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The brown marmorated stink bug, Halyomorpha halys (Stal) (Hemiptera: Pentatomidae), is a global
invasive species, which is native to East Asia, that is threatening agriculture in invaded regions. In
2016, this species significantly damaged the hazelnut harvest in Georgia. In 2018 there was a first
attempt to genetically study Halyomorpha halys spread in Georgia in the Institute of Molecular
Genetics (Agricultural University of Georgia). By sequencing of mitochondrial cytochrome c oxidase,
I subunit gene fragment of 65 samples spread in different regions of Georgia, was identified the
haplotype of an invasive population. In all cases only H1 haplotype that is native to China was
identified and the complete mitochondrial DNA of H. halys H1 haplotype was sequenced. Three years
later, in 2021, 25 H. halys samples from West Georgia were collected and checked the haplotype
diversity again using the mitochondrial cytochrome c oxidase | and Il subunit gene fragments
sequencing. All 25 samples of H. halys spread in West Georgia were again identified as H1 Chinese
haplotype three years later. Afterwards, the complete mitochondrial DNA of five H. halys samples
from different regions of West Georgia were sequenced on an lllumina NovaSeq 6000 Platform and
assembled by CLC Genomics Workbench 20.0.4 computer program. As a result, complete mito-
chondrial DNA sequences were identical with those from 2018 (Gene Bank number: LC579925). Only
identifying the same H1 haplotype in 2021 that is dominant and native to China indicates that new
haplotypes of H. halys have not spread in Georgia since 2018. © 2022 Bull. Georg. Natl. Acad. Sci.

brown marmorated stink bug, coxI gene fragment, complete mitochondrial DNA, Illumina, sequencing

Halyomorpha halys is a global invasive species, caused significant and extensive agricultural
which feeds on more than 300 host plants. It is  damage over the past decade. Next, it invaded
originally from Southeast Asia, namely from Japan,  Canada [1-5], 12 countries in Europe, Russia, and
the Republic of Korea, and China. Over time, it  the rest of Georgia [6]. Now it is also established in
spread and first invaded the United States, where it~ South America. Due to the significant damage that
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104

Nana Kunelauri, Tamar Shanava, Natia Tephnadze, Mari Gogniashvili

BMSB has been causing to a wide variety of
agricultural crops in the invaded countries and
regions, it poses a global economic threat for the
agricultural and horticultural industry [3]. Vast
amount of reports show that the economic losses
caused by BMSB are valued at more than 37
million USD in North America. In 2016, it also
caused serious damage to the hazelnut harvest in
Georgia. In 2014 it was found [7] that there are
significant genetic differences among native
populations of H. halys and therefore, were able to
trace the origin of US H. halys to Beijing, China.

Halyomorpha halys

mitochondrial cytochrome c oxidase | subunit gene
fragment of 65 samples spread in different regions
of Georgia [8-10]. In all cases only H1 haplotype
that is native to China was identified and the
complete mitochondrial DNA of H. halys H1
haplotype was sequenced. None of these complete
mitochondrial genomes of any Chinese haplotypes
have been described before. Using the sequence of
H22 haplotype of H. halys (Native to Korea) as a
reference, 62 SNPs, three inversions, and four one
T insertions were identified. In 18 genes of
mitochondrial DNA of Georgian H1 haplotype, 60
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Fig. Map of complete mitochondrial genome of H.halys (H1 Haplotype) spread in West Georgia.

The genetic study of H. halys spread in Georgia
was attempted at the Institute of Molecular
Genetics, where we identified the haplotype of an
invasive population in Georgia by sequencing the
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SNPs, and four insertions in two tRNA and one
rRNA genes were found. Nine SNPs resulted in
amino acid substitutions.
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Table. SNPs, Indels and repeat region in the mitochondrial DNA of H. halys samples (G2, G3, G8, G10, G186,
H1 haplotype (LC579925)) spread in Georgia

Nucleotide positions according to H22 Locus H22 H1 haplotype (LC579925), | Amino acid
haplotype of H. halys (NC_013272.1) haplotype G2, G3, G8, G10, G16 substitution
462 Gene ND2 G A V-1
492 Gene ND2 C T Syn
509 Gene ND2 G A Syn
530 Gene ND2 A G Syn
699 Gene ND2 A G M-V
758 Gene ND2 Cc T Syn
833 Gene ND2 G A Syn
1049 Gene ND2 T C Syn
1789 Gene COX1 G A Syn
1777 Gene COX1 C T Syn
3368 Gene COX2 A G Syn
3494 Gene COX2 A G Syn
3936 Gene ATP8 C T S-L
4115 Gene APT6 G A V-M
4290 Gene APT6 T C Syn
4831 Gene COX3 A G Syn
5038 Gene COX3 T C Syn
5236 Gene COX3 R A Syn
5242 Gene COX3 T C Syn
5558 Gene ND3 A G Syn
5568 Gene ND3 A G M-V
5651 Gene ND3 C T Syn
5968 tRNA-Arg T C
6077 tRNA-Asn - +1T
6233 tRNA-Phe - +1T
6371 Gene ND5 A G Syn
6587 Gene ND5 C T Syn
6771 Gene ND5 A G F-S
6893 Gene ND5 A G Syn
6941 Gene ND5 T C Syn
6956 Gene ND5 G A Syn
7006 Gene ND5 A G Syn
7134 Gene ND5 G T T-N
7847 Gene ND5 C T Syn
8344 Gene ND4 A T Syn
8383 Gene ND4 T C Syn
8527 Gene ND4 G A Syn
9546 Gene ND4L T C Syn
9833 Gene ND6 T C Syn
10116 Gene ND6 A C I-L
10356 Gene CYTB T C Syn
10612 Gene CYTB A G Syn
10617 Gene CYTB C T Syn
10656 Gene CYTB G A Syn
11019 Gene CYTB G A Syn
11046 Gene CYTB G A Syn
11088 Gene CYTB C T Syn
11779 Gene ND1 G A Syn
11791 Gene ND1 G A Syn
12129 Gene ND1 T C -V
12199 Gene ND1 A G Syn
12223 Gene ND1 A G Syn
12319 Gene ND1 G A Syn
12352 Gene ND1 G A Syn
13715 rRNA-16S G A
14199 rRNA-12S ribosomal RNA - +1T
14627 rRNA-12S ribosomal RNA - +1T
14701 rRNA-12S T C
14956 Intergenic region rRNA-12S G A
15309-15314 Repeat region - 6bp Invertion
15317-15318 Repeat region - 2bp Invertion
15382-15387 Repeat region - 6 bp Inversion
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In 2018 twenty new H. halys haplotypes were
detected in Italy [11]. Additionally, 45 haplotypes
were identified in 10 countries across the United
States, Europe, and Asia, where Greek populations
showed highest diversity followed by Korean
populations [12]. In 2021, [13] also found
haplotype diversity in China with main haplotypes
H1, H33, H22, and H3, H23, H45, N22, N40 were
the primary Japanese haplotypes detected. Unlike
the native regions, low haplotype diversity was
observed in the invaded regions where the main
haplotypes were H1 and H3. In Georgia, Romania,
Turkey and the USA only one, H1 haplotype, was
identified. Therefore, [13] concluded that there
might have been a secondary invasion from the
USA to Europe (Georgia, Hungary, Italy, Romania,
and Turkey) and then to Chile. It is likely that H.
halys originated from China, after which the
invasion took place to USA and from there to
Canada. By contrast, Europe was invaded from
multiple directions and therefore has multiple
introductions: for example, H. halys entered from
Asia directly in France and Switzerland and also
possibly through the United States and secondary
invasions in Italy, Hungary, and Greece. H157 was
found for the first time in Switzerland. The highest
diversity was identified in specimens that were
collected in Greece, where H158, H159, and H160
were unique to Greece as they have not been
detected elsewhere [13].

Analyzing the genetic structure and
composition of populations in their beginning stage
of colonization in order to trace the spread of the
species will contribute to implementing better pest
control strategies. Similarly, the reconstruction of
geographical pathways will add great value to the
management and prevention of future pest
invasions as they can be used to design effective
strategies for pest invasion.

Materials and Methods

Materials, DNA isolation, PCR analysis. 25
samples of H. halys were selected in western regions
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of Georgia: Guria, Samegrelo, Imereti, Adjara and
Abkhazia in 2021. Genomic DNA was extracted
from each specimen using a DNeasy Blood & Tissue
Kit (Qiagen, Inc., Dusseldorf, Germany) as
described by the manufacturers. Two sections of the
coxl gene (712 bp and 800 bp in lengths) was
amplified using the primers given in [14], which was
modified according to complete nucleotide sequence
of H22 haplotype mitochondrial DNA (GenBank
accession number NC_013272.1) [15]: For the first
coxl gene region: Forward,

5 - ATTCTACTAATCATAAAGATATTGG - 3
and Reverse,

5 - TAAACTTCGGGGTGCCCAAAGAATCA -
3" and for second coxl gene region: Forward,
5 - TTGGGCACCCCGAAGTTTAT - 3 and
Reverse, 5'- ATGAATGTTCGGCTGGAGGT - 3.
PCR was performed using the following cycles:
95°C for 5 min (initial denaturation); 34 cycles at
95°C for 30 s, 45 to 50°C for 30 s, 72°C for 30 's; and
72°C for 5 min (final extension). PCR products were
analyzed using 1.5% agarose gel electrophoresis.
PCR products were sequenced on Applied
Biosystems 3100 or 3700 genetic analysers at the
Laboratory Services Division of the University of
Guelph (ON, Canada). Consensus files were aligned
using Clustal X 1.83 [16]. For detection of SNPs and
insertion the Mafft and Blast software programs
were used [17, 18].

DNA library preparation, sequencing on an
illumina novaSeq 6000 platform. Construction of
5 shotgun genomic libraries and sequencing on the
NovaSeq 6000 was carried out at the Roy J. Carver
Biotechnology Center, University of Illinois at
Urbana Champaign (UIUC). The shotgun genomic
DNA libraries were constructed from 50ng of DNA
after sonication with a Covaris ME220 (Covaris,
MA, USA) to an average fragment size of 400bp
with the Hyper Library Preparation Kit from Kapa
Biosystems (Roche, CA, USA). To prevent index
switching, the libraries were constructed using
unique dual-indexed adaptors from Illumina (San
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Diego, CA, USA). The individually barcoded
libraries were amplified with 6 cycles of PCR and
run on a Fragment Analyzer (Agilent, CA, USA) to
confirm the absence of free primers and primer
dimers and to confirm the presence of DNA of the
expected size range. Libraries were pooled in
equimolar concentration and the pool was further
quantitated by gPCR on a BioRad CFX Connect
Real-Time System (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The pooled, barcoded,
shotgun libraries were loaded on a NovaSeq SP
lane for cluster formation and were sequenced for
150 cycles from each side of the DNA fragments.
The fastqg read files were generated and
demultiplexed with the bcl2fastq v2.20 Conversion
Software (lllumina, San Diego, CA, USA).

Assembly and annotation of complete mito-
chondrial DNA. Reads were assembled into mito-
chondrial DNA molecules using the CLC Geno-
mics Workbench 20.0.4 computer program
(QIAGEN). The contig was aligned to the reference
mitochondrial genome sequence using BLASTN
[18].

Results

Two 712bp and 800bp regions of the coxl gene
were amplified from 25 H. halys specimens from
West Georgia. Only Haplotype H1 (Native for
China) was detected in West Georgia as it was in
2018. The complete mitochondrial DNA was
sequenced, assembled and annotated of five H.
halys samples for the different regions of West
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Georgia: Guria, Samegrelo, Imereti, Adjara and
Abkhazia (Fig.). Using the sequence of H22
haplotype of H. halys (GenBank Accession humber
NC_013272.1) (Native for Korea) and H1
haplotype (GenBank accession number LC579925)
as references, 62 SNPs, three inversions and four
one T insertions were identified. 60 SNPs, four
insertions in two tRNA, and one rRNA genes were
found in 18 genes of mitochondrial DNA of
Georgian H1 haplotype. Nine SNPs resulted in
amino acid substitutions. Detection of SNPs
revealed many other polymorphic sites besides COI
gene, allowing these sites to be used to detect new
haplotypes. The mitochondrial DNA of H1
contains one repeat region 15182-15473. The
sequenced samples were identical to H1 haplotype
samples from Georgia that were sequenced in 2018
(GenBank Accession number LC579925) (Table).

In 2018, it was our first attempt to study the
genetic diversity of H. halys that was spread in
Georgia. In 2021, we replicated the study to see if
we could identify the invasion of different or new
haplotypes. As a result of our later study, we found
that all the samples collected from the Western
Georgian regions belong to H1 haplotype.
Therefore, it seems that new invasions have not
taken place since 2018.

This work was supported by Shota Rustaveli
National ~Science Foundation of Georgia
(SRNSFG) and the National food Agency of
Georgia (grant number: NFA — SRNSFG-18-403).
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deaemgzegemeytio 3969035

UsgdsMmggermdo 3530 3gwrgdeo Halyomorpha halys (Stal)
(Hemiptera: Pentatomidae) 353¢rm@0o30lL bggabogoo

00096¢08035305 do@mdmbo®omwo ©bad-ols
03563030930mMd0m LHyolo 0EIbEH0R0 353006 Lsdo

ol 8990y

6. 3mBgeom®o’, m. Bsbsgs’, b. 3gxbsdy”, 3. amabosdgowo’

“BsgsB039¢l 5g@BsGeycmo @6039HLoBIA0, Feremg379ceBHo 3969¢9030b 0bLBHOAZIH0, 0Bogrolo,
bsgs®orz9¢m0

(Hom0m©p 9600 53509300b §i93¢M0L m. dgBodol doge)

sbormmo go@emlsbs, Halyomorpha halys (Stil) (Hemiptera: Pentatomidae), sGol aeomdsgre®o
0635%0®o Lobymds, MmIgeog dmbgd™mogos s@dmlisgemgo sH0sdo. ol Lagmmbgls vddbols lime-
ol dgMbgmdsls 0bg5Bov® Hgaombgddo. 2016 Fguols 53 Lsbgmdsd Lsg™AbMdEsE sBosbs mbo-

@0l 3mbsgsgro bagsMomggermdo. 2018 gl bads®omggummBo 4s3M3gwrgdmeo H. halys 39b9¢&0-
37900 9M535ex39Mmm36900L Tglfjsgerol d3Iwmds 0gm LsgsMmggurmls saMsMvmo Mbogg™bio-

A9EoL dmeg3me®o 39693030L 0bLEOGMBHOL MsdMMmSGMM0sdo Bzgbh dog®. LagsGomagwmls
Lbgsslibgs Hgaomblo 93039 gdmeo 65 bodm8ob dodmdmbomommo godmdmhmad c mgioEsbs
I bmRgOMgMEol 3gbol BMsadgb@ol msbdodggmmdom, 3sd3mgzmobs 0bzsbowMmo 3m3wemms-
300l 3s3m@o3do. yzgers 8g0mbggasdo 0Egb@oxozomgdumo ogm dbmmmep Hl 3s3gm@osdo,
6Hmdgeog 3Mbgdmogos bobgmdo s Bn339b0Mgdmen 0dbs H. halys-ol H1 3s3enm@odols Lrvymo
do@mgmbomormo 3. bsdo fierol 9g0cga, 2021 Fgmb, slisgugom bsgsdmggermdo dgacmmgg-
3 0gbs H. halys-obs 25 60330 3s3@m@03900L IMsg35ea3gmem3zbgdol bywabams glisdmfjigdws
(Bomgmbo®omwo 3o@mIMmma ¢ mdbos®sl I s IT §3gsbsgmaxol agbol BMmoadgbdgdol 0rsb-
000¢0g3MdOL 3sd3mygbgdom). H. halys-ols masbmmogg bodmdo, GBmdgmos @slisgergo Logsto-
300m30s #53MEIMgdYmo, Bsdo fferol 99gy 33esg H1 Bobm®o 3s3emEodo s0dmBbs. sdol
8990092, ©3L53egm LagdsMmzgermls Lbgsslibgs MGgaombosb H. halys-ob byymo bodwdol LEHwymo
do@mgmbomonmmo ©bd ©s3sligzzgbomgo> Mumina NovaSeq 6000 3¢ro@EmMIsby s 535ggom
3M3309EgMvyemo 3GmyMmsdols (CLC Genomics Workbench 20.0.4) bs8v5¢rgd00m. 390099560, lGvyemo
o mgmbo®onwo bd-ols 0s630dg3Mmdgdo 2018 fiewols (LC579925) 0@9bdmto ogm. dbm-
@wmE 2021 §awb 03539 H1 353¢rm@Eodol 0gb@ogozotgds, Mmdgwog ©mdobsbdo s 38md-
o005 BobgmTo, 30m0mgdL 0ds%Y, HMA H. halys-ols sbogro 3s3em@H03g00 Lsgdsmoggemdo

2018 fem0osb 56 gog3dEgmgduas.

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 3, 2022



Re-ldentifying Halyomorpha halys (Stal) (Hemiptera: Pentatomidae)... 109

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

MacLellan R. (2013) Plants and environment brown marmorated stink bug: a potential risk to New Zealand.
Surveillance (Wellington), 40(1): 34-36.

Nielsen A.L, Hamilton G.C. (2009) Life history of the invasive species Halyomorpha halys (Hemiptera:
Pentatomidae) in northeastern United States. Ann Entomol Soc Am. 102(4): 608-616.

Leskey T.C., Nielsen A.L. (2018) Impact of the invasive brown marmorated stink bug in North America and
Europe: history, biology, ecology, and management. Annu Rev Entomol. 63: 599-618.

Wiman N.G., Walton V.M., Shearer P.W., Rondon S.1., Lee J.C. (2015) Factors affecting flight capacity of
brown marmorated stink bug, Halyomorpha halys (Hemiptera: Pentatomidae). J Pest Sci. 88(1): 37-47.

Lee D., Nielsen A.L., Leskey T.C. (2014) Dispersal capacity and behavior of nymphal stages of Halyomorpha
halys (Hemiptera: Pentatomidae) evaluated under laboratory and field conditions. J Insect Behav. 27(5): 639—
651.

Vandervoet T.F., Bellamy D.E., Anderson D., MacLellan R. (2019) Rapping for early detection of the brown
marmorated stink bug, Halyomorpha halys, in New Zealand. N Z Plant Protect. 72: 36-43.

Xu J., Fonseca D.M., Hamilton G.C., Hoelmer K.A., Nielsen A.L. (2014) Tracing the origin of US brown
marmorated stink bugs, Halyomorpha halys. Biol Invasions, 16: 153-166.

Gogniashvili M., Kunelauri N., Shanava T., Tephnadze N., Beridze T. (2019) Identification of Halyomorpha
halys haplotype’s spread in Georgia by mitochondrial DNA sequencing. International Conference: BMSB
(Halyomorpha halys)-Global Challenge International Experience and Best Solutions, Thilisi, Georgia.
Gogniashvili M., Kunelauri N., Shanava T., Tephnadze N., Beridze T. (2020) Identification of Halyomorpha
halys haplotype’s spread in Georgia by mitochondrial DNA sequencing. International Plant and Animal
Genome Conference (PAG XXVIII), San Diego, CA, USA.

Gogniashvili M., Kunelauri N., Shanava T., Tephnadze N., Beridze T. (2021) Complete nucleotide sequence of
the mitochondrial DNA of Halyomorpha halys (Stal) (Hemiptera: Pentatomidae) specimens collected across
Georgia. Advances in Entomology, 9: 113-121. doi: 10.4236/ae.2021.93010.

Cesari M., Maistrello L., Piemontese L., Bonini R., Dioli P., Lee W., Park G.G., Partsinevelos G.K., Rebecchi
L., Guidetti R. (2018) Genetic diversity of the brown marmorated stink bug Halyomorpha halys in the invaded
territories of Europe and its patterns of diffusion in Italy. Biol Invasions, 20: 1073-1092.

Le W., Guidetti R., Cesari M., Gariepy T.D., Park Y.L., Park C.G. (2018) Genetic diversity of Halyomorpha
halys (Hemiptera, Pentatomidae) in Korea and comparison with COI sequence datasets from East Asia, Europe,
and North America. Florida Entomologist, 101(1): 49-54.

Yan J., Pal C., Anderson D. et al. (2021) Genetic diversity analysis of brown marmorated stink

bug, Halyomorpha halys based on mitochondrial COl and COII haplotypes. BMC Genome Data, 22, 7.
https://doi.org/10.1186/512863-021-00961-8.

Folmer O., Black M., Hoeh W., Lutz R., Vrijenhoek R. (1994) DNA primers for amplification of mitochondrial
cytochrome ¢ oxidase subunit | from diverse metazoan invertebrates. Molecular Marine Biology and
Biotechnology, 3: 294-299.

Lee W., Kang J., Jung C., Hoelmer K., Lee S.H., Lee S. (2009) Complete mitochondrial genome of brown
marmorated stink bug Halyomorpha halys (Hemiptera: Pentatomidae), and phylogenetic relationships of
Hemipteran Suborders. Mol. Cells, 28: 155-165, DO1/10.1007/s10059-009-0125-9.

Thompson J.D., Gibson T.J., Plewniak F., Jeanmougin F., Higgins D.G. (1997) The CLUSTAL_X Windows
interface: flexible strategies for multiple sequence alignment aided by quality analysis tools. Nucleic Acids
Research, 25: 4876-4882.

Katoh K., Rozewicki J., Yamada K.D. (2019) MAFFT online service: multiple sequence alignment, interactive
sequence choice and visualization. Brief Bioinform. 20(4): 1160-1166.

Altschul S.F., Gish W., Miller W., Myers E.W., Lipman D.J. (1990) Basic local alignment search tool. J Mol
Biol, 215(3): 403-410.

Received July, 2022

Bull. Georg. Natl. Acad. Sci., vol. 16, no. 3, 2022


https://doi.org/10.4236/ae.2021.93010
https://doi.org/10.1186/s12863-021-00961-8
https://pubmed.ncbi.nlm.nih.gov/?term=Katoh+K&cauthor_id=28968734
https://pubmed.ncbi.nlm.nih.gov/?term=Rozewicki+J&cauthor_id=28968734
https://pubmed.ncbi.nlm.nih.gov/?term=Yamada+KD&cauthor_id=28968734

