TR AR E D F R E o006 A 17 B 06 ]

o 724 - Journal of Pathogen Biology Jun. 2022, Vol. 17.No. 06
s o<
DOI:10. 13350/j. cipb. 220622 o “HF IRV ITRFSY .

Hh 4 121 35 34 X ﬁf)?ﬂ%hﬂih PEAH SR PR Y
St

PRI R ERE ERE  HRY T AT
(L. F A8 28 A2 OB IR T » 25 4 OB G 7 2 F 5 B 0 S 3 2 A MU S i 7 42 S 5 R 00 RT AT BA
T 66500052, FP RN B M i 25 1 2 2 1R DR 2 P 2 BT 2

BB 0T P4 B D P S M SN I 2 . ik qﬁc% 2001-2012 4 [ 7 p5 4 75
XY 2 5 T 4 ) 5 4 3 A RS 25 R DXl ' B W e 1 i AR il AR AR 175 4 Hi320 PCR L1 48 W%
IE G M A% 8 B A FE [ (Plasmodium falciparum chloroquine resistance transporter gcnc,p/‘crl)%ﬁ’;@ 72-76 fif
SO BORN £ 2451t 25 B TR 1 (Plasmodium falci parum multidrug resistance gene 1, p fmdr1) K% 86-1246 137 & F Bt , I %}
PR E ., &R HBIE] prer N 5 R AR R (CVIEK, CVIDK, SVMNT, CVIET,CVIDT) . i% 3 i~ #
XL =R (CVIED) £, Hh , FEZE MRS CVIET i 2001 £/ 76. 7% LT+ 5 2006 4511 looﬁ,éﬁ’@#
ME TR 2001 AE Y 75 % B FHE 2007 4R 9550 H 2012 4FE TR FER 77.5 % gifa &) B H 2009 FiR AR LR 67.5
ARG B pfndrl R 5 BB g 28 B (NS6Y, E130K, Y184F, S1034C, F1226Y) il 2 Filt 3 T 2 4% ﬂ<N86Y/F1226Y,
Y184F/F1226Y) , Hirh 2001 4E PG ARG p fmdr] P BF A4 (5 36. 7% ,N86Y I Y184F Z A%k 20% ,F1226Y 748
R 16. 7% 1M 2006 4 LL F1226Y 2848 4 325 40 %0, B AN 3] —H R AR (NS6Y/F1226 Y Ml Y184F/F1226Y) (5 8% ; i
FRLWIT pfmdrl 2R Y184F 548 2001 4E 1Y 25 % FHi & 2007 4F (9 35 %6 1 2012 4F (19 37.5% ,i% 3 4F vh BF A= Al 43
B 65 % 40 % 1 55 % 52009 ARG Bh B B p fmdrl SEFE B ARG 47, 5%, Y184 1 N86Y HLZE AR R 43|y 27. 5%
M25%. St PAAEUEMIER I pfore FEFE L S F AR (CVIET) 3 3, S BT X8 &, T 2 v 40 3 55 1 X
WHEIE M BIR RS
Es D BEIEIR A pfert e s pfmdr] FER 22250 5 g 45 b X

(GREBESSY| R382. 31 [ZEkiRiRFS] N (Ga= =0 1673-5234(2022)06-0724-06

[Journal of Pathogen Biology. 2022 Jun. ;17(6):724-729. ]

Polymorphisms of Plasmodium falciparum chloroquine resistant genes in China-Myanmar border

YE Sheng-yu'”’,LI Chung-fu' s TANG Ye-rong',YE Run’,ZHOU Hong-ning' (1. The Yunnan Provin-
cial Key Laboratory of Insect-borne Infectious Diseases Control & the Yunnan Provincial Key Technology Innovation
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China ;2. Department of Tropical Diseases,Navy Medical University) ™"

Objective To monitoranalyze the polymorphisms of Plasmodium falci parum chloroquine resistant genes
in three areas along the China Myanmar border . the dynamic changes of chloroquine resistance of Plasmodium falcipa-
rum in three areas along the China Myanmar border by detecting the mutations of Plasmodium falci parum chloroquine
resistance transporter gene (pfcrt) and Plasmodium falciparum multidrug resistance gene 1 (pfmdrl) gene. Methods

Totally 175 P. falciparum filter paper blood samples were collected in Jinghong City, Xishuangbanna Prefecture of
Yunnan Province,China and Lazan City of Kachin State and Mengmao County, the Second Special Zone of Shan State in
Myanmar from 2001 to 2012. The fragments of Plasmodium falci parum chloroquine resistance transporter gene (p fcrt)
pfert gene (positions 72 to 76) and Plasmodium falci parum multidrug resistance gene 1 (p fmdrl) pfmdrl gene (posi-
tions 86 to 184 ,and positions 1034 to 1246) were amplified by Nested PCR,and then products were sequenced and statis-
tically analyzed. Results Five haplotypes (CVIEK, CVIDK, SVMNT, CVIET and CVIDT) were detected from posi-
tions 72 to 76 of pfert gene,of which the triple mutants (CVIET) was the major haplotype in three areas. The percent-
age of haplotype CVIET was 76. 7% in 2001 and increased to 100% in 2006 in Xishuangbanna. In Lazan City, the per-
centage of haplotype CVIET increased from 75% in 2001 to 95% in 2007 but decreased to 77. 5% in 2012,and it accoun-
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ted for 67. 5% in Mengmao County in 2009. Single mutants (N86Y, E130K, Y184F, S1034C and F1226Y) and double
mutants (N86Y/F1226Y and Y184F/ F1226Y) were detected in the pfmdrl gene. In Xishuangbanna,isolates with wild
type pfmdrl gene accounted for 36. 7% ,the proportions of the mutant N86Y, Y184F and F1226Y was 20% ,20% and
16.7% in 2001, respectively. While in 2006, the rate of mutant F1226Y increased to 40% ,and double mutants (N86Y/
F1226Y and Y184F/F1226Y) was also identified. which accounted for 8% in total.
tants Y184F of pfmdr1 increased from 25% in 2001 to 35% in 2007 and 37.5% in 2012, the proportion of wild type
pfmdrl accounted for 65%,40% ,55% , respectively.
% in 2009 ,single mutants of Y184 and N86Y accounted for 27. 5

In Lazan City, the rate of single mu-

In Mengmao County., the proportion of isolates with wild-type

pfmdr]l gene was 47.5 % and 25% ,respectively.  Con-
clusion Triple mutants (CVIET) of pfcrt gene were the main haplotype among three areas of China-Myanmar border.
For pfmdrl gene, F1226Y mutation was mainly occurred in Xishuangbanna, Y184F mutation was mainly occurred in
Lazan,and Y184F or N86Y were the main mutations in Mengmao. The results suggested that chloroquine resistance of
Plasmodium falci parum was generally high in China-Myanmar border regions,which also provide guidance for the treat-
ment of Plasmodium falci parum in China-Myanmar border and the drug resistance should be monitored continuously.
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Table 1 Information of P. falciparum samples
o 4 f FEA 8
Sites Year Samples

[LRSGE| 2001 30
2006 25

EALE! 2001 20
2007 20

2012 40

B e 2009 40
411 Total 175

SR B ) T ot T AR U8 AR AR AR 20 °C UKAE
TR ORAE . A 2258 A0 1 2 A 0 Pk it i g e, f 3
BB VT bR A R AR I IR B 5
1.2 =ZXAAME QIAamp DNA Mini Kit i 5
&M T E QIAGEN /A #l; PCR ¥ 4 g I + I Vg At
B WA FR 2N W) 5 Applied Biosystems Veriti™ PCR
A0 T 25 | ABI A w1 5] Y-SPCT Hi 3k A T b 50 &
T Bk 5 A BR 2 B 5 Universal HOOD 11 % 2 %,
12 25 F 2 E Bio-Rad A F],
2 HikE
2.1 AREMPER %MK QlAamp DNA Mini Kit #2
B 7] & i W A5 A7 3R R 4 DNA i 42 .-20 °C A7 &
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Table 2 Primers for amplification ofp fcrt and p fmdr1 genes

3194 Fr KI5 -3) 7 15,
Primers Sequences(5’ - 3") Positions
pfert OF  CCGTTAATAATAAATACACGCAG
pfert OR TTTTGAATTTCCCTTTTTATTTCC % 70
pfert TF GACCTTAACAGATGGCTCAC 76 i
pfert IR AACAATAAAGAACATAATCATAC
mdr1 OF-1 TTAAATGTTTACCTGCACAACAT-
pfmdr AGAAAATT
pfmdr1 OR-1  CTCCACAATAACTTGCAACAGTTCTTA % 86-
pfmdrl IF-1 TGTATGTGCTGTATTATCAGGA 184 i
pfmdrl IR-1 CTCTTCTATAATGGACATGGTA
pfmdrl OF-2  AATTTGATAGAAAAAGCTATTGATTATAA
pfmdr] OR2  TATTTGGTAATGATTCGATAAATTCATC 1034
pfmdrl IF-2 GAATTATTGTAAATGCAGCTTTA 1246 fif

pfmdrl IR-2 GCAGCAAACTTACTAACACG

:OF 5 OR A% 514 1F f IR 8514,

Notes: OF and OR are first round primers;IF and IR are second round primers.

2.2.2 pfert M pfmdrl R PCR 3% DIRKFH
DNA MM i 47 %5 — & PCR ¥ 3. KW K & (15
pD :ddH, O 8. 3 ul, 10 X PCR Buffer 1. 5 pl, MgSO,
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Fig. 1 Nested PCR amplification product of p fcrt
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Fig. 2 First nested PCR amplification product ofp fmdr1
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Fig.3 Second nested PCR amplification product of p fmdrl

2 pfert BEERTER

pfert FEKTE 72-76 £ g b LA 2] 5 Fh 5 A8 AU
(CVIEK,CVIDK,SVMNT,CVIET,CVIDT) , H =4
M X B L= E A R (CVIET) S 32, P 75 SR 44
CVIET H 2001 4£ /) 76. 7% (23/30) - F+ 2 2006 4FE 1Y
100%(25/25) s Hr M T 1 2001 4E 1 75% (15/20) | FF
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(31/40), 8 H £ 2009 4F 5 Ry 67. 5% (27/40), Ik
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16.7%(5/30) 1M 2006 4L F1226Y %28 R 3215 40 %
(10/25), H & 2] — & 58 42 A (N86Y/F1226Y Hil
Y184F/F1226Y), (5 8% ; 4ii ) Hr MH T p fmdrl F K

Y184F Z€7E % M 2001 4 1) 25% (5/20) F+ i & 2007
AEFR) 35 % (7/20) i 2012 4F 4 37. 5% (15/40) .3 AM4F
15 B A R 005 65 % (13/20),40% (8/20) Fl 55%
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Y184F 1 N86Y 58748 # 4% 5| K 27. 5% (11/40) Fl
25%(10/40) (] 5) .
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Fig. 4 Polymorphisms of pfcrt gene in Xishuangbanna, Lazan and Mengmao region
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Fig.5 Polymorphisms of pfmdr1 gene in Xishuangbanna,Lazan and Mengmao region
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Table 3 Mutation ofp fcrt and p fmdr1 genes in the border areas of China-Myanmar
PR (n =55) LI (2 =80) B'E (n=40) Eil(n=175)
Xishuangbanna Lazan Mengmao Total

el e GO JOBR SUBRE RBR SOBR SR e s O M P i

Genes  \ tion A % AR % B % B % X% value P value
Mutation Mutation ~ Mutation Mutation ~ Mutation Mutation ~ Mutation ~Mutation
Samples  rate( %) Samples  rate( %) Samples  rate( %) Samples  rate( %)
pfort C72S 0 0 0 0 12 30 12 6.9 33.234 <0.001
M741 49 89.1 68 85 27 67.5 144 82.3 8.151 0.018
N75E 49 89.1 65 81.3 27 67.5 141 80. 6 6.940 0.031
N75D 0 0 3 3.8 1 2.5 1 2.3 1. 897 0.355
K76T 48 87.3 68 85 39 97.5 155 88. 6 4.562 0.106
pfmdrl N86Y 10 18.2 1 1.3 10 25 21 12 19. 490 <C0. 001
E130K 0 0 4 5 0 0 4 2.3 3.359 0.147
Y184F 9 16. 4 28 35 11 27.5 48 27.4 5.687 0.063
S1034C 2 3.6 0 0 0 0 2 1.1 3.032 0. 149
F1226Y 17 30.9 ) 6.3 0 0 22 12.6 25. 487 <0. 001
Wit JEAR K,

16 F5 1999 447 300 B 25 3 18 = B 4 75 XU 4N
M TR AL p fere KT76T 2878 R4 (96, 7%)
2003-2004 4F K76T 2748 KA (92. 8%, H UL =

AR (CVIET) 3 £ 775 2012-2015 4F 48 i 75 25
XF 25 i A G 108 S0 9 s BRI e B p fere R

K76 T 245 d7 93. 3% . [A] #E DL = & 5248 i”((,VIET)jJ
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Y 3 A= B, BT RE S 0 A 04 1 e IG T e
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2012 A Y G JE TR AR A pfere FEH L) = H
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(2090, RAS W DL = H R A A (CVIET) h &
(75%)  —H AR (SVMNT) (5§ 5% ;2007 4F =& %
AR (CVIET 1 CVIDT) 43 %1 5 95% #1 5% .5 2012
E=ERAR(CVIED B FREZR 77.5% AT e 5 4
H 2012 AF LR E BT 25 A 06, i s 5
H.,2008 4F Zeng &5 3R E % Hh X M JE B p fere
N C72S.M741,N75E Hl K76 T 58728 K435k 29 % |
83.9%.80. 6 % 1 100 % , SAMEFE 2009 4F Y #th p fort
N €728, M741, N75E/D Fll K76T %€ 748 & 43 % K
30%.67.5% .70 % F1 97. 5 % KA AHL, H LA = R 48
RI(CVIET) 2 3, [a] I £7 75 X 58 28 B (SVMINT FiI
CVIDK) . il X GBI A p fore FEH K76T %
AR RARIRE L FE BT AR B AR R B2 AR Y
o1 4k [ 5% G s AR K A2 1 B 2 AT RE 5 b 4 1 B
DO R L p fere BRI DL = HE % A8 B (CVIET)

0 B 45 4 TE 1999 4 25 T 48 7H SURR 40
JEJR I p fndr] B N86Y 2248 %k 34. 6 % 3 B I
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RALR N 46, 5% s ANWFIE 45 & Bl = e 7 AR 49 Hb X
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J o 7 R U BRI DG 1 F1226Y RAEDY ., A
fif P IE TH ., 2007 -2009 4 Wang 55 £p125) TS LE] pfmdrl
FEH Y184F 2845 Hy 27.5% .1 N86Y F1 N1042D %
AR R R AR (A3 2% A 7. 8%) 5 2007 4F Bai
2 fmdrl FER NS6Y ZR7AE RN 4.8% ,fH Y184F
ZRAFARE 2007 4R 28. 6 %0 TR & 2008 4R 43.9% ,
2009 4F 2010 4E 1 2012 420 %) FFE M 31. 8% .10%
M7.7%, AR R AT E5 R 2012 4F pfmdr1 FEH
Y184F &A% W %5 v (37. 5%) A fr 22 5. 7 4 ) B
B, Zeng & M HE T 2008 4E pfmdrl KW 3
N86Y(22. 6%) . YI84F (9. 7%) Al G130K (9. 7%) %
g AN 5E 45 R EE AL (Y184F Fl N86Y 28 75 %
SR 27, 5% F1 25%)

5 LR, g i S5 MEIE TR B pfere FER LU
SERARRI(CVIET) &, M itk ¥ B, g iU
DRI 3E — 25 st e v 9 T 0 2 DR W Sy R
i 8 22 M ) 2 PR IE TR T R N 4R HE R 2 AR
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