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Abstract  Potato leafroll virus (PLRV) is currently one of the main threats for the yield and quality of potatoes,
having caused tremendous damages to the potato industry. In this study, a PLRV reverse transcription-loop media-
ted isothermal amplification (RT-LAMP) method was established based on the loop-mediated isothermal amplifi-
cation (LAMP). Single-factor experiments were conducted to test and optimize the RT-LAMP reaction system,
including the primers, temperature, Mg?" , betaine, Bst 3.0 DNA polymerase, dNTPs, UNG, SYBR Green [
and primer mix concentrations. The optimized RT-LAMP reaction system was then verified through parallel-con-
trolled test using the reverse transcription-polymerase chain reaction (RT-PCR) method. The results showed that,
in the optimized reaction conditions, the primer pair was P3 and the reaction temperature was 62°C ; in the 25 pL
reaction system, the concentrations of Mg*", betaine Bst 3. 0 DNA polymerase, and UNG were 4 mmol/L,
0 mmol/L, 0.64 U/pL, and 0.08 U/¢tL, respectively; the dosage for ANTPs was 1 #L (0.4 mmol/L for dATP,
dGTP, and dCTP, respectively, and 1.2 mmol/L for dUTP); the dosage for SYBR Green [ (20X) was 1 pL;
the dosage for the primer mix was 2.5 ¢L (the corresponding concentrations for PLRV-FIP/BIP, PLRV-F3/B3,
and PLRV-LF/LB was 0.8 pmol/L, 0.2 pmol/L, and 0.6 p#mol/L, respectively); for the 1 pL RNA template
(2 ng/pL), additional DEPC-H, O was added to get a final 25 L volume, and the reaction time was 50 min. The
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optimized RT-LAMP provided the same detection result as RT-PCR and the interpretation could be visualized.

These results confirmed that our PLRV RT-LAMP reaction system provides a basis for further developing RT-

LAMP detection kits and for their practical application.

Key words Potato leafroll virus(PLRV) ;
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S R A R R R A J 2 P TREH R BT
FEH O ST 2 PR AF Y B AR 1
L1L2 EZEKA

TP ZHEZ2 M RNA $2 50X & [ RNAprep Pure
Plant Kit(Q5613) |4 [ KA/ 7], RNasin ribonucle-

ase inhibitor, M-MLV reverse transcriptase, rTaq

RT-LAMP;

reaction system

DNA polymerase, UNG(RNase inhibitor) , MgSO, .
dNTP mix Z£0l /| TaKaRa 22 ], Bst 3. 0 DNA pol-
ymerase W F New England Biolabs 4 &, Betaine,
SYBR Green [28 3 &35/~ 7], DEPC I H Vetec 2y
w) s GeneFinder ™ Il 5 2% 35 A= 4 2% ) , fiFf Ak 10 4 s
(NBD) B IBHEZEA B Promega 23 &) s DAS-ELISA
& A Bio-Rad 23] .
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JY600C Hi Pk AL (AL 5T B A H]D L Tanon-3500R Bl
EEW AR R Bt (i K #E A Al . Nano Drop 2000
Spectrophotometer ( Thermo Fisher Scientific) .
BIO-RAD T100™ Thermal Cycler (BIO-RAD) . %&
FCEEHMT 11SC-1 (Spectronics A A .
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CP B:F¥ 51 38 3 L X AR A5G PR ~F X 48, FI] ] Primer
Explorer V 4. 0 #{4i%31 4 44 RT-LAMP 5|¥), &
R 1 AR m TP, RT-PCR SR I #5 1fE
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1.2.3 RT-LAMP # A& %

FAR AR 2 2% Bst 3. 0 DNA polymerase
BB, 25 pl AR R : 2.5 plL 10X Bst buffer,
1.5 pLL 100 mmol/L MgSO, (10 X Bst buffer H1 £
% 20 mmol/L. MgSO,),0~1. 2 pL. 1 mmol/L betaine,
0.5~2.0 pLL Bst 3. 0 DNA polymerase (8 U/ulL),
0.5~2.0 pL dNTPs (10 mmol/L. dATP.dGTP Hi
dCTP,30 mmol/LL dUTP),1~4. 0 pLL 10 X primer
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mix (8 pmol/L FIP/BIP; 2 pmol/L F3/B3; 6 pmol/L
Loop F/R), 0.5~1.5 pl. UNG(2 U/ul),0. 5~

2.0 pLL 20XSYBR Green [,1 ng~1 pghift RNA, i
DEPC-H,O % 25 ;u1..60~70°CH¥F 30 min~1 h,

#& 1 RT-LAMP F1 RT-PCR 454 PLRV B3| 4
Table 1 Primers used for PLRV detection by RT-LAMP and RT-PCR

P1a2) Amplification type 2|44 % Primer name 31¥1F%1 Sequence (5'-3")

RT-LAMP PLRV-F3 GGAAGGAAAACCGGTTGGAA
PLRV-B3 GTTCAGGTGGGTGCCTTG
PLRV-FIP CATCGGATACGTCGTCAGACGGAGGGACGAAACCCCGATAC
PLRV-BIP ACTGAGTCGCTGCGATTGGAGTGGGCCAGTCTGTACCAT
PLRV-LF CAGGTTGTCTTTCCTGCGTTT
PLRV-LB AGTACCTACGATGCTACAGTCG

RT-PCR PLRV-F CGCGCTAACAGAGTTCAGCC

PLRV-R GCAATGGGGGTCCAACTCAT

1.2.4 RT-LAMP # il fk % 1k 14

i 3k B PR R A A g 43 S0 RT-LAMP 14 5
HH R SN T E RN | P B A A R AT ik . BB R
IR 50.55.60.62.5.65.70°C , Mg®" ¥ 1.2.4.
6.8 mmol/L, betaine ¥ & 0.0. 4.0. 8.1. 0.1. 2 mmol/
L.Bst 3.0 DNA B4 U/ul) iIn AR 0. 1,0. 3,05,
0.75.1.0,1.5.2.0 uL,dNTPs JILA#E 0. 4,0. 8,1.0,1. 2,
1.4.1.6 pL %10 mmol/L dATP.dCTP #1 dGTP,
30 mmol/L dUTP); UNG ¥ & (2 U/pl), A&
0.5,0.75,1.0,1.25.1.5 uL.,SYBR Green [ (20X)
JmA & 0.5.1.0.1. 5,2. 0 pL., 10 X primer mix
(8 pmol/L FIP/BIP; 2 pmol/L F3/B3; 6 pmol/L
LE/LRMAGE 1. 0.1. 5,2, 0,2. 5.3. 0,3. 5.4. 0 pl, JX
O i (B AR 4 S Bsf 5% 5t PCRFé) 7 38 il £ 05 47 40
J T et & B RT-LAMP 56 33 78 o i S I 75
Ye BN RNA #H %) B (no template control,
NTC) il BH P4 % B (negative control), gPCR il i
S SRR B S AN T BE 1Y Ce (B84 255 3
BB R FC P V™ 385 A5 3 A A A ) B 1 e £
FAF R
1.2.5 RT-LAMP & itk % 33

AL ) RT-LAMP Wik & . >k Ff RT-PCR
PEAT AT F 4 36 3E . RT-PCR 46 3 4% 4% i SN/ T
2627-2010-" By BCHE 7 VLA T . B RT-PCR
PIG 7 W)oK F BRREBEBE IR L vk o0 Hr .. RT-LAMP 4
B D RS ARG BU™ ) 5 i 20 BB e
IR AT (A 1 L 1 000X SYBR Green [,
RS, B4R B ME AR BCE A 1 pll 50 X
SYBR Green [, 4R 5] 5N P USSR

2 HRESH

2.1 5|¥fFik

F RT-LAMP JEA | WAk &R (40 2% 50H
T FEIHORED X 4 40514 (P1~P4) i#E47 i
VE o S 7= W B I A R L K ARG D 45 SR S 4 A
Wy REY 1 45 L o P32 A5 5 Rl
HE F P3 AR IR RS 11 (B D

bp
500 8

200 g
100 &9

M: DNA marker; 1+ 3+ 5+ 7: 254405 NTCA HE; 2+ 4+ 64 8:
S AM 5 1HIRT- LAMPRH IS 1Y
M: DNA marker; 1,3,5,7: No template control (NTC) of 4 primer sets; 2, 4,
6, 8: RT-LAMP amplification of 4 primer sets for PLRV
E 1 PLRV RT-LAMP R[E 5| ¥4E Y 1845 Rk 7
Fig. 1 Electrophoresis analysis of RT-LAMP amplified

products in different primer sets for PLRV

2.2 REGREMRK

IR RAT B 5 I 2, 1 8 6 A SN it B
B 50.55,60.62. 5,65,70°C , NTC XiJ FE F1FH 2 %) B ek
JE62.5°C ., S5 R W0 SN i BE S35 R B
Fix MR EE 55~65°C ¥ F Y G 4547, 60~65°C 43 Zkaly
SERETE T IR B AR R R R A o 62°C (8] 2).,
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(K] 4) s betaine ¥ & > 0 mmol/L i}, ¥ 3k Ct {H
B/NGE 2, R, betaine F R E M0 mmol/ L,
bp
500
200 bp
100
500
M: DNA marker; 1: NTCXJH; 2: BH#EXFHE; 3~8: 50+ 55+ 60+ 200
62.5. 65, 70°C 100

M: DNA marker; 1: NTC; 2: Negative control; 3-8: 50, 55, 60,
62.5,65,70°C

B 2 PLRV RT-LAMP 5 5758 B4
Fig.2 Optimization of reaction temperature for PLRV RT-LAMP

2.3 Mg iREMRK

HE Mg®  WRBE S MR 1.2.4.6.8 mmol/L
PEAT IR 86, NTC % 8RB 2 % B Mg ¥k
4 mmol/ L. 255 % RT-LAMP [ i fE Mg®™ He e oy
2~8 mmol/L 4 RN S T A3, Mg™ Wk
KT 4 mmol/L, % A IR 5575 15 i 1 2 (&1 3D, 971
M2 Cr fHBE Mg ¥ B A8 fb 2 SE R 5 TH ik 3
Mg*" #5284 mmol/L B, Ce {H AR (R 2) . FHitk,
RT-LAMP £l Mg*" #¢ 5> Ff 4 mmol/L.

bp
500

200
100

M: DNA marker; 1: NTCX}H&; 2: BHPEXSHE; 3~7: 1+ 2 4. 6+ 8 mmol/L
M: DNA marker; 1: NTC; 2: Negative control; 3-7:1, 2, 4, 6, 8 mmol/L

3 PLRV RT-LAMP Mg** & R iR R 4L
Fig. 3 Concentration optimization of Mgt
for PLRV RT-LAMP

2.4 Betaine iR E4L

S5 B 5 > betaine ¥ EE AR 0.0. 4.0, 8.
1.0.1. 2 mmol/L, NTC X & F1 BH ¥4 Xt B 1) betaine
We Ay 0. 8 mmol/L, Z5R E/R. RT-LAMP K AE
betaine #€EE A 0~1. 2 mmol/L 5 PR EHE T4
P34 B betaine ¥ B (1) A5 1L B A RS AR MEAN ] i

M: DNA marker; 1: NTCX} B; 2: B xS B; 3~7: 0+ 0.4+ 0.8+
1.0~ 1.2 mmol/L

M: DNA marker; 1: NTC; 2: Negative control; 3-7: 0, 0.4, 0.8,
1.0, 1.2 mmol/L

E 4 PLRV RT-LAMP betaine /% 7% 4L
Fig. 4 Concentration optimization of betaine for
PLRV RT-LAMP

2.5 dNTPsiREHRAL

WHE 61 dNTPs (dATP .dGTP #11 dCTP 10 mmol/L
each,dUTP 30 mmol/L) ¥ BE &L B, I A &5 5N
0.4.,0.8.1.0,1.2,1. 4,1. 6 L, NTC % F&F1BH 4 %
HREINARE R 1.0 pl, 451878, dNTPs il AfE7E
0.4~1.6 pL WAHY I, AL 1.0 pL I, 9731 5%
e (B 5) . ¥ s Cr {E ki ANTPs fin A f&
IR TGS ANTPs A&y 1.0 pL i C
Hi/NER 2), B, RT-LAMP £ ANTPs fii
AR 10 pL (R EE dATP.dGTP #1 dCTP
0.4 mmol/L,dUTP 1. 2 mmol/L),

bp
500

200
100

M: DNA marker; 1: NTCX}H; 2: Bt *f #; 3~8: 0.4+ 0.8+ 1.0+
1.2 1.4+ 1.6 pL

M: DNA marker; 1: NTC; 2: Negative control; 3-8: 0.4, 0.8, 1.0,
1.2,1.4,1.6 uL

B 5 PLRV RT-LAMP dNTPs &z [ iR B4k
Fig. 5 Concentration optimization of dNTPs for
PLRV RT-LAMP
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2.6 Bst 3.0 DNA REEREMRN 2.8 SYBR Green [ iREMR
B Bst 3.0 DNA RAH 8 U/pl) InAHA BE 4 4> SYBR Green [ (20 X0 ¥ B, A &t

0.1,0.3,0.5.0.75.1.0,1. 5.2, 0 uL,NTC xffig g Z7H49 0.5.1.0.1.5.2. 0 pL, NTC X RERIBIER
B BRAIA R 1. 0 uL. 55 EoR. Mg A WOIABE 10 ple SR 85, SYBR Green T

. o e e S s S ARTE0.5~2.0 pL WA Y 54 Cr ik SYBR
= S EH Sk ) N . . NN . , ;
TS BRI R UK AR S R . R A Green T AR 3 6 5 5 e » 26 1 K ok

TN 0. 1~0. Spll B A Y 1S . Cr K Y BEtE— S B P RT-LAMP 44 7 v 6 5 2 5
MERTINAEE N 0. 75~2. 0 pL B, Ce HEEMIMAR iy Ak 1 pL B Cr (AR XA (32 2), DRk,
BRI/ BEAT A 2.0 pL I, Ce {H5/NGE RT-LAMP At SYBR Green [ IIARH 1 L,
2), K, %45 BST 3.0 DNA RA/ (8 U/pl) iy 2.9 Primer mix iR E 1%

AR 2.0 pLCW IR 0. 64 U/ul), WE 7 20 primer mix(10<,8 ymol/L FIP/BIP,
2.7 UNGiRERA 2 pmol/L F3/B3,6 pmol/L LF/LRO Y, i A f+43 5]

UNG(2 U/l % 6 BRIk s - 9 1OV 922:0,2:5,5.0,3.5.4. 0 ul BIFEXTRUA
ARSI 0.5,0.75,1. 0,125, 1.5 pL NTC g 20 e SPRIA, primer mix UKL 1, 074, 0 -
FIBIEER B A R A 10 pL. SR BA, UNG 0 AR 2 6ol O pl Y S B 7

N : ‘ Ce fHZERAK - FW] primer mix A BLE#RL 2.5 L
INABAE 0.5~1.25 pL A, 15 uL REMOAE mppmpf e 2). i F primer mix LAREN 2.5 .
0.5~1.25 uL,Cr (HHE UNG MIARERMESERES i Co i 4656 B/, PRt RT-LAMP 30 i primer
T UNG AR N 1 pL B CERMR(E 2), mix A EH 2.5 p1.(0. 8 pmol/L. PLRV-FIP/BIP,
I . RT-LAMP £l if UNG In A= A1 pl. 0.2 pmol/1. PLRV-F3/B3,0. 6 ymol/L. PLRV-LF/1B),

x2 FAREARHARRELSEREN ML Ct B
Table 2 Responses of the Ct values to different treatments of multiple factors in the PLRV RT-LAMP reaction system
Mg? "/ . Betaine/ dNTPs/ . Bst 3.0/ SYBR . Primer

mmol « L. "! ' mmol L1 “ pl (/Z U pul! G UNG/uL G Green I/plL “ mix/pl c
1 31.12 0 23.48 0.4 36. 96 0. 10 36.78 0. 50 38.12 0.5 30. 66 1.0 36. 54
2 26. 25 0.4 26. 00 0.8 29. 42 0. 30 35. 64 0. 75 35. 36 1.0 27.14 1.5 33. 35
4 27. 25 0.8 24. 45 1.0 26. 42 0. 50 27.54 1. 00 26. 22 1.5 30. 26 2.0 30. 92
6 32.43 1.0 25.96 1.2 28. 62 0.75 26. 44 1. 25 30. 41 2.0 30. 31 2.5 24. 96
8 38. 82 1.2 25. 82 1.4 S D 1. 00 25.55 1. 50 36. 87 — — 3.0 26.78
— - — - 1.6 =38 1.50  23.32 - — — - 3.5 26. 86
— — — — — — 2. 00 22. 36 — — — — 4.0 26. 00
2.10 RT-LAMP [z iz {4k 3G E BHE 7= 23 €2 A8 Ay 2 e, . NTTC RIBH 1 X BE = 4 231 €

X EIREACE ) RT-LAMP WA Z R RT- A, i A MK EE (50 X) SYBR Green [J5 . $84M 4k
PCR #1747 HEXTBGE . &5 R R RT-LAMP £ N ERELSIMNT) IR & & 1 358, NTC FBH
Mk 5 RT-PCR —# (K 6a~b), RT-LAMP & XHREA DGR 6e~d), HL, RT-LAMP il a]
NI B (1 000 X) SYBR Green [ )5, TH T P IR AR E WA A . 38 RT-PCR #5255

500 bp
336 bp

200 bp
100 bp

M: DNA marker; 1: NTCXfB&; 2: PAPEXTHE; 3: FHEEAESh . a: RT-LAMP; b: RT-PCR; c¢: RT-LAMPH 8= #IISYBR Green | HAR N BAA; d:
RT-LAMPH 8= # ISYBR Green | £4p R

M: DNA marker; 1: NTC control; 2: Negative control; 3: Positive sample of PLRV. a: Detection of PLRV by RT-LAMP; b: Detection of PLRV by RT-PCR; c:
RT-LAMP products detected directly by chromogenic method of SYBR Green I ; d: RT-LAMP products detected directly by SYBR Green I under the ultraviolet

6 RT-LAMP 7k RIGHE
Fig. 6 Validation of the PLRV RT-LAMP reaction system by RT-PCR
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AHFFEEE T PLRV CP B 741, 8 T 4 4
LAMP 5|9y . i th e A5 [ 20 P X RO 24 e
S 43, A 45 S IR L Mg® T | betaine, Bst 3. 0 DNA
B4 W ANTPs,UNG,SYBR Green | #3|¥4H &
SERTREE SR T B I R AR AR AT T TR L. A
S50 6 PLRV RT-LAMP Al 2045 Wi 2 (4 5
A5 B M R BE Bt 3. 0 DNA S5 ik
JiE ANTPs ¥ B Fl UNG ¥ 2, 52 i 8/ 1 ] 5 02
SYBR Green | #kEEFR NI . HfE51941°0 P3.7E
25 pLL AR R primer mix BIRAEMA TN 2.5 pl.
(PLRV-FIP/BIP, PLRV-F3/B3 il PLRV-LF/LB %
Welg 535k 0. 8 pmol/1.,0. 2 pmol/L F1 0. 6 pmol /L),
Mg (R MR 4 mmol/ L. Bst 3. 0 DNA Sl
(8 U/pl) By A A i 4 2 pl., INTPs (dATP,
dGTP.dCTP £ 0. 4 mmol/L,dUTP 1. 2 mmol/L),
UNG(2 U/pL) R AEE2 1 pL.SYBR Green
T 0XOMARH 1.0 pl, SN 62°C,

FI T Z2 iR 1) BRI R FH T R, PRkt | iy
U RT-LAMP F A, Qb s B s # A 4 A
T BE T B PR B B AR T B ) OB ik
FaRE KRR A ARSI TR
PELM T RT-LAMP £5:00 J7 v 1 2 T 0L X
ARG 5 3 2R FH T RT-PCR AR 6 0 7 325 1k
FPPAT HE XS B0k, — 35 R I 25 2R — 2. i H, RT-
LAMP A0 AT 38 528 P R W ¢ 12 4 i 45 23 CRT A4
FIBEEE A L B RT-PCR ] .25 5y . Ll R BT 5
J22 BN R AT 3 S X2 A T 1) 5

RT-LAMP HiARFH 6 519 18 A B 1y
L EE P AR S . EE R T
HA i R A B AN 31 2 e iy B M S IR AL
RLE R AR — T KRR, B ez PR
TS B 2o T o A A TR AT P ) 0 T
KL 215 g . AR I B A1 N0 22 56 A R A
PTG A R ERAE 23 DX HEAT o SO 702 2 T » DR 5
B % 2 SR B TR SR A8 T A R0k
IR BEG R KA. R A UGB BT S B0 R
FRHEH P X B DA R B 2 B0 0 JE A FH P 1 4 A I
ISR 15 G fi it o 30 v T T S 4 A L 4R AR
Bl P AT RE 2 T PR A e » 1 i A2 T
s A 7 4 I 52 2 b of T AR R 1 el SYBR

Green | 7E N AT NE] PCR 48 55+ AT, 52
NEERIGIRY 3 s, BERT B0 5 s, SRIG WA 45 2R, i
FERT DA stk g R 55 5 | S 1) A0 e 58 S G » DT 3k
Go gl BEA LR P .

S22 3Tk
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