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Feo SR, PEARHREERIE IL e | F L YE
R HRWNCRESFZ R SRS, A
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2 m AREL, AT B i A AN 5 9 8 P (>
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BBy KA R, — R BUPMER L, J
By [9] % P, (R SR 35 IS T80 °C VKA iR Uk
&

PSR R AR S NRIORE - A 0 N BB R
A4, il E N SRR 7T ER BRI RS,
—HB 43 R AR BRI SR BV (K < FE % 5 =2.5 mx
2.5 mx2.0 m), Mt 1-2 4FA T AR SRR
FESE, 2 UG, K5 WTMERE R A E T AR R A 5
WRENEXT, A 25 cm. HA 7-10 cm 19 5
FEAAAR B 0N, WSS IR T 56 7 22k A
AR B, S BRER B A 7 (201 7)1 7 A T AR
Fro P ERFRBERFEERFET
—80 °C VKA VR, 5 Mo B0 N LARDEH L
TSRS 100 g, 3R 40 g BEKE 20 g
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JCHIZK 800 mL, fARHE AT 4 121 °C K
B 20 min,
1.2 MBERERHGIED B

B A B 1Y) 28 N AP RIEALS B8 K AR R 4% 15 3k,
A 75%BERFRE® 1 min, FEHITCH K bk
2 Wo WM T AR, BUbepiE, o
BRI o AN TR R L b i F0US 1 539
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B S Sk, BBE 3, ENIMREIL
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1.3 DNA {&HUfI PCR ¥ 3

K CTAB iAW HU B 40 14 & DNA,
| A Nanodrop 2000C (Thermo Scientific) ¥ f
DNA B, I 1%Z S BEE L Uk Al DNA 46
JE o DL ECAY 40 BB DNA KA AR , >R A 16S rDNA
) V3-V4 X5|¥8EfT PCR 34, 5148 341F
(5'-CCTAYGGGRBGCASCAG-3")#l 806R (5'-GG
ACTACNNGGGTATCTAAT-3"). PCR itk %
(30 uL): 2xPhusion Master Mix 15 pL, 2 pumol/L
FTF#EI& 1.5 uL, DNA #itk 10 ng, ddH,O
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50 °C 30's, 72 °C 30 s, 30 PMEH; )5 72 °C
5min, PCR {C% ] Bio-Rad T100. fdi Jf] 2%}
BEEEIE M PCR 7%, R AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City,
CA, USA) #ifraiifk, Tris-HCl ¥EML, 2% 5 b
HL KA
1.4 SCEER B E W 7
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Kit for Illumina (NEB, USA)R I & 58 1 SCJE ) #)

a#, BB, () EEey TRk () A
WEERTR 1E K bRk A% B (3) AL PCR 971
AT OB A B s (4) AR, A
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J& , FIF Tllumina HiSeq 2500 ~F- 5 JE47 Xk 0 - .
1.5 FFHIBEES
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FLASH K {FPOHEAT Df 3 . PR35 )R 19 )7 41
USEARCH #X 14 (version 7.1 http://drive5.com/
uparse/)iEAT OTU 257 HA| [ RDP classifier
(http://rdp.cme.msu.edu/) X} 5 55 )7 51 #4740 Fp43
FTERPY 5 M R B A (version 3.5.1)43 5 48
THVE 93 2K B GETE & R A B BE 7 2H A S )
RGO, A2l Venn BISEIHHEA R OTU
ZH AN S B AE L

K Alpha Z2AEME 53 BT S WL A W0V 1
W EMZ M, A mothur (version v.1.30.1
http://www.mothur.org/wiki/Schloss SOP#Alpha

diversity) 8 205 BT P70 B0 45 FEAS (0 TR BE F &
(Ace Fl Chao #8%5)LA K & #f Z+£4E (Shannon Fl
Simpson $5%%), FFH¥e Shannon 15504 il #i B 1k
HHZk . %% A SPSS 22.0 B4 T L & 7
S8, ] Tukey HSD 8 Tamhane’s T2 #i17£
H I SR Beta ZHEPE AT DESE A R FEAS B
RS2 R G R, A Qiime 715 Beta
ZFEVERE B AE M, AR BE B A PR A T E R
Mr, ffiH UPGMA HLH1 R #fF(version 3.5.1)
P EFEAZ IR IR

1.6 JAiEEARE T

KA PICRUSt A4 2= PN A 55 K 4= B
B E B IAER, e OTU E R ikfT
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http://journals.im.ac.cn/actamicrocn



686

Hongjian Chen et al. | Acta Microbiologica Sinica, 2021, 61(3)

Hrpry P DUECH 8952 s SRR AR 21> OTU Xt
i) greengene ID #4T KEGG HIfgiE R, 1S
OTU 1E 4 T RE/K -1 B4 L S HAE A A AR A
R FEREAEE . SR SPSS 22.0 ZR R T H
K2 £ 58, i F Tukey HSD 1%, Tamhane’s T2
T2 E

2 HERFpAT

2.1 ZFEWIIMABRFBRBGEHME 16S rDNA
PR PF A %

AR B8 K2 B R 28 N AR 12 4 BERR
Arh 3RS 638141 S5AM I 16S rDNA J5 IR T 4]
BA, iR m kR Gk E, 153
544180 sk LT, BT IIE K E R
419.2 bp., # B/ INEA TP S E A T4, 7E 97%
MRE TR HRE TR 615 1
OTUs, SRR 22457, 48 140 . 112 1~ H .
172 R, 285 4@ 408 NFl .

22 BERSMRERFRBT R B R E ST
S

S5 1 PR, Fa AR R A B S SR I
B OTU HUmim/b FENMERF R R, FEIh
FREEILA 197 4~ OTUs, HApdigH 170 4, &
WA 162 4~ EANFEEILA 519 4> OTUs, Hrp
HinA 436 1, JalnAa 438 4~ BANFIEER A 1Y
Fia SRR OTU BURZBIL R & 25, e
KA 2 A A FIORE 09 B B A AR TR B OTUSs
101 A, HAps 88 K2R 2= SRR A s o i A= Y
Fe e b A 2 AR OTUSs 58 4, AR R
B A E AR S A A E] Y OTUS 72 45
= A FRE R B i RS G 35 AR E Y OTUS
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135 A~ 2 AP A L o i R0 S S A AR TR Y
OTUs 355 I~ R Wb sa K4 = NFIE 5 2= SRR
S H i T P AN B R TR AR R 25 5%, S RD
FELCESMMEF T HE 5 iR AL &%
SRR, L R B RN R 1 AN B R A LA
AR, H AR

W& 2-A FTLUE H, ETDKE B, s kA
25 N A RRE R U B T R O T N AR TR TR T
(Proteobacteria) M JERET '] (Firmicutes), HH 728
T R TAE 25 PR RE B i 18 v 3R B o KA
P, 3 2 MRFTTIEARIFEA P I &y e BN TR]
I TER SN R . 55 = N R
AT E A 93.26% . 76.85% .
98.95%. 99.21%, MALXTEHEIHE; JERER [ 17E

FH LM
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FM LH
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1. MEBEXFERIMEELRD. FHAE OTUs
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Figure 1. Venn diagram of OTUs of bacteria in the
midgut, hindgut of the adult of M. alternatus. FM:
outdoor midgut; FH: outdoor hindgut; LM: indoor
midgut; LH: indoor hindgut.
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Figure 3. Rarefaction curve of Shannon index of
bacteria in the midgut, hindgut of the adult of

M. alternatus.
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R1. RBREZANMMBELRD. FHEMAE Alpha ZHEEY

Table 1. Alpha diversity indices of bacteria in the midgut, hindgut of the adult of M. alternatus
Sample Ace Chao Shannon Simpson
Outdoor midgut 159.16+21.77a 161.04+19.09a 1.14+0.21a 0.49+0.13a
Outdoor hindgut 156.90+10.11a 156.79+14.79a 1.13+0.48a 0.49+0.27a
Indoor midgut 480.79+102.99ab 416.05+35.79b 1.24+0.40a 0.51+0.22a
Indoor hindgut 457.73+25.20b 424.58+16.15b 1.1740.35a 0.57+0.28a

Data in the table are Mean+SD, different lowercase letters after each column of data indicate significant difference in the alpha
diversity index of bacteria among different samples (P<0.05, SPSS One-way ANOVA).

HERHEE Ace 5 Chao f8EUMLT 2= NFIHEAL R
W 18 5 AR S s o R R R O R R Y
Shannon 5 Simpson $8 (2 0] Jo i &M 22 5 5 E b
FEE R T I S5E M, ENFEES RS
G Z IR 2 e F TR 255
T Beta ZFEEIIFEA SR, X
RN 53 AR AR 1] B R 2 B 14 AL B 2 Sk

A5 R unweighted UniFrac AYE 25800, ]}
7[RRI AR AL OC R A AR AR A PR

ZURME 4 P, ISR S E NI
JIEREAR A RS, MEZREICAEX, B
2 TP R L 1 T A T R O 2 A TR 2 5 A
FPRE SR A S R AR Z A B A2 S, =N
FE R 5 A Z B R &t 3

—FH » OTU394
—LH »OTU134
»OTU376
OTU122
& ®OTU34
© Others
— oo N 1

——LM3

——LH3

—LM2I

0.4 0.3 0.20.1 0.00.0 0.1 0.2 0.3 0.4
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El4. ERMEIBXRGEMBD. FHAREREEN

Figure 4.
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Hierarchical clustering tree of bacteria in the midgut, hindgut of the adult of M. alternatus.
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H1 2 ADFREERCR B 5 S T A R AR
o P4 2 AR R 78 2209 OTU ik Bt
AN T REAS TR Y — M T E N
TP, 2R ET 2 SR U 8 TR A ) ZH B RRE
2.4 WBRA R GE RO

SRR FE RN 58 R A = N AR RE B 8 T R
FIVETELNBE, @i PICRUSt TMAS [RlFEAS 1 A
£ KEGG %f— . “JUl K By, 458
Wk 2 s, AlEbAsE KA 2 ANFEERR R L )R
o () A0 DR RE VR T T R # 6 FlP KEGG — 2 Tifig
i, o Bl S AR (43.23%) R B 4 R AL B
(21.52%) . A% 5 BAL P (14.06%) . 41 i 1 72
(3.56%) . ANZEEIK (1.03%)FIZH 2L R 55(0.45%).
Horp A T s i 09 T R I TR — 20E
EEREE R —2, R 2 AR i R
T A& Rl A T Be . BRI LIS, AR

RE B9 ~F B2 AE 2= SRR 5 2 N R RE R Ul 18 AR A
ZHARAB B ELES, RNETHSER

Fz2. MEXRGFERIIMERES. FHAER KEGG

2 AN BREARZ N 22 AN B, A A
KEGG —HINReil % b, Fra BEA I 32 B 2 i)
KB ERES

X A IR A 3 PN AR L T TR R A 3
) O B T R, R 12 A
AR RE T B (5R 3) 0 X 4 G T B N Y 3

RE 44 PR S HLAE 4 BRAE A o 8 o L 40 31 g 2SR
i (24.14%) . L IE RS (19.01%) . fE 101
(10.79%) . %l Bh B 7 R4 2 22 4R35 (8.73%) . R
R (6.61%) . BEAFBRICIE (6.50%) . ARk 2E)
J A W it S5 A 1 (5.88%) « SRBE AR W A5 1R i
(5.06%) . E 52 75 (4.51%) . At 42 3 w2 AL it
(3.89%) . IS FN R AR AL 5 WA (3.32%) S H:
b R A= A7 0 A= 06 I (1.56%) o HT G T AT,
2 AP U I R R S SIS E R R 1Y)
R, TRl 85> 2 S RE AR SMEAL =P 5T . 2R
EREAZAA Y . X LETRE Y = 5 AL Fp 18] A
Bela) ¥ 0 i 25 5

—RBERREE

Table 2. KEGG level 1 pathway abundance of bacteria in the midgut, hindgut of the adult of M. alternatus
Pathway name Outdoor midgut Outdoor hindgut Indoor midgut Indoor hindgut
Metabolism 12401305+1389759a  17757599+9895476a  12463332+6305946a  10153094+839320a
Environmental information processing 6120484+741717a 8666210+4740440a 6471449+3234407a 4976935+367915a
Unclassified 4799375+503720a 6669713+3549445a 4009493+1296600a 4028980+329745a
Genetic information processing 4187860+403752a 5775337+2928125a 3616539+1120312a 3542418+273549a
Cellular processes 1010093+44251a 938872+74649a 1146470+676850a 1057070+82804a
Human diseases 291732+27469a 379807+172919a 319782+222239a 254382+22951a
Organismal systems 116328+12393a 165336+91382a 162464+131240a 98734+9243a
None 44535+4092a 55810+22755a 45295+27155a 40054+3853a

Data in the table are Mean+Sd, different lowercase letters after each row of data indicate significant difference in the KEGG levell
pathway abundance of bacteria among different samples (P<0.05, SPSS One-way ANOVA).
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*3. MBEREERIIMBERED. EHEER KEGG —REHK GBI FE
Table 3. KEGG level 2 pathway (metabolism pathway) abundance of bacteria in the midgut, hindgut of the
adult of M. alternatus
Pathway name Outdoor midgut Outdoor hindgut Indoor midgut Indoor hindgut
Carbohydrate metabolism 3088861+383200a 4547472+2648884a 2749950+£1163724a 2434166+£202324a
Amino acid metabolism 2308328+257993a 3332755+1898076a 2483234+1362195a 1901427+163224a
Energy metabolism 1377037+149385a 1894696+966210a  1262033+505856a  1143221+95101a
Metabolism of cofactors and vitamins 1114979+118356a 1542860+817751a 10109574+367609a  928575+71060a
Lipid metabolism 782971£85960a 1114780+619423a  925025+614068a 653966:58089a
Nucleotide metabolism 815771+£75551a 11414404589317a  779911+325098a 685448+50839a
Xenobiotics biodegradation and metabolism  616019+82136a 965095+629926a 1045359+1019320a 480643+55603a
Glycan biosynthesis and metabolism 658779+61306a 867047+405956a 543181+103329a 576634+40418a
Enzyme families 580632+62357a 800363+415286a 501877+141647a 490275+41244a
Metabolism of other amino acids 474214+52589a 684536+391393a 502558+277841a 389665+31817a
Metabolism of terpenoids and polyketides 409926+39088a 584943+322004a 413739+£248161a 339324+22419a
Biosynthesis of other secondary metabolites 173788+24052a 281612+192528a 245507+184063a 129749+10127a

Data in the table are Mean+SD, different lowercase letters after each row of data indicate significant difference in the KEGG level2
pathway abundance of bacteria among different samples (P<0.05, SPSS One-way ANOVA).

3 Zwftid

AWFFEHET 16S rDNA fY 5 3 H2- 0 7 5 A xt
S 8 FF FE AR E N AR SR A AL A K AR
PIASFIRE R R L S B AR 2R 2E R
PEFEAT T 404, RS 22 T, 48 M.
112 4H . 172 FE, 285 ANJE 1 408 ~Fl e
FEAS AR B Hh 3P Ak A o R TE AR AT R AR TR R T
FREEGT ], N AR S 0 i A 18 L1 A
TIRWI . AR . 5 LR & 2 Rk T
wE, ENFEET . S5 ILRE 2 B v IS
s TG 8 . AR IR S A0S
KA R W T 45 AL, 40 Hu FEPURRE &
P e [ = AR 8 R A &l H i T G T O
TR T Kim S50 w6 B b 88 0K 4 B dUi i 1 ik
Ao, KIAETE R RS RE R ] A L 20 TR 5
I HAER AR H M Z R R R miE S, WA
T IR IE T S B8 KA T8 N B 1
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P )@ B9 IT A B N A 88 K A gl U T DA A
B oh =P ARBIRSE R  TE AN B E S 4
MR T SIS SR b 2R K A E AR
BOREH . GBS B IR R EE (Kluyvera) i
ENMRER P DV FRIRE RN, JEEN L
s . a8 (Achromobacter) 4L BRI J&
(Rhodococcus) i 17, G5 R G A RIEIE LR .
N AR 2 R A1k A 5 BB AN (Pinus massoniana),
[ 2D B A 85 R A= 2R H IR HA (Pinus densiflora), [E M
AN RS R A TR [R] B 25 A, DA T 9 5
T AR 1B R REAS R s FE AN Y R AN
W 1 A T 2H R B R R AR AT e s . FEAS B
g, = NARSE R R T s A e LAV 7R IR R
I, Ja MR KR 2R . £
Xof R H AR H R B 1 3 R e Y BE S
R, —eP R, IS B R,
AR 75 BR N8R 10 O A U G TR e AN R A K
) pH 24 5.0-9.0, PIHHENVNE R E KA
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e 24 TR B 3 B AR, AR I T R R R
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%R SN Gk = S ARG o o S (EWA el L
FEWEE, WAEIEEEL T RIFIFEE, Beta
22 B A 45 S R 2 AR P T 45 R AR I R
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WA o X R G A2 PR o 3 AR g 1 A T4 0
FAIE AR E BETR B A5 SR, 3 N FIRE Y 8 A el
TR AS A BB e ) 4 SR 1, TR R A 58
J, B UREA ] 1 22 5

B AR ARG R AT R AE K R H
TE b F5 b i 18 oA W 0 8 R S AR R i w AT
YER AR A U AT 8 ik PICRUSE 1
T Fnss K A2 AN RE LR L R 40 TR R 0
FEDIRE, 255 R BT AR 35 2 B0 AR = 1R
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Diversity and function of intestinal bacteria in adult
Monochamus alternatus Hope (Coleoptera: Cerambycidae) fed
indoors and outdoors
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Abstract: [Objective] In order to clarify the bacterial community structure in the midgut and hindgut of adult
Monochamus alternatus, and to explore the potential function of intestinal bacteria. [Methods] The gut DNA from 15
individuals (15 midguts, 15 hindguts of outdoor and 15 midguts, 15 hindguts of indoor) of adult Monochamus alternatus
fed indoors and outdoors were extracted. The 16S rDNA V3—V4 region of the intestinal bacteria of Monochamus
alternatus was sequenced through next generation sequencing techniques. The number of OTUs was counted, the species
composition, alpha diversity and beta diversity were analyzed, and the functions of intestinal bacteria were predicted by
PICRUSt software. [Results] A total of 544180 high-quality sequences were obtained and clustered into 615 OTUs under
97% similarity, which were annotated into 22 phyla, 48 classes, 112 orders, 172 families, 285 genera and 408 species.
The number of OTUs in indoor population was more than that in outdoor population, and there were differences between
indoor and outdoor population. The difference between midgut and hindgut of the same population was not obvious.
Proteobacteria was the most dominant genus of intestinal bacteria in both indoor and outdoor populations of
Monochamus alternatus; Enterobacter was the most dominant genus of intestinal bacteria in outdoor populations and
hindgut bacteria in indoor populations, Serratia was the most dominant genus of midgut bacteria in indoor populations.
The results of alpha diversity showed that the richness of intestinal bacterial community in indoor populations was
significantly higher than that in outdoor populations, and the beta diversity showed that the homogeneity and stability of
intestinal bacterial community in outdoor populations were better than that in indoor populations. There was no
significant difference in bacterial richness and diversity between the midgut and hindgut of outdoor and indoor
populations. The results of functional prediction showed that the metabolic pathway was the most abundant in the
intestinal bacteria of adults, which mainly consisted of carbohydrate metabolism and amino acid metabolism, and these
bacteria were also able to degrade xenobiotics, terpenoids, polyketides and other secondary metabolites. There was no
significant difference in functional abundance among different populations and different intestinal segments.
[Conclusion] The community structure and difference of bacteria in the midgut and hindgut of adult Monochamus
alternatus fed on different food were determined. The potential role of intestinal bacteria was understood, which provided a
theoretical basis for further investigating the function of intestinal symbiosis bacteria of Monochamus alternatus.

Keywords: Monochamus alternatus, adult, intestinal bacteria, community structure, function prediction
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