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Abstract [Objectives] Stophilus zeamais (Motschulsky) is a global pest of a broad variety of stored foodstuffs that is
found in most provinces (regions) of China. Many morphological features of S. zeamais are similar to those of S. oryzae, which
makes these species difficult to distinguish reliably. Since the only diagnostic features are the male and female genitalia, it is
only possible to reliably identify adults. It would be useful, therefore, to develop alternative methods that can efficiently and
reliably identify other life-stages. [Methods] Genomic DNA of S. zeamais was extracted and the ITS1 ITS2 Cytb CO
CO  genes amplified and sequenced via PCR using universal primers. Rapid identification on the basis of gene sequence
similarity was done and a DNA barcode for the rapid identification of S. zeamais obtained. [Results] S. zeamais specimens
were identified based on morphological characteristics, and the base sequence of corresponding genes obtained and used as the
DNA barcode for this species. [Conculsion] A number of gene sequences were obtained that can be used for DNA barcoding
of S. zeamais, thereby allowing the rapid and accurate identification of this pest.
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Tablel PCR primer design and itsreference

Amplification region Primer name

Primer sequence (5'-3")

References

ITSL CAS18sF1 TACACACCGCCCGTCGCTACTA Jietal., 2003
CAS5p8sBld ATGTGCGTTCRAAATGTCGATGTTCA
TS CAS5p8sFc  TGAACATCGACATTTYGAACGCACAT Jietal., 2003
CAS28sB1d TTCTTTTCCTCCSCTTAYTRATATGCTTAA
Cytb CB-J-10933 TAYGTHYTACCNTGAGGNCAAATATC Simon et al., 1994
CB-N-11367 ATWACWCCTCCTAATTTATTAGGAAT
CcO COISz-F GGGCTGAATTAGGGAATCCT Kim and Lee, 2008; Kamitani, 2011;
COISz-R  CTCCTGTTAATCCCCCGATA »2012 Corréa etal., 2016
co COIISz-F  TGCTTCAAGATAGAGCCTCTCC Corréa et al., 2016
COIISz-R  GGTTTGCTCCACAGATTTCAG
ITSL 1 min 72 1 min 40 %z 2 GeneBank F5E KK ITS1, I1TS2, Cytb,
7 7 min PCR CO /v CO /N EEFFIHEXRIER IR

14 FIBBAER ST RGEMEE

Dnastar Package

Editseq
FASTA NCBI
https://www.ncbi.nlm.nih.gov/
BLAST
ITSL ITS2 Cytb CO CO
GeneBank 16 2
ClustalX1.83
MEGA3.1 Kumar et al. 2004

2013 DNA
Kimura-2-Parameter
NJ Neighbour-Jioning
1 000
Bootstrap confidence level BCL

2 &HR59Hh
21 BEEHREE

Table2 Partial sequence associated with the ITS1,
ITS2, Cytb, CO /, CO /I of leaf beetlein GeneBank

GeneBank
Familiy Species GeneBank Gene name
accession No.
Curculionidae S. zeamais AF276518.1 ITSL
Curculionidae S. oryzae AHO011302.2
Curculionidae S. granarius EU727185.1
Curculionidae S. zeamais AF276518.1 ITS2
Curculionidae S. zeamais KX190117.1
Curculionidae S. oryzae AHO011302.2
Curculionidae Polytus KJ939357.1

mellerborgi

Curculionidae S. zeamais KX373614.1 Cytb

Brentidae Ischnopterapion KY083904.1
modestum

Bombycidae  Bombyx AB070263.1
mandarina

Curculionidae S. zeamais KX373614.1 cO

Curculionidae S. zeamais AY131100.1
Curculionidae S. oryzae KX641892.1
Curculionidae S linearis AY131102.1
Curculionidae S. zeamais AY014881.1 cO
Curculionidae S. zeamais KX373614.1
Curculionidae S. granarius M83970.1
Curculionidae Laparocerus KX551744.1

edaphicus
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4 NCBI
3 BLAST ITSL
““Y”” |TR2 Cytb CO CO
ITSL ITS2 Cytb CO

1 E F cO GeneBank (6(0)]
22 EXKKR ITSL, ITS2, Cytb, CO/, CO// GeneBank
F50453#r ITSL ITS2 Cytb CO CO
221 EHKZ ITSL, ITS2, Cytb, COI, CO/I 16 2
FHRESESHN ClustalX1.83
ITSL ITS2 Cytb CO CO 4
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Table3 Characteristicsof egg, larva, pupa and adult of Sitophilus zeamais

Morphological feature description

Developmental stage References
Egg 0.65-0.70 mm 0.28-0.29 mm

1985
Larva 2.5-3.0 mm 13 1982
Pupa 3.5-4.0 mm 1983

8 1 10 1

Adult 2.9-4.2 mm 4 1 1979

6 1980

1996
20 1997

ceye

Bl EXRREFSHHE
Fig. 1 Morphological characteristics of Sitophilus zeamais

A. B. C. D. E. F.
A. Back; B. Lateral; C. Ventral; D. Head; E. Female genitalia; F. Male genitalia.
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Table4 Nucleotide usage frequency statistics

GeneBank bp A/T AT % GC %
Gene name  Material name GeneBank No. Fragment length ~ A/T content ratio AT content GC content
ITS1 S. zeamais MH158230 1 001 0.81 54.3 45.7
ITS2 S zeamais MH158231 595 0.99 53.6 46.4
Cytb S zeamais MH156200 474 1.39 70.0 30.0
CO S. zeamais MH156201 920 0.83 66.7 333
CO S. zeamais MH156202 565 1.04 69.7 30.3
GeneBank ITSL
DNAman ITSL IT ITS2 Cytb CO CO 16
Cytb CO 6(0) ClustalX1.83
4 MEGAG6.0
ITSL ITS2 Cytb CO CO NJ 1 000
AT GC 4 ITSL ITS2 Cytb CO
Cytb CO CO AT CcO NJ
AT 70.0% 66.7% 69.7% ITSL 1T Cytb CO
GC A+T A co
T
ITSL ITS2 Cytb cO S zeamais
CO 5
S zeamais DNA
222 FHLtitkt S. zeamais
cnr ITSL ITS2 Cytb CO CO 3 lJ\ZE'—ﬁiTﬁf:\,
DNA
ITSL 97% ITS2 99% Cytb 99%
CO 99% CO 100% DNA
S. zeamais
S zeamais
99 |— AF276518.1 Sitophilus zeamais
A [TS1 Sitophilus zeamais
AHO011302.2 Sitophilus oryzae
EU727185.1 Sitophilus granarius
P

0.01

B2 SEXRFEXNEIMEHN ITSLERE NI 5 FRGEH
Fig. 2 1TS1 gene NJ phylogenetic tree of partial speciesrelated to Sitophilus zeamais

ITSL S zeamais.
Integer indicates bootstrap confidence values, and our sample, ITSL S, zeamais, is marked in solid triangle.
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AF276518.1 Sitophilus zeamais
KX190117.1 Sitophilus zeamais
A [TS2 Sitophilus zeamais
| AHO011302.2 Sitophilus oryzae
981 AF276517.1 Sitophilus oryzae
KJ939357.1 Polytus mellerborgi

—
0.005

3 SERFEXMIMOMAR ITS2 EE NI 57 F RER
Fig. 3 1TS2 gene NJ phylogenetic tree of partial speciesrelated to Sitophilus zeamais
ITS2 S. zeamais
Integer indicates bootstrap confidence values, and our sample, ITS2 S, zeamais, is marked in solid triangle.

1001 KX373614.1 Sitophilus zeamais

La Cytb Sitophilus zeamais
KY083904.1 Ischnopterapion modestum
ABO070263.1 Bombyx mandarina

0.02

4 S5ERKHEXMEOMAR Cytb EE NI 5FRGH
Fig. 4 Cytb gene NJ phylogenetic tree of partial speciesrelated to Sitophilus zeamais
Cytb S. zeamais

Integer indicates bootstrap confidence values and our sample, Cytb S. zeamais, is marked in solid triangle.

92\KX373614.1 Sitophilus zeamais
100/ 1 Ay131100.1 Sitophilus zeamais
| A COI Sitophilus zeamais
KX641892.1 Sitophilus oryzae
AY131102.1 Sitophilus linearis

Y Y —
0.02

Bl 5 SERFEXHEHIFIEN CO /EE NI ZFRGEH
Fig.5 CO / geneNJ phylogenetic tree of partial speciesrelated to Sitophilus zeamais
CO S zeamais

Integer indicates bootstrap confidence values and our sample, COl S. zeamais, is marked in solid triangle.

44 KX373614.1 Sitophilus zeamais
100 [AY01488 1.1 Sitophilus zeamais

| A COll Sitophilus zeamais
M83970.1 Sitophilus granarius
KX551744.1 Laparocerus edaphicus

——
0.02

Bl 6 SEXRFEXAEDTIHAM CO //ERE NI 57FREK
Fig. 6 CO// gene NJ phylogenetic tree of partial speciesrelated to Sitophilus zeamais

CO S zeamais

Integer indicates bootstrap confidence values and our sample, CO S zeamais, is marked in solid triangle.
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