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brated Densitometer % .
14 FREMZEHNEE

PLE DNA IR, & EREsEsImGER )
7 PCR ¥4, 2% AR WEEERC I )G, X H %
A HEAT NSCRT S I o R ECPH M e R R, A
I 2 1 OD260n0m/ODasonm {H, LA 101546 FEFR BERY
AR AR, FrR s PiitT Q-PCR, 44
I B 20 B R B o 1T £
1.5 Q-PCRlIZEHRHEHE

DL E. DNA MR, 4055 s vy
Q-PCR., §"#4{K & (25 uL): 2xSYBR Premix Ex Taq
I1 12.5 pL, 50xROX reference dye I1 0.5 pL, 1EX
65914 0.01 nmol, ik DNA 20 ng, ddH,0O #h
JE 25 uL, W ARFF: 95°C, 3 min; 95°C, 15's, & 'H
BKIRE (3 1), 15 s, 40 DMEFR; 95°C, 15 s;
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Tab.1 The sequences of bacterial primers

HFRYNE target species

5191751 (5'-3") primer sequence (5'-3")

BKIEEE/C Tm F BeK/Nbp size 2% ik reference

W F: ACTCCTACGGGAGGCAGCAG 60 200 [9]
total bacteria R: ATTACCGCGGCTGCTGG

AT R F: GGARCATGTGGTTTAATTCGATGAT 58 151

Bacteroidetes R: AGCTGACGACAACCATGCAG

SR F: GCCTTCGGGTTGTAAAGCAC 59 141 KT363960.1
Aeromonas R: CGATTAACGCTTGCACCCTC

IR R F: GGGGCTCAACCTCGGAATAG 60 117 KT369808.1
Vibrio R: CTTCGCCACCGGTATTCCTT

HAT R F: CGGCTTACCAAGGCTACGAT 60 509 KP277508.1
Flavobacterium R: TACCCACGCTTTCGTCCATC

78240 F: CCCTTATTGTTAGTTGCCATCATT 52 144 [10]
Enterococcus R: ACTCGTTGTACTTCCCATTGT

KUEEFT B R F: TCGCGTCYGGTGTGAAAG 62 243

Bifidobacterium R: CCACATCCAGCRTCCAC

MR F:AGCAGTAGGGAATCTTCCA 55 341 [11]
Lactobacillus R:CACCGCTACACATGGAG

F TR F: CATTGACGTTACCCGCAGAAGAAGC 52 230 [12]
Enterobacteriaceae R: CTCTACGAGACTCAAGCTTGC

Wi R F: CWAACGCGATAAGTAATC 60 158 [13]
Fusobacterium R: TGGTAACATACGAWAGGG

e R ) F: GTGAGCAGCGAAGGATTTGG 60 95 M35588.1
Saccharomyces R: TGCGACCGGCTATTCAACAA

11 KT363960.1. KT369808.1, KP277508.1 Fll M35588.1 43 IR/~ S ST JE . IR TR B A B FF TR 1Y 16S B BE D T 51 25 55 5 A g

BETRJE 1 18S M ASER T I8R5

Note: The accession number of 16S ribosomal gene sequences of Aeromonas, Vibrio and Flavobacterium are KT363960.1, KT369808.1 and
KP277508.1, respectively. The accession number of 18S ribosomal gene sequence of Saccharomyces is M35588.1.
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Fig. 1 The PCR-DGGE profiles, cluster figures (A—E, and K) and principal component analysis (F—J) of the skin, gills, stomach,
foregut, hindgut and water microorganisms from |etalurus punetaus
LS: Skin of low weight |. punetaus; LG: Gills of low weight |. punetaus; LT: Stomach of low weight |. punetaus; LF: Foregut of low
weight letalurus punetaus; LH: Hindgut of low weight |etalurus punetaus; HS: Skin of high weight letalurus punetaus; HG: Gills of
high weight letalurus punetaus; HT: Stomach of high weight letalurus punetaus; HF: Foregut of high weight letalurus punetaus; HH:
Hindgut of high weight letalurus punetaus and W: Water. The skin, gills, stomach, foregut and hindgut species of low weight (LW)
and high weight (HW) letalurus punetaus (n=6) and water species (n=5).
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Tab. 2 Diversity index of gills, skin, stomach, foregut and
hindgut bacteria from | etalurus punetaus

X +SD
= k1451 fiE =R
MH item Shanno?dzizvﬁ:i%y index ei/jlis rii!il':;i‘s
KAk water 3.45£0.06 0.99+0.02 31.40+1.82
AT BE 5 LRI low weight | etalurus punetaus
il gill 2.97+0.10° 0.92+0.03" 19.67+1.86"
Rk skin 3.06+0.03* 0.94+0.01* 23.00+0.63"
 stomach 3.44+0.08" 0.93+0.02° 31.33+2.34°
i % foregut 3.16+0.03" 0.93+0.01° 23.50+0.84°
J& 1% hindgut 3.30+£0.07° 0.95+0.02° 26.00+1.67°

il gill 3.10+0.06° 0.96+0.02° 22.33+1.37°
Bk skin 3.11+0.04° 0.99+0.01* 23.83+0.98"
B stomach 3.45+0.04° 0.94£0.01° 31.50+1.38°
i foregut 3.23+0.09° 0.94+£0.03" 25.05+0.51°
J& 1% hindgut 3.28+0.05° 0.95+0.02" 25.33+1.37°

W BT R ST AR A t RS, KIRREA & n=5, HAr n=6.
[7) 51 [ & o2 =2 18] SRR AR ] 305 22 57 AN .3 (P>0.05), FhEA R 3R
725 5 i 2 (P<0.05).

Note: Adopted independent sample t test for analysis, n=5 for water,
n=6 for others. The same item and column with the same letters
indicates no significant difference (P>0.05), and different letters
indicate significant differences (P<0.05).
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Tab.3 Theresults of Q-PCR analysis of water flora

n=4; X £SD
e ¥ 015 g D1 %
miwm S s (’ff fﬁ/,l)]
bacterial species e(copy) L Dl erial species gleopy
copy copy
o , 9324009 | IR 439+0.22
total bacteria Enterococcus
s .
TR 6.89+0.08 | AR 3.38+0.08
Enterobacteriaceae Vibrio
- e g
T 4.55:0.08 | SHTHR ) 060000
Aeromonas Flavobacterium

T8 ST R AT SRR G50

Note: Adopted t-test for independent samples for analysis.

T, R AT R . SUBRT B R R T b
TN(P<0.05), T4 5 8RS B I & R F4:(P<0.05),
HAH RS LA B 5.(P>0.05) . FLR 1 & AR 1 8
FEFTATRE S R RS T i Bk A R B LR
Jo R B dif rp R A o AT HT iR, PCAL
PIReK LW F1 HW BES X RBEIX 43 TF, R PIE

[ fETE 2% 5 (B 2A-E); [ 2F oKk 5H | 6
R JRFEA PR B BT, RIDKIRSE | 8RRk
PR AR DGR, IR, LW L HW B 6 SR 4
FER R B8 H L RS A AR I AR
255, HW B s CREHAEY) S m A mas, 5
DGGE i Ml R —H.
3 itig
31 WRANEMRERE. 13, SHBERFAN

5T 2 A 1 28 B ok A T AU 45 B L . i
B L OIRE A E AT RN, X 5 AR ST A R,
o A R B P T s S5 R T A T A5 SRR il
JREGPLATERE . AR RV EESRRE. B
PR L IR I 45 A B 1 e B e ), AR
WESE AT R B T i A K T e 2 R
X mER R RE, SRR, S A AT
5 A g KA B R, AR Rk AR P AR
PR ER . MR IR E S, K
. BEAE T ERKENGEREE, 0iE IR
Rt ZE AT, s IR B AR e T e S
RN 2 R A A K IR G

PGP B SR B R . B E L AT A
JE B T BT AR R TR A AL, b B AR
FE e, HAFEEEZ ST Ringe £05 K
ARG R4l E A ECE 10°~10° copy/e!”,
L A0 20 TF 5 BT RE A5 0 B B TR £ AR [ i 45 51,
PRI, 00 AT R PR 2l e 288 BOH A A7 2 858 K A T
U UNEEE S

WK B HERECE A 10° copy/g, R&
BN 10° copy/g A7, Lk R AR B AT @
SR, R DR AR S T U LR TR
AT B R £, S SRR ST A AL, B
R S Wi 10° copy/g, PRI
AT T FUSUEAT R, et IR RN S A
WP w R AR E . BERR R SE y E, m
SV W i — S U AT B RS 5 i A [
FITEY o T2 85 2P0 % B 4 i i T R A ML LR
] —f B Al b, PR S BGE R T/ AW, B
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Tab.4 Theresultsof Q-PCR analysis of skin, gills, stomach, foregut and hindgut of different weight | etalurus punetaus
n=4; X +SD; lg(copy)-g’l

B AP JE bacterial species LW HW N & FhJE bacterial species LW HW
B [k skin/[1g(copy)-cm™] I} % foregut
JEH total bacteria 4.61+0.03° 4.63+0.13* JEV total bacteria 9.08+0.04" 9.27+0.01°
S TE JE Aeromonas 2.89+0.04" 2.86+0.04" KM JE Aeromonas 4.50+0.06" 4.57+0.08"
WP Enterobacteriaceae  4.12+0.03* 4.09+0.01° W ¥ #l Enterobacteriaceae  6.81+0.15° 6.97+0.57°
I JE Vibrio 2.35+0.01° 2.31£0.07° JNEHJE Vibrio 3.67+0.13° 3.78+0.06°
#FF 8 Flavobacterium 1.93£0.01° 1.97+0.01° PUFF /% Bacteroides 5.86+0.10° 6.19£0.10°
il gill X T J& Bifidobacterium  3.72+0.03° 3.83£0.07°
RLH total bacteria 6.62+0.04° 6.67+0.09° J¥ 1} B & Saccharomyces 4.12£0.13° 4.08+0.14°
S TE JE Aeromonas 4.33+0.15" 4.25+0.11* 5 1% hindgut
WP # Enterobacteriaceae  6.07+0.01° 6.03+£0.05" JA A total bacteria 9.27+0.08" 9.06+0.07°
Wk JE Enterococcus 4.32+0.05" 4.19+0.02° S MU & Aeromonas 4.68+0.06° 4.55+0.07
R Vibrio 3.34+0.06" 3.35+0.11° W #T Bl Enterobacteriaceae  6.91+0.09° 7.30+0.31°
5 FF 1% J& Flavobacterium 2.78+0.11* 2.84+0.04" e J& Vibrio 3.73+0.08" 3.65+0.07*
& stomach ¥ )% Bacteroides 5.91£0.06" 6.13+0.01°
JLH total bacteria 9.53+0.04° 9.83+0.13° XU FF B & Bifidobacterium  3.77+0.07° 3.92+0.04°
SHJWEEE Aeromonas 4.51£0.09* 4.46+0.14° B%+} T )& Saccharomyces 4.08+0.10° 4.26+0.09"
W #F L Enterobacteriaceae  7.15+0.05° 7.69+0.20°
Mk JE Enterococcus 4.57+0.10" 4.39+0.05"
JNT & Vibrio 3.72+0.03" 3.87£0.13°

TE: AP MT 7 R S AR A t K, AT ) 5 B AR ] 3875 22 5 8 B35 (P>0.05); T BEANIR] 875 22 5 .35 (P<0.05). FLIR T FIAZ 14 i 72
JARE G PSR AG TR TR A E B K L I I R R

Note: Adopted independent sample t test for analysis. The same letters in the same row indicate no significant difference (P>0.05), and dif-
ferent letters indicate significant differences (P<0.05). Lactobacillus and Fusobacterium were not detected in any of the samples, and En-
terococcus was not detected in the skin, foregut and hindgut.
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-1.5 A8 | L L L —2.00 &= L | | L ! —3.00 = L | | L I
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g ° LR2 o g 0 Lhs Tt} ~ 100} Wmi/m s
&) 0 HF1 . O ° 5 0 LH2LI
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-1.00 + LFa Lo 1.00 s HHI ~1.00l Haiglﬂéwf;, L U 0
° o LG3HG2 HS3 LFTHF4HHI
00l | 00l L 1 _pool__ msinsa .
—3.00-2.00 -1.00 0 1.002.00 3.00 -3.00-2.00-1.00 0 1.002.003.00 —4.00 -2.00 0 200 4.00
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K2 BERSUREEK . 68, B AR B ERE Q-PCR ZEAUIr 7 M (A-E) S BE s SURBIA Ik . 8. 1§ .
Bl . Je B FOKAA BT Q-PCR FEIR 370 4T (F)
Fig. 2 The PCA profiles of Q-PCR microorganisms on skin, gills, stomach, foregut and hindgut of letalurus punetaus (A—E), and the
PCA profile of Q-PCR microorganisms in water and skin, gills, stomach, foregut and hindgut of letalurus punetaus (F)
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Abstract: Ictalurus punctatus is native to the Americas and a superior freshwater fish cultured worldwide. How-
ever, acute mortalities often occur during aquaculture. In addition, the disadvantages of antibiotics have been
highlighted, and a safe and effective substitute has become a hot topic. Thus, many studies have been published on
the beneficial effect of probiotics, and most have targeted the microflora of the gastrointestinal tract, but few
studies have investigated microflora of the gills and skin. To provide a theoretical basis to study gill, skin, stomach,
foregut, and hindgut microorganisms and to screen probiotics from |. punctatus, we compared the microbial
structures of the gills, skin, stomach, foregut, and hindgut from |. punctatus of different weights and explored the
correlation with aquatic flora using polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-
DGGE) and quantitative-polymerase chain reaction (Q-PCR). All samples possessed rich bands, but the location,
number, and color of the bands were quite different among samples. The mean numbers of DGGE bands detected
in the organs from low to high were gills, skin, foregut, hindgut, and stomach. The Shannon diversity index and
evenness and richness of bacteria in the skin, gills, stomach, foregut, and hindgut were 3.06, 0.94, and 23.00; 2.97,
0.92, and 19.67; 3.44, 0.93, and 31.33; 3.16, 0.93, and 23.50; and 3.30, 0.95, and 26.00 in low weight (LW) I.
punctatus and 3.11, 0.99, and 23.83; 3.10, 0.96, and 22.33; 3.45, 0.94, and 31.50; 3.23, 0.94, and 25.05; and 3.28,
0.95, and 25.33 in high weight (HW) |. punctatus, respectively. The Shannon diversity index, evenness, and rich-
ness of gills and richness of the foregut from HW |. punctatus were significantly higher than those of LW |. punc-
tatus (P<0.05), indicating that microflora diversity was higher in HW I. punctatus than that in LW I. punctatus.
Clustering and principal component analysis (PCA) distinguished LW from HW |. punctatus, and the similarity
coefficients of LW and HW I. punctatus in the skin, gills, stomach, foregut, and hindgut were 0.82, 0.78, 0.78,
0.61, and 0.73, respectively, suggesting significant differences in the bacterial flora between LW and HW |. punc-
tatus. In addition, the Shannon diversity index and evenness and richness of microflora in the aquatic environment
were 3.45, 0.99, and 31.40, indicating slightly lower diversity than that of the stomach flora. The Q-PCR results
showed that the dominant skin microflora were Enterobacteriaceae and Aeromonas, the dominant microflora in the
water, gills, and stomach were Enterobacteriaceac, Aeromonas, and Enterococcus; and the dominant microflora in
the foregut and hindgut were Enterobacteriaceae, Bacteroidetes, Aeromonas, and Saccharomyces. The numbers of
Flavobacterium (10"°7) on the skin, Enterobacteriaceae (107%°) in the stomach, Bacteroidetes (10%'%) and Bifido-
bacterium (10°*%) in the foregut, and Bacteroidetes (10%'?), Saccharomyces (10*2°), and Bifidobacterium (10°*%) in
the hindgut were significantly higher in HW than those in LW |. punctatus (P<0.05). Moreover, the total numbers
of bacteria in the skin, gills, stomach, and foregut (P<0.05) were significantly higher in HW than those in LW I.
punctatus. These results reveal an increasing trend for the numbers of microflora in HW I. punctatus. The Q-PCR
results were analyzed by PCA to identify the correlations between the microflora in all samples. The results dem-
onstrated that LW and HW I. punctatus were distinguished by PCA1; the skin microflora was associated with that
on gills, the foregut microflora was associated with that in the hindgut, and the stomach microflora was associated
with that in the water. These results indicate the unique flora of the skin, gills, and gastrointestinal tract in |I.
punctatus and show that the structure and abundance of microflora are complex in LW and HW I. punctatus.
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