SCEHE: 1000-0615(2022)11-2186-10 K= 24, 2022, 46(11): 2186-2195

@ AAER. ERES
:—\v/—; JOURNAL OF FISHERIES OF CHINA

DOI: 10.11964/jfc.20201012441 Science Press

RNE R RRTmE T HERIMEIX &
Vg, WP, IR

(1. PR KA Rl 2 %h WK ARTIRE IR B HBE HE s =
AR E R E St s, BEK 400715;
2. G KA Rl 22200, BURAEMRIZ T, ZIREXAESHESEMTIRER
FEASLIR RN EEM, EK 400715)

WE: T oM RFEFRILAGAA RN IR ABENRAED R R £ R, LRhAT
i & 16S rDNA 87 VA~VS K JF, 3 Z IR AE W K R#ATZ 700, T K8 E SR
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EMANERFELEAT, THEANEE. MAHFEE. RUERIUERBEFHEY
HAFERETE. AN, RAKRGAERETOEAREAZAFAES, BAFHRE WAL K
BREREER. AREW, AHBRATHEAKMANRZAZRAL, AEEEREME
TRERTRZRAIAEEERLEATETHNASA N RRATHWIEREE, ARFHR
FARBL. R I A& KB UL R IT R 3 4 W R E KB B R IR 3

KB A8, BORMAEN; KR4, 16SrDNA

FES S S941.1 MRRARARRS: A

KEZ (Andrias davidianus) (G FREHEMA”, & sligoi) VL L — b RS e B R KM R 4y
HEREAEN R A, JE R AAERTL . BT SR VLB LR s iRk &,
(Amphibia) A F& H (Caudata) [ 8 5 £} (Cryptobr- JLEFEMN . EPK. R, WAdb. WIES . WA
anchidae), FEBSGELA 2 &, BVKEUS (Andrias)y  AHEZY, PERSBEK AT 18 m Ll E, A5
R 882 8 (Cryptobranchus), HpRKEZEAET w8 50 kg, JEBAERRPMhY) . TR
KEGANH A K (A. japonicas, X 4 K ), AR 25 M E A& e, KIIE A
I 5 g U)X A, B A7 A TG SE N A 5 [ PR B (C. OSSR R A A PR 5 gt 2 25 A
alleganniesis)o 1&5tH9 73244 i [ B AR K548 — 1 R, KEERFEE 0 RIREE4E /N, HiTc b %
J& T — P —— KL, BB AT 5E & SR SE A FERAER I, s N B A KA R
T AE T B R EEbRAS 200 8 T 3 MR, R [ N FF IR SR8 KB, I LA S O 4 B A R 5 1
b 5 KB (A. davidianus). " E w5 K8 (4. Bl g™, Har, SARIATE RS 754K

WisHHA: 2020-10-14  {&EIHHEA: 2021-01-08

B E K E SRR (2016YFC0502304); 2020 4 & K i 1+ FHF 7015 H (7820100597)

F—E&: WIRIE (B, WK IR R AR Y T e L R LS B 5 3 i 75, E-mail:  185269261@qq.com
BIEEE: TER, NFAREEAEY. FERFHAHEPF, E-mail: wangzj@swu.edu.cn

https://www.china-fishery.cn R E K224 F 7/ sponsored by China Society of Fisheries



https://www.china-fishery.cn

11 4] VFIRTE, 45 KBRS ET AR R RUE W IX &R 2187

BRI L, BRI T8 B R
AR, BATSRAFAE VT 2 n) 0 g oy 2 R 85 1 s ol Ak
HERR , SCBHI #5022 — e 40 TR M R T B R At
TRE SR RKBFRAE A R T P TR .

T R BT A A7 IR B I R AR H W, FREE K
65 1) 7 T — PR VAL A R0 18R 0 A ) 3. AR IR
W R e U8 T 1 DRl 7Y BH B K5 5 4 R
5 BH B Ay BT (g g SR e A X, B P I 06
1 2 B = R T S I s 9 e A N
B ARG X Z AR XA F G FHBE P 8 40 v
AKIRE IR 39 km, KEWA, S0 E/D, HEEUL
S, KIREAL, Z2RE., AafUR, fin, &
ENIEZCT PN -SSP S B R <R PN
FFRE, FrEfEsa bl b, 2020426 £ 8 1,
20 Z RBAKJREAE 15 kg LA B4R KRB, T 40
PRI RS AE, HRBE .

FERBADY, AKX R E ER A, 5
I Mg FE AR & 15 4 R R B AR S, i 0
EYNBURRRZEHE SR, BESRESZR
PEN ARG TE o T RRR AR L], 2
YLK AR Sh Y B BUR I AE It £ IR NKP, B
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R E KA YRR EERCR, R0l
WA R sh i —— KRB, s gEh A
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PRI M R B0 RN FE K #6017 1k 440 71 X R 2L e %2
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1 MES A

1.1 HmRE

ST 55 )il R DK 8852 R BT R 5 A 4 SR 4 T
DNNE] R YA DN e R A (RS
N T 3 0 R 7K et (RS R 2.2 mx1.3 mx
0.4 m), FEFE/KIER A T4 /K, pH M 6.5~
7.4, KA 18~22°C, JKIR 15 cm, 54D 2RISR
U, R i R R A58 R A A 5 ) A 3 K AR
SEAPR RS o KB AE TG K PR A o B I TR RS
Was T /K MR F 75 10 em AR B 1 mL KRR 0
A DNA {8 1~3 S REAR S 31 A e K54
TG IKEE, 4~6 5 HE A 53 39l Sy ik B8 K M5 26 % KA
BRI H 3 AT o 8~10 S AEAR 430 A
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3 J B AT FE K B850 22 A A FH TG 1A T R 0 U1 9 AE
KGRI E i IR Z, ALY 2 cmx2 em, R
F IS DNA R, W, 7 SR i AR RE
TS 1 BCAT {8 B K 58 2 38 D) B T R 29 2 em>2 em
(1) B2 A BHME XTI, F A5 S JCTR DNA (-5,
. A BRI T 20 °C, BT UIHIATBE
TSR R R YL AR T, DR B AR R
50 1) 2 B B R FEAR HICEH 1 R R KB . 11~12
SR 2 AR A KB AE L U AS, Bl EI 294
H 2% K/NITFZHZUE T DNA MR P, —20°0% 7% .
13~15 S HEA R S K6 T A ZUREA, 43 51K
B 3 A AL K2 2 cm i 421 T DNA {#3%
i, —20°1RAF .

1.2 WEYXRSEME ST

BB RE A YREA S I HEE A YR
A BRZS AT B DNA S HUR 16S 7DNA 12 3 2
o P IXIRCh Va~V5 XM, o Z8EM: (o diversity)
{14 Chaol 8% . ACE #§%%. Shannon-Wiener ¥&
. Simpson 544 LA K PD whole tree f5 %55, H
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& J& (species richness), H[Ifa] B8 HE 7% oh 4 i %L
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ASFREOG N 0 B I 0 AT LA S LA S e
R, WMl TS E BRI, /)
AT IA R0 P VR ) 2 B AR o BIRE s R BT )
Pl RZ, WRRFES PO TR, 7
TER Z AP B ¥ Fh . 1) Shannon-Wiener 45
BUL K Simpson Fi8 K 5 B V% 1) 2 B4 (species
diversity), SZFE VR Th YR A R A
J£ (species evenness) 52 M0 . ) Fh =3 & BEAH [F] (1Y
LT, B P O Fh By 5 BB, WA
E I ZREVEFEE . PD whole tree I8 82T &
G R HEMTT ) —Fh Z R B, RO 45 HE
i FPERVE /RS BATC (OTUs) FUICER A E i d 2t
RGEREMPIEE, B h A AR
G AR, DT 30 A U

1.3 MFFERM T B E S

FEXTREA PCR 438 71y U 7 45 28] A9 XS DN )
BEF¥ (Paired-end reads, PE reads) 452%, w2CH
AR AIEAS (barcode) X 43 HENFEAS, SR )5 X7
G i AT BT A g, AR SO R TP
2, PHER T HUGE T B I8, &5 1S
FIERT I . AT PR B 12K
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WA, BAREE. OFE S0bp MG H R, i
R 0N RSB B AT 20, AWE HIFREE
Je AR, AR IS K EEAE 50 bp DUF RS T
51| (reads); @AR#E PE reads Z AR RS R, ¥
BCXT reads PR N — 5T A, BANEERKE N
10 bp; @PFEFHI A B X AL B R A T L%
H02, BBRAFFE TS P51 R A Trim-
momatic {4, PiERH FLASH #4™, HR4LIF
H 54T OTU R M FP Fl oy 5280007, JEF
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Br (BEAR NI o2 REPE A3 BT), LA BORH I T B 1Y
Bl 3Tt mR, EEN KK Lk
TR ARG G 8T, IEXREAR Z [ k4T B £
FEPESHT, 78RR M 3L RE 1, dE4T— &R
X REFIRGR T HFRARIG2EFRTALHT

2 R

21 BUIRMSH

PIIRWLEE R B, MR RE Y B ot A
RO, AL R ML R Pk 0 5 BT AR I A 4
B, WA SE B R] BEE AE T B2 JIK 0 Bl ) 2 e
(B Do AR, B E ek B RE
BHE, 1~2d HBURTHARYHE, RAEBER, Bk
i — W E R IRt 5 48 h NAET:, J& TPt ak
(e PR Cs

22 BRABNHEY o ZHEMEERR

R T BRI R P X R AR, XA
Fe BB A AT B, O S S e AR T
AEAE, AMAREE SRR (Tag) B TE 37023~
51751 4%, V90 42685 2%, MFKFE 409~412 bp,
S48 400 bp, FES LR IE, BRAS R SHBITE K
97% [ OTU 4 741 /1, Shannon-Wiener OTU i
i 26 4 T340 (18] 2-a), DA 45 S B 24 A
W A B A B, S T A B v o ARG Y
HEPE BTSSR, A mothur V.1.39.5 fi4L T OTU
Bt , @R R B Ik (7 %) HEASHY OTU %
I i T AR AR, B Tt B R 7 R ) T A
X RN FE e o IR, =328 AR g il £kl B R
7S REAR A ih SV B K, = I R T AT R A
FERREEA (8, 9. 105, FfH 7 S FEA M i £k
T2, FoR A B e 0k R A 2 s34 5
b TR E P IR S (B 2-b). T JE IS OTU 1Y
i . ACE. Chaol 75 {4 /& Shannon-Wiener $§
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Fig. 1 Pathological observation of A. davidianus

(a) healthy A. davidianus; (b) the tail fimbria of the diseased 4. davidi-
anus; (c) skin ulcers of the infected 4. davidianus; (d) dead A. davidi-

anus

B, R R (7 5 # TR AL KB Kk (8,
9, 10%5) DA SHANMEA, SR, 7 5HAM
Simpson 5 ZCH W F AL T HADFE AL (P<0.05), #
HH A 400 22 o W A {50 3z IR v B REOIG 1 R B85
BRI (8] 2)0

23 EBEEEEITEBERXSREZRMEDXRERK
RS

WA YRRERGE KT 5T, XA
R R T 0.5% B OTU I3 —A 432, A&
WIEHE T 22 FE], Hobdi 2% DL ERA
6411 (FE D), Hr, 28] (Proteobacteria) 75
AR LR LA, R (Actin-
obacteria) M H 7F fift B K5 A= 5 K BE (1~3 *5) i oy
POLF . M RORGE RIS, e R A 1
IKFE (4~6 ) TR TEREAS HFF T ] (Bacteroid-
etes)o FUUFT BRI 70 S8 K85 57 IR AR (8~10 %) BT BEE
AR OL SR o F T 0T M ) e R R B0 3 U
WEFN A TE 2020, PR I R i 2 A S BR T  5E
L, R AR G/ (et R B A U R B 3 B
B, (BFRATTIERAT UKL, 7RI FE KB ik (8~
10 5) KR (4~6 =) mh o5 H D0 2 A0 4 18 1] 72
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Fig.2 OTUs distribution and species information of samples of A. davidianus

(a) multi sample rarefaction curves of 4. davidianus; (b) OTU rank—abundance distribution curves of samples of 4. davidianus; (c) Shannon-Wiener
index curve of microorganism samples of 4. davidianus; (d) Simpson index plot of microorganism samples of A. davidianus; () Chaol index map of

microorganism samples of 4. davidianus; (f) ACE index diagram of microorganism samples of 4. davidianus

TIER BRI NFIE (11~12 %) FfpIE (13~155) F JReEHABAR S, MR E . R, 5
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Tab. 1 Distribution of microorganism phyla in A. davidianus %
PN LS PN
7 healthy A. davidianus sick 4. davidianus
phylum GRS Jefik GRS Fefik JFF I it
water sample skin water sample skin liver intestine

AT Proteobacteria 85.37 16.63 29.97 93.19 90.95 99.66
AT Bacteroidetes 0.15 32.46 69.13 5.07 0.96 0.02
FRLEBTT  Actinobacteria 13.92 13.21 0.61 0.35 4.19 0.03
JEEER ] Firmicutes 0.45 32.24 0.17 1.21 3.09 0.92
#i#&E 1] Deinococcus-Thermus 0 3.17 0 0.04 0 0
P ]  Verrucomicrobia 0 2.18 0 0 0 0

(Firmicutes) 7E R BUR 5 5 L 2RI e, $2R
HOW T 5 ERE R I AEEREBUOC R, JERER ] 7] fig
ST R K 5 A T BV AE B AR (81 3),

FEJE K IS5 5 53 D HBE (50.5%), bR
TR IWFPRESS, Hirr i 5% DL B 254
YIFBEAR 9o ol & S AL T8 (Aliihoeflea) .
4 ¥ FF B JB (Chryseobacterium). 1A 7 K W 8
(Burkholderia). ¥ [E M\ & H i 14 (Comamonas
koreensis). 184 KR B I8 (Mesorhizobium) ., 1=
BEMEAS W [CE (Vogesella indigofera). L TRES5 /N5

nanensis) (€l 4)o MOKFEAR L, il B 5 4 A= 15 7K
FER A OL AT R i S AL TR R, e TR B Y A=
AR IEAWEH A S W E R, HEeETEE
TERFR R KFE L AFETE, X RN & W
J& T RE R R ECR B EOR AL T — B .
BERRAEASKR R, 4 BT 1 a8 AT 9K S S8 5 1 ik
#Z—‘*‘E’Jf%[ﬁﬁ, 1R 52 G T 8 43 i 7E 3 23K
T2 YRR JOR R S A A, A Bt R R 80 2 JEk b
WK, HIATRIE 2 K05 0 4 5

T 5 Rz JBR v (R AR S4B R i e S AL B R RN B N

¥ (Acinetobacter calcoaceticus). /N FF # J& TR 728 Ay 4 R TR i RV v LR T

(Exiguobacterium) Flz g ZLEK I (Rhodococcus yun-

/  Cyanobacteria

#11  Acidobacteria

unclassified
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0.2

(o)}

Actinobacteria
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Proteobacteria
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1.00 = _l AJFEAKI]  Chlamydiae
B E] Candidatus Moranbacteria
W J<E&H ] Omnitrophica
W ZF40FT]  Gracilibacteria
W UZJEIAT ] Saccharibacteria
0.75 W UZIEH ] Spirochactae
’ B fHCIRIER ) Nitrospirae
W %t 1] Ignavibacteriae
W RFFIIT]  Fusobacteria
3 W BEHPIT]  Armatimonadetes
g B /75 1]  Planctomycetes
2 0.50 BREER ] Tenericutes
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i
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13~15 AL R BB SR A 16~18. HiR B2 X i 19~21. PCR § M ik R A X HE; R
Fig.3 Phylum composition of the bacterial communities in A. davidianus

1-3. the living water sample of healthy A. davidianu; 4-6. the living water sample of dead 4. davidianu; 7. the skin sample of healthy A. davidianu; 8-10.
the skin sample of dead 4. davidianu; 11-12. the liver tissue sample of dead A. davidianu; 13-15. the intestinal tissue sample of dead A. davidianu; 16-
18. the blank control of extraction reagent; 19-21. the blank control of PCR amplification system; the same below
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Ykh
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1.00
0.75
3]
£
g 050
=}
g
0.25

I 3 5 7 9 11 13 15 17 19 21

B stit others (<0.5%)

AR 1R 48R Deinococeus reticulitermitis
TEIREFRRGNE  Hyaloperonospora arabidopsidis
FHLASRIRW Deinococcus_grandis

HUHT  Rhizobiales_bacterium_8433D

A B RIRE  Dietzia timorensis

TR HIATE  Bacillus idriensis

HALHE VL Pseudon
FLRIFFTE  Brevibacterium epidermidis

VAREFTE Propionibacterium sp._KPL1844
HHFWRLERE  Rhodococeus corynebacterioides
R EULBIEET 4R Capnocytophaga granulosa
FURRHIERIE  Neomicrococcus lactis

KT Methylobacterium aquaticum

s aeruginosa

W sRETERE Prev nica

W Uik Moraxella osloensis

W s ERE P anguilliseptica

B 4 Bacteroides caecigallinarum
RN L3S P alkylphenolia

W kiR uncultured_gamma_proteobacterium

W i Siphonobacter aguaeclarae

W GISCRNERKFE Brachybacterium paraconglomeratum
WUNFFE Exiguobacteriun sibiricum

B RHEBFFE uncultured_Bacteroidetes bacterium

W i anaerococcus provenciensis
W @i Paracoceus carotinifaciens
I SCLCIERERE  Planococcus rifietoensis
LRI M. komagatae
O EME  Hydrogenophaga taeniospiralis
B RS RS Sphingomonas pseudosanguinis
W LueirE Flav e
| VST
W s Eubacterium limos
B ek anaero
W bt Escherichia coli
W kit e BE  Brevundimonas intermedia
I BUMFE Exiguobacterium_sp. AT1b
W EEY RN Ralstonia mannitolilytica
RS HRSEIEIE  Paraclostridium bifermentans
B =0k Rhodococeus yunnanensis
W s AR Acinetobacter calcoaceticus
B ks tibLE uncultured organism
WHSNTICIIE  Vogesella indigofera
W b R uncultured_Mesorhizobium sp.
B AEwIRiE Comamonas koreensis
B kAR uncultured Burkholderiales bacterium
A WFFE uncultured_Chryseobacterium sp.
I R4 uncultured_bacterium
FHFR-BEULE  uncultured_Alithoeflea sp.
B k5% unclassified

El 4 REBEVHERPHEYAEMKE LHDMEREERER

Fig. 4 Associated microbiota of A. davidianus at species level

24 BERAGSHEREEFKMEDNEREF
BEESSH

WA FEAEAS OTU %4 H A & & 74T,
AR I S Z R E 22 R . ML S AL
i, TEFAREART, KB (745) 1R kA
AP OTU it i 2, fmiik 358 A, TH
A OTU AR B Z M, 5 13040, MILT
8~10 S HEAS , KL AEJ5 2 R FEA i) OTU £
i E R, HHMAMN OTUMKE 44, XAlfE
S FH T 250 TR 1 B e B R AT 1 R A5 B ik F)
P R R, Horb 2B 0 A W 21 2 K
BEANA A IX R

TR TR i R 5 R B2 43 TR 45 51
WoR, FTAREARNMAY FERISNH RIS L,
R I P K RE TN FRAE AR SR Sy — 32 (18] 6-a), fi
JSRE A 853 14) 7K R 0 B JERASE AR L2 % g 3 R I 25 e AN
RH—3, UL FR I 5t R R B Y B R AR
YidH 26 5 W0 0, O EL D B 0o b 3 R e i 1 N
JFRE. M 6-a i T LIEH, S¥THE. A%
CQTR A L 5 ] DA 6 P T 55 A 12 8006 T 7 A K
Mg b 0 = Y W TR R R, 1] R K
FORMAEMN T EE . WK 6-b W LIFE, 7
XA EOR A, HEA BRI . A5 CE
J& RN RS AN B FT P 7 T BE AR ME 1 2R — 2
e S TR R R e b A AR TR i 45 i 2 TR 2R R
— &, AL, BRE AR5 R RS R B R W
FRICRBEAAAE — B 25, X AT AR5 B0 1 Y &
YRR K A= IR
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El5 RREMHEAPHEMAFTEERFTEE
BANEAREAR AR e 2 7T, AR AR S
P OTU $u ke, RS S F RS FEAMA (unique) ) OTU
ol hiE A G R OTU £

Fig. 5 Venn diagram of microbiome abundance differ-

ence in biological samples of A. davidianus

The outermost ring is the sample name; the petals contain two rows of
numbers, with the number of OTUs contained in each sample on the top
and the number of OTUs unique to each sample in the parentheses

below; the white circle in the middle is the core OTU number
3 e

REUEFREARH B S E Az . BIHATN
Ak, BT R A O R A W DX A5 R
BOLH) R AZMSEEL, H WA Z R4 T
R A5 T TR AR Y AL AR R A 0 T K AR Bl
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Diversity of microflora involved in skin ulcer and death of
Andrias davidianus

XU Jungi', XIE Jianping >, WANG Zhijian "
(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, Key Laboratory of Aquatic Science of
Chonggqing, School of Life Sciences, Southwest University, Chongqing 400715, China;
2. State Key Laboratory Breeding Base of Eco-Environment and Bio-Resource of the Three Gorges Area, Institute of Modern
Biopharmaceuticals, School of Life Sciences, Southwest University, Beibei, Chongqing 400715, China)

Abstract: To explore the dynamics of microflora on diseased and healthy skin or in water samples of Andrias dav-
idianus in natural environment, and provide microbial basis for rational aquaculture, protection of wild 4. davidi-
anus and future development of probiotics to improve the breeding of 4. davidianus, in this study, the skin micro-
flora of A. davidianus were profiled by high-throughput sequencing of the V4-V5 region of 16S rDNA gene, and
the changes of skin microflora were compared between the healthy and the diseased A. davidianus. There were sig-
nificant differences in the diversity, structure and function between healthy and diseased A. davidianus skin bac-
teria.The average number of Tag of each sample was 97 150, and the average length of sequencing was 400 bp.
The OTU data showed that the microbial abundance of healthy skin was much higher than that of diseased skin.
The dominant bacterium in the living water samples of healthy A. davidianus was Aliihoeflea, and after A. davidi-
anus died, it changed to Chryseobacterium. The abundance of Chryseobacterium, Comamonas and Burkhold-
eriales increased significantly, while that of Aliihoeflea, Exiguobacterium and Planococcus rifietoensis decreased
significantly (P<0.05). Meanwhile, the skin surface of the dead Andrias davidianus had a large number of ulcers
with pili, with typical symptoms of Burkella infection. Our findings confirmed that there were significant differ-
ences in skin microflora of dead and diseased 4. davidianus. Burkella zoonotic bacteria might be the main cause of
the death of 4. davidianus in natural environment contaminated by water vector. This provided a basis for sci-

entific breeding of A. davidianus.
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