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40%,2007 4FBR U E 2 AEHP (40 %) , = F 2 A8 R (NRNL) Al B 28 48 B R (NRND ¥4 309, 2012 4F = E & 48 LA IRNI
RUK 7 25 % s gt B E B 2009 4F p fdh fr 3B BF AR R LB, 45 %6, = HE AR B A (NRNL Al IRND 5 12.5% .
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Polymorphisms of Plasmodium falciparum dhfr and dhps gene in China-Myanmar border

YE Sheng-yu'”?,LI Chung-fu' , TANG Ye-rong', YE Run®, ZHOU Hong-ning' (1. Key Laboratory of
Insect-borne Infectious Diseases Control in Yunnan Province & Key Technology Innovation Team for Prevention and
Control of Insect Vectors in Yunnan Province of Yunnan Institute of Parasitic Diseases , Pu’er ,Yunnan 665000, China ;

2. Department of Tropical Diseases s Navy Medical University) ™™

Objective To analyze the polymorphisms of dhfr and dhps genes of Plasmodium falciparum in China-
Myanmar border. Methods Totally 175 Plasmodium falci parum 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 falciparum
dihydrofolate reductase gene ( pfdhfr) (positions 51 to 164) and Plasmodium falciparum dihydroponic synthase
(pfdhps) gene(positions 436 to 613) were amplified by Nested PCR,and then products were sequenced and analyzed.

Results Four mutation sites (N511,C59R, S108N and 1164L.) and seven haplotypes were detected in pfdhfr gene.of
which the quadruple mutants (IRNL) were the major haplotype in above three areas. The percentage of haplotype
(IRNL) was 26.7% in 2001 and 28% in 2006 in Jinghong City. In Lazan City,the percentage of haplotype (IRNL) were
35%,40% and 60% in 2001,2007 and 2012, respectively,and it accounted for 40% in Mengmao County in 2009. For
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pfdhfr gene wild type,the proportion of the wild type was 23.3% in 2001 in Jinghong City. In 2006, no wild type was
detected, while the double mutants (NRNI) accounted for 44%. In Lazan City, the proportions of wild type was 10%.
Single mutants (NRSD , double mutants (IRSI, NRND and triple mutants (IRNI, NRNL) were 5% ,10% and 40% in
2001, respectively. Except for quadruple mutations (40%) in 2007, the triple mutants (NRNL) and double mutants
(NRND each accounted for 30%. However,the major triple mutants were IRNI, which accounted for 25% in 2012. In
Mengmao County, the proportion of wild-type in 2009 was 45% , and the triple mutants (NRNL, IRNI) accounted for
12.5%. Totally four mutation sites (S436A/F,A437G,K540E/N and A581G) and fourteen haplotypes were detected in
pfdhps gene. In Jinghong City,no triple mutants was detected in 2001, the proportion of double mutants (SAEG) was
53.3%. While the proportions of triple mutants (FAEG) and single mutants (AAKA) were 8% and 40% in 2006,
respectively. In Lazan City, the rates of triple mutants (FAEG) of pfdhps gene were 5% ,35% and 37.5% in 2001,2007
and 2012, respectively. In addition, single mutants (SGKA, SAEA, SAKG) were only detected in 2001, with the
proportions of 30%. And double mutants accounted for 60% in 2007 (SAEG,FGKA,FAEA.,AAEA) and 55% in 2012
(SAEG,FAKG,FGKA, AAEA). In Mengmao County, the proportion of triple mutants (FAEG) of pfdhps gene was
27.5% .double mutants ( AAEA, FGKA) accounted for 50% , while no wild type and single mutants were found.

Conclusion The high mutation rates of pfdh fr and pfdhps genes suggest that the P. falciparum parasites were high

resistant to SP drugs in three areas along the China-Myanmar border, which also provide guidance for the treatment of
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Plasmodium falci parum in China-Myanmar border.

GG Y Plasmodium falciparum s p fdh fr gene; pfdhps gene;Polymorphism;China-Myanmar border
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Table 1 Information ofP. falciparum samples

i £ A AR
Sites Year Samples
TG B 24 2001 30
2006 25
LI 2001 20
2007 20
2012 40
B H 2009 40
AT Total 175

A BEA BRS8N R & I & B R 2
S i R Y, SRR 0. 6 mL K L AR U8 4% i AR
AL BT R BT A TR A SR 48, -20 °C R
1.
1.2 £&&A  QlAamp DNA Mini Kit iIX# & W A
% QIAGEN /A 7 ; KOD Plus Neo @& {4 £ PCR §”
w0 A R A AL BB B R & Gold
view DNA JRplE 5 F 158 B H R AR A,
1.3 £&ZME Micro CL 17 AR B OHIE T X H
Thermo 2\ 7 ; Applied Biosystems Veriti™ PCR {Y g
F 2 ABI 2 7] ;] Y-SPCT kAU FIb st B B A 7
LUk B4 A R 23 1) s Universal HOOD 11 % i i 4 %
Si 0 T 26 [ Bio-Rad 24 A ; MP200A HL ¥ K14 F I
Mg B R A PR JD 45
2 Fik
2.1 ERXARARK WHAEN S5 mm HIELCM
A 3-4 A, QlAamp DNA Mini Kit 32 BOR 5] & 17
FH 4] DNA 2 ,-20 CHRAFRH .
2.2 pfdhfr = pfdhps B £ X PCR ¥ 3%
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2.2.1 SIS EK % R s
G A Y YG pfdh fr FEEE 51.59.108 1 164 fif s
R B, pfdhps FERES 436,437 .,540,581 il 613 i
RB. 59t B A T A TR B A BRA A LA K
S PHI LR 2,

R 2 pfdhfr # pfdhps EE Y34
Table 2 Primers for amplification ofp fdhfr and p fdhps gene samples

EIE7E2:S JFH1(5 -3 i &
Primer Sequences(5” - 3")

pfdhfr OF TTTATGATGGAACAAGTCTGC
pfdhfr OR  CTAGTATATACATCGCTAACA

pfdhfr IF TGATGGAACAAGTCTGCGACGT
pfdhfr IR CTGGAAAAAATACATCACATTCATATG
pfdhps OF  GATTCTTTTTCAGATGGAGG
pfdhps OR  TTCCTCATGTAATTCATCTGA

pfdhps IF AACCTAAACGTGCTGTTCAA

pfdhps IR AATTGTGTGATTTGTCCACAA

I :OF 55 OR A% — 45145 1F F1 IR N5 5514,

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

Positions

55 51-164 fii 1

55 436-613 {i a1

primers.

2.2.2 HEKPCRY M PUEJMEREY DNA M
PHEATH — % PCR ¥4, AR RN 15 pl:10 X
PCR Buffer 1. 5 pL, dNTPs (2 mmol/L) 1. 5 pL,
MgSO, (25 mmol/ 1.)0. 6 pL, I FiE5I1 ¥4 0.4 L
(10 mmol/L), KOD-Plus-Neo(1. 6 mg/ml.)0. 2 pL,
Bt DNA 2 pL, ] ddH,O M2 15 pL; 45 — % PCR
BB — R 77 W 1 p L AR BE AR, AR 55—
[, PCR &A% :94 °C 2 min;98 °C 20 5,58 °C 20
s,68 ‘C 30s,3k 30 MEFF ;68 ‘CLEAH 5 min,

2.2.3 PCRYI&YIF W pfdhfr M pfdhps K
S 4 PCR 7280, 54T 1. 5 Y0 BB i e o Tk %8 5 i
M7, R Mega 7. 0 A 5387 O X 45 5281 10
2.2.4 Bt BEEARIGE R pfdhfr N pfdhps
F K B SNP 2% 5 45 3B 22 F Microsoft Office
Excel 2007 % F #5784 22, 9F 1 SPSS 17. 0 3 {4 i#
TGS ir. RA X B8 IEFT 3 A b X [ Y
pfdhfr F pfdhps PR Az B (5 L ElCHE R 5848 A gy
B X2 1 2% A ANl JE B >R Fisher B D)2 75, P
<0.05 RREFHGIFEXL.

g R
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g 58 3 A X ORAEY 175 3 DR 4TI AL AS L P
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H R BRI 594 bp(B 1), p fdhps BH Y H Y
R B R BER/N R 711 bp(JE 2)
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pfdhfr FERTE 51-164 i g b IAG I 2] 4 4> 48
A7 A5 (N51T,C59R S108N Fl 1164L) , #£3X 4 4~ 4 |

FIFERRIAT 7 B (B 3) . PEXURAIN prdhfr HEHA
2001 A7 L A 45 £, DU 28 748 AU (IRNL) f oy
26. 7% (8/30), — H % 48 # (IRNI Fl NRNL) &
33.3%(10/30), —HE & AF B (NRND) 4 51|, B 58 A5 71
(NRSD1 i, 1fii 2006 4% W] DL — 5 %€ 48 5 (NRND Ky
FL o 44%(11/25), = AR B (NRNL) F1 Y &
AR (IRNL) ¥k 28 % s Fi AT pfdhfr J& K P &
A B (IRNL) f 2001 4811 35% (7/20) EF+ % 2007
AE1R 40 % (8/20) 1 2012 414 60% (24/40), 2001 4F
pfdhfr FEPRBEAEREA 2 BP A A (5 1000(2/20)
B AR R (NRSD 5 5% (1/20) . XU %€ 78 Y (1RSI,
NRND /i 10%(2/20) , = € 4 # (IRNT, NRNL) /&
40%(8/20),2007 4F- [ Y 8 28 48 Ah , AN A7 = 5 AR Al
(NRNL) Fl — 8 %€ 28 B (NRND , 43 %1 5 30% (6/20)
M1 30%(6/20),2012 4F = 248 L IRNT Bk £, 5
25%(10/40) ;i 'H B 2009 4E B A4 Bl 5 45 % (18/40) ,
U g€ 48 # (IRNL) f§ 40% (16/40), = T %8 75 #l
(NRNL Al IRND) ¢ 12. 5% (5/40), — & %€ 45 A
(NRND1 #i] (& 3),

M 1 2 3456 78

bp bp

594

M DNA FF&E# (DL 100 bp)  1,2,4~8 MbyErA 3 M
papiist
1 pfdhfr EE PCR ¥ i 7=4)
M DL 100 bp DNA molecular marker 1,2,4-8 Samples 3
Negative control
Fig. 1 Nested PCR amplification product ofp fdhfr

M 1 2 3 4 5 bp

bp
700 711
500

100

M DNAFREP(DL 100 bp)  1~4 EHEEREA 5 AR
2 pfdhps EEEEF PCR ¥ 7=
M DL 100 bp DNA molecular marker 1~4
Negative control
Fig.2 Nested PCR amplification product of p fdhps

Samples 5

3 pfdhps BERE T

pfdhps BRI 436-613 i 5 L3R B 4 A oeAE
¥ 45 (S136 A/F, Ad37G, K540E/N il A581G) . {H 2 4
A 5 B B PR R A5 Al B 42 L LA 4 B LGS AE T8
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TS S8 R, 1 b = H 28 AR R (] 4D, PRGN 2001
HEREAT pfdhps FER R B = FHREA, P ZHERKA
BI(SAEG) N E 5 53.3%(16/30) , BAM A A B A= 7Y
13.3%(4/30), L HE R 48 B (AAKA, SAEA, SAKG)
hi 23.3%(7/30),2006 4EH L T = HE R Z A (FAEG)
mi 8% (2/25), W H %€ 48 A1 (SAEG, FGKA, FAEA,
AAEA) 5 48% (12/25), FLg AF I (AAKA) /5 40%
(10/25) , Bp AR 4% (1/25), HiMATIREAR prdhps
BN =HREAR(FAEG) H 2001 4EH9 5% (1/20)
2007 4y 35% (7/20) A 2012 4F Y 37. 5% (15/
40,2001 4 i A] A5 PO 31 W H %€ A8 B (SAEG, SAEG,
AANA,AAEA) i 60% (12/20) , B 5 28 # (SGKA
SAEA,SAKG) (5 30% (6/20),2007 4F Jg B 58 A A,
W 5 A8 B (SAEG, FGKA, FAEA, AAEA) 5 60%
(12/20), 2012 4F [F] B¢ JC B 58 48 AY, X & 58 48 Al
(SAEG,FAKG,FGKA,AAEA) |5 55%(22/40), #)
B E 2009 EFEAR T = E R AR (FAEG) /i 27.5%
(11/40), Jo B 4= A Je B g€ A AU, Horp — 5 58 78 Al
(AAEA Fl FGKA) £ 15 25% (10/40) (& 4)
4 pfdhfr B pfdhps BEERETM A GEITEDHH
R DX PR B pfdh fr BRI Y NSITL
C59R Fll ST08N 3 A a5 1Y 5748 2 22 e 7 48 i 3 X
(P<C0.05)(F 4);pfdhps LK) S436 A/F,A437G
M K540N =AM A R E R R A G ¥FE X (P <
0.05)(F 3),
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W PYHERARIRNL W S RARNRNL W SHRARIRNL W RS INRNI
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3 HREBMBEMXEEERR pfdhfr BEERSEME
Fig.3 Polymorphisms of pfdhfr gene of P. falciparum

from China-Myanmar border
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Fig.4 Polymorphism of pfdhps gene from China-Myanmar border

x3 HEHEME pfdhfr # pfdhps BEERETHER
Table 3 pfdhfr and pfdhps gene mutations in the border areas of China-Myanmar

Hit (=175 PSR4 (n=55) FLI (n=280) B (=40
Total Xishuangbanna Lazan Mengmao
2 A
xR {ﬁ GOERE JUER OB RBR SUBRE semR emB semx O P ff

Genes  \ruwation  AH % K % K % K % X* value P value

Mutation  Mutation Mutation  Mutation Mutation Mutation Mutation Mutation

Samples  rate( %) Samples  rate( %) Samples  rate( %) Samples  rate( %)
pfdhfr N511 92 52.6 20 36.4 55 68. 8 17 42.5 15. 820 <20. 001
C59R 147 84.0 48 87.3 77 96. 3 22 55 34. 400 <20. 001
S108N 144 82.3 47 85.5 75 93.8 22 55 28.023 <20. 001
1164L 97 55.4 27 49.1 50 62.5 20 50 2.991 0.238
pfdhps S436A 49 28 20 36.4 15 18.8 14 35 6.276 0. 044
S436F 63 36 7 12.7 35 43.8 21 52.5 19. 741 <0. 001
A437G 23 13.1 4 7.3 9 11.3 10 25 6.838 0. 030
K540E 121 69.1 33 60 61 76.3 27 67.5 4. 099 0.133
K540N 7 4 0 0 2 2.5 5 12.5 8.033 0.006
A581G 85 48. 6 21 38.2 45 56.3 19 47.5 4.283 0.121

o By C59R,S108N Fil 1164L % 48 % 43 Jjl| 2 2824, 100% .

1999 4F b W W 455 8 1 PG RURR 49 M % g
WEEAR T, pfdh fr FERAE 51,108 Fl 164 v 547 A A
FEBE 248, DL N5S11(81. 3 %) Al STOSN(94. 3 %) AR
HE . AW 2001 4E = EE st AT Rz I 2 23, 3% 1
pfdhfr F B A B, 2006 4E ¥ & AR 9 A8, N5,

100 % F1 56 %, 2009-2010 4F Huang 25" #:9 T = F5
B RBIT R prdhfr 3K, & B C59R Fi1 SI08N
RAFFY B H A 95. 9% A 94. 1%, N51T 1 11641 ()
ARy N 60, 8% Al 75, 3% . It Ab, P HE 28 AR Y
(IRNL) 5 22. 7% , = 5 548 % (IRNI, IRSL, NRNL)
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hi 51, 5%, X H %€ 48 A (IRSI , NRNI, NRSL) &
21.6% ., FRZE BB 1999-2010 4F vh 4 i1 55 = 1 —
A Py S0 M XS P v W i 245 A R . A 4 ) r
7 ,2003-2008 4£ Zhang 25" AR IE pfdh fr FH LY
TR (IRNL) o E, 5 55%, Kk =@\ R AR
(NRNL F1 IRND) F1 — & %€ 48 A (NRND 43 5 i
38.3% 1 6.7%32007-2012 4F Bai 538 pfdhfr
KIAE 51.59.108 Fl 164 i g 3 & A 5848 H 5748 SR F AR
B Hi C59R Al ST08N 28748 R AE 2008 4F LU 1
IKE] 10096, 28 48 2 A 0§ — & % F A (IRNI M
NRNL) 194 5 % 48 B (IRNL) , H 2 24 Tk #a 3, H
U R SRR EE B 2012 4E 3K 53, 8% s ARF ST &
IR 47 i) LT 0 S R HTE 2001 A I X £ G e e 2
Yotk B BT B s bk . 0O E g8 A8 A (IRNL) L fi] 5
35%, —HEZR AR (IRND & 25%,2007 Fl 2012 4F P4
H AR (IRNL) FE B AR 1S, 43512 40 26 F1 60 %6 5
BE AT A O () F 95 0 i 38, BLIA T 2015 4F pfdhfr
(N511, C59R., S108N 1 1164L) 5 48 Z& &5, 4% 9 Ky
91.7%.100% ,100 % F1 100 % , P4 & %€ 25 B4 (IRNL) Ky
F91.7%), ZERAR(NRNL) N 8. 3%, bk
WFFEER IR - 4 fa) H P 0% PEIE SR B pfdhfr BRI A
2001 4E RIS 7E 51.59.108 FI 164 fif s 58 715 5 3 4F- 14
w5, FL i pU R g€ 48 B (IRNL) 5546, xF T4 s 8 £
2008 4F pfdhfr %A A F] O 29% . N51T,
C59R.S108N Fll 11641 1 s 58 A8 43 5l o~ 29. 0%,
67.7% . 71. 1% F 45. 1%, U H 52 4 A (IRNL) /i 25.
8%, ARWFFL 4 B BN 2009 4E pfdh fr 3K B A
B 459 (18/40) ,N51T,C59R, S108N Fl 1164L {ii /5
RARFAY A 42.5% .55 % .55 Yo Fll 52. 5% , AR
DAY A8 AL (IRNL) A 3 (40 %0, 156 B 12 i IX M
Jir EEUXoF i v W ey P ) DU i 5 A Y L 45 R s
e,

XFFUME S EIE B pfdhps FE K 58 28 0F 5 1%
B TE 2 S EEAT HE (A5 R B L p fdhops
JE IR B B A2 B HE ) MK 2001 4E Y 13. 3% F & 2006
AR 4%, H 2001 4E DL T AR (SAEG) N E 5
53.3% .18 2006 4E B T = ERAE(FAEG) i 8%(2/
25)32009-2010 4F Huang F 4™ 84 2 18 rh 4 i 35 Hb
X 1 2 7 s wh T VT B p fdhps R S436A L A437G,
K540E Fl A581G %€ 48 & 43 il o 44. 1%, 82. 8%,
76.3%,53. 8% , UE AR (AGEG) /5 28.0% , =&
RAZAE R (AGKG) i 8. 6%, —H R L 5
52. 7% ; MEAh, 2014 AF 5k B AR R IE 2w AT BB
A pfdhps IR AH R = R B (AGEA . SGNG
Fl SGEG) » B AT 2248 L 48] 43 53 2 50. 0% .35. 6 % Fil
14.4% , BB 25 B8 om B0k P 4 i B o e — I R 7

1980s AE A & 45 1k I i e 22 2 25 4 . B B i % 1
I i HROGT il Bl 22 S A5 A 38 e BT 24 1k . A 4 e iR
17,2003-2008 4 Zhang 25" 8 prdhps B DL =
FRAE A (AGNA, AGEA . SGEG Ml SGNG) & J i
1750 9020, Hoh DL = & A A (AGEA) J F
50%;2007-2012 4FHL AT pfdhps I TE 436,437,
540 1 581 LI A A G AE , Horpr A437G 2748 I TE
95% LA b, AR K R4 DL = H R A O F ., 6

(AGEA fil SGEG) , Hi 4y —H R 4F B (SGEA) 1 Y

ZAE M CAGEG) L ) ¥ 5 K- 5 A BF 5 4 1 & 9

2001-2012 AEFI AT =B RAZE R (FAEG) H 2001 4F 1Y

5% FFE & 2007 AEHY 35 % A1 2012 4EHY 37. 5% 5 4R

KW WE 5T K& L. 2015 SERLIHTT pfdhps IR K K 4

A437G 575, S436 A, K540E, K540N Fl A581G %€ 78

AR 25.0% .50, 0% .50, 0% 1 75. 0% » 5 AR 2 Al

¢}y — & %€ % Al (SGNG., SGEG., AGEA HI

AGN A e 07 45 fa] 537 01 T 30 9 o o) i e 2 o

B0 2012 4EAH LA P REA B H. 5k, 2008

g ENE B prdhps HH S436A, A437G,K540E/

N Fil A581G ZRAF R4 38. 7% .58. 1% .54. 8% Fll

12. 9%, 5ARBF 5% 2009 4E 45 % S436A/F, A437G,

K540E/N Fll A581G 58 48 % 43 5l 2 87. 5%, 25% .

80 Y0 Il A7. 5 Y0 M Ll , 28 48 LU ] I T i B 5K, R B Y
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