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Cloning of Coat Protein Gene from Korean Isolate Potato Leafroll
Virus (PLRV) and Introduction into Potato (Solanum tuberosum)

Hyo-Won Seo’, Jung-Yoon Yi, Young-Eun Park, Ji-Hong Cho, Young-Il Hahm, Hyun-Mook Cho

National Institute of Highland Agriculture, Pyongchang 232-950, Korea

ABSTRACT The coat protein gene (AF296280) of the Korean isolate Potato leafroll virus (PLRV) was cloned
and the open reading frame (627 bp) was transformed into potato (Solanum tuberosum cv. Superior). Out of

seventeen individual transgenic lines, five lines were identified to confer resistance to PLRV through the five

generation’s selection program in the greenhouse as well as isolated trial field. Successful introduction and

genetic stability of coat protein gene in the genome of potato were confirmed by polymerase chain reaction

(PCR), Southern blot hybridization and northern blot hybridization. Some of the transgenic lines were highly

resistant to PLRV but did not show any resistance to less homologous Potato virus Y (PVY). Our results suggest

that the resistance to PLRV is due to homology dependent gene silencing by sense strand coat protein gene.

In addition, the results of field test through five generations showed that there were no significant differences

comparing to nontransgenic potatoes in the morphological aspect of shoot as well as tuber. No remarkable

differences were also observed in the major agronomic characters and yields except for the resistance to PLRV.
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Figure 1.
particles. Purified PLRV particles were stained with 2% (w/v)
PTA and observed with the TEM.

The electron microscopic structure of the PLRV

N

8o/ (PLRV) lmchiE RHAL 22 & A i =g .« 245

== *c'?} | &t}i= Hooker (1981)9] 2ty F3tgic), Hig
F PLRV gjmjvdailzal §-dx= oF 23.2 kDa (208 amino
acids)oﬂ sl A TilA (hydrophobicity -0.73)&
A Ao FANEH, PLRVZE 7499 2849
SHAE AR EclE EAe F83F 821¢ Ao
z B 9A SEE A2 (Mayo et al. 1989)4F] A]
9] 9% = PLRV Tr,jx} 589771¢] <47] % ORF3 (3693~
4316)9) Pl 22 VPg 442 953l= ORF4
(3718 ~4158, Figure 28] #-2 UZE ot& 9 HE ¥ 3=
d] ORF3o)] * %] ORF49)A] &g 17 kDa?l VPg= &)
b As il 24 PLRV o] A2t o] 5o #ojdt
Aoz d#A ) (Ohshima et al. 1993).

SUH AR LR HETH

PLRV ¥ hila £4217} sense o,
9] pCPLR-15 E. coli DH5aE &2 A%
=& BEste] 2F 0.6 kbo insertE &<13}1, Agrobac-

M S T L VvV VvV K G N v N G 6 v o @ P R

AGG CGA AGA AGG CAA TCC CTT CGC AGQ CGO GOT MG AGA GIT CAG CCA GIG GTT 108

R R A AR Q@ S L R AR R A N R vV Q P V V

AIG GTC AQG GCC OCT GOG GAA OOC AGG OGC (GA AGA CGC AGA AGA GGA GGC MIT 12

M V T A P G E P R AR R R R R R G G N

@m@&@&&@m@@%%@g@w&mm
v P R G R G & 8 E T F

P s L $ 0 ¢ P A F K O G | LK A Y M
@G JAT AMG ATC ACA AGC ATC TIA CTF CAG TIC GIC AGC GAG GOC ICT TOC ACC
E Y ¥ 1 T $ | t L @ fF v § € A S 8§ T
IC TCO &aF ICC AIC GCI JAL GAG 116 G0 COC CAT FOC A% GTA TOA TCC OXC
s 8§ 6 8§ 1 A Y E L O P H C K V § 3

T [ R vV A L @ N P K .

Figure 2. The nucleotide anthe 627bp coat protein gene of
PLRV Korean isolate. The shaded and inner part of the under-
lined codons indicate the ORF4 movement-associated protein
gene of the PLRV.
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Figure 3. Comparison of the nucleotide sequence of the PLRV
Korean isolate coat protein gene with other PLRV local isolate
coat proteins by Higgins-Sharp multiple alignment(Higgins and
Sharp, 1988). GenBank accession numbers: Mayo (1989),
D00530; Cuban (1995), S77421; Nether (1997), X77325,
Polish (1995), X74789; SAfrica (1997), AF022782; SKorea
(1996), U73777, Canada (1997), D13953; PLRVIil (1994),
X77322; Kawchuk (1989), D13753.
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Figure 4. Selection of the transformants by PCR with specific
primer sets which can amplify transgenes. Amplification was
performed for 40 cycles at 94°C for 20 sec, 54°C for 45 sec,
and 727 for 1 min, for denaturation, annealing, and extension,
respectively. M, marker 100 bp ladder; 1, 2, 5, 6, 9, 10, 13,
and 14, transgenic line TS4; 3, 7, 11, and. 15, non-transformed
cv. Superior as negative control; 4, 8, 12, and 16, pCPLR-1 as
positive control.
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Figure 5. PCR-Southern screening of T3 transgenic potatoes.
A, PCR amplified DNA from transgenic potatoes. The DNA of
putative transgenic potatoes were amplified with specific
primers for PLRV coat protein gene and electrophoresised on
0.8% (w/v) agarose gel. B, Southern blot analysis of panel A.
The DiG-labeled PLRV coat protein gene was used as the
probe. lane 1-14, transgenic potatoes; lane 15, negative control;
lane 16, pCPLR-1 as positive control; lane 17, DIG-labeled
markerd/Hindlll. .
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Figure 6. Determination of transgene copy numbers in the
selected transgenic potatoes. The 10 pg of genomic DNA from
transgenic potatoes were digested with Xba I. Following
fractionation on 0.8 % (w/v) agarose gel, the restricted DNA
were transferred onto nylon membrane and hybridized with
DIG-labeled probe. A : lane 1, non-transgenic potato; lane 2 -
9, transgenic potatoes cv. Superior.
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Figure 7. Northern blot analysis of transgenic cv. Superior. A,
Denaturated rRNA samples from T4 generation of transgenic cv.
Superior lines. B, The transcripts of coat protein genes detected
with the DIG-labeled probes. lane 1, Tsup-1; lane 2, Tsup-2;
lane 3, Tsup-3; lane 4, Tsup-7; lane 5, Tsup-14; lane 6,
Tsup-15; lane 7, Tsup 16; lane 8, non transgenic cv. Superior.

Table 1. PLRV resistance of the clonal propagated T3 putative
transgenic cultivars by innoculation of the viruliferous M
persicae in the greenhouse

Repeat ELISA values at ODags
Clone 1 2 3 4
Tsup-1 0.114 0.302 0.021 0.203
Tsup-2 0.017 0.002 0.022 0.051
Tsup-3 0.081 0.043 0.078 0.003
Tsup-4 0.316 0.112 0.109 0.097
Tsup-5 0.083 0.200 0.403 -
Tsup-6 0.165 over 0.306 -
Tsup-7 0.004 0.001 0.055 -
Tsup-8 over 0.132 - -
Tsup-9 0.090 0.107 - -
Tsup-10 0.204 0.311 - -
Tsup-11 0.113 0.022 0.321 0.303
Tsup-12 over over 0.542 0.231
Tsup-13 0.121 0.325 0.015 0.243
Tsup-14 0.027 0.015 0.004 0.030
Tsup-15 0.131 0.093 - -
Tsup-16 0.001 0.033 - -
Tsup-17 0.332 0.193 - -
Csup 0.006 0.034 0.009 -
Isup 0.790 over 0.664 -

Tsup-no.; transgenic cv. Superior. Isup; PLRV innoculated control
varieties cv. Superior. bold-faced; selected as resistant lines to PLRV

infection.

A AA A7 (Table DS TSHY PAAS 7221E
oz g AN 24 A} (Table 2)9= °F1Ho)
zpol & b, ole Y ES o83 PLRV HEA
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A7) W Ze] chre] mhele] RS B El|7} s
o]F L (Smith et al. 1988) 7]AIA H&S T3 AAAY



248 . Korean J. Plant Biotechnol.

Table 2. Cross-resistance test to PVY in transgenic lines of cv. Superior transformed with PLRV coat protein gene in TS generation

Lines . Positive Negative
Viruses TS1 TS2 TS3 TS4 TS5 Control Control
PLRV* 0.073 0.082 0.047 0.061 0.110 0.330 0.010
(O.D.405) +0.022 +0.019 +0.038 +0.027 +0.077 *0.107 ’
PVY** 0.770 0.471 0.763 0.221 0.440 0.391 0.031
(0.D.405) +0.301 +0.212 +0.311 +0.101 +0.210 *0.018 '

*PLRV was field-innoculated with viruliferous green peach aphid (M. persicae). **PVY was mechanically innoculated by carborandum scrubbing

with PVY crude extracts from infected tobacco (V. debneyi) leaf. Each value represents the mean TSE.
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Table 3. Major characteristics of transgenic lines of cv. Superior
Charaoms Lines 11 TS2 TS3 TS4 TS5 Control Gr;‘fi O
Emergence 1 1 1 1 1 1 1-8
Uniformity 3 3 2 2 3 2 1-9
Plant type 2 2 2 2 2 2 1, 2,3
Growth habit 5 5 5 5 5 4 3,57
Thicknesiz r;)f main 5 5 5 5 5 5 35,7
Stem length” 98.5+7.0a 95.3%10.2ab 04.5%+9.9ab  94.5X8.6ab 91.2£6.9ab 87.2+5.7b cm
Yield” 2,173a 2,315 2,328a 2,365a 2,323a 1,971a kg/10a
-Tuber shape Short oval Short oval Short oval Short oval Short oval Short oval
Flesh color white white white white white white
Tuber dormancy 85 85 90 90 90 88 days

"DMRT 0.05, Each value represents the meantSE.
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