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1.1 FEHRHFEARRESLIE

T4 REAS TS FH T4 W A B A0 S SRR | R4
(A R] 5 b A BB 36 1. B RAE B 36 fa ke
AR FRAE B A R A A T K RS R SRR
Je Pk ) 505G %, 7 B RCE 7E K FE 5 60 emx
50 cm=40 cm WY BEIE KA o 2wl NI B R
SN 48 h DA RS A SRR T 7, K
M= HAE 24 °C LA AN, B H T — RIS
Fgs 7K Ab B 48 7K B 24 R S KSR 173, DLk AR
F27 d, HEBR AL E N B sk . REAS W R b
MLIEHE 5 R UKL HIE R AR ICH A4, F
VE R 18 T ) o B BRI RE A . R JC TR 7K 3 1k
R, JC R P EE i RO s 1E L S R T
B S mL BT O RIE s TE U Y S DNA
P I T8 B0 I e A v T I BRI AR 25 = s A
iy s BHEAGTE —BIEN LA FEA, T
-80 °CHIKIR VKA H &1 17 -

R1 ZRVMHHEARERER

Tab.1 Sample collection information for experimental species

LLL B YRS CREERTN] SRAE bR ZERE KFR

Species Abbreviation Time Location Longitude and latitude River

=3 15 fif) . N
R PBA 20234E5 1 TR T 55 24 X 110.431 7°E, 19.930 9°N BT,

Plesiomyzon baotingensis

SN ek

Beaufortia kweichowensis BKW 202343 1
FILIREA BPI 202343
Beaufortia pingi

L‘ N7 fif)
H.T.FW N LDI 20234F4
Liniparhomaloptera disparis

A T TR fif)

MRILRIR ESI 20234¢3
Erromyzon sinensis
ALL B Bk
Paraprotomyzon multifasciatus PMU 202343 1
e =l Y
{({Tuu’nﬁk ‘ ‘ PCT 20234E 4
Labigastromyzon changtingensis
J5 T i Rk

PFA 202344
Labidogastromyzon fangi F4A
2R I ;,m [N fify
VIR O , VL 202345 )]
Vanmanenia pingchowensis
VRE 1 Bt . VST 202344 H
Vanmanenia stenosoma
S J5 8 169

i3 SR8 1 i VHO 20234F 4 H
Vanmanenia homalocephala
PRS2 k

L CST 202343
Formosania stigmata

SO R AR IR AT &

108.676 7°E,25.756 5°N  VG{L

S E O %R 106.556 6°E,24.375 4°N  FHYL

IR T AR 107.956 0°E,21.561 2°N  Jb]
TPk R H IR 110.108 5°E,24.260 49°N  P§YL.
J7VE T AR R 106.059 4°E,24.252 6°N  PHIT.
YLVY b e B 117.738 1°E,28.316 9°N  {F1T.
J R I X 110.190 1°E,25.247 2°N  PGYL.

T R PR DI T 2% B B 113.705 4°E,26.471 0°N VL

W4T B IX 120.825 5°E,30.059 9°N  £&IHVT
J VAR IR X 110.190 1°E,25.247 2°N PG
Py AR AW A1) 118.000 9°E,27.685 5°N  [#YT.
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1.2 44 DNA BIREX

i BE W ER 7S (QU G ER DNA $EHUAT £) # 5L
[V T8 B E Y DNA 2 G J5 2547 1% Sl E e
Fi ¥k , I F Nanodrop 2000 5 ill DNA 7= ) ) e Ji
FJFT i, —20 °CUKFR e
1.3 16S rRNA Ry ¥ 10 =

B 12 W i B4 1 T8 A= ) DNAREAR Tk
VOUR 16 2 RIS AR A v A T IS Sk i R
FAEYE B 8. PCRY RS 9°h 338F
( 5'-ACTCCTACGGGAGGCAGCA-3") #l1 806R
(5'-GGACTACHVGGGTWTCTAAT-3")16SrRNA,,
PCR ¥ 4 Fl 21i fk fifi H] TransStart Fastpfu DNA
Polymerase i | & i 17 PCR 1E 3 5% 55 (1) 55 56
AWK 210 uL 2 x Pro Taq, 43 5/ A 0.8 pL 1
5 mmol/L 5| #J 806R 15| %) 338F , DNA Mt v J&
410 ng, )5 A ddH,O %b & 2 W ) 45 i B &
20 puLo

PCR J i 14 2 : 95 °C 75 3 min; 95 °C7%
P:30's,60 °CiB 4 305,72 °CIENH1 45 s, 3K T
PA_EAR PR R SE AR 2D B 29 UK, B Jm 72 CHE A
10 min. fdf J] 2% B i Bl 55E 152 FL Uk G2 PCR 7™
Yy, U1EIIE . A5 R RBP4 KON IE
W, Ve G i, W HEAT R 2R 928 . fdE T Axy Prep
DNA %2 [T ) 4 (AXYGEN 22 7)) P 1Rl
PCR =¥ ¥ PCR F=#J ] Quanti Fluor™-ST ¥ {4,%¢
g B R 45 (Promega 28 7)) TR & &, 2 J5
AR A AR AS (80 i R, AT AR L LU ] ) TR
A o il Hlumina /¥ % I ) TruSeq TM DNA
Sample Prep Kit i 71 & @ 37 5L [ SO, 4 a4 1)
S J% 38 32k Tllumina Miseq PE300 ¥ & HE47 /5 8 2
WY
1.4 HIESHTALE
141 #1E2KHoT(0TU) Bk

Miseq I 7 15 21 X i 77 51 B3 (reads) , AR 45
PE reads 2 [A] f¥) overlap 7 % , {# H Trimmomatic
FLASH X4 i X 1Y) reads 283 B #5 B 4%
U8 A RS 07 A AR  HE R
Uparse(version 7.0.1090http : //drive5.com/uparse/)
AT BT A S0 AT A3, AR S 97% AHARLEE K
FxF A i AT R AE 43 28 5 50 (Operational
taxonomic unit, OTU)E S, F] A Silva(Releasel3
8http : //www.arb-silva.de ) £ 4 7 7E A [A] 43 27K
AT HERS RIS, AT ARG 51> OTU Bt 1 i)
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1.42 Alpha ZH#EE

Alpha Z 1453 M vl LL3RAS B 18 T v
ERE Y/ NN A S P S A S
oS24 7 OTU 4K (S,,,) VACE 58K (S,..)
1 Chaol 5 %8 (S, ) AT S W i 38 30 A= W) 181 A -F
B 7 55 K 48 B (Coverage, C) 1] Sz Wit b FF 74 55
£ ; Simpson ff # £ 45 £ (D) Fl Shannon-Wiener
ZREPETR B (H) AT R B E 2 HE IR L . B
i = R/ W (1l

-1
Schaol = Sol)s + M (1)
2(n, + 1)
Swe N
Sa('e = Sahund + K + C‘:(_, Fyice (2)
S
zni(ni - 1)
D, == (3
,,,,, - )
Sope
A N L
Hshannon - Z N ln N (4)
n
-
c N (5)

K n M HREH1EFHE OTU £ (
singleton) ;n, b R 2 5750 OTU %k 5 n, 0 7%
H i 2P H OTU B N M FEAS v i B 55 1)
B S, N A T 10 575 OTU %K S, H 7
HAZTF 10 %751 OTU %L ; Coo BT A IR T
(<10 ) ¥ Fp b E Singleton 19 FL 71 5y, A
55 A
143 Seitoar

FIH RIE 5 (version 3.3.1) B A% I/ I 43 M
Fa e I 5 B (Venn) ] 5843204 ] BE TR
YrRh 2l B S b B AR5 B . ] PICRUSE B
BRI T RE IO T ELX} OTU £ R ThrvEAL,
SR J5 38 1o &F > OTU X i f Green Gene ID, Xif
OTU # 17 COG Ml KEGG I fig 1 B , M\ i 3 45
OTU 7 COG .KEGG % IR/ i B A5 12 S 4%
DR R REA H i = B A B

2 HRE 0

2.1 BREHLSW

FH P& 1 AT, 2S00 £ 7R 5000 DA #54
AR SR LI B (4 OTU ¥4 (S, BE & il 3 1) 4 iy
SN PR 3 K, A 55 2 A I R} £ S g v
W REAT IR B T B B & B 5 (E S VR K T
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Fig. 1 Rarefaction curves of gut microbiota from sequenced samples
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£ 853 313 XA KT H , FH A 71 463 5% .
99.9% ¥ 1| K B X 3] &y 400~500 bp, *F ¥ N
417.20 bp. X it A 751 47T 97% MUK F- R 26
Ja 1581 029 A [F B OTU, H FlF- 35 175 4~
Horp 15 OTU S 2 1) 3 QI # (BPD) (BE
U K (CST) A8 (LDI) |, 435148 349 4~ .
317ANFI 3144 s Hk KT A B 8k (PCT) L 52 M
JCA Bk (BKW) 5% 305 15 W Bk (PBA ) 1L Ji I fifk
(PMU) F1F S J5 28 11 8§ (VPL) , 23 5l A 263 4 .
2164~ 1694~ 145 4 F1 107 4> 5 Fe 2> 19 2 5 G i
JE K (PFA) i Sk JE 22 L1 (VHO) | 4B 3 J5 %
ik (BST) A1 J5 28 11§k (VST) , 43 BIALA 714 .63
53413440

M OTU 3 A AE e (1] 2) hml L& 3R, 124>
YR IA B OTU BN 34 &R Re A 1
OTU F-¥%h 541~ Horb e A OTU B Z 1Y
FRAT i E 8 (PCT) 5 K 75 ik (BPI) FIBE 4L
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1 ANF8 A s Hofth 7 Fh A 10~76 1~

VST

PBA

BPI
LDI

PMU
BKW

PFA
VHO

2 FERE B ARG EMENEEOTU S HIEME
Fig.2 OTU distribution venn diagram of gut
microbiota in Gastromyzontidae fish
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2.3 Alpha M SH
XoF 12 o i W B8R £ A AR () 5 SR A T
Alpha Z MR8 BT, 45 R 5 T K3, Alpha %
FEE BB S BB REAS W B0 =F B S A 2k 3L
1 Chaol Fll Ace $5 £ H F i & 9 # =F & , Shannon
F1 Simpaon #8 £ T it ) Fh 2 # 1k, Shannon
EHCH K, Simpson F8 £ /)N , T Ud B AR 5t 7 0y ol
ZREPERR R . B 3 AT, SR G A 6k (BPD 1Y
Sus+ Ace. Chaol fH fiz K, 43 5l 2y 349 352.63 .

400
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FEEOAR/N Index value

100
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0
SobsF5 41 Sobs

Acet5H Ace

358.1, Simpson {HE/IN, UK 0.14, K Z Y F 1
BT RES, 2R R2N
fifk (VST) i S, Ace . Chaol {8 /I, 43 51l by 34,
34.52 .34, FWIZ W R i 18 R U RS8R
b ZREVE A . $UOF- 8 (LD 9 Shannon {H f
/N, 24 1.52, Simpson H i K, 4 0.51, KL Fh
Jo T8 B RE O R S G 2R R A A
fik.

I prA
3 VvHO
I vri
I PMU
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[ csT
[ vsT
I BKW
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[ EsI
[ rBA
@ b1

Chaol#8%% Chaol

Z RS Diversity index

—_
wn
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o
W
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Fig. 3 Alpha diversity indices of gut microbiota in Gastromyzontidae fish
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24 BEREMETEHER

¥ 1029 OTU 5 Silva B 47 Hoxt, 3t
Kl i 31177 7540 173 H 278 Bl 465 J& 689 Fil i i
WEY . BAYRCEE S 131, RKIT s
B (PCT) L7 26 1], i Sk Bt 22 F1 ik (VHO ) il Ji 22
(VST 7171, 12 0F &1, i il
Y EE & 1% UL R R AR Y R )

(Proteobacteria, 58.43%) . il 2 W ]
(Actinobacteriota, 18.04%) . # FF Il
(Fusobacteriota, 13.33%) . & il @ ]
(Verrucomicrobiota, 4.08%) . 1 FF & 7]

(Bacteroidota, 2.74%) . J& B% & [] (Firmicutes,
1.10%) %5 o (A [ 9 b [B) P 34 B 1T BT o5 L A9 7
PR K 22 5, QAR B 1] 78 I 28 11 8 (VHO,
90.97%) . H AT JF I fifk (EST, 88.20% ) (5 [QJE 7
fifk (BPI, 83.86%) . JEL £ 1k (VST, 79.89% ) L) 5
W fifk (PMU, 77.24%) . K T & B f#k (PCT,
65.89%) - AR L1 (VPT, 62.93%) R I HE
W Gk (PBA, 59.85%) Hl B £ 2 1 6 (CST,
43.24% ) ¥ R 55— DR BB RE 5 (H7E 5 T 5 ik
(BKW) FILLE6f (LDL) Ry 55 A $ B RE, 55—
PRI ML, 5 4 Bk 68.41% Al

100 o I

-
90
80 |
70
60

50

40 |

Xt EJE Relative abundance/%

30 |

20

53.57%. 75 [CSh Bk (PFA) i Y Lo di e A S AR AT
BT, LR 76.54% (11 4)

120 Y Fh IS 75 9N, B AR 40 F 20
A HAp RIT MBS (PCT) T & i 2, B S99
it S S 2 1B (VHO) A2 D8 (VST) e /b, 2
HoW . o HEWE Y- E N
(Gammaproteobacteria, 37.94%) . o - Z% & I 4
(Alphaproteobacteria, 20.50%) . il £ B 4
(Actinobacteria, 17.85%) Ml #® #F W 2
(Fusobacteriia, 13.33%) , {HAS [m] 4 Fh 75 2K %) 41 1%
He il EAF ARl i i 22 57 (BT 5) .

124 FP LS5 278 B} R Fh T 3440 5 73
BE, H g 2 K AT B (PCT) A 146 B, /b
(10 J 28 11 B8k (VST)AY 25 BF o 32 2 DAL= Bl B B
(Alcaligenaceae) . #2 #T 1 £} (Fusobacteriaceae) .
SIAFF R (Mycobacteriaceae ) % 8 3=, H AN ] 4)
FOFER B L) i AF A I R 1 25 5 (Bl 6) o
T A8 JE g B CEST) | i 28 F1f (VST) FHTT
ai JE K (PCT ) ¥ Ly e AR A 55 — R S5 i, o
LA 15K 79.61% . 75.41% i1 56.06% ; J7 EK i JRs fik
(PFA) i LU dR i R AT I BE N 76.54% ; 52N T
Bk (BKW ) it b 5 e B 0 B AF R RE A 63.10%

[ M ZEJEHI] Proteobacteria
I i) Actinobacteriota
W #24TH#1] Fusobacteriota
W JEf4TAE ] Verrucomicrobiota
W $UFFIET] Bacteroidota
W JEEERT] Firmicutes
[ 57 1] Chloroflexi
W 4T 1] Acidobacteriota
W 12JiE4A] ] Spirochaetota

IF#E (] Planctomycetota
I HAth Others

BKW PFA VHO VPI PMU BPI CST VST PCT ESI PBA LDI

FEA Samples
&l 4

BRI EKTERAN

Fig. 4 Taxonomic composition at the phylum level for each sample
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Fig. 5 Taxonomic composition at the class level for each sample
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223 R Hyphomicrobiaceae
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Fig. 6 Taxonomic composition at the family level for each sample
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TEJE 53 287K 1 (L 7) , 12 Fi i W SR} 7 34
35 107 J& 7B S A= 4, Herb B 22 1 B S0 288 11 ik
(CST) &4 253 )@ , e /b 1 I 28 1 8 (VST )X
fBE 3N AE .. Kb, R ER
(Mycobacterium) | 21. BR 1 J& (Rhodococcus ) Fl
[C IR & (Leifsonia) i 12 A~ 9 A7 R g, i L
G4 6.35%.2.67% Fil 1.98%. 12 FliiE B FL5
W EEMNMAEBEA LOAOHER
(Achromobacter) . figi ¥1 B J& ( Cetobacterium) . 4y
& T W 8/ (Mycobacterium) . Allorhizobium-
Neorhizobium- Pararhizobium- Rhizobium .35 B}
W J& (Plesiomonas) . Bosea %5 , &5 b 43 % Ky
24.91%. 13.33%. 9.47% . 3.74% . 3.59%. 3.33%.
BAS [R) 0 o 100 565 — DL 4T S AN S A ], e A B
J& g rh A 3T R B (EST) R 28 L i (VST) (K TT
i JE B (PCT) it Sk Ji 282 F1 85 (VHO ) 1R 18 fifk
(PMU) 55— L3 B, HE o5 EE 23518 79.61%
75.41% . 56.06% . 28.53% Fl 28.34% ; i T 1 J&
77 I it Bk (PFA ) AP S i 288 11 6k (VPD) B 55—

W E@FFEE Achromobacter

W 5kF)E Cetobacterium

W RAFEE Mycobacterium

W SBEEIE Plesiomonas

W0 Allorhizobiwm-Neorhizobium-Pararhizobium-Rhizobi

W Phreatobacter

[0 Y ICH R Bosea

W 2Lk Rhodococcus

W norank_f_Rhizobiales_Incertae_Sedis
SIS Aeromonas

W Pedobacter

W FEHHE)E Legionella

B HICIEE Leifsonia

W RIEREAE Paracoccus

W Aurantimicrobium

W Hyphomicrobium

W i RIEE Nocardia

100

90
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70 i

60

50+

40t

30+

%) FE A Relative abundance/%

20

10

0

BKW PFA VHO VPI PMU BPI

W SIS Pseudomonas

W unclassified_{_Parachlamydiaceae
W LS Methyloversatilis
W HAKRIEARIE Neochlamydia

W @IS Xanthobacter
W JEMFFE IS Ancylobacter
M unclassified_o_Chlamydiales

0 BT IS Gemmobacter
W ¥R Citrobacter
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4“5 Number JIHE£4 FK Function

R348 5 £ Number of metabolic pathways
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2 R85 {55 S AL Environmental information processing 18231536
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4 2 L JEFE Cellular processes 13549048
5 AZE¥#H5 Human diseases 10529026
6 FHLA St Organismal systems 4940460
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Characterization of gut microbial communities in Gastromyzontidae fish
based on 16S rRNA high-throughput sequencing

YANG Liu', CHEN Jingchen', TANG Wengiao'*

(1.Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean University, Shanghai
201306, China; 2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The family Gastromyzontidae primarily inhabits mountainous streams in Southeast Asia. These
fish have a flattened body shape, with broad paired fins, and in some species, the paired fins are
specialized into a disc, enabling them to live in fast-flowing environments. To investigate the diversity and
structure of the gut microbiota in Gastromyzontidae fish, MiSeq 16S rRNA high-throughput sequencing
was conducted on gut samples from 12 species across eight genera, including Plesiomyzon baotingensis,
Beaufortia pingi, Beaufortia kweichowensis, Liniparhomaloptera disparis, Erromyzon sinensis,
Paraprotomyzon — multifasciatus, Labidogastromyzon  fangi, Labidogastromyzon changtingensis,
Vanmanenia pingchowensis, Vanmanenia stenosoma, Vanmanenia homalocephala, and Formosania
stigmata. The analysis focused on the number of operational taxonomic units (OTUs) , microbial
community composition, Alpha diversity, and functional predictions. A total of 1, 029 OTUs were
identified, spanning 31 phyla, 75 classes, 173 orders, 278 families, 465 genera, and 689 species, with an
average of 175 OTUs per sample and three shared OTUs. In terms of community composition, the
dominant bacterial phyla were Proteobacteria, Fusobacteriota, Actinobacteriota, and Verrucomicrobiota,
with Achromobacter , Cetobacterium, Plesiomonas, Mycobacterium being the dominant genera. The shared
genera included Rhodococcus, Mycobacterium, and Leifsonia. Alpha diversity analysis revealed significant
differences in species richness and diversity among the gut microbial communities of different fish species.
Beaufortia pingi exhibited the highest diversity, while Vanmanenia stenosoma showed the lowest diversity.
KEGG pathway analysis indicated that most genes encoded by the gut microbiota were related to metabolic
processes, with pathways associated with amino acid transport and metabolism being the most abundant,
accounting for 11.40%. From the perspective of OTU richness and PCoA analysis at the OTU level, it was
difficult to predict associations between microbiotaand phylogeny. Compared with fish inhabiting plains and
river-lake systems, the dominant genera in Gastromyzontidae fish included obligate aerobes such as
Mycobacterium (9.47%) , as well as some facultative anaerobes that prefer aerobic environments, such as
Achromobacter (24.91%).
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