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WE. [ 8] 0"’ 2 K Zea mays L. 74T 89 & 2364 @ Protaetia brevitarsis 4 & ¥ )& W
P AR LN R EMA LG ZRARIENEA TSR, [FR]oANRBRERES ZHE
GBI EI0ANABERG AP AESH S ANEMASY) HEmiEd % DNA, A A [lumina HiSeq 3
Rat@ B4 @40 kb WAeJs M tm H 69 16S tDNA V4 X 53| sk 470 5, it HE i o £ 2 1
(operational taxonomic units, OTUs) 8 &, p ¥ Ar F B o ZHMEF B AR, T @A EARZ L
i3] KEGG A W45, S AiTm A AL sk, [ER)EKRBFOERL QI RS X HiEm
#1062 897 & k& reads, Bk 7 2 441 A OTUs, % 3L i2#3) 27 A~17,51 A9,77 B ,168 #,326
B, BB EN T L, T b AR LI E B Pseudomonas Fy kAR B g, )& W b A BLELIN B
Desulfovibrio TR H B, o SHMIWT AN, GMBLESHERIF T SHEIWERER T, B
A BEE RALE , WAL N RO ERE T, PG W20 1A B 5 Ao R T fRAS AT 48 % o B
R EP PBMAREMAGEREFE BB A L ENBE S, [4#] %A Numina
HiSeq M| 3 Ko 5 TR ERARAH NG ZRECH R T GMm AR EEMERFE #—F K
T HiEmA LG ZRECRATHNTRE P LEGER , MXAFRLE R A G e 0 IHAA
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Diversity of gut bacteria in larval Protaetia brevitarsis ( Coleoptera:

Scarabaedia) fed on corn stalk

TIAN Xiao-Yan"?, SONG Fu-Ping’, ZHANG Jie’, LIU Rong-Mei’, ZHANG Xing-Peng’ , DUAN Jiang-
Yan'" *, SHU Chang-Long™ * (1. School of Life Sciences, Shanxi Normal University, Linfen, Shanxi
041004, China; 2. State Key Laboratory of Biology for Plant Diseases and Insect Pests, Institute of Plant
Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 3. School of Life
Sciences, Northeast Agricultural University, Harbin 150030, China)

Abstract: [ Aim] To analyze and compare the structure of the bacterial communities in the midgut and
hindgut of Protaetia brevitarsis larvae fed on Zea mays stalk, and to further explore the function of these
gut bacteria in stalk digestion of this insect. [ Methods] The total DNA was extracted from 10 samples of
healthy gut bacteria (5 midgut contents and 5 hindgut contents) of the 3rd instar larvae of P. brevitarsis.
The V4 region of 16S rDNA of the bacterial communities in the midgut and hindgut of P. brevitarsis was
sequenced by Illumina HiSeq techniques, and the number of operational taxonomic units ( OTUs),
species composition abundance, alpha diversity and beta diversity were analyzed. The gut bacteria
community data were mapped to KEGG genome database for further bacterial community function

discovery. [Results] Totally, 1 062 897 high quality reads of gut bacteria of the 3rd instar larvae of P.
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brevitarsis were produced and clustered to 2 441 OTUs, which were annotated into 27 phylums, 51
classes, 77 orders, 168 families and 326 genera. At the genus level, Pseudomonas and Desulfovibrio were
the most dominant genus in the midgut and hindgut, respectively. Alpha diversity data showed that the
bacterial communities in the hindgut were more abundant than those in the midgut, and the beta diversity
analysis indicated that the bacterial communities in the hindgut were more stable than those in the
midgut. Function analysis of bacterial communities showed that both the bacterial communities in the
midgut and hindgut contained stalk degradation enzymes, and the lignin degradation pathways were more
abundant in the midgut while the cellulose degradation enzymes more abundant in hindgut. [ Conclusion]
The structure and characteristics of the bacterial communities in the midgut and hindgut of P. brevitarsis
larvae fed on corn stalk were clarified, and their functions in helping P. brevitarsis digest stalk were
discovered. These results will provide references for the further study on stalk digestion mechanism of this
insect, and offer a new idea for utilization of crop straw resources in China.

Key words: Protaetia bevitasis; gut bacteria; 16S rDNA; V4 region; bacterial community; community

diversity ; function analysis

VEMREAT AN A 7 R GErh — I S A= 9
BEIR, anfar & BRAL A A X — B HAT 1B A%
TERE SN, fageit, MG R E - R, F E RS
FHEPE O & 8 42 v, AT AL R RS FHAE S A2 t
fiAi (Jiang et al., 2012; Chen, 2016) . HAI, #FF
G B FE =, AR 2 TR, T ELAOR T E
MIRAIG Y RGP o AR, HISERS FT 10 & 2
FROFI N A2 A WA T T AR R

G B S TC A A S W A A BB (AL FE AR
Yrskia) ikt % B ZAE F (Wolters, 2000) . 2 4E
41, Protaetia brevitarsis Lewis 8538 H ( Coleoptera )
48 B} (Scarabaeidae ) B 1, Ho 4l B £ 1%, AT
BV JEETE T R BEARE (R R 25 R
EREY) O HIE A 3R I 559 7 A 08 205 X A
YA KA B A A T, ZERS T B2 U5 A R Oy o
AEXRWHIF . HAT, ENSME AR PHH AR
TEa AT AT S IR AP T s, 45 R s, |
B AE At 4l B HA B RS AT AL ROR, BR T 38
E AT DIME IR Z A, BUAGE & A I BT 1 2
1 IR0 LA BR300 95 95 A7 R 1% P 73 5 (Yeo et
al., 2013 3, 2014; Lee et al., 2016) ., L iRHF
FEAR W, S S HAWREFT A FHEARAH e, F
H AR AL G AL FRAS AT 0] DL AR T 28 I E 1Y 7 i
SR A AE & T AL RS AT AL M AT 2E .

By ig Je e EEOEAE E, Z RS
7 W TE A ok HE B H ) B W T A S A A i B A
HERVEN , G R 00 2 5 57 (Breznak, 2002;
Ben-Yosef et al., 2010) , & 4t 75 1k i ( Warnecke,
2007 ; Todaka, 2007 ; Watanabe and Tokuda, 2010) ,
He5 B R B RE J) (Oliver et al., 2005) LA K finth

B HUf# 75 HE /1 ( Babendreier et al., 2007 ) 4%, HAEE
BRE R E YOI TR, B (2014) 72 A&
e 77 tRIGIERAEY, Hod 5 #Rkar0
IR SR AT Bacillus firmus AR ZFHOFT R Bacillus
circlans | #1 ZF #FF B Bacillus laterosporus | i% Jik 2
HHFF R Bacillus macerans 1 5 K ZF {81 & Bacillus
megaterium , 53 81 2 BRESHT B A R 53 500 8 T R Rk
J& Veillonella F1UH B3R A J& Leuconostoc, Tij 1%
MR 4 T AR U R MR 4
oy R HAEREAT T AT AL BT i AN A2 o Bt 0 e 45
AR TG BEOR I & R A Py R 4 Y
MG 2R AR il i P BRI 5
esrss g i ey i H 2545 3 AATH AW (Asshauer
et al., 2015) , ZRHFFEH A Nlumina HiSeq I 7+ A
Xf ] B K Zea mays L. 5 AR H 2 AE 4 A
Protaetia brevitarsis 3 §3 4 WP g )G W 0 Y B VR
HEAT 1504 5 k20 1 FH A W 1 0 T R A 2 IS
C R R R 2 e , R RS AT E 2 (P 4E R VR
JETZR ) ek fife AF DG 17 il i £ s B R AT 1 Ge it o
DL Ry it — 2B ST R AR 4 R TH AR AT A BIL ] S A2
Z%,

1 #MB5ETE

1.1l RiR

FE AE & 4 HUAE =5 il 28 + 1°C, A X 2
60% +10% FIE A 16L: 8D Z&AF T F%, LUK
MIEAK Z. mays L. FEFFIN KT E b, 76 18
BEFRAE P ETR BRI IR AR A 3 I 4y A O {11
B
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1.2 gE#*saP. EHoEMNEEMAESLS DNA
REX

B AR /NS0 AR B AR 4 0 3 14
5 3k, JeHITCRKERYE 30 s, FHIH 75% WA 4T JL iR
FAHTE , I e TC TR K e F R 5k B PRG , T #
VESAET DI TF A A I e e i )
Sy g JE T BT, B I aE A,
FastDNA® Spin Kit for Soil (MP Biomedicals, USA) %}
10 NFER (S DN EY S DN IEmNEY) 530
PRI TE A T S DNA | FI T 1% SR I i Tk AS:
Db 4 %) 25 1 41 DNA, DNA K 5 T - 20°C R 47,
.
1.3 F#E4EE 16S rDNA #1830 PCR F=# 4k

PLL 2 IO I 3B 40 1A S DNA g A, >R
ZHPE V4 #1906 16S tDNA £ 47 PCR.
B 514~ 515F (5'-GTGCCAGCMGCCGCGGTAA-
3") #1 806R (5'-NNNNNNGGACTACVSGGGTATCT
AAT-3") ( NNNNNN J& i F X 43 & & B9 barcode )
(Bokulich et al., 2012) ,PCR JZ W& % (50 pl) ;2 x
Taq mix 25 pL, ¥R 10 wmol/L 19 FFiiF5 14145 1
L, DNA #5457 100 ng, ddH,0 22 pL, PCR [z [ 5%
7 :95°C HZEME 10 min;94°C A5 1 min,56°CiR K 1
min,72°C &2 ¥ 1 min, 30 P JFFR;72°C IEAH 5 min,
UG 140 'V, 2% BrIE A BE K HL KR T, PCR AR
* H H A< TaKaRa 7y @] TP600; PCR 7= #) % A
AxyPrep DNA %E ¢ BISGRF £ ( Axygen AP-GX-250)
alfife, Yl iy PCR H Y BEAH 10 mmol/L Tris-
HCI Y&, 2% SRR e bkl
1.4 PpiEE S EMERNF

¥ 1.3 795 PCR Wit A7 900 & Ja , i 4
R it A0 e SR SEAT AL LU TR 5 o SCPEAE
K F TruSeq® DNA PCR-Free Sample Preparation izt
&, BB : (1) Y I Hk s (2)
FHRERR I 8 2Bk B % B (3) AL PCR 974
PEAT SRR w4 5 (4) AR AN AR 1, 7 AR PR
DNA JiBt, 23 Qubit FI Q-PCR E &, LEGH T,
{#iF Tllunima HiSeq 2500 (2 x 250 bp) #17 _L#Hl
MR
1.5 HiEMLMAFI OTU 3K

HiSeq I 7 15 2 f4 J& B it 5 51 B4, 1
PANDASEQ # A AT 8 : (1) 3T UE read FEFT
JEit(E 15 DR ByRsEE, 508 4 bp (% 1, Gk a1
PP 2 B (B T 15, DT 10 T 46 A 25 ) i ik
555 (2) 48 PE reads Z [A] [ overlap 3¢ &%, ¥ MUN

reads PfHE (merge ) 8 — 7% 7 515 (3) M4k 5 51 1Y
barcode F15 |9 X 734 it , 3 14 % Fr 51 J7 [, barcode
FEVFRYSETCECH 0, s KRG W) SEICEC 2, BT &4
iR WA 8

FEASFE i A Bl AL 5 550 000 A4~ 48 5 e 51 it A7
OTU #5 %, {#i i USEARCH ( iliZ 8. 0. 1517) i 2
(Edgar, 2013) X & Br it 1 16S rDNA FP 4 1T840
4325 B G (operational taxonomic units, OTUs) 2.
(1) EBRELEFH];(2) L size =1 [FH]( ZRIK
AEEMITHN) 5 (3)97% WFARIE RIS (4) 1l
F UCHIME ( Edgar et al., 2011) 1] “Gold” database
ZERIR ARSI, AR OTU AR T 5 (5) $e A
A BT A R 51 A 321 OTU (AR 781, A2 it OTU 2%
e AR 23R, G144 il 7T Y reads %5 H |
OTU % H, 3% 7 51 73 %l i Fl RDP (A 2. 2)
(Wang, 2007 ) 1 Greengenes( jit 4~ 13. 8 ) ( DeSantis
et al., 2006) B s FEVEREAN 7328, TG BE I EE M 0.5,
BIGER T W H B R 23 280K EGE i %
FE R 2
1.6 BFERARHESHEDIN

TEI VAR 7328 7KF ] Excel 3440 50E B 52
TEIF HOR P F 5 s I8 B D0 AR e v 5 AL A s 1) 22
5o o ZHEVE (alpha diversity ) 70 A 5S4 dh A
B 1 ) b 22 RE A, fdE ] Mothur (BRAS 1.36. 1)
(Schloss et al., 2009) i1 & &K 500 HE B E
( community richness ) $5%% ( Chao £l Ace) FI Rt £
M ( community diversity ) 4§ ¢ ( Shannon I
Simpson ) , Ff-4 tEAH I 114 7 B it £ I R OR VAN T
BT A LE G A KR, B Z A (beta
diversity ) S B FE it 2Z 8] ZE ) b 22 FE VRG22 5, AR SC
f#iF R 3 {f ( Version 2.15.3) 3 F Unweighted
Uni Frac ,Weighted UniFrac [ 245 PCoA 43 #, )
KO F AT PCA I3 47, I IR STk 3 de R A
FARRAL A HEAT VR R, T A il F L A 00
e KRE S B B 4 R 5 # A {2 ( Lozupone and
Knight, 2005 ; Park et al., 2014) ,
1.7 BERER SRS

TESERL OTU Jy 5 i my Bl I, el
[i] 42 ke 53 3] 5 Z AH K Y KEGG ( Kyoto Encyclopedia
of Genes and Genomes) & 73 & 1Y = 4 ik TR 4, 45
BB R B A0 AR P AR R R A
16S rRNA JL K 45 D1 £ DL K D) e L A (fif ] KEGG
Ortholog, KO FRAE) , ik — 25 FRATHE i 1 62 5 HO &R 43
RV BT 1) ) e e PRI AR A HG = 32, XA o o g 4K
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i RS FHCIES 5 1 AT 43 M ( Asshauer et
al., 2015) ,

2 #R

2.1
H3E

ME B AE4 e 3 4l du iy i S i Re i rp 2t
A1 062 897 5% = i 1 [ 4H I 16S tDNA J¥ 41,
A A FEALIZE IS0 0004 3 4] e 4o o ft 428 il )5 vl
FHRI P54 97 % AHUEE 4T OTU R (£ 1) 3t
T OTUs WYTERESS R W, 10 AFE 55 T 1 SR FE
mnAE3RA52 4414 OTUs, G B3 27 417,51 4
M,77 H,168 Bl,326 &,
2.2 HEfSRYBP EHHBENTHEREEE
PR

B 1(A) B, i iaRE i el =E B HE2 1T 9
T 153 K BT JEBE B 1] ( Firmicutes ) TR TE 1]
( Proteobacteria) it 2% & | ] ( Actinobacteria) L FF &
[T ( Bacteroidetes ) . 7% %% & | ] ( Planctomycetes ) | JEfik
BT ( Verrucomicrobia) . J 7 & | '] ( Euryarchaeota ) |
# Bi W ] ( Elusimicrobia ) I R T W ']
(Acidobacteria) , L HE, (H & H A BT A [
iR IERERE ] 5 27.89% £9.89% , L] i
31.02% +4.77% , LKW 15 23.91% +8.31%,
WIAFEET ] 4.49% +0.83% , 7755111 % 4. 50% =+

BES R EME 16S rDNA F 5 HiiEs

3.03% SEME T 3.03% +2.54% , ) W HEIT T
0.25% +0.16% , K EZ 15 0.07% +0.02% , IR
FFE Tl 0.60% + 0.35%, Hofh 2 4.23% =+
0.92% ;)5 ERERE ] &5 39.37% +3.18% ,75 T8
BT 19.52% +£2.99% , fit R 1] 4 7.78% +
2.09% AT 1T 2.25% +2.86% , %5 ) 5
0.65% +0.19% , M E 15 0.54% +0.12% ,)
HHEITE 1.51% £0.67% , £ B H 115 0.79% +
0.45% , B FF H ] 5 0.28% + 0.08% , H fth &
7.08% £2.12% ,

A BEHEA AT 10 JmKF- (18 1: B) B A
FJ & T8 BT o LU ], 53030 0y 2 FEAT 1R 8 Bacillus
(12.78% +5.56% vs 4.17% +1.98% ) . B B jfl &
J& Pseudomonas (14.69% + 7.19% wvs 2.31% =
0.29% ) Wikl & & Desulfovibrio (0.77% +0.14%
vs 9.77% +3.51% ) | Turicibacter (2.01% +3.43% uvs
0.21% +0.08% ) ;= . BR W& 1 Jii J& Proteiniphilum
(0.21% + 0.02% wvs 4.92% =+ 0.97% ) . Alistipes
(0.25% +0.05% wvs 3.89% +0.82% ) . {1 # &
Bacteroides (0.14% +0.06% vs 2.43% +1.27% ) %
AT |8 Luteimonas(1.56% +1.45% vs 0.31% +
0.04% ) .Terrimicrobium(1.06% +0.37% uvs 0. 14% =+
0.06% ) Planctomicrobium(1.07% +0.45% vs 0. 11%
+0.02% ) 1 H At (65.47% +4.90% vs 71.78% =+
1.23% ) , 25 E Rl A, SR ULl MUS I AET] s
IR B PFN S — 2, (B A= B RN AN ]

®1 BERER3RYRFEMAE 16S rDNA F 55347

Table 1 Sequence analysis of 16S rDNA of gut bacteria in the 3rd instar larvae of Profaetia brevitarsis

B HRUTIECE OTU % H AR)4rZEB oe)A25%0H Number of different taxonomic categories
Samples  Number of valid sequences ™ Number of OTUs  p ppylyy 4] Class H Order F} Family J& Genus
HO1 36 833 1623 24 43 65 139 235
HO2 41 526 1639 25 43 63 138 231
HO3 38 483 1 603 24 44 63 136 239
HO4 32 950 1 621 25 46 67 137 236
HO5 32 083 1623 25 45 68 142 239
MO1 34 717 1517 24 42 69 148 263
MO02 38 584 1481 26 45 68 148 256
MO03 35 496 1 454 25 45 69 148 256
Mo4 37 632 1 548 23 43 65 143 265
MO5 37 242 1615 24 45 64 142 259
JEEI Total 365 546 2 441 27 51 77 168 326

HO1 - HO5 ; J5 54 i Hindgut samples; MO1 — MO5 ; " fip k¢ i Midgut samples. R[] The same below. 55378 AR BEHLATEL 50 000 451
AT, a0 o DEE RS B A SUBIE 8L . The asterisk indicates the number of the valid data after analysis, assembling and filtering of

50 000 sequences randomly selected from each sample.
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Fig. 1

2.3 HESRYHDBNEHAE o ZHFE
S

Hir BE T £ (rarefaction curve) H] LA AR IFH U 2
TR L DUBE 6 T A S RE, O 1R) 4 S A i v g
MR R . i Tk, BB R B &
G R, T 2 R R 6 K BT OTU 19 ST RAR /DN, I
Z IR IR I T 8 7] RE S AR B B ) OTU , A
FE AR i i 7 35 FE B AE 99% LA L HL A5 FE & 1 9
Hi BEHh 2t T 1 A0 (8] 2) , e W45 K b ) P TR B 2
%, LLIR BG4 %)) Ha v g 0 T A R R 7 1
Shannon $5§%% . Chao $§ %l Simpson $§%X & B, 7 %
G WA Z RS B 0 35 1 22 535 J3 AN 5 W
AN HF7% 1K) Shannon -7 45 81 Chao V- 245 £ 1y
KT, Ui S IR VI & AR & R
b s J5 B 40 T RE T A Simpson - 245 I T
1, B S B AR A AR (R 2) .

Relative abundance of dominant phylum (A) and genus (B) of gut bacteria in the 3rd instar larvae of Protaetia brevitarsis

24 QERRSRYHPBNEHARE B ZHEK
SR

A WF 5% 8 13 PCoA ( principal co-ordinates
analysis ) A AAY 5 16 WG it [] 1) 22 A 1 22 5, Al
WA IR VE Z FEVEETT PCoA 234, R BIAE S Y
HLURIZFE A 22 57 0 FZR . Pz 5 M
G S AFERL 73 3 R AL AN W) UM 18 P, 22 18]35
AL, TR RE AR LA B A,
JE ARG N S AR Z 18] B B RN T e g, mT
DL B o it 1) A8 B A W R 7 — B B s . PCL AN
PC2 73 5| 27m X i 22 53 SRR R B RS R 2R
B ZHEMESI T (18] 3) & HIRBEFEATE i Z B FE W i 22
225, {HJE unweighted PCoA 5 weighted PCoA
1 PC1 A Bk 2 5, unweighted PCoA 1 PC1 &
23.0% , i weighted PCoA [ PC1 & 79.0% , Ui BH¥)
PP 2 JRE X 30K A 2L o ) 2 S DT B R, Tl e
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Fig. 2 Rarefaction curve of Shannon index of bacterial communities in the midgut and

hindgut of the 3rd instar larvae of Protaetia breviarsis
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Table 2 Alpha diversity indices of the bacteria in the midgut and hindgut of the 3rd instar larvae of Protaetia brevitarsis

FE ZAHEPEFREEL Diversity index
Sample Chaol Shannon2 Simpson
F1fl Midgut 1524.98 £55.79 5.97 £0.48 0.09 £0.03
g
J5 % Hindgut 1623.32 £11.22 7.7+0.09 0.02 £0.002
P 0.009 0.000 0.001

E BRI + ARiEZE; P <0.01 RIAH AN BE2ZF(AHEE T 2Z5HT) o Data in the table are mean = SD. P <0.01 shows extremely

significant differences between groups (one-way ANOVA).

FEAT I EZE Y o, JF— 20 WAL T 25 K b AR i A
FEWLIF K F i 22 5, 4 R B (& 3) FE S ZH
RV 2 W] A 2 A i TR 22 53 1) 2R L PCL Oy
84. 8% , Ui s 5 M LR MR Vs 22 S itk — 2D AR TH
TEZEE bR e ok o
2.5 pERsRYHPHNERAEFEINEE
T

it 16S rDNA J7 413 A5 E b KEGG J[H]
LHASAI , T DA ARAS W0 240 Tk PR 2 s ) 1) g LA
ARG R . AT r) EE R IR 4R F
YRV AR, PR CPA4ERE T
208, FLIRGE A 2 L ARORSWE TV I8 1 0 B o 4R I A
(Johansen, 2016) , Tl A JiT % P AHXT 52 2%, 49

FI5 A VIR fR 542 (Bugg et al., 2011)

i B KEGG KPR AH Wit 8t , th il M s s & A
BT O-BRIR-B- I T A SR 1, 4-o-Hi b
TP ISR 1, 6-oc-HEH LT I | o 70 B0 1T B LS 2R-1,
O~ %) W 1 it L B~ W T I L A ROME 1, 3-B-A N
it | 2T 24 2R T R A SR N -1, 3-B-D-# 4 4 H 1l
AP 0 S UL E 4 (A, o i B e LA
B-HIMH B (0.24% ) .- WEFHE (0. 11% ) FIZF 4
EHF(0.08% )3 Fi i L, 5 W th LA 3 FioiF il
(B-HIMETITE 0.30% , - HH T 0. 13% , £ 4E 2K T
0.09% ) =B e K ARG B rhosk 3 iR i 0 =F B 34
KRFHW, —HRFEREFEZER(P<0.05), x4
FW 5 M A R R T BT I SR IR, £ 4 2R
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Fig. 3 PCoA analysis of gut microbia in the 3rd instar larvae of Protaetia brevitarsis based on different levels
A, B: /3pHJE3E T Unweighted UniFrac JH % 5 Weighted UniFrac 2 347 5 A8 #5730 1 PCoA analysis based on unweighted distance and weighted
UniFrac distance, respectively; C: JEFEEFZE/KFEAY 328050701 PCA analysis based on enzyme. PC1 F1 PC2 {3520 iz 18 2k Wy e TR SR IR
K2 ANZE, Aoy EE T RS X RE 5 22 A Di#k{E. PCl and PC2 represent the two mainly factors that affect the diversity of the gut bacterial

communities, and the percentage represents the contribution value of the difference in samples.

B-Hii B H i} Beta-glucosidase
-l Alpha-glucosidase
£F4EFH Cellulase
HAHE A Other glucosidase

HO1 HO2 HO3 HO4 HO5 MO1 M02 MO03 MO04 MO5
FEfh Samples

B4 FRIERTE 3 Wedl B i RS i 20 R 3 21 4E 3R R AT DG I (A) AR SR W AT DCm B ( B) S

Fig. 4 Abundance of cellulose degradation related enzymes ( A) and lignin degradation pathways
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(B) of the bacterial communities in the midgut and hindgut of the 3rd instar larvae of Protaetia brevitarsis
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