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[ Abstract) Objective  To develop a multiplex PCR protocol for amplification of five Plasmodium falciparum
drug resistance related genes, thereby facilitate the rapid and high throughput analysis of the drug resistance molecular
markers.  Methods  Five pairs of primers were designed according to the reference sequences by using Primer Premier
5.0 and Oligo 6.0 software. Drug resistance related genes, including P. falciparum chloroquine resistance transporter (Pfert),
multi-drug resistance 1 (Pfindrl), dihydropteroate synthetase (Pfdhps), dihydrofolate reductase (Pfdhfr) and sarco/endo-
plasmic reticulum Ca*-ATPase(PfATPase6), were amplified by single-tube multiplex PCR using Hot Start Tag DNA Poly-
merase among negative controls (P. vivax, P. berghei, P. cynomolgi, Leishmania donovani, Cryptosporidium andersoni),
blank control (using H,0 as template), as well as P. falciparum laboratory isolates (3D7, Dd2, HB3, FCCI/HN and
CMH/YN) and field samples (collected from Yunnan, Hainan of China and Myanmar). After amplification, the PCR
products were analyzed by agarose gel electrophoresis. The sequencing results were aligned to the reference sequence
using BLAST. Results Five expected bands at 315, 437, 514, 594 and 770 bp were obtained with no additional or
nonspecific products in P. falciparum laboratory isolates and field samples. The sequencing results were identical with the
reference sequence except the polymorphism sites, and exhibited more than 98.5% homology. The multiplex amplification
was performed successfully starting from 0.1 ng of DNA template. No band was observed in negative controls and

blank control. Conclusion  The present study establishes a method to amplify five Plasmodium falciparum drug
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resistance related genes harboring 21 SNPs by one-tube reaction. The multiplex PCR protocol showing high specificity and

sensitivity is more convenient and efficient in analyzing the P.falciparum drug resistance molecular markers as compared with

traditional nested PCR.

[Key words] Plasmodium falciparum; Drug resistance; Single nucleotide polymorphism; Multiplex polymerase

chain reaction
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chelex-100, #%3% 30s, 100 C/K¥#E 10 min, 13 000xg
B0 3min, BEVE, -20 CHRAARH,

¥ ik DNA $EBUR DL 1:50 #Bd)e, FAeLE
GG RE (A s 1 Ao (EL), THAALIRURE M AR

4 ZEPCRY I

41 %% PCR 71#i%# iz Primer Premier 5.0
Oligo 6.0 # M4, MR GenBank H WM JE 5 AL Pfert
Pfmdrl . Pfdhps. Pfdhfr Fl PfATPase6 1) DNA S7% ¥
I A 3D7 #k), 4iaSCHk[ 141301 5 X519 (&
Do

®1 ZEPCREEASIMRT EMKE
Table 1 Primers and product sizes of the multiplex PCR

(bp)

Pfcrt PIF 5'-GGAGGTTCTTGTCTTGGTAAAT-3’ 315
PIR 5-ATATTGGTAGGTGGAATAGATTCT-3’

medr] P2F 5'-TGTTGAAAGATGGGTAAAGAGCAGA-3’ 514"
P2R 5'-TCGTACCAATTCCTGAACTCACTT-3'

Pfdhps P3F 5'-GATTCTTTTTCAGATGGAGG-3' 77004
P3R 5'-TTCCTCATGTAATTCATCTGA-3’

Pfdhfr P4F 5'-TGATGGAACAAGTCTGCGACGTT-3’ 594014]
P4R 5'-CTGGAAAAAATACATCACATTCATATG-3'

PfA TPase6 PSF 5'-AAAATAAATACCACATCAACACAT-3’ 437"

P5R 5'-TCAATAATACCTAATCCACCTAAA-3'

iE o AT
Note: * Designed in this study.
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M: DNA4RZES), 1. EHIERS DT 8, 2. EHERA DA2 #,
3: GEMOEIRES HB3 Bk, 4. EBMEERH CMH/YN Jregtk, 5. B
JERUR FCCI/HN 3@k, 6. HIMERH (CSHR), 7. SEAYER
W8 M H¥ERS (RAZHENYE), 9. HICH=2FEE (DD8
), 10. FERATHR (XZ-BOVHK), 11, SEHME (MUKEZE
BTARNER), 12~13: ZMBUGEIERS, 14~15; R
SEPEER 16 gifa AR TEE R,

M. DNA marker, 1: P fdciparum 3D7, 2. P.faciparum Dd2, 3.
P. falciparum HB3, 4. P.falciparum isolate CMH/YN,
isolate FCCI/HN, 6. P. berghei,
Leishmania donovani, 10
(H0),

falciparum sam-ples from Hainan,

5. P.falciparum
8: P wvivax, 9:
Blank control

14-15. P.

16: P. falciparum samples from

7. P. cynomolgi,
Cryptosporidium,  11.
12-13: P. falciparum samples from Yunnan,

Myanmar.

1 EMERHREE PCR I G YHRIKER
Fig.1 Multiplex PCR on P.falciparum field samples and controls
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M. DNA #7:&EH, 1~6. £z DNA {K¥KH 0.8, 04, 02, 0.1,
0025 ng, 7. ST (DUKERE TR .
M. DNA marker, 1-6: DNA templates with 0.8, 0.4, 0.2, 0.1,
0.05 and 0.025 ng, respectively, 7. Blank control (H,0).

2 7 DNA #i5i2£E PCR ¥ =R KER
Fig.2 Multiplex PCR on different amount of DNA templates
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] 38 22N BEEY PCR SN, HER I B B
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ZOTE AR R, AR AR i
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R2 SHRAMBGMHEX IR ERHRS THERUER
Table 2 Analysis of the drug resistance related SNPs in 8 isolates

Hipk Pfert Pfindrl Pfdhps Pfdhfr PfATPase6
Isolate 391 392 399 400 402 404 256 257 1482 1483 1486 1794 1918 2013 148 152 153 175 323 490 2306
3D7 T G G A T A A A T C G A C G T A T T G A G
Dd2 T G T G A C T T T T G A C T T T T C A A G
FCC1 T G G A T A A A T C C A C G T A T T A A G
FO1 T G T G A C A A G C G G C G T A T C A T G
F02 T G T G A C A A T C G G G G T T T C A A G
F03 T G T G A C T A T C G G G G T T T C A T G
F04 T G T G A C A A G C G G C G T A T T A T G
F05 A* G G A T C A A T C C A C G T A T T G A G

iE: FOLI~FO3 A =mMbnA, F04, FO5 M4t Blimns;

* RHARIOR BB AR

Note: FOI-FO3 samples collected from Yunnan province, F04, FO5 samples collected from Myanmar; * Italics denote mutant genotype.
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[ P54 (homology )=266/266 (100%)  (A)

H Wl
Fecl 1 GGATAATATTTTTATTTATATTTTAAGTATTATTTATTTAAGTGTATGTGTAATGAATAA 60
FECLPECEELEE LR T
3D7 345 GGATAATATTTTTATTTATATTTTAAGTATTATTTATTTAAGTGTATGTGTAATGAATAA 404
FCCl 61 AATTTTTGCTAAAAGAACTTTAAACAAAATTGGTAACTATAGTTTTGTAACATCCGAAAC 120
FECCECEEELEECE TP E T
3D7 405 AATTTTTGCTAAAAGAACTTTAAACAAAATTGGTAACTATAGTTTTGTAACATCCGAAAC 464
FCCl 121 TCACAACTTTATTTGTATGATTATGTTCTTTATTGTTTATTCCTTATT TGGAAATAAAAA 180
FECCPEEEEEEEL TR T LT
3D7 465 TCACAACTTTATTTGTATGATTATGTTCTTTATTGTTTATTCCTTATTTGGAAATAAAAA 524
FCCl 181  GGGAAATTCAAAAGTAAGATAAATCAATATATTAAAATGATGGATTTATAAGAGAATCTA 240
FECEPELEEEEE Py LT
3D7 525 GGGAAATTCAAAAGTAAGATAAATCAATATATTAAAATGATGGATTTATAAGAGAATCTA 584
FCCl 241 TTCCACCTACCAATATAAAACATTAC 266

FLCCPCEEEEEE T
3D7 585 TTCCACCTACCAATATAAAACATTAC 610

[ (homology ) =420/420 (100%)  (B)

FCC1 1 AACAAAAAGAGTACCGCTGAATTATTTAGAAAAATAAAGAATGAGAAAATATCATTTTTT 60
IR

3D7 70 AACAAAAAGAGTACCGCTGAATTATTTAGAAAAATAAAGAATGAGAAAATATCATTTTTT 129

FCC1 61 TTACCGTTTAAATGTTTACCTGCACAACATAGAAAATTATTATTTATATCATTTGTATGT 120
IREnnEnnEnnnnnnnnm

3D7 130 TTACCGTTTAAATGTTTACCTGCACAACATAGAAAATTATTATTTATATCATTTGTATGT 189

FCC1 121  GCTGTATTATCAGGAGGAACATTACCTTTTTTTATATCTGTGTTTGGTGTAATATTAAAG 180
I

3D7 190 GCTGTA; ATCAGGAGGAACATTACCTTTTTTTATATCTGTGTTTGGTGTAATATTAAAG 249

FCC1 181 AACATGAATTTAGGTGATGATATTAATCCTATAATATTATCATTAGTATCTATAGGTTTA 240
IR nnnnnnnnn

3D7 250 AACATGAATTTAGGTGATGATATTAATCCTATAATATTATCATTAGTATCTATAGGTTTA 309

FCC1 241  GTACAATTTATATTATCAATGATATCAAGTTATTGTATGGATGTAATTACATCAAAAATA 300
I

3D7 310 GTACAATTTATATTATCAATGATATCAAGTTATTGTATGGATGTAATTACATCAAAAATA 369

FCC1 301 TTAAAAACTTTAAAGCTTGAATATTTAAGAAGTGTTTTTTATCAAGATGGACAATTTCAT 360
INEnnEnnnnnnnnnnnnnnm

3D7 370 TTAAAAACTTTAAAGCTTGAATATTTAAGAAGTGTTTTTTATCAAGATGGACAATTTCAT 429

FCC1 361 GATAATAATCCTGGATCTAAATTAAGATCTGATTTAGATTTTTATTTAGAACAAGTGAGT 420

FECLPEEECEEELEELT TP LT
3D7 430 GATAATAATCCTGGATCTAAATTAAGATCTGATTTAGATTTTTATTTAGAACAAGTGAGT 489

[P (homology )=649/653 (99.4%)  (C)

1

AGGTGCTAGTGTTATAGATATAGGTGGAGAATCC#%TGCTCCTTTTGTTATACCTAATCC 77

FECEECEEEEECEEEREEE R R e ey

3D7 1448  AGGTGCTAGTGTTATAGATATAGGTGGAGAATCCTCTGGTCCTTTTGTTATACCTAATCC 1507

FCCl 78  AAAAATTAGTGAAAGAGATTTAGTAGTACCTGTATTACAATTATTTCAAAAAGAATGGAA 137
FECEECEEEEEEEEEEEEEEEEE R e ey

3D7 1508 AAAAATTAGTGAAAGAGATTTAGTAGTACCTGTATTACAATTATTTCAAAAAGAATGGAA 1567

FCCl 138 TGATATAAAAAATAAAATTGTTAAATGTGATGCGAAACCAATTATAAGTATTGATACAAT 197
FECEEEEEEEEEEEEEEEE LR e e e

3D7 1568 TGATATAAAAAATAAAATTGTTAAATGTGATGCGAAACCAATTATAAGTATTGATACAAT 1627

FCCl 198 TAACTATAATGTTTTTAAAGAATGTGTTGATAATGATTTAGTTGATATATTAAATGATAT 257
FECEEFEEEEECEEEEEEEEEE e e rrrrr

3D7 1628 TAACTATAATGTTTTTAAAGAATGTGTTGATAATGATTTAGTTGATATATTAAATGATAT 1687

FCCl 258  TAGTGCTTGTACAAATAATCCAGAAATTATAAAATTATTAAAAAAAAAAAACAAATTCTA 317
FECEECEEEEEEEEEEEEEEEE R e e ey

307 1688 TAGIGCTTGTACAAATAATCCAGAAATTATAAAATTATTAAAAAAARAAAACAMTICTA 1747

FCCl 318  TAGTGTAGTTCTAATGCATAAAAAAGGAAATCCACATACAATGGATAAACTAACAAATTA 377
FECEECEEEEEEEEEEEEEEEEE FEEEEE e e rrrrr o

3D7 1748 TAGTGTAGTTCTAATGCATAAAAGAGGAAATCCACATACAATGGATAAACTAACAAATTA 1807

FCCI 378  TGATAATCTAGTTTATGATATAMAAMTTATTTARAACAAAGATTAAATTTTCTTGTATT 437
FECEEEEEEEEEEEEEEEEE R P e e ey

3D7 1808 TGATAATCTAGTTTATGATATAAAAAATTATTTAGAACAAAGATTAAATT%TCTTGTATT 1867

FCCl 438 AAATGGAATACCTCGTTATAGGATACTATTTGATATTGGATTAGGATTTGLGAAGAAACA 497
FECEECEEEEECEEEEEEEE R e e e o

3D7 1868 AAATGGAATACCTCGTTATAGGATACTATTTGATATTGGATTAGGATTTGCGAAGAAACA 1927

FCC1 498  TGATCAATCTATTAAACTCTTACAAAATATACATGTATATGATGAGTATCCACTTTTTAT 557
FECLEEEELEEE e e e ey ey e e

3D7 1928 TGATCAATCTATTAAACTCTTACAAAATATACATGTATATGATGAGTATCCACTTTTTAT 1987

FCC1 558  TGGATATTCAAGAAAAAGATTTATTGCCCATTGCATGAATGATCAAAATGTTGTAATAAA 617
FECELEEEEEEL R e ey e e

3D7 1988 TGGATATTCAAGAAAAAGATTTATTGCCCATTGCATGAATGATCAAAATGTTGTAATAAA 2047

FCC1 618  TACACAACAAAAATTACATGATGAGCAACAAAATGAAAATAAAAATATTGTGG 670

FECELEEEEEEEEECEEE e L ey e e ey
3D7 2048 TACACAACAAAAATTACATGATGAACAACAAAATGAAAATAAAAATATTGTGG 2100

FCC1 18

SNPA A, 435 S WOBPEE SRR s | . &
P W E | il e IS T RS 2R 2SR 2 W A B A 1
FE5058E BT PCR-ELISA F1 SNP S8 H 45 w2 i £ 5L P Y
SRR,

FI R B ST ST 1 05 1 9 15 1 28 15 15
AFN S YL EARAE) S AP, A

[P (homology )=557/558 (99.8%) (D)

FCC1 11 CATATGTGCATGTTGTAAGGTTGAAAGCAAAAATGAGGGGAAAAAAAATGAGGTTTTTAA 70

FECLVCLCEREEEE PR T
3D7 39 CATATGTGCATGTTGTAAGGTTGAAAGCAAAAATGAGGGGAAAAAAAATGAGGTTTITAA 98

FCCl 71  TAACTACACATTTAGAGGTCTAGGAAATAAAGGAGTATTACCATGGAAATGTAATTCCCT 130

FECLVELE PR E T T
3D7 99 TAACTACACATTTAGAGGTCTAGGAAATAAAGGAGTATTACCATGGAAATGTAATTCCCT 158

FCC1 131  AGATATGAAATATTTTTGTGCAGTTACAACATATGTGAATGAATCAAAATATGAAAAATT 190

FECLPCLCEEEELE L PP T
3D7 159  AGATATGAAATATTTTTGTGCAGTTACAACATATGTGAATGAATCAAAATATGAAAAATT 218

FCC1 191 GAAATATAAGAGATGTAAATATTTAAACAAAGAAACTGTGGATAATGTAAATGATATGCC 250

FECLVELEEEEEEE TR PP
3D7 219 GAAATATAAGAGATGTAAATATTTAAACAAAGAAACTGTGGATAATGTAAATGATATGCC 278

FCCl 251 TAATTCTAAAAAATTACAAAATGTTGTAGTTATGGGAAGAACAARCTGGGAAAGCATTCC 310
FECLVELCEREEEE LT E LR PO
3D7 279  TAATTCTAAAAAATTACAAAATGTTGTAGTTATGGGAAGAACAAGCTGGGAAAGCATTCC 338

FCCl 311 AAAAAAATTTAAACCTTTAAGCAATAGGATAAATGTTATATTGTCTAGAACCTTAAAAAA 370

FECEPCEC PRy
3D7 339  AAAAAAATTTAAACCTTTAAGCAATAGGATAAATGTTATATTGTCTAGAACCTTAAAAAA 398

FCCl 371  AGAAGATTTTGATGAAGATGTTTATATCATTAACAAAGTTGAAGATCTAATAGTTTTACT 430
FECLCELCEEEELEEE TP E PR TR T
3D7 399  AGAAGATTTTGATGAAGATGTTTATATCATTAACAAAGTTGAAGATCTAATAGTTTTACT 458

FCCl 431 TGGGAAATTAAATTACTATAAATGTTTTATTATAGGAGGTTCCGTTGTTTATCAAGAATT 490
FECLPEEC PR EE L E PR E LT
3D7 459  TGGGAAATTAAATTACTATAAATGTTTTATTATAGGAGGTTCCGTTGTTTATCAAGAATT 518

FCCl 491 TTTAGAAAAGAAATTAATAAAAAAAATATATTTTACTAGAATAAATAGTACATATGAATG 550

FECLVEEE Ty ey e P
3D7 519  TTTAGAAAAGAAATTAATAAAAAAAATATATTTTACTAGAATAAATAGTACATATGAATG 578

FCCl 551 TGATGTATTTTTTCCAGA 568

FECLTTHC LT
3D7 579 TGATGTATTTTTTCCAGA 596

[P (homology )=396/396 (100%)  (E)

FCCl1 17 TAATAATAATAGTAATAGTGTTCCAAGTGAATGTATTTCTTCTTGGAGAAATGAATGTAA 76

FECEEEEEEEEEEEE e e e e e e e e e ey
3D7 1998 TAATAATAATAGTAATAGTGTTCCAAGTGAATGTATTTCTTCTTGGAGAAATGAATGTAA 2057

Fcclr 77 ACAAATAAAAATTATTGAATTCACTAGAGAAAGGAAACTTATGAGTGTTATTGTTGAAAA 136

FECEEEEEEEECEECEEC e e e e e e e ey
3D7 2058 ACAAATAAAAATTATTGAATTCACTAGAGAAAGGAAACTTATGAGTGTTATTGTTGAAAA 2117

FCCl1 137 TAAAAAAAAAGAAATAATATTGTATTGTAAAGGTGCACCTGAGAATATAATAAAAAATTG 196

FECEEEEEEEEEEE e e e e e e e e e e e e ey
3D7 2118  TAAAAAAAAAGAAATAATATTGTATTGTAAAGGTGCACCTGAGAATATAATAAAAAATTG 2177

FCCl1 197 TAAATATTATTTAACGAAAAATGATATACGTCCATTAAATGAAACTTTAAAAAATGAAAT 256

FECEEEEEEEEEEECEEC e e e e e e ey ey
3D7 2178 TAAATATTATTTAACGAAAAATGATATACGTCCATTAAATGAAACTTTAAAAAATGAAAT 2237

FCC1 257 TCATAATAAGATTCAAAATATGGGAAAAAGAGCATTAAGAACACTTAGCTTTGCTTATAA 316

FECEEEEEEEEEEEC e e e e e e e e ey ey ey
3D7 2238 TCATAATAAGATTCAAAATATGGGAAAAAGAGCATTAAGAACACTTAGCTTTGCTTATAA 2297

FCC1 317 AAAATTAAGTAGTAAAGATTTAAATATTAAGAATACAGATGATTATTATAAATTAGAACA 376

FECEECEEEEEEEEEEEC e e e e e e ey e
3D7 2298  AAAATTAAGTAGTAAAGATTTAAATATTAAGAATACAGATGATTATTATAAATTAGAACA 2357

FCCL 377 AGATTTAATTTATTTAGGTGGATTAGGTATTATTGA 412

07 29 AATITAATITATTTAGGTGONTTAGOTATIATTGA 2353

A: 5 Pen FHILXE, B: 5 Phndrl FEFILXE, C: 5 Pldhps 51
o, D: 5 Pk FESIEXE, B 5 PATPase6 JFAIELX; <17
BTG TEARSG SNP 7 ni, * A EBMZ AL, FCC1Jy FCCI/HN
IrEIRR,

A: Alignment of Pfert sequence, B: Alignment of Pfmdrl sequence,
C: Alignment of Pfdhps sequence, D: Alignment of Pfdhfr sequence,
E: Alignment of PfATPase6 sequence;

“ 17 Drug resistance related SNP site, * Novel polymorphism site,

FCC1. FCCI/HN isolate.

3 EMERR FCCU/HN S BRI S F 5
SEZF5| (E8 3D7 #k) bR
Fig.3 The alignments of PCR products’ sequence of P. falciparum
isolate FCC1/HN to the reference sequence
(from P. falciparum 3D7) using BLAST

ST AT T 3 O SE 50 = ARAS A 5 4 A bR A 1Y
21 NPUHEAIDE SNP 7 &5, LA 3D7 koM EFAEARL, W]
W DA2 ¥RH) Pfert, Bfmdrl | Pfdhps F Bfdhfr 2%
An PERAEAE A M R R RN T v E A 25 Wb
PE. FCCI/HN 4y B3 kk Pfdhps F1 Pfdhfr 1775 —Ab 58
Ax UG 37 B 2w WE R RS R 5
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