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16S tDNA 1) V4 R AE X I-EA 7 fead 20 5, 20 B 22 ]/ N B i 3 40 1 7 20 B S FL T REARRAE 3% SR 3 WA 7 /N e o o 4 o 22
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Abstract: Gut bacteria of insect play important roles in host food digestion, growth and development, immunity and
resistance to pathogens. This study aims to reveal the effects of protein levels of dietary on bacterial communities and
functional characteristics of intestinal microbiota in male adult Blattella Germanica. It will provide a basis for evaluating the
role of the intestinal bacteria in the host nutritional metabolism and health, and developing the attractive biocontrol dietary
for cockroach pests. The male B. germanica adults were separately fed with low protein ( LP2 group: 5% ), high protein
(HP3 group: 65%) diets, or the normal protein level rat food ( CD1 group: 25%) for 21 days. Then the intestine of

B. germanica was seperated under sterile condition and the total intestinal genomic DNA was extracted. The V4 variable
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region of bacterial 16S rDNA was amplified by high-through sequencing. The intestinal microbiota of B. germanica was
mainly composed of Bacteroidetes, Proteobacteria, Fusobacteria, and Firmicutes. The abundance of Bacteroidetes in LP2
group with low protein bait was significantly higher than those in the control CD1 group and HP3 groups with 65% protein
bait. LEfSe analysis demonstrated that the abundance of Fusobacterium in the intestinal microbiota of B. germanica ( HP3
group) fed with high protein bait was significantly different with those in LP2 and CD1 groups. The function prediction
results from Tax4Fun demonstrated that the relative abundance of genes related to energy metabolism in intestinal
microbiome of male adults fed with 65% protein bait ( HP3) was significantly higher than that in B. germanica fed with
25% protein bait ( CD1). And the relative abundance of the gene associated with xenobiotics biodegradation and
metabolism, and metabolism of other amino acid functions were also significantly higher than those of B. germanica fed with
5% protein bait (LP2). The results showed that protein levels of the feeding dietary could significantly change bacterial

community composition and metabolism of intestinal microbiome in B. germanica.
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(Bombyx mori) , HJp B i AR MR Hse— 3, 1R FAS [6) N T ARDRHE 37 (9 58 4 1 i 38 A0 3 A 22 53 5 AR LE
T}, S 01 75 1 5 4 i 8 A W IR RS Oy 2w o B N AR RE RIS TR AE 4 1) /DN S 1k ( Plutella
xylostella ) 1Yy 1B 20 TR T V& AFTE 25 25 57, /NS5 Wil gy 10 TR 7 T 45 1 AN D0 RE R 7 T 24 e P B 1 2 B2t i
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W R R B I AN TR S I £ PR A — i 0 25 5, W) I B O3 0 S R MR R 0 5 15 B R E
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U MR ) S e 20 A P P B v AR L AR SR T 9t e T TR ) B A N A R R R RS
FRAHRCR . BT 25%—45% F5 RN A8 1) 1E i R A2 8 TR 5 e 2 1 3 i (65% ) THoRHE fin
/NI 7 HH AR X PR DR KT 3o 5 5 SO0 /N 3 R R AR TRC
REEFHAE S TR S Yun 55 & S0P A: 78]/ IN e 5 5 560 2 M (0 4 Fl /N AH L, LR 40 o AT o
B Z2 AR, DR AT REE T AR I MR 1 ) B 2 A4k, 2R A 12 ) R 0 4L Rk 0 85 35 4 4 K 5 A RS
PO AR, B R AR R R BN R ERARE SR, WS I E M E Y R R R
FH Tl k] 35 52 U KW ( Periplaneta americana) 45 F T $UFF 1 1] ( Bacteroidetes ) FIJEBE & ] ( Firmicutes ) Zfi
R AR A 5 S Rl 2E 1l Rl LA 35 17 3 4 1 O A 9 2 R A b Z2 R 5 S N ORI £ v £ Ak ORI JEERE TR ]
201 A0 0 D U RS WU At A B R BCE 3 in RAS IR R A G R
MRS [ /N ( Blattella germanica) FIMfEHL  Pérez—Cobas 55 /& BB EZH 15 45 I B WA G, I 18 T 17 5t M
AR EFB P L EEMEN . CA I A . B RO R RS vk 50 e i 8 i A 22 50 ik
A8 ( Spodoptera Littoralis ) WP 5% B 17 18 DA BR 1# J& ( Enterococcus ) | 5 B 1A B AT 1 J& ( Klebsiella ) F1Z i J&
(Pantoea) > 3 ; M 0 HOASTR] G gy T8 TR AE LT~ 4350 b 5w 76 0 QAP R A |1 o R i Er e 5 4, &
SICH i T8 AT 00 T S P i 3y sk U T %) VR BE T LR AN AT R TR AR KT TR 4 5 i
TEFEE /N ME HL 2 R A5 22 5%, DL R i i) 32 2 i i S AR I R, BT TEAE
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W fR e AT B, AT LS R TR Ml 437 1 30 A A R 3 REVE AR B A AR SR e )Y
BRI FEE /N7 TE AT 16S rRNA FEPIAY V4 X 47 R /N il R 7 T A 1) 2 R PR A R B
T AP EAR X /N e 2 R T 200 T A 45 AL R E BE B9S2 W), i2E— 20 R 18 )/ e 2 ol o M 1 T AR D BE
O MR SR B AT R A= P 7 36 £ (H I LG

1 #MR57EE

1.1 U gR

TR EE /N R ) AR A B TS 45 il v I 3%, IR BRI 58 45 R Wang 45 (5 A AT
1.2 PPRHACE

W MR PE A T U 7E Hamilton 50V FIKSE584E 7 Jy ik iy 3mb o LB B, mTIM AR BRAK AL A 90 R R
P B B A B MY BT A TR 5T 5 200 mL Z8 7K IR SN E 2 . FFR 2 % 50°C J5 in A s & Al
R (B LA BT ) | [RINE SRR AR IR BESS . K BPRHE A RS SR I D, 53R 0% JNECIN 78 50°C TR K i
BT — A AT T HR AR R AR BT 153 0 5% 1 65% 19 N PR, e i 258 AR} Ay B
MOHEE &80 25%) W B TLIR4E B IR B2 25 4 ) TR BR TR A 7] o
1.3 T/ INerE i d R 57

K DTSRI 78 28 P/ e, e B ) 35358 G P (AR 50 mm, 57 250 mm ) 5 R 25% 811 (CD1) 5%
FH(LP2) 65%F 1 (HP3) 2R A M RESE R 21 d J5, WU 24 h DL ZBRdewgtan' >, &b p
HE 3K,
1.4 TR/ B FE R 20 DNA 42 U AS

SRV ME He P 75 % FR RS X AR TN 2 3 W, B A 3 U, BRIR 3 min, FFHITC TR A K IETE 5 .
TETC T A FLER /K i ) A At o g i il & T — 2 K 1.5 ml BB O-AF T -80°C UKF Hh #F
Mo KM CTAB J5 ik S2 BUREA Y HE PR 20 DNA , 1) FH S5 W 58 IS R VKRS T DNA 1Y R/INFT S8 3 88 IR A7 T
-80°C VKA T T F — A il il 7 o
1.5 fEE/NER BN 16S rDNA V4 X 38 BT

AR R ] /) W Ji 18 B PR 2H S DNA g 54k, 2 #5500 77 51 %) F1 barcode J7 31 1) 41 B 38 JH 51 4
(515F:5'-GTGCCAGCMGCCGCGGTAA-3";:806R : 5'-GGACTACHVGGGTWTC TAAT-3") 3 M40 16S rDNA V4
A[AE X, F|F New England Biolabs 2% F] Y Phusion® High-Fidelity PCR Master Mix with GC Buffer F1 7= %1 = f#
HLHFHEAT PCR, B IRY SRR AN AER P . PCR WA F (30 L) : Phusion Master Mix(2 x) 15 pL, 1E[ 5[4
1.5 WL, @519 1.5 pL, ZEK 40 DNA (1 ng/pL) 10 pL,H,0 2 L, SV FERF :98°C HiAZ 1 1 min;30 MEH 4
$5(98°%C ,10 sec;50%C ,30 sec;72°C ,30 sec) ;72°C ,5 min, MG B FAE G PCR 4738 F= )47 55 BE IR Mk
FEIRFE, SEMR SIS ] IXTAE WeJE 2% RYBUIR M B Pk 2E4E PCR 74, BE45 J217 K/ME 400—450 bp 2 [8]
B4 e i B AR &5 o {3 Thermofisher 23 5] ) lon Plus Fragment Library Kit 48 rxns FREERF BT 3¢
FEHIRA R | R 1Y) SCPE 280 Qubit &8 1 A SRR & 4% J5 , £ FH Thermofisher ) lon SSTMXL #£47 EHLIN
1.6 AWfEE AT
1.6.1 IR b

# ] Cutadapt( V1.9.1) 'S4 reads S AT LR B85 VI, FEHRHE Barcode MASEIAY reads HHff 4 H 45 Hf
mmZdiE | 42 Barcode 519 751 P S 2 R UG B ( Raw reads) 403 DA FACFRfE 15219 Reads 75 2 df
T EBRIR G R II AL FE | Reads #5381 vsearch ( https : //github. com/torognes/ vsearch/ ) 5 ¥ F i3 B 5 P8 14
PEAT XA i A AR R 81, I e 28 25 b o Bk A R P 91, 15 B B 28 B9 S8 ( Clean Reads)
1.6.2 OTU REFYFPER

FIH Uparse HA4 (v7.0.1001) "2 X A REM Y43 Clean Reads HEAT RS, BRIALL 97% (1) — S0 K 17 41
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R M OTUs( Operational Taxonomic Units ) , [A B 3EH OTUs AR ZNE R 51 4K 3 LG5 5 0] | i & OTUs
BB = (0P FUVE R OTUs IIRRIT . X OTUs J78) #EA 790 B, ) Mothur J7 741 5 SILVA132 1)
SSU rRNA #4221 047 4 F v B A0 M (18858 BU(E R 0.8—1) , 3RAF 4322405 B I 43 B 78 45 443 HK
kingdom ( %) ,phylum([]) ,class(44) ,order( H ) ,family (F}) , genus (J& ) , species ( Ff) Ge it LA BURE 4L A%
{ifi F§ MUSCLE ( Version 3.8.31) 4% b 5Pk 2 /75 LU XS 1S BITA OTUs IR RS R E KR, Faxtss
FE il R SR T Y — A A B DIRE i b B8 i dc /D O N B HE R AT 34— AR Ab 3, I S2 1Y) Alpha Z24E 1453 T Fl
Beta Z2AF 1 3 BT AR S 56 T34 — A b B S i 50 .
1.6.3 T[Nk 7y 1 40 T 22 R o A

HTHFNA OTU 2, i VennDiagram f12: 1] Venn K48 75 ££ i [8] 364 19 OTUs, i Qiime {41
(Version 1.9.1) T HE Y Alpha ZAEPEIF2 M OTU Fikiih4k . Alpha ZFEM: FRAT EAE T N Fh 2
FEPEFNFE 22 57, F 2l 1T Observed-OTUs, Chaol , Shannon, Simpson, ACE , Goods-coverage , PD-whole-tree 554§
bk, T R B4 (Version 2.15.3) #47 Alpha ZAEPEFE B8] 22 5% 408 . SR QUIME #4173 F unifrac
FRESHE R B-ZFEME 25 NMDS R PPAG A [ (18 A ARLEE SA [R) R AT Vi ZH BUAR BLE RN 25 57 . LEfSe 43
Mrfdi FH LEfSe 211, BRIN I & LDA Score FUTHEE(E A 4,
1.6.4 JifEH R

FET U MR IR 2 S A D RE TR 22 P Kakumanu %502 FE KA S 2 i 074k . IFERES, LA SILVA 8 4
P52 PP R OTU MR REE RS B . I BLASTN B354 L LUXT £ SILVA SSU Ref NR %%
)2 ( BLAST bitscore >1500) 2 7 A1 4 [ B4l 3 UProC F1 PAUDA W5 BevE BRI KEGG B8 s A% A= 1)
EHEN A YIS SN2 SILVA Bffi 5, SEBL SILVA B 7 e B

2 #R

2.1 fEFE/NGE A0 16S tDNA 45 A B SE

OTU JEAE R G R A2 B R AR 22 T b S B — A 2T (s R Ar 4055 ) B I — Aok
FAHLURE R 97% L 0T LAY R —4> OTU, X AS [R]85 7K SF- Ak 2 20 725 ] /) e P 3 40 o A 0 e s A7 40
T, B FPFREZE R 724954 2%, V-3 FR 25 21 80550.4 5%, W ¥ 2 B K, AT DL 58 o DRk Bl md Ewf v . o
CD1.2M SRt £, hy 84195 25 (R 1) o SR AR 2 50 47 BEATLAAE , LA 2009 )7 50805 BT TR
OTU %§ H 4 271 ] /)N 7 1 2400 1 v 3 3 25 SR A R 2 (L 1) o DAL 1 AT DU s A g it 2 1)
FAT, WA H AT AT B0 A R, BE NS S LA [ N A A AN B ) 2 AR

*x1 EE/NEFEMAE 16S rDNA T F B REIES T

Table 1 Statistics of effective sequencing data of bacteria 16S rDNA in the intestine of B. germanica

Bk SR TS IR Teor Hebr 4y R OTU % H
Sample Total tags Number of Num'b.er of Nl:lmbcl‘ of Number of
taxon tags unclassified tags unique tags OTUs
CDI.1 80170 71708 0 8462 607
CD1.2 84195 79218 0 4977 673
CDh1.3 80035 73288 0 6747 524
LP2.1 80093 74511 0 5582 671
LP2.2 80080 74695 0 5385 524
LP2.3 80071 75845 0 4226 538
HP3.1 80041 74584 0 5457 618
HP3.2 80076 74886 0 5190 675
HP3.3 80193 74140 0 6053 632

CD1. BRI MEAEE /N2 B. germanica group fed with rat food; LP2 . 5% FIERMAFEL B. germanica group fed with 5% protein; HP3: 65%
HHEERMAFEL B. germanica group fed with 65% protein; FEARZ JFEF 1—3 R EARFE N ER
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2.2 FEE /NG T8 40 TR T TE 2 R

FF OTUs HEREE R, AR A AL TR A e 22
B A O #AF B 1] ( Bacteroidetes ) | 28 ¥ I ]
( Proteobacteria) , #2 #T 1 '] ( Fusobacteria ) F1J5 B B ]
(Firmicutes) , CD1 4R PLE R T R IUFF B 1] 22 TE 1A
TR BE B 1], A X 3= AR IR 46.61% | 38.33% Fil
8.43% . LP2 HHMIPLITA T A AUAF T A8 18 [ F S
BERH ], AT EERCR 71.39% 10.17% F11 13% , HP3
LTI T T SRR R AT 18 1] S BE I
T, AT FE B YN 50.56% 18.4% (15.6% F1 9.75%
Horh CD1 A BRAT AT ( Deferribacteres ) 42 2 Z K T
LP2(df, ,=1,4, F=16.394, P<0.05) ,HP3 4I#RFF | ]
PR ST HAMMLA (4, ,=2,6, F=29.238, P<
0.05) (K 2),

FERH KT I 78 /N i 30 TR A ARSI 1) P % 7
FIANER 10 MR, X EERBER AN TE 3 LR REA

[ - cp

'S
=
S

AIBAEH
g
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Fig. 1  Observed species rarefaction curves of the intestinal
bacteria in B. germanica
CD1: FURR IR WA /N iR 4L LP2: 5% 3 1 DEHME 3R 41; HP3,
65% A RHA IR 4

KA, CD1 A AHX F BE R T 5% (19 00 358 B 43 1) & 5 i B8 B ( Xanthomonadaceae ) | (unidentified
Bacteroidales) . fUFT i Fl ( Bacteroidaceae ) i IR B ( Desulfovibrionaceae ) #1( Tannerellaceae ) , FHXF 3 BEK IR
N 27.94% 16.02% . 7.04% .6.97% Fl 6.71% , LP2 ZLAHXS F= B K T 5% W00 ¥ B RLE SR B RE  BE A 3 AR}
(Rikenellaceae ) Fll( Tannerellaceae ) , FIXT 3= BEARIR R 47.44% 5.87%F1 5.84% , HP3 AN} F &R F 5% 4L
PEBHE AT E R B ERE AT F B Fusobacteriaceae ) A1 ( unidentified Bacteroidales) , #HX%F £ FEAK K Ky
23.97% ,15.55% 6.44%1 6.19% , Hrf CD1 HAATF WAL F 1 B80T HP3 4 (df, ,=1,4, F=32.996, P<
0.05) , HP3 ZMAT TR 4 i i 2 v T H A4 (df, ,=2,6, F=31.618, P<0.05) (&l 3),

1.00

PERSES
Relative abundance
o o
wn ~
S G

e
N
G

#1144 Group name

W ZIEHI] Proteobacteria

B %47 Fusobacteria
JEBEW ] Firmicutes

B #E&H] Planctomycetes
T W] Actinobacteria
FRATFE T Verrucomicrobia

W JBERAF AT Deferribacteres
HIEW ] Synergistetes

B /i HTT Euryarchaeota
HoAth

LP2 HP3

W BUFHITT Bacteroidetes

B 2 fEE/NEEAE K E LR AR E

Fig.2 Histogram of relative abundance of the intestinal bacteria in B. germanica at the phylum level

T8 B KL /N0 i 3 A R 2 PR 4BLFT T8 R ( Bacteroides ) 3% P & ( Stenotrophomonas ) ARFT
W & ( Fusobacterium) 55 & TS TR J& ( Dysgonomonas) LI & ( Desulfovibrio ) 55 B0 & ( Alistipes ) 15 4
RS ( Blattabacterium) 41, CD1 AT FEBER T 1% WA E 8 A S5 A8 8 &k I i s |
PR B BRI TR 3 A T Jes R 2 L 8- P8 R TR ( Sebaldella ) , AHXS 32 FEHKICR 27.94% (11.15% 7.04%
6.85% .2.97%H1 1.21% , oAb %2 O ANER 5 b 38.97% , 7 LP2 41rp  JUFT B I o 4% (I 34, FOMIxt F 1
47.44% , FXSFERT 1% WEAG SRR BN w 8 557 PR w8 B LR EE | (Candidatus
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5500 A EF E MR 41 &
1.00 i
W £ E B} Lachnospiraceae
o 0.75 HHEBRE R} Erysipelotrichaceae
Lﬁj — W J B BkE R Ruminococcaceae
iy 1§ — W HERE R} Rikenellaceae
ﬁ <2 050 . Tannerellaceae
% E W BiBESRE# A} Desulfovibrionaceae
= R HFF# Bl Fusobacteriaceae
# 025 M unidentified Bacteroidales
W ARl Xanthomonadaceae
0 M #I4FE %} Bacteroidaceae
CD1 LP2 HP3

2144 Group name

B3 EE/MNRMEAFER KT LA FEE

Fig.3 Histogram of relative abundance of the intestinal bacteria in B. germanica at the family level

Soleaferrea) . ( Erysipelatoclostridium ) F1 ¥ ¥T B8 J& , A0 %t =F B2 250~ 4.75% .3.74% .3.39% .3.33% . 1.93%
1.91% 1 1.76% ; A 52 WA (5 F R 29.19% , HP3 LAY B KT 1% R340 &8 M BT o 8 AT i |
SRR JE BRI IR | 53 R D JE R M TR R IR W AT R 48 | (unidentified Burkholderiaceae) , FoAH
BRI A 23.97% 15.54% 6.43% 4.37% .3.12% 2.91% 2.17% 1 1.47% , FHoAth R % E B TE & Ll
32.98%., CD1 415 LP2 4IMLL , H K FEA MR 5 B & TR & (df, ,=1,4, F=10.137, P<0.05) ;CD1 41
PURF S W E T HP3 41(df, ,=1,4, F=32.996, P<0.05) ; HP3 4IARFF B J& = B4k 3 i T I A 2
(df, ,=2,6, F=31.6, P<0.01) (& 4),

1.00 -

HAth B RHAF R Fretibacterium
Tyzzerella M unidentified Ruminococcaceae

3 Lachnoclostridium W Sanguibacteroides

g 0751 e 8 Sphingomonas M Mucispl;rillum

g Candidatus Saccharimonas %B%{%Eﬁ%}% Sebaldella

] Desulfatiferula M unidentified Burkholderiaceae

® e M unidentified Christensenellaceae W Candidatus Soleaferrea

= 0.50 | Robinsoniella B Erysipelatoclostridium

= _ Breznakia W EWSFPRIA S Blattabacterium

~ B BIBFFE R Parabacteroides BRI H 8 Alistipes

= unidentified Lachnospiraceae W BiBEIRE)E Desulfovibrio

it 025 1 Candidatus Tammella B REEATE Dysgonomonas

S B FERIRE B Anaerotruncus M MATH B Fusobacterium

= Methanimicrococcus W EEHME)E Stenotrophomonas

W LA B8 Lactobacillus B #AFHE B Bacteroides
0 B BN )8 Pseudomonas

CD1 LP2
244 Group name

B4 ZEMNRZEAEEKT LY HEEE

Fig.4 Histogram of relative abundance of the intestinal bacteria in B. germanica at the genus level

OTUs 7M1 CD1 404 814 4~ OTUs,LP2 40/ 785 > OTUs, HP3 ZH A 881 OTUs, 4t B E 43#7 & #H
CD1 ZHF1 LP2 1345 657 /M#) OTUs,CD1 41 F1 HP3 ZHILA4T 665 4~ OTUs, LP2 44l HP3 41345 655 4~ OTUs,
3AMEAILA N OTUs ZLH A 585 A, =/ Ab B Y B RF ELA AR e AR (RUE | e WA AN IR 9 2 1 o PR &
XF i 18 R B s (H R B A AR R m AR E T (BT 5)

2.3 /NI E A0 R 2 RE AR

Alpha ZHAEGETHNFR 2, ACE F82UF Chaol 58U WAL i vhBEVR 10 2 5 B2, BB BR R EVR 5 8 BBy
Shannon & %58 = Fl1 Simpson $8HCH AR S WUAEVE 19 PRI R . 1245 AR W 3 — D TEDRL IR 5 18 [ /N e i 38 1
TEEA m YR Z R B H =R Z M B 22 57
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T Bray-Curtis AHUE R NMDS 2387 & 8L, 3 ZHAL B = AN PATREAS 3 A AR B H, D] 3 ZH A A
Y (] )RRV AR I R BB, (H HP3 415 55 AP A R B B0, R W g 3 AL BRAE AR SR EE AL B (/T
25% ) AR i AR R A BRI 225 (8 6) .

R2 FE/NRGERE o SRR

Table 2 Alpha diversities of the intestinal bacteria in B. germanica

PUEZS /L

kA Shannon Simpson Chaol ACE Goods coverage PD whole
Sample Obselived index index index index index tree index
species

CD1.1 556 6.096 0.964 567.398 579.098 0.999 36.658
CD1.2 607 3.347 0.616 653.902 673.004 0.999 47.558
CD1.3 480 5.651 0.949 509.000 516.270 0.999 39.872
LP2.1 634 6.129 0.960 668.000 668.493 0.999 49.434
LpP2.2 482 4.719 0.811 511.518 516.168 0.999 32.550
LP2.3 487 3.308 0.590 519.000 526.069 0.999 38.597
HP3.1 572 5.988 0.963 613.800 615.864 0.999 45.826
HP3.2 632 5.451 0.928 667.909 676.661 0.999 50.044
HP3.3 579 5.798 0.935 614.500 623.463 0.999 45.930
P-value 0.530 0.584 0.511 0.492 0.504 0.372

ACE . FHSRAG TS T & OTU % H B354 Used to estimate the number of OTUs containing in the communities. Chaol ; § Chaol BRI R
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