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Abstract: We observed the habits of two Eupristina species living in Ficus altissima. Only two fig wasp species, Eupristina
altissima and Eupristina sp., are found to be associated with the syconia of Ficus altissima around the Fuzhou area, China.
The former wasp is the Ficus altissima pollinator, while the latter wasp does not have pollination behavior. Some subtle
differences are found in females of both wasp species regarding body color, antennae, pollen pockets, comb of setae on the
fore coax. So far, no clear characters have been found to be used for distinguishing the males of these two wasp species. To
better understand the genetic relationship between E. altissima and Eupristina sp., we cloned the mitochondrial Cytb and
COI genes derived from both E. altissima and Eupristina sp. collected from five different locations in Fuzhou. Eupristina
verticillata, the pollinator of Ficus microcarpa, was used as an outgroup control. We analyzed the base composition and

genetic distance of the gene sequences and constructed a neighbor-joining phylogenetic tree to investigate the genetic
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evolutionary relationships. The data are summarized as follows: (1) The base composition of Cytb and COI show a high
adenine (A) and thymine (T) bias (Cytb, A+T=75.3%; COI, A+T=75.5%), which pattern is consistent with the
typical characteristics of mitochondrial gene sequences of hymenopteran. (2) Genetic distance analyses of two wasps groups
show that the average distance of the Cytb sequence within each group of E. altissima and Eupristina sp. are 0.0092 and
0. 0030, respectively, far beyond the average genetic distance between E. altissima and Eupristina sp. that is 0.1588; COI
sequence analyses show that the average genetic distances within each group of E. altissima and Eupristina sp. are 0.0065
and 0.0205, respectively, although the average genetic distance between E. altissima and Eupristina sp. is 0.1043. Thus,
the genetic distance between the two groups is significantly greater than that found within each respective group. Statistic
analyses of the Cytb sequences derived from 6 genera and 34 species of wasps from GenBank show that the interspecies
genetic distances of the Cytb sequence are between 0.0811 and 0.1723, and the interspecies genetic distances in the COI
sequences derived from 6 genera and 28 species of wasps are between 0.0939 and 0.1986. These data suggest that the
genetic distance between E. altissima and Eupristina sp. has reached to an interspecies difference level. Therefore, our
molecular marker studies support the morphological characterization, namely E. altissima and Eupristina sp. are indeed two
different species. (3) Only a slight difference is found in females between the two species regarding the morphological
characteristics, and no tangible difference is found in the males. However, the data of genetic distances derived from Cytb
and COI sequence analyses consistently show the significant differences between the two species regardless their genders. It
is likely that the morphological differentiation lags behind the genetic differentiation and the female wasps may evolve faster
than the male wasps in the phenotypic features. The females fly out from figs after the emergence, which may be
significantly affected by environmental factors resulting in the morphological differentiation between the female wasps of the
two species. In contrast, the male wasps of the two species live in the closed darkness syconia with constantly environment
lifelong, thus, no behavior differentiation may occur along with the extremely slow events of phenotypic mutating. The host
specificity of E. altissima and Eupristina sp. is not as stringent as previously assumed. The host switching events may have

occurred during the fig-wasps co-evolution process.

Key Words: Ficus altissima ; Eupristina altissima; DNA barcoding; genetic structure; Cyth; COI

R (Ficus altissima Blume) )8 T 2R 8  MEMERIAR , B 4T A, BT 35 30m, A 5 B B AR, 40 (B R ol 0 RDE |, S At 2
TS P ) XUNEAR A R A, A, U 20 (il B 60, AR R TR JRIAUR (i) ZE I DR P B[ EE SR VE I FE T AR
M X FEFR T B0 A g )P U1 R e A A M 1981 4F Nair 85 A PT UKARGHE T ER B ML IX A A AR S T 1%
iy /NER Eupristina altissima'™ {E R K B Eupristina sp. [WAFTE, 51FhE] 38 59 35 2 Bk M A% 85 00 s ws, ALK /N IR0 E.
altissima , R} FELEVZ LI R FAAA RN A K I Eupristina sp."** o R AE T 5 1R $E (9 D7 s 48K FER VL LARE M IX, bV A7
TERIT e . 2003 4R MM K I = A PA AU L DX 1Y) e AR SR I 23 FR AR A /N e, LA K PR AZ 83 /NI L E. altissima
1 Eupristina sp. , B34 2 5 FELRBULE Gl A 3R 5 BCR M0 52008 A7 352 H 350 5 X330 B /NI (10 12 A3 R AT T LR,
I Eupristina sp JLPIA LR RES)  FEIRAS I Eupristina sp. TeA Ry NEFTRA LRI, FLAER BRI . BTk R M
PR/ NGRS RIS F AR, ARSEIREE B 2005 4E 78 2012 4E ] % A= 4 7648 H b X 50 s kA HEAT I 0T B 38 B L5, 25 R 36
B 48 R A A R b A PR /INEE B Eupristina altissima R Eupristina sp. , M JCHABFSE AL /N AR SL56 488 FH 4 FAnic
AR 487 AR R N X P 25 8 BEARRL, D REPEAT A i 5 1) /N R B 22 ) st A AL O R

2003 4 K Hebert 247 LA B B AU AF 0% 4, 42 10 T IR R v Bk X 43 9 Fh i) DNA 25 T2 i 4% R ( DNA
barcoding) (o] o DNA ZHEALH AR JE MR DNA B BT YR AT R B I B A 43 TR 2A R . SRR i (5 2% b( Cytb) Fn4H
Ml & ¢ FALEETEE 1(COD) & 12 B FH T sh WA 4 1) DNA BRSO3 2okifk Cyth 5 COL £ K B Ak B & o,
GV N & T AR DRI A TR (047 25, BLTEAN N O 2 48 DL BBAR 25 2 MR I 5 1 07 1%, = B AT W b M 5 I D 5 i Ak
RS SEAR, Cyth 5 COL 3 DR 12 38 F 45 /N S5 ) R e Ak WA/ N T B 14 S 35200 s /NG 1
SEHE AT R /I 2 S s Y SR A SR T

ARSI TERE E A VA RN BY Eupristina altissima F1 Eupristina sp. ¥ /N | LK 40 M #5 ( Ficus microcarpa ) 15 5 1) 4% 15 /)N 1
Eupristina verticillata( M) B9 COI F1 Cytb F£A , 753817 GenBank T A/ NERL ( Agaonidae ) ¥5/NEEFY COL A1 Cytb [ 4 8E4T
RO BRI AL TR IEAE T B AR R P P R AR /N 22 ) (903845 DG 2R, D — 2B B 7] T e Ay gt AL AR AR
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1 #RFAEE
1.1 SZESHR
SO T R B ST A AL BOR AR L 1,

R1 ZEWH AL RER

Table 1 Origin of the tested wasps materials

FE NS AR FEE Cyth B35 COl 55
Ficus host Wasp Species Code Sampling locality Accession Number Accession Number
[y E. aliissima EupAltl/1 Al b KC593576 KC593557
F. altissima EupAltl/2 iR EAI KC593578 K(C593559
EupAlil/3 e K(C593580 KC593560
EupAlt1/4 HEE SR KC593581 KC593562
EupAltl/5 ML K(C593583 -
E. altissima & MEupAlt1/1 Pl IS EEE) KC593577 K(C593558
MEupAltl/2 EEAI KC593579 -
MEupAlt1/3 L KC593597 K(C593561
MEupAltl/4 FEE SN K(593582 -
MEupAlil/5 ML KC593584 K(C593563
Eupristina sp. ¢ EupSp1/1 Pl IS EEE) KC593585 KC593564
EupSp1/2 M 4L KC593587 KC593566
EupSp1/3 FRI L KC593589 KC593567
EupSpl/4 R KC593591 K(593568
EupSp1/5 i ReNtll K(C593593 KC593570
Eupristina sp. & MEupSp1/1 P IS EE) K(C593586 K(C593565
MEupSp1/2 FiE A KC593588 KC593574
MEupSp1/3 ML K(C593590 KC593575
MEupSp1/4 FEE SR K(C593592 KC593569
MEupSp1/5 fEM AL K(C593594 K(C593571
i E. veriticillata ? EupVerl/1 ML KC593595 KC593572
F. microcarpa E. veriticillata & MEupVerl/2 EMIE L Qishan KC593596 K(C593573
“ =7 RIRTCUAEA
1.2 SEEHE

1.2.1 SRR RE S AT

W BF A1 RAE AL T HE A 10 BIVRE H 06 1) g A RN A AR SRy ] 3] S 6 22, R P o SRR S e 1) ok MRS RS /N L TR T
XT HH T R T A AT RS RN 4R AR B SR D R M g B0 —FP 2 (E. altissima 5 Eupristina sp. P Bl (U AE —
) BORE SR N B TG | 2 BIAEICTE & 95% CISVATRAY 1.5 mL BB A /N PE T WG FARZE, BT 4 CIfE, N T
PRUEPRAF IR AR 2 A 2 R P 1) LT, A 30 1 S O 46 £
1.2.2 [N DNA A4REUE B B EFE Y1

B 95% TGRS T f A7 AR /INBEAE i P SO I H e B A T 2L R 2 DNA $RIR, XTI ZE 241 DNA #:47 B i) 7 Bt Y PCR ¥~
W, BT .

COI-F  5’CAACATTTATTTTGATTTTTTGG3'

COI-R  5'TCCAATGCACTAATCTGCCATATTA3'

Cytb-F  5'TATGTACTACCATGAG GACAAATATC3'

Cytb-R  5’ATTACACCTCCTAATTTATTAGGAAT3’

COT FEP Y B4 45879 .94 °C HZAZ 1 3 min;94 °C 25 30 s,54°C 1B & 30 s, 72°C ZEffT 40 (34 DMEFR) ;72 CHEH 7 min, Cyth
FERY 38 5440 .94 CHIAEHE: 4 min;94 CAEM: 30 5,57 “CiB K 60 5,72 CHEMH 60 s (35 MEH) ;72 CHLEMH S min,

X PCR B8 P2 H AT, BT A PCR Py ok A TAEM AN Sl AT o K0 B8 51 4% GenBank |,
1.2.3 JFHIHX IR G L B W ET

25 R ] CLUSTAL X 1.83 #E47 851 LU Xt , BioEdit 3.3 R 1E HEXTE5 R, Fl MEGA4.0 314147 S 06 B A e 41 1) Y Bl 26 45
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PeHLHRFELE AT , - Megad.0 #0: F 194B42% ( Neighbor-Joining NJ) #: %} COI I Cyth R 3 #7 R 4E L B W HHAT4HT
2 #R
2.1 Cytb 5 COI KW FEFHI4Hr
2.1.1  Cytb JE[H Fr B 240 mi o

K Megad.0 4, X E. altissima F1 Eupristina sp./NE (20 EEA) BT Y 371 bp JF 5N SEAT IR AL o34, 25 S 2 .
Cytb ZEHFH f AL 85 317 A4, AR R 8 52 A4, R AMFERBAALAL 47 A, ABALE 54, B R MR 14. 0%,

T,C,A,G DR A 445120 M 41.5% ,14.9% ,33.8% ,9.8% , A+T B &4 75.3% , T G+C B &1 24.7% ,A+T 1)
AEXT R S = T G+C Y i, ORI B B R Bk IR 3 3] ) L R R

Cytb BTN [FI 57 s A% TR AT M BB 4 I 00 L% 2, 328 2 AR TE A I 4% 0 b A+T S i 38w i, JUHAE
S b AT M R R IE 85.4% Al Jie ok W S, FEv T A SR A R B 46.7% , Lt Cyt b ZERI7E 2535 7 A L BA
Pt E. altissima R Eupristina sp./NEER Cyth F: P31 FAZA TR B0 (1) RTEIRE (sv) . B T55 —07 s AR 3R
B4 R AR AT I S e TR — S

R2 Cytb EWFARMRABEGERHES R

Table 2  Nucleotide frequency and substitution of Cytb coden in vary site

37 4, Codon sites T C A G A+T si sv R(si/sv)
%—1 First 41.4 19.2 32.0 7.4 73.4 1 3 0.5
% i Second 46.7 9.2 38.7 5.4 85.4 9 8 1.2
55 =13 Third 36.1 16.3 30.7 16.8 66.8 3 1 3.1
SIS Total 41.5 14.9 33.8 9.8 75.3 13 11 1.2

2.1.2  COI JEH PRI o #r

JH Mega4.0 BAEXY E. altissima 1 Eupristina sp.lj\m%( 17 MEEAR) B HEJE 1) 501bp FFBN A TSR AL T, S5 SRR B . COl 3
HFEH v AR 55 434 A, A8 5L 60 A4, T 215 B A5 55 4, BB 4 4, B SR 12.0%, 5 Cytb JF 51 19748 5+
(14.0% ) #L,

A,T,G,C WY& BN 32.4% ,43.0% ,15.9% ,8.7% ,A+T B &R 75.5% ,G+C &1 0 24.5% A+T & B B E T
G+C S A 5 B R bR 5L X 37 A L [l

COL ZEA% AN R a5 A% R R M B e D36 3, R AT 41, 55 Cytb JFFAHAL COL T 9 BT+ 1 4 A s | A+T
TR, B — T AT B R 85.3% , A+T MR I NI i T B9 B RIS N 44.5% , AR COT JE R 76 % 1 1 fif
H W EA WY, E. altissima 1 Eupristina sp./Ng COIL FERFH) LR (sv) KT (si) , BTN
AN A R A R B R e TR S

#3 COlZBFEREMERFER IR

Table 3 Nucleotide frequency and substitution of COI coden in vary site

RS F 7 15 Codon sites T C A G A+T si sv R(si/sv)
Si—{% First 44.5 3.0 40.8 10.0 85.3 6 13 0.5
% {7 Second 33.9 10.2 33.1 22.7 67.0 2 1 0.5
55 =13 Third 50.4 12.8 23.7 13.2 74.1 1 3 0.6
SPEEEATE total 42.9 8.7 32.6 15.9 75.5 9 18 0.5

2.2 Cytb K COL JFH s A& 1E & 43Hr
2.2.1 Cytb FPFBEHE & 007

JH Megad.0 AT Eupristina Jg& /NI Cytb A KoP LR A JEERRALE. altissima 10 DEEAR Z (6] AL I
7 0—0.0287 , “F-I38 AL B ES 2l 0.0092 5 Eupristina sp. 10 NMFEASZ ] 1 19354 B 85 >4 0—0.0055 , “F-H438 4% #H25 ky 0.0030, Z HA 7]
FAMA Z IR AL HE B 22 53/, T E. altissima 55 Eupristina sp. 22 18] B 38 A% 85 25 8 0.1527—0.1678, -8 2 4 0.1588, % W E.
altissima 5 Eupristina sp. 2 [8] (35045 55 25 B K FEA 145 B AMAZ R s AL B

E. altissima WESEFEAS [B] 9350 FE IR B M O, MEMERE AR 22 18] A8 3545 5 55 0.0000—0.0287 , S 14138 A2 R B oM 0.0157 s Eupristina sp.
e REAS TR T REE L SRAE BRE A 5 S AOREAR 22 ] s A4 15 00 0.0055 , HEAYASFEAR Z ] AL B BS 8 0 O MESEREA PR T 6
LR AR A 5 31) 19 R A 22 [ 1) 33t 4% BEL 5 80,0055, LAY RE A 2Z2 1) 19 BE B9 #8 R 0, T /)N e 114 M e 22 [ 1 35t 4% BE 2 7E
0. 1582—0.1587 = [a] , S 34 it 1% B B Ry 0. 1586, 19 b Ik 16 =[] ) 18 % I 5 4 0.1527—0. 1678, -3 i AZ B 0.1590, % 1
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E.altissima’5 Eupristina sp. 2 |A] , HEWE 2 [A] Cyth 514 15 B KT M
222 COI 3B GBS o #r

FH Megad.0 3RAF 5%t Eupristina J&/NEE COLJTA T K2P GBS 1158, 45 3R L E. altissima 7 DFEAZ 8] 18 (G 1E 85
0—0.0165 ,F-HJi L % h 0.0065 ; Eupristina sp. 10 FEA 2 8] i) i 18t 15 BE 25 o 0—0.0379, - it L B B0 0.0205, W FH 4
AR Z ARG IR B 22 R8N, T E. altissima 5 Eupristina sp. 22 [8] 15 42 1525 4 0.0940—0. 1149, F- 34255 0.1043, £ B E.
altissima 5 Eupristina sp. 22 [B] & FE B K FEA14 A MEZ RIRIETE R

E. altissima WEWEREA 0] (3R AL REBS 0 O, MEMEREAS 2 [0] (135 4 BE 25 o0 0.0020—0.0144 , SF- Y8t f4 1844 0.0110; Eupristina sp.
W RE A 2 V) (R B B O 0—0.0102 , -3 A2 BE 85  0.0057 , A e REAS 22 7] (138 A5 BE B O 0.0061—0.0252, -2 i 1% 1 85y
0.0139, 7 B Foh P Al ek 22 i) 18y 3k 8 R T e V9 /N1 11 M e = i) 1) a8 £ BE S 7F 0.1015—0.1042 Z [1], %347 0. 1036,
T 0 2 [V AR (G R S S 0.0940—0.1149 , 1458 A5 FE 35 K 0.1052, KW E. altissima 5 Eupristina sp. HEMEZ [/ COL 413844
R
23 ABLEEWIILE

M GenBank I T#% Eupristina J& 1 Blastophaga J& (YE RN ) ¥a/INEEIF) Cyth A1 COL P31 (3% 4) , SR —EHWE RS
EER(E1,H2),

# 4 GeneBank A THHIHHXB/NERE T
Table 4 Cytb and COI sequences of wasps download from GenBank

&% /NP R BEARRL/ Cyth Bl 5 BEARL COT B fili s
Wasp genus Wasp species Code N / Accession number N / Accession number
Eurpistina E. altissima EupAlt 1 GQ367994 1 FJ619220

Eurpistina. sp. EupSp 2 FJ619232 FJ619230

E. koningsbergeri EupKon 6 FJ438102-FJ438107 1 GQ367924

E. verticillata EupVer 3 HQ890655 HQ890656 G(Q368000

E. cyclostigma EupCyc 1 GQ367995 1 FJ619221
Blastophaga B. quadrupes BlaQua 1 GQ367927

B. silvestriana BlaSil 1 GQ368004

B. javana BlaJav 1 GQ368003 1 GQ367907

B. esquirolianae BlaEsq 1 GQ367996 1 GQ367901

B. psenes BlaPse 1 GQ367895

FH Mega4.0 BAEXT 5236 FT45 5 GenBank " R 24 AYH/N% Cytb 5 COI 551 ] NJ ( Neighbor-joining ) ¥, [a] s F 8 42 iR 1000
KRR FREME D LWEGE, BT RZRELEWILE 1 F 2, &R, E. altisina W&FEARY Eupristina sp. 5 HA% A
TER 3, R IR MR G OC R, BT PR 73 F AR 1005 51 #3719 3R g0 & & W s AR L SR $N 2548, E. altissima 5
Eupristina sp A8/NEgEAMAIE 53 HINC R — SO0 5 PIRHIA L R 2 — & 5 1% 8 19 9 0 Fh 28 1 /N 55 540 Blastophaga
JE /NI R 33k 587 PR I 250G ZR BT (W [R] IS PR 22 [R) 7 A 178 5 A Ja B Ja P9 18 25 /N e A R 418 1 0 1) DX 0Tk
XULH Cytb 5 COT FEPR AT LAVE A RE /NS5 (14 53 FAmic
3 g
3.1 E. altissima A1 Eupristina sp./NEE2Z [8) 43T 1845 K 52

BT FHGRIAR Cyth B COL ¥ F 54 M X S AR AR SR INAFFERY E. altissima 5 Eupristina sp./NEESEAT T, Cytb FE 5153 Hr
YR E. altissima 1 Eupristina sp. TEU PN 25 FR A [8] S35 382 A2 15 15 43591 4 0.0092 1 0.0030; 1] E. altissima 5 Eupristina sp. FE{A
()~ 2405 2 A 0.1588 , K WY A 5 FHE AR ] 119 352 6 o g T S8R T 4% A REIAR N A REAS TE] R0 38 AL BE B . 83T GenBank P T 28019 6 4>
J& 34 FiH/INGE Cyth 530 A ] 3545 FE B 1 0.0811—0.1723 , [, Cyth JE M7 R E. altissima 5 Eupristina sp. PRI
o, COLFFNM BN E. altissima T AFEAZ 8] (/) SF- 35 18 A% BE 2 S 0.0065, Eupristina sp. 10 A 2 (8] () - 35 18 4% BE 2 o0
0. 0205 ; 1] — & Z [A] V- K38t AL BE B9 0.1043 3R 3% 2 8] A9 AL IE B W] i R T B4 145 A MA Z 8Z IS . 4811 GenBank
FIR M 6 4@ 28 AP/ COI 4 i Fha] A& I S 4 0.0939—0. 1986, %M E. altissima F1 Eupristina sp.Zl‘ETJ B fL I  22
FELIRB TRE A I, 5 FARC I SE 845 RS2 R SR e S e 45 58 WD E. altissima 5 Eupristina sp. SRS AR B Fd
H T [RI Aol R AN TR AN AR TR] 28 S/ N ANt B 2 5 T ) Je AN [ [ 36 42 B g 1) 22 S T A DRI T O AR S 386 7 970 46 R 20 B
W E. altissima 5 Eupristina sp.E"JﬁE}EO
3.2 M HESEEALE R S B

TEEE b E. altissima Y5 Eupristina sp. WIMERE 2 [0 /N2 55 T Ml 2 [0] 622 5% (B Cytb 5 COI R34 #r &l S —3%
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Fig.1 NJ dendrograms based on the Cyt b gene sequence of

Eupristina fig wasps Eupristina fig wasps

RYI:E. altissima 5 Eupristina sp. MW 2 0] (388 A4 FE 25 5 3% ME 06 22 [1) 10 3t 12 B P 000, B 2 W R T e, PRI, (S HE A8 Cyt
5 COUEEH T, ME e A B R B A — By | IR A R IR S8 i 5 TR S S, MEDSE R R Y b kAl P 7 e, T g
R H1 T MESE AL S DARSR TR SRR AR SR 7 O, e e R AN R TR IR B2 B A0 AR IR L BRAE IR R Bk,
THAEALAT N E 2R SEE. aliissima 5 Eupristina sp.ﬂffEE%Zl‘gj ML S A A AR S | T A e 2 A A 1% o LIRS F 1) YR RN
FEAERFINE 2 BORESR  , ELUEEREPIL G 1A G F i . E. altissima 5 Eupristina sp. HE¥% 2 [0 A 17 30 A 16 SR B2 F0E shAT M RO =
Bk, S BOLRBE Rl o 5218
3.3 PR/ RERY AR

BT ARSERT 2 B PO XN Hl DX A AR /N R B 4R S B B WL 45 SRR WY 7E 4—7 A I m#E s R R Eupristina
sp., AW E. altissima ,#EWM E. altissima INBERT e S A T TRIPE RO M BRSNS ) AL N 2005 4EFI] 2012 4F X 45 N H
X AR P /N I PR 2 A B B B AR G R R I, B4 3—T7 A A K AE AR N L DX 1 = WE 4R SR A E. altissima
Eupristina sp./N& MITE 8 £y WiFh/INge SCH I, e MR RNTE T N E. altissima /NG TR A RRFEHEL AL b (A5
BR R R REE) , RV R R TR N XS E R — R, TTRE S RAEE EHBILR, BT E. alissima F
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