com/mhahsler/rBLAST.

[56] Camacho C, Coulouris G, Avagyan V, et al. BLAST+: architecture and applications. BMC Bioinformatics, 2009, 10: 421. DOI:
10.1186/1471-2105-10-421.

[57] Wang ZC, Liu XL, Liang D, et al. VertU: universal multilocus primer sets for eDNA metabarcoding of vertebrate diversity, evaluated

by both artificial and natural cases. Frontiers in Ecology and Evolution, 2023, 11: 1164206. DOI: 10.3389/fev0.2023.1164206.



B B 3%

BHAE 1 AT IT P R S AR P SO AR LR

W 2 ARBFTC P ATREEE LR PCR 519, REGR S &M
Wi 3 FRE AT A2 DNA KR EREEYF LT

B4 4 BILAH Blast 3B £ K7V

E P U

BEPE 1 FF G5 AORE )P SCARFRORT R R

Appendix 1 Sampling site codes and Chinese names used in this study
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S19 PR 1 A DR T A Sk MR R VT M b i HE £ AT LT
S20 P 76 DXL T it 7K B il K A AT VL

s21 PEIR 1 A DXChL g T K B ik 83 Am B S s T

S22 P VA X H RLBE 3 G DX R L 5

523 [ ASREIEE TAAN Y GRS A= RT3:

S24 PO VA X P T 24T TR EH T 42 s A hi e

S25 PEEL VA XL TR B 55 2 2 55 2 MR

S26 VL E A DXL AR B R 2 SR 2 SR

S27 P VA DX LR T 2R DR T e e A

528 P VA DXL P T 2R DX S B 2 KM T AT U
529 PEIR 1 A X L R 1 X 5 AR B HE £ Ao g i i

$30 [iip=A= M NT e ipI IR =R = E TR S TR

S31 FEIER H VA DR 2 T KA T B R AT A T B A 1T

$32 P E A XHRCZ AR T R 2 AR S 58 Am L

$33 P VA DX T KM T KPR B 5 AT U

S34 PG H VA XA T I X 5 2 2 A JE R



S35
536
S37
538
539
540
541
542
543
S44
545

546

547
548
549
S50
S51
552
M1

M2

M3

M4

M5

M6

M7

M8

M9

M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M24
M25

VAL 76 DX T A VL B BT T 2 8 ]

VHFER H VA DXAR 27 AL B ELR B 25 A i B AS
VU G XK Z T TALIR B 2 Bkl

VR 16 DX TR T PR & BN A & R A LT

VEFER [ 96 DXOPR 2T i 2 L0 2 B e A i e A

VR I XM T i LB 2B G318 /N e M I i AT
VHER [ 16 DXOPR 2 T ipt o L 30 2 SRR e A 15 2 s AV
VR IR XK 2 T30 5 B 5 0T 2 MR 5 sl

VR IR AR Z i Bl 2 R IR AL

VEER [ 76 DXOPR 2T i 2 L LA IR R A B e A

VHFER G X B AT\ AR S AR S

VR G DX B AR\ ELAR S B EL A IR 5 B NI S AL T LR/ DG R R (X B #R T
J\IE SR BBk K1 3

VAR 6 DXOMR 2 T SR ELINFAR 2 I A A e 5 A

VE L ¥ XA 2 T SR LA AR S TR 3R 2 0k SR 4 BB AT
VH5ER B ¥ XARZ T SR LA R B TR B A 2 - RA R T A
V5 B VA XARZ T SRl LA R B TR B IR 2 AR AL B BRI A 3 A7
VR I XK 2T SR L 2 2 M S kA

VAR I XK 2T SR LS 2 2 4TT A B H e A

P ¥ DR 2T sk At B S8 B3t B PG VB ] R G ]

W ¥ DR 22T ke At B B3t B G B ] KM G ] AR A
VBB 6 DX 2 T S ELAE % 2 A O L & e A
PR ¥ DXAR 22T SR il L S8 B B R

VU5 A XAR T 8RB 2 0 A

VU5 VA XK T SRl B 2 P TR 5

VU5 H VA XARZ T SRl B 2 7 T 4

VU5 VA XK T SRl B 2 7 T 3

VU5 H VA XARZ T SR B 2 P T 1L P DT 2

PR I XA 2T S8 B8 i 2 AR R AR I 2 re

PR I DR 2110 S8 B 9 2 TR A 47 180 R

VAR I XA T SR L9 1 2 Vb3 T A 1T

VU5 VA DX T SRl B 2 R O JE Bl

VU5 H VA XA T SR B 2 18R DT R T

PSR ¥ DXAR T 58 i B A 2 A ECR MR 1 5S P AT
PG H VA XARZ TSR BT 2 5 2 R SE AR

PG H VA X AR TSR BT 2 5 A 2 R

VU5 H A DXAR T 8 i B A 2 V0BT AR S

PR I DO 2T SR B i 2 R R A H

P A DR T s B0 2 SARA X R 2 Hg A
PG H VA XARZ T SR BT A 2 s A B S i H R

VU5 H VA XARZ T SR B 2 PE LA i A R

VU5 H VA XARZ T SR BT A 2 pa LA P H

VU5 H VA XK T SR B A 2 PE LA PG R i A AT
PG E A XARZ T SRl BT A 2 P LA Y A



D1
D2
D3
D4

P ¥ DR 2T sk B B
PEHE A XA Z T i B2 5
P A DR T s B
PEHEC A XA T s B BV R

BEfF 2 AT BT R R PCR 514 RNAA R 5919 544

Appendix 2 Genes used in this study and their PCR primers, reaction systems, and amplification conditions

HE 5B K R J N2k A SE R EHRR
CcOl1 FishF1 2x Master Mix 12.5 puL, 94°C FASME 4 min, BAJE
’ =
INTPSO25WL (10w BT 37 MK, 4G Ward etal. 2005
mmol/L) , Taq DNA A& FALEE 94°C A5ME 30's
, 05U, k. FiEsl#e 1uL o o i
FishF2 (10 s 54°C Bk 35s. 72°C %E
pumol/L) , JEFZH DNA 50, (BERLE G T
BEBL 1L, JEE ddHRO Hh o e g min
25l -
M13F 2 K Messing, 1983
M13R
2x Master Mix 12.5 pL, 94°C FASME 4 min, BAJE
Cytb  L14724 dNTPs 0.25 uL (10 ST 37 AEIR, N S
mmol/L) , Taq DNA A& HALEE 94°C ’?E}i 30s
05U, k. TFiEsI¥# 1uL oC iE- o 7p  Xiaoetal, 2001
H15915 (10 VL) JLF% DNA 54°C Bk 35s. 72°C %
HmOYES » TR 1l 50's, (EPRSE AR TE
FZK BFR 1 pL, W ddH.0 %k e O TR
B 25 L 72°C ZAFEf#H 8 min 5=
RZK
PCR Master Mix: 12.5 pL 94°CHIAEM: 4 min, BEfS
CytbL (% MgCl. dNTP Mix. Taq #E4T 35 MEHK, BAME
B> , LS. 1.0 nL WG 94°CAME 30 s,
(55ng/ul) , NiF5I: 60°CiB K 45s. 72°CHEMH  FB3HT, 2016 /N R
1.0 uL (55ng/uL) , DNA 1 min, {BH&H)ETE
CytbR BB 1.0 uL, ddFbO: #h  72°CAIEMH 8 min, HS

£ 25 uL

T 4°CIRAT

B 3 A TS DNA SRS B SE Y 44 5%
Appendix 3 Species list of fish included in the DNA barcode dataset from the Yarlung Tsangpo River

H B FR T XH4 J&
Cypriniformes Cyprinidae Schizothorax
A LSRN [
% H i} g fa)E Schizothorax curvilabiatus
Cypriniformes Cyprinidae Schizothorax
N B Schizothorax molesworthi [ ]
% H i} R )g
Cypriniformes Cyprinidae Schizothorax
- SIEZE Schizothorax integrilabiatus [ )
% H i} R )g
Cypriniformes Cyprinidae Schizothorax
A o
% H i} g fa)E Schizothorax o'connori



Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
#2% H
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes

e H

Cyprinidae
g
Psilorhynchidae
Ryt
Cyprinidae
g
Cyprinidae
g
Cyprinidae
g
Cyprinidae
R}
Nemacheilidae
KB
Cyprinidae
R}
Nemacheilidae
KB
Nemacheilidae
KB
Nemacheilidae
KR
Nemacheilidae
KR
Nemacheilidae
KR
Cyprinidae
R}
Cyprinidae
R}
Cyprinidae
R}
Gobionidae

fif &t
Cyprinidae
i
Gobionidae

fif &t
Cobitidae
iRt
Cobitidae
iRt
Cyprinidae
iy

Garra
Skl )E
Psilorhynchus
By fa g
Bangana

Ay IETA e
Garra
skl )E
Garra
skl )E
Neolissochilus
WOt MR
Schistura
)R
Schizopygopsis
WRRMR
Triplophysa

e ML 66t )
Triplophysa

i ML 5t )
Triplophysa

e SR
Triplophysa

e SR
Triplophysa

e SR
Oxygymnocypris
BRI R
Schizothorax
S ke
Ptychobarbus
- £
Pseudorasbora
KRR
Carassius
)%
Abbottina
BRAEf R
Misgurnus
0]
Misgurnus
0]
Cyprinus

filt o5

Bl IE A

L 8 Sk A

SRJBHTOE

o 7 4 g

BE AR Lt

i R e it

1R e J

S v St

VU St

12 L v A

RAREE

KU 25 821

25!

FETE

ek

R e 8

Garra motuoensis

Psilorhynchus homaloptera

Bangana dero

Garra tibetana

Garra yajiangensis

Neolissochilus hexagonolepis

Schistura scaturigina

Schizopygopsis younghushandi

Triplophysa brevicauda

Triplophysa stenura

Triplophysa stewarti

Triplophysa tibetana

Triplophysa dalaica

Oxygymnocypris stewartii

Schizothorax waltoni

Ptychobarbus dipogon

Pseudorasbora parva

Cyprinus auratus

Pseudogobio rivularis

Misgurnus anguillicaudatus

Paramisgurnus dabryanus

Cyprinus carpio



Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
#2% H
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
LEPAS]
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Cypriniformes
it H
Siluriformes
i 1% H
Siluriformes

i 1% H

Cyprinidae
g
Tincidae

gt
Leuciscidae
D
Cyprinidae
g
Nemacheilidae
KB
Danionidae
R}
Danionidae
HRt
Cyprinidae
R}
Cyprinidae
R}
Cyprinidae
R}
Cobitidae
AR}
Cyprinidae
R}
Danionidae
R}
Danionidae
R}
Cyprinidae
R}
Danionidae
R}
Nemacheilidae
SRR
Nemacheilidae
SRR
Cyprinidae
i
Nemacheilidae
SRR
Sisoridae
At

Sisoridae

oAt

Schizothorax
B ke
Tinca

I'g)m
Rhynchocypris
KWt
Tarigilabeo
P TR
Schistura
)R
Salmostoma
i 1B £ )
Salmostoma
e 1B £ )
Puntius
/N
Puntius
/N
Osteobrama

B B

Lepidocephalichthys

A% L8k s
Garra

3k E
Devario
o
Danio

i}
Chagunius
b B R
Barilius

R A=
Aborichthys
o 35 65t R
Triplophysa
e SR K
Schizothorax
At )R
Triplophysa
e SR K
Pseudecheneis
Parachiloglanis

Fr AR

Tk

ETAPNL}

FALTE R fik

oK

o N B 11 38

ﬁi

PR B

BER /M

EREAN 1L

L L

TR DA% S

B

i £k

1

!

SEEE A i

EviIEE]

R

fIRL AR

581t o 5 8k

1 v A

TR e

iyt

TEPEF I ok

Schizothorax prenanti

Tinca tinca

Rhynchocypris lagowskii

Tarigilabeo latius

Schistura rupecula

Salmostoma bacaila

Salmostoma phulo

Puntius sophore

Puntius chola

Osteobrama cotio

Lepidocephalichthys

goalparensis

Garra arupi

Devario aequipinnatus

Danio dangila

Chagunius chagunio

Barilius barila

Aborichthys kempi

Triplophysa shannanensis

Schizothorax macropogon

Triplophysa scleroptera

Pseudecheneis sirenica

Parachiloglanis immaculata



Siluriformes
il 7% H
Siluriformes
il 7% H
Siluriformes
ffi 7% H
Siluriformes
il 7% H
Siluriformes
il 7% H
Siluriformes
7% B
Siluriformes
7% B
Siluriformes
ffi 7% B
Siluriformes
ffi 7% B
Siluriformes
ffi 7% B
Siluriformes
i H
Siluriformes
i H
Gobiiformes
Rt H
Gobiiformes
R pf H
Gobiiformes
Rt H
Mugiliformes
i H
Mugiliformes
i H
Beloniformes
({k zeRE|
Cyprinodontiforme
s W% H
Synbranchiformes
A
Anabantiformes

24y H

Sisoridae

At

Sisoridae

At

Sisoridae

At

Sisoridae

At

Sisoridae

At

Siluridae

A}

Bagridae

R}

Bagridae

R}

Sisoridae

TRt

Sisoridae

TRt
Amblycipitidae
B At
Ailiidae
praille
Oxudercidae
T IREFpEfa A
Gobiidae

U P
Odontobutidae
ISR}
Ambassidae
Pueukick
Ambassidae
Bata R
Adrianichthyidae
S
Poeciliidae
TESH L
Mastacembelidae
TR
Channidae

fig o}

Glyptothorax
S
Exostoma
fiit )
Exostoma
fiit )
Creteuchiloglanis
Sl
Glyptosternon
JF k)
Silurus

fifs %

Sperata
R
Mystus

il )
Glyptothorax
SUl ks
Gagata
Amblyceps
kA
Ailia

Rt e
Rhinogobius
WA P £ )R
Glossogobius
GV
Micropercops
NS R
Pseudambassis
XA )
Chanda
bRl
Oryzias

Tl E
Gambusia
i R
Macrognathus pancalus
W ERER R
Channa

fig %

58l S

Ve

41 2 fi

i Sk Sk

PR gk

g

FEBE Rk

B P Sk B

ML

R A

B

N

[

D ERLIZ iy

PRI £

AR B

fri i

TR R Y kR

Glyptothorax medogensis

Exostoma tibetanum

Exostoma tenuicaudatum

Creteuchiloglanis kamengensis

Glyptosternon maculatum

Silurus asotus

Sperata aor

Mystus vittatus

Glyptothorax striatus

Gagata cenia

Amblyceps arunachalense

Ailia coila

Rhinogobius cliffordpopei

Glossogobius giuris

Micropercops swinhonis

Parambassis lala

Chanda nama

Oryzias sinensis

Gambusia affinis

Macrognathus pancalus

Channa punctata

TE: BE 3, @FIRA LR, ORI R A
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Appendix 4 Complete workflow and example code for local BLAST analysis of DNA barcodes

Blast (Basic Local Alignment Search Tool) J&#l/7 7l Lbxf ZEAK 2R TR, & NCBI FF R I — 3K & F /751 H1
PB4 R FEF (Zhang et al., 20000 o Blast /& —3KEE M, 4% BLASTp. BLASTn. BLASTx.
tBLASTn Fl tBLASTx 52, I i HIAS R B0 b, Wi AN IR AL 5K o ] Blast A5 R TR A&
SAVEARER: W HIEE (database) « FFHXT P (query) FIHFRF S (subject) o Blast T H A B
Mt fELRA (https:/blast.ncbi.nlm.nih.gov/Blast.cgi) FIAMRA . S57ELE Blast #iEL, 7l Blast 245
PAURARS: 1) FexbdE: i T7EL Blast /751 LU 52 BT 0 2% A LU PP 471 (KR, AR 1 Blast (14 F7 471 LE X
FERRAELR A 2) HE X FHRYERERIB T 2, @A Blast £ FEEAT I OO AR 2R 3) %K
Pz et GSrAM Blast $ds P nl o BUR S E B R AL 2 IR R 2 20/ 4P . R XA M AE R 15
TS AN Blast 045 2, HOPIRFEAFE: 1D TH %L Blast TR, RiEF M Rstudio Hff; 2) %«
3 RIBEETA; 3) MWEAN Blast 08 FE IS . Jv T ARIUE Blast A0 A 14 G2 (0 ] 2 5 1 F0 T $4E
P, iZIE R4 T ROE S AR A ST .
1. F#7e3 Blast TH. R &5 Al Rstudio #fF
1.1 T#¢ Blast TH
BEox A H MRS, & BEARFMZ KT X . Wndws F 4, N KL
https:/ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST ' # J5 % %, EE A AL B ; 1M Linux
(Debian/Ubuntu) & %t, @i DA T A3
## T3 blast
conda install -c bioconda blast
conda install -c bioconda/label/cf201901 blast
#H BE A
blastn -version
1.2 F#Ze% R i 5 A Rstudio H:
RIEFAM TG0, St EERmETE 5 MERERE. v 7/ R IES BT MM Blast TH, {2k R
1% & M Rstudio #A, HFEMAES 54 https://cran.r-project.org. https://www.rstudio.com/products/rstudio .
2. HERIEFEFM
4% R B S M7 rBLAST (Hahsler and Nagar, 2019) F1AT 75 /K48t Biostrings (Pagés etal., 2022) . %%
J7¥EN, 00 pkg_install.R.
# ZEH RIESETA
if (Irequire("BiocManager", quietly = TRUE))

install.packages("BiocManager")
BiocManager::install("Biostrings")
devtools::install github("helixcn/seqRFLP")
devtools::install github("mhahsler/rBLAST")
# KA blast TR EHLHE
Sys.which("blastn")
# K blast fRA
system("blastn -version")
3. MyEARHh Blast $d 2E 48
3.1 Mg A Blast 48 22
TSGR R 1) H AR BE R s, WA NCBI R 3 Al Utk e %0 H YR 7 R [ K #1268 Col AN



Cytb £ (1 f1E 2) , i#3d makeblastdb B% 7 AR EE Col 1 Cytb 4, SCRFEURE% 2y * FASTA.
# G PRI R RS AR X B 42

reference col = "db/col.fasta"

# Z4 dbtype T nucl’” RN TTRRER, * prot” FREAR

makeblastdb(reference col, dbtype='nucl')

3.2 K6 A Blast $dfs

N T AN Blast $0dE T SEE, @IS AF LR F A (query) FEARHBEEST . 7R I 02_coi_makeblastdb.R
A1 03_cytb_makeblastdb.R .

# FT9F ST Blast 2 &

bl <- blast(db = reference col, type='blastn")

# BEHUF U 5

query <- readDNAStringSet('example/query col.fasta')

# BEHURR U R SR A il Blast 4k e HE XS

predict(bl, query)
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