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Abstract: [Objective] The objective of this study is to establish a method which uses reverse transcription loop-mediated
isothermal amplification (RT-LAMP) technology, and to detect Apple chlorotic leaf spot virus (ACLSV) simply and quickly.

[ Method IThree sets of specific primers were designed based on conserved region of ACLSV genomes. Each set of primers includes
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a pair of outer primer (F3/B3) and a pair of inner primer (FIP/BIP). One feasible set of primers was selected for the RT-LAMP
reaction. RT-LAMP reaction system was optimized, that is, the concentration of Mg2+ 0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0 mmol-L'l),
dNTPs (0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 mmol-L™"), Betaine (0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 mol-L™"), FIP/BIP (0.8, 1.2, 1.6, 2.0, 2.4
pmol-L™") and F3/ B3 (0, 0.1, 0.2, 0.3, 0.4 pmol-L™"), respectively. The RT-LAMP reaction condition was optimized, using optimized
reaction system, reaction temperature was set to 65, 63, 61, 59, 57°C and reaction time was set for 90 min. In the process of primers
screening and optimizing the reaction system, fluorescent pigment was added to the reaction system and real-time PCR instrument
was used. The whole process was detected in real-time by fluorescence signal accumulation. Finally, the amplification curve was
used to analyze the reaction result. The specificity detection of RT-LAMP was tested by using different RNA templates of infected
leaves from ACLSV, dpple stem grooving virus (ASGV), Apple stem pitting virus (ASPV) and Apple mosaic virus (ApMV). To
assess the detection sensitivity, 10°% 107, 102, 1073, 10™, 1075, 10 diluents of original RNA were used as templates of RT-LAMP. To
evaluate the application value of this method, 23 apple leaf samples were collected randomly in the field, the optimized RT-LAMP
and RT-PCR were used to detect the samples, SYBR Green I was added to visualize the detection. [Result] The RT-LAMP method
to detect ACLSV was established. The optimized detection system was 6.0 mmol-L™! Mg?*, 1.2 mmol-L™" dNTPs, 0.2 mol-L" Betaine,
1.6 pmol-L™" FIP/BIP and 0.2 pmol-L" F3/B3 primer. The optimum reaction conditions were 59°C and 60 min. In the specificity test,
only the ACLSV test result was positive, the controls were all negative. In the sensitivity test, the 10° RNA dilution could be
detected by RT-LAMP method. It was 100 times higher sensitivity than RT-PCR method. The positive rate of RT-PCR of randomly
selected 23 apple leaf samples was 52.2%, and RT-LAMP was 65.2%. Detection rate of RT-LAMP was higher than that of RT-PCR.
[ Conclusion JThe established ACLSV RT-LAMP detection method is simple, quick, sensitive and low cost. It can be applied in field
investigation, seeding breeding and customs quarantine.
Key words: apple; Apple chlorotic leaf spot virus (ACLSV); reverse transcription loop-mediated isothermal amplification
(RT-LAMP); real-time PCR; virus detection
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mmol-L"! (NH4),SO,4, 50 mmol-'L" KCI, 2 mmol-L"
MgSOy, 0.1% Tween-20, pH 8.8) ; M-MLV %3¢
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/z7), Betaine [ Sigma-Aldrich A 5], 2¢6iA5 1
H Ml AE A 7], DL2000 Plus DNA Marker I [
EREATEHEAA IR AR, DEPC ALK 4 T4
YITRE (Rl JRMARAA .

1.2 RWHE

1.2.1 & RNAFREC ARECERM A 50 mg, K
FEATE MR AR B3 R 7 FE P2 LS RNA. SRH
Eppendorf BioPhotometer D30 #% 2 & 7130 72 30 2 &
BUS RNA 9K FE, T8I BRI e v Dk D2 B
RNA 58 #0E, T-80°CORAFEA ] o

1.2.2 5l4piitfods k. MRYE GenBank AFiI 18 4
ACLSV JER41751, Jlit Vector NTT #4147 [R5
ST, S AIAE 3 ASHDRFORSY () X 38t 3 41 RT-LAMP
sy (1. I, 0D, HFBerh—%F RT-PCR Al
S (KD o BT BT A A R G

%1 RT-LAMP FA RT-PCR #&3 ACLSV FrFI5 |49

Table 1

Primers used for ACLSV detection by RT-LAMP and RT-PCR

5914 %5 Primer name

751 Sequence (5-3")

5| ¥ & Primer location

H1i& Application

[ TIFIP GTCAAAACCTGATGATAATTCA 5651-5672, 5602-5620 RT-LAMP
GCCTACAAATTAGGTGAGA
TIF3 TTTTCTGGAATTTTCATT 5583-5600 RT-LAMP
T1BIP GATGGCGATGATGATAAGGGGTC 5755-5777, 5807-5825 RT-LAMP
TTTTCACCCCAGCAATTGG
T1B3 TCAGAATAAATTCTGGAG 5827-5844 RT-LAMP
Il T2FIP TAAACACCCGACTTAGTGAACCA 247-265 RT-LAMP
GAGAAGAAGGTGGAAAACT 270-288
T2F3 ATGAACGCATTCAAAAGGA 321-343 RT-LAMP
T2BIP CTGGAGAACCACCTTTTATTTAA 369-391 RT-LAMP
TTACTAATATAACTAGCTAC 420-439
T2B3 TACTAAGACATGCTACATA 447-464 RT-LAMP
11 T3FIP AGAACTGCTGCCATCCTCCTTC 6740-6757, 6767-6786 RT-LAMP
GATAACATTTCTGCAAGAGA
T3F3 TCCATTGCTTCAGAAGGG 6814-6835 RT-LAMP
T3BIP GTGGACGCAGATCTGAAAGCGT 6852-6873, 6900-6918 RT-LAMP
TTGCCCCTGTCTTTCCATG
T3B3 GACTCCAGTATCTGTTCCA 6922-6940 RT-LAMP
ACLSV7 CAGACCYCTTCATGGAAAGACAG 6834-6959 RT-PCR
ACLSV8 GTAGTAAAATATTTAAAAGTCTAC 7537-7557 RT-PCR

1.2.3 RT-PCR &M LK FRN 1.0 ng RNA,
1.0 uL 2 pmol-L™" oligod (T);s ~ DEPC /K4M4 10 pL,
65°C 5 min; K& A 4.0 uL M-MLV 5 X buffer.

4.0 uL 2.5 mmol-L™' dNTPs. 1.0 uL M-MLV, 42°C
60 min, 70°C 15 min. % ) cDNA T--20°C R A7
#H.
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PCR [ WA % J 2.0 pL ¢cDNA £, 2.5 pL
10X PCR buffer. 2.0 pL 2.5 mmol-L™" dNTPs. 1.0 uL
rTaq. 10 pmol-L"' I Fif51#14 1.0 pL. DEPC 7K4h
%4 25 pLo PCR RV4ATA 94°CHIAEYE 4 min; 90°C
AP 30 s, 60°CIEK 30 s, 72°CHEMH 1 min, #E{T 35
RAEI; 72°CEEfH 10 min.

1.2.4 RT-LAMP W 77 ix 2L RT-LAMP FEAK
A Z LA 100—200 ng-uL (1) RNA ARAGIELT, B2
EH8UNR: 10X Isothermal Amplification Buffer. 6.0
mmol-L" MgSO4. 1.4 mmol-L" dNTPs. 1.6 pmol-L"
FIP/BIP Primers. 0.2 pumol-L"' F3/B3 Primers. 320
U-mL" Bst DNA 4. 40 U M-MLV. %648

1.0 uL #8 RNA. DEPC 7K#h% 25 uLo WA RN
"I: 2.5 uL 10 X Isothermal Amplification Buffer, 1.0 uL
100 mmol-L" MgSO,, 3.5 uL 10 mmol-L" dNTPs, 1.0
uL 40 pmol-L" FIP/BIP Primers, 1.0 pL 5 pmol-L’
F3/B3 Primers, 1.0 pL Bst DNA &8, 02 uL
M-MLV, 0.5 pL %5644k, 1 uL RNA #ifi, DEPC
A 25 pL. RVSATHA 63°C, 70 min.

KR IF 345 (1. I, ID HT L&
RT-LAMP SEK i W AR R PEAT )NV, iff 52 38 1 5
LB

RT-LAMP WK &Rk, Mg #8153 & b
0. 2.0. 4.0. 6.0. 8.0. 10.0. 12.0 mmol-L", 44l
731% RT-LAMP JEA ) AR R, DEPC b4 25 ul

CRFED 5 RAHGE M™%, ANTPs ¥ S5 B E B E
0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 mmol'L"; R/JI
il Mg? R A1 ANTPs K5, Betaine 3¢ J¥ 6 )% ¥
B4 0. 02, 04, 0.6. 0.8, 1.0, 1.2mol'L"; KM
B iE Mg W % .dNTPs ¥ J% FIl Betaine % , FIP/BIP
WREEREEEBEE H 0.8, 1.20 1.6. 2.0. 2.4 pmol 'L
K Feif Mg? W . dNTPs ¥ ¥ . Betaine ¥ A
FIP/BIP ¥#K[%, F3/B3 WEEELEEWE A 0. 0.1, 0.2,
0.3. 0.4 pmol-L".

RT-LAMP W40k, SR CLAL Ak I 5 0 A
R, WHE 65, 63, 61, 59, 57°C 5 AN ) S N
N E]BE5E 24 90 mins

DL b RT-LAMP VI ULSEE 5 RAF ACLSV
BHAE 215 1 0 BE b, RS2 96 38 B PCR A HEAT,
A 348 g 208 e R DR R 1y e 114 g A o i
Mg
1.2.5 RT-LAMP 45 R30I SRR AL I 1) RN A4
AR INAA, A L SR B TR . DU

ASGV. ASPV. ApMV. ACLSV. fif BERIKKM F i
RNA WA, BAJG B /K A 2% D0 R EA T RT-LAMP 4§
SRR . S SN S I gk, AR
LI 2.0 pL 1 000X SYBR Green 1 J& 2 Vi i (6,48
o CERa B, R BT  BUIRREEER vk (i
DURFAE PR ST A B, A B S5 5k
ghe,

1.2.6 RT-PCR #fo RT-LAMP R &M ill  $EHsk g
ACLSV - F 5 RNA, K 408 ng-ul', 10 {53k )%
BRI ZE 10, LACRIZK A 25 U6 R I RT-LAMP
HIRT-RCR A TAS I 2 A8 06 LEAREE: o R FH PR AR W %
B 2.0 uL 1 000X SYBR Green | Ji7 &2 N (4,42 4k,
FE B e I L 23 AT s 45

1.2.7 ACLSV [H &) B S AR 7630 T2 45 40011 (1 2R
R AR 23 ANSERBEARM R, kAT
RT-LAMP Fl RT-PCR #ll, >R HH Bl ik
RN 2.0 pL 1 000X SYBR Green I W54 738
o Hr e g5 5

2 R

2.1 RT-LAMP 3|47k

3 Ha1W o m Xt ACLSV  BH Pk ke & i3k 47
RT-LAMP 93, #4516 3 NEE, 455K 1
FioR o THALS |09 B8R dee e, 0 5 FL I 2634 5
T1 20 5 |40 LR Ve s TR i 2 1 i B A 2 T4 5
Y TAGIEAY e “s” Bghdk. BTl
SIM1E R ACLSV RT-LAMP (K5 4.
2.2 RT-LAMP & RI{RZ LI
2.2.1 FIEMg WE bl Mg W E I8 N RT-LAMP
S5 I3 Y U I TR L, 24 Mg W S B3k 6.0 mmol- L™ I},
HH U I JR) g L FLT i e Ok, MIRIEE I 6.0
mmol-L" J&, Bl Mg® B lin s W 25 oA b 2 o ik 4%
6.0 mmol-L™" Mg* 5 ) ACLSV RT-LAMP K i ) ¢ 2
WE (K2 .
2.2.2 #x3& ANTPs RJZ  BHAE ANTPs W38N, J¢
SN R[] Mg S e, INTPs 3<% 1.2 mmol-L!
9 8 o T HH U TR) 5L, ) 1.2 mmol L™ NTPs 24
ACLSV RT-LAMP frill i e ik 5 (&1 3) o
2.2.3 RIEHMEBKE MANFHSERSE Y HEBR
WIS By, W SEBIR EAE 0.2—0.8 mol-L™" i X
RT-LAMP 80 R 5 m 22 e AN K HACRIF, T DASs
HHREANZ, P 0.2 mol-L FH S A 5t i v
WE (4 .
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216 Red:  TTZA5 |49 14 14 Amplification curves of group II primers;
W Yellow: 115|453 14 i1 2k Amplification curves of group III primers

1 AR[E514) ACLSV RT-LAMP #1%
Fig. 1 The RT-LAMP amplification using different primers
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N\

0 10 20 30 40 50 60 70 80
TEHHL Cycles

1: 2.0 mmol-L’"; 2: 4.0 mmol'L"; 3: 6.0 mmol-L™"; 4: 8.0 mmol-L™"; 5: 10.0
mmol'L"; 6: 12.0 mmol-L"!

2 Mg"iREEFF RT-LAMP SZ0a Y SER 52 S T R 4485 h %
Fig. 2 The real-time amplification curves of effect of Mg®"

concentrations on the RT-LAMP reaction

2.2.4 i FIP/BIP W JE 4 FIP/BIP iKJ¥ 4 1.6—
2.0 pmol-L™" BB, g i ) L ALl 8 ey, 4
FIP/BIP ¥ 8 f T BRAK 11X A0 BB, H U4 e ) 35 4% e
H 2 A 6HE, #O%EEE 1.6 pmol- L' 24 FIP/BIP fid
RNV E (B5) .

2.2.5 & F3/B3E 4 F3/B3WKEN 02 pmol-L!
I, U A) B  Hoh 2o, 24 F3/B3 KB i T8k
& T 0.2 pumol-L™', HUEHF M H M, Hihd A
Feid, FrLLiE#E 0.2 pumol-L' 24 F3/B3 fiid 2 v ik
E (E6) .

RFU (x10°%)
W

. 7

0 10 20 30 40 50 60 70 80
EIREL Cycles

1: 0.6 mmol-L'l; 2: 0.8 mmol-L’l; 3: 1.0 mmol~L"; 4:1.2 mmol-L'l; 5: 14
mmol-L'l; 6:1.6 mmol~L"; 7: 1.8 mmol-L™

3 dNTPs 3K BEXF RT-LAMP 2R B SERTRSE E B 4 15 #h 2k
Fig. 3 The real-time amplification curves of effect of dNTPs

concentrations on the RT-LAMP reaction
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w
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L Cycles

1: 0 mol~L"; 2:0.2 mol-L’l; 3:04 mol-L’l; 4:0.6 mol-L’l; 5:0.8 mol~L"; 6:
1.0 mol~L'l; 7:1.2 mol-L"

[El 4 FHIHERE XS RT-LAMP 20 HY SERT S L E B 4 18 i £k
Fig. 4 The real-time amplification curves of effect of betaine

concentrations on the RT-LAMP reaction

2.3 mIERMNFZH

TEFTRCE N 4 DA RN E T, 65C RT-
LAMP X N ANGEREAT, 63+ 61°C HIg4EH:, 59°CHFH
WAl i, HLT 2oy, WMok 59°CH RT-LAMP
G RV IAE SO°C I MM & ihdekE, 4
SV [R] ) 3K 60 min IS, SO R4 15 5 40k B B K
B, W& 60 min b NV ESE I A (B 7) S
2.4 RN

LU ASGV. ASPV. ApMV. ACLSV Flfi
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pmol 'L’
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Fig. 5 The real-time amplification curves of effect of FIP/BIP

concentrations on the RT-LAMP reaction
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HEIREL Cycles

1: 0 pmol-L™; 2: 0.1 pmol-L™; 3: 0.2 pmol-L™; 4: 0.3 pmol-L; 5: 0.4
pmol-L™!

6 F3/B3 MR XS RT-LAMP S2MeRYSEES L E E 4 1 i £k
Fig. 6 The real-time amplification curves of effect of F3/B3

concentrations on the RT-LAMP reaction

FERRIE ) RNA BN, LAIGTR K 7% 0 kAT
RT-LAMP $¢5 PR . RT-LAMP 3872125 2%l
BB K, 1 ACLSV  FHPERE S S IURRAE PR 45
7, JLARE SR MR E S 4 (B 8-A) 5 54
HANA 2.0 pL 1 000X SYBR Green I J5, {{H ACLSV
BHAERE 5 ROV I B A 2, SLA -3 s s (&
8-B) ; SZIF9¢ )5 & PCR UMM 45 R HAE, ACLSV

FHAPERE fh 19 ih 2 o4 e i “S” B, JiAl 3 A
FIPERE A AR TERE “S” Alihzk (K&l 8-C) .

RFU (x10%)
£ N
——

, /

ol /A

0 10 20 30 40 50 60 70 80
MEHHL Cycles

Hfh Yellow: 65°C; %84 Purple: 63°C; #55 Blue: 61°C; F)f Pink:
59°C; 4% Red: 57C

7 RIS FE RN LA B3 RT-LAMP 520 B SRS K E 2
18 ih %
Fig. 7 The real-time amplification curves of effect of time

and temperature on the RT-LAMP reaction

2.5 RT-PCR #0 RT-LAMP 3 {444

4 ACLSV FHYERE St S LR IEAT 10 £ 466 LR FE A
B 10°, 2309347 RT-LAMP F1 RT-PCR X W. %
EHN 2.0 pL 1 000X SYBR Green 1 45 % iR M
MEFEFE S 107 1, RT-LAMP 5HER M ACLSV (K]
9-A. 9-B) , RT-PCR f&illl ACLSV S H K
Fefi Bk 107 (8 9-C) , W RT-LAMP £il] ACLSV
) R BBU% E: RT-PCR ) 100 1.
2.6 HIEEEEFERRQN

H TR BE LR AE M 23 A~ ACLSV SEAUE YR K,
HE4T RT-PCR F1 RT-LAMP Kl . 45 5 23 el ke
FiFE RT-LAMP Kl 15 ASBHPERES (B 10-A.
10-B) , K&k 65.2%; RT-PCR A&l 12 ASFHTE
Feah (B 10-C) , Rrth#A 52.2%. RT-LAMP il
H ACLSV FHPEFEN 2 T RT-PCR, %W RT-LAMP %
e PR R

3 Tt

E RT-LAMP 2 R 5 R B P IO %G
AR T SISO A B POR (U 55 AT T 560
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A: WYKL Detection by electrophoresis; B: AHRVLZZ I SYBR Green 1 J& [ M i 7454k, Observation of the color change of the reaction liquid after
adding SYBR Green I; C: SR 5%% 5 41 #h 28 FI Kt The judgement curves of real-time amplification. 1: ACLSV; 2: ApMV; 3: ASGV; 4: ASPV;
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