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Description of external morphological characteristics and molecular identification
of a bark beetle in hazel garden of northeastern China

Su Guangxiang' Ma Xiaogian> Ma Ling' Ma Runping' Cao Jingxin' Tang Hua®
(1. School of Forestry, Northeast Forestry University, Harbin 150040, Heilongjiang, China;
2. Forest Protection Research Institute, Heilongjiang Academy of Forestry, Harbin 150081, Heilongjiang, China)

Abstract: [Objective] A species of bark beetle causing severe damage has been discovered in hazelnut
orchards in northeastern China. This pest bores into the trunks and branches of hazelnut trees, resulting in
widespread tree mortality. To identify the bark beetle species and better guide its control measures,
morphological observations and molecular biological identification of the bark beetle were conducted.
[Method] The external morphological characteristics of bark beetle at various developmental stages (eggs,

larvae, pupae, and adults) were observed and described using optical microscopy and scanning electron
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microscopy. Concurrently, whole-genome DNA was extracted from the bark beetles. Specific gene
fragments of 28S ribosomal DNA (28S rDNA) and cytochrome ¢ oxidase subunit I (COI) were amplified
through PCR technology. The obtained sequences were compared with existing bark beetle gene sequences
in the GenBank database, followed by the construction of phylogenetic trees to perform molecular
phylogenetic analysis. [Result] Significant dimorphism was observed between male and female bark
beetles, with males (adult body length: (2.00 + 0.10) mm) being notably smaller than females (adult body
length: (3.00 £ 0.15) mm). The hindwings of male adults were reduced, with the eighth tergite of the
abdomen distinctly exposed and the last abdominal segment being greatly enlarged. Morphological
descriptions and comparative analyses taxonomically classified this bark beetle within the tribe Xyleborini.
Molecular identification revealed high congruence between the bark beetle’s 28S rDNA and COI gene
fragments and those of Anisandrus dispar in the GenBank database. The species was conclusively identified
as Anisandrus dispar. [Conclusion] Through morphological and molecular analyses, the severely damaging
bark beetles in hazelnut orchards of northeastern China is identified as Anisandrus dispar. Morphological
traits across all developmental stages are documented in detail, providing comprehensive morphological
datasets and partial DNA sequence data. These outcomes establish a theoretical foundation for further
research on Anisandrus dispar and the development of targeted pest management strategies.

Key words: Anisandrus dispar; morphological characteristics; 28stDNA gene; COI gene; molecular

identification
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Tab. 1 PCR reaction conditions
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3Step PCR 55 or 60 30s 30
72 1 min/kb
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2Step PCR . 30
68 1 min/kb

< 2 GenBank T#HIERS 4% 28S rDNA F 51
Tab.2 28S rDNA sequences of some species downloaded

by GenBank
Fh 44 GenBank & 3 5
Anisandrus dispar HQ883606.1
Anisandrus sayi GU808589.1
Anisandrus obesus GU808586.1
Anisandrus hirtus GU808585.1
Anisandrus ursinus GU808607.1
Anisandrus ursa GU808606.1
Xyleborus sp. HM099758.1
Eccoptopterus gracilipes MKO098866.1
Eccoptopterus spinosus MT120959.1
Eccoptopterus sp. HM099698.1
Xyleborus princeps HM099749.1

47 1000 {X Bootstrap H 5] FHlIFEARL .
COI £y B3t N T 5 MR R COT %
P AR 3), PRI R G R B i .

% 3 GenBank TEHRZBHWF COI F5

Tab.3 COI sequences of some species

downloaded by GenBank
Fh4 GenBank & 5
Anisandrus dispar NC_036293.1
Xyleborus sp. KR120874.1
Anisandrus sayi MGO055160.1
Curculionidae sp. KR484890.1
Scolytina sp. KX035181.1
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Fig. 1 Electron microscopic photographs of male and female bark beetles
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Fig. 2 Eggs in tunnel of bark beetle
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K3 AFRKREHBIDNEL R ORI D
Fig. 3 Bark beetle larva at different developmental
stages (not differentiated by age)
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Fig. 4 Photos of bark beetles in pupal stage
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/NEE 28S rDNA E-F Kimura 2-parameter 15 1% 25 B35l

Tab.5 Bark beetle 28S rDNA based on Kimura 2-parameter genetic distance model

(7] [8] 9] [10] (1] [12]

x5
Hywh (1] 2] 3] [4] (5] (6]
(1
2] 0.010
[3] 0.056 0.048
[4] 0.040 0.035 0.038
[5] 0.035 0.027 0.027 0.015
[6] 0.069 0.061 0.035 0.053 0.043
[7] 0.064 0.059 0.028 0.046 0.036 0.012
[8] 0.102 0.093 0.094 0.100 0.090 0.110
[9] 0.124 0.115 0.093 0.111 0.107 0.095
[10] 0.126 0.118 0.091 0.107 0.104 0.092
[11] 0.131 0.121 0.093 0.111 0.107 0.089
[12] 0.127 0.121 0.107 0.114 0.103 0.118

0.108

0.104 0.142

0.101 0.139 0.002

0.099 0.145 0.011 0.007

0.113 0.051 0.147 0.143 0.144

VE: [11BE /NG [2] Anisandrus dispar; [3] Anisandrus hirtus; [4] Anisandrus obesus; [5] Anisandrus sayis; [6] Anisandrus ursinus; [7] Anisandrus ursa
isolate Xyoura; [8] Xyleborus sp.; [9] Eccoptopterus gracilipes; [10] Eccoptopterus spinosus; [11] Eccoptopterus sp.; [12] Xyleborus princeps

% 6 /\EE COI E-F Kimura 2-parameter i1 28 B4 EY
Tab. 6 Bark beetle COI based on Kimura 2-parameter genetic distance model
Yrkh FEM/INER Anisandrus dispar Xyleborus sp. Anisandrus sayi Curculionidae sp. Scolytina sp.
Bt dh Nk

Anisandrus dispar 0.055

Xvleborus sp. 0.055 0.000

Anisandrus sayi 0.101 0.119 0.119

Curculionidae sp. 0.101 0.119 0.119 0.000

Scolytina sp. 0.133 0.137 0.107 0.153 0.153

100 FES /NG
71 l_: Anisandrus dispar
_ Anisandrus obesus
58 45: Anisandrus sayi
Xyleborus sp.
—1()(): Xyleborus princeps
Anisandrus hirtus
Eccoptopterus sp.
Eccoptopterus gracilipes
Eccoptopterus spinosus

— Anisandrus ursinus
76— Anisandrus ursa

30
100
88

5 FEf/NEL 288 rDNA HEPRE TR UAAVE
MR 2GR G
Fig. 5 Phylogenetic tree constructed based on the maximum likelihood
method for 28S rDNA gene of sample bark beetles
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for 28S rDNA gene of sample bark beetles
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100 Anisandrus dispar

96 Xvleborus sp.

(e )

[ O SN -

Anisandrus sayi

100 Curculionidae sp.

Scolytinae sp.

8 FEAh/INEL COI R T AT A MR RS A W
Fig. 8 Phylogenetic tree constructed based on neighbor-joining method
for COI gene of sample bark beetles

AR o AZAWFRHAERT G /N 8 RIE A SE5H
SRS [ 3P 3 AL ——fE o o e P 5 7 U ST
HARE, TR e AR A R R e T A ST A 5 AR
SZBCThRER e G5 A iZ R PR K BT R HfED L &)
HURTRE G BE AR BE LI A R AR XK
BL5 RRPHAPHE 7 745 R — B, (H RS AR Rk
M @EElimst—SIRE,

BT B AN E T A WL EAER A L2 )32 0 A
T SR Bl (R Y, ASHIE SR O T [ AR bR T
TR B R, R COd N i A S
8o A BRI X 8 A BE s, [HEk =
TR . AU B SRS S0 T HE i
U AR [ ) R AT R A T BRI AR . AT Y B
PEAR R AR LB X PE S i, 2 IS B R AN L 58
BEXTZ BRI 5 565 45 FOME JUBEDEIEAE B R
SR FE BRI A ZF ST R AR A E s R
B FOE I AR I Fy O KU, B AR AR
RGNS SIATELPNG LR el €/

ASHIE FUIKD SR BR L AE R B 52 &l Bk 1 i 2
T EFRAG IR T I A R 1 BB SRR . I
JE SRR TR P 2 B N AL VA A U IE B A PR
g5 N TS 7 AL L S0 A0 e . LA, K
[E] AR b X5 I 5 b ] FR) 388 1% 0 AU AR RE L o
R R ik 22 S S A AR S ) R, ) e A A R 4
I R EE B3 TR 2H 22 IR N RETT o IX LB WF TR N A
T i i BIL ) R R 2% € i 4% R T i L B R
PR

At FES AR S TEMZTE RG%E

SE 1 B AR AR el ™ A T T U EE AR
F - WERE AR 2 22 57 CHE ERAA K (3.00 £ 0.15)mm,
B E R, UK (2,00 +0.10)mm. J& R AL H
SRR R 3 12 K0 B oy 1 44l (288 1DNA 55 COIL 7
HURRAAEE > 99%), T % F OV T B /INeE, I
IS T ZF R 7 44 9 L ESEHL S Xyleborus
dispar | Terminalinus dispar NE—Y)F . T H
FR PR AL, 4l SO TS B AR A, B UM 7Y T
I, M SRS YT, RS SO 2 R .
BERT AR B E AR LR b v O BRI A E LR,
SR U SEA P AR L PR i e B A i U AL 2 B
TBFHSE G IR B I . AT IUIEAN T AR SR
SEIRH 2 B, Hor T hric Bl vl oy H A 2 A0 il
HE MR BEEOAR MRS -

Z £ X #t
C1] AR, VA8, B2 [M]. B A R B R, 1999.
Zheng L Y, Gui H. Insect classification[M]. Nanjing: Nanjing
Normal University Press, 1999.

[2] Tuncer C, Knizek M, Hulcr J. Scolytinae in hazelnut orchards of
Turkey: clarification of species and identification key (Coleoptera,
Curculionidae)[J]. ZooKeys, 2017(710): 65—76.

[3] Rizzo D, D’Agostino A, Stabile I, et al. Identification of the
Ambrosia beetle Anisandrus dispar (Fabricius) (Coleoptera

Curculionidae Scolytinae) using TagMan™ probe assay on
biological samples[J]. IForest-Biogeosciences and Forestry, 2023,
16(3): 182—-187.

[ 4] Bright D E. Review of the tribe Xyleborini in America north of
Mexico (Coleoptera: Scolytidae)[J]. The Canadian Entomologist,

1968, 100(12): 1288—1323.

[5] %82, FEM, B, &5, BTk CO 1R KL RER)

HlJE /e /N RS E [J]. HE ORI A4, 2024, 51(6): 1533—1534.
Yi X R, Wei Z H, Zhao P, et al. Identification of camphor shoot
borer Xylosandrus mutilatus based on the mitochondrial COI gene
and morphological characteristics[J]. Journal of Plant Protection,
2024, 51(6): 1533—1534.

FIE, Bivewz, BT, 5. o E SN SR R AU S E (7], Moll
Bl 2021, 57(12): 79-91.

[6]

Wang Z, Ma X Q, Zhou Q Z, et al. Identification of Ips species
(Coleoptera: Scolytinae) in China[J]. Scientia Silvae Sinicae,
2021, 57(12): 79-91.

KA, B EE, 7T, S BV E L) LRSS R
Mo A 5 HCRARFAE (9] bt ARl K A, 2024, 46(4):
63-73.

(7]

Zhang Y L, Lu G Y, Xiang Y T, et al. Type, distribution and


https://doi.org/10.3832/ifor4287-016
https://doi.org/10.3832/ifor4287-016
https://doi.org/10.3832/ifor4287-016
https://doi.org/10.4039/Ent1001288-12

10 4

TR AR b X A — Fb /N B (K SR TR AR 10 e 0 T 3R 127

(8]

(91

[10]

[11]

[12]

quantitative characteristics of sensory organs on the larval head of

Tomicus brevipilosus (Coleoptera: Curculionidae: Scolytinae)[J].
Journal of Beijing Forestry University, 2024, 46(4): 63—73.

B AE. VLT # /N &% Xyleborini( Coleoptera: Scolytinae) 732
FHRGRKFEWIT (D] B E: TLIAK, 2018.

Li J. Taxonomy and phylogeny of Xyleborini (Coleoptera:
Scolytinae) beetles in Jiangxi Province[D]. Nanchang: Jiangxi
Agricultural University, 2018.

Jordal B, Gillespie J J, Cognato A 1. Secondary structure
alignment and direct optimization of 28S rDNA sequences
provide limited phylogenetic resolution in bark and Ambrosia
beetles (Curculionidae: Scolytinae)[J]. Zoologica Scripta, 2008,
37(1): 43-56.

Hebert P D N, Ratnasingham S, deWaard J R. Barcoding animal
life: cytochrome ¢ oxidase subunit 1 divergences among closely
related species[J].

270(Suppl.1): $96-599.

Proceedings Biological Sciences, 2003,

Felsenstein J. Confidence limits on phylogenies: an approach
using the bootstrap[J]. Evolution, 1985, 39(4): 783-791.

Kumar S, Stecher G, Tamura K. MEGA7: molecular evolutionary
genetics version 7.0 for

analysis bigger DatasetsFree[J].

Molecular Biology and Evolution, 2016, 33(7): 1870—1874.

[13]

[14]

[15]

[16]

[17]

VR, B P EANEERL Y RN (M), B B RSE HR
#t, 2015.

Huang F S, Lu J. The classification outline of Scolytidae from
China[M]. Shanghai: Tongji University Press, 2015.

BOECE. thE 25 RIS B E N AR M), AER: B R
#t, 1984.

Yin H F. Economic insects of China: Scolytidae, Coleoptera [M].
Beijing: Science Press, 1984.

Smith S M, Beaver R A, Cognato A 1. A monograph of the
Xyleborini (Coleoptera, Curculionidae, Scolytinae) of the
Indochinese Peninsula (except Malaysia) and China[J]. ZooKeys,
2020, 983: 1-442.

Normark B B, Jordal B H, Farrell B D. Origin of a haplodiploid
beetle lineage[J]. Proceedings of the Royal Society of London
Series B: Biological Sciences, 1999, 266: 2253—2259.

TR, FUREERSM RN R (M), 5Tt E MOl H AR
#t, 2020.

Zhang J H. Color picture book of exotic beetles intercepted at

port[M]. Beijing: China Forestry Publishing House, 2020.

(FriE%4E
T

oM

AR )


https://doi.org/10.1111/j.1463-6409.2007.00306.x
https://doi.org/10.2307/2408678
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.3897/zookeys.983.52630
https://doi.org/10.1098/rspb.1999.0916
https://doi.org/10.1098/rspb.1999.0916

	1 材料与方法
	1.1 供试小蠹样本
	1.2 小蠹外部形态的观察
	1.3 小蠹DNA的提取
	1.4 引物及扩增
	1.5 基因序列比对及系统发育分析

	2 结果与分析
	2.1 外部形态特征描述
	2.2 分子鉴定
	2.2.1 基于28S rDNA基因标记遗传距离分析
	2.2.2 基于COI基因标记遗传距离分析
	2.2.3 系统发育树的构建


	3 讨　　论
	4 结　　论
	参考文献

