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Morphological and mtDNA-based Characterization of Varroa Mites
Detected in Apis cerana Colonies

Jin Myung Kim, Daegeun Oh, Yun Hui Kim, Chang-hoon Lee, Peter Nijukang Akongte,
Yong-Soo Choi, Jongwon Kim' and Dongwon Kim*

Department of Agricultural Biology, Honeybee Resource Materials Research Laboratory,

National Institute of Agricultural Sciences, Wanju 55365, Republic of Korea

'Green Bio Research Institute, Gyeongsangnam-do Agricultural Research & Extension Servieces, Jinju 52733,
Republic of Korea

m The eastern honeybee (Apis cerana) typically maintains low mite infestation levels due to its
robust hygienic behavior, which limits the reproductive success of parasitic mites. However, the
recent detection of mites in Korean A. cerana colonies has necessitated a precise taxonomic
evaluation. This study aimed to identify and compare the mites collected from A. cerana and A.
mellifera colonies using morphological and mitochondrial DNA (mtDNA)] analysis. Morphological
examination of key diagnostic characters showed no significant differences between the mites
from the two host species, with all specimens conforming to the established characteristics of
Varroa destructor. Molecular analysis of the cytochrome oxidase | (COl) and ATP synthase subunit
é-cytochrome c oxidase subunit 3 (ATP6-COX3) regions further confirmed this identification.
While the COI sequences were identical to the reference V. destructor, the ATP6-COX3 region
exhibited minor nucleotide variations (99.25~99.55% similarity). Phylogenetic analysis demon-
strated that all samples clustered within the Korean haplotype (K-type) V. destructor clade, the
predominant haplotype. These results confirm that the mites detected in A. cerana and A. mellifera
colonies belong to the same genetic lineage, suggesting a high potential for interspecies trans-
mission between the two hosts. Further studies should be conducted to evaluate whether these
mites can establish stable reproductive populations within A. cerana colonies.

Honeybee, Varroa destructor, Host, Korean haplotype, mtDNA

N B2 et al., 2007; Kim, 2022). F 409] Zof gdl= oot &

oflF7F Ee] 7ok Ao=® delA lom, tjEA o

T 7184 SollFe A AR SR g Atgel 7 2= QR Bl (Varroa destructor)2t 5=7F
A7t ololE ok 257174873 siSolth(Cox-Foster AN (Tropilaelaps mercedesae), 571787831 7]&-&-<H
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MY, 202, AR, 0|FE, o SH| L|EY, 2|84, HEH, HSH

(Acarapis woodi)?t &#A ATH(Choi et al., 2014; Kim
et al., 2019). Varroa%2] —Zr_QL TO == V. jacobsoni, V.
destructor, V. underwoodi 2 V. rindereri?} =Tl (Rosen-
kranz et al., 2010), B8-3-MN (V. destructor)= 7 A|A X0
2 Busis oYl e Q¥ Fo FAHoR Rugh

-3l (V. destructor)= % 6712 haplotype®] H1 %]
o] Q.o FFEH (Apis mellifera)?l 71/ oh= BH-S-f
+= Korean haplotype (K-type)@} Japan-Thailand haplotype
(J-type)°ltt. ©] F K-type= A AlAlol| FH LI5HA] H2E
Sk BHH, J-type> OFAloF A of] AlRtA o7 FExsh=
202 Bt (Anderson and Trueman, 2000; Park
and Lee, 2004; Akinwande et al., 2012). £35] K-type= <

¥
BuEdoA w2 WA 4FE AR AHEE Hol=
haplotype © 2, o= A A4 ms) St} WA B
5o} Ik, o]2l3t haplotype 7t Aol gt 4747 1
o] oz}t tﬂgJ/H HA EX 9 7|FE Aot A3t
=2 5 °1E}(Beaurepalre etal.,2019; Lin et al., 2021).
EH-Sof] AV)F= AHEE (Apis cerana)©1 A2, 20

A|7] SHE o]% QFE-HH (4. melllfera)i—q] 715014 (host
shift)o] LAY 2 A|A| A 0.2 ZHatE] It (Oldroyd, 1999;
Anderson and Trueman, 2000; van Alphen and Fernhout,
2020; Grindrod and Martin, 2023). ©]|2{$t F24g ghate
Aratell W2 o} §5eke] e So7 Bzl Bt o

—

Fol gglog 2AZFHSITh A7)l AfEEE A
HH 7|15 A Ast= %43 (hygienic behavior) @} -5l

WAL ARtk B el 7122 Bl ol AR
o FAT TS At o= ATt (Peng et al., 1987;
Rath, 1999; Grindrod and Martin, 2023). Ji et al. (2014)=

mgoﬂoﬂ Fags: Ry ceranaoﬂjﬂ j_Et:ﬂ Ux] 14/\611531].
TE FAx Pt Yehde Halslon, o]
g kgo] Fofl A T ZFeAdS AAsIT =
T Lin et al. (2018)2 7 715 ol 88 M4 45&
St 2to] & HIsktt. o= Y7152 A. cerana ¥
Pt S5 71 V. destructor®] A 234 Al7]19F 44

S 7] Wie oz, 11 A 20| F7s] A=k A
] of o] f-3fstm HAjo] AufjstA et v FgEE
M= AE J% Z2 ol 712fo] S&5] IestA] &
of 3ol ¥4} 4550l A e, ol w2t 7l
o] @7|te] & 3] S7Ysto] Azt B+ wshE et
TH(Boot ef al., 1992; Rosenkranz e al., 2010). =] &

44

W ol whe 2 0

A =2 = SRRIE = t']":q , A&
3902 1 glo] Al e ATHE Ak
Aol THTH(Kang er al., 2012). L&} 2 =]
T AEEE oA o] EH-SoN7E AEEWA 7]
9 Qs i g ks, ol gt
A AAJA], AA = Az ol HA] 7Rt Al
AR A it Wefe Ao Baghe ojula
o}, el A LA = V. destructor= T2 K-type &= B
15|10} g0 L (Park and Lee, 2004), 715 Folut 87 X
Aol we wol7h LRt A5 S wiAIE 4 gick. A4
= 28gd= A9, 715 B 715 200 utet P A o
AoflA FoJu|et HolE B 4 ql&o] Kk Bt Qltk
(Dadgostar and Nozari, 2018). ©]2|$ Hlo]= 54 & Lﬂoﬂ
A e % glo] ehesgt ezl Banto
wRek FU4e Bshe o e}
€ Y8 519 AR U A YU 4771

v

oEL DN‘

°] %

F

Y25} ATP synthase subunit 6 (ATP6) 2 cytochrome b
(CYTB) 5] wHA7} Ed-gofl At Zh3d U #olE &
o= o] AHEE o] Lt(Solignac et al., 2005; Navajas et
al.,2010). EAQ] A2 A G Foz AX=H v,
jacobsoni7t EAAEEA B4-S 55l V. destructor= A
BREQCH, V. destructor W haplotype®] AFo] ESF Hf
5] %] 8} Tt (Anderson and Trueman, 2000; Navajas et al.,
2010). ©]2et M2 FE-Sof ALl 2RsHy F24d
7ol 21o] mDNA 718k 2Ajo] Fa3t gk
e Ayt

FEERo) 7]

20 o

2~
T

mlc
m&"

o1 % Ajehz
@A B Pe) 9 A 2
Zololl 4 Za3F o) 7P, S A e

2~

P
=

H

2 o] §04 A% R 2F 9170 e
2 ; g

]

STolA oAlE

X

L 388 AFEA gorek olEd B FAel et A
L A WA A71eh WS AR, St SES B
o] A 7|2 A2 BEE 5 gk w2 97
W B2l 247 44
SHE o A D AZ, YA do] 2 vu,
FEEA ol L 1|9 FehH E4L 91T, mDNA

AR} ATP synthase sub-

>

cytochrome oxidase 1 (CO
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M=

=

O
ofn
o

unit 6 - cytochrome c oxidase subunit 3 (ATP6-COX3) k!
o @719 BAE Sstol FU F ol g HAstuat
ahaich.

1 A= X3 o

ApEd 38
tHAcV). A2 7
FeNA A=A
o] FAlof A =L
"ofx] xIsh AUt XHEH%”*Oﬂ/\i Rl
H| W E Q5 eFE-ZlofA EE-SM (V. destructor)ys A
Hotth(Amvd). FeEES TH It Fagol
A B R B ARgstR e =
H (Kim and Jung, 2008)= AH&-ol A=t Y &

H-Sofl = 5 Leica microscope MSV266 (Leica, Wetzlar,
Germany)oﬂ A3 Tuscan Mosaic 2.2.1 Software (Tuscan,
Fuzhou, Fujian Province, China)E AHE3l 59 (dorsal
view)Z} BHH (ventral view)< &4 5FATHAmMVd, n=50;
AcV-1,n=28; AcV-2,n=75; AcV-3,n=17). TH-g°ll F&f
Z4L2 Kesik et al. (2025)5 FxsIF oW, A4 9 A=
grsto] BAZIEANe} G2 Eo 2ol Zo] B uH]

!

g5ttt

Fole ey

Y H:I

m o

2. genomic DNA (gDNA) 22| % &=
(Polymerase chain reaction; PCR)

e o] grd /A T ZF IE (AmVd, AcV-1, 2,
3ol R sute]E A¥Este] 212t genomic DNA

(gDNA)E £t ¢DNAE Wizard® genomic DNA
purification kit (Promega, Madison, WI, USA)E AHE5te]

Table 1. Primer sequences used in this study

AzEARE] 213 of| w2 =0T 2] gDNAS] 5=
4l $=T = VivaSpec Spectrophotometer (Sartorius, Gottingen,
Germany)E A&-3ll 7453t

mtDNA £4-& 9|3 cytochrome oxidase I (COI) s
S} ATP synthase membrane subunit 6 - cytochrome c oxidase
subunit 3 (ATP6-COX3) 99& BH O = o= Letoln
£ AHgotlon, etol A D2 Table 19 AIAISHHAH
PCR-> AccuPower® HotStart PCR PreMix (BIONEER,
Yuseong-gu, Daejeon, Republic of Korea)S ©]-&3f & ¥H-&
o 20 uLoll A =5kl o™, 7} Hh-gofl= 50 ng 2] gDNAS}
10 pmol&] Zeto|HE ARE-SFITE PCR Z71-2 94°CO]|
A 5EZF 27] R4 F,94°C 30X, 55°C 30%, 72°C 45%
= 35ﬂ HEESEAL, 72°Co A 53t 2F Al T
/ﬂ' 2 1% agarose gel 47195

oo =
P o475 Felshnt.

ol

F O A3
S 4

1
W ¥

sl 5

o

R,

H

1___.

3. mtDNA g7|AM € 24 2 alignment

ghol=] pCR AHE

= -

2 Wizard® SV Gel and PCR Clean-Up
System (Promega)= AH8-5to] A| ALY 2 Qof wtat
A= AT}, ©]F 10x loading buffer (Takara Bio Inc, Shiga,
Japan)@t 35t | 1% agarose gelol A HIE F5E &
QI5ktH AAIE PCR AHE-2 Sanger sequencing= 15
Macrogen INC. (Geumcheon-gu, Seoul, Korea)©l] 24 2] =]
Sloict. st E 9 7] F-L BioEdit software (Ibis Biosci-
ences, Carlsbad, CA, USA)E AME-3l| AESHY & Wth
< A5} ©]% NCBI nucleotide BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) & ©]-&3ll 7| B4 Varroa
destructor <1 & (GenBank no. NC_004454.2)} H| w5}t
0]% MEGA X software (Kumar et al., 2018)°l| 4] ATP6-
Cox3 A71A9& FAFEE vEZE ol AR T

(invertebrate mitochondrial genetlc code)E A-&3l IS
gom, HAH ofu]i it NEE V. destructor FFXAE

Genes Primer sequences Amplicon size (bp) Ref. of source
cor F: TACAAAGAGGGAAGAAGCAGCC
R: GCCCCTATTCTTAATACATAGTGAAAATG 376
Solignac et al., 2005
GACATATATCAGTAACAATGAG
ATP6-COX3 818

GACTCCAAGTAATAGTAAAACC
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi

(A)

(B)

Fig. 1. Morphological characteristics and measurement scheme of V. destructor. (A) Adult female mites collected from A. cerana (left) and
A. mellifera (right). (B) Representative dorsal (left) and ventral (right) views of an adult female Varroa mite used for morphometric analysis.
Body length (BL) and body width (BW) were measured from the dorsal view. Genital shield length (GSL) and width (GSW), and anal shield
length (ASL) and width (ASW) were measured from the ventral view. Scale bars, I mm.

MEGA X software (Kumar
et al., 2018y5 A&l =3otlrt. AlSEA]-2 neighbor-
joining (NJ) 22 bootstrap= 1,0008] H¥HE-5lo] 4=
L5 P75ttt Haplotype network =4-2 TCS W
(Clement et al., 2000)= 7|5t0 2 485191 O™, PopART
software (Leigh and Bryant, 2015)& ©]|-83l] A]Zt&}s13]
o}, A olli= GenBankll 5= V. destructor K-type A4
(GenBank no. AJ493124.2, AP019523.1)% &7 V. jacob-
soni COI (MF462134) Y ATP6-COX3 (GQ387676, GQ387
874), V. underwoodi COI (AF107260) 2 ATP6-COX3 (MH
205188, MH205199) A1 8= g5ttt

46

B A4 R studio (R Foundation for statistical Comput-
ing, Vienna, Austria) S AF-&5to] =3Pt AFEEZE
TR FEAS TSR 37 ool 182 Hlash]
215 One-Way ANOVA testE 3532 H ©]F Tukey’s
HSDE fo4e A Fataict.

2

1. BE30f ¥El =4

AAEE (AcV 1,2 D 3)T FEEHAmVI)lA A&
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M=

Amvd

M

AcV-1

(A)

AcV-2

AcV-3

M Amvd AcV-1

(B)

AcV-2

<« CO/

AcV-3

~— ATP6-COX3

Fig. 2. Gel electrophoresis of purified PCR products amplified from V. destructor. Each lane represents a single mite individual. (A) Amplifi-
cation of the partial mtDNA cytochrome oxidase 1(COI). (B) Amplification of the partial mtDNA ATP synthase subunit 6-cytochrome c oxidase
subunit 3 region (ATP6-COX3). M, DNA size marker; AmVd, mites collected from A. mellifera colony; AcV-1, 2, and 3, mites collected from

A. cerana colonies.

Table 2. Morphometric characteristics of Varroa destructor collected from different honeybee groups (mean+SD, mm)

Body length Body width Genital shield length Genital shield width ~ Anal shield length Anal shield width
AmVd 1.155+£0.032 1.670£0.054 0.583+0.017 0.673+0.016 0.263+0.009 0.121£0.004
AcV-1 1.142+£0.028 1.699+£0.038 0.573+£0.024 0.740+0.019 0.263+0.011 0.124+0.006
AcV-2 1.159+£0.025 1.659+0.113 0.582+0.019 0.731+0.019 0.265+0.014 0.121+0.007
AcV-3 1.147£0.029 1.695+0.047 0.576+0.022 0.730+0.030 0.264+0.011 0.122+0.006
HSolE dnder wEStEt (Fig. 1). AER &9 WEZFERIEgeH, OF I HE Y3 H olF el
° 59 9 w9 AR Fig. 1B)S BEsto] FHhe 345t A Aol salslA) sk Fig. 2).
ATH(Table 2). S 1.142~1.159 mm HHGoH, A=

dI|MY 9l HEEM

2 1.659~1.699 mm HE|Z VERSITH 47|97 do] 9 3. mtDNA B7IME R ASEH

e = 242} 0.573~0.583 mm, 0.673~0.740 mm HHE H
. G 7‘01 2 HH]:= 0.263~0.265 mm, 0.121~
0.124 mm I 2= AWAlE 71E )0 Bty B
Soie] FERA J'ﬂ' Ho 25212 ™ (Anderson and
Trueman, 2000; Rosenkranz et al., 2010), 67} FE] A& =
TolA 18 7HAmVd, AcV-1, 2 © 3) G4 Aol
Z=| 2] 9A9kThH(One-way ANOVA following Tukey’s HSD,
P>0.05).

38
R

2. mtDNA 5% Y HI|HE

COI +747+ (376 bp) & ATP6-COX3 (818 bp) S o
Aoz 7+ & 570414 PCRS 3351t A" PCR
AHE A719F A B AlmolA o 2719 bl S5

COI 4 ATP6-COX3 B9 9] PCR 4HE<] thafl A7
2 453t} GenBank®ll 555 V. destructor] 34
< (GenBank no. NC_004454.2)1} W2 ¢t A%} cor 44
2= 100%9] A7 E DAE HEr o] ¢ Aol = ti®
MG 17H9HS ARgSHITt Y ATP6-COX3 G FolA=
A e G5 A7) 2| gho] TErE|glom | 7t T1E
A B4 57 A= 7 oA e R G714 §lol7t
sl it A4 714 E FAHEE 99.25~99.55% H T
2 UEFITH(Table 3). ATP6-COX3 oA 2] 7] Ho]
B A RE AlzoA 4091 x]9] ¢ — T A|Fo] F

Exog 3ol om 461-462H AN E ZFZAL
¥} th2 A7) Aol dFE A vreRGTHTC — CT). E3F

AlzoAE 5119 F719] G— A X 7}A17F gl
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O-ZH| LiE|, X8+, AZH, ASH

Table 3. Sequence identity and variable nucleotide sites in mitochondrial DNA of Varroa destructor

Sequence identities (%)

Variable nucleotide positions

Group
col ATP6-COX3 409 461,462 511 649

V. destructor ref.

(NC_004454.2) - - ¢ Te G T
AmVd 100 99.55 T CT G A
AcV-1 100 99.25~99.55 T CT G T/A
AcV-2 100 99.25~99.55 T CT A/G A
AcV-3 100 99.25~99.55 T CT G T/A

Variable nucleotide positions are numbered based on the full-length of ATP6-COX3 reference sequence.

AmVd: Apis mellifera Varroa destructor, AcV: A. cerana Varroa spp.

Table 4. Variable amino acid sites in the mitochondrial COX3
region of Varroa destructor

Variable amino acid positions in COX3

Group/Sequence
23 41 57 103
‘(/I\?;iz;g g g;%rﬁ Ser Leu Arg Met
AmVd Phe Phe Arg Lys
AcV-1 Phe Phe Arg Met/Lys
AcV-2 Phe Phe Gln/Arg Lys
AcV-3 Phe Phe Arg Met/Lys

Amino acid positions are based on the COX3 coding sequence translated
using the invertebrate mitochondrial genetic code.
AmVd: Apis mellifera Varroa destructor, AcV: A. cerana Varroa spp.

1o AmVd, AcV-1, 3 A&l A= o]2igt Hol7} B
2] ATt 6491 AF|OIAE AmVdel Acv-2014 T— A
2] gko] FRIE| ] 01, AcV-17}F AcV-3°4= 22 T/A B
go] et W Hol7t EH . o]F EHA 5L &
o W AR e AE2 a®t b2 B7]SH o7t 47
A4 Hol= cox3 Yol HFH] x5t eH, o
7144 ¥olof mhg cox3 T U opm|l At Ho & of
7| 2= AT (Table 4).

©]% Korean haplotype (K-type) V. destructor (GenBank no.
AJ493124.2, K1; AP019523.1, K2), V. jacobsoni, V. under-
woodi®] mtDNA sequence®} Th5 A g HJE-& 3Pl &
718 ztelg 2ASHITH iR 2 AR e cor 7
ZAHE K-typedt L G714 A& HALH (Fig. 3A), A
71 E& ol &'t AT &4 Ay GAl BE ATV
jacobsoni A V. underwoodi®} 5] TEE™ Al
K-type A4 (K1, K2)3 &7 & A5+ skt

48

(Fig. 3B). ATP6-COX3 < 7|9to 2 3t o5 A4 A E
At 77 0] Al =E K-type A G (K1, K2)T =2 FAM
= Helom, A5 9ix]oflA F7] Z|gke] LRI Slrt (Fig.
4A). AeT A At BE A= K-type A Gt -5 L3t
ABw-S P45t T2 VarroaZ Tt F2e] EalE ATt
Ot AleE Yol As At 23 T i Acv-
1b, AcV-2b, AcV-3a H AmVdE shte] 23T FA
HHH AcV-1a @ AcV-3b= K29+ HehS JAJsI . =
AcV-2a= &Y As Wl A o R 9XE B3
(Fig. 4B). Haplotype network S-4]o| A& GAlRH
SHRIE] Tt (Fig. 4C). F22] A= (AmVd, AcV-1b, AcV-
2b, AcV-3a)= SHF2] FQ haplotypes B4 .o,
AcV-2at ©|2HE & 7] Hol2 E2|H haplotype 2
2 Uebgtt, 9HA K2 haplotypeoll= AcV-1a @ AcV-3b7}
EIAE AL, K12 K29F A24-0] Ho| THA| Zpo] & H it}
A2 0 2 haplotype 1t o] GAZF A1l tfF-Eo] A=
7} AgHE haplotype©ll ZRtE] o B2 {2 Tl d& Lt
EF AT}, Haplotype network =41 A3t -85 379 71
FoRHE E AR AcV-1b, AcV-2a E AcV-3bE 4l
95to] GenBank®ll 55519t (GenBank no. PZ206364-
206366).

%

2 A= W AHHEE (Apis cerana)?t FaEH (A,
mellifera) 3-olA APH SoHE thFo =z Jefa 54
It mtDNA E4-& F35te] T 7|52 5 e HEd 288

off o] E-7otA U= B7IsAT,. V. destructor= |9

2
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L

HHEL 2 BLSMHR S ST

10 ATGGGCTCATCATATATTTACAGTAGGAATAGATATTGATACTCGAGCATATTTTACTGCAGCTACAATAATTATTGCGGTTCCTACTGGTATTAAAATTT

( A) K1 (AJ493124.2)
K2 (AP019523.1)
AmVvd

AcV-1

AcV-2

AcV-3

V. jacobsoni

V. underwoodi

K1 (AJ493124.2)
K2 (AP019523.1)
AmVd

AcV-1

AcV-2

AcV-3

V. jacobsoni

V. underwoodi

K1 (AJ493124.2)
K2 (AP019523.1)
AmVd

AcV-1

AcV-2

AcV-3

V. jacobsoni

V. underwoodi

(B) K1 (AJ493124)
K2 (AP019523)
99| AmVd
AcV-1
AcV-2
AcV-3
V. jacobsoni
V. underwoodi
—_
0.01

Fig. 3. Multiple sequence alignment (A) and phylogenetic tree (B) based on partial mitochondrial COI sequences of Varroa mites collected from
A. mellifera (AmVd) and A. cerana colonies (AcV-1, 2, and 3). Sequences were compared with Korean haplotypes K1 (AJ493124.2) and K2
(AP019523.1), together with sequences of V. jacobsoni (GenBank no. MF462134) and V. underwoodi (GenBank no. AF107260). Dots indicate
nucleotide identity with the reference sequence, and nucleotide substitutions are shown as letters. Bootstrap values (%) are indicated at the
nodes, and the scale bar represents the number of substitutions per site.

o,
o
S

Z 7o) whel 9 S20] A | 25 vehA] 39k 7Hs

A, NFE LT - 7t 2o 7} oA |
HolE HY 4= 9= Ao2 4A Slth(Akimov et al., ok olegt HE nHdle o ZF 525 HEH Sl
2004; Dadgostar and Nozari, 2018). Y Ao A= A2 7} 5Y Zof| £ Ao 2 22T 4 9l oL} T3] )
T2 2ot Btoll A A E -Soff ZHAIS] A = A A FAHIREO 2 T Aol ERE Y8 HEol
A7) FZ oA SAH SR Fogt Aol & Bt vf ¢l sty ofl= A7 Qlek Hste] 715 Foluk 2194 8
O} (Maggi et al., 2009; Kelomey et al., 2016), 2 g72] 9lo]] w2 haplotype] AFo|7F EAYSE 7154 TG A g
FH 574 A7t 7 o] 9 |u], BAZEN Zo] 9 x|, 4= glo] o] & Felsly] 9%t miDNA B8 3712 498
PRGN o] 9 YH|e] BE e x| IF T H Sh3iTh.

O3t 2ol = SRIE| 2] QhGket. 1 AtollA ghle S %] mtDNA COI 4732 & ATP6-COX3 9G-S thitoz g
= 71& B BAH Varroa destructor®] [ &7 H A7IE B4 At col A= BE FER G o
1 ol Z3t== gholtt. o] gt FEiA 2to]o] A= 5] AT oM, ATP6-COX3 FHNM= L0 |7] Ho]
= o ZhAlE TF G B3} o] 2A] A A (99.25~99.55%)7} TEE| Tt o]2]et 714 Y Hol=
e E oA 9] ol WAJo] Hlw A X|Lo] @GR A YF oAl 2|gEo & o]ojF) o1} o]ggt Blo]7} 7]



384, A5, USH

OtZ | I|E

( A) Kl (434931242
K2 (AP019523.1)
AmVd

AcV-1a

Acv-1b

AcV-2a

AcV-2b

AcV-3a

AcV-3b

V. jacobsoni

V. underwoodi

K1 (AJ493124.2)
K2 (AP019523.1)
AmVd

AcV-1a

AcV-1b

AcV-2a

AcV-2b

AcV-3a

AcV-3b

V. jacobsoni

V. underwoodi

K1 (AJ493124.2)
K2 (AP019523.1)
Amvd

AcV-1a

AcV-1b

AcV-2a

AcV-2b

AcV-3a

AcV-3b

V. jacobsoni

V. underwoodi

(©)

AcV-2a

350 GGGGCTTCTACTTTTATAGTAAGAATTGTATGTATATTACATTTGAATAATTTTTTTTTTCTTTTTTTTTCATTTTTCTTATTAATTTTAAATTTTTATTT
....... L e o v ssioms st s Sesens GRS SHSHSUS SSRN SUNHONR SSHES USRS Seste SYeRCe seke lULIEE NN SRNASISI SRS Sieke SISGRN Sies Sieses Sie SRR 9 sES
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Fig. 4. Sequence variation and phylogenetic relationships of Varroa mites based on the mitochondrial ATP6-COX3 region. (A) Multiple
sequence alignment, (B) Phylogenetic tree, (C) Haplotype network. Sequences were obtained from mites collected from A. mellifera (AmVd)
and A. cerana (AcV-1, 2, and 3), with intra-group variants indicated as a and b. Sequences were compared with Korean haplotypes K1
(AJ493124.2) and K2 (AP019523.1), together with sequences of V. jacobsoni (GQ387676, GQ387874) and V. underwoodi (MH205188,
MH205199). Dots indicate nucleotide identity and substitutions are shown as letters. Bootstrap values (>50%) are shown at nodes. Circle size
reflects haplotype frequency, and hatch marks indicate mutational steps.
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