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Taxonomic and phylogenetic status of Rhus gall aphid Melaphis rhois
( Homoptera: Pemphigidae) from North America based on morphological

characters and mtDNA COI gene sequence

PANG Ya-Wen', MA En-Bo’, REN Zhu-Mei""* (1. School of Life Science, Shanxi University, Taiyuan
030006, China; 2. Research Institute of Applied Biology, Shanxi University, Taiyuan 030006, China)
Abstract . Rhus gall aphids include six genera and 12 species, and are mainly distributed in East-Asia with
only one species Melaphis rhois in North America. Based on morphological characteristics and molecular
data, we studied the taxonomic status of the North America species M. rhois. The numerical taxonomy on
eight species from six genera of Rhus gall aphids was studied using hierarchical clustering analysis. A total
of 108 morphological characters from 179 individuals of the alate adults were evaluated from all parts of
aphid body, among which 48 characters from head, thorax and abdomen were directly measured, 31
characters were the ratio from two measured characters, and the rest were numerical values converted from
morphological characters. The cladistic analysis based on the Euclidean distance showed that the eight Rhus
gall aphid species are clustered into three clades, among which the North America species M. rhois is
closely clustered with the two species from the genus Schlechtendalia; the two species from Nurudea and
Floraphis meitanensis, Meitanaphis elongallis and two subspecies from the genus Kaburagia are clustered as
a group, respectively. In addition, the 1.2 kb DNA sequences of mtDNA COI gene from 16 individuals of
eight Rhus gall aphid species were obtained. Both of the MP and ML phylogenetic trees showed that the
eight Rhus gall aphid species are clustered into three clades, and the North America species M. rhois
clustered closely with the genus Schlechtendalia, which are consistent with the results of the morphological
analysis. However, the relationship between the three clusters are inconsistent with that based on the

morphological data. In molecular trees, North America species M. rhois and two species from the genus
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Schlechtendalia, F. meitanensis and M. elongallis, and two species from Nurudea and two subspecies from

the genus Kaburagia are clustered as three groups I, II and III, respectively. The group I and II have

relatively close relationship, but with very low bootstrap value ( <50% ).

It is necessary to collect more

species and use more molecular data to resolve the phylogeny of Rhus gall aphids.
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FA% T 5 )& [ 38 B ( Homoptera ) 8 45 157 F}
(Pemphigidae ) 7. 37 #2 ¥ ¥ £} ( Fordinae ) £ ¥F &
(Melaphidini) B 81, 20— XF AN 2H 25 1 IF du 2
B, HIFAT FNERFIERA)E Rhus 1Y), T4
TR BB B S R R O A (BR T2,
1999) , REZEHEZFA TR,

HAEFY FES MR, HWIMUEIES T 1
&1 F, 2B RACE M B 2 fHtg R, Bell
(1851) Fc PR 7E Hp [E & TR TE LA HUBE A i
VER—ABRPE % N Aphis chinensis, Fitch (1866)7E
Jt3€ Virginia R 2| ZF 7 Rhus glabra b1 HAEF,
B H o A A B9 B B 8 44 N Byrsocrypta thois, Walsh
(1867 ) ¥ HAZTT A Melaphis rhois, Baker (1917)i\K%
Schlechtendalia “fj Melaphis H)[E14Y) 74, B HEL R
M. chinensis, FAIXEERE5EEIN ok B AL LA E
HIH A5 TR FF—Fh, £75] Eastop 1 Hille Ris
Lambers (1976 ) 7£ tH FH45F i B8 e -~ F 23 JF
FER B G o [ A A 35 43 B A R Ab SR A i
Melaphis rhois (Fitch, 1866 ) FlfafZ%1F Schlechtendalia
chinensis (Lichtenstein, 1883)
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1.1 REHHE
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Table 1 Sample information of Rhus gall aphids in this study

% E

F4 Species REH Localities Numbﬁtimples Longflde L?t?ie
AL EAEEF Melaphis rhois EEHEVG M New Jersey, USA 24 75°00' 41°03'
45 WF Schlechtendalia chinensis = B FREEI Malipo, Yunnan 20 104°42’ 23°07’
fEENF Schlechtendalia peitan 185 F: 44 Sangzhi, Hunan 20 110°10' 29°39’'
SRAZEALYF Floraphis meitanensis 185 F: 44 Sangzhi, Hunan 19 110°10' 29°39’'
LTfEAEYF Nurudea yanoiella B PG 3% & Chenggu, Shaanxi 19 107°21' 33°06’
fEAESF Nurudea shiraii PG B Longsheng, Guangxi 18 110°00’ 25°47'
LT /NERFR YT Meitanaphis elongallis B PG 8 & Chenggu, Shaanxi 20 107°21' 33°06'
JEA% 5 4k WHP Kaburagia rhusicola ovogallis Widt FLE Wufeng, Hubei 20 110°40' 30°11'
JEA% BF 4k W Al Kaburagia rhusicola ensigallis 1175 B B Xiaxian, Shanxi 19 111°24' 35°05'
= B4R % Baizongia yunlongensis Widt FLE Wufeng, Hubei 25 110°40’ 30°11’
Jia 5F Hormaphis hamamelidis £ [E Fl @M Arkansas, USA 16 92°52' 35°43'
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WIS RR BE AT R AR TR 8, $R B ST P R g e
[ J5E (b T S B TR AR AE (AR5 55, 19755 Bk
XK, 1989 ), FEEH 108 MARFFAE AT 0BT, H
HriE BEARAE 48 />, HEEE[E] U BIARAE 31 A4, Hdh
BUE MR FFE 29 > (3K #MBh gk, 1983; 3K
IR, 19995 BFAESE, 2008)

1.2.2 MREWE SN £ Olympus MVX10 {4
FMFHBE T HIVESF B R bn A (5 o pRAE, 2009) ,
BAF R AR A ESE N 20 L EH, 5
Olympus BX51 {85 # DP2 & 4t Fil Olympus 1X71
BAEER IPP U B AR 5 B AR AS AT B A
PRI &

1.2.3 JEBFERED I KR h 58 b HE 1L Ak
B, F SPSS GEitak X A MR I BAE #1741t

-~
o

B 1 J6sEA5EF Melaphis rhois TR ASHFFAIE

S3HT, THRRKREE B MR R R %L, R A UPGMA J5
EHATRES T (58U, 2004)
1.3 SFRZRESH

TG FIFHLFEA DNA $2 K COI F: [ 7 51
1 B 5 B 1 2 B 2 28 AR AT AE (2002 ) A
EATHE(2009) , 51¥i%it 2% Folmer 45 (1994) Fl
Simon 45 (1994) o X {37 HE ) KL #E J5 #4975 A Paup
¥y @& MP il ML % %t #) ( Felsenstein, 1985;
Posada and Buckley, 2004 ) ,

2 HREHH

2.1 FEMEREHE
WEEALRATLE M. rhois HIARAMARCH 24 3k,
HETRSERINT (B 1),

Wl I/

-

Fig. 1 Morphological characters of North America species Melaphis rhois
A: BRI A Whole body view; B: fififfi Antenna; C: B3RS Ultimate rostral segment.

Wikt M. rhois FRAAR B HTEAHRFFAEAE T
BIE (AL mm) , 43500 KK, 1.570 £0.095; {K
%, 0.776 £0.059; kK, 0.239 £0.032; L5 (fg
FEEER), 0.371 £0.019; k(A TEMR), 0.222
+0.008; Mg, 0.465 +0.038; JfgFE, 0.589 +
0.035; K, 0.867 + 0. 055; # K, 2.027 +
0.074; 5%, 0.843 +0.048; fiifg4K, 0.554 +
0.019; fikfs I ¥, 0.037 +0. 003; fikfy 1 ¥,
0.050 +0.004; filfa M4, 0. 159 £0.011; filfh I
E1K, 0.006 £0.001; i/ M H42, 0.040 £0.003;
i IV, 0.074 £0.007; fitfa V&, 0.096 +
0.005; falfs VIH:, 0. 137 £0.008; fil fg A 5 23
K, 0.124 +0.006; filf K T HEZE K, 0. 014 +
0.001; B K 4K, 0.029 +0.005; &K x5,
0.088 +0.012; R H 1 5%, 0.057 +0.008; B2
K, 0.040 +0.010; EH I3, 0.186 +0.037; B

M FE, 0.122 £0.024; LTHELK, 0.006 +0.001;
BIAESS K, 0.297 +0. 009; RS 9, 0.049 =+
0.006; #i 24+, 0.391 +0. 016; iR ¥ %,
0.030 +0.003; F ¥+, 0.250 +0.008; H x4y
$%,0.048 £0.006; FEH K, 0.384 £0.016; &
B4, 0.031 £0.003; J5HEY5 K, 0.290 +0.011;
JERETT 55, 0.051 +0.006; J5RT £, 0.462 +
0.018; 524 %%, 0.032 +0.003; RiH T I £,
0.025 £0.002; Fij#3 O£, 0.095 £0.005;
I, 0.024 +0.002; 5 0K, 0.095 +
0.005; [GH¥ 14, 0.026 £0.002; J5H# K,
0.108 £0.004; IV + VK, 0.070 +0.004; %
IV + V&, 0.037 £0.005,
TESER ELBIE S 700« filf I flfp 1K,
4.316; il M fil il K, 3.180; filfA T4 fik
falVE, 2.159; filf I i/ I EAR, 4.035; fi
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AT fil AR T HERREC, 11.490; fifl MK AR
HFE, 1.367; fillf A 1 K il Mok W HERR K,
8.943; fifat: MK, 3.490; LK + fK:
bk, 1.272; BV + VK:BKIV + V5,
1.920; JE#f M&: &IV + VK, 1.553; G K
K, 1.827; RN K: FRIWIE, 5.715;
FERTK: FRWEK, 1.59%; FRYWK: FRY
Fe, 14.639; WK FEHI 0K, 4.265; k9
(ZHRED: SLFEOREER) , 1.677; kK + fK:
TR, 1.524; LK + MK JFRTTK, 2.431;
W K, 1.295; K kK + K, 2.235; &
KRTE, 2.028; BREKE: BRHESE, 0.339; #i
JEA R BT 9, 6. 2235 B WK BT K,
1.314; B35 K BUIR 98, 13.348; FilR 15 K: i
AT, 4.1265 R PR 9E, 5.335;
B PR, 1.536; FRWK: PRI,
12.634; T hH MK, 4.051,
HRFHEANT . AR LA P aE; T
R B BRIV + VIEROIER (K AEREN
2.5 5L ) 5 AT ECH 6 755 Al I K BER
FIV+V + VI; i35 M-VI(8E V) B— KR

A
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—[Nurudea shiraii

Nurudea yanoiella

. . , .
B, giay gensis
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I t 1 t t i
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:I Outgroups|:
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JERGE AL T AR R B R0 5 s IR A IR P T
DAYPWEIRTE 5 ik £ P LAz Jaenis P R A J% i P 14
ToBE; BEBRIESMH, (HARXBT; 5@ Cy,
5 Cu, AE4R, EHFEIT; §i# Cu, 5§ Cu, X
/N BT PR —; R PSR ARHK, EARImE;
WEAUIEE; ARRTHEE; BR¥AE (ER
TERKENPFEU L) ; AHRARTA 1K
24 REBUE R B PR /N BE B4 R A K
W55 — 25 FAEY) N Rhus glabra BY R. typhina; TG
S PICHE A FN Sl oF 28 /DR R AR BT 1555 oA
WEF SRR W R AR 58 1 B B FR 2,
2,28%3,3,28%3,2,283, 3, 3; REFLET
SN R K s RERUREERR, BN
BRI O TR 7 CRED sl 8 A
PUHERF 2 CBFE R 9 A LIS .
2.2 WEFHERES

HETHTHE(199) MR RGEFES HG
FRARBIE BT 2 o 6 B4R 35 R0 WE AR RSP T
FETRK IR R B R0 AH 56 R B0 B RS 7 8 UPGMA
B, GR¥BR M. rhois SEFIEXREY, BT
RR FCHE B i UPGMA W LIE 2 (A)

— Schlechtendalia chinesis 1
Schlechtendalia chinesis 2
Schlechtendalia peitan 1
Schlechtendalia peitan 2

Melaphis rhois 1

— Melaphis rhois 2.
— Floraphis meitanensis 1
Floraphis meitanensis 2
Meitanaphis elongallis 1
— Meitanaphis elongallis 2

— Kaburagia rhusicola ensigallis 1 100
Kaburagia rhusicola ensigallis 2 100

Kaburagia rhusicola ovogallis 1 100 58
Kaburagia rhusicola ovogallis 2
Nurudea shiraii
— Nurudea y.
Bai

97

; 7,
1g1a y 1gensis

Hormaphis hamamelidis 1—
Hormaphis hamamelidis 2—

B2 ETESHRE(A)F mtDNA COLEF 73 (B) WEHMBFHRERET LR
Fig. 2 Phylogeny of Rhus gall aphids based on Euclidean distance using UPGMA method (A) and
mtDNA COI sequences using MP method (B)
A BFIRR AREREFIRERE; B BF X EEIEN 1000 Kk HEKK {5 . Scale in figure A indicates the rescaled distance for cluster analysis.

Numbers on the branches in figure B are bootstrap values for 1 000 replicates.

MBS, FAET5F 8 AFIIE AL 3 KA R
Rk, RAEEF M. rhois 555 IR R R, 5%
IR 9 F AR AN SR L Se A R R AR 1, 8k
75458 TR 4 % 08 2 K . o 0 o A F 2 R S A 55 /)

AT R RO L /N AL R IR T, AR 1T
B3] 6 1% A5F TR F) 35 6 O RN L A% TR % 5 Bk A5 L 7 TR
FIBRAE LA B, JRISHE T AN I X RAHXT YT, [F]
—MNEIEFR 3, EREXREIRE KL
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RIEA—FL,
2.3 HFRERESW

ZF mtDNA COI BHF3, ULz oM B4 i
T Ao ERE, L AT MP I ML R4 K
BN, ZEBREA-BIWRAEXR, HpduEsfs
IF M. rhois S5f5IFERE—E, SETESHFMES
FWLEER -, MP FEEENRZRBERR LA
2 (B),

SFREM BN, AFETFE8 MFHRIER 3 A
KREGRAHE, LT M. rhois S5A55F )& 19 M 5%
FEETMRERER L SESREER -8, A
REXANMESHESEREA RN, SAEHLTREY
BRATACIE 5 /N A0 T 4 21 /N T W A R 28
I, SRAEUEF TR F Pt A5 A 2k I o /R k35 i 2 S o
5 B8] i M TR P A3 A A T 1A A A A R R 2K
JB AR AFR R [ 4S 22 TR) 1 S DAAR & B A
FEHR, KRG ES5HAMBHER,

3 itig

XF A R AE B BCA TEAN B S R K 2 Fitch
HIBRSE, MfE Virginia REB| HAEF, FEHHR T
HIBR K/ AGREEBE B B BB RS R
AT FEE SR F FEY RS, [F
B A S A 5 O P R/ A R K k£ L R
S A BB Sl MR T A K B TR S R
FEBEAT F 3R, JF K% b %€ & A Byrsocrypta rhois
(Fitch, 1866 ), JG R XXMM H R FEEETF
Fitch B FFEATRELT, TR, A X H5HAD
g ST 43 F 2R G2 )5 TH OB 58 i 3E (von Dohlen
et al., 2002; Yang et al., 2010) , (HEREA XILER
5 FUF AT PR TS F R

AR R B 3£ E New Jersey B A TR
BTN B TE A 2 WAL 5%, [ B U 22 e mtDNA
COI EHFF3, RAEMED KM FREL T T
FEXMNH SRR RIFTHR . SRER,
CER RS TR T HALL P, 56558 k%
RREEY), AU, AFFHERTFARE,
XM SRR BERZHH—FA
R AT

Moran (1989 ) X S| S& AR MM >R £ 2 ) FA% F 15
IS — SR —3F EAE Y RIAE T SR AT Y, 45
B AV FERAE B FIEE, A ZF RS RE
FREIEHRE AR, BN S HF FEYZ BN FEXR

BBt R E 2T, S EiIEdLEm
IR 22 18] B A e 3 o 15 4 R i F 3 7 — AR AT 2
SN 55 =8 TR AERAS LR R A 8
B3, 50 R 2T 32 ) A Hb 2 S B R R 1T 4
i, XHERAEFEERA KRG Eoksr #E 4k, 23
BT 7R AL SE [RI W7 53 A5 4% J5) (Moran, 1989 ; 255
RAEEZE, 1993; Z2HR, 1994), KRN
Moran (1989) Fy 25 36 i T #7 O IESE , DLRAALERS
Wf M. rhois IR TR o

TN, M FHE(2008) TFEME S F A HKFR T
KEAMRETES BT # 10 MrEBRTZRINXR,
GERER T R R 3 AN, Bt B A/ NSO i
J& [ £ W TR RS A IR A B R — 14 3
iR e, SHMAR FHRFRERRR
I 5 AR ARG AL SE AR 2SR N e £ iR
MR, BEIMBRLRER 6 MEBA NI K, dt
LB S AR I—, Rz EXREY, H
RFND X FHORSE R 3, H—ARFK
B3N ZEMRRA SER, AR BRFETRE
S5 A/INRR T R Y, 0 R A A0 B Ak
FEIESE B R I — o, SHA RS 7%
KRMNEOL, %G RIEFERE R N A M, &
BRI TEAS S 0 L BB AR AR, R I
PR EBARYE Z — (BRERTRA B, 2009) , £57E
KuEmAERMEE FREEBERRN (KRS,
2006) , 5] Ff A5 5F B 04 A5 16 07 B8 P 35 05 BT Ry
fEAEIE, SMEAIE, HEARRK, 5EH AT IF i dEE
AR, BN %R R B IR,

Fi mtDNA COI % [H J¥ 5| ¥ £ 1 165 F 15 4 F
RGERBERER, BT RS/NRIFE RN —
%, EAR R SRR —3; MBENK
FRERN, BELTRS EAMRGTRRN -5
X, XWNBHEERREE, ETRARENRE
MEBREENTRERBTXABARIEL—
BHYLER; Yang 2(2010) {8 F EF-1a F1 COII 27
SHMGEFIFRTRERBEWR, R BN, SEHT
BE/NRE BB R —, SRS
LA M. rhois T —3Z, A AMGERN—
X, FBRUERENEFERME N —, BEAEHT
BATFERIEG R AL, X5 RATHES RBARK—
o XFER A RE— B M THE S RA G KR
P, RERMEFRTREZ WAFE, B H TR
MARR E R XA R E RS T & EE
L AR 5 RB 1 (3K FIZESE, 2000) , 5 SURREAS B 7E
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ARFEARZ 6] B 28 S R B il BES R R KK R
IARFaE ; FH ABEFT FH— mDNA HH #4758
4T, Yang %5 (2010) 24 T — A A F1—A
mtDNA EF AT RIS, HEMZEIERN
—37, (HRHEE G R, BBA R ik
WZREM R, XU fERESRERAN—BHE
R, R 43 T 22 B R R 90 o 5 0 22 [ ) 5 2R
FTRAWSE

B2, ARBFFETAEE FAS I T A RRE B AT
HEARHEER , WA F /KX H o 2 v b 47
5, GRERNEMHSFGEXREY, RRBER
TR, EH—FHHRF, BRIV REEZ W
&, WEEZNSFFIIRIC, G560 aidRiET
B TR 3SR 3 LA F 05 A A VR & E R4 A
JREITE BT, L b X — 2R B UR AR A 3
BHBERE
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