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WEE: WL B 1E 0 W EOR = IR 65 Triplophysa rosa) i TE A= W S5 K 2 AN 22 BEE, SRR HL W TE A D T e
. $RELT SR B R ) i S DNA, 38 i Tllumina Miseq T & % 738 25 7016 rRNA K V3—V4[X i3k
1T T IFF, oA & B 2B P 1 84 43 28 52 7T (Operational Taxonomic Units, OTUs)U &, 2 HrFfdd . +
B F AlphaZ #4045, FEFINGIE AN DIRe . 45 R SR, B & E N BE M AEF 1917, 314, 87H.

146%t. 253J&. 320Fh, 4511N0TUs. 1EITKF b, R FEHE LR 1(Proteobacteria). JEZLH | J(Actino-
bacteria) FI AT ¥ |1 (Bacteroidetes); 7EJ& /K L, 3B S B H B (deromonas). Z 4L H )& (Ed-
wardsiella). 48 ¥} J& (Plesiomonas)F1 7 FL I 1 J& (Shewanella) . ThEETMZR W, BB A Ygnts K £ 51
H R S AR, Hd oK A Yis i i S e d B R e SR The R . B

o DR A el R M R 2%, FL D RE 7 M AT BT R AR T 2R OB i D S5 (K, ik — 2B AT

O SRR R SR A 1 PR AR

SRR OB R IERUEYD; 16S tRNA; ZREME; ThAk
X EHE: 1000-3207(2021)01-0118-07

FEIDHES: Q346'.5 SCERFRIRED: A

O & JE 6 ( Triplophysa rosa)'”, & T-#27% H
(Cypriniformes), 25 f#£}(Nemacheilidae), = J5 &
(Triplophysa), &—M/Na @I, BT 0 T =
PRk B2 v I, JB VLK R, ZRERA M
Ko BUBR v JE AR A S T IR B
ORI K, IRHE & R, b2, #5555 K 3
B BRI H R B v R SR A AR TR
P!, R A ARG EY . WS EIEA
g™ e ARy, aeEAEN . 2%
WA A 2 B R A s A O, 6 T
BT v A P () I SR LR

1 2R A K PT R E A RE R R IR T 0 B TE AL
Mol BT A R SR Ah, B AL ROR
PEAE TR o R B8 ORI WAL, %o #8281 B 9% 75 3K [
RRE T, g A R A, N EAE
KEREYD, B Ch 2 — Rk i A A s
B A R R TE S I TE A Y A i b
(B R W S T DA R
B2 WAGHE. 2 Fh A IR S AR A ™, AT

ks B HA: 2019-08-05; &1 HH#A: 2020-03-10

i N ek e D O N LRASEE b S g Y =7
Wi fizp TE A AR ) B B LR 2, AR R 2R, i
WAEM R R ER P E bk, W e i 4
PR ST R R B AR,

Ilumina Miseqll FH AR BFE & 5. HdE 57
AT, 2% E R AR, B T
WEFE A E M RETE 458 . 16S IRNA(16S ribosomal RNA)
ST Y JFAZ AR A2 A /NI R R TR, RAR /N HL
Iy FRANE R, SR R G A0 T B A
A B FhRid.

AHE 5T 8 I 4 F llumina MiseqF & % 52 &
JER 68 iz T AE 0 16S IRNA IV 3—VA X 3EAT 1 7 A
X AT Z AP FT, 40 A B v i R T T A 1
GER Je Z BRI, VAR R B e R P 3 T R 1 A
T fa B e SRRV AR 1 SRR S KR
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e SR, 2 R R SRR R . TG T Ak R
A, SRR S, B T2 mLEs O, AU
JEARAFAE-80 CUKFE P A5 FH o Al TR K
B AL

12 SKT5E

1 FE.Z.N.A." soilid 7 £ (Omega Bio-tek,
Norcross, GA, U.S.), % B 15 B 45 X #£ 5 317 2
DNA#H, 18 Fi NanoDrop2000%§ DNA K J& Al 4li &
HBEATRLIN . EFXF16S IRNAKER [ V3—V4X k47
3, BT 51 %8338 F(5'-ACTCCTACGGGAG
GCAGCAG-3")H806R(5'-GGACTACHVGGGT
WTCTAAT-3)"!, 38 [X 5 K B 21450 bp. 734
& % 420 pL: 4 pL 5xFastPfuZ i, 2 uL 2.5 mmol/L
dNTPs, 0.8 pL5|#(5 umol/L), 0.4 pL FastPfu® &
B, 10 ng DNAREH . PCRJ N 26442 95°C Fi 48 P
3min; 95°C A P£30s, 55°C iR k30s, 72°C LEi145s,
29MIEFR; B S5 72°C 28 SEAH 10min. 2% 55 I 4 bt
JR LKA I PCR™ . Il K FH Tllumina MiSeqill]
Fr ¥ & BEAT X i 7
1.3 HIESHh

{5 F Trimmomatic K {44 X 15 21 {1 iR 46 77 51 1047
Ji4%, A HFLASHE T BEAT D% . 4 FTUPARSE#K
f(version 7.1, http://drive5.com/uparse/), R #&
97% HIAHABAEE X e A AT OTU SR, FRAE R It
FEF LR BT A ARG FIFHRDP classifier(ver-
sion 2.2, http://rdp.cme.msu.edu/) ¥ & 25 7 5T
oy SERE, LLXSSilvaZi§is & (Release 132, http://
www.arb-silva.de), 4t T8 A 1) B A AE
Ty 1T WA IR 8 FHmothur B
(version 1.30.1, http://www.mothur.org/wiki/Schloss_
SOP#Alpha_diversity) 1 5 & 4 i £ (Shannon
index). ¥ #$E%(Simpson index). ACE#E%L
(ACE index). Chaolf§%{(Chaol index) X 7& & K
(Coverage), VA7 I 18 7 #F (1) Alpha 2 FE 1%

i FIPICRU St 1 B A Dy B8 700 T A %)
OTUF: JERBATIRAEAL, 285 E LB OTUR LY
Green Gene IDXf Lt #|COG )% (Clusters of Ortholo-
gous Groups, H 2 [A]J5 5 %) FIKEGG % (Kyoto
Encyclopedia of Genes and Genomes, 5% #3 [K] 15 3
R2H 5 B4 1), SRAF0TUR B I COGHK JE: {7 B AN
KOEE, it H&COGHFEMKOEE . Wik
COGHU 15 B, 7T LL M eggNOGH U e Hh i A
FHACOGHIRRIE R, LILTIREE R, MNi1FE
IhAEF i, MIEKEGGHE FE {5 2, v LAk
KO. Pathway. EC5 R, HMIEOTUFEZiHH &)

Py

RESI IR

2 #£R

21 NFEXRBIES T

KM lumina MiseqillJ57°F & XI5 B AE f 116S
rRNA KL K V3—VAX AT 7, 345 3045 2407 51
218278%%, 1597% ML TRK 1321451 MOTUS, 3
SEHI9IT. 3140, 87H. 146F}. 253J@. 320F4,

AlphaZ tEPE 2 58— M E XIS RGN
M ZFEPE, & RS A S B 255 48R . 1%
iR, FARAEEL SE AR B MR R 2 AR,
B AR BB R 5 3R P B A 2 FE v, S AR R
BE B B R B 2 AR PR ST ACEFR4L. Chaol
B M E R FE 2, ACEFEEL. Chaol Fa % {H
7l i 2 B B AR R ) 3 R R, CoveragefE il
JP IR BEFRH, HABBREE I T, Ud B P R B
o AlphaZ 1M SRR SRR FE
S5 ERERER. FERTR2ZIEFRIEE. ACE
fE8%. Chaol#B%m . S coverage i M
0.998F|1, 2 BHI 7 IR BE O 2 A TE 75 2R oL pr iy
IPIAR R 1),

Wit o 0 P 3 PR P A W 84, R T R T 2%,
B A SIS SR A I A HE T DA i BB v D AR i T
WAL R EEE 1), SEFEMILEAEN
OTUsA 10/, FEMTR3IMAT (OTUs /b, (XA 31,
FESTR2AAT OTUs i %, A1S1A(E 2),
22 MRS RS ER B REAERS T

ETFIIHAKFELNKIRSEMIFERED
SRR e 1 U e AT 2 ) B B v D G
(1) TE T AE ) £ AR T 1R | ] (Proteobacteria) i
28 [ '] (Actinobacteria). LT B[] (Bacteroidetes)
JEEETH [ T(Firmicutes). W ¥ 4H i (Cyanobacteria)
£k B | 1(Chloroflexi). Patescibacteria. Epsilon-
bacteraeota. 7 BRI - #4 B [ (Deinococcus-
Thermus). B2JEMA ] (Spirochaetes)SF 4 . 7EFE M

# 1 AlphaZ MLt
Tab. 1 The statistics of Alpha-diversity

FEARG S Frlkfadl -5 %kiE% ACETE Chaol #5 B
Sample  Shannon Simpson #{ACE #Chaol =™
number index index index index

TR1 0.823 0.725 115.433 121.100  0.999
TR2 1.505 0.626  268.554 272.875  1.000
TR3 1.169 0.478 124.584  89.750 0.999
TR4 0.868 0.668 184.968 186.000  0.998
TRS 0.325 0919  208.514 198.232  0.999

Coverage

e TRAMBR G SR T RIS, HE R os it
F o 2

Note: TR. Triplophysa rosa, the number behind TR means
sample number
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Fig. 1 The rarefaction curve of samples

TR1. TR2H, FEEMH [ TAZLE1(93.61%7F
86.15%) LA S /b B IR T2 B 1 1(4.47%F12.07 %) Fl 4L,
FFEET1(1.01%F11%), Sb47k, TR2H, i H3.28%[1 &
BETH]; #ETR3. TR4MTRSH, FEKE T AL
B 171(98.67%- 98.31%. 97.28%)F1/ & (H0LFT 1
7(1.25% 1.15%- 1.71%, & 3).
ETENAKFE LNKRS R ENED
SHEMSH  AERESTRIY, FEEEE NS
6 JE (Aderomonas, 84.93%)~ i PL IS & (Shewane-
lla, 5.06%) M Paenarthrobacter (3.85%); 1EFE i
TR2H, = Z/ B & 920 5 f 17 J& (Plesiomonas,
79.09%)~ %' /R IE B JE (Ralstonia, 1.76%) % 2 #1
FF 1 & (Bacillus, 1.76%); TEFE S TR3F, = ZLH)
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Fig. 2 The venn diagram of each sample’s OTUs
T RN S FEAR IR AR OTU S R

The number of common and unique OTU in 5 samples

BN R (65.72%) 7 FLIK B (22.34%)-
5 J8 (Vibrio, 3.35%)~ 1B i b6 J& (Pseudomonas,
3.35%) M AT B & (Flavobacterium, 1.24%); TEAE 5
TR4H, EZENH RN THEMFEIRS1.11%) i L
KB (4.24%) INHEJE(8.98%) HATH R
(1.07%) N ASENHF T J& (Acinetobacter, 1.67%); 1EFE
s TRSH, 2 B 1R & N %2 BB AL 0 J& (Edwardsiella,
95.87%) M BT B IR (1.4%, 1] 4).
2.3 IThREFN

F T % FF SMKEGG HL o 3845 1 Th R A5 2 4 B,
A28 D RE i 17 . KEGGAR 8 % 3K 11 :
JTE A Y B K 22 B TR 58 R A A 5%, T
KR ST EHE BTG (R 2). COGIIfE KL

—— BR[| Proteobacteria

W % Unclassified

W 2% (] Actinobacteria
AT % [ ] Bacteroidetes

M [ZBE[F 7] Firmicutes

B H{th Others

TR1

I I
TR2 TR3 TR4

FEA £ PR

TRS

Sample name

B3 BT TR 3 B s SR i T e i 45 4
Fig. 3 Bacterial structure evaluated at the phylum taxonomical level in 7. rosa
Proteobacteria. 28 JE I [ 1; Unclassified. % %€ Actinobacteria. 2% % [ ]; Bacteroidetes. #8047 1% [ ]; Firmicutes. JEBE [ [ ]; Others. HiAth

FE AT 1% B
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Fig. 4 Bacterial structure evaluated at the genus taxonomical level in T. rosa

Aeromonas. 'S W J&; Edwardsiella. Z1EYTR J&; Plesiomonas. 35 H J&; Shewanella. 75 FLIK T J&; Vibrio. I\ J&; Unclassified.
K% 5E; Pseudomonas. [R5 J&; Paenarthrobacter; Flavobacterium. 1V J&; Ralstonia. % /R UNE W J&; Acinetobacter. NN &

Bacillus. 5F 8 1% J&; Others. H At

*2 KEGGREBESI
Tab. 2 Metabolic pathway statistics based on KEGG

Hi'T 2 . FE
Number figFunction Abundance

1 A i Metabolism 45059885
3515 BAL ¥ Environmental

2 information processing 17740636
it 45 15 B AL HE Genetic information

3 processing 15714193

4 2 3 FE Cellular processes 5518399

5 N 2R ;Human diseases 1146337

6 H LA B Organismal systems 672877

7 JENone 195855

A RAR Y WA SR ez S AR R BoK
e Er iz An G Sh RS A AR 3 R (B 5).
3 e

AR ok BB vy R 55k ) ol A 0 2 A A
1170 M. AlphaZ FEMESI T 45 R, FEIMTR2 A A
ARIEH. ACEFGH(. ChaolR&UR =, U ZAE M
B E . S5, SO A M coverage B AT 1
{E.90.999, 1t B ity P A B0 AT A ) H A RE R
1, 2R WA Aol 5 2, BE S I I ol 26 1 T
I Z5H LR 2 ek . A AT T s R O
() 20 FF 1 S 5 T2 5218 22 IR 52, InaEile . 1
AL R ERERE, R
5, DR A N OB vy i K i 1 T A ) 22 5 55 AR
HEERBLA R

AT I AR R 1] A BB g D i g v =

e B RE, HUGRCR BT SUFF B TR B TR
'], 1% 5 JEWH K 8 Nothobranchius furzeri)™ . T fiti
(Oncorhynchus mykiss)" -~ KFGEEE:(Salmo salar)””.
& B #i(Lates calcarifer)” 55 {718 EREARALL, R
AN TE] o SR ] o £ 2 58 VG &F AN IR 88 (A scyanax
mexicanus) B H BB LB R E T TR, BHRE
T LR B T DR B 1130 17 7 T 10 2K 1,
[F) BNt 2 HAt B dn il 552K 5 JEE (Cervus canaden-
sis)F1 (1 2 JE(Odocoileus virginianus)™ R,
Wi (Deinagkistrodon)F Ptyas mucosa" . %
K/INEE(Dendroctonus rhizophagus)® &40 i vh
FRIP S B, R IR [ AR S R i A
AT ) 2 Bzt ze KT HA B 1, B v iR otk
i B A LA B o AR TR TR T ] 2 4 1 H R )
—I7, ThRemEE %, 22 5 EE Rt
POAFBE 1] 0T DA BT B ok &9, R R
A5, 08 TR WO, dERE I E RS,
Bk FRE ARG MR T R TR
w, 5K E AR AR O, TR A 2
TR A T B 1E 00 e S A oL, (2t B TR T )
u&q&[ﬁt()]o
FEATRL. TRIFATRAMIM 3 18 )& < 1
J&, JBTATEW), 1% )8 AT Lok 5 B0 1 3 58
EMNA RPN, it ER. B, &0
B vEREE, AT LI R AW AL R, R fha
b B EEAE . BUE i 55 A A2 & 7R R X
L, BB =, B R EYIEA LS TR
Re IR HAKKEWAREZ., TRRAKNAEE
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Fig. 5 The COG function classification of intestinal microorganisms in 7. rosa
A. RNAKHFMEMIRNA processing and modification; B. 4+ i 2544 55 31 /1 2% Chromatin structure and dynamics; C. RiliZE = 54k
Energy production and conversion; D. i & Bz, M54, Yetfh/rRCell cycle control, cell division, chromosome partitioning;
E. | IR 12 5188 Amino acid transport and metabolism; F. 1% 1 1% 12 11X Nucleotide transport and metabolism; G. f#/KLA4
1z AR Carbohydrate transport and metabolism; H. %z #i A1/ Coenzyme transport and metabolism; 1. fig /i 2 5 X Lipid
transport and metabolism; J. 1% AZBEAARLE K F12E W) & 4 Translation, ribosomal structure and biogenesis; K. # 3 £ ik Transcription
termination; L. E#. 4 f1{& & Replication, recombination and repair; M. 2 i /i /15 $ 2E J5 18 Cell wall/membrane/envelope
biogenesis; N. A1l 3l1Cell motility; O. #5151 &= A E . {8 Posttranslational modification, protein turnover, chaperones;
P. LWL & T i %518 ¥ Inorganic ion transport and metabolism; Q. XA =W K& i 18 %A1 4> f# X Secondary metabolites
biosynthesis, transport and catabolism; R. — %I §E 7l General function prediction only; S. Zhft A HIFunction unknown; T. {5 5 5% S 4L
#l/Signal transduction mechanisms; U. ZHffl Nz 4. 43 A1 271 HiIntracellular trafficking, secretion, and vesicular transport; V. B fHIHL
il Defense mechanisms; W. EUAZ 41 i it 40 i 7145 K4 Extracellular structures; Y. %45 f4Nuclear structure; Z. 41 & 42 Cytoskeleton

R0 BT R R, T R O 2 R B AR B T (Plesiomo- BB e R K P 1 v 5 B KA A ) A AR DR

nas shigelloides), TRSWILH T J& A Z 5L T &,
Fi oAyl 6 57 {846 [C B (Edwardsiella ictaluri), 2EERT
AT B T A B £ S A TR S AL ) K AR 3
T, RN 2] ™ E R, X PR
TR LEAEAS ) 1 = B 1T R S5 PR A AR IR LA O
X AT e R R T, IREE I RAR U IR T 3
i 8 B R TRES, SBU AR s v

1R B R A RS AR OG, R AR A
R it v 32 DR I &8 (Clostridium)« ¥4 R A B &8
(Citrobacter) M4 B T# J& (Leptotrichia) Nt ; W&V
2R 18 T R R B B & (Cetobacterium) il
Eh ¥R B (Halomonas); 72 6 VEFJE & 11 281
WP R R ST A B
AT 5 AR BB = R R B 1 R R IR T D & AT
BT B SR BR B B AN T TR R, U £
N2 B O A 12

1 R TE TAE AN 0t A A A i Bl
A ELW, G ERE TR R PIESETTIHK
RN AHEI b R RS T 45 R

VR R P i, ORI AR G I T R,
RVBH A BRIR EE R T4 L EA
Ji e BRANEAT 3 LR R K 5 A5 S A B AT SR K
PR R, IXR] BE 5 HRF IR (TR AT A AT K
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ANALYSIS OF INTESTINAL MICROORGANISMS IN TRIPLOPHYSA ROSA
(TELEOSTEIL CYPRINIFORMES)

LIU Ni and PENG Zuo-Gang

(Key Laboratory of Freshwater Fish Reproduction and Development (Ministry of Education),
School of Life Sciences, Southwest University, Chongqing 400715, China)

Abstract: Triplophysa rosa is a typical cave-dwelling fish distributed at Wulong County, Chongqing, China. It has de-
generated eyes, albino skin, and highly developed sense organs, but its gut microbial function adapted to cave remains
to be settled. The aims of this study were to analyze the structure and diversity of intestinal microorganisms in 7. rosa
and to explore the function of intestinal microorganisms. We extracted total intestinal DNA of 5 T. rosa, and then se-
quenced the V3—V4 region of 16S rRNA using [llumina Miseq sequencing technology. The number of operational
taxonomic units (OTUs) of intestinal microorganisms was counted to analyze species composition, abundance, and Al-
pha diversity. The function of intestinal microorganisms was predicted by PICRUSH. A total of 451 OTUs of the high-qua-
lity sequences were obtained, belonging to 19 phyla, 31 classes, 87 orders, 146 families, 253 genera, and 320 species.
At the phylum level, Proteobacteria, Actinobacteria, and Bacteroidetes were the dominant microorganisms. At the
genus level, Aderomonas, Edwardsiella, Plesiomonas, and Shewanella were the main microorganisms. Functional pre-
diction showed that most of the genes encoded by intestinal microorganisms are related to metabolism with the highest
relationship with “amino acid transport and metabolism” and “carbohydrate transport and metabolism”. The composi-
tion of the microorganisms in the intestinal tract of 7. rosa is complex, and functional analysis is helpful to understand
the influence of intestinal microorganisms on its feeding, providing a theoretical basis for further study on fish diet.

Key words: Triplophysa rosa; Intestinal microorganisms; 16S rRNA; Diversity; Function
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