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Fig. 1 Sampling area of Anguilla japonica larvae
collected in the Yangtze River Estuary
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MFRTELA 145 mL B.045 9, 75-80 CUkA
TRAE . BAAA 2 DA KB IR 78 A il
FPREAS, HEORAE 8 MFEAS, HAY#FE R IR 1.
1.2 DNA BRI G ERAEY S RN E

FNREERZ:(QT Wik DNA HREGRF &) HLHL
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YRR A R S8 16S rRNA FE[H 44
FEM
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il 806R (5-GGACTACHVGGGTWTCTAAT-3')
i 515 DNA FEAC ) 16S tRNA HEH V3~V4
X 4T PCR 4714, 20 uL PCR WA ZR H: 10 pL
2xPro Taq, 5|#) 338F (5 mmol/L)f15|4) 806R
(5 mmol/L)% 0.8 pL, 10 ng DNA Hitl, R)5H
ddH,0 #M 2 20 uL.PCR i #¢: 95 C i 3 min;
95 CAEPE 30 s, 60 CiEk 30s, 72 ‘CHEH 45 s,
29 MIEIR; 5 72 CHEMH 10 min. R 2%3i5
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Tab.1 The pigmentation stages, total length and body weight of Anguilla japonica larvae in the Yangtze River Estuary
Safpﬁng Saf;rl%ﬂﬂjjt %iél .@?%.ﬁﬂrj,ﬂﬁ &4 /mm total length 1A /mg body weight
number pling date number  pigmentation stage range mean+SD range mean+SD
JVA 2022-1-25 10 VA 52.04-57.55 55.21£1.73 92.2-137.9 117.8+14.3
JVB 2022-1-25 10 VB 55.05-57.13 56.05+0.76 102.7-135.0 118.0£11.9
FVA 2022-2-23 10 VA 54.27-59.93 56.53+1.89 100.4-137.2 117.5+14.1
FVB 2022-2-23 10 VB 54.62-59.38 56.51£1.49 93.3-136.5 115.5+£14.2
MVA 2022-3-21 10 VA 55.58-58.20 56.68+0.94 119.0-143.4 130.6+8.0
MVB 2022-3-21 10 VB 54.27-60.14 57.29+2.04 98.5-162.9 130.3+19.6
AVA 2022-4-11 10 VA 54.54-59.27 56.98+1.53 98.9-150.6 128.7£14.7
AVB 2022-4-11 10 VB 53.42-61.58 57.07£1.96 95.5-126.8 117.4£15.4
2 rED P E e PCR ¥, ¥ PCR ¥ H s g Swe Mmoo
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FI TruSeq™ DNA Sample Prep Kit i) & g7 SRR T N(N - 1)
LR SCRE M G ) SCFE Gl ok Tllumina Miseq , Ssn, n,
PE300 -4 JE A7 153 LW . Hamon == 2107 ®)
1.3 HiRLETTE c=1-"1 (6)
13.1 OTURKRMFMERE  Miseq M1 5L N

Ui [T 5 £ 4 (reads), #4fE PE reads Z[H] 1) overlap
KA, ] Trimmomatic, FLASH /4K 5o Xt 1)
reads Zead 4%, PREE . 8. L. BrE)Eslor
] 26 A0 Ak B 5, 5 >R A Usearch (version 7.1
http://drive5.com/uparse/) A4 % Fr 15 )7 51 i 47 4k
B, AR 97% AR Bl AKX P B A T B A 42
17T (operational taxonomic unit, OTU)®E 2, K H
RDP classifier D50 TE 97%ARUKF T Y
OTU i#A7TAEW1E B4 70 - A QUIME H /4
H:5 silva (Releasel128 http://www.arb-silva.de) (&
PEFEASTR 43 2K B AT L R B, T 345
B~ OTU Frxd b A 43 2505 B o

1.3.2 Alpha S84 R Sobs 5%, Chaol 1§
B (Senaon) " Hl ACE $5 5K (Sace) > I 0 TR HE 2 1,
Simpson 1 # & $6%k(D)*""Fl Shannon-Wiener %
FEVEFR B ()P S T B AR VEIR L, 7 36 R 3
$r(coverage, O\ ERMFHE . AT

Sops=3L Bl 5 Hi ) OTU %% (1)
n(n —1
Schaol = M (2)

% 2y +1)

K, n N HEA 1475109 OTU £L(W singleton), ny
KHEH 2 KXJF50 OTU %, nRFESH i )%
FIf OTU %k, N AMEAH I ST 514 Sabund
JE A ML 10 25750 OTU %X, Seare N A AL
F 10 5791 OTU B, Coce 287 FTA AR FE (R
<10 %) KA Ik Singleton B HL B, 72, WAE R
1.3.3 SZitotr @i ArcGIS10.3 #f2H1%
RES AR L 8T R3.3.1 B4 T 28 ) AR
K57, R BT THGIERMBEMZE . 8ot
Kl FHR(Venn)E #4187 . i F Wilcoxon Fk
IR 560k H 4% 2 Z [ 1Y Alpha ZEEVEFR BU2E 5+,
ANOSIM 563k i VA 41 VB BH4H 16
MR LR, P<005 XKW LRRE, HH
PICRUSt WA DhaE I T HXf OTU FJEE
HATAREAL, SRJEE A OTU XA Green
Gene ID, X} OTU #47 COG Hl KEGG MIfig i3 %%,
M3k OTU £ COG. KEGG 45 RE K1y iE
AR B A TIRETE R REA R I (5 2 .
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Fig. 2 Rarefaction curve of intestinal microbiota of 8

Anguilla japonica larvae
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Fig. 3 Petal map of OTU distribution of intestinal microbiota
community in 8 Anguilla japonica larvae
Each petal represents a sample, and the number in the middle

represents the OTU shared by all samples. The number on each
petal represents the unique OTU number of the sample.
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Fig.4 The Venn diagram of OTUs of intestinal microbiota of
Anguilla japonica larvae in 4 month groups
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BT, G558 EIASANFEA ] 8 52 R . FEAS
JVB 1 Sobs. Ace. Chaol. Shannon {Hfx K, 47
8 996, 1009.24, 1020, 4.36, Simpson {H /],

N 0.08, AR IR Y B E i A Uy Y R R R

YIRh Z e R R . AVA B9 Sobs, Ace. Chaol {H
/N, PN 124 14517, 137.64, SRiZAEAR
[ W 18 TR W Rl B3 = . MVB %) Shannon {Hfx
/I, A 1.52, Simpson {HiR K, N 0.51, B/RZFEA
HI B A D b ZAE B AR(E 5). Wilcoxon &
R EREs Rt EoR, 1 H4L IVA FlJVB I EEAR
[ B R R 2R 2 T HAAE AR (P<0.05),
AR H By 2 AR F I VA LR VB 418
TE Pl = B N 2 25 {9 EAS .25 (P>0.05).
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Fig. 5 The Alpha diversity indices of intestinal microbiota of Anguilla japonica larvae in the Yangtze River Estuary
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HoAth 5 T 8w ik A JE BE R T (Firmicutes)
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JVAFIIVB H i Lh s, 76 TVA P i 2l 5.10%
F15.03%, 7EIJVB H i o 7.16%14.89% (1] 6).
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LK) IVB MRS 473 &, BB MVB FEAAY
A 90 NME. DA R g, Wo1—4 A
o 596 J& . 251 J& . 229 JE A 152 )&, T
Tl 307 J&, o3 S R T 43 1 i B i
Wb R, DR E ARG, W VA 4]
H 496 J& . VB A 542 )&, 4 5198,

8 MREALT, KU O H A8 4 4 7 18 1%
AW AT 322 B Y FT IR E (Psychrobacter) |
B B0 7 )& (Pseudomonas) . BEFF & . TCOFF
J& (Achromobacter) . Fy FLICH J& (Shewanella) . &
2 B R (Pseudoalteromonas) . ik &
(Aliivibrio) . A~ 8 1 J& (Acinetobacter) <5 41 i,
BN 35.10% . 16.75%. 7.99%. 4.82%.
421%. 3.86%. 1.92%. 1.83% (& 7). Hrh, rg
BAFHERTEMNA FVB H=F 5 ik 80.72%; &
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Fig. 6 Intestinal microbiota composition of 8 samples of Anguilla japonica larvae at the phylum level
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Fig. 7 Intestinal microbiota composition of 8 samples of Anguilla japonica larvae at the genus level
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FEJR KF b 5 H Al T 1 22 58k IeAh, it
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Fig. 8 PCoA analysis chart at OTU level

2.6 HZAH2E%h K718 B BRI ThRE Tl

FH PICRUSt i FEACIH DI RETON T HXF 1467
A~ OTU #ATHIREIERE, £ KEGG pathway 1.
pathway 2 il pathway 3 /KF I, 43504 74>, 41
A 304 MRUIEDIRERR . SitEsR, £ KEGG
pathway1 7K-F- b1 OTU 4ufispy3E A, 4 50.62%

S AR OE, 15.26% 5 18 45415 5 Ak BRAH OC,
13.86% 5 ¥ 45 (7 BALBRAH G, HLAMG B0 OUT
nti () 3L S AN e R . AN 2RBm A LR G
X, A3 HEN 3.53% . 1.31%H1 0.79% (3% 2).

X} OTU #47 COG TR RS, KM OTU 1¢
COG Ihfe/KF bR B M 4% T RETE A [F A
A A R (R BN 9 FR: B ERRAD A S
B 5 BRI T RE A OG 1) R A E AR 12 S
RBHE, S 9.63%) . JLHLE Tz fi A4t (P,
6.47%) . NEACET, 4.73%) KK Ak A Hris i
RI(G, 4.67%)5%; Histfe (5 DA IAHSCH) T2
AR (K, 6.54%) S 2 il . FEAFMELE (L, 5.44%);
B RRIE(E AL BEAH 5 A0 = B A BEVR A P A e (C,
7.20%) B A5 F 7 FHLEI(T, 5.20%) .

3 i

3.1 IO B AESEH4) 5 78 H B A0 & A A
£E

BT I P TR 3 R A Kk A A 2k
Y1 % i (Hucho taimen) . 415§ t4 (Qinling lenok) F1 %
At f(Esox reicherti) g B A W RETE 4544, X080
F) OTU BHCK 242 4, W8 17 1] 1 %D
SR T 3 R A B IS B (Culter alburnus)
KRHEA(C. dabryi) M2 6 560 (Cultrichthys
erythropterus) i 18 WAL P RE V& 254, UL 2] 1)
OTU %4354 407, 666 1 392 4, A1t 1094 4
OTU A7 23 1] Wu Z5PV0 b 1 WL IR 552 5 2
i (Ctenopharyngodon idella)fi8 WA W R TELS 14,
WEEE] 6058 A~ OTU, f7 25 '] HULrI WL, W
BHEAEBHEMEYR OTU B atfakn
A BTENTARE E2ZERAKR, AHFRTE 8 MH

% 2 KEGG pathway 1 X i§H@E B &tit
Tab.2 Metabolic pathway statistics based on KEGG pathway 1

%5 number IIHE function

FJ¥ abundance X2 /% relative abundance

1 B metabolism
AL {5 B AL P genetic information processing

LA cellular processes
A5 Human diseases
HHLE S organismal systems
Jo43r2 unclassified

N O L RN

WBE{5 B AL BE environmental information processing

13529961 50.62
4078272 15.26
3704170 13.86

944410 3.53
349894 1.31
209999 0.79
3913209 14.64
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Fig. 9 The COG function classification of intestinal microbiota in Japanese eel larvae in the Yangtze River Estuary
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Study on the intestinal microbial community of Japanese eel larvae in
the Yangtze River Estuary based on 16S rRNA high-throughput
sequencing

CHANG Yajuan', TANG Wengiao" %, GUO Hongyi'"*

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 aims of this study were to analyze the structure and diversity of intestinal microorganisms in wild
Anguilla japonica eel larvae from the Yangtze River Estuary and to explore the function of these intestinal
microorganisms. MiSeq 16S rRNA high-throughput sequencing technology was used to sequence the 16S rRNA of
microorganisms in wild eel larvae at different pigment development stages from January to April. We then
counted the number of operational taxonomic units (OTU) of intestinal microorganisms in the samples, analyzed
species composition, abundance, and alpha diversity, and predicted the function of these intestinal microorganisms.
A total of 1467 OTUs were identified from the Japanese eel larvae samples, with an average of 396 per sample;
these microorganisms were determined to belong to 51 phyla, 140 classes, 286 orders, 414 families, 643 genera,
and 959 species. Each sample had an average of 26 phyla and 229 genera; however, a significant decrease in this
diversity was observed with increasing months. At the phylum level, the dominant microflora were Proteobacteria
(81.33%) and Bacteroidota (10.61%). At the genus level, the dominant bacterial groups were Psychrobacter
(35.10%), Pseudomonas (16.75%), Flavobacterium (7.99%), Achromobacter (4.82%), and Shewanella (4.21%),
which differed from the intestinal microbial communities observed in other fishes. The abundance and diversity of
intestinal microflora in eel larvae from the January group were significantly higher than those in other months
(P<0.05). Nonetheless, there was no significant difference in the structure and diversity of the intestinal microbial
community among the other three groups or between the VA and VB stages of eel larvae at different pigment
development stages (P>0.05). According to KEGG path annotation, it was predicted that most of the genes
encoded by the intestinal microflora of Japanese eel larvae were related to metabolism; further, the relative
abundance of amino acid transport and metabolic functional groups was high. The composition of microorganisms
in the intestinal tract of Japanese eel larvae is complex; therefore, the analysis of these intestinal microorganisms
and their corresponding functions helps develop our understanding of the influence of intestinal microflora on
Anguilla japonica feeding, thereby providing a theoretical basis for further studies on fish diet.

Key words: Yangtze River Estuary; Anguilla japonica; 16S rRNA; intestinal microbiota; dominant flora; function
prediction
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