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Abstract: Background Precision treatments are crucial for HBV infections and detection of HBV drug-resistant sites is a
prerequisite. However, none of the available kits for detection of HBV drug-resistant sites are suitable for large-scale clinical
application. Objective To establish and evaluate the platform for detection of drug-resistant sites of hepatitis B virus (HBV) based
on Sequenom MassARRAY SNP that combined single-base extension PCR, multiplex PCR, and matrix-assisted laser desorption /
ionization time-of-flight mass spectrometry (MALDI-TOF MS). Methods A total of 100 HBV-positive patients who were admitted
to the Fifth Medical Center of PLA General Hospital from 2014 to 2018 were randomly selected. The cohort included 51 males and
49 females, with a median age of 51 years. Sequencing was successfully completed in 62 cases. Sequence comparison and cluster
analysis were performed using MEGA11.0. The polymerase gene sequences of wild-type and mutant-type of HBV were synthesized.
Amplification primers and single base extension primers for 19 SNP sites of HBV were designed and synthesized. The
corresponding Sequenom MassARRAY SNP platform was established to evaluate the detection limit of each resistance SNP.
Eighteen clinical serum samples were randomly selected from 62 samples with confirmed full-length polymerase sequences, and
then detected by sanger sequencing and Sequenom MassARRAY SNP. Results Among the 62 HBV clinical samples, the genotype
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B and C accounted for 25.8% and 74.2%, respectively. The synthesized wild-type and mutant-type polymerase gene sequences
covered a total of 15 drug-resistant sites (including 19 SNPs). The established Sequenom MassARRAY SNP detection platform
showed that the detection limits of 19 SNPs were 1%-5%. No SNPs of HBV resistance were detected by Sanger sequencing among

the 18 clinical serum samples, while 5 samples were detected to contain SNPs of HBV resistance by Sequenom MassARRAY SNP,

including 4 genotype B and 1 genotype C. Conclusion The Sequenom MassARRAY SNP-based drug-resistance detection platform

for hepatitis B virus is established. The preliminary evaluation demonstrates that this platform has the characteristics of rapid
accuracy, high throughput, and high sensitivity, which can determine the drug-resistant profiling of HBV in one experiment.
Keywords: Sequenom MassARRAY; HBV; genotype; drug-resistant sites; polymerase gene
Cited as: Liang Y'Y, Chen SHP. Development and evaluation of a sequenom MassARRAY SNP-based drug-resistance detection
platform for hepatitis B virus[J]. Acad J Chin PLA Med Sch, 2025, 46(10): 941-948.
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#1 HBVHZARITHRNGIH
Tab.1 Primers for detection of HBV resistance SNPs

PP BN THZG7E LG5 —3)

ACGTTGGATGCGAACCACTGAACAAAT ACGTTGGATGTCGCAAGATTCCTATGG

1 WI rtL180M_417
N GGC

ACGTTGGATGATGTTGTACAGACTTGG ACGTTGGATGTTGTTCAGTGGTTCGTA

2 W1 rtS2021 484
N CcCcC

ACGTTGGATGTGTCCTCTACTTCCAGG ACGTTGGATGCATAGAGGTTCCTTGAG

3 W1 rtT128N_262
N AAC

ACGTTGGATGCCAAATCTCCAGTCACT ACGTTGGATGTGATAAAACGCCGCAG

4 W1 rtL80I/V_117
- CAC

ACGTTGGATGAAACCAAACGTTGGGG ACGTTGGATGGTTCTTGCGGTAAAGTA

5 W1 rtM250V_627
- CTAC

ACGTTGGATGGTATTCCCATCCCATCAT ACGTTGGATGAAACTGAGCCAGGAGA

6 WI rtVI73L_396
cC

ACGTTGGATGCGAACCACTGAACAAAT ACGTTGGATGTCGCAAGATTCCTATGG

7 W2 rtAl181V_421
N GGC

ACGTTGGATGATGTTGTACAGACTTGG ACGTTGGATGTTGTTCAGTGGTTCGTA

8 W2 rtM2041 491
- CccC

ACGTTGGATGTTAAGGGAGTAGCCCCA ACGTTGGATGCTTGAGTCCCTTTTTAC ACCTCTATTACCAATTTTCT

9 W2 rtL229W 565
ACG

ACGTTGGATGCGAACCACTGAACAAAT ACGTTGGATGTCGCAAGATTCCTATGG

10 W3 rtA181T/S_420
- GGC

ACGTTGGATGATGTTGTACAGACTTGG ACGTTGGATGTTGTTCAGTGGTTCGTA

11 W3 rtM204V_489
- CcCC

ACGTTGGATGCTTGAGTCCCTTTTTACC ACGTTGGATGTTAAGGGAGTAGCCCC

12 W3 rtN236T_586
- TC

ACGTTGGATGGTATTCCCATCCCATCAT ACGTTGGATGAAACTGAGCCAGGAGA

13 W4 rtl169T 385
cC

ACGTTGGATGACTGAAAGCCAAACAG ACGTTGGATGCCTGGCTCAGTTTACTA

14 W4 rtA194T_459
N TGGG

R 51#)(5°—3") FREEAEMB] (57 —37)
CACTAGTAAACTGAGCCA
GAG
CCACTGTTTGGCTTTCA
GGG
CGTGCAGGTCTTGCATG
CAG
GCAGACACATCCAGCGATA
ACAC
ACTTCCAATTACATATCCCA
ccce
AAACGGACTGAGGCCCA
AACG
CAGTCCGTTTCTCCTGG
GAG
TGTTTGGCTTTCAGTTATAT
GGG
CTC TT
TCAGTCCGTTTCTCCTG
GAG
CTGTTTGGCTTTCAGTTAT
GGG
ACGTTTGGTTTTATTAGGG
AACG
GGCCCACTCCCATAGGA
AACG
TGTTCAGTGGTTCGTAGG

GTG

ACGTTGGATGCTTGAGTCCCTTTTTACC ACGTTGGATGTTAAGGGAGTAGCCCC GGTTTTATTAGGGTTCAAAT

15 W4 rtI233V_576
TC

AACG GTA

ACGTTGGATGTGCACTTGTATTCCCATC ACGTTGGATGAAACTGAGCCAGGAGA

16 W5 rtF166L_375
- CC

CCATAGGAATCTTGCGAA
AACG

ACGTTGGATGTTAAGGGAGTAGCCCCA ACGTTGGATGCTTGAGTCCCTTTTTAC TTACCTCTATTACCAATTTT

17 W5 rtL229V/M_564
- ACG

CTC CTT

ACGTTGGATGAAGATTCCTATGGGAGT ACGTTGGATGAGCCCTACGAACCACT

18 W6 rtT184S_430
- GGG

TCTCCTGGCTCAGTTTA
GAAC

ACGTTGGATGTTAAGGGAGTAGCCCCA ACGTTGGATGCTTGAGTCCCTTTTTAC ACCTCTATTACCAATTTTCT

19 W6 rtL229F 566
- ACG

CTC TTT

FEPPHURMATY 10bp BHEEITF(ACGTTGGATG) NFRAE)TF 7 .
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JEXT LB S e = ) i A T 2l
1.6 JRiE#in

Jii 8l MassARRAY Nanodispenser RS1000 5 #£
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Fig. 1 Cluster analysis of 62 cases of HBV strain
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A GEAR R o T2 BT AR 2 v 4% T 24 5 712 (1 Ui
FUEME LA e, W IRIARRAE 18] 2 g HoH 4 4> SNP
7 15, (tA181V_421, rtM204V 489, rtI233V_576.
rtN236T 586)HilE[A
2.3 Sequenom MassARRAY SNP [i7i& F & Hy4e HH
PR

ATt 3 R 2 A 784 oA 1T A 780 JoOR 8 o
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Fig. 2 Four SNPs in the mass spectrum database of HBV resistance

B R A 1%, 15 4> SNP a5 (rtS2021_484
rtT128N 262,  rtM250V_627.  rtV173L 396,
rtA181V 421,  rtM2041 491,  rtA181T/S 420,
rtM204V_489.  rtN236T 586,  rtA194T 459,
rtI233V 576,  rtF166L 375,  rtL229V/M_564 .
rtT184S 430, rtL229F 566) 1 4 1 FR K 5%, 4%
SNP 37 5 75 BB B R 50% I, 1R ¢ i) g Ty L
SEENF 12, ARG B AL Y 0 TR A MR L
(signal-to-noise ratio, SNR)¥J>3, SZEG4E R4,
& 3 J& SNP {i i rtL229M 564, rtM250V 627,
rtL229W 565 FIrtL80I/V 117 fit) SNP A 4] .
2.4 Sequenom MassARRAY SNP [Hi& ¥ &HI#145
I AT

NI BCEI A 62 4 HBV 43S H AL g B 18 141]
BAS, Foh B 9B, ofil, P48 % . 1E 18
FIREA, LI BRI, JEPI CAL1044], Sanger
DY 35 24 K K s HBV i 245 2€ 48, {H Sequenom
MassARRAY SNP J5t i1 5 4t 5491 (5 {51 BH 1 A A
) SNP AV il Jo 15 WA 1 15 o ik 30 P2 e &1 LX),
BB ERJCIR, H SNR>3), H 44 k%
BHY, 1 HIAIER CRI, AR FRK, Wik
BHPERS 38 22 A et 5 L(P=0.045)(38 3). &
BexF R R g (PR S, IR R A S
T2 B L (P=0.016) (£ 4). #1416 IR IFH oK,
Sequenom MassARRAY SNP Jii i & [t Sanger il
JP i ELA R ) PR AGE HH

% 2 Sequenom MassARRAY SNP [Fi T &4 HBV
i 24 52 22 B A H BR
Tab.2 Detection limit of Sequenom MassARRAY detection
platform for HBV drug-resistant SNPs

hg= i 255845 o H R Rt
1 rtL180M_417 1% 3.57
2 rtS2021_484 5% 4.02
3 rtT128N 262 5% 4.38
4 rtL80I/V_117 1% 4.12
5 rtM250V_627 5% 3.39
6 rtV173L_396 5% 4.16
7 rtA181V_421 5% 3.69
8 tM2041_491 5% 3.92
9 rtL229W_565 1% 4.08
10 rtA181T/S_420 5% 3.62
11 rtM204V_489 5% 3.71
12 rtN236T_586 5% 3.83
13 rtI169T 385 1% 3.38
14 rtA194T 459 5% 3.97
15 rtl233V_576 5% 3.71
16 rtF166L 375 5% 3.87
17 rtL229V/M_564 5% 3.94
18 rtT184S 430 5% 3.79
19 rtL229F 566 5% 3.86
3 itig

Pt HBV BYI6 IT 25 ) #% 11 25 U9 (nucleoside
analogues, NAs)AI IR E . A8 (RGE . &2k
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% 3 Sequenom MassARRAY SNP #&ill<F & 41 45K il
Tab.3 Preliminary testing of Sequenom
MassARRAY SNP detection platform

Sequenom MassARRAY
. SNP detection platform #l
Jiik .
Sanger sequencing

+ : arit

Sequenom MassARRAY SNP test 5 13 18

Sanger sequencing 0 18 18

S22 AR PORTIE KR 50 0.045

% 4 Sequenom MassARRAY SNP #& il F & B9 llG R IEHr
Tab.4 Clinical evaluation of Sequenom MassARRAY SNP

detection platform

Sanger sequencing

ik
- &
+ 0 5 5
Sequenom MassARRAY SNP test
0 13 13
#it 0 18
T ot 2 (LR 4605 T AT o, P 5.8096,0.016

LSO 1 B3/ o ) SO ¢ 177 N VA 3 E RS /S
M, KREZHNAs DT RERK, KUEHS %3
Mif 2558748, FE¥G i 2 2 Wl A 1 RIEE 15 &
4 W M, HEET. K XML E
Mit2, #E—8ehn T H HBV AP RIMERE , N 1
RITIEE T ARk, A X2 H 2 HBV
IR IE H e %2, $t HBV 1877 2 % 95 151) 728 LA
. HIE, BAEIAY R HBV i 25 3L 4 fNE 7 i
TR TR 25 9 28 A8 Ak % T HBV S AT, Rl
FMAIRIT RO E L, AN X HBV i 24 5828 1
L CPHORRS ARSI 7k ) n] R A E AR R

AHFSE A X T 2K RT3 20 HBV
i} 245 2 A8 3 — Il PR X R, BT vk S T3
Sequenom MassARRAY SNP 4% KR A HBV 2 & i X
i 245 28 748 S R - 15, 7R B AR 1 RE A PR 1z
Dy R . SEA R R, A
-5 e - Sanger 1M 7 B4 4 B P A AR B R R
T, R Sa Al T R R AU AR (S AR A R 20%)
UG H A . BRVEE 24 R BRI . A I 7S
T, AR AE SBT3 B, C A 154
HBV it 24 5 725 F1 19 4> SNP 437 5 B[R] A6, 75 25
TRE WX A F IWAT259848 , A SNP A
VIR S, WEEMR GRS, B BRATA
1% ~ 5%, 5 Rybicka % MMF5T 4 A0, 785
TEAG PRt R v, B A R SR RN 5 AR R R
B ELBIE 50% I5F, 4% SNP v R TR AR < 1 2 2,

VLRI S BEANAEAETS Gy, LA PR A ) 0 145
MR >3, K BREE R TR IR e T 18
BN RN 25 2828 I RN, TR 1) 5 {3l i 24 5
AR B EARAS H ) 4 B FE I B AL, EZH LMV A
ADV Tif 255875

MALDI-TOF Ji A% g 6 I - 15 £ e R FH v
BAIH . Sanger M 71 2461 DNA A8 S 1) 4 bR
e, B H T REUERAR (ARG & T 20%), R
GRAR [ 22 TGP AR T S ME LA H T B ) 1 R
Mo ZRNF EREA R, Rt R s
FARERL, HEEGURS I, BRAEE e, REEEOR
o, MELLZE IR R S 3z nE M. Sequenom
MassARRAY SNP K5 il 4% & £ & PCR #f & .
MassARRAY iPLEX H fii % 4 i £ K F1 MALDI-
TOF Bii e AR, HOLHAE TS . Shl e, &
REGE . BN A, I HIHRV AR &
/D10 ng), WERTE>95%, K >90%, NFAE
WERESTE T, AT ESIASMIRED . 5
A, %A 5 2R FH 4 B B9 SpectroCHIP 5 B0 A Al
R BB AT AR A T A BRI, — ks il X
384 MEAHEA TR, AR FR A 22 P S 40 R J
N, S 24 HT SNP 40 8 1 & AR HENY, 24 Ff MALDI-
TOF MS E 5 A I ARG 45Uk 1) B B AR5, H:
I R el i M= e o AN G K w23 LS 3 SRR 18
BN 28T . R AT, DL
JE AR W A 1R S5 T 2 ARSI 2 2 A g 0L (S
RUEM R, AR R RN & B TS EOAR , npuik
FF-6AT IR 8] 5 3K 5T 335 (Q-TOF-MS) AL BIf Jot 1%
(Orbitrap-MS), FEN HIZ s MBE AR E M L5
MALDI-TOF MS H A I} % 2 % . Q-TOF-MS 5
Orbitrap-MS RO HIE B8 X 52 2% A W 1) TR 155 4 2
FERT, AnARIER 2E R g b S N G i 4
TESE SACHRE RS A, ST S o B
S A M T AR YA AT RN 11 SRR B FH 26 i 3285
P, PRI A58 HR G B 5 45 R (RS A R AF
AR HE 0. 11 MALDI-TOF JFii N 7 Iifs R 54
RN F R B A RR pE S mE R EE ) . R
B P AR A G I 35 ZAS A XoF 7 B 1 B 43 A
FRPO2L SR ARG e, 5% TR 47
AR, MALDI-TOF J5i A% f Rl £ AR AT 84 il
Poik, TSI AME B ERGE, R AR AN
RAET it Bk S B T R g,
2P THZ BN IR L 1 FHRLRE

HBV [ 3 DX AU 53 A3 RN 5 AR R Ak A6 A [R] [ 2 F0
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X AFAE— W 2E 5. EIA 101 FEH (A ~ )
i, FREDIBAVRI C R 3, HpZRJbER . JLEA
AREFHIX, CHIEZ, HUCH B, WA DEW
AFIDRL; fEhf i ifix, BAfEZ, HkE
CHAI, TFEHBAC/D A IR A MAEPILHLIX
C/D YIRS L3 AT e s X ) I 3
FER RSN B AL, 5 Skl A —5 . HBV
T e R LI R Al % AR AR T A E SR A,
FR 1238 K 22 B0 TR A 56 Y 98 A48 3 8 5 0 s L A Y
Ao, B AL L HBV A, D, F3Fh
FL R RY 97 6 [ G AN AT IR AE R BRAS [R) 32k [
RIZHIARKRPY, Wt kB, 2R, e
M X AR 2528 AR 37T, PR C AU R 28 AR e i 3k
KIBA, RABKKE I, 76 NAsAYEE T
T, HBV B AL 1 C B g YL 35 2 B A [R] i
AT, I, XHF LDT i 25 M204 AH G 1 £
Bifi 7€ A5 75 55 K B AR C Y Hp R 3% R HE A [R) A6 465 1)
PE: M2041 Ul 2825 58 5 B AR S R B R AR
1fii L180+M2041, T184+L180+M204V ¥ 5 it ¥ 7F
LN C R, KL BARIE S P LMV il ADV
B FRART 2, bkt LMV KSR it 24 35 A 58 A5 2 741
DL rtM204V g 52 ACHIFSE AN Y 5 15 iR 2 5
A FHPERRAS P 4 i R SE R B A, EZ LMV
FIADV M 25575

TZ- 5 R RGI 2R A5 T A S IX T A DAL TS 2 2%
Ay HERE T E P LR A 38 i — g R
Al AT PG HBV AN 25 RRAE , 8 T I PRORS HEE 35
TRIT T SRR A W 2 A, S R Y
AMEIRTT -

ARHFFAFAELA T RBR . B, T aiAm
HAR LW E, ARWFFEA ARG IRFEA B A XA
BR(18 M), JUHZ X4 /b DL A JL R L (i A 1 D 7))
BEAR, Hk, RETSHERREE R ELT
Sanger N5, (HXHIRAI S8 ASAEAATY 75 5 e R BORE 1Y)
O7 ¥k AT Bk o b #F — 2 5¢ % Sequenom
MassARRAY SNP Kl -5, 7EfLibd 55|49 Fi s
B3 SE (5 4 A el 1, SDLAN AT 23 R R R I
PRI, JERIH ZARIF SRS, %R
TR I 5 21T R GE I R IEAT

Zr LT, AW R HBV it 2 58 48 BT i
RS- & HA oG i . sl S R RS
— RS AT B E HBV [T 25 551F, 76 HBV LY

AT Oy T B RAF A R HTHT 5.

YH TR R4EE: FRETLE %A, #X
BB, MAKF. B 5RF, FipseT,
KRB REZ R

HEFR HAEEBARALZF R,

FELEFFP KX XKETRESE
g AAEF LRI, Email: 786847290@qq.com.
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