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Abstract: [ Aim] To sequence and analyze the complete mitochondrial genome of Parapolybia crocea,
and to explore the phylogenetic position of Parapolybia in Vespidae based on mitochondrial genome
sequences. [ Methods] The complete mitochondrial genome of P. crocea was sequenced by using Illumina
sequencing technique, and its general features and base composition were analyzed. The phylogenetic
tree of mitochondrial genomes of seven vespid species was constructed by using maximum likelihood
method, and their phylogenetic relationships within Vespidae were analyzed. [ Results ] The
mitochondrial genome of P. crocea is a circular molecule of 16 619 bp ( GenBank no. ; KY679828) ,
including 13 protein coding genes, 22 tRNA genes, two TRNA genes (rrnS and rrnl) , and one control
region (CR). The gene arrangement of P. crocea is not completely consistent with the putative ancestral
sequence of insects. All protein-coding genes initiate with the start codon ATN. The stop codon of these
genes is TAA | except for CYTB and ND1 which terminates with TAG. All the predicted tRNAs show the
classic clover-leaf structure, except for the absence of DHU arm of tRNA™*“Y " The control region

contains one 18 bp T-stretch structure and two tandem repeat sequences. The phylogenetic relationships
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of seven species within Vespidae based on the mitochondrial genomes present as Eumeninae + ( Vespinae

+ Polistinae ) , and Parapolybia and Polistes are grouped into the subfamily Polistinae. [ Conclusion ]

Gene rearrangement exists in the mitochondrial genome of P. crocea. The phylogenetic relationships of

Vespidae constructed based on the mitochondrial genomes are consistent with those in traditional

morphological taxonomy: Parapolybia is grouped into Polistinae, and the relationship between Polistinae

and Vespinae is closer than that between Polistinae and Eumeninae.
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and Austin,
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J% ( Carpenter, 1993 ), 3 [ 2% H 2= 2k A4 (1982,
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Table 1 Species with their mitochondrial genomes known in Vespidae

R Fib GenBank 3¢5 23k
Subfamily Species GenBank accession no. References
PN HE 8 Parapolybia crocea KY679828 7R3 This paper
L% \F B} Polistinae SE I Polistes humilis EU024653 Cameron et al., 2008
24T Polistes jokahamae KR052468 Song et al., 2016a
W5 W Vespa bicolor KJ735511 Wei et al., 2014
1% PR} Vespinae 414 Vespa mandarinia KR059904 Chen et al., 2015
1 [E] 5 W Vespula germanica KR703583 Zhou et al., 2016
¥ 5 B Eumeninae it - W R Abispa ephippium NC011520 Cameron et al., 2008

TN FEREEAYE Parapolybia crocea T334 T
ESNQ= )| NS I i°IN L I W I i [ R T N
M)  HA E B MENE, AR
T R0 4 A B0 S R 1) e 2 b AR R PR 4, E R T 3%
TP A AR L PR 2 45 A ) T B, D o 1 5 PR 4 7K1
PRV S IR e A e Bl rh ) o Rz, R A B
R R} 6 AR LR AL R 40 42741 73 17 4% .
FLZ A RGERE R FR, W52 NG A PR 20 7K
PRSI R AR 25 TR M R 2R B RS F R

ES i iiine 2
1 MRS H®

1.1 #8

HMISFIE S Parapolybia crocea FpA~TF 2015 4F
8 J1 11 H R M A EH KT = B B AR T (31. 22°N,
108. 44°E, 34K 673 m) , RAEHAY HE A5 PR 35 F2 22 LA
PR, JE ML IX, B, E AR R
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BAIU0 S J ) e 1) SRR R PRI 2H 42 4K 16 619 bp
( GenBank %55 2. KY679828 ) , 5 [ 403 43 B iy
25l ( Wolstenholme 1992 ; Cha et al., 2007 ; Zhao et
al., 2015; Luo et al., 2016) , 5 4L AHE 37 4~3k
(£ 2) 13 DEHEA S EE A 22 4> (RNA JE[A
12 A4~ rRNA FEH (rrS Fl rel) ,i8 A 1 AFEH] X,
Hor 14 ANEEFTE N BE B gt .4 A8 1 5T g i 2
8 > tRNA LA 2 A4 rRNA BEP, i 23 A0k
e T BE gt 42 XN 1316 bp, {3 T rrnS
FEPH 5 (RNA™ LR 2 [a) o ) 53 ML 5 e 11 20 Ak
FEPRHESY 5 B HU B AR 1 458 7 91 A 58 42— 3
(Clary and Wolstenholme, 1985; Hua e: al., 2016) ,
FEAESE R EHE B 4 (B 1), Bl 4 (RNAD" 3 R A
tRNA L R AR A R S L R COX1 2 [l d s T
Pl X0 R WA CRNA" LR 37 5 2 F 0 2 )
ND1 5 tRNAM N JLIR 7 B & A T B TR AR
LR trnS2-trnl1-ND1

PO S R I ORI L b, A T AR N
B, 323 bp, Hp e K — b HE 7524 8 bp, i T
tRNA™ LD RNA™ LR 2 ], HAR K EE R 1 ~7
bp 3 B A 2 a] ) [a] i DX AT 21 4k, 2L 643 bp, KN
1 ~135 bp A%, o (RNA™ L A ND2 2 [ (1 5%
PRI e 5 A 9 Al Ay PR B HEARAE
2.2 EMBEHREENEREEAZERAEAN

BN S A e 2R A B R b, A BER
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Table 2 Composition of the mitochondrial genome of Parapolybia crocea

FHEH J5 1) BIGAE  ZIRE KN (bp) REET  REEET  ZREET 5T -ZEEMEE(bp)

Gene Direction  Start position Stop position Size Anticodon  Start codon Stop codon  Length to the next gene
tRNAT F 1 65 65 GAT 27
tRNA S F 80 146 67 TTG 14
tRNA M F 148 215 68 CAT 1
ND2 F 351 1274 924 ATA TAA 135
tRNA™™ F 1274 1352 79 TCA -1
tRNAS» R 1345 1410 66 GCA -8
COX1 F 1414 2952 1539 ATG TAA 3
tRNA e (UUR) F 2971 3039 69 TAA 18
COX2 F 3 040 3729 690 ATT TAA 0
tRNA™® F 3731 3799 69 CTT 1
tRNAMP F 3 837 3903 67 GIC 37
ATPS F 3 904 4071 168 ATT TAA 0
ATP6 F 4079 4741 663 ATG TAA 7
COX3 F 4780 5 565 786 ATG TAA 38
tRNACY F 5568 5635 68 TCC 2
ND3 F 5636 5992 357 ATT TAA 0
LRNAM: F 5997 6 062 66 TGC 4
tRNAA™ F 6 062 6 130 69 TCG -1
tRNAA® F 6 148 6215 68 GIT 17
IRNAST(ACN) F 6213 6274 62 TCT -3
tRNA Gl F 6 281 6 347 67 TTC 6
tRNA R 6 350 6422 73 GAA 2
ND5 R 6 463 8 133 1671 ATT TAA 40
LRNA"S R 8178 8 241 64 GTG 44
ND4 R 8 274 9 590 1317 ATG TAA 32
ND4L R 9 584 9 865 282 ATT TAA -7
tRNA™ F 9 923 9 986 64 TGT 57
tRNA™ R 9 986 10 053 68 TGG -1
ND6 F 10 089 10 616 528 ATG TAA 35
CYTB F 10 617 11 759 1143 ATG TAG 0
tRNASer(UeN) F 11758 11 825 68 TGA -2
tRNAL(CUN) R 11 841 11 905 65 TAG 15
ND1 R 12014 12 967 954 ATT TAG 108
rral. R 12 968 14 391 1 424 0
tRNAYY R 14 392 14 460 69 TAC 0
rrnS R 14 461 15 212 752 0
F X, Control region 15 213 16 528 1316 0
tRNAT R 16 529 16 593 65 GTA 0

F. iE[i] Forward; R JZ[f] Reverse.
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Parapolybia crocea
16 619 bp

Pl L i S 1 M R A B T 2 25 4 ]
Fig. 1

Structure of the mitochondrial genome
of Parapolybia crocea

IR RIZ TR FRRAE N B Rt , FARTERIAE T BE 1 4hd; 7
M EHEFE R A Y (RNA SER, FH B (1 S 6 R B P B0 s R
HFEBUE R EHE S 3R 8 B BT S EE R o RNA FEDI R X
The genes underlined are located on the N-strand and others on the J-
strand. The color-filled blocks denote tRNA genes, which are indicated
by one letter amino acid code of the corresponding amino acid. The white
blocks denote protein-coding genes, rRNA genes and the control region

respectively.

55.9% , 2RHAM A +T 558 82.9%,G +C
TN 1T 1% R IR A X A FD T §HE 1) i 7]
H(FR3), EETHmMIER 2K 11 022 bp, A +T
iR 80.6% ,G + C &y 19. 4% s fRER AR
A 3 ALBER S AT B A48y 90. 8%
B & T4 L A0RY 77. 4% FI5s 2 i) 73.7% o %%
RS 3 (e R Z o A BIEEL T i L I 4
FERR R H 2k A 5L PR 41 v A o 5 DL (Song et all.,
2016b), 22 4~ tRNA JLFH 53] 4K H 1 486 bp,
A+TEEHR86.1% . 2 4~ fRNA JEH 4K H 2 176
bp, A +T & H486.3% ., il X JFHKE N 1 316
bp,A +T %54 88.3%

B S5 1 M SRR S DR 2 22 )7 91 1 AT )
HIEAE (0. 046) , GC A A A ( -0.307) , F W]
KIAF5)H A BEER C e Al S ®&S T T
BRAERN G B, 5 KR40 B R A Zobr (A B TR 4 AT/
GC fRA—5(Wei et al. , 2010) . & 1 45 5L
) AT i &4 11 (- 0.120% ) . GC i &} L o 11
( =0.015% ), Hop 4 F J 4 14 9 A8 5 4 il
LA AT AT GC i #HA A 7, N 85 4t iy 4 4>
HE AR AT AR 7, (RNA JE AT f &k 1,
rrnl, Fl rrnS LR AT i &R 11, GC A &L 4 24 1E1H
(#%3).

R3 ENRERELRIEERAZTRAN

Table 3 Nucleotide composition of the complete mitochondrial genome of Parapolybia crocea

L 1 T C A G A+T G+C AT R4} GC fRat

Gene sequences (%) (%) (%) (%) (%) (%) AT-skew GC-skew

4 HEH 2 Whole genome 39.6 1.1 43.4 5.9 82.9 17.1 0.046 -0.307
H I TEHIBILPF Protein-coding genes 45.2 9.8 35.5 9.5 80.6 19.4 -0.120 -0.015
T4 17 1st codon site 37.9 9.1 39.5 13.5 77.4 22.6 0.021 0.194
BHGF55 2 i 2nd codon site 51.3 15.0 22.4 11.3 73.7 26.3 -0.393 -0.143

45 3 i 3rd codon site 46.2 5.3 44.6 3.9 90.8 9.2 -0.019 -0.160
tRNA JEP (RNA genes 42.1 6.2 44.0 7.7 86. 1 13.9 0.022 0.107
rRNA %:H rRNA genes 46.0 4.4 40.3 9.4 86.3 13.7 -0.066 0.365
¥l X Control region 46.0 6.5 42.2 5.2 88.3 11.7 -0.043 -0.117

2.3 ENMBRERRENECERAZEAREBER
ARHIF 5 H B 0] S5 L 51 e A A e PR 2 26 1 ok
T IERI A L ATN 1 Sy e i 25 5 -, o ND2 fdfi ]
ATA VE MR G %, COX1, ATP6, COX3, ND4,
ND6 F1 CYTB {fi ] ATG {E M ih 2 i+, Hax 6 I
¥ ATT VR R R %05 F. BT CYTB il NDI
DL TAG PE 2 1k B, Hoax i L R 9 28 11 %5 )
TR TAA, 5 L AL b (A BE PR 213538 ff FH 9 28 11 235 05

Ff TAA 8% TAG #H—3( Wolstenholme, 1992) ,

R B2, OO S R e 2 B AA AR 1 o
Shy BRI A 3 661 AN, H7E B dudohi ik
1 5T G A R i R 7E 3 585 ~ 3 746 BN
(Cha et al., 2007 ) , A X [F] S %5 A {5 1% 50
7N, HERREL I AL X A F T Gl 5 B A B 209 s 1]
PE(R4) , Kb IR 4 %% 752 UUU(Phe) ,
UUA(Leu), AUU(Ile) Fil AUA(Met) , 2 i~ FHIX
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WY 346, 486, 431 F1302, 55 3 (ko k5l le (13. 3% ), Phe (10. 3% ) Fl Met
A B U, GRS R s OB R B A A AR I (8.8% ) Rl IR Ee i i 4 R AR (18 2) , 1%
T 3 LA A B U B, EE A BRI ESH B B A AR E WL (Wei et al.,
B SRR 11 0 L iR O Leu (15.7% ), 2009)

F4 EMREHELSNEERARBFERBR

Table 4 Codon usage in the mitochondrial genome of Parapolybia crocea

AIERR CICER FEFHRE T) SCRE RS 5 HEAS (0 BE AR CILER FEFIREL ) S AR X
Amino acid Codon n RSCU Amino acid Codon n RSCU
Phe (F) Uuu 346 1.84 Tyr (Y) UAU 144 1.69
vuc 31 0.16 UAC 26 0.31
Leu (L) UUA 486 5.06 Stop codon * UAA 11 1.69
uuG 35 0.36 UAG 2 0.31
CUuU 24 0.25 His (H) CAU 54 1.69
cuc 3 0.03 CAC 10 0.31
CUA 28 0.29 Gln (Q) CAA 48 1.81
CUG 0 0 CAG 5 0.19
Ile (I) AUU 431 1.77 Asn (N) AAU 235 1.88
AUC 55 0.23 AAC 15 0.12
Met (M) AUA 302 1.88 Lys (K) AAA 134 1.9
AUG 19 0.12 AAG 7 0.1
Val (V) GUU 63 2 Asp (D) GAU 47 1.74
GUC 0 0 GAC 7 0.26
GUA 56 1.78 Glu (E) GAA 68 1.77
GUG 7 0.22 GAG 9 0.23
Ser (S) ucu 93 1.83 Cys (C) uGU 27 1.8
ucc 9 0.18 uGC 3 0.2
UCA 100 1.97 Trp (W) UGA 68 1.72
ucG 1 0.02 UGG 11 0.28
Pro (P) CCU 57 1.92 Arg (R) CGU 14 1.3
cce 13 0.44 CGC 0 0
CCA 48 1.61 CGA 26 2.42
CCG 1 0.03 CGG 3 0.28
Thr (T) ACU 58 1.48 Ser (AGN) AGU 22 0.91
ACC 14 0.36 AGC 1 0.04
ACA 83 2.11 AGA 65 2.68
ACG 2 0.05 AGG 9 0.37
Ala (A) GCU 39 2.14 Gly (G) GGU 45 1.09
GCC 7 0.38 GGC 2 0.05
GCA 26 1.42 GGA 88 2.13
GCG 1 0.05 GGG 30 0.73

n: BT FIREL Frequency of a codon used; RSCU : [R] S 5% F#HXJ 4 i J¥ Relative synomymous codon usage; * 2 1F%#%F Stop codon.

2.4 EMNZEHELNAERSA (RNA EEFM P2, 2015; Hua et al., 2016) , B4 t(RNA™ 1) 2 %%
rRNA £F f5F H1 CCT 452 GAT, tRNA™ N iy )7 % i+ th

ATIFST B B0 S L e SRR AR R IR 2 L 20 4 GCT 7284 TCT, Al X — B4 A7 6 T H i B il
tRNA BLH Y e+, B 5 28R MRARE R iR Ll Fh 28 (Cameron et al., 2008; Wei,
Xt tRNA (1) )2 285 T 43 [6] ( Lee et al., 2008 ; F 2 2014 ; Chen, 2015; Song et al., 2016a; Zhou et al.,
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257 B X%% Double strand

B Ji% J-strand
B N#E N-strand

Bl AT Percenlage content
— — o
(=) W >
1 1 N 1

W
L L

Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
MR Amino acid

Pl 2 e ) S MR 1 9 A AR PR 2L 55 1 5 2 T A PR 23 2 1 9 B R 1 7 b

Fig. 2 Percentage of each amino acid of proteins coded by protein-coding genes of the mitochondrial genome of Parapolybia crocea

2016) , % T % 0% Polistes humilis H1 tRNA™M [ J5 35
WA AGC Fb, HFT T i 8 81 8RR
5 S S 0 AT LRINA S5 [T 11 sz 2 1) - 2 A+ [
( Cameron et al., 2008)

Bt tRNA™ A i/ 1) S DR 185 ¢ ( DHU ) 8
— ARG I ACAE, HoAth tRNA F5000 (1) — 20 454
BIRedT S e Y i) =t B G S SR R
MR PREWER O i1 ] 28 LA K TyC E (
3) o ME=M R R Bt A b I 19 Ab B BE 5
e, o0l G-U TRELASIC 12 X, 5 XFATE T2 2L 1R
e b6 WAETE T U AU IR WE R |, 1 XAAE T
TYC & b5 A-C BRERHTHC 2 X5, 7000 H BEAE 2 kR
SRR b RAETE AR ERE ERY G-
A B TIC RN L R e 52 B B U-U B S8 TIC &%
1 X}

EORAR 7y B Hu 4bL AR B PR 4H AR [ ( Clary and
Wolstenholme, 1985 ; Jiang et al., 2016) , &5l Fi5
e LR PR FE R 2 ) rrnS FEI O AR , 7 tRNA™
FEPRURIHEE ] X 2Z 6], AHXTORSF, T rrnd, BEIRAL B A
FIEASIR], A7 F 2 T g i 56 ND1 L t(RNA Y™ 35 8]
ZI8] ,rrnL 1 rrnS A FES3 50 1 424 F1752 bp, A +T
Fr YN 86. 4% 1 85. 9% , LA W] 19 AT i J
P el 7 o
2.5 EMBREHREERAEREEARES X

BN S e A A PR 2 4 ] DX L PRI 2
H P S B AR GRS X, 17 F rrnS FTIRNA Y JE[R 2
[a), KR 1316 bp, A +T & 150 88.3% , FF H A
A AT Gl ) Ve 5 P X A — BRSO K
18 bp (1) T-stretch Z5 451 2 B #3165 5 & )3 41 (1]
4) S —BrEE R 48 bp, AL 11 AR, BK

J& 562 bp , (i TR ZHHY 15 259 ~820 bp Z [f] ;45 2
Bl A 41 bp, A 2 A4, K EESE 116
bp , 57 THEF 1Y 16 086 ~ 16 201 bp Z [A], P B
W 52 P 41 Z (A7 AE 292 bp LRI FR

2.6 EMREHEEHAERPHRELEM A

PICR} i) K OR SN, 38 FHE R IE Y 6 >
SEE TR AN IS RN ASAIE FE ro 045 1) 0] S5 M) e P AR
SR, BT 13 AN B i B DR A% T IR e 471
FH PAUP 4.0 1 MEGA 6 i H 114 $5¢ £ 45 780 24 oy
GTR + G + 1, [ R T e R AU SR TE (ML) 44t i e )
MR GE AT, IR AL I R G B WG,
2 WHAR S EFEE(ES) .

S5 WOR  TESH R, H e AR i e R SR
H—3,3 DR Z ARG KT R AR NI
WA + (B TR + B TR | AR Z N 45 T8 41
BAMIT, EARE S, 2 SRS B R o

S ) B AR S R A b, IR H B HU £
KA EE PR A 7 9038 3t A7 A0 B PR B I 4, o T
. H 3 R HES AR L A B PR , SRR D (BT
FeH Al B B U 45 % (Jermiin and Crozier,
1994) . SHMERHE TAEW B, EHE A R 2R A
FE tRNA JE A rh 2 5T G i 5 PR RO e RINA i PR )
GNP AR RS PR SF , I HL Rl 2 2 p R R Kk
H AR FE 55 trnd-trnY | trnR-ND5 F1 ND1-trall 22 [7],
TETL ¥ WV Bl %% T W& Polistes humilis 124 & ¥ P.
Jokahamae CARTFHILRLIRIL K P51 b, T 5 A7 AE
b 3 B HE R 4, 43 i) S tRNA 3k B IRNA™ #
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Fig. 3  Predicted secondary structure of tRNA in the mitochondrial genome of Parapolybia crocea

(RNA" N TR ( Cameron et al., 2008 Song  {FREA— 80, B e W RHHRAT 58 4 LR IACHE 1R 2417 91)
et al., 2016a) , AHF 58 I 5 ) 28000 S L A e 2ok OISR BRI 88 Vespa mandarinia A7 AE 4 AbJE
JEPRAS B ARSI D R R RS R A i s TR, G AR RNAY IR B RS AL, FE % rnd - -
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rrnS 46bp

292bp 327bp tRNATT
A A A
11X 48bp + 34bp

2X 41bp + 34bp

Pl 4 S5 ) A A A R 2 92 A [X 2 4
Fig. 4 Structure of the control region in the mitochondrial genome of Parapolybia crocea
240 [ FOREE | BRI Z HA N 48 bp, M (AR KR5S 2 By E #7441 bp, The purple circle denotes the first repeat unit (48 bp) , while the pink
circle denotes the second (41 bp).

. 100073524 &4 Polistes humilis EU024653
m ] < Polislesjokahama‘e KR052468 gl Polistinae
100 01921 U AL A% Parapolybia crocea KY 679828 A
0.1288 100 01482 1 [E ¥ HA% Vespula germanica KR703583
0.0744 10075 gy M Vespa bicolor KIT35511 YIS TR Vespinae
01712 0.0881 01442 EMHIME Vespa mandarinia KR059904
e : i *F R j Abispa ephippium NC011520 | #EEA W Eumeninae
0.606 BRI Solenopsis richteri HQ215539.1 (outgroup)
B MKW Solenopsis richteri HQ 215539.1
i FIWE R Abispa ephippium NCO011520 |#E WA} Eumeninae
100 A Parapolybia crocea KY679828 A
100 &% Polites humilis EU024653 LT ARL Polistinae
100 2154%  Polites jokahamae KR052468
100 W Vespa bicolor KI735511
LLIlE EIHYE Vespa mandarinia KRO59904 FHIET R} Vespinae
1 E AN Vespula germanica KR703583

K5 BHEERET AFIEETERRLA 13 AN EE B B R A IR P 51 1 R G R (B R AR 1)
Fig. 5 Phylogenetic tree of Vespidae based on the nucleotide sequences of 13 protein coding genes

of mitochondrial genomes of seven species ( maximum likelihood method)
A ffiffl MEGA 6 {471 & 45 K B W Phylogenetic tree constructed using MEGA 6; B: ffi il PAUP 4. 0 ¥ 1Y & 4t & B Phylogenetic tree
constructed using PAUP 4.0. DI KM Solenopsis richteri 4Nk, Solenopsis richteri was used as the outgroup.

trnM W EEH HER , trnS1 F ernE 22 8] 5 57 LA M ND1
M rnLl Z 86 55 {3 ( Chen et al., 2015) , X {0 ] 4%
V. bicolor FIfE[EFEEAME Vespula germanica %18 12k
KR P AN SE 4, AAE 3R A A SORE 1Ak P vh 3
FAAETRIr 5 4 IR R B HE A (Weid, 2014
Zhou et al., 2016 ) ; 8 g V. H Fip A 438 19 Ji - B2
W Abispae phippium vh B HEFAF LIRS XLk
PRSER A fAE 41 D FEHE, P A 2 4 (RNA™ LR
14 A~ (RNAM U LD /A7 7 4 YOS R d e
B T 3L N trall-traM-trnQ-tranM-trnd | trnl2-
trnl2-trnl2-trnl2  F1 trnS2-ND1 ( Cameron et al.,
2008) o PRIt , DAL A e PR i A A0 T, S A
UeE T8 VA Ry E e PR G B

S R e 1 CRINAS AN g — g 48 4 g/
XU RS WE R T 4 — M BE R 7 ne 1RG5 48 T
OZING L G L S SRR L P 2 (RNA By —
FR1E 45 ¥ ( Wolstenholme, 1992) . iZ Ff tRNA — 2%
SEA PAFTE R DX, 23500 7 bp KA SRR 2

RN T nt KRB -0 AR B AT AR A DX —
P ALFE R RIS NEE (2 ~4 bp) RIS LERR (3 ~
8 nt) S FH (4 ~5 bp) AIAEFR (4 ~5 nt) |
TYC 8 (3 ~5 bp) Fl TYC FF(3 ~9 nt) , Hidfr tRNA™
LR AR A AEAE 1 A5 bp KGR tRNA™ 3%
PRI A WL S IR W e A BE TR B T 13 i, AR B A1 53 5]
R T KK BB (RNA L 3 7E H AT aE
(A R b 20 e i R R B, 5 LA S 6 S B 0 R
FHOCR S 1 2R A4 56 PR 2L F 5% vp i — 25 IO 4R 347
BT, F W HRE 5 ki S SRR SE R A A AR

F$ i) X 2R A 3 PR 4 v e K 1 — B A G b
X, — M T B R AR SE R 4 1Y rnS N tRNA™ 3
PR 2Z [) , S 2o A i PR 2 v e 1) K B2 722 S e R 1Y)
DI, B 1A% IR 2 (A1 48, 3 G455 e 47) 1) kR 4
A NI B ) B i A DL 4 S A 4 X
A LoRL A HE PR 2 B% S5 A0 AR RS S (Saito et al.,
2005) . B 5 e ) R R e R 4 4 i) 1X 0] 4oz
TFIEFEAH Y rrnS A1 RNA™ BLH 2 6], & H ik A
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AR B LR A PR 2 rh s X e O RR S . 7R H:
PRI ERB T —BUK O 18 bp [ T-stretch 45
4, A ANHENZEE 4 02 58 7R A B VR AR L DY 4
N #5524 45 F 155 ( Saito et al., 2005) ,{H 2
e A SR A b 2 42 o DX rh ok & B 2 KT 10 bp
[ T-stretch £544 BN I] 06 42 ) DX ik 477 2
BLE G B30 48 F1 41 bp Ay HRBTE & E S, 78
W At b X A ] DX, i AR () A g S B
LR U B R AR R R AT f 42 1) DX R A S
ZRL I ZE I RFE

BETHAERE 7 ATl ) SORL R PR 4 28 141 I 4 B

LD AR T S A Y ML ZR 58 B A% 40 A7 Al LA
Bl ENZE R RS R T K F N ((Polistes humilis
+ P. jokahamae) + Parapolybia crocea) + (( Vespa
bicolor + V. mandarinia) + Vespula germanica) +
Abispa ephippium , Ty i 7. R} 55 1 d B ) 8 2% 56 &
T S A B30, XAEIE 8 5 00 T Or 453 2
J7 1 Y % F5 ( Carpenter, 1982; Carpenter and Thi,
2003 ) 5 g0 S L e s 5 1 0 i ) R G K B L
— 3, W) T AL, 3 5 BT I S 2R
B —3% ( Saito-Morooka, 2015)

ARG X} B A0 S 5 W b R i PRI A 4 ST B )
e Fmg TR ORI BE 2 R e A1 A L O
o3 T RGBT B T A 0 031 Bl s [R)I, %)
FLEE R R RV AR LA BT b 2 s B 2 A
DA 27 AT BB B it T LRl DOk s B e, AR e o
S5 A e RN R © SR AAE R 2 3 51 R ol
(4 13 A8 1 B i 5L R I IR I S A S i R GE R
BT A% 8 53 S A A ST B AL T AR R S
K BRI, o 5 SRR R G R AR R
RIERILBOE 1oy 7kl B H AR Zon:
PRIE P A4 9 A B 75 A5 R , I 25 Btk — 2B %)
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