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Molecular identification of gastric blood source of Culicoides
in Ganshui Town, Qijiang, Chongqing, China

LU Xue, WANG Lin, XU Yuan-yuan,LIU Jiang-xin,DAI Qing-lang, HOU Xiao-hui

(School of Basic Medical Science s Zunyi Medical University s Zunyi 563099, China)

Abstract: This study aimed to use the mitochondrial CO | gene of the species to detect the source of gastric blood from the
blood-sucking Culicoides, and to study the blood-sucking habits of the midges. The mosquito trap method was used to collect
blood-sucking Culicoides in different habitats in the in the Ganshui Town, Qijiang District, Chongqing, China, and to investi-
gate the species composition of blood-sucking Culicoides in the area; at the same time, according to the differences in the mito-
chondrial CO | gene sequence of the possible blood-sucking objects of the blood-sucking objects in the surrounding environ-
ment, the species-specific design was designed Using PCR technology to amplify the mitochondrial CO I gene of blood meal of
blood-sucking midge stomach, by matching the amplified product with the target band size corresponding to different species,
detect the source of blood meal of blood-sucking Culicoides stomach. The results showed that the habitats of chicken houses,
sheep houses and chicken-duck mixed houses were mainly C. arakawai s accounting for 93.35%, 75.26 % and 94.29% , respec-
tively, and the pig houses were mainly C. kinabaluensis, accounting for 69.44%. Through random sampling, PCR detection
was performed on 190 full blood-sucking Culicoides gastric blood from 6 types of Culicoides. All 6 types of Culicoides had fac-
ultative blood-sucking phenomenon and sucked the blood of 4-6 kinds of animals at the same time. Among them. C. actoni and
C. arakawai had the ability to suck the habit of human blood, accounted for 56.52% and 1.39% respectively. Therefore, this
study preliminarily confirmed that the mitochondrial CO I gene sequence of the species can be used to detect the source of gas-
tric blood from the blood-sucking Culicoides. At the same time, it was found that all six Culicoides were facultative blood-
sucking, with various blood-sucking habits and a wide range of blood-sucking objects.

Keywords: blood-sucking midge; gastric blood source; CO | gene; blood-sucking preference; different livestock barn
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1 (Culicoides Latreille , 1809) 3 J& T X i#
H (Diptera) 15 Bl (Ceratopogonidae) JF 15 J& (Culi-
coides) s 72 O HIW I 5 28 v, 00 A e K i — 1N )
JUZ oA TR A, R 2020 4E, 2 ERE KB
1 34780 FRE T M 480 Ft 2, R AT /N BAT
W Il AR P L T B R 22 NN B O A W L i A
BN ER Bl W) EL R JE LA A, S 0L T i A
Tabanidae) . 221 (IR} Simuliidae) A1 85 it (B8 2R}
Ixodoidea) & W il B2 W, S T (8 - 05 1L, JE 85 1
WP A DUBE I B L A A R AN A e I T R
I Y O B 7 B 0 7 a0 i 2 . L e A
A A B P AR B T LR L G 2 B I R
7 (Japanese encephalitis virus, JEV) . % & % &
(Bluetongue virus, BTV ). Schmallenberg J% &
(Schmallenberg virus, SBV) |k & H H (Leuco-
cytozoon Caulleryi)%mﬂ . HI./E N R REN
AR BRI T X N B W TR
9o A% 1 BIF 5 U b B A T 200 8 A

S HUE A 2 A IR Bl ) 22 1) ) 2 fid A3 %% [
9o JEL AR RO A% R 1 DRI %85 U0 AH G, i W if i v 2
W TE WAL T B G i P R A T Ut
A7 2 A A 1) S N A B B A Y e L R i R )
1 >3 P K BUE i A 5% 3 R g AR O [ A B
I 258 1) A 2 2 A A ok R Y, Bl A AR
PR K He T3 1 b 3 A8 4G 0 52 A A 0 T
Wi 1 e T A U O T A D A R A R
F PCR A X 2 2 1) BCE D 4 2 A7 B 52 . CO
1 PR T 4ok A 5 DR 2 v, A b 2R A At 56
PR A B R DR ST 1 28 AR S R0 T) I A 5 O st
&5 B BAEF — PR A A A Z MAUA 100 ~22%
(14 26 5 o TS [R) 9 o 22 i 2 S DU A R0 02 H i E
R 205y Fhric. 3 PCHL AL 3R E VG pg b X, i T
HOH B AS AT S A SR W) 22 0 AE B B0 H R A
T ARRE 0T A58 A ) W I A e ) BB A AR A
I AR EE T AR F CO T FEPH X8 BT
K ML DX P 1) 1 IR PR PR AT B R 4 L I T AR A
BT 1 figk PE 1 T BE Y BBUEE D 4 AR B A 1% 1 Y 26
TE 9 iZ 3 X B BT iR TAER LS M .

1 MREFZE

11 ARG A A B e B A R T AT
X EE 7K B J 11 R 9% (28°75740"N L, 106°72' 75"E) . % 1l
X Sk HLRD ) N L3 TR TR L KR B S A 2 i |

FEMRAEY) . A& N B 322 AN K R TR EE
SEAEANTH 2R 53 2H AL & V% AT XS S 5 L A F R
FREXE HEBHREZRENEL.

1.2 JFEMERREE 20197 H 16 HE7H28H,
W N SEIETE 4 FOR R B & O L3R 7 X8 & &
XGHE IR A E) AT i I L, A R R I 1~2
SR B AT (R E A YR A RA
D LIZATH T E 2 1.5 m 4, T4 H H %G
W 43 AT (18:00—19:00) IR H i BT (6:00
—7:00) FFLEIT V5 12 h, WA R E IR, KR
RN PRI ] R LR (W H R BT & TS 40 4k T
BIRAFD BB G RAE T 75% S B, 5 ek 47143
FMEE

1.3 JRIEFRASHIIE RS W R AR W PRI A0 41
TR, P L0 A 2 i A AR B T R A
00 L P S 43 5 P A 3 4 ) B A K B A AR 1B
D A (Ui | 7 B e

1.4 PEEEIE IR0 M % DNA 4RI #2055 ok
) VR0 i S I A B A B N EP A, e 5 H S AN
SKARFRA DT B AR IC . P FH 2218 K IR TE 2 I & e AL
TIANamp Genomic DNA Kit if5 & #£ B H DNA,
BF—20 CORAFH . HAM, 27 323 i i i 5 241
21 DNA . F) b3 550 & 247 S B AR AF

1.5 FFERKWE PCR EE  MIBAFD A A
F ORI Y AR B CO T RN FHI 25, 5t
HErSFHsIW (R D BilgA TAY TERARA
AlA . LARE EB A DNA SRR, 43 9 A 8 F
WA EHY CO 1 FFMFEF 5 Wit 1T PCR
Powg, R WK R . 2 X Tag PCR MasterMix
4.5 pLs; 514 pl (100 pmol/L) 0.2 uL; 514 p2
(100 pmol/L) 0.2 pL; # 4k DNA 1 pL; ddH.O
6.6 pL, SRR 12,5 pls O 45 F .95 °C A8
5 min, 1 MEH ;94 CAEYE 30 s, A FE B HYIE kR
JERNTE, BI A 53 °C L ANl 54.9 "C LN 55.6 C
FA 56.5 “C 5 57.4 °C 38K 58.5 C .44 59.4
C.RH 61 CLE Kk 30 s.72 ‘CZEfH 30 5,35 IME
;72 CHEA 10 min, 1 MEH; FeJq. 4 CIRAF.
PCR 9" 14 15 & B 4 6 BECFD BH 4 % B, B 1 X ] LA
ddH, O KA DNA Bk, FHA% X B LUK [R 3 9 1
DNA R R, DLsE G B PH A sl A5 B P 25 28 . B
PEXT B N IR AS Sk [ Ak R kR B BRI RE AR
K H LR/ E S AR R W REAR T B
kAT,
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Tab.1 Eight specific primers for blood source identification
FiftJ& A SIFEAIGE—3") Jr BUKE /bp
A co 1 F.:CAATACCAAACGCCCCTCTTC 914
(Human) R:AGGTTTATGGAGGGTTCTTCTAC
i co I F. TCACCCGCAATACTATGAGCTCTG S06
(pig) R: TGATAGGGAGGAGGACATCCG
LS co 1 F: TGAATTAGGCCAACCCGGAA 784
(Cattle) R:GTCGACGTCTATTCCGACAGT
* co 1 F:CAACCCGGAACCCTACTTGG 338
(Goat) R:ATGCCTGCTAGGTGTAGGGA
F F: TACCCACCTCTAGCCGGAAA
(Mouse) col R:GTGATATGGTGGAGGGCAGC e
X co 1 F.CTTCGGTCACCCCGAAGTTT 210
(Chicken) R:CCAGTTGGGATGGCGATGAT
e co 1 F:CCCGACATAGCATTCCCACG 18
(Duck) R:CGTGTAGGGTGGCGAGTCAG
PN co 1 F:ACTAGGTCAGCCCGGTACTT L os
(Dog) R:CAGTGGGCAAATCCTCCCAT

1.6 PCR =¥ L5 L. PCR ¥ #4724, H
1 %6 B G b B I FL Wk 43 5 . 5 DNA Marker LK 7%
AFHEAT EG XS BB 4 1 %A B /N AR B SR 1
B 45 S B[] — P e S8 I A DNA 93 1 1 b
2 Fhal 2 kPR X PRI AT IR 1 F L2 R 2
25 32 30 LK

2 & R
2.1 FAM AU AR A i s 1 796
K @IRBFLEER 4 WIR 9 A Z AT
(DL & (Subgenus Beltranmyia Vargas,
1953)
OFENEFEE: (C. arakawai Arakawa, 1910)
(2) — %% W J& (Subgenus Avaritia Fox)
@ 5 FE (C. kinabaluensis Wirth et Hu-
bert, 1989)
QBEHFER (C. jacobsoni Macfie, 1934)
DFBRIEFEE (C. actoni Smith, 1929)
O MW (C. tainanus Kieffer, 1916)
(3) E i W J& (Subgenus Culicoides Latreille,
1809)
O % (C. newsteadi Austen, 1921)
QRN B (C. punctatus Meigen, 1804)
(4) &%= )& (Subgenus Oecacta Poey, 1853)
@R FEEE(C. oxystoma Kieffer, 1910)

OB IKEE (C. lingshuiensis Lee, 1975)
2.2 FREEALRL  HE DSEE VLK Hb X f S8 B
TN (C. arakawai »72.44 %)  Fo U VE 5 PE g
(C. kinabaluensis,18.10%) , Wi Hi Al 7 Fb 22 152 44 %k
DI 9470 (R 2,

2 BERJITEKHX I E FF SR EHK
Tab.2 Community composition of the main hematophagous

midges in the Ganshui Town, Qijiang, Chongqing

LIS Bt/ R 4 1/ %%
FEEE (C. arakawai) 1301 72.44
TEB B (C. kinabaluensis) 325 18.10
I BE EEBE (C. punctatus) 54 3.01
B ER 85 (C. actoni) 42 2.34
I FEE(C. oxystoma) 49 2.73
B K BEWE (C. lingshuiensis) 13 0.72
HoAt )21 (Other Culicoides) 12 0.67
it 1796 100
23 AFEEFLEEMNFEHE AFHFEEL

JR I R 2L A TN ) S A RS R A 1Y
DB 28 S 35 1] 0, 03] o A AR BB 75.26 %%
93.36 %0 Fl 94.29 %4 5 1M % & 1 £ S50 DU O 33 12 T2 e
d AR SR 69.44 % (% 3,
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Tab.3 Composition of blood-sucking Culicoides in different habitats in the Ganshui Town, Qijiang, Chongqing

i STALIDER < T 1 e it o 2 P it BB 05 R P e K i it FoAth vt
A ﬁ;;/ C. arakawai C. kinabaluensis C. punctatus C. actoni C. oxystoma C. lingshuiensis Other Culicoides
T R e B/ B RCR/ B RO/ B RO/ B RO/ B B R

7N

H % H % H %

H % H % H % H %

X & 813 759 93.36 26 3.20 3 0.37
i 373 3 0.80 259  69.44 38  10.19
Fh 190 143 75.26 31  16.32 5 2.63
XS & 420 396 94.29 9 2.14 8 1.90

11 1.35 1 0.12 13 1.60 0 0
21 5.63 43 11.53 0 0 9 2.41
10 5.26 1 0.53 0 0 0 0
0 0.00 4 0.95 0 0 3 0.71

A 1796 1301 72.44 325 18.10 54 3.01

42 2.34 49 2.73 13 0.72 12 0.67

2.4 ANIFE A FEERN W0 A AW A R
BT R K i DX 0 il it FAE B R 1ML 2Ry 72.10 %6, B
EBEIKEEE (C. lingshuiensis) 5E H At ZE 052 K S 3 3R
Bk DM BRI 25 FO S, Hoh 5 )1 2 5
(C. arakawai) MWL Il 2 5 (7 (79.55 %0 , Hl 2% JE w5
(C. punctatus) (W I R F AL (51.85 %0) 5 Ak A5
TRA A b B2 81.18 %6 a7 i T Ho il Pl <8 oA
e b o R AR AL 65,830 (R 4D

2.5 AS[R] P YR E A8 4 A BT A A A $i B

JE EBTHEAT 2 N BEHLAI RS 190 03 16 1t 4 i
MAEASFEAT PCR 758, K60 HC B ) 132 04 25 = 3h

AR 0 - 5 )1 PR (C. arakawai) 12.68% :
X3 16.53 %0 S 000, Fiiy 7.14 %60, WGH8 4 10.37 %05
VER EWE(C. kinabaluensis) 19.42% .34 100% ,
$ 4 13.89% . 2E 4 31.25% . XG4 100 %5 5 ) 5% %

bp
1200 —

500 —
300 —
100

M:DNA Marker;1: BIM:XT ;2. BHPEXS B] ;3

~8.: 3 )11 A 5 i

PCR
1 PCR ¥ EFIIE C. arakawai B I (B MR ) % R
Fig.1 Results of PCR amplification of C. arakawae blood

meal (containing DNA of chickens)

12 (C. punctatus) 60.71% : 354 0% , J& 45 59.26 %,
F 0%, MGG E 100 % s B Bk 5 (C.
100% : X4 0%, ¥ & 100%, F 4 100% , X8 4
0% s R RIS (C. oxystoma) 78.79% : 3545 0% , ¥4
& 78.13%0, F4 10020, XM & 06 B K I (C.
lingshuiensis) 92.31% : %% 92.31% . W& 0% .
0% AGHE A 0%, B 1 AT 6 Sk A
I RS IR ) PCR g 25 5%, v 1 59k 38 oy 11k
Xif HR L 2 5 Tk Ay X Y BE 1 X6 R, 3~ 8 5 TG S AN TR
G5 O I R B I PCR 738 47 . H B K/ R
240 bp. HHE 2 AT, 1 3Kk BBk 05 A0 0l B S 0l A
()45 ML PCR %8 45 51, Horbofg vk ol oy BV 5501
K/INA 506 bp SEUKE N FHAE, 45407 K /A 338 bp.
X AR K G AL Sk BH P L 25 KN 4330 R 240 bp
784 bp,

actoni )

W N R O KM

bp

700
300
100

M:DNA Marker;1~8. FiBkJF 5 B 1fil %% 11 J5 PCR %72
2 PCR Y IEIFHEIKE C. actoni Bl (FIMIE) &R
Fig.2 Results of PCR amplification of C. actoni blood

meal (all blood sources)
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Tab.4 Blood-sucking rate of predominant midge species in different barns in the Ganshui Town, Qijiang, Chongqing

BEE B B SENEE C. arakawai 15 Y C. kinabaluensis WA PEH C. punctatus — FIRES C. actoni  RZIER C. oxystoma KIS C. lingshuiensis oAl e
EOMME N R EEomnH mmE AR TR ROFE ARE ROE ROF FRK OR0H R0 AR ROK RO ARE ROE RA% BRE R0H R0%

R Ob () () G ) N G o ) ) G Y ) o ) ) ) )y
jir 377 260 68,97 323 242 74.92 26 5 19.23 3 0 0 11 0 0 1 0 0 13 13 100 0 0 0
Wa 371 256 69.00 2 0 0 258 180 69.77 38 27 71.05 21 17 80.95 43 32 74.42 0 0 0 9 0 0
o 120 79 65.83 73 56 76.71 31 16 51.61 5 0 0 10 6 60.00 1 1 100 0 0 0 0 0 0
A 340 276 81,18 316 270 85.44 9 5 55.56 8 1 1250 0 0 0 4 0 0 0 0 0 3 0 0
At 1208 871 72,10 T4 568 79.55 324 206 63.58 54 28 51.85 42 23 54,76 49 33 67.35 13 13 100 12 0 0

K e ) BEE (C. arakawai) B I 72 13, 3
Jg I 72 4y, A7 100.00 % MG PR I 14 4y, 7 19.44 %5
A5 6 3 7 8.33 %60 s BRI 3 4y, 5 4.17% s HAS
ORI 1 6y, 5 1,39 %05 ARk H R L KRS I
A AU LA B E S PN NN ¥ DN
5,

K e 5 ¥ (C. kinabaluensis) B B Ifil 40
B3, X8 P8 M 38 fy, & 95.00%; F PR M 31 4y, &
77.50% s BEUR AL 28 13, 5 70.00%6 s AR AL 6 fY s
15.00%; Mg 1 2 3, 5 5.00%; RUE M 1 7, &
2.50 %0 s AR HFI R MR . PRI , T 5 2 06 1 WO i
PG R MR ER 6 Ff

e 00 ) B R WSE (C. punctatus) W H I 17 43, 2
PRI 11 6. 5 64.71 %0 s FE R I 10 4y, o 58.82%6 ;4
P 6 43 o5 35.29 00 s XA 4 £y 5 23.53 %0 s KK
WA BN T R VR i, PR O 7 Y Rt Xof
LN KRG 4 F

K B 3K PR E (CL actond ) FYE 1ML 23 43, X Y6 1M
23 f 515 100.00% ; 4= YR af 16 13, 7 69.57 % ; #5 U&
I 15 6355 65.22% s A& 13 4y, 5 56.52 % ; £ I8
I 10 £, 5 43.48% s A KW H L, TS A K 5 0.
W o B BR R 062 %) R il X 52 XS A L N RIEE S R,

K A 252 (C. oxystoma) B B ML 26 7. 5
Pgain 23 £y, 5 88.46 %0 s FURIM 16 3, 7 61.54 %0509
PE I 15 63+ 5 57.69 %0 s AR R I 10 4y, 4 38.46 %6 5 A
R HE B TS R R R L, PRI I 4 W R M ) W T
YR NG G 4 R

K I 1652 K BEWSE (C. ling shuiensis) B H I 12 44,
XGUR L 12 453 A5 100 %6 ; W P& M 4 173, 33.33 %6 3 B
M1 05 8.33% s AR R 1 43, /5 8.33 %0 s AA I HY
BN CERUR VRN, PRI, B 7K 2 05 1 R it %o 2 Sy
X W AR 4 . A [ A B R B 1 [ o P s AT
A ATAE R 5,

x5 BERJBILHEAMR 6 HARRKMESMDFEELER

Tab.5 Blood source identification for six different species of Culicoides in the Ganshui Town, Qijiang, Chongqing, China

i i .
T i Bt
g A GV AL S VA o
" AL w2 % i i " x o HI%
S W (C. arakawai) Xt 40 16.53 1 4 40 6 12.68
s — — — — — — — — — —
2 1 7.14 4
X0 5 7 28 10.37 — — 2 — 3 28 8 —
VER ¥ (C. kinabaluen-
) X 5 5 100 — 1 — 1 — 5 — — 19.42
s i 25 13.89  — 23 6 21 - 24 . -
& 5 31.25 — 4 — 5 — 4 — —
X 5 100 — — — 1 1 5 2 —
H B W (C. punctatus) X 5 — — — — — — — — — — 60.71
& 16 59.26 10 6 11 3
oy — — — — — — — — — —
X6 & 1 100 — — — — — 1 — —
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F:z5(%)
NN S 3
L i i
g Fh G AL S s
N D 5 I S
BRI (C. actoni) Wy L — — — — — — — — — — 100.00
e 17 100 11 15 16 8 17
& 6 100 2 — — 2 — 6 — —
X6 5 — — — — — — — — — —
R JEE(C. oxystoma) W S 78.79
i 25 78.13 — 23 9 15 — 14 — —
E4 1 100 1 1 1
X — — — — — — — — — -
[ K ¥ (C. lingshuien-
; X 5 12 92.31  — — 1 — 1 12 4 — 92.31
sis) e o o o o o o o o o o
S — — — — — — — — — —
X — — — — — — — — — —
it 190 21.81 14 76 45 68 5 164 20 0 21.81
3 3 i ARy AT R, 8 W A KN B T

ASAF G AE H PRAE VLEE 7K b X9 A [+ P & v ol
AR P A SE N R (C. arakawai) BT i LA
e, R B TE S R (C. kinabaluensis) . WA,
A5 b & 2 18] & o i 2 LA )1 R 0 O I Bkl
X 5506 A B A T A A R — 2 L A
R R NG EE - | E el B U
15 (C. oxystoma) R EEIE P ; 2= Fa Hb DX 2 A1 XS &5
W 1l ] A 55 AR I 5 45 RS [ A 4 AR 5
PFhRE N R (C. luteolus)™™ T4 K A
AN T 3 DX AN [7) i A 45 R I e 114 )81 A X % B )
B /N [ B DX 3 P R i O B S 2 O ]

L PREE VIEE K s DX 2 MR g N B TR A AR BT L X
PRI SR T 22 R Y A R UL e — T ol R R
DL T R LA E 0 8l W o Wi % R, dn AR 2 2 e A
BIENFER (C. arakawai ) =W A3 Il % % FE 15
(C. sinanoensis) FAREEEWEE (C. punctatus) WEW 4
ML 25 7 R (C. orientalis) i W g8 s, ix
ARk B S FHEOR B K DNA K I B2 A )i H
TR R 0 S S AR AR A AR L
Oy F Y BRI B I ok R, R KRR & T #E
YRk B2 e EHER M. A 2003 4F Hebert
G GRR CO T HE & DNA 5508 i b o 5
JEH B A ORI Z e E R CO T R AT R
By TR AR G K E ST AH TR 1 R WAL T %
O3 FhRICHEAT W M52 1Y) B R EAESE . A IS 2
BT CO T HHFIMH, FHAFEYF CO 1 K
Jo 9 26 5 Bt W R e A S 1L R T PCR X e 15

H—3, FR AP T # PCR AR 152 %) 45
R TE R A B PCR P3G 341 & 1 FHAE XT BRI B
X6 B8 32 5 vk AT DA gkt A o AR B A B 4 2R
TR S VA T P 05 PN RS TR O TR Y IRy . D
A L X AR T H A I PR I A R AR B AR FRATT 430
XA ) b g5 AN (] B 4 VA (] 2 00 A o 26 8 A 7
TR RS I P S IRy 190 0y SR R R, T
U PRIGE I 08 i oK 2 M R g K P g 3 R 0
I o G TS ] R I £ RS i A A W R A | RUAD
N GXMNE SE B AER — B R EE (CL kin-
abaluensis) W= A 2 L MG I, 23 5 5 77.50 %
70.00 %6, HoWE I X GRS 223K 6 Bl s T AR B PR i N
P78 2 e D) 2 T £ 6 I R S O 49 ) o 88.46 %4 .
61.54 % F1 58.82% .64.71% , P4 & Y W 1 Xt 42 i 42
55 X 1 2, o ) B PR iR £ 4 il 5 Tomazatos 4§
B AH— 305 e AN A B 9 A & BE B R I 0 RS
I PR R 2 B XS ML Ah o iR A AE R B NI A B4 L
15351k 56.52 Y6 F1 1.39 Y6 o B AR A A 52 B0 1
R A A 0 N I B Ay o (E F A AR A A RR L
AN BB T At PR i R A W NI, AS ST ARG 2 6
ol P e %) LB X 42, 5 O R R A e DX P XS B A A T
Bodm 20 K BRXG LU B A R R T R R
Wit J2E 5% | T o 2 i 0 ) 7 P e 1) 2 IR X 43X T
AES Fak 4 B e g 5 AR LY Wi > PE A OC . I
Ji s AR5 AR RS I 3 KA i Y L X AT BE S R 2R
Hby DX & v R 8 85 A A0 A O, I R il R
KA PEIEAE A, B R o 575 i — D F . BT
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AHIFFEREAS S AR B A il A T EORG ) & R H
A — € 1 SR BRA: Ay SR AE S5 9 B A v Al i — 25 B
FEIE AL 2 PR HLEE Oy SRR RGN 5 v BT
MR a5 AL A 524

AHIF ST T8 3 % P e oA YR Y 5 5 L W0 20 B A
6 i R A W I T PR FEBELL 4~6 Rk A
$E 7 1 AN [ S i, 2 e 5L A A () A9 0, s 4 LA %
PR AL 20 B R B 45 . b, 25 22 B 3l W) [a] i) A7
TR o P i 06 % 37 AT — 58 Y BEALYE APl 2,
QI RESE S R W O S Rt ) E7/ s = S N 0
Oy R DR 4 DX DL 2 ) IR i 4 4R B T B R AR
B Oz X A B i B 4 S i 2 2%, BT B2
AT,

FEHR: L

SIRAANXEN: 7 T, EM. Rk, % FRE
THAMKEEZXEMMRES> TSR] PEAE
4 E m % 4, 2021, 37 (12): 1064-1070. DOI: 10.
3969/.1ssn.1002-2694.2021.00.155

S %30k
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