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Abstract

Most weevils are polytrophic insects. The larvae of many weevils feed by boring into host plants which may be damaged or
killed as a result. Weevil larvae and eggs regularly enter Taiwan through imported agricultural products and pose a serious threat to
the local agricultural ecology. Identification of invasive weevils, particularly larvae and eggs with indistinct morphological features is
only possible using molecular methods and species-specific DNA sequences. We extracted DNA from live or ethanol-immersed
samples of adult weevils for use as templates for Polymerase Chain Reaction (PCR), and cloned target sequences of a region
containing divergent sequences near the 3" -end of the COI (cytochrome oxidase subunit I) gene in the mitochondrial genome.
Within this target region, we successfully designed species-specific primers for six weevil species belonging to different genera
(foreign species: Conotrachelus nenuphar (plum curculio), Graphognathus leucoloma (whitefringed beetle), and Rhabdoscelus
obscurus (New Guinea sugarcane weevil); local species: Cylas formicarius (sweet-potato weevil), Hypomeces squamosus (gold-dust
weevil), and Sympiezomias cribricollis (gourd-waist weevil)). Using the same strategy, we also were able to discriminate two weevil
species of the same genus, namely R. obscurus and the Asiatic palm weevil R. lineaticollis. Strategies and technologies developed in
this study can be applied to molecular identification of other kinds of weevils of quarantine importance.
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Table 1. Basic information on the six target weevil species (in alphabetic order of species names)

Scientific name/English

name/Chinese name names)

Host plants (common

Distribution

References

Cylas formicarius (Fabricius)/sweet sweet potato, morning
glory, water convolvulus Taiwan, Japan and

potato weevil/F| 2 51

Conotrachelus nenuphar
(Herbst)/plum weevil/% i%;lélh 5

Graphognathus leucoloma
(Boheman)/white fringed weevil/

AP

sweet corn

Hypomeces squamosus
(Fabricius)/gold-dust weevil/
AL
Sympiezomias cribricollis
(Kono)/gourd-waist weevil/s |~ |
itk S R 5 EV etc)
habdoscelus obscurus
(Boisduval)/New Guinea sugarcane

weevil S R [ L G0

drupe, pear, apple

drupe, potato, bean,

North America (USA),

tropical areas

North America (USA,
Canada)

North America (USA),
South America, South
Africa and Australia

Sutherland, 1986

Lathrop, 1949; Yonce et
al., 1995

Ahmad, 1974; Gough
and Brown, 1991;
Waterhouse, 1993;

citrus, potato, morning
glory, sugar cane, drupe Philippine, Malaysia,

citrus, sugar cane,
flower (jasmine, yulan

sugar cane, drupe

Tan et al., 1998
Taiwan, Japan, Miwa, 1931; Lin, 2002
Thailand
Taiwan Chu, 1971; Lee et al.,

2006; Shih et al., 2006

Australia, Hawaii,
Japan, Indonesia,
Malaysia

Lamb, 1974; Mohamed
and Steven, 2001
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Schematic locations of the COl target region and the locus containing divergent DNA sequences. In total there

are 1542 bp in the COI gene (1471-3012; numbers of the nucleotide positions follow those of the
mitochondrial genome sequences of Drosophila yakuba (Clary and Wolstenholme, 1985)). The region
containing divergent sequences (2301-2700) is highlighted with a black box (Howland and Hewitt, 1995).
C1-J-2195 is the universal forward primer; TL2-N-3014 is the universal reverse primer. There are 3
nucleotides overlapping between the 5" end of TL2-N-3014 and that of the tRNALeu gene.
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Fig. 2. PCR amplification of the COI target region with universal primers C1-J-2195 and TL2-N-3014. PCR was

=

performed at an annealing temperature of 55°C. The size of each major amplicon was about 860 bp
(arrowhead). (A) Cy. formicarius (Cf), Co. nenuphar (Cn), G. leucoloma (Gl), H. squamosus (Hs) and Sy.
cribricollis (Sc). (B) R. obscerus (Ro). Because the arrival order of the Ro samples was significantly different
from those of other weevils, PCR amplification was not performed within as close a period as that of other
weevil species. The electrophoresis result of PCR amplification using Ro templates is therefore shown on an
independent agarose gel. M: DNA molecular weight marker; -Ctrl: negative control, PCR amplification without
the DNA template.
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Table 2. Sequences of species-specific primers used in this study

Cylas formicarius (Cf-COI)
Cf-COI-F293

Cf-COI-R801

5-CGAACTTTGAACCAACTACAC-3
5-TCAGCTGGTGGTATTGATCT-3

Conotrachelus nenuphar (Cn-COI)
Cn-COI-F448
Cn-COI-R771

5-AGCTGTATTTGCAATCATCG-3’
5-ATGGAAGTAGGTAAGTTCAGAGC-3’

GraphoGnathus leucoloma (G1-COI)
G1-COI-F292
G1-COI-R768

5-GCTTCCTTTAATCCTAGATCAC-3
5-GGAAGGAAGTTATTCTTGATCTTG-3’

Hypomeces squamosus (Hs-COI)
Hs-COI-F292
Hs-COI-R569

5-CGTTCCTTTAATCCTAGCG-3
5-GCAAGTTAAATTTACGCCG-3

Rhabdoscelus obscurus (Ro-COI)
Ro-COI-F230

Ro-COI-F333

Ro-COI-R449

Ro-COI-R930

Ro-COI-R1142

Ro-COI-R508mv

Ro-COI-R989mv

5-TTACTCCCACCTTCTCTAACCC-3’
5-ATAATGGGGCCTCAGTAGACC-3
5-CGCGTTCAAACGACT AAGTC-3
5-GACGGGTTAAAGGTAATACGAGC-3’
5-CGCGATTAAGAGTTAGCCCAGTA-3
5-TCTATCCCTCCCAGTATTGGCAG-3’

5-TTACCCCAGTTAAGCCACCTATTG-3

Sympiezomias cribricollis (Sc-COI)
Sc-COI-F213
Sc-COI-R524

5-ATTTCATTTAGACCAAGCTCCC-3’
5-TCCTCTTAGCCCTAGAAAATGC-3
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Fig. 3. Schematic locations of the fragment containing COI sequences retrieved from the GenBank and the target
region. The upper rectangle shows the COI sequences (1241 nucleotides) retrieved from the GenBank; the
lower rectangle shows the COI fragment (864 nucleotides) cloned using universal primers C1-J-2195 and
TL2-N-3014. There are 587 nucleotides overlapping between these two fragments. Locations of primers (4
forward and 3 reverse) are indicated with black margins in the upper rectangle. Primers that can discriminate
R. lineaticollis from R.obscerus (Ro-COI-F333, Ro-COI-R930, Ro-COI-R1142) are highlighted with black
boxes. The number on each primer indicates the first nucleotide of the primer.
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ScCOPFRIS  Roat MEBE (S ANLHNTHESSES RO - 3| FHMA: ()
Cf-COI-F293 + Cf-COI-R801; (B) Cn-COI-F448 + Cn-COI-R771; (C)
GI-COI-F292 + GI-COI-R768; (D) Hs-COI-F292 + Hs-COI-R569; (E)
Ro-COI-F333 + Ro-COI-R930; (F) Ro-COI-F333 + Ro-COI-R1142;
(G) Sc-COI-F213 + Sc-COI-R524 - 5| FiEsEHE F HFERRIEMSE|F ;
Bl 7R R BRERMET + BPRRE Tt B E -
T IER RO SRIET ; M (B) 2T E—ER LD
FTET - M: DNA AFBIEE: -Cul: BIFHHE + POR RN
DNA #&5 -

M Cf Cn GI Hs Ro Sc -Cird

Specificity tests of the six primer pairs designed according to species-specific sequences. DNA templates used
in each test are abbreviated as follows: Cy. formicarius (Cf), Co. nenuphar (Cn), G. leucoloma (Gl), H
squamosus (Hs), Sy. cribricollis (Sc), and R. obscurus (Ro). Primers: (A) Cf-COI-F293 + Cf-COI-R801; (B)
Cn-COI-F448 + Cn-COI-R771; (C) GI-COI-F292 + GI-COI-R768; (D) Hs-COI-F292 + Hs-COI-R569; (E)
Ro-COI-F333 + Ro0-COI-R930; (F) Ro-COI-F333 + Ro-COI-R1124; (G) Sc-COI-F213 + Sc-COI-R524. F,
forward primers, and R, reverse primers. The numbers after F or R indicate the positions of the first nucleotide
of primers. Specific amplicons of expected size are indicated with arrowheads; non-specific amplifications in
(B) are highlighted with a hollow arrowhead. M refers to the DNA molecular weight marker; -Ctrl: negative
control, PCR amplification without the DNA template.
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Primer F230 + R930 F230 + R1142 F333 + R930 F333 + R1142

Species M RI Ro RI Ro M RI Ro RI Ro  -Ctrl

A.T. (°C) 55 60 65 55 60 65 55 B0 65 55 B0 65 556 B0 65 55 60 65 55 60 65 55 60 65 55
1 - [ lull._-l- --L__r—l - - B Bu_‘ -] (- ] -

3.00 e |
1.5 5 —
1.0f
®
-
0.5 -—
0.2
kb
Primer F449 + R930 F449 + R1142 F508mv + RO89Imv
Species M RI Ro  -Cirl M RI Ro -Cirl M RI Ro  -Ctd
A.T.(°C) 55 60 65 55 60 65 55 55 60 65 55 B0 65 55 55 60 65 55 B0 65 55
- My T I o A T e o | R R RN W RC A

BR HEATHESSS COl 5| F2E—1HglH - 5| 7 z#HAETH : F230 + R930; F230 + R1142; F333 +
R930; F333+R1142; F449 + R930; F449 + R1142; F508mv + R989mv &+5& - Hi&5BE (AT) A& 55+
60+ 65°C o 5| FilL3A F BEXRIEMS|F ; 5l FiERA R BRRRMAIF » HFARE|F2Ba]| BUE
DNA #EtRZENE N ES S84 R) EHERTHESSE (Ro) - F230 + R930 B F230 + R1142 :EfM#5|
FRIGIEREFEAENA ; F333 + RO30 Bl F333 + R1142 ARFEZE < E—1818 (MEERET) ; F449 + RO30 B
F508mv + R989MV M5 FEE—IERES  ERERMEE (LI OEHIEET) - F449 + R1142 1£ Rl HIRIF
Eigeea s (MZOERIER) 87 Ro ZIEEREFEAEA M DNA 37 BI%%; - Cul: BIEFIHE PCR &
FEFRTNA DNA #54f o

Fig. 5. Specificity tests of the seven primer pairs designed according to species-specific sequences of R. obscurus.

Primer combinations: F230 + R930; F230 + R1142; F333 + R930; F333 + R1142; F449 + R930; F449 +
R1142; F508mv + R989mv. Annealing temperatures (A.T.): 55, 60, 65°C. F, forward primers, and R, reverse
primers. The numbers after F or R indicate the positions of the first nucleotides. Resources of DNA templates:
R. lineaticollis (RI) and R. obscurus (Ro). F333 + R930 and F333 + R1142: undetectable amplifications; F333
+ R930 and F333 + R1142: significant amplifications (arrowheads); F449 + R930 and F508mv + R989mv:
weak amplifications (hollow arrowheads). F449 + R1142: non-specific amplification is identified in RI (hollow
arrows), but amplification is undetectable in Ro. M: DNA molecular weight marker; -Ctrl: negative control, PCR
amplification without the DNA template.
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Molecular Identification of Weevils Significant for Customs
Inspection and Quarantine Importance

Gee-Way Lin, Shau-Lin Lu*, Ting-Yu Huang®, Chun-Liang Shih, Wen-Jer Wu*,
Chun-che Chang*

Department and Graduate Institute of Entomology, National Taiwan University, National Taiwan University, No. 27, Lane 113,
Roosevelt Road, Sec. 4, Taipei 106, Taiwan

ABSTRACT

Most weevils are polytrophic insects. The larvae of many weevils feed by
boring into host plants which may be damaged or killed as a result. Weevil
larvae and eggs regularly enter Taiwan through imported agricultural products
and pose a serious threat to the local agricultural ecology. Identification of
invasive weevils, particularly larvae and eggs with indistinct morphological
features is only possible using molecular methods and species-specific DNA
sequences. We extracted DNA from live or ethanol-immersed samples of adult
weevils for use as templates for Polymerase Chain Reaction (PCR), and cloned
target sequences of a region containing divergent sequences near the 3’-end of
the COI (cytochrome oxidase subunit I) gene in the mitochondrial genome.
Within this target region, we successfully designed species-specific primers for
six weevil species belonging to different genera (foreign species: Conotrachelus
nenuphar (plum curculio), Graphognathus leucoloma (whitefringed beetle), and
Rhabdoscelus obscurus (New Guinea sugarcane weevil); local species: Cylas
formicarius (sweet-potato weevil), Hypomeces squamosus (gold-dust weevil),
and Sympiezomias cribricollis (gourd-waist weevil)). Using the same strategy,
we also were able to discriminate two weevil species of the same genus, namely
R. obscurus and the Asiatic palm weevil R. lineaticollis. Strategies and
technologies developed in this study can be applied to molecular identification
of other kinds of weevils of quarantine importance.
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