o R 244 Chinese Journal of Applied Entomology 2025, 62(3): 741-753. DOI: 10.7679/j.issn.2095-1353.2025.070

RHRNRENEERAFIERREEZEN

Axa” & FT IR R m X M

CPRPEER TR AR 5 TAR B, BRVYA PHIRAEY) o Sz, BUF 723000)

# E [BK] &dimpl Asilidae 38 XUH H Diptera 481V H Brachycera, %A HE M ENE, W
AR AR HE | nfl | BPRAER S, TR AESRENYR 2N AR BE T M R
LRI AFIE L RGER B LR [ FE] WS RXT T 16 Fhfr duim 2ok A 5L P 20 477 51 k4 T
WESTTRRZERB IS [ER] BRI ERAEA 22 4 (RNAs, 13 MEAFRMGER, 2
A~ tRNAs F1 1 ANEH1IX, 3 R HES 0T 5 30 48 1 SR8 Drosophila melanogaster — 2, & & PR B HEPL 4
BAFRA BRI AT &HiEm T GC &w, BEAAEM AT finiE; atp6, atp8, cox2, cox3, cytb,
nad2, nad3, nad4l F1 nad6 9 K B4 # T340 ATN, T coxl, nadl, nad4 Fl nad5 [ T~ ATN LI
Hh, A TCG Ml GTG, ZIREM 7RI SRR, £ TAA, TAG FIAZERER) T A1 TA; AT
/) SC 25 051~ 4512 ( Relative synonymous codon usage ) %, =2 H2 Leu2 2T UUA Wl FHAT R %
=, AR Ala ST GCG FIZREIR Thr T ACG M IR AR ; 13 FhR 10T it FE 8 i A bk
LA . atp8 > nadé > nad4 > nad5 > nad2 > nad4l > nadl > nad3 > atp6 > cox2 > cox3 > cytb > cox1,
[458] 2T PCGs BUREMARGE R BUESL T & RMTAL . A WAL 4iiE dut WARHY R R M, 2O IR
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Abstract [Aim] The family Asilidae belongs to Brachycera, a suborder of the Diptera. All insects in this family are
carnivorous, the adults preying on insects such as wasps, locusts, leathoppers and flower flies. This study aims to better
understand the mitochondrial genome characteristics and phylogenetic relationships of the Asilidae. [Methods] This paper
presents the results of the first omics analysis and phylogenetic discussion based on the mitochondrial genome sequences of 16
species of this group. [Results] The mitochondrial genome of the Asilidae includes 22 tRNAs, 13 protein coding genes, 2
rRNAs, and 1 control region. The gene sequence is consistent with that of Drosophila melanogaster, and no gene
rearrangement has been found. Analysis of the nucleotide composition shows that AT content is much higher than GC content,
indicating a clear AT bias. The starting codons of nine genes, including atp6, atp8, cox2, cox3, cytb, nad2, nad3, nad4l, and
nadb6 are all ATN, whereas cox1, nadl, nad4, and nad5 not only have ATN but also TCG and GTG. The end codons are very
similar, mostly TAA, TAG, but also the incomplete termination codons T and TA. Relative synonymous codon usage shows
that the UUA codon of Leu2 was the most frequent, whereas the GCG codon of Ala and the ACG codon of Thr were the least

common. The evolutionary rate of the 13 protein coding genes can be ranked as follows: atp8 > nad6 > nad4 > nad5 > nad2 >
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nad4l > nadl > nad3 > atp6 > cox2 > cox3 > cytb > coxl. [Conclusion] A phylogenetic analysis based on the PCGs dataset has

confirmed the monophyly of the family Asilidae, the subfamily Asilinae, and the subfamily Leptogastrinae. This study provides a

scientific basis for in-depth understanding of the biological characteristics, origin, and evolution, of insectivorous insects.
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Asilidae B2 H ) BFR, SR8 SG# H Diptera %5 /317
H Brachycera £ Hiil- £ F} Asiloidea( Marchiori
2022 ), BRAbA MIEEH AN, 7E A2 oA
( Geller-Grimm, 2004 ), BLEVAIZ) 14 WEL 560
J& 7531 F ( Camargo and Gomes, 2024 ), FK[E
2910 WHAF 41 J& 141 FF ( Lavigne, 2016 ), £ H
AR EIRBIZ R, BUHASEE, KPR IR
SLTRMI PG ( Bk sE AR RS, 1992), &l
KEFHEIE, T9U0 12 WERAE, BWEEK
INNEEIRIESES, /NG Rl E /N, kR
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FLANRERINIE (M TR, 2024 ), &H
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JEREBR AT ( Martin-Park et al., 2018), it
ZAENETE R | VDT AR 2% A5 O T R ) 2
¥ ( Marchiori, 2022 ).

Dikow ( 2009a ) J& TIEARFIER & HUr B
IR 14 AR, RGBS . Fh2s
1T KRG AITT T ZAREIE SRR Yeates,
1994; Robinson et al., 2020; Dikow and Dubus,
2023), [HAUKEEINBIESEEE A 6 A WE
AREHLHRE RS ( Dikow, 2009a; Cohen et al.,
2021), 43 FEdE BB Z AL DL SR K 4
KXR, MG RIS FREAEY =238 T2
KiF: . Bybee % (2004 ) HKFIH 16S rDNA .
18SrDNA . 28StDNA il cox2 4 A FEH HT T1&
AR RGE R B RAR, WL T & ARG R
%5 Dikow (2009b) T 5 4 HEP (18SrDNA
28S rDNA . AATS. CAD Fil4& [ 5 4 5 5L A

EF-la ) FUESFREHERT 7 & Rt B R 50 %
BXRAR, WE T EUNVR Asilinae 55 6 TR
F LR, IESE T R Ui R} Trigonomiminae
AR R MER; Dikow 5% (2017 ) BTk A
FFIRFE R T i BB Asiloidea 1Y R 4L
KRBRKFR, HURIESE T & R 5 R 0%
Galinskaya 55 (2020 ) J&F 2 MR ARFE A 16S,
12S rDNA Fl 1 % 18S rDNA | & H
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W ARG K ERZFZ; Cohen 55 (2021 ) FETHLEST
TR E R R REL T LR, MR R S
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14-20 kb FYFRIRBLUEE DNA 43F ( Dowton et al.,
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#ik 2024 427 A 5 H, K%K GenBank 545
J#, FRGR IR 16 AN Y ks A 3 R 41
JPA, Hrp SRR IE R 28 A 12 B, ARoEsE
B 4, W5 AR 13 A8 16 MR (E 1),

12 SWmAE

{#i i PhyloSuit( Zhang et al., 2020 ). MEGAX
(Kumar etal., 2018 ). DnaSP 6.0 ( Rozas et al.,

2017 ) SERAEAIHT 16 PRI LRI A L R 20 25
4 . BREEZH 8 A R B (4% 1 5 G A A P A
RNA FEP ) SEIEACRHIE . PEHCE A} Asilidae
16 N Fh A1 iR Bombyliidae 1 4 F0( SMEF )
() B 0T G i L B ( PCGs ), #%E4% PhyloSuite
( Zhang et al., 2020 ). MAFFT ( Katoh and
Standley , 2013 ) . Gblocks ( Talavera and
Castresana, 2007 ), MEGAX( Kumar et al., 2018 )
SERRIEXS PCGs Bl kAT Hoxr . 8940 #5F . &
B, fif & K LAR ¥ ( Maximum  likelihood
analysis, ML ) /T TR RGE LT LR

# 1 GenBank BMFRLRNAEERANS R ERENE
Tablel A summary table of the mitochondrial genomes of thefamily Asilidae insectsthat have been included in GenBank

TR} Subfamily J& Genus

%55 Accession

BRI WA Asilinae
U JE Dysmachus
B HJE Eutolmus
X AUl JE Machimus

A HUiJ&@ Tolmerus

ik k& Philonicus
BE L8 Satanas
5% AL &8 Neoitamus
It ff BT J& Saropogon
4% Hufi-JE Dasypogon
40 i )& Leptogaster

FhHIE WU AL Dasypogoinae
4G Wi W B} Leptogastrinae
B AW A} Dioctriinae

iB 7 & Dioctria

2 i i3V R Brachyrhopalinae J8 /)N iU & Leptarthrus

i Ul J& Clephydroneura ¢ Hi - Clephydroneura sp.

YyFh Species
no.

MT424762
J# 7B € H i Dysmachus trigonus 0X454326
215128 AU Eutolmus rufibarbis 0Y987211
%k 3. X 4 i Machimus rusticus 0C608057
2 1 X di it Machimus atricapillus OW121790
#"%45 duUir Tolmerus cingulatus 0Y390713
14534 % et Philonicus albiceps 0Z017778
B il Satanas sp. KT225300
21 HR 745 H 40> Neoitamus cyanurns 0X384550
#4531 # it Saropogon luteus NC_ 088769
2244 )17 th il Dasypogon diadema NC_045239
LUAF 408 Bl Leptogaster longicauda  KT225296
[5%] f2 21 i 3 - Leptogaster cylindrica 0Y720110
21 i 2 45 B dn- Dioctria rufipes 02002746
2R 2% Huli- Dioctria linearis 0Z005745
I13P198 /8 Ui Leptarthrus brevirostris —— 0Z038377

2 GR59H

21 SNEEEASEHSH

HRZEE M —F, & dui R d i ok
S ZE IR WEE DNA 707, KIEKRZE
14 400-20 200 bp Z[Hl, i/ Geneious Prime
(Kearse et al., 2012) A fifk 16 MR LRiIK
FERAH, 450K PCGs, tRNAs, 16S rRNA .
12S rRNA KR 2E R0, I IX K 22

ST NG S s A N S B R N N S S
(E 1), SR r & Hur BHEoh AL R 4
LIRS duit Leptogaster longicauda 1Rt Ht i
Satanas sp.Bit/b trnl . trnQ F1 trnM;  [B 2 2 i Ht
I Leptogaster cylindrica Flj% diil: Satanas sp.
/b trnN; 21 HR 768 %5 d1 47 Neoitamus cyanurns /0
trnH ; % 1 4 Satanas sp. Fl £T k5 40 i
Leptogaster longicauda it/ X, HAHIHYIFh
#EA 22 4~ tRNAs, 13 4~ PCGs. 2 > rRNAs,
1 A IX ( D-loop ). £ HUIER} B () Lo {4 5
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Fig.1 Thelength of gene fragmentsin various parts of the mitochondrial genome of Asilidae
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Fig. 2 Mitochondrial genome base skewed map of Asilidae
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1985) I, AT HIENFEHRHR

22 SPEEFEAREREAN

i H PhyloSuite A% Sequence statistic ZJAETT
S T, 25 SRR AR EOR AR K 4 )y
) AT B ET GHC &m (£ 2), HAH
W) AT fi e, X0 ) el Be s B0 S 1
B A B U BRI (Sun et al.,
2009 ), i#iF /A AT-Skew= (A-T ) / (A+T) Fil
GC-Skew=( G-C )/ ( G+C ) T4 IR A} ( Perna
and Kocher, 1995 ), £558 7R £ U RO (A
K20 AT skew >0, GCskew<0 ([ 2), X5—
85 A SRR L 41 AT AT GC AHEL

{HIE UM —31 (Hassanin et al., 2005), [[]At
158 B 1 H i R ok R PR 2 42 7 4] e B I RS
CA) FXTF R EmEng (T) i, HSER (G)
AAXS T HImERE (C) fmff (Bian et al., 2020 ),
X AR LR AR R 2H (1) DNA S il dh 7 s
AL FIEPE R S SR ARE (Daietal., 2016),
Horbr, Zk5¢%i i Dioctria linearis A+T 5 i fix
i (81.8% ), BEHil- Satanas sp. A+T & & ik
(65.7% )o XFEWGEPIFI R 4 AR} IS A
I AT SR M bR : 8 Julr R
Dioctriinae > 3 Zf Bl F} Brachyrhopalinae >
A HE H iR} Leptogastrinae > %4 i He i\ A}
Dasypogoinae > £ UMW R} Asilinae; il 9 F
)45 L B i A AR RRFE ) 25 5, H I Le gy fif
1) 4 DS IR As>Ts>Cs>Gs (£ 2),

*2 RN RGN EEFEARMEAR
Table2 Mitochondrial genome base composition of Asilidae

S (%) Base content (%)

YFh Species

A T C G A+T G+C
o HUit: Clephydroneura sp. 40.7 29.3 19.6 10.4 70.0 30.0
ZIAEZN IS Bl Leptogaster longicauda 38.9 34.9 16.1 10.0 73.8 26.1
% Ui Satanas sp. 39.6 26.1 22.2 12.1 65.7 343
2242 didl- Dasypogon diadema 39.9 33.5 16.3 10.3 73.4 26.6
PB 2 Y Ul Machimus atricapillus 39.8 26.5 22.1 11.7 66.3 33.8
% K X AL i Machimus rusticus 40.7 27.2 20.6 11.5 67.9 32.1
H ™ 25 Hit Tolmerus cingulatus 43.9 28.3 19.1 8.6 72.2 27.7
21 i 52 %5 A1 i Dioctria rufipes 423 38.9 11.2 7.6 81.2 18.8
Bk % - Philonicus albiceps 39.5 31.3 18.6 10.6 70.8 29.2
£ 5% it Dioctria linearis 42.7 39.1 10.8 7.4 81.8 18.2
[ # 24 5 - Leptogaster cylindrica 40.7 37.0 13.1 9.1 77.7 222
21 HR 58 %5 i i Neoitamus cyanurns 42.3 30.2 17.7 9.8 72.5 27.5
Ji 628 i it Dysmachus trigonus 41.7 29.9 17.4 10.9 71.6 28.3
217513 %< dul: Eutolmus rufibarbis 41.1 27.1 21.1 10.7 68.2 31.8
(5,31 He it Saropogon |uteus 39.3 35.4 15.2 10.2 74.7 25.4
[ P18 /)N B Leptarthrus brevirostris 42.0 37.1 12.5 8.4 79.1 20.9

23 EARGRBEENHLAREBTERS N

231 EARGBERYSS gHOREAR
iR AT & (69.93% ) B [ HEAIK
FLRARIEF -3 A+T F 8 (72.93% ), {HiE

I8 15 T ER T i 3 R4 G+C 51 31.66% )o
i MEGAX 58288 1 B g5 3 R 3 AN [ 37
() AT &b, 25 R E (T i ik 2 A 12
LS HTEE AHT E i (76.24% ) @ FEAR
Ui JE R B AR — L (67.11% ) FIEE s
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(RT-H) A+T i (66.44% ), 13 AN H R 4 5
R4t 3 693 M2 SEMR, H b AR i =
FIER AL E IR Leu( 14.9% ), IR N 22 E i Ser
(9.4%), TMiJm AZRNZIR Phe (8.9% ).

232 EHRGHEERMNERZHFMNLILER
FERER 1/ Geneious Prime [ Open
reading frame DJREGLTT /MR UG %5 %+ A2k
T, AR R I R R o At A
BN T 22 AR E ) = BRAR 6D T 454 ATN
(ATG., ATC. ATT I ATA), H. ATG Fil ATC
I AT e ey s Horh 4t atp6, atp8. cox2,
cox3, cytb, nad2, nad3, nad4l fil nad6 9 >3k
PR RS 3 23 - AR I 5 AR S, ¥ s =
B R 05 F-454 ATNC Bl 3 ). i 4f% coxl . nadl,
nad4 Fl nad5 4 LK R IR FFR T ATN DA
Hb, A BNFFIRIE LG BT TCG il GTG;
XEREER IR I 5 T, 7EXNGH H R coxl )7
I eECE L, 752 5 R R R S B
Hr, SEHE Sk mRNA J5 48 RNA M9 440 ik
W EGEM T, JE5E MR R ( Spanos
etal., 2000 ).

1T 4 i 2 DR R ¢ 1 B R - R I i e

FIFRIE (B 3). 20 TAA. TAG FIARTEEM

—_
N
|

—
\S]
T

IR/ ST
Number of start/stop codons
N oo

ZOEEWT (T A TA), H TAA MR
B o ANSERE L 1R 7 R A ok (R I TR 4]
AR L, X TTRE S mRNA B b i
Jaf&iif & ( Huang and Zhang, 2020), # L&
1R T TAA T8 H &8 7 5% 5 R AR AT R 1™
A (Ojalaetal., 1981), MiASEE AL 1|36
T T 5k TA Zad i 55 1 gt X kAT 22 B
TF R AL BETE 58 34 (9 & 11 2515 F ( Yokobori
and Paibo, 1997 ).

233 MHEMEXEBFEAME, Reative
synonymous codon usage (RSCU ) 43#f RSCU
AL T EIEBRA S T F s, B
TV S BT 8 5 (0 P A A A, A —
T RSCU KT 1, FEHIZBM T FAR
FEXT A R, /INF 1 D03 B R AR AE (DU A%
2010 ). ffi Ff MEGAX 115 AUt &L RSCU 1,
SERFABRLALEES A, HA 62 A4 L
T R AR AN (] o G o [ i 2 B R v AN ) 25 6
TR FAAEE M T, A2 2R Leu2 AUZETS T
UUA ) RSCU fHiz =T UUG ) RSCU fH, #
B 5T UUA B R I, 5 2 AR
HRMR Ala F%IST GCG FIRE R Thr A3
T ACG M ISR AR (Kl 4 ),

B ATG @ ATT OATA mATC mTCG O GTG

BETAA ETAG BT OoTA
b L AL ol £ Lot Rl o LM" ljw
atp6  atp8 coxl] cox2 cox3 cytb nadl nad2? nad3 nad4 nad4l nad5  nad6

TE 1 i gmi 3 A Protein-coding genes
B3 ZEARFHBERERZEEFMELLZHLF

Fig. 3 Starting and ending codons of protein coding genes
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Ka/Ks ( JE[R] SRR /R AR ) wHAE
iy P 79 1 F8 A5 ( Zhang and Li, 2004 ),
# Ka/Ks < 1 PiHIER Z B 4lifbike i 15 17, Ka/Ks > 1

UL 2 B IE B ) (JE#E4E, 2010 ), fiff
Ffl DnaSP 6.0 4351315 Ka i1 Ks, 7E Excle 2016
T FHE Ka/Ks, 455 FRIE RarBZRiik 13
FhEE 4 s i N Y Ka/Ks (/T 1 (1| 5),

X 158 B 3 46 2 P 5 4 A ik R 459 2 B R i Ak ik
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ML, AR A g R 2l Ab s AR [l Wang
etal., 2021), HH atp8 LRGN, ZHH
VeI ) Al e 55 ; coxd b RS, 25k
PR AT RE S, PR RIS e R ~F . XGH H Y
HE SR Canigfiedl ) ot 3t 17 AR 2R 1 5T dmhs
B AR AT (Lietal., 2023), &
Hodg R} 13 8 11 5 gt 35 DR A9 2 3 v )
% atp8> nad6 > nad4 > nad5 > nad2 > nad4l >
nadl > nad3 > atp6 > cox2 > cox3 > cytb > cox1,

25 tRNA $&

1 HUI R PR FE R 21 P tRNA S PR i B
KBETE 64-73 bp ZIA], tRNA FEHAYFH) A+T
TN T417% FHBH HE B (RNA fRifE—

R, AFEDERHY T (RNA Z5H4 22 5 .

£ Ul AR Asilinae B tRNA — 24544, tRNA-Ser .,
tRNA-Leu &ikt/D — SR IEFR ( Dihydrouracil, EJ
DHU ¥ ), {H#SAT LUEE AR, HA (RNA
PIRETE ibr o () =0T RE45H ( Vire et al., 2017 );
AN HE A -V Bl Leptogastrinae 144 8 HL i £}
Dasypogoinae H', ZI #7441 i Hidi- Leptogaster
longicauda tRNA-Ser /> DHU &, FREHJIE R
i1 Dasypogon diadema tRNA-Phe fift/> DHU /&,

He (8,31 471 Hu it Saropogon luteus i[5 a7 41 i H -
Leptogaster cylindrica 1) 22 4~ tRNA 4454 5¢
# R MR = B2 5 38 Ul AL Dioctriinae
N ZE dua P A&l Brachyrhopalinae [ tRNA —4%
LEf I oEEE . X LEE> DHU B (RNA T HE
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Sl e R L R =R e 2 S
S ST R E S ( Hanada et al., 2000 ), BRIt
Z A RNA SEF ] G2 th B Bl LA LR 42
A LLE T RNA Gaf AL T2 e, e E
HHEXT (Lavrov etal., 2000 ),

rRNA $55

i BRI AR SE R 2 rRNA B0 B RS,
16STRNA i T tRNA-Leu2 Fi1 tRNA-Val ZJq],
12SrRNA {ii T tRNA-Val il D-loop 2 [a]. 44
Pl 2k ki A L P20 rRNA K BF 22 B AR/,
12SrRNA B F-HIK B 767 bp, 16SrRNA -4
KB 1335 bp, B HUTFFER B rRNA BB LA
ACEAT BH A AT )P, 12SrRNA 1JF 3] A+T
Sl 74.13%, 16S rRNA V¥ A+T &2
77.38%., 12S rRNA Fl 16S rRNA ()45 #4485 55 2%

(ZEFR4E, 2020), HBRALERIIR AT AE A ASHH TR
(FBARAE, 2003 ),

2.6

27 EHIRFFR

FEI X, WhR AT WX, BAKE N A+T
i, RSOk IR BE R A i B B R AE 2 —
(Guo et al., 2003 ), & HMERHEH] X AL E ff
SF, AT S 5 tenl Z ] 5 AN [R] 4R Lok A4 S R
Al DR BEARR], A ™ 25 Bl Tolmerus
cingulatus [ XA BEJE 5 411 bp, M 5 Hudr
Clephydroneura sp. {4 i X H A 882 bp, il X
B AN ()2 TS 350 1 A e A 2o A i 1R 2
SR E IR R . 6 XA 2 50
K, X AT RE Sl X N S B R R DAL
A G (HEERAE, 2012),

28 RHNMNERRZLBTXRER

i 1Q-tree ¥ #H: R G & F W ( Guindon
etal., 2010) (& 6), RGEBW I35
HARESZFE GBI 90 1945 64.3% ).

99

99

e

[ £ 40 I HU T Leptogaster cylindrica S s i
100 3 Leptogastrinae
LTRRHAIE B Leptogaster longicauda
o LT JBR A HUl: Dioctria rufipes 3 iR
96 |1_00 Dioctriinae
LR 25 HUl- Dioctria linearis
& S TR
B3B8 /N i Leptarthrus brevirostris Brachyrhopalinae
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100

BEHI: Satanas sp.
A i s

Philonicus albiceps

0.07

T ALPER I Hemipenthes hebeiensis

Fi P12 it Dysmachus trigonus

I S
Outgroup

E6 ETEORGHERMEBHRAUAREZRZLETXR
Fig. 6 A maximum likelihood phylogenetic relationship based on protein coding genes construction
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RPN ESH, 16 Fhfr Bk SR — K3,
MR R, FINRGEKE LR A : BRI
Asilidae 2 A 4 AR (24018 20k W R
Leptogastrinae, i8 HU R} Dioctriinae . 3 2 H
47> V. #}  Brachyrhopalinae #1 4 JI& & 4 W #}
Dasypogoinae ) FJIh IR Hf ; Leptogastrinae 4§ 4
s AR H A 3 AN ARK B Ui F R} Dioctriinae
9 25 dudr- W R} Brachyrhopalinae 144 i H o3V B}
Dasypogoinae ) 9 It Uk #F ; 40 iE Hdis W B
Leptogastrinae [ 2 P FP R AETE— M R &R
1B AV El Dioctriinae B 2 YR IR Q0L 5 £40%
Wi AR} Dasypogoninae HL & PERBEIKE , A
Jf-#f1 du it Saropogon luteus FIH 2 it 7 R 1
P9EE /)N - Leptarthrus brevirostris B —

AR Asilinae T YRR A K —3,
THEEEN 100, AR Neoitamus 24 7
A& (yadiir @ Clephydroneura, 28 41 i &
Dysmachus, £t Huif:J& Philonicus, X H TR
Machimus. 25 HUit-J& Tolmerus, (% 4Ll J@ Satanas
FIEZE U JE Eutolmus) IRRIREE . 1 X HUl &
Machimus /9 2 MR A REE—L, HiR
e 1 X ALl Machimus atricapillus F125 - J& 15
™42 H g Tolmerus cingulatus A E— %, B8l
i J& Satanas FIE R HJE Eutolmus RHEE—
X, HBRIREE.

TR RN R, X 5 Woodley( 1989 ),
Yeates Fl1 Wiegmann ( 1999 ), Dikow ( 2009b )
WFRER 2 HohE HuE AR Asilinae FFUER
YA R W — 2, IR R, 5 Papavero( 1973 ),
Bybee % (2004 ) HIWFIEL5 R —50; FlE duiiE
#} Dasypogoninae 2IF A1, A XEN ARG K
AR 2 YRR RT3, Hh T
1 M- Saropogon |uteus 13 2 H - WV AL 1 3P 98
/NHUT Leptarthrus brevirostris BEE—7, X 5
Bybee % (2004 ). Cohen % (2021 ) WF5E45H—
H; ASCRE T8 BAEERE Dioctriinae LR
P, X 5 Dikow( 2009b )1 TIE A2 4¢E L DNA
JEH 5 BT B BB R G R B R R MR G R—
#, {8 Cohen % (2021 ) FIFHHEARSF T HE R
45 & B W IE ST Hh & BEE i E AL Dioctriinae

AR, IGGE Hl R o3 2 A A
4eill; MZFE AW AL Brachyrhopalinae K HA 1
PR TCEFIWTH B A M, {H Dikow (2009b ),
Cohen 45 (2021 ) WP P EI AR I SH 25 du i 7}
R M

A0S A iV R Leptogastrinae fif) L2 A5 2]
T3HE, (B HANEREN RS RAEEFIL
Martin (1968 ) I\Jy, T 46 DAL H
T REFIE, 4IIE HUll Rl Leptogastrinae 78 H
i ERE Asiloidea HR A TRHY S ZE AL, 2
B HRL Asilidae AYIHERAE; SR, Oldroyd

(1969) 45T Martin (1968 ) (W5 46 4

“HIRARHE” Ry 43 A, RUTHRIYRHE 53 8L
TEE B} Asilidae B HACERHHIFI T, IFA
S 2N S A iV R Leptogastrinae FIF A5 1) ; Dikow
(2009a) FeT—RIVEEFRAE, RILTHEH
fig Ui P B} Leptogastrinae 4 1F & & Hy i Bl
Asilidae FUIHIRAERIREZ, Cohen 45 (2021) Kk
TSP TR RS R B, DF5E R A IE
MRS (B HACWR Asilinae+4H T BT AL
Ommatiinae ) ¥ 7 I R H# .

REGER BRI INERD] 5 DSWRZ (A
MRS KR A, 8 R AR Dioctriinae . # 2
Hdrs P Bl Brachyrhopalinae . %4 I£ & i 3V &)
Dasypogoinae i% 3 PFRH L C R BT, Bl
MERL Asilinae FIANHE ALl AL Leptogastrinae
RS KR, X5 Dikow (2009b). Cohen
4 (2021) MIWFIEEE R —3, SZEHUCWR, &4
JI& AR | B B ARRX 3 SRR R TE
— 3¢, T BT AR A2 H AR A A A )
HKARERN .

3 itig

#ZE 2024 45 7 H¥I, Genbank ¥4 2 Bk
S Hui R R AR SE R 4] 481 3 16 A, o
FE 52300 12 Fl, RS2 4 . AUHBHR
AR R HORBO /N ], B U R R A I R
YA FEARA AR R I ZS (B . XX 16 Fhe Hum )
B LR RS R AT B adr, o 12 4
T S A R A 35 6 7 37 A3 A, B 13



- 750 - R B H1 244 Chinese Journal of Applied Entomology 62 %

ANE TSI (22 4 (RNA S 2 %0
fIx RNA Z&[X ( Castellana et al., 2011), H4 44
VIR A7 40N Hi Leptogaster longicauda il H -
Satanas sp.5R/0 trnl . trnQ AT trnM;  [5 f2 20 i He
i1 Leptogaster cylindrica Flj% i i Satanas sp. it
/b trnN; 21 HR 76 %5 B2 07 Neoitamus cyanurns it /b>
trnH ; % I 00 Satanas sp. F£0 5 4 i
Leptogaster longicauda /1 X 5 FEGRIELL AR
FHATRRA AT fw )P, B s 3L N S
%, (RNA I G50 2 niEm) — 255,
AT A R AR I AL A, (M ER 55,
2012 ),

FERRS (7T, £ iR 2ok (AR 8] H
S i 5 DR 7 AL 1R 285 1 - 22 R s o 1) — DG 3
T ATN, DEGEE 1 BT i 5L KA A AN H L)
EIRFER T, W TCG Ml GTG, XFhAH WL &%
T F AR, AT LA/ INEE DRI ] B X, 3k B AH 41
BN R AEES, AT SN mRNA 5453 RNA
R A LE PR IR B RS T, SRS B AU
PEEE (PR REIE, 2016 ), ZIE%Y
T2l TAA FATERER T 5 TA, X LEASE
LT 2 e sk e g, XA T
R FRILEREIE BUSE #2811 15 ( Yokobori
and Pdaiabo, 1997 ),

SRR IR AN R+ RG KA F R
BT H, 76 B HRE G R iR 2] T AR
I GBRUAREE, 2022), {HUZ2IA & dulRHR 2R
PEAREHR D, R A R UK R T /D5
WRHY R R M, ndr WA Asilinae, ZHE Bl
WAl Leptogastrinae; {H X4 iS55 K i85 W B}

(A ks Bar AR Dasypogoninae . &4 ALl 1
#} Tillobromatinae . %58 H i A} Trigonomiminae .
g8 P4 Ui R Stenopogoninae . %S [ HL i 7 B
Willistonininae F13H 2 H MV} Brachyrhopalinae |
1B B R Dioctriinae ), RIS/ EE M ok
e H R B0k H K Z ( Yeates and Wiegmann,
1999; Bybee et al., 2004; Dikow, 2009b; Cohen
etal., 2021 ).

OISR b AR L R A 4y 9 8 v, 3
T R — AR A (e 25 e R

Brachyrhopalinae ), & % — 265325 b v A7 1Y
MR A ACR Y R, B a0 g o Ol R
Stenopogoninae, fE Papavero (1973 ) Xil4# DY
KR, - Uik PR} Stenopogoninae J&
TR i WAL Dasypogoninae iX — KISHE, H
R — SRR, M A= 5 45 /A
% FF Papavero (1973 ) AU, & 0S8 H Y
#} Stenopogoninae JEFLFR , FR1MT H A v A A AHXE
B LRLAR I R A , BT AN e
AT 75 e dr PRl Stenopogoninae F144JiE H
iV A} Dasypogoninae I/ FR ( Yeates
and Wiegmann, 1999; Cohenetal., 2021 ),
gi b, iR R ORI RE R 2 4 7 1 2

W R D, FER G R B s TP LB A
SRS FE R P81 32, (i FAUR A R i Lok 14
JEHNA cox2, 16SrDNA. 12SrDNA LK%, 3]
ABIRRE T — LM R LBHGE, HH T
FEAE A B HL = A S b BRACER A, i xERA
RPN RERE KR I, HARE
A58 /IS B e DR 21 8080 o o IR AT R X R R B 47
B HER PR AT S 7 AR s e, BRI, AR R
X B H A R RO AR I DR 21 AT 5 1) G 3 A
A, IR AR AR T R A Bl 58 S22 R R 1 3
GG, N T 1Y 3 BOR FAR i B
(anfespdl . BRI gmi s ), it — e
B R GE 5T .

SEZ Xk (References)

Bian DD, Dai ML, Ye WT, Lu ZT, Li MX, Fang YL, Qu JW, Su WJ,
Li FC, Sun HN, Li B, 2020. Complete mitochondrial genome of
Spilosoma lubricipedum (Noctuoidea: Erebidae) and implications
for phylogeny of noctuid insects. Genomics, 112(6): 4577—4584.

Bybee SM, Taylor SD, Riley Nelson C, Whiting MF, 2004. A
phylogeny of robber flies (Diptera: Asilidae) at the subfamilial
level: Molecular evidence. Molecular Phylogenetics and Evolution,
30(3): 789-797.

Camargo A, Gomes LRP, 2024. First robber fly described from
Mexican amber (Diptera: Asilidae: Laphriinae). Historical Biology,
37(2): 430-436.

Castellana S, Vicario S, Saccone C, 2011. Evolutionary patterns of
the mitochondrial genome in Metazoa: Exploring the role of

mutation and selection in mitochondrial protein coding genes.



33 FEISCaA: B R R LR AL A RHIE S R Gk T 7 # <751 -

Genome Biology Evolution, 3: 1067-1079.

Clary DO, Wolstenholme DR, 1985. The mitochondrial DNA
molecular of Drosophila yakuba: Nucleotide sequence, gene
organization, and genetic code. Journal Molecular Evolution,
22(3): 252-271.

Cohen CM, Noble K, Cole TJ, Brewer MS, 2021. The phylogeny of
robber flies (Asilidae) inferred from ultraconserved elements.
Systematic Entomology, 46(4): 812-826.

Dai LS, Zhu BJ, Zhao Y, Zhang CF, Liu CL, 2016. Comparative
mitochondrial genome analysis of Eligma narcissus and other

Lepidopteran insects reveals conserved mitochondrial genome

organization and phylogenetic relationships. Scientific Reports, 6:

26387.

Dennis DS, Lavigne RJ, 1975. Comparative behavior of wyoming
robber flies II (Diptera: Asilidae). Bulletin of the American
Museum of Natural History, 30(1): 1-68.

Dikow T, Dubus M, 2023. A review of the assassin-fly genus
Anypodetus Hermann, 1907 with the description of a new species
(Insecta, Diptera, Asilidae). African Invertebrates, 64(2): 165-206.

Dikow T, 2009a. Phylogeny of Asilidae inferred from morphological
characters of imagines (Insecta: Diptera: Brachycera: Asiloidea).
Bulletin of the American Museum of Natural History, 319:
1-175.

Dikow T, 2009b. A phylogenetic hypothesis for Asilidae based on a
total evidence analysis of morphological and DNA sequence data
(Insecta: Diptera: Brachycera: Asiloidea). Organisms Diversity &
Evolution, 9(3): 165-188.

Dikow RB, Frandsen PB, Turcatel M, Dikow T, 2017. Genomic and
transcriptomic resources for assassin flies including the complete
genome sequence of Proctacanthus coquilletti (Insecta: Diptera:
Asilidae) and 16 representative transcriptomes. PeerJ, 5: e2951.

Dowton M, Castro LR, Austin AD, 2002. Mitochondrial gene
rearrangements as phylogenetic characters in the invertebrates:
The examination of genome ‘morphology’. Invertebrate Systematics,
16(3): 345-356.

Fu HY, Xiang LB, Xie Q, Zhang DD, 2023. Sequencing and analysis
of Hyblaea congellata Guenée, 1852 (Lepidoptera: Hyblaeoidea).
Journal of Environmental Entomology, 45(6): 1587-1602. [}
=, Wk, W, sKPHPE, 20230 R BEMRZOR AR 41
J Koy b (B H - BE ik BB, FREE R B, 45(6):
1587-1602.]

Galinskaya TV, Astakhov DM, Propistsova EA, Gorin VA, 2020.
Phylogenetic reconstruction of the subfamilies Asilinae and
Stichopogoninae (Diptera, Asilidae) based on the mitochondrial
genes 16S and 12S rDNA and nuclear 18S rDNA. Russian

Journal of Genetics, 56(8): 952-971.

Geller-Grimm F, 2004. A world catalogue of the genera of the family
Asilidae (Diptera). Sudia Dipterologica, 10(2): 473-526.

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W,
Gascuel O, 2010. New algorithms and methods to estimate
maximum-likelihood phylogenies: Assessing the performance of
PhyML 3.0. Systematic Biology, 59(3): 307-321.

Guo XH, Liu SJ, Liu Y, 2003. Comparative analysis of the
mitochondrial DNA control region in cyprinids with different
ploidy level. Aquaculture, 224(1/4): 25-38.

Guo ZL, Yuan ML, 2016. Research progress of mitochondrial
genomes of Hemiptera insects. Scientia Snica (Mtae), 46(2):
151-166. [z, RHK, 2016. 18 H B HER A I F L
2T, hEBI ARl 46(2): 151-166.]

Hanada T, Suzuki T, Watanabe K, 2000. Translation activity of
mitochondrial tRNA with unusual secondary structure. Nucleic
Acids Symposium Series, 44(44): 249-250.

Hassanin A, Léger N, Deutsch J, 2005. Evidence for multiple
reversals of asymmetric mutational constraints during the
evolution of the mitochondrial genome of Metazoa, and
consequences for phylogenetic inferences. Systemic Biology,
54(2): 277-298.

Huang WIJ, Zhang YL, 2020. Characterization of two complete
mitochondrial genomes of Ledrinae (Hemiptera: Cicadellidae)
and phylogenetic analysis. Insects, 11(9): 609.

Katoh K, Standley DM, 2013. MAFFT multiple sequence alignment
software version 7: Improvements in performance and usability.
Molecular Biology and Evolution, 30(4): 772-780.

Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock
S, Buxton S, Cooper A, Markowitz S, Duran C, Thierer T,
Ashton B, Meintjes P, Drummond A, 2012. Geneious basic: An
integrated and extendable desktop software platform for the
organization and analysis of sequence data. Bioinformatics, 28(12):
1647-1649.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K, 2018. MEGA X:
Molecular evolutionary genetics analysis across computing
platforms. Molecular Biology and Evolution, 35(6): 1547-1549.

Lavigne R, 2016. Robber flies (Asilidae). https://www.geller-grimm.
de/genera01.htm.

Lavrov DV, Brown WM, Boore JL, 2000. A novel type of RNA
editing occurs in the mitochondrial tRNAs of the centipede
Lithobius forficatus. Proceedings of the National Academy of
Sciences of the United Sates of America, 97(25): 13738-13742.

Li H, Wang YF, 2024. Progress in the taxonomy of Asilidae from
China (Diptera: Brachycera). Acta Entomologica Snica, 67(7):



- 752 - R B H1 244 Chinese Journal of Applied Entomology 62 %

997-1005. [ZE5E, FA1AML, 2024, & AUl RHCWR H . A
Wttt BL2EH], 67(7): 997-1005.]

Li H, Yan Y, Li J, 2023. Eighteen mitochondrial genomes of
Syrphidae (Insecta: Diptera: Brachycera) with a phylogenetic
analysis of muscomorpha. PLOSONE, 18(1): €0278032.

Li Q, Li WJ, Han C, Lu TF, Gong J, Gui L, 2024. Sequencing and
analysis of complete mitogeneome of Cyprinus multianeniata.
Journal of Anhui Agricultural Sciences, 52(5): 108-111, 120.
(2508, 230, #h5:, SR, 386, Bk, 2024, = sk
WL L R 20 42 3 B 8 B i . ORI RE A, 52(5):
108-111, 120.]

Li W, Chen T, Dong WG, 2020. Phylogeny of the Anoplura based on
variation in 16S rRNA sequences and the extent of mitochondrial
genome fragmentation in this group. Chinese Journal of Applied
Entomology, 57(6): 1350-1361. [2f, MRiE, #CHY, 2020, £
TR 168 rRNA J7 51 FIZRA 7 5 PR 2 AR BE A3 T il
WHRSELEE. MR, 57(6): 1350-1361.]

Liu HM, Zhao Y, Gu Y, Zhang HY, Huang YB, 2010. Characterization
of Codon usage of waxy genes in several plants. Journal of
Nuclear Agricultural Sciences, 24(3): 476-481. [XIIXHE, AXHE,
T, B, BT, 2010. JLAHEAY waxy SR 12500 F
BRI, AR, 24(3): 476-481.]

Liu YX, Zhao Q, 2024. Mitochondrial genome of Sciocoris lateralis
and phylogenetic analysis of Pentatomidae. Journal of Shanxi
Agricultural Sciences, 52(2): 78-88. [XIillF, #XiE, 2024. /N
IRZRL A R R R R GER T 0. IV RLE, 52(2):
78-88.]

Marchiori CH, 2022. Bionomic of the Asilidae family (Insecta:
Diptera). Open Access Research Journal of Life Sciences, 3(1):
1-16.

Martin CH, 1968. The new family Leptogastridae (the grass flies)
compared with the Asilidae (robber flies) (Diptera). Journal of
the Kansas Entomol ogical Society, 41(1): 70-100.

Martin-Park A, Delfin-Gonzéalez H, Sosenski P, Reyes-Novelo E,
Meléndez-Ramirez V, Navarrete-Carballo J, Ibafiez-Bernal S,
Dzul-Manzanilla F, Gonzalez-Moreno A, Manrique-Saide P,
2018. Diversity of Tabanidae, Asilidae and Syrphidae (Diptera)
in natural protected areas of Yucatan, Mexico. Journal of Insect
Conservation, 22(1): 85-97.

Mei Y, Yue QY, Jia FL, 2012. Research progress on mitochondrial
genomes of Dipteral insect. Journal of Environmental Entomology,
34(4): 497-503. [MER, E1 =, BIXUE, 2012, XG# HERZ
AL ZERTFEHE RS, PREE R B, 34(4): 497-503 ]

Ojala D, Montoya J, Attardi G, 1981. tRNA punctuation model of
RNA processing in human mitochondria. Nature, 290(5806):

470-474.

Oldroyd H, 1969. The family Leptogastridae (Diptera). Proceedings
of the Royal Entomological Society of London Series B
Taxonomy, 38(1/2): 27-31.

Oldroyd H, 1974. An introduction to the robber flies (Diptera:
Asilidae) of South Africa. Annals of the Natal Museum, 22(1):
1-171.

Papavero N, 1973. Studies of Asilidae (Diptera) systematics and
evolution: I. A preliminary classification in subfamilies. Arquivos
de Zoologia, 23(3): 217.

Perna NT, Kocher TD, 1995. Patterns of nucleotide composition at
fourfold degenerate sites of animal mitochondrial genomes.
Journal of Molecular Evolution, 41(3): 353-358.

Robinson 1J, Li XK, Yeates DK, 2020. Revision of the endemic
Australian robber fly genus Daptolestes Hull, 1962 (Diptera:
Asilidae) and description of Humorolethalis gen. nov. Australian
Journal of Entomology, 59(3): 487-504.

Rozas J, Ferrer-Mata A, S a nchez-DelBarrio JC, Guirao-Rico S,
Librado P, Ramos-Onsins SE, Sanchez-Gracia A, 2017. DnaSP 6:
DNA sequence polymorphism analysis of large data sets.
Molecular Biology and Evolution, 34(12): 3299-3302.

Samin N, Sakenin H, Ghahari H, Monaem R, 2014. Prey records of
robber flies (Diptera: Asilidae) in Iran. Wuyi Science Journal,
30(4): 1-6. [Samin N, Sakenin H, Ghahari H, Monaem R, 2014.
P o (B0 B i B R R e st BRERE, 30(4):
1-6.]

Sharko FS, Nedoluzhko AV, Rastorguev SM, Tsygankova SV,
Boulygina ES, Polilov AA, Prokhortchouk EB, Skryabin KG,
2017. The mitochondrial gene order and CYTB gene evolution
in insects. Vavilovskii Zhurnal Genetiki i Selektsii, 21(3): 368—
373.

Shi YS, Fan HD, 1992. Robber flies from mount mogan (Diptera:
Asilidae). Journal of Zhejiang Forestry University, 9(4):
130-131. [shsks#, BEEAE 1992, SE LAY it (OuH H &
HUbih). WAk B =4, 9(4): 130-131.]

Spanos L, Koutroumbas G, Kotsyfakis M, Louis C, 2000. The
mitochondrial genome of the Mediterranean fruit fly, Ceratitis
capitata. Insect Molecular Biology, 9(2): 139-144.

Steve Dennis D, Barnes JK, Knutson L, 2013. Review and analysis
of information on the biology and morphology of immature
stages of robber flies (Diptera: Asilidae). Zootaxa, 3673: 1-64.

Sun Z, Wan DG, Murphy RW, Ma L, Zhang XS, Huang DW, 2009.
Comparison of base composition and Codon usage in insect
mitochondrial genomes. Genes & Genomics, 31(1): 65-71.

Talavera G, Castresana J, 2007. Improvement of phylogenies after



33 FEISCaA: B R R LR AL A RHIE S R Gk T 7 # - 753 -

removing divergent and ambiguously aligned blocks from protein
sequence alignments. Systematic Biology, 56(4): 564-577.

Tang P, Peng C, Gao L, 2010. Analysis the relationship between
selective pressure and nucleotide substitution rate in nuclear and
organelle genes of Sorghum and maize. Journal of Anhui
Agricultural Sciences, 38(17): 8854-8858. [JHiif, W%, mii,
2010. FRAZ B A as B R RS AR SRR S R R I
Br. A RE, 38(17): 8854-8858.]

Vire VYP, Eruysal ER, Narendran A, Sarachan KL, Agris PF, 2017.
Chemical and conformational diversity of modified nucleosides
affects tRNA structure and function. Biomolecules, 7(1): 29.

Wang J, Zhang YJ, Yang L, Chen XS, 2021. The complete
mitochondrial genome of Trifida elongate and comparative
analysis of 43 leafthoppers. Comparative Biochemistry and
Physiology-Part D: Genomics and Proteomics, 39: 100843.

Wei XT, Lu XT, Men ZT, Ma HR, 1990. Field distribution of
Promachus yesohicus (Diptera: Asilidae) larvae and their control
effect on white grubs. Chinese Journal of Biological Control,
6(4): 183-184. [BFH, FlitH=, 'l TH, D2rdh, 1990. &
-y AR [ A2 A ERIE v oA ST S e A . A
B IR, 6(4): 183-184.]

Woodley NE, 1989. Phylogeny and calssification of the “Orthorrhaphous”
Brachycera. Manual of Nearctic Diptera, 3(32): 1371-1396.

Yeates DK, 1994. The cladistics and classification of the Bombyliidae.
(Diptera: Asiloidae). Bulletin of the American Museum of Nature
History, 219: 1-191.

Yeates DK, Wiegmann BM, 1999. Congruence and controversy:

Toward a higher-level phylogeny of Diptera. Annual Review of
Entomology, 44: 397-428.

Yokobori S, Padbo S, 1997. Polyadenylation creates the discriminator
nucleotide of chicken mitochondrial tRNA (Tyr). Journal of
Molecular Biology, 265(2): 95-99.

Zhang D, Gao FL, Jakovli¢ I, Zou H, Zhang J, Li WX, Wang GT,
2020. PhyloSuite: An integrated and scalable desktop platform
for streamlined molecular sequence data management and
evolutionary phylogenetics studies. Molecular Ecology Resources,
20(1): 348-355.

Zhang LQ, Li WH, 2004. Mammalian housekeeping genes evolve
more slowly than tissue-specific genes. Molecular Biology and
Evolution, 21(2): 236-239.

Zhao L, He YC, Li G, Dang LH, Huo KK, 2022. Characterization
and phylogenetic analysis of the complete mitochondrial genome
of Syrphidae (Insecta: Diptera). Chinese Bulletin of Life Sciences,
34(11): 1421-1430. [BA 4R, BEHL, 228, seRl4, ERE
2022. WFMER} R BZOR IR A R IE e R G A T ST, Azt
Blaf, 34(11): 1421-1430.]

Zhao R, Li H, Wu G, Wang YF, 2024. Codon usage bias analysis in
the mitochondrial genomes of five Rhingia Scopoli (Diptera,
Syrphidae, Eristalinae) species. Gene, 917: 148466.

Zheng D, Liu XD, Ma JZ, 2003. The application of 12SrRNA gene
and its secondary structure to systematics. Journal of Northeast
Forestry University, 31(3): 59-61. [J$4&, X278, Dk,
2003. 12S rRNA ZE[H J H G E5HTE R G205 R
ARAeMlL 22441, 31(3): 59-61.]



