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Symptoms of lisianthus plants (Eustoma rusellianum) infected by
Lisianthus necrosis virus (LNV) in the field. A, Diseased lisiathus
plant showing systemic chlorotic necrosis on leaves and breakings on
flower petals. B, A close-up of chlorotic necrosis on leaves.
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Schematic genome organization of Lisianthus necrosis virus (LNV) and cloning strategy. The genome of LNV contains 4 open reading frames, ORFs 1
- 4, and encodes RNA-dependent RNA polymerase (RdRp), cot protein (CP), movement protein (MP), and silencing suppressor (p19), respectively. The
corresponding positions of individual functional protein genes. Black lines indicate the length and coverage area of cDNA fragment amplified by RT-PCR.
The left and right numeric digits above the black lines indicated the corresponding nucleotide start / end positions of cDNA fragments. The arrows below

Fig. 2.

the black lines indicated the direction of the primers. Four cDNA fragments,

including 5'-half of RdRp (RDS), 3"-half of RdRp (RD3), 3"-half of CP (3'CP)

and MP which includes movement protein gene and 3' non-translating region (3'-UTR).
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TABLE 1. List of primer sequences used in this study.
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Expect product size

Primers Sense/ antisense (+/-) Sequence (5'to 3') o) Target

RDS5-F1 CCCGCGGCCGCCGCCAATAAGCATGG 1328 RdRp gene 5'-half
RDS-R2 — CCCCGGATCCCAGACGGGGGAGATATGCA

RD3-F1 + CCCGCGGCCGCCGGAGTTGCCCACCG 1258 RdRp gene 3'-half
RD3-R2 — CCCCGGATCCTTCACTTGGTCAAGCTACG

3'CP-F1 + CCCGCGGCCGCTGAGCCTGTGG 630 coat protein gene
3'CP-R2 — CCCCGGATCCAAGAGGCCCCGAGGCGACT 3"-half

MP-F1 + CCCGCGGCCGCGGGGCCTCTTGAAC 944 movement protein
MP-R2 — CCCCGGATCCGGGCTGCATTTCTGCAATG to 3-UTR
NPTII-F + CCCCTCGGTATCCAATTAGAG 0.9k nptll

NPTII-R — CGGGGGGTGGGCGAAGAACTCCAG

18S-F + CGCATCATTCAAATTTCTGC 0.85k 18S rRNA

18S-R — TTCAGCCTTGCGACCATACT
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Fig. 3. Schematic diagram of constructing inverted-repeat (IR) constructs with cDNA fragments derived from Lisianthus necrosis virus genome. Fragments of 5'-
half of RdRp (RD5), 3'-half of RdRp (RD3), 3'-half CP gene (3'CP) and movement protein gene as well as 3'-nontraslating region (MP) were individually

cloned into pRAP vector together with intron (Arabidopsis thaliana actin2) in the form of IR. The 35S-NOS cassettes were obtained and cloned these
constructs into binary vector pBIN.
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Fig. 4. Patters of Lisianthus necrosis virus (LNV)-based inverted-repeat (IR)
constructs after restriction enzyme digestion A. IR constructs digested
with restriction enzymes Notl and BamHI simultaneously to separate
vector (pRAP, 4 kb), inserts, and intron (Arabidopsis thaliana actin
2) (449 bp). Inserts in lanes 1-4 are 5'-half of RARP gene (RD5) (1328
bp), 3'-half of RARP gene (RD3) (1258 bp), 3'-half of coat protein
gene 3'-half (3'-CP) (630 bp), and movement protein gene to 3'-UTR
(MP) (944 bp), respectively. M is DNA marker (base pair, bp). B.
IR constructs digested with restriction enzyme Notl to separate IR
cassettes from vector (pRAP, 4 kb). Inserts in lanes 1-4 are RDS-IR
(3.1 kb) » RD3-IR (2.9 kb) ~ 3'CP-IR (1.7 kb) ~ MP-IR (2.3 kb). M is
DNA marker (base pair, bp).
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Fig. 5. Development of symptom on transgenic tobacco lines 30 days after
challenge inoculation with Lisianthus necrosis virus (LNV). Plants
1 and 2 are transgenic lines pLNVRDS5-IR-8 and pLNVRDS5-IR-10,
respectively, showing recovery (R) from infection; plants 3 and 4 are
transgenic lines pLNVMP-IR-2 and pLNV3'CP-IR-10, showing low
and moderate resistance (LR and MR), respectively; plants 5 and 6
are transgenic lines pLNVRD3-IR-16 and pLNVRDS5-IR-18, showing
high resistance (HR). NT is a non-transgenic tobacco plant (Nicotiana
benthamiana) inoculated with LNV while M indicates mock tobacco
plant.
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37.5% » HFEHURNE50% » MEEHURER12.5% F2) < 450
Fratt » & AL RS ST I M 12 (U BT R B DApLNVRDS-IR

RER LB ERENTM  TERICEBETEMEE LB A
B g -

FFLNVRDS-IREEELAFAE F, fl T A kanamycin BEFE 452
BRETEE - SRR EFEBEE R E L DU
PRAERE Y 77 2R AR R 100 % B9 SR A B 35 (LN V) Sk
TS pLNVRDS-IREEEE R SR 2 2 F 7 > HfEs
LNVRD5-IR-12 ~ LNVRDS-IR-14 ~ LNVRD5-IR-17 ~ LNVRDS-
IR-21 ~ LNVRDS-IR-22 K LNVRDS5-IR-23 * Fiif3 @AY &1k ZF fE
PRI BEEE L0 R 1R 39 R HIR P 8 - JREER R B 7 5 2 S R Al
A PR SR S R o

BEE AR, FAESIRNAEE]

FAHRER B30 K (% B I LN VRDS-IR B P4 Mk % » R
975 2 PLNVRDS-IR -8 1 FE 1955 2 pLNVRD5-IR- 10 A Pk B 13 7
sl AR ERAE < MR & IpLNVRDS-IR-1583pLNVRDS-
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7%~ WELRIRO[EIEEFAEL (V. benthamiana) & EREBHHR 5 (INV)Z PURRHR
TABLE 2. Resistance levels of transgenic Nicotiana benthamiana after challenge inoculation by Lisianthus necrosis virus (LNV)

Transgenic constructs Total line no. Susceptible Low- resistant Moderate- resistant Recovery High- resistant
pLNVRD5-IR 42 0% 6/42 (14.3%) 4/42 (9.5%) 2/42 (4.8%) 32/42 (76.2%)
pLNVRD3-IR 25 0% 11/25 (44%) 6/25 (24%) 0% 8/25 (32%)
pLNV3'CP-IR 17 0% 2117 (11.8%) 8/17 (47.1%) 0% 717 (41.2%)
pLNVMP-IR 16 0% 6/16 (37.5%) 8/16 (50%) 0% 2/16 (12.5%)
Non-transgenic N. benthamiana 50 50/50 (100%) 0% 0% 0% 0%

A Non-transgenic pLNVRDS5-IR lines

1 M 8 10 15 32

B Non-transgenic pLNVRDS-IR lines
I M 8 10 15 32
40 — “ -
30 —

-«
20 — siRNA

5S IRNA
o [ -
BN~ BURTEESARR Z (DLNVRDS-IR) Z HUR S fEEL/ N B THERNA
(SIRNA)Z gl = A ~ BEIERI#R 22 (p)LNVRDS-IR) B E G 1
JEEHE (LNV) 30K1#% 2 Hifmze o B ~ DLIEA#EUE A (Northern
blotting) (= HTIp 2 74 FLEFE IR Z.(DLNVRDS5-IR) Z siRNAHY#
o = FEPUE AV EEME AR Z.pLNVRDS5-1R-15 &2 pLNVRD5-IR-321F
21-22 ntfyfir & _EATEIZZ FIsiRNARRSE » 1 JEEss B S5 58 S il
LNV » M: JEETE EE AR R RE LNV Z &8 E84H (M, mock)
Fig. 6. Resistance performance and detection of small interfering RNA
(siRNA) on resistant transgenic lines harbored inverted repeat
construct (pLNVRDS5-IR) derived from Lisinthus necrosis virus
(LNV). A, Highly resistant transgenic lines of pLNVRD5-IR show
no symptoms 30 days after challenge inoculation by LNV. B. Small
interfering RNAs with size of 21-22 nt could be detected on transgenic
pLNVRDS-IR lines 15 and 32. The letter I indicates plants inoculated
non-transgenic tobacco by LNV. And M indicates mock.
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{EERE Ik 2 A/ NGY21-22 ntfI (i BB 2R SRS AE A (BN
B) o ffi H VAL LNV i IR HE i (B 55 774 B Al R TE 3 R AH - 1220

40 ntAV AL EEHIBIR=ZRSE - ML AR EHEIERFE (virus
induced gene silencing, VIGS)FTE 4 2 AKFF 52 VR HERNA
FesiRNA © DRI > [BIEEFAE A B4 (mock) @ AIDZH
SIRNAMYEREE

N

FERE RS 3 (LN V) E GBS I B4 0% X E A A fE P E
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FEHEAEIYY o LNV IR E MRS IR S RIR PR W2 E =
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YR EEITE - MR EE (L2 EE R R THES
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IR DR FHFS G AR TS - ZATTT 33 L TR 14 T AT BE SR
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Ry R HP M PR - X O ARENTHE TRIE
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BRI 2R B FIE R IR A SRR #S £ « & Sanford 911
Johnston ™ HE HR R 574 1% (pathogen-derived resistance, PDR)
B R - S TEEE R U AER S R B E Y - & 078
FHTAPURBEEIII SN B8R T - 7R DR R AR i AL N
TUMER Ry & ATE YR ST ARSI % o IR &Ed
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B R FERE AR EREWNaSS Lo Hp > [EEERE -
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SR EH R SUR 3 (CMV) P HiE Ay 2 B HICMV RNA2 K,
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ABSTRACT
Lin, Y.-W. and Chen, Y.-K. 2016. Preliminary studies on

constructing transgenic resistance against Lisianthus necrosis virus. J.
Plant Med. 58(3_4): 151-160.

Lisianthus [Eustoma russellianum (Don.) Griseb.] is an
important ornamental crop in the cut flower industry worldwide.
However, there are several viral diseases interfere lisianthus
production in Taiwan, especially Lisianthus necrosis virus (LNV),
which 1S probably the most devastating one to lisianthus. In order
to provide lisianthus with virus resistance, the effective strategies
of post-transcriptional gene silencing (PTGS) was chosen. Among
those, the approach of using inverted-repeat (IR) constructs has
been shown to have better efficacy. The cDNA fragments derived
from LNV genes of RNA-dependent RNA polymerase (RdRp), coat
protein (CP) and movement protein (MP) were cloned into the binary
vector pBIN in the form of IR and already introduced into Nicotiana
benthamiana and Eustoma russellianum by Agrobacterium
tumefaciens-mediated transformation (ATMT) to generate transgenic
tobacco and lisianthus potentially resistant to LNV, All four IR
constructs, i.e. pLNVRDS5-IR, pLNVRD3-IR, pLNV3'CP-IR, and
pLNVMP-IR, conferred transgenic resistance to tobacco plants
and the pLNVRDS5-IR conferred the best efficiency among the
four constructs. The resistance ratio in R, tobacco of constructs
pLNVRDS5-IR, pLNVRD3-IR, pLNV3'CP-IR and pLNVMP-IR are
80.1%, 32%, 41.2% and 12.5%, respectively.

Keywords: Eustoma ressellianum, inverted repeat sequences,
Lisianthus necrosis virus, Nicotiana benthamiana,

transgenic resistance.



