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Construction and characterization of an infectious clone of
Soybean mosaic virus isolate from Pinellia ternata

Li Zhang, Defu Wang, Yanni Pei, Shen Xian, and Yanbing Niu

School of Life Sciences, Shanxi Agricultural University, Jinzhong 030801, Shanxi, China

Abstract:  Soybean mosaic virus (SMV), one of the major viral diseases of Pinellia ternata (Thunb.) Breit., has had a serious
impact on its yield and quality. The construction of viral infectious clones is a powerful tool for reverse genetics research on
viral gene function and interaction between virus and host. To clarify the molecular mechanism of SMV infection in Pinellia
ternata, it is particularly important to construct the SMV full-length cDNA infectious clone. Therefore, the infectious clone of
Soybean mosaic virus Shanxi Pinellia ternata isolate (SMV-SXBX) was constructed in this study by Gibson in vitro
recombination system, and the healthy Pinellia ternata leaves were inoculated by Agrobacterium infiltration, further through
mechanical passage and RT-PCR, confirming that the 3’ end of the SMV-SXBX infectious clone had a stable infectivity when
it contained 56-nt of poly(A) tail. This method is not only convenient and efficient, but also avoids the instability of SMV
infectious clones in Escherichia coli. The construction of SMV full-length infectious cDNA clones laid the foundation for
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further study on the molecular mechanism of SMV replication and pathogenesis.

Keywords:

T P96 BRI A0 FRAR ) “ e ™, RS FMREAE
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TR KGR FE R ZH cDNA 20 28 Ky HoAE KA1 b
PIATRENE, B RE R ), H
SRR,y Tl 3 s A 2 e S
P Ty e Ak, AR R T Gibson 2H 2 4k i 2N
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P, BRI T5 & ERANINE . Phusion A1 &
Taq DNA R IMFEVER, ERINGEZ A
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BRI % e e L Hidh TS5 A A 5'—3
M AN VI G P, BERE N 5 un VI #I A S X
DNA F B, ffi Ho= A= 3758 th K, HANS Phusion
REW4 . % HkE DNA 0 ESFS01E 50 CH
SEPEIR K, FE AN WA 1B iy Phusion
RA WA Tag DNA M4 M55 145 4, e sl o0 4%
HIALEE DNA 70+, MIMSEHICE P, XMt
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AT B AR P DD 07 5, P Bl A AL,
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FEF B B 5 4T SMV-SXBX {2 YLtk mo b it
HE— 25 2R FMUARAE ARG | 396 5 538 - R 4 il % =X s g
(RT-PCR) HIESE T Hf= gutk sa e = A= 1 Je A0 2 L
HIRYeE, RGP TRE, SMV-SXBX 1%
YebE el LI SMV F803E A H A RS A0 E
RiEAE, FEMHE SMV BUEGGIEN , Mk e
il 23l FER R R . fE AR RS 1E A
HAER, DB A SMV SIS o

1 MBEFE
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111 g
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SAEM R R G R B R, AR R IR R . 2
SR AR S0 % IR . A i Bk
pGreen 11-35S Sy ry [ vy ol Bl B ey A= )R
WEFE T AR I . AR RAT A TR R GV3101
(pSoup) MW { F LA P AR A PR ] o
112 BEES5EHA

PrimeSTAR® GXL DNA Polymerase . pMD
18-T Iy H TaKaRa 24 w]; Trizol {7 5 H
Invitrogen 23 H]; Gibson Assembly Master Mix It
Fl NEB /A7 ; Tag DNA polymerse. TransScript®
first-stand cDNA Synthesis SuperMix. K7+
DH5a. pEASY®-Blunt Cloning Kit 4 | TransGen
/N3 Gel Extraction Kit A1 Plasmid Mini Kit T 3
£ H OMEGA Al .
1.2 FHi&E
1.21  #EUS RNA, &% cDNA

i Trizol KXFIM SMV 242 50t B g
B RNA, —80 C#-H . HIH TransScript® first-
stand cDNA Synthesis SuperMix # SMV-SXBX 1
RNA 1k} cDNA,
122 5198t

FIF Primer Premier 5.0 #4514 . Hrp
pGreen SMVIF 5 SMVI1R. SMV2F 4 pGreen
SMV2R (pGreen SMV2R') %45 551 4143 51
T4 1K B SMV-SXBX1 Hl A |2 28 nt (56 nt)
B R F B SMV-SXBX2 (Kl 1A); pGr35S-SMVF
(pGreen SMVF")HI pGr35S-SMVR JH T JFu i 4 4
£k P4k ; SMV3F fil SMV3R I FIHAE SMV-SXBX
R AR, ST Ef, pGreen SMVIF
5 pGr3s5S-SMVR . pGrasS-SMVFE  (pGrass-
SMVF) 5 pGreen SMV2R (pGreen SMV2R’) .
SMVIR 5 SMV2F Z [u#R 735 A 25-30 bp Y H &
JP8, LMEF 58 Gibson 41%¢ . 51435 ik T4
YR () ROARAFREG GR 1),
1.2.3  HWEEE RS Bk &

DL 1.2.1 1359 cDNA SRR, F) FH PR 4 5
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5|%) pGreen SMV1F 5 SMV1R .SMV2F 5 pGreen
SMV2R (pGreen SMV2R’) %f SMV-SXBX i [K 4]
AT R B3, L) pGreen 11-358 Jiki AR ,
IR 559 pGr35S-SMVF (pGr35S-SMVF') #il
pGr35S-SMVR K ] PCR Y Jr i ff 48 (A 2k
YAk
1.2.4 Gibson £

it NanoDrop 4366 T4 BT 4 4Gl
W5 , 2 18 Gibson Assembly Master Mix 158 5
TP SMV-SXBX K H Be kb ak i m A
ot 4% (K 1B-D).
1.25 RATHEEL

H 1.2.4 41 2% BOR VR il AL A AT T GV3101
(pSoup) Hitk, 28 °C. 220 r/min & ;3% 2-3 h,
S, WA T 54 R R (Kanamycin,
Kan) FIA#EF (Rifampicin,Rif) f Luria Bertani
(LB) A4k |, 28 CHiF: 2-4d,
126 HEEFE

BEHLBRIE 1 B V%, 28 'C T T & A Kan Fll
Rif 1A LB fhE5 3% 2-3 h, FIFHER514 SMV3F
FISMV3R (£ 1) #H1THVE PCR %, 4% M FH
PERI RS, SRR AT TR, SR )5 R pGreen
SMV1F 5 SMV1R. SMV2F 5 pGreen SMV2R i
1T SMV-SXBX 2K U, S KBk,
f44 } pGreen-SMV-SXBX, LAfu & Fiki pGreen-
SMV-SXBX AT I Wi A A 43 Fr Bt PCR 455
42K cDNA 124 ik .
1.2.7 RITEHBEER

I TE A S B H A T A Kan 1 Rif [El{4 LB
BRFREE b, 28 OISR, Wik Pk ek T &
A AR A Z F1 200 pmol/L Z 1 T i) LB Wi
BRI h Y REE IR, 10 pL KE SR 7E A ) A5 1F
T ZE K ODgoo M 0.7 247, Bl W HL 1 mL B
B, WUETHR, Jom 258 TR DRI A, FRE
O AR P20 2 v (200 pmol/L
2Tt T 7MW, 10 mmol/L MES, pH 5.7, 10 mmol/L
MgCly) FHEIJFEZE I TRt 2-3 h, fii
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1 mL RS, JoE Sk B IR ol R R R i
FhE LB AT, LA pGreen 11-35S 23 2
7 AR KT B AR A BT R BEAS ST SR 5 Ak,
FEMHERE TORREE FRA T, 25°C. 16 h OB
Bige, 4R 1-2 JE e ARG it AR IE O -
1.2.8 HLIREEEER
SMV-SXBX i 8 8 FR i il £« B 1.2.7 4
FFRTRE AN R AE M i, BRE, B TRV
AR E MR, #1010 e EL A R AR T
Y1 PBS ZE P (pH 7.2), MEBFES KW,
T 20 A 2o g st 5 AR AT s e A A
SIBUNE 572 P IRy 3 TR oy b £/l L 1L s = K|
i, EMEEERAETATRES,
1.2.9 RT-PCR &/ SMV-SXBX
DIURBUEREE S RNA AN, FH51Y
SMV4F ., SMV4R 17 RT-PCR 9" #54ll ,

2 ER5AW

2.1 SMV-SXBX By£ 1< cDNA g 5403
LA cDNA S5 —4% ikt , FIH 3 XHHe55514)

*1 51¥F5
Table 1 The primer sequences

pGreen SMVIF 5 SMVI1R. SMV2F Y pGreen
SMV2R. SMV2F 5 pGreen SMV2R'P 153515
FI K A 6 627 bp #1 2 960 bp ) SMV-SXBX FE[A]
HARFBT A ; LA pGreen 11 -35S Jihv g ik Fl
5149 pGrass-SMVF il pGr35S-SMVR.,
pGr35S-SMVF'#il pGr35S-SMVR %l [ PCR
B kA 2 ML 2k /& 3 233 bp, cDNA 75 31| il
BRI b 25t (] 2A, 2C).
22 SMV-SXBX REMRELEE

¥ 3 ANaifkES B . 1 MEBIATE
Gibson [ i it — 02 %e , A W) vk b Ak
KATFH GV3101 (pSoup) /BZA4NM, FHkECH
SERETR VR, AR BRI T IRV SR M, SRR
B, PREL 4 DTSSR HME (B 2D), @t AR
554 SMV3F, SMV3R 47K 7% PCR %5E, 15
FNH RN T 457 (K] 2E), 2800 e 43 B e 5
N SMV. B AT B SR SR BUES DUBUI, Ak
FER R it , R B PCR B E 2K
cDNA {2 4u 1 vk

Primer names

Primer sequence (5'-3')

Description

pGr35S-SMVFE

CCTAAAAAAAAAAAAAAAAAAAAAAAAAAAATCG

For vector of SMV

GTACGCTGAAATCACCAGTCTC
pGr35S-SMVF’

CCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAATCG

GTACGCTGAAATCACCAGTCTC

CCTCTCCAAATGAAATGAACTTCCT

pGr35S-SMVR

pGreen SMV1F AGGAAGTTCATTTCATTTGGAGAGG For SMV fragment 1
AAAAAATTAAAACATCTCAACAAAACC
SMVI1R CAGAAACAAGAGGCAACCCACAGA
SMV2F CTTICTGTGGGTTGCCTCTTGTTTCT For SMV fragment 2
pGreen SMV2R CGATTTTTTTTTTTITTTTTITTTITTITTTITTITTAGG
ACAACAAATATTGCCGTACTTC
pGreen SMV2R’ CGATTTTTTTTTTTTTTT T T T T T TT T T T T TTTTTTTITTITTTTTITTT
[TTTTTTTTTTTTAGGACAACAAATATTGCCGTACTTC
SMV3F GGGTTGGCTATGGTTCTT 6 358-6 375
SMV3R TGGTGCTGCTGTGAATGT 7 548-7 565
SMV4F AATCAGGCAAGGAGAAGGAAGGA 8 535-8 558
SMV4R GGGGGTCAAAACCACACTAAACA 9 447-9 469

Note: pGr35S-SMVF' and pGreen SMV2R’ are amplification primers that increase the number of poly(A) tails. The single
underlined sequences indicate homologous recombination sequences.
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A
5'UTR — 3'UTR
mq Pl | HC-Pro | P3 [Z I = _]\‘I/{j‘g I\g‘i‘) NIb | cpP hm
= .
/ |
PIPO 28A / I
)/ Poly(A) |
pGreen II -35S- CCTAAA ...... AAATCG ——=& A ]
SMV-SXBX-28A GTACGCTGAAATCACCAGTCTC / 1
/ |
56A // [
pGreen II -35S- ‘—I—I / Poly(A) !
SMV-SXBX-56A CCTAAA ...... AAATCG - [
GTACGCTGAAATCACCAGTCTC
B C
pGr35S-SMVE/F"  pGr358-SMVR Fraement 1 SMVIR
) gmen <—
pGreen 1T -35S pGreen SMV2R/2R
Vector + pGreen SMV1F Fragment 2
23 bp
Overlap

Fragment 1: PCR product of pGreen SMV1F and SMV1R
Fragment 2: PCR product of SMV2F and pGreen SMV2R |
SMV2F and pGreen SMV2R'

Digested with primer pGr35S-SMVF/F" and pGr35S-SMVR l

D

Fragment 1
6.627 kb

Construct viral
genome-encoding
plasmids in vitro _|

by one-step 23 bp
Gibson assembly Overlap

pGr35S-SMV-SXBX
12.820 kb

—_— 25 bp

Fragment 2 Overlap
2.960 kb Vector

pGreen I -35S
3.233 kb

34/62 bp
| Overlap
1 SMV EFEELEHRE SMV-SXBX £KAFEKE A E cDNA TEHEREE

Fig. 1 Schematic representation genome organization of soybean mosaic virus and construction of full-length cDNA
clone of SMV-SXBX with different lengths of poly(A). (A) Schematic illustration of the genome organization of SMV
and SMV-SXBX full-length cDNA clones with different lengths of poly(A). Filled blue boxes represent poly(A) with
different lengths. The large ORF are shown as white filled boxes and PIPO are shown as line-box. Boxes represent
encoded mature protein in the polyproteins: P1, HC-Pro, P3, P3-PIPO, 6K1, Cl, 6K2, Nla-VPg, Nla-Pro, NIb and CP.
The 5- and 3'-untranslated regions indicated with black and blue boxes. (B) Digestion of vector with primer
pGr35s-SMVF/F" and pGr35s-SMVR to produce linearized vector. (C) Two overlapping SMV-SXBX cDNA fragments
(1: 6 627 bp; 2: 2 960 bp). (D) Construct viral genome-encoding plasmids in vitro by one-step Gibson assembly. The
overlapping regions are depicted by green, blue and grey shadow boxes, pink lines with the number of overlapping
nucleotides indicated. Note that all of the fragments in the figure are not drawn exactly to scale.
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10 000
8 000

Bl 2 SMV-SXBX &34 5 F& H 2 i 5k [l

2000
1 000

12 820 bp

2960 bp
3233 bp

190 bp

Fig. 2 Electropherogram of construction full-length infectious cDNA clone of SMV-SXBX. (A) PCR product of
pGreen SMV1F and SMV1R. (B) PCR product of SMV2F and pGreen SMV2R, SMV2F and pGreen SMV2R'. (C)
pGr35S-SMVF and pGr35S-SMVR, pGr35S-SMVF’ and pGr35S-SMVR. M: DL 5000™ DNA marker. (D) Plasmid
extraction result. (E) PCR product of colony PCR. Lane 1-4: infected plant; CK: healthy plant.

2.3 SMV-SXBX & #1452 B& & M40 )
2.3.1 fRWFESE SMV-SXBX {2 4L i 7i R v 5t Bl
KB B IE R

PRI 5% SMV-SXBX 12 etk 7 B A AT B 1
SHEA R 25 R KB . SMV-SXBX(56A) 124
PEva B Rl E AR R R B S B A SMV 5]
EHYREARARE , R0 7 d B, [FIARERZE B A= AR
Fpib R Ae 7 d B, B SRR, Ent . kT
AR K Ak (8 3A), 12 d I, BEEREAR ™
&, SHBE AoE eR AR RR H BUIRAE, 2
RYLIFEARAE 14 d BFFET, 1T SMV-SXBX(28A)
2 Y Pk To R AR AT B B A R AR . B b s Bk
pGreen I1 -35S H AT T [ 14 Xof HE 2 HE 2 B A
Pk 7 d JE AR R B AT AT AE
2.3.2  HUAREER I Y

J T B AEE Yt cDNA 38R 77 A 5 AU 25 Y
AR TE A W R A R ol B fe A
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2.3.3 RT-PCR %l
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fiEE RNA, 4 51H514 SMVAF, SMV4AR #17
RT-PCR K, A6l 45 5% 8 ox LAAF I 2 cDNA
AR A ABEAR 114 YT A R A7 B 359 B PR — B 5 45y
(] 3B), FEH] SMV-SXBX(56A) 4£F &
SMV-SXBX M IRy, Tiikibzs #4k pGreenll -
35S, SMV-SXBX(28A) AT B T 5 45 R 1 B 4k
Xof HECZH A R B, e B G A A A A A
SMV-SXBX(28A) A FF B AN REAZ YL 21 B AT K, [H]
B RT-PCR j=#ill 3 45 % B, 328 SMV-SXBX
o SR AL A . IR P BE SRR P L e E
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Regenerated leaves

|
| pGreen I -35S-

Healthy Wil-type SMV-SXBX-36A

7 dpa
|

5 pGreen I[-355- pGreen I1-358-
pGreen Il -35S§SMV—SXBX-56A¥ SMV-SXBX-28A
1> T 10T 1

Wild-type

3 AEKE A E SMV-SXBX £1 cDNA ZEZEMEZTHEMN 7 d FHEKTEE (A) & RT-PCR &
SMV-SXBX R 14 5e b RITEE G 1ZEMF E CP EE ikE (B)

Fig. 3 Schematic representation symptoms of different lengths poly(A) SMV-SXBX full-length cDNA clones
inoculated after 7 days of regeneration in Pinellia ternata and RT-PCR analysis of Pinellia ternata agroinoculated with
full-length infectious cDNA clone of SMV-SXBX to detect the CP-coding regions. (A) Pinellia ternata plants systemically
infected with the poly(28A), poly(56A) or pGeen I -35S SMV-SXBX infectious clone and were photographed at 7 days
post infiltration. Healthy; infected plant. (B) RT-PCR using primer pairs of SMV 4F/SMV 4R to detect the partial of
CP-coding regions. lane 2—4: Pinellia ternata inoculated with Agrobacterium carrying the empty vector pGreenll-35S for
PCR; lane 6-8: Pinellia ternata inoculated with Agrobacterium carrying the clone of pGreen II - 35S-SXBX-56A for PCR;
lane 10-12: Pinellia ternata inoculated with Agrobacterium carrying the clone of pGreenIl - 35S5-SXBX-28A for PCR;

lane 14-16: SMV of wild-type for PCR; lane 5, 13: DNA marker DL 2 000; lane 1: 9,17, 18: CK: healthy plant.

UM IS FIACHT B TE SRR IR N FSR R 3 b
e RARYNE, BRMINRYER, X RT-PCR

FEIE TR , FERIA SMV YL, B SMV-SXBX e A AR e P T WA X I 1) 3k A 2 B 5
(2 e T Rk T ) B R S B B R T
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{2 Yt X THESE RNA FREE5 T 2B Y 4
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SR ) 2 BE v D AN T 2 g 3 s ) g B ) 457 A
WA AR ke WG, ISR R TR EE W
PCR # 3 1%) DNA F B —~ S50 B8 rh 4 2 1
A, LT RS TR AR L, AT D T
YR R 1) L HORBR G . Gibson 414 2 L)
I F T4 3 Tymovirus, Carlavirus, Comovirus .
Potyvirus. Polerovirus, Benyvirus Ji b {2 et e
RelSl SRTMFESERTRORT S HGE T, P2 MK
oo BEAEAN TR A A R AT e s R A R A, an
MG, RN AR PVY B
RNA 5 8 42 K cDNA b B 16 R F K W T 127 44 B it
F T B G b )9 1 2R 1 2 X 1E I AR AR R
(O o (oS B YT [ R0 I ()
LB RRAE RGBT S . S T ek
g B HE R P S FE KR AT T AT e Pk, i
YL v B o R IR DLk . RIS 37 T
BE . BERhRTIE TR L AN TS U
R N R E M T ARG R AR etk v b8 S 4
R R AR L B A R W R A R 2R AR UKL, I ik
SRR X AL B A e M v B A T e B R, 2%
T RIS R, R T AR e,
Poly(A) B1EEZA Y mRNA #E LI & 4
A% B 240 M R 13 sl Pl 3 RN 2
F 09 RNA BA 3 poly(A) &, % TR RNA J5
7, poly(A) Y5 RNA fasE . BiFmEsl4
O YRAaE , 7L poly(A) X RE
1Ryt A EEAEH, poly(A) MK AT fE
SR RE 9 A 1Y, poly(A) K1 DR 1 57
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poly(A) RBKJEZ SR etk B IEMAC, wiifr
LM% #E (Bamboo mosaic virus, BaMV), [1—=IT
FAEMHREE (White clover mosaic virus, WCLMV),
UL G 4L 7  (Cowpea mosaic virus, CPMV)
. BaMV H—Z RS K K poly(A) 5 Eiif 2
SR A AR B ARG 454, X Mo 5 A
W TR R LR, LA BaMV S5 LR FHYE RNA
JREERY 3 poly(A) FEFFHI5WieE RNA &l it
(O o o g Pl [1] P = M (Y R I E (1 .7
BEUN LR Y SRR 3K I poly(A) R, idad
S22 FEAMEA R A EEEAEHP, Ak
AR Ny %8 (Hibiscus latent singapore virus,
HLSV) poly(A) FEK & & 78-96 nt, 24 poly(A) &
KJE/NF 24 nti}, HLSV NEEAHI, Fik 24 nt
poly(A) FEJ& HLSV TEH R b A7 52 il il it 1) i
AN UK B SR 2 HLSV B 2 5 i g2,
HUABFSEHEN 28 nt poly(A) M BEATiEF] SMV &
il e B v il B9 /NS EE T 56 nt poly(A) ik
F| sk M SMV K HITE R B b e iR MR,
Bk SMV K HIHEF 5 b e i /MK B IR A
T, ARCH SMV 2 YL v B4 s
58 B9 E P LA

4 Hi

AWFFEIET Gibson A4S %HE PR = 2L
Pt BLAT A TG LR SMV-SXBX T 14 1= e
SOl AR SR A B R TR R R S
BT ITR) SMV R, IR S LA
BaEA. RATRI SMV RYerE 5 H 3K i
poly(A) B FEAH I, # % T 28 nt /156 nt poly(A)
B SMV-SXBX & 4u Pk v e, 45 R KB,
SMV-SXBX(28) {3 JAf #k JoHi MR 1 SMV-SXBX
(56) HAT(RYLM:, Bt 5 IRFE ,, BOUAER ™
A R SRR A K poly(A) R AR
YLk 5 et R b g A PVY e 7l R 4
BRI RNA JREE S A 18T 0 15 SR I
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