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Analysis of Skin and Gut Microbiota in the Rana chensinensis Tadpoles
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Abstract: The gut and skin play important roles in the body's immune system and are often exposed to the
external environment. The difference in microbial communities can reflect the changes of the host in response
to different environmental conditions. Whilenumerous gut and skin microbia have been characterized, there is
no comparative analysis of the gut and skin microbial communities in the amphibian. In our study, we
examined the difference of gut and skin tissues of Rana chensinensis tadpoles by hematoxylin-eosin (H.E) and
Masson staining. Furthermore, we investigated the difference of gut and skin microbial communities in R.
chensinensis tadpoles at Gosner stage 38 by using high-throughput 16S rRNA sequencing technology. The
statistical significance of difference was determined by the Student’s T-test. Our results revealed that:
(1) There were histological structure difference of gut and ventral skin in tadpoles (Fig. 1). (2) The alpha
diversity analysis showed that the microbial community biodiversity in the gut was significantly higher than

that in the skin (P < 0.001), while there was no difference in community richness between gut and skin
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samples (P > 0.05; Fig. 3). In addition, the hierarchical cluster and PCoA analysis showed that the distance of
microbial communities between these two tissues was clearly separated from one another (Fig. 4). (3) Venn
diagram showed that 175 OTUs were shared bythe gut and skin, while 70 OTUs were independently presented
in the gut, and 87 in the skin (Fig. 5). (4) A taxonomic analysis revealed that the most prevalent phyla in the
gut were Bacteroidetes, Proteobacteria and Verrucomicrobia, whereas the predominant phyla found in skin
were Proteobacteria, Firmicutes and Bacteroidetes (Fig. 6a). Moreover, the Student’s T-test results revealed
that the abundance of Firmicutes and Actinobacteria in the gut was significantly higher than in the skin, while
the abundance of Bacteroidetes was just significantly higher in the skin (P < 0.05; Fig. 6b). (5) The
functional prediction results indicated that the abundance of “environmental information processing” function
was significantly higher in the gut, whereas the “genetic information processing” and “metabolism” functions
were significantly higher in the skin (P < 0.01; Fig. 9). The results of this study revealed that there were
significant differences in the composition of microbial communities in the gut and skin of R. chensinensis
tadpoles. These differences will promote the growth and development of tadpoles to adapt to environmental
changes.
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Fig. 1 Histological characteristics of Rana chensinensis gut and skin at Gosner38 stage (40 x)

a. il (HE J2); b, i (Masson Yeft); c. ik (HE %4f); d. Bk (Masson Jef).
a. Gut (H.E staining); b. Gut (Masson staining); c. Skin (H.E staining); d. Skin (Masson staining).
CF. R4 E. F; M. LA me. B0 L2400 n Z000K; P (AR

CF. Collagenous Fiber; E. Epidermis; M. Muscle; mc. Mucosal epithelial cells; n. Cell nucleus; P. Pigment
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Fig. 3 The alpha diversity analysis of gut and skin microbia in the Rana chensinensis at Gosner38 stage

WL R R o BARIGEL b, FWHRIBEG EHEEEIE: coace J8%L, d. chaol 8% Student’s T35, ***P < 0.001.

The bacterial diversity index: a. Shannon index, b. Simpson index. The bacterial richness index: c. ace index, d. chaol index. Student’s T-test, ***

P < 0.001.
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Fig. 4 The beta diversity analysis of gut and skin microbia in the Rana chensinensis at Gosner38 stage
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a. Hierarchical cluster analysis using the unweighted-unifrac algorithm at OTU levels. b. Principal co-ordinates analysis using the euclidean

algorithm at phylum level.
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Fig. 5 Venn diagrams of gut and skin microbia

in the Rana chensinensis at Gosner38 stage
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Fig. 6 Comparison of relative abundance of gut and skin microbia in the Rana chensinensis at a phylum level

a. FEVEANXTERERTEIE, b, il KRB AE VI IR 96 4L 22 57 o Student’s T-Ri 56, B 5 RIFAES AR, * 0.01 <P < 0.05, ** 0.001 <

P < 0.01, ***P < 0.001,

a. Community bar plot analysis of relative abundances. b. The differences in bacterial community composition between the gut and skin microbia.

Student’s T-test, significant differences are marked with an asterisk, * 0.01 <P < 0.05, ** 0.001 <P < 0.01, ***P < 0.001.

EMRF AL (Lachnospiraceae, 12.72% + 5.48%)-
% B ¥k Bt (Ruminococcaceae, 8.33% =+
3.38%). Ik A= AR AT T B AL BN,
WFF R (28.35% + 9.54%). W 2 WA
(19.81% = 2.27%) WEJL T Jit & #
(Chitinophagaceae, 17.48% = 5.31%). gt &
B (12.19% = 4.67%) . 2K @#F

(Rhodocyclaceae, 3.80% + 1.31%). Student’s
T, WAFEEL g wEE, it wE R
F AL N R e E R (P> 0.05),

Bz Bk rbmg JU T B B R AR se IR R
(Burkholderiaceae) (P <X 0.001) J% J& 5 5 %l
(Weeksellaceae) FIHEAFFFl (Rikenellaceae)
(P < 0.0 WFEEFH =T HE, EhE



¢ 424 » =24 Chinese Journal of Zoology 56 %
Woit-1 Gut — R
Hik-2 Gut-2 == g mm" %ﬁ?ﬁ%ﬁrgﬁcwni&ae
tinophagaceae
i3 Gut-3 I IO ® ST Lachnospiraceas
¥25 B 3R # A} Ruminococcaceae
g WhiE-4 Gut-4 I D ] = g{flg;%slﬁ%? X Alpha;()iroteobacteria
2 eromonadaceae
£ Wmitt-5 Gut-s M ESSSEMSEIN T Riodooyclacess
s ) - Microbacteriaceae
& JzJi-1 Skin-1 Hl HE N %r%%é‘t%:ﬁraceae
. 3} Burkholderiaceae
® Bfk-2 Skin-2 B TONIR AL Weeksellaceae
FzBk-3 Skin-3 1 e %%%ﬁ%kﬂ Ailidaminococcaceae
] 3} Rikenellaceae
J7 Bk-4 Skin-4 N BN Xanthobacteraceae
JRE KR} Desulfovibrionaceae
He k-5 Skin-5 LIl W % J] KA} Shewanellaceae
: . BN Rl Pseudomonadaceae
0 0.2 0.6 0.8 1.0 m Al Ottre
ﬂ?k¥?%ﬁ$¥§$l§ el
Percent of community abundance on Family level a
N . 95% B fr X If]
= 536 Gut  mmm EZfk Skin 95% confidence intervals
AT R} Bacteroidaceae [y ——e— 0.109
W2 WA Akkermansiaceac [— —e— 0.538
AT EFl Enterobacteriaceae [ — i 0.179
1% JL T BRE%} Chitinophagaceae in—— —e— : 55 ().000
LIEEFl Lachnospiraceae | —e— ** 0002
I8 B ERER} Ruminococcaceae | o **0.004 %
Unclassified_c¢__Alphaproteobacteria e 0.165 :
5 I EH Aeromonadaceae H e 0.068 i
£I3F B} Rhodocyclaceac bmm HeH, * 0014 &
AT R} Microbacteriaceae = o gl *0.019
Gracilibacteraceae L 0017
}
JAE Rl Weeksellaceae - gl ::‘ 0.009
1l [} Burkholderiaceae bm I: 0.000
HRFFE R} Rikenellaceae I L **0.007
RAELBEBRE P Acidaminococcaceae g 0.071
0 4 8 12 16 20 24 28 -25-20-15-10-5 0 5 10 15 20
Lt eI R
Proportions (%) Difference between proportions (%) b

Bl7  Gosner38 JIAKIEERI K T IaiE A0 B2 BRI A Y AR = BE {9 Lh

Fig. 7 Comparison of relative abundance of gut and skin microbia in the R. chensinensis at a family level

a. FEEAD A EESIEE, b I8 L BRI R AL ZE R - Student’s T-iv S0, B S RIFES I EZR, * 001 <P <
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a. Community bar plot analysis of relative abundances. b. The differences in bacterial community composition between the gut and skin microbia.

Student’s T-test, significant differences are marked with an asterisk, * 0.01 <P <
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Fig. 8 Comparison of relative abundance of gut and skin microbia in the R. chensinensisata genus level

a. BRI b E
P < 001, 0.001-
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0.05, ** 0.001 <

a. Community bar plot analysis of relative abundances. b. The differences in bacterial community composition between the gut and skin microbia.

Student’s T-test, significant differences are marked with an asterisk, * 0.01 <P <

0.05, **0.001 <P <

0.01, ***P < 0.001.
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Fig. 9 Functional predictionof gut and skin microbia in the Rana chensinensis at a primary pathway level
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The pie chart of function abundance at the KEGG pathway level 1: a. Gut; b. Skin.
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Appendix 1 Functional prediction of gut and skin microbia in the Rana chensinensis
1 G 2 3 JiEH Hk Bk [
Pathway level 1 Pathway level 2 Pathway level 3 Description Skin Gut
s B b iz ko02010  ABC %%iz% H ABC transporters 0.053 991 0.091 085
Environmental Membrane transport R
Information koo2060  HRFEESRGRS 0.002 076 0.007 032
Processing Phosphotransferase system
TSI B2
ko03070 'FHEU}.M%VE. 0.010914 0.019 758
Bacterial secretion system
FEHT k002020 4B 5 R G 0.080 924 0.082 262
Signal transduction Two-component system
ko04011  MAPK {5 53 i -Bs £F 0.000 412 0.000 435
MAPK signaling pathway-yeast
ko04020 4555 5782713 x10°°  7.984674 x 10°°
Calcium signaling pathway
ko04064  NF-kB {5 5 il 1571346 x 107 4.663 179 x 10’
NF-kappa B signaling pathway
ko04310 Wt {5 5B 3.173247x10°°  3.433954x10°°
Wnat signaling pathway
ko04330  Notch {5 5l 3.173247x10°° 3433954 x10°°
Notch signaling pathway
BHE(E B AabH HhlAsE ko03420  RFFERYIKRIEE 0.010 302 0.008 039
Genetic Replication and repair Nucleotide excision repair
Information N
Processing ko03430 AL 12 2 Mismatch repair 0.010 321 0.008 420
ko03440 )5 B 41 0.013 833 0.011 921

Homologous recombination
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ZMx1
1 Jom 2 3 JiEH Eji:pu Bk [
Pathway level 1 Pathway level 2 Pathway level 3 Description Skin Gut
HAURAER 0 ko00901  PSIWRAHBA A £ R 8348573510 ) e arax 103
WA % Indole alkaloid biosynthesis ’
Biosynthesis of other k000940 T s A 0.003 637
secondary metabolites © HPIEHIZEY] - ﬁy‘ . ' 0.001 646
Phenylpropanoid biosynthesis
ko00941  SEIEEHAI A G R 3.626592x107°  1.622192x10°°
Flavonoid biosynthesis
ko00944 A FISEHRAE 14 & 0.000 359 0.000 129
Flavone and flavonol biosynthesis
k000950  SRwsmkAE TR AL & R 0.000 223
S s . 0.000 25
Isoquinoline alkaloid biosynthesis
ko00965  ESEE R G 8.696258 x 10 °  2.290340 x 10°°
Betalain biosynthesis
. W A A ko00531 il i SRl e it 0.005 892 0.002 130
H %ﬁw Glycan biosynthesis Glycosaminoglycan degradation '
Metabolism and metabolism S P . .
ko00603  WEHSIRIN L4 B Glycosphingolipid 0.002 535
. . . . 0.001 228
biosynthesis-globo and isoglobo series
ko00604  WEHSRIN £ B Glycosphingolipid 0.001 449
. . . . 0.000 528
biosynthesis-ganglio series
g A ko00592  o-TF MK 4t 6.850552x 10 ° 0.000 206
Lipid metabolism alpha-Linolenic acid metabolism '
MR B R ko00791  FE 4R Atrazine degradation 0.000 413 0.000 710
(il
Xenobioticsbiodegradat
ion and metabolism
i AN FE WAL A ) ko00909  f5{iili AN =il 28 LW 45 B 4.496 549 x 10°° 0.000 152
i Metabolism of Sesquiterpenoid and triterpenoid
terpenoids and biosynthesis

polyketides

HIP%1 458 KEGG pathway level 3 XM [f) KEGG pathway level 1 1 level 2 FITIREAFR. 55 =28 Tl £ KEGG pathway level 3
AKPHIThEeS S, 58 4 FIAHN R TRk . H AW 459 KEGG pathway level 3 7KF% B T BE 7E B AN 38 A 4% v 1) 3 BEAH -

The first two columns show the function names of KEGG pathway level 1 and level 2 corresponding to KEGG pathway level 3,
respectively. The third column shows the code for KEGG pathway level 3, and the fourth column shows the function description corresponding to
the third column. The remaining two columns show the abundance values of the functions corresponding to KEGG pathway level 3 in skin and gut

samples, respectively.



