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Varroa destructor mediated transmission of Morganella morganii
between Apis cerana and Apis mellifera
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Abstract [Aim] To investigate whether Varroa destructor could mediate the transmission of Morganella morganii between
Apis cerana and Apis mellifera. [Methods] In the same geographical area of Jiangxi Province, V. destructor mites were
collected from adult worker bees of A. cerana and A. mellifera and their DNA was extracted for metagenomic sequencing.
Based on sequencing data, phylogenetic analysis, principal component analysis, and ancestral component analysis were used to
evaluate genetic diversity and gene flow of M. morganii between the two mite populations. [Results] Phylogenetic analysis
indicated that a subset of M. morganii collected from A. mellifera colonies clustered with M. morganii from A. cerana colonies,
indicating inter-species transmission. Principal component analysis also indicated overlap between M. morganii from A.
mellifera colonies and that from 4. cerana colonies. Ancestral component analysis revealed that over half of the samples had
mixed ancestral characteristics, and that the proportions of ancestral components in 4. cerana and A. mellifera samples were
similar. [Conclusion] V. destructor mites mediate the transmission of M. morganii between A. cerana and A. mellifera honey bees.
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AR MG LIRS i ( Peng, 1987a, 1987b;
UGS SO, 2024 ), SRTTH 20 TSI FUIE S
FEVHE Y Apis mellifera J5 it GEY H, BE A
S BRI e ELRE R 1) A A L (2 SC 0
HWE, 2020 ). bR EEFAEEEFS, AR ET
TR B ORL BRI A MR L, B R AR i T
SRR LR 5% F ( Rosenkranz et al., 2010 ),
LI AL RR A, BT Eb e i 3 A0 45 2 4 5 i
%7 ( Deformed wing virus, DWV ), $&R4) %
3 ( Sacbrood virus, SBV ). o %8 i BRI B
( Acute bee paralysis virus, ABPV ), PI31) 2k
JRIERE R (Israeli acute paralysis virus, IAPV ),
T K R E W ( Kashmir bee virus, KBV ) DA
e N8 M % B4 JRR L9 75 ( Chronic bee paralysis virus,
CBPV ) % (Chen et al., 2014; FIh%E, 2019; 5K
TG, 20205 FCRAEE, 2022 ),

DWV X # e f B JL R, S
U LR SRR IR IR | IR L A2 SRR A I IR
R, HISS R ) SRR T, B0 ke rkiE
FERIRAY EER A (T IRIEAE, 2020 ), DWV
) A% 9 0 T v AR LG , VA BLIE R, DWV
i NG, SRR . A A
F, e AR AOE K (%, 2016 ).
UG A% 5 i 14 RS LU W IR 0 | AR ik (s
) AR EIS L, A FEUERIET. ( Brutscher
etal., 2016 ), BLAh, FUEEATHCEFT NAS Br ool 55
EWEN RS, HIHE 5 (Ryabov et al.,
2014 ), %W R BRAT N BARA B T 15 BR R
MK, EIBEE T ORI RES AR, b T o) 1%
DR 2K 30y Bl B AL T R BRI P R AL N B T
12 ( Posada-Florez et al., 2021 ), K1, FLE#HH)
FHEMIKMAE T DWV ATRF o, HHN
— A X IR R ) e AR A T B A R M R R
FEIR R FER R Z — (Mockel et al., 2011;
Martin et al., 2012 ),

FEAH TR M B A6 5 T, LA 2 25 o i e
s L 240 TR 1 B LA S BRI , Bk P T
P S TEBUR A HG BT ( Pseudomonas )
B JF A ( Spiroplasma ) 55, X SLAN B 7E Ho il
FIRE 7 4123 3594 K5 i ( Hubert et al., 2015, 2016;

Pakwan et al., 2018 ), T MK LI 1A P 43 B
HE — R JH T oA B % 1) 00 A0 T —— P AR IR
Morganella morganii, KR, ZHHA K
AR ) - A 215 /> 200 T 20 BV AT A G O 4 e
1) B R TP 5 RS 30% BB T il i 9L AR
PRIC AR AYIEB BRSCE , DS, BEARICTA T
VR I e A A e A T A B . SR, %
TR ST BE RS 72K T BU i 5 % e 2 ] S B0 ] 446
IR e e 0 A 49 20 K S0 T 1) 2R B R A 3R 3
92.10%, T # S 4% P 2K 30T BL S 147 24 1 B e )
R AR5k 68.49% ( Chen and Huang,
2025 ), {EABRIERER S 516 3 H 2 5
o N, Pk UL [7) e Ao ] A S RS A0 5 AN iy
B 33 Ay PR AR TG T A5 JE A ] — 1 B DX
TRAS 1) 37 (0 7R J7 48 8 15 04 O 2 0 22 ) 58 AL 4
B T4 SR, HRTSC T2 FLh 2 75 L E
A B AR IR T 1 2R VY 5 8 e e Ao 1] 37 2 ) IR 3
MANTEIT o BT I, ABFFERE T IUHRE &
-5 BE AR TR 7 e A ] ) RH AL

1 #R5AHE

1.1 IKHrE i

ARHIF 5 3 BT PR AR M A4 S 4 o -l DA
IR T W 5V 0 1) AT T AR SR SR Ak
TUlEREAS , 3 THERT5 15 Hllh, Hh AR5 &gk
Twh 6 H, PEEERTER o H (£ 1), Irfd
KA PUAHE Y38 BRI | I 2R BRI o
PR R DL L BRI IS Y. b5, {1 MagPure
SoilDNA KF Kit AR ¥ T4 {1k 1% 25 2R M HA
BAK P BOIE 4 DNA, A Tllumina

S

Novoseq 6000 /71~ 15 747 =y il T .
1.2 ERRKEEESFIEX5HEE

X EEAR TR 2% N 4] ( GCA_044772875.1_
Mmor CYJ1 genomic.fna ) #ATRG[#)#H:.
bwa index 3. BWA &3], FfH|H Picard Tools
i Create Sequence Dictionary A= i 51 7~ L SC {4

(Lietal., 2013 ), TEMEERE |-, >R JH BWA-MEM
SRR A B ) AL 5 A 2K S P SR U 51 14 3L
Ui SO S EEAR IR B 2 25 SRR A A T LT, 38
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Table 1 Specimen collection for Varroa destructor on Apis cerana and Apis mellifera
\ ; il - iy
FEA 44 FR Sample name KU Source H&%E‘IE (A-H) W%iﬁ]‘”“ _
Collection time (month-day) Collection location
Apic_c-1 R A. cerana 6-22 LR R 2
Jiangxi Agricultural University
Apic_c-2 R A. cerana 6-22 LR R 2
Jiangxi Agricultural University
Apic_c-3 KRIT#E W% A. cerana 6-22 TLPEAR L R 2
Jiangxi Agricultural University
Apic_c-4 KRIT#E W% A. cerana 6-22 TLPEAR L K2
Jiangxi Agricultural University
Apic_c-5 RITHE W% A. cerana 6-22 VLP AR K2
Jiangxi Agricultural University
Apic_c-6 RKITEY A. cerana 6-22 TLPEAR L K2
Jiangxi Agricultural University
Apic_m-1 Vi )7 %W A. mellifera 5-22 TLPE AL K2
Jiangxi Agricultural University
Apic_m-2 P 7 % W A. mellifera 5-22 NS N
Jiangxi Agricultural University
Apic_m-3 P 7 % W A. mellifera 5-22 NS N
Jiangxi Agricultural University
Apic_m-4 ViJ7 %% A. mellifera 5-22 IANLp NS
Jiangxi Agricultural University
Apic_m-5 ViJ7 5% A. mellifera 5-22 JANLp NS
Jiangxi Agricultural University
Apic_m-6 VT B A. mellifera 5-22 DALY e =
Jiangxi Agricultural University
Apic_m-7 P B A. mellifera 5-22 DALYy =
Jiangxi Agricultural University
Apic_m-8 V)7 8% A. mellifera 5-22 LA R
Jiangxi Agricultural University
Apic_m-9 V)7 8% A. mellifera 5-22 LA R

Jiangxi Agricultural University

if bwa mem fig A BURE LR SAM U RIS
SAM SCHA RS T R RE AL B < 1 SEd ] Picard
i) CleanSam [ A% 207 H BOCIE AT YL 5% 5

F 5 dH SortSam 4% A A brf BHET ; S5
i Add Or Replace Read Groups 8 /Il 5% 24 ) 52
BAfFE R, WAESUEFFR RG LB, T F 1 RG
PL. FEASHRIN RG SM %%, Jii | Mark Duplicates
Fric PCR ¥ Bk v AL G P81, Jfd i
BAM SCF KR PO fabn . BB Azt
SEEANFERY BAM SCHE, Ffifid samtools index
ARG LS B # 5 7] ( Danecek et al.,

2021 ),

1.3 ETHEEAEUEHFRTEENTES EEN%
SRR AR A

s SR BER Pl GATK. Haplotype Caller
T.H., ifijd GATK Combine GVCFs i g HEA
) GVCF XA I % —M GVCF 84,
FIFH GATK Genotype GVCFs #EATHEE I 4
B, WA SRR G R RGN N 2 4, &
RIEHRITECH 12 4>,

MAEIER VCF X GATK Select
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Variants &[]0k LA R 2 SN 5, B TE AL L5 H) 2B B B A LR E 55— 3k

J5 %l GATK Variant Filtration $E47 R 18,

BB FTREEE 30, pricffBisAiss ( Brouard

et al., 2019 ), FIH Plink T H it —4 R4

il 1 e/ NI R B 0.05, e Kk

PRI ALE A 0.10, FAHEUE B VCF #%

K, R ARVFEEE R ORISR AR
(Purcell et al., 2007 ),

1.4 HEBDH

2R M 1IQ-TREE #AF AT RAISATE &
45k B, [ Model Finder Plus .32 [ 33k
PR R UB AT T PF4h ( Nguyen et al., 2015 ),
P figtree & treefile 304, LA midpoint 2
WRAEE, BRHEFEE, RELE IR, R
7 % R TR G ( Apis-c ) VG 5 B4 Ok E Ik
( Apis-m ) FIFEAS SR FIE B T AN BH B AN [R] 79
HERRE, R ENTZEAE R E WL 1.

1.5 ERKEERS S

i F PLINK 345 VCF % 28 1 22 R R B0
AT RG89 07 . ] plink T. B/ make-bed %4
F4m AW VCF SCIF 48 — 3] PLINK 482X,
Az bed. bim Al fam 3 ANJF L5 HT TR S,
TEM R T S allow-extra-chr S50 LA % IE
BRI R G5 RS E o BES B TR R —
HERI SCRAT FE 0530, 3t pea SEPRET
10 ERSY, RGOS AMARALFRAY eigenvee U
FEFIEE Y eigenval SC4:

TE R IEF AP T4 R 3 8 5l AL, XF
eigenvec LR BEHR R ID. MK ID F1 3
ST A4, R AR PR RRAE (AT 5 A
)7 22 MR 73 L o SR ggplot2 A iEAT Al LAk
BB, PSS — . 8 i E R AL b
FRB o 2005 B2 A &, i stat_ellipse
PROBL IR B level=0.95 % i 95% B 15

( Wickham, 2011 ), i geom_text_repel PRZL
SEIRE AR ZE R REAR I, [RIEAE AL bRl A 25
HARE T R

X B o W a5 AT AT B, WFFEAEAR

53 (PCL) M8 = Em (PC2) 3 ilff ks 1A
WAL Y 23.83%F1 21.03%, Zit TRk RIAF
44.86% , 7% BH K 9 /1> 248 32 R 605 A 1 b 2 B AR 7 [
[ fL 25 5¢ .

1.6 {HERS S

TERER B AL = i h B e BT 8 as =X
PRAEACALEE, (] LEA jfid vef2lfmm pRECK
VCF U4 LEMM A% X Bl 5 1 TR AC bR
RAFREEL, JEIL AT VCF UL EB (S BAREE
AR B FRYNER . TERFIRSSHHEWTRY B, R
HAEMIE N 2% H K (Number of ancestral
populations)=2-8 f) CV error, &¥ K=3 K} CV
error | FEET AR, TR SCHHAL K=3,
Sk AE 00U B g, T 2 IR EE R
PAPPAR B R RS S 1

FESGRALBEERTY, K0 Q HMESHA
PRIRAF A TRE A, ST AR 5 AH 58 A3 1R R G
o LA, RIIRG LT b
w B AARHE T ik, IR A S B X R AR
HEATERTHES ], A BUREAARZE R I

2 EHEREHH

21 ETFEEEUEHRTEHERRE RS
EEOH

ZEIER AN L3R4S 15 0 2k 307 R B A
(ZRJTHEIERIE 6 1y, VT s WkIE 9 1) A

OB . A REARR R 2B (Raw reads )
214 2.02x10° 4%, Zeaed s M S EEMR I 1 2 % 3
I LU XTI, A FEAS I LR A T 0.04%-
0.68%2 [H]

REKRBWIHT BN, IR7 8% 500 7 i
RGBT FLBFEA SR IR T 2 A F2E5 32,
W3 VE e T A (40 Apis_m-4 il Apis_
m-8) JERREFEH RN, MERELERITE
B FLIEAEAS X B 1 W Al SR R
B, BT PO A AN [R) e o (0] A 32 A8 S 3800 T Al
MIEEAR [T & A T e LH% 55 m (& 1),
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.................................................... Apis_c_l

B1 EFFRAEESEAEENTRHBETHERREMENREZLER
Fig. 1 Phylogenetic tree constructed based on Morganella morganii carried by
Varroa destructor of Apis cerana and Apis mellifera

Apis_c-1-6 A7 LA, Apis_m-1-9 S P47 88 FLA A 13 [
Apis_c-1-6 denotes mites derived from A. cerana, while Apis_m-1-9
denotes mites derived from 4. mellifera. The same for Fig. 3.

22 RETREEEHERRKENBESEIN

AL R o AT 1 — 25 R S T Ak 0T B A AE
AN [F) 6 o () 1) S0 B 3 B80T L 110 B AR [ B &
AT R LR SRR . BB —F kbR (PCL) i
P 23.83%I1 48 55, 2 — AR BR( PC2 )i 21.03%
FIAE S, IR R 95% B X Im) (& 2), WA 2
A LU 3853 7R 4 5 8 0 2K 0 BL B E A 7 A A
23 (Al B, R W EEAR [ R A VR 45 H A7 1
FHRIE, PRI REFAAEETE B16HE. 7€ PC1 5
PC2 ML L, RS WA R AL R
T PG 7 28 B RE A A A AU A0, SR, &84
VT B REA (41 Apis_m-4, Apis m-8 ) 7£ £/,
G323 A R A7 8 e T AR S R AR T, X —
Oy ARG R | O RE A [ R AR [ PR AV 45 4 L
AR, S EEAR EQ TR 1 5 1 2 2SI PR it T R A
L2 E IR

23 REREEEHERRKEELHS S
X 7R G 77 e AR S K B B A 485 7 ) EE AR G

AT AL LA 73T, Z52R Won B R B A A
EPURA e (8 3), EREERME,

1.0}
:\; 05+ n}-S m\2
o A
(=} m-9
— m-3 c=1m-4 m-8
Q 0 E_;-/ 4e-5
8 m-1 c-6
ot m-éx 3
_05 r Km 7
_10 C_1 1 1 1
-0.8 -0.4 0 0.4

PC1 (23.83%)
B2 ETHRAEESEAZENTRE
BHEHERKENERS DN
Fig. 2 Principal component analysis (PCA) diagram of
Morganella morganii carried by Varroa destructor of

Apis cerana and Apis mellifera

Hh c-1-6 Sy 75 7 i FUM A,
m-1-9 g P4 77 S 06 FUIH A8 o

c-1-6 represents mites of 4. cerana, and m-1-9

represents mites of 4. mellifera.
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M Popl &K1

M Pop2 FffA2

B Pop3 A3

BEABE S5 Population structure (K=3)

=} (=} —
=) o) (=]
I I

AL M4 AR Ancestry proportion
S S
N -
I I

:) vy 9 % y y Q\ c:»; c:'\, ob m» b~
§FEFES 8 ‘{9' AR A S S A

0 |"|‘||||"|l||||"|‘||||"|||

FEZR ZFR Sample name

3 EBETFTEHEAER Apis cerana ST E Y Apis mellifera I RINHT Y% Varroa destructor
B EETR IR & Morganella morganii B IRE &S

Fig. 3 Based on the genetic structure analysis diagram of Morganella morganii in
the body surface of Varroa destructor of Apis cerana and Apis mellifera

Bl ARIEEACER 3 AR AL T o

Different colors in the figure represent three different ancestral components.

R 7R 75 B W 5 VY 5 R M K A LA A s
e REAR LA AL S i FE A1 X — S5 RS, Sk A
IR T W 5 VU 7 A A K S FL A A7 19 EE AR I
BRI ARSE 257, A7 eIt [ A AL S DRIy
ZEiREN BN, 2 SCRF T EEAR FR I REAS 2K
ST BLA A1 TR AR PGy B e 2 ) AT S A B

3 g
31 RGERERBHYEEEERE

RGO EWHER ST 3 3T S E AR BRI
& TR QTR 5 AR R o BRI Y AT AT
TE I AR T 73 UM B BT A AL, S 2 R 2
(] 353 1% o A B AE DR AL, 2 BON TS A
TR TFE (Razmi et al., 2019 ),

32 BEAFEATHESKE

ABEFEREALIREE A 7] — B, A7 2k
SN USSR 0} AU IS N A YIRIUE SNBSS biini:/
G ] RE IR T2 DX I8 P9 2R T 8 06 M1 04 T B B Y

TR RS BB N T A [ i

AR ] R AL 2 . DT SRy 2 30T B Ul 1) 32 7%
B 2 TR 1 R AR T B AL R B3 1 2R A BIFE s 2R

B, IRAWFREAHAT &=, A geeg
TE AR 25 55 R R RURS: , IR 1 9 D A e o ] 1Y)
AT (JA=fEs, 2024 ).

3.3 S5HEHMENENEBREHLLR

AT BLAH AT 1 EE A T R AL A I B4 1) iy

G RINURITE HA A R R G T 2 A A il
W RN g T AR A S B R U W 2 T o R A%
i AR (Rais et al., 2023 ); BT RPN B 3AE Y40
PA 45 U B AR AR (Hegde e al.,
2015 ); HEY)FF AL R AR GU A JR i H s - 4
WA LAY ( Singh et al., 2020 ), XELZEH
FL[EE A, B A W 203 1 3 A W A R

12|imﬁﬁ‘ﬁq—zﬁ?§ Ry R E B A
34 BREEE

ABIEFE SRy BT EEAR TR X — AN BT, i R
RIS SUAB AR G2 77 14 JH 1 Al 2k 307 B s 1%
7 AR o I HASBT TSR R T7 i A RS UE
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R R 7 B VR SR K Il T % A 11 JEE AR
PR Ll S LR AT AE , ok FI W 44 14 75
6] o AT B — AN YRR, FRGT A
KT FU 5 495 17 1) A B 2 W 1 AR 5 e P
B [A] 1) 52 AR RS, JFPPAN LA (1 98 B
HR R O RS, o AR A0 K S0 B A6 1 8 D 1Y
P, A Bl V)X — % 3, b S
HUFEe s
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