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Fig.1 The OTU rarefaction curves of microflora in

water, sediment and intestinal tract

S1-S5 stand for the water microflora of diseased pond; cS1—cS5 stand
for the water microflora of healthy pond; N1-N5 stand for the sediment
microflora of diseased pond; cN1—cNS5 stand for the sediment micro-
flora of healthy pond; C1—C3 stand for the intestinal microflora of dis-
eased O. niloticus; cC1—cC3 stand for the intestinal microflora of healthy

O. niloticus
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Tab.1 The a diversity of microflora in water, sediment and intestinal tract
R AR AT b s TH Chaol{ ACEfH RIS FERIRR
samples number of sequences OTUs Chaol ACE Shannon Simpson
S 71517.80+11 398.32" 14 531.40+2 566.27° 55 525.82+10 397.68" 115 351.74+20 130.46" 6.50+0.70" 0.02+0.02°
cS 73 500.60+18 711.63" 13 815.80+2 619.42° 50 011.19+8 228.53" 101 277.68+17 026.30" 6.29+0.50" 0.03+0.03"
N 73 324.80+15 228.47" 23 180.60+7 035.22° 73 065.50+17 313.35° 129 146.21+£30 792.78" 8.75+0.47° 0.00+0.00"
cN 85 726.00+5 336.55° 28 161.60+3 308.29° 79 683.42+9 521.53¢ 131 604.35+23 906.65" 9.14+0.31° 0.00+0.00"
C 85311.33+£2 782.72° 11 512.33+£2 279.72° 35 861.07+7 006.67° 64 325.95+14 550.11° 5.39+1.02° 0.09+0.10°
cC 64 119.33+21 108.58" 11775.33+£3267.82°  35700.98+8 213.92° 64 346.72+14 609.95 6.41+0.20° 0.02+0.00*

H: BUE AmeantSD; K HHTE LT FREAFFRAR 27 B, P<0.05; FRHMHFAZRHABLEEZER, P>0.05: SHRMILIMEA MK
SR REMIE K R B NOA SO REVE A A s NOA BRI IRVE IR A s COMO e B DAL B E R cCOu RS M0 Je 2 1l i

Notes: values in the table show in the form of mean+SD; the different letters above the numbers represent significant difference, P<0.05; the same letter
above the numbers represent no significant difference, P>0.05; S stands for the water microflora of diseased pond; cS stands for the water microflora of
healthy pond; N stands for the sediment microflora of diseased pond; cN stands for the sediment microflora of healthy pond; C stands for the intestinal

microflora of diseased O. niloticus; cC stands for the intestinal microflora of healthy O. niloticus
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Fig.2 The rank abundance curves of microflora in
water, sediment and intestinal tract

S1-S5 stand for the water microflora of diseased pond; ¢S1—cS5 stand
for the water microflora of healthy pond; N1-NS5 stand for the sediment
microflora of diseased pond; cN1—cN5 stand for the sediment micro-
flora of healthy pond; C1-C3 stand for the intestinal microflora of dis-
eased O. niloticus; cC1—cC3 stand for the intestinal microflora of healthy

O. niloticus
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S B HE AR AT 344 ML B B RE T 3 R TR T
(Actinobacteria, 36.59%) . ZEJE 14 [ ] (Proteobacteria,
28.57%)FIPERL # '] (Verrucomicrobia, 6.74%); X
o T 3 KA (SEH ) ) P B B AR T T 2 AT B 1)
(37.00%) . WL HEIT1(32.07%) s 401 1] (Cy-
anobacteria, 5.81%). ¢S5 SAMAEHEH1IH
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Fig. 3 Venn diagrams of the OTU of microflora in water, sediment and intestinal tract

The numbers in figures represent the OTU number in different samples; (a) the Venn diagram of intestinal microflora in diseased O. niloticus and healthy

O. niloticus; (b) the Venn diagram of water microflora in diseased pond and healthy pond;(c) the Venn diagram of sediment microflora in diseased pond

and healthy pond; (d) the Venn diagram of water microflora, sediment microflora in diseased pond and intestinal microflora in diseased O. niloticus; (¢)

the Venn diagram of water microflora, sediment microflora in healthy pond and intestinal microflora in healthy O. niloticus
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B ] AR FT 8 1] (Fusobacteria) A9 Ho 4 8 2 = T
cSZH, MIPERLE ] A S R ] (Planctomycetes) Y
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b 35 IS e (N2 ) D 4 B RE 1T 28 4 A 5 o N4 5%
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JEHTT(17.17%) R 2 T 1(8.98%); Ak Je & 47 3k
)17 18 (CL) TS BERE T 128 0 IR RE T 1(50.62%) |
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Fig. 4 The OTU cluster of microflora in water, sediment and intestinal tract

S1-S5 stand for the water microflora of diseased pond; cS1—cS5 stand for the water microflora of healthy pond; N1-NS5 stand for the sediment micro-

flora of diseased pond; cN1—cNS5 stand for the sediment microflora of healthy pond; C1—C3 stand for the intestinal microflora of diseased O. niloticus;

¢C1—cC3 stand for the intestinal microflora of healthy O. niloticus
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terium) . PhycicoccusI g 28 1 J& (Caldilinea) R #8
XL T eSHL, MZLEREE . Luteolibac-
ter. FBROCIC T & (Erwinia) . 20AT B J& (Microbac-
terium) . 12 %8 (Clostridium) . 1B 5. 1E )& (Pseud-
omonas). BIERE & (Paracoccus) M 2 #1174 &
(Virgibacillus)/) 3 B . 5 I T cSAL(&16)

e B Tt I RS U8 (eNEH ) P (sl 2k ) BE AL T i =
RO P 0 B 0 IR A 4 B B (Anaeromyxobacter,
2.14%) . AT R (0.95 %) F H ot 22 1 & (Meth-
anosaeta, 0.91%); /& 5 #l 3 JIE e (N4 ) i3 A #
TR O BUFT TR (1.42%) . PR 420K 40 78 i (1.28%)
LK A T @ (Rubrivivax, 0.77%) . 24 34
A —Z, EI S B BN T 5%, Ul
JRVE A W R R — MR . N
RER AT R . AR . = AT R (Man-
nheimia). BB4RHE . FLERFE (Lactococcus). 4
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Fig. 5 The stacked column graph represents the average percentage of

phylum of microflora in water, sediment and intestinal tract

S1-S5 stand for the water microflora of diseased pond; cS1—cS5 stand for the water microflora of healthy pond; N1-NS stand for the sediment micro-

flora of diseased pond; cN1—cN5 stand for the sediment microflora of healthy pond; C1—C3 stand for the intestinal microflora of diseased O. niloticus;

¢C1—cC3 stand for the intestinal microflora of healthy O. niloticus
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FEFF I W 25 5, 1 C4lrh Jo 2L B8 Bk i 1Y
(19.23%) % 2 1 T cCLH rh I L A% 3K TA 1 3 2 (0.43%)
(P<0.05), fitFE)Je % % 9k 1o fiz 8 b Jo 7L 6k Bk A
BEE T AR KRR e TP E R, (H2E 59
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Fig. 6 The stacked column graph represents the average percentage of genus of

microflora in water, sediment and intestinal tract

S1-S5 stand for the water microflora of diseased pond; cS1—cS5 stand for the water microflora of healthy pond; N1-N5 stand for the sediment micro-

flora of diseased pond; cN1—cN?5 stand for the sediment microflora of healthy pond; C1-C3 stand for the intestinal microflora of diseased O. niloticus;

¢C1-cC3 stand for the intestinal microflora of healthy O. niloticus
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Fig. 7 The relative abundance of S. agalactiae in
microflora of water, sediment and intestinal tract

The different letters above columns represent significant difference,
P<0.05; the same letter above columns represent no significant differ-
ence, P>0.05; S stands for the water microflora of diseased pond; ¢S
stands for the water microflora of healthy pond; N stands for the sedi-
ment microflora of diseased pond; cN stands for the sediment microflora
of healthy pond; C stands for the intestinal microflora of diseased O.

niloticus; cC stands for the intestinal microflora of healthy O. niloticus
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Correlation between microflora structure in intestinal tract and aquaculture
environment of tilapia (Oreochromis niloticus) and streptococcicosis

LIU Zhigang, LU Maixin~, KE Xiaoli, WANG Miao, ZHANG Defeng

(Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation, Ministry of Agriculture,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: In order to study the correlation between microbial composition of intestinal tract and aquaculture envir-
onment of Oreochromis niloticus and streptococcicosis, 16S rDNA high-throughput sequencing method was used
to analyze the microflora structure of intestinal tract of healthy and diseased O. niloticus and that of their pond wa-
ter and sediment. The results showed that the microbial diversity of sediment was higher than that of pond water
and O. niloticus intestinal tract. The microbial composition of O. niloticus intestinal tract was more similar to pond
water than to sediment. The microbial diversity of O. niloticus intestinal tract and sediment in the disease group
was lower than that in the healthy group, while the microbial diversity of pond water in the disease group was
higher compared with the healthy group. The OTU cluster analysis revealed that significant difference only exis-
ted in intestinal microorganism between the disease group and the health group. The majority of healthy intestinal
samples were clustered together. The microflora structure analysis showed that the dominant bacteria of pond wa-
ter and sediment in the healthy group and the disease group were similar. The abundance of proteobacteria and fus-
obacteria was far higher in the disease group of pond water, while the abundance of verrucomicrobia and plancto-
mycetes was obviously lower compared with the healthy group of pond water. The abundance of flora with the
function of organic degradation and ecologic restoration (such as Anaeromyxobacter, Methanosaeta and Virgiba-
cillus) was far lower in the sediment of disease group, while the abundance of pathogenic bacteria (such as Man-
nheimia) was higher compared with the sediment of healthy group. The abundance of pathogenic bacteria (such as
Streptococcus, Mycobacterium and Mannheimia) in intestinal tract of disease group was higher, while the abund-
ance of probiotics (such as Lactococcus, Cetobacterium and Rhodococcus) was lower compared with intestinal
tract of healthy group. Streptococcus agalactiae was detected not only in aquaculture environment and intestinal
tract of the disease group but also in those of the healthy group. The abundance of S. agalactiae in intestinal tract
of the disease group was significantly higher than that in the healthy group, while there was no significant differ-
ence between the disease group and the health group either for pond water or sediment. In conclusion, the vari-
ation of the abundance of pathogenic bacteria and probiotics in pond water and sediment revealed that the aquacul-
ture environment of the diseased pond was deteriorated. The outbreak of streptococcicosis was closely related to
the rapidly increased abundance of S. agalactiae in the intestinal tract of O. niloticus after its microecological bal-
ance had been destroyed. The increased abundance of S. agalactiae in the intestinal tract of infected O. niloticus
had no direct link with its abundance in pond water or sediment.

Key words: Oreochromis niloticus; streptococcicosis; intestinal microflora; environmental microflora; 16S rDNA
high-through put sequencing technique
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