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A rapid and SNPs detection platform for Plasmodium falciparums ulfadoxine resistance based on allele-
specific PCR

ZHU Huiyin',”, LI Yuting', LI Yun', SONG Xiaonan', CHENG Weijia' , LI Jian' (1. School of Basic
Medical Sciences s, Hubei University of Medicine s Shiyan 442000, Hubei s China ; 2. Department of Pediatrics s Taihe
Hospital » Hubei University of Medicine) ™

Objective Sulfadoxine-pyrimethamine (SP) is the main drug recommended by theWHO for intermittent
preventive treatment of malaria in pregnant women and children in Africa. The emergence and spread of SP resistance
(SPR) poses a serious challenge to malaria control. Plasmodium falci parum dihydrofolate reductase (p fdhfr) and dihy-
dropteroate synthase (pfdhps) genes are widely used as molecular markers for SPR surveillance. This study aim to es-
tablish a rapid and low-cost detection platform for pfdhps., providing a new molecular detection method for theprecise
prevention and control of malaria. Methods Based on the principle of allele-specific PCR (AS-PCR) . wild-type and mu-
tant primers were designed for single nucleotide polymorphisms (SNPs) loci, with artificial mismatches and phosphorot-
hioate modification added to the penultimate base of the primers to improve primer specificity. The p fdhps recombinant
plasmids were used as templates,and the optimal PCR system and reaction conditions were selected to establish a rapid
detection platform for pfdhps,and the genotype detection results were presented on agarose gel. The sensitivity and spe-
cificity of the assay were evaluated by using gradient diluted plasmids as amplification templates. Results For different
loci of thepfdhps gene. the sensitivity and specificity were different. Among these loci,locus 437, with the highest mutation
rate,had a detection sensitivity of 10° copies/ul. and no nonspecific amplification;locus 540 had a detection sensitivity of
10" copies/pL,but nonspecific amplification occurred when the plasmid concentration was>>10° copies/pl;and locus 581
had a detection sensitivity of 10° copies/ul. with high specificity. Conclusion The rapid genotyping technique based on
AS-PCR,supplemented with artificial base mismatches and phosphorothioate modification, has high detection sensitivity

and specificity,and is not only limited to the detection of antimalarial drug resistance genes, but can alsobe extended to the
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rapid diagnosis of other infectious diseases,hereditary diseases and tumors.
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£ 1 AS-PCRE|#
Table 1 AS-PCR primers

GlR/E {5 BORME 0 B (5'-3) #E
Primer Sequences and modifification position Reference
pfdhps-437-W1 GATATAGGTGGAGAATCCTCA *G* G
pfdhps-437-W2 GATATAGGTGGAGAATCCTCC *G* G

pfdhps-437-W3
pfdhps-437-M1
pfdhps-437-M2
pfdhps-437-M3

GATATAGGTGGAGAATCCTCG  * G* G
GATATAGGTGGAGAATCCTCA *G*C
GATATAGGTGGAGAATCCTCC *G*C
GATATAGGTGGAGAATCCTCG  * G* C

EhiEH
FESHES 1)

bfdhps-437-R TGCATTAGAACTACACTATAG ﬁgﬁlgm
b fdhps-540-W1 GAGGAAATCCACATACAATGGG # T+ A
D fdh ps-510-W2 GAGGAAATCCACATACAATGGC * T* A
pfdhps-510-W3 GAGGAAATCCACATACAATGGT * T* A Afi Sk

GAGGAAATCCACATACAATGGT * T+ G FitEs|¥)
GAGGAAATCCACATACAATGGC * T* G
GAGGAAATCCACATACAATGGG * T* G

pfdhps-540-M1
pfdhps-540-M2
pfdhps-540-M3

pfdhps-540/581-R  CATTTTGTTGTTCATCATG ﬁ?@‘m
pfdhps-581-W1 ATTTGATATTGGATTAGGATTA % G C
pfdhps-581-W2 ATTTGATATTGGATTAGGATTC  * G* C
pfdhps-581-W3 ATTTGATATTGGATTAGGATTG % G+ C 4t fi 4t

ATTTGATATTGGATTAGGATTA  + G+ G R 1E5IH

pfdhps-581-M2 ATTTGATATTGGATTAGGATTC  *G* G

D fdhps-581-M3 ATTTGATATTGGATTAGGATTG  * G* G

T IHLGE I S N TSR AL s « ARR IR B9 67 7 ;540,581 fu s Sk IR
—R 54,

Notes: The bolded bases are artificially mismatched bases; * represents the
location of phosphorothioate modifification; Loci 540 and 581 share the same re-
verse primer,

pfdhps-581-M1

WT Primer F MUT Primer F
ATATA AGAA CTCC GATATAGGTGGAGAATCCTCCGC
1 ' m
L
CTATATC CCTCTT ACC CTATATCCACCTCTTAGGAGACC
WT Template WT Template
MUT Primer F WT Primer F
GATATAGGTGGAGAATCCTCCGC
3 > ATATA AGAATC CCGG
LTS
IMANENNEN
CTATATCCACCTCTTAGGAGACG CTATATCCACCTCTT ACG
MUT Template MUT Template
®
WT Primer F MUT Primer F Phosphorothioate modified

1 AS-PCR REEH
Fig.1 Principle of AS-PCR
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Pk St
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1 EARNAHESETE

B A H bR 8 se B 3 pUCST7 28, 3K 15 B 41
kL pfdhp-A437-K540-A581 (B 4 #1) F1 pfdhps-
437G-540E-581G (48 A1), & 4 i Fi Al BamHI Fl
Xhol BUfYI, 345 19 H A% i Bt K 764 bp (K&
2A) 5N —F, X EHFORLINT 45 R 5 PlamoDB
LW prdhps P 5E 4 —E (Rl 2B) , #4150k I
.

Pfllps-A437-K540-AS81 (B UK
N 210 510

AW /\A\H/\ | /N\ \

pfdhps-437G-540E-581G( 4L R i ki)
«

bl A
\ (M [ z'\ I

A pfdhps WHBKUREYI 20T M DNA $REH (DL5000)
1 pfdhps BHFREF AR 2 pfdhps 240 TR 58 CH AR A B
764bp) B AR R K g A8 R ORI Y 0
2 EARNEBIEERRNINESST
A pfdhps recombinant plasmid digestion with the restriction en-
donucleases BamHI and Xhol M DNA marker(DL5000) 1 Wild
type 2 B Wild type and

pDNA Digested pDNA

=

Mutant type ( Target fragment 764bp)
mutant plasmid sequencing

Fig.2 Recombinant plasmid identification

2 AS-PCR 3| ¥ 7% i

R A N T A8 T B S AN ] X 437,540,581 i 4%
it 3 AR M AR AR RAERI Y (WL, W2, W3) il 3
SRR FHET ) (M1 M2 M3) (£ 1), %tF 437
A7 T HF T I W B e B UK AR B — WS W2 R
M2 Ry s 519 (B 3A) s 3R B 540 a5 e fE 4 5 1
1 W1, M1;581 i mi AR 5 519 W1, M2
(K 3B 30,
3 AS-PCR k&L
3.1 REBXEE FXEBEEREIY.KE GC
B i R I S PR AR Ol 1 B R [R) R T BE R B (52~
65 CL,E 3). X+ A437G i i, B A AR S 5 | iR
KR E R E M52, 0,52, 4,53, 1,54, 3,55, 7.56. 8,
57.5.58.0 °C, B KR T2 57,5 “CHf, WLE 2| A
T I /NA B 38 25707, 4k 22 4 v AR IR B I 255 T i
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pfdhps-A437-W1 (Wild-type) pfdhps-437G-M1 (Mutant-type)

1 2 3 4 S 6 7 8 1 2 3 4 S5 6 7 8
MWTM WY VTN T TNV VNV MUV VI TN TN TNV WM WS

pfdhps-A437-W2 (Wild-type) pfihps-437G-M2 (Mutant-type)

-

Pfdhps-K540-W1 (Wild-type) pfdhps-540E-M1 (Mutant-type)

A 437 i DEFAMS| Y W1 W2, W3 1-8 3B JCiE BE 4351
h52.0.52.4.53.1,54.3,55.7,56.8,57.5,58.0 C; 2)%AMG|]
MI1.M2. M3 1-8 B KRS 528 58.0.58. 3,58, 8.59.5.60.5.61.
2.61.7°C.62.0°C B 540 fisi DEFARSY M1.M2,M3 1-8
IR kI EE 433 S 60. 0,60 4,61, 0,61, 9,63, 1,64.0,64.6.65.0 °C;
2) ARG Y M1, M2 M3 1-8 iR KRR EERIBF AR R, C 581 fiisi
W AR R 5| 4y S 58 78 Y 5| Wy AR KR BB BE TR) 437 L s B A B
3 S|YRIERBAEEMRL
A 437 loci  wild-type primers W1,W2 and W3 1-8 Represent

52.0 C,52.4 °C,53.1°C,54.3 °C,55.7 °C,56.8 °C,57.5 °C and 58.0
°C ,Mutational primers M1, M2, M3 1-8 Represent 58. 0 C,58. 3
‘C,58.8 C,59.5°C,60.5°C,61.2 C,61.7 C,62.0°C B 540 loci

Wild type and mutant type 1-8 Rrepresented 60. 0 °C,60.4 °C,
61.0°C,61.9°C,63.1°C,64.0 C,64.6 C and 65.0 °C; C The an-
nealing gradient of wild-type and mutant primers at locus 581 is the
same as that of wild-type primers at locus 437

Fig.3 Primer screening and annealing temperature optimization

WS . P e R R EE R 57.5 °C . AR AU R

5143 KR EE B B M 58, 0,58, 3,58, 8.59. 5.60.
5.61.2.61.7.62.0 °C, iBAEETZE 60.5 CHf, H
LA TR H AR A5 3R L BE 4k 2k T R i A 8 T
U5 PRI R 60. 5 °C o B AR RS . Ak R AR DT

Pk KSA0E 07 5 85 A Je 98 48 R 5 i 1) fe A 1R TR
JE 43K 60,4 C 61,9 °C,A581G Bf A=, & A A 5|
Y fe AR IR FE 4351 2y 55.7 C I 54,3 °C

3.2 A4k MgSO, % & PCR AR Mg ik
JE5 DNA B4 B 0935 25 DI G, 2 MeSO, ik
PE KA, B4 T8 R BEAT s 24 MgSO, 1k B i
B AR R S M D 3G 8 . AR 5286 6 & P i MgSO,
We BE AT AR BT I R B 433 0,0.5.1.0,1. 5,
2.0.2.5.3.0 fll 3.5 mmol/L (K& 4), 4 B0E bt
J2 FiL Pk AR A BLAR R S v B A D LB B AR
AY5E 55 . B E MgSO, EAEWE N 1.5 mmol/L,

pfdhps-A437-W2 pfdhps-437G-M2
M 0 05 10[15/20 25 30 3.5mMM 0 05 10[15/2.0 25 3.0 3.5mM

Pfdhps-K540-W1 Pfdhps-540E-M1
0 05 1.0[15/2.0 25 30 35aMM 0 05 1.0[15/20 25 3.0 3.5mm

B AR R MgSO, e BE B BT B9 4 18 =W 45 2R . M 25 DNA
FRAEY L 4167 HE N B 1 1 ) Me® " e
4 MgTIREH®RK
Notes: The amplification reaction was performed under different
concentration gradients of MgSO,. The optimal concentration was
screened in the red box.

Fig. 4 Optimization of Mg”’ concentration

3.3 RAEFIMRIE ARSI R EAES Y
AT e BE AR A, 3B R 51 )k BE R R . 0. 04
0.1,0.2.,0.3.,0.4,0.5.,0.6 A1 0.7 mmol/L., ki3]
Pyt B A YR 5 AR B TR R I 3 TC AR R ARG . 45
T8, B A 5| VA B 1 g, A 2 T R R L AR 5 vk
FERGINE 0.3 mmol/L i, 257l B 5 #— , PR 2 B
SN 0.3 mmol/L(E 5),
3.4 mAEMERM TE BRI AR R BRI
Bk vt g5 Rk 6, 7E 15.20.25.30 F1 35 M
WE, AW e — 19 30 MEIE RN AS-PCR
1) o A9 P15
4 AS-PCREOREERFRME

KL AL 9 PCR K R B ) By 2% 1. DA AS 1Y
pfdhps WA BRI 5 AR B EE A R HEAS [R) B B BRI
YE B AT AS-PCR, M 7 5 19 S50 P A S 4
K7 5o, BB TR B2 AR, 5 R N 10 45 Bkl 2
KA, pfdhps-A437 MW BEFE 10° # U /pl, pfdhps-
K540 ¥ B8 10" 45 U1 /pLl, pfdhps-437G. pfdhps-
A581., pfdhps-581G ke B 7 10° #8 Dl/pl, DL J&
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pfdhps-540E W EETE 10° ¥ D1 /L i 35 0] UL 55 4545
BV 2 ORGSR A N 10° ~10° B8 0L/l A3 A7
RSB pfdhps-K540 78 BRI B KT 10° #
DU/ B A R S P 45 A, L o7 A B AR 8 1 5
AR 2 [6) ¥ TG A8 S 4

pfdhps-A437-W2

pfdhps-437G-M2

TE R B A TR 5 | e B B B2 T R 7 1 7 45 SR MLl DNA AR s
W, 1-8 M5 M BEAK YR 0. 04.0.1,0.2,0.3.0.4.,0.5.0. 6.,0. 7mmol/
Ls 210,75 HE P4 2 7 2 11 1) SR AR S 1 W

B 5 SIMmREMRL

Notes: Amplification reaction under different concentration gradi-
ents of primers,where 1-8 respectively represents the amount of prim-
ers added into the system:0. 04,0.1,0.2,0.3,0.4,0.5,0.6,0.7 mmol/
L) ,and the red box is the optimal concentration of selected primers

Fig. 5 Optimization of primer concentration

pfidhps-A43T-W2
15X 20X 25X [30X

pfdhps-437G-M2
15X 20X 25X

pfdhps-K540-W1
15X 20X 25X

pfdhps-540E-M1
15X 20X 25X 35X

Pfdhps-A581-W1
15X 20X 25X 35X

pfdhps-581G-M2
15X 20X 25X 35X

TE BN AN RVIE B O B4 38 52 0 45 28 40 6 07 HE 19 Dy 3% i A9 d
(IS 1

B 6 PCR fEREMA
Notes: The optimal number of cycles is shown in the red box.

Fig. 6 Optimization of the number of PCR cycles
A \A
Wwoig

Wt 7 S R D RO 25 B P Y o B P
I 4= BROH BROE 28 H bR B9 52 B I I BT BT OR A B Pk
BRI TR A R A S L T 24 0 X S A

BRI EME R BCE B, T Ah, R T RIE IR
TAT X HUIE 25 Wyt 24 e A, w] DAY Bl 10 AR A7 B 1)
5 SR (0 B SR L T B X B 25 i 2
RS 0 AL A R N R 0 AR SNk A T A )
DR e g A A I i AT P R
R N e N [ = T 2 o N = i
VT BRI A G4y T R T T vk 1 A P RS T
P[5 AR AT A 25 5 6 i3 i 458 T 52 B BR A, ol e Ay
BARZ T IR 22 5 VEAG DN 45 Br i 1) DNA I 7, AR % 158 4%
JRAS B8 e R IR R o M DA A — P 52 M = B e ) R g
FeH o A T — R 2 U D L G A T Oy TR
JERBT M 55 2 2,

Pfidlps-A437-W2
10° 10% 107 5 3
MWMWMWMWMWMWMWMWMWM WMWMWMWMWMWMWMWMWM

Pfdips-K540-W1 pfihps-S40E-M1
10° 108 7 105 105 10¢ 10% 102 10! 7 105 105 10*
MWMWMWMWMWMWMWMWMWVM MWMWMWMWMWMWMWMWMWM

Pfihps-A581-W1 Pfdhps-581G-M2

A 437,540,581 o 45 R BB By S A DU L 4 31 D 42
BAY BT AR R | ) e 5 R 5 | ) 5 L R 1 BB A TR R A R 2 BUR R
AR (AL 18 DL/ L) BEAT 28 LY HE

E7 REESHRERD

Notes: The sensitivity and specificity of 437,540 and 581 sites were
detected by cross-amplification reaction with wild-type primer and mu-
tant primer, respectively, and wild-type and mutant recombinant plas-
mid as template (copies /pL) at fold dilution.

Fig. 7 Sensitivity and specificity

AS-PCR J&—F i B9 48 F A= Wy 27 kil 07 vk, B
AR AE A B 28 T R R R, (H B R R R B M R
TR PSR A R R G 3k 0 4 M PR A A S R DT Y
R, M BRAR A U 4h G e O AT B T B A
MPLHIEE 517, Cheng %" I Jiang %% 4% it 8 41
Xt MG WEWE Cp fdh fr) BN Cp fore ) T 25 5 PR I B
7 AR 1) RERE KRR S S SR AR T FR 43 S 3k 200
fg/pL M 1.5 pg/pL. ABFFEXT51Y) 37 v B 45050 =
DE BRI T TN A BE S BUBR AR AE T AR 4l A (] 48 e
TS TT 2 A5 e 51 W O 3 ) SRR RN R S 1 e v
51 . XS AS-PCR 5] 9k B L85 B8 7 W
B SR EE U8 R AL 45 A S R DNA R 45
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