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SARSARSARSAR Systemic Systemic Systemic Systemic acquired acquired acquired acquired resistanceresistanceresistanceresistance
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  Potato Virus Y (PVY), the type member of the genus potyvirus in the 

family Potyviridae is a widespread virus leading to severe damage in 

Solanaceae, which was loss crop yield up to 75% in Potato (Solanum 

tuberosum L.L.L.L.). PVY infected plants shows several symptoms like mosaic, 

yellowing, necrosis, mottle, vein clearing, vein bending and misshapen in 

tubers. Plants carrying the Ry gene are resistance to a number of 

potiviruses. Previously, we identified that the potato cv. Golden valley has 

rich in Ry gene overexpression. We isolated crude protein form cv. 

Golden valley and applied to the most virus-susceptible potato cv. Winter 

valley among the twelve Korean cultivars studied.  Real-time PCR and 

ELISA results showed that in vivo application of Golden protein to cv. 

Winter valley could reduce the rate of PVY accumulation significantly. 

Analysis of Ry gene sequence was showed that there were about 91% 

sequence homologs between Solanum tuberosum subsp. andigena and 

Solanum tuberosum LLLL. cv. Golden valley. Our second phase research work 

is going on to develop virus resistant potato cultivars by introducing, Ry 

gene and bio-pesticides for other legume crops simultaneously.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

  Potatoes can be infected by a large number of viruses(Valkonen, 1994) 

and are vulnerable to virus infections because they allow the transfer of 

viruses from one vegetative generation to the next(Hinrichs et al., 1998). 

Potato virus Y (PVY), belonging to the virus group Potyviridae, is one of 

the most damaging plant virus economically affecting to potato(Solanum 

tuberosum L.L.L.L.)(Shukla et al., 1994). PVY is transmitted by means of 

mechanical, vector or environmental in all areas where potatoes are grown 

and yield losses vary from 30 to 80% depending upon potato cultivars and 

virus strain(Fang et al., 2005; Hull, 1984; Debokx and Huttinga, 1981). 

Potato strains are commonly subdivided into three main strains PVYO, 

PVY
C
 and PVY

N
. PVY

O
 is the common or ordinary strain in most potato 

producing countries (Jones, 1990). The disease is characterized with 

primary symptoms of necrosis, mottling, and yellowing of leaves that may 

cause premature death. The most widely used strategies for control of 

virus diseases focus on characterization of virus resistance potato 

cultivars. Resistance describes here is the effect of virus infection is 

reduced or eliminated which ranges from tolerance of or hypersensitivity 

to the most durable extreme resistance or immunity. Few sources of 

extreme resistance provided by dominant genes exist for some potato 

viruses. Examples of durable resistance genes so far include a dominant 

gene Ry gene which confers extreme resistance (ER) to all strains of 

potato virus Y in potato(Sabina et al., 2002; Valkonen et al., 1998; 

Valkonen et al., 1997; Adams et al., 1986; Dykstra, 1939). The Ry 

mediated resistant plants do not develop visible symptoms when 

challenged with the virus, virus accumulation cannot be detected by ELISA 

and the resistance is active at the protoplast level(Adams et al., 1986; 

Baker et al., 1984).

  Korean potato cultivars vary from highly sensitive to tolerant in their 



- 2 -

sensitivity to infection with PVYO. Only a few potato cultivars, like Golden 

Valley was found to be resistant to PVY
O
. Different methods have been 

used to characterize the PVYO resistance potato(Fang et al., 2005; Nei et 

al., 2001; Myslik et al., 2001; Andre et al., 2001).  The most simple 

involve scoring symptoms observed on PVYO inoculated on first leaves of 

plant. If the systematic symptoms appeared, it was supposed the virus 

spread from the inoculated leaves to other parts of the plant.  However, 

this method was not applicable to all potato cultivars like in case of PVY
O
 

tolerant and semi tolerant plant. Several molecular methods have been 

developed to identify the PVY
O
 resistant potato. Therefore, it was 

necessary to apply specific methods like molecular and serological, 

targeting to nucleic acid and virus particles.  

  Here we describe an alternative approach for the characterization of 

PVY resistant potato based on ELISA and RT-PCR. Coat protein (CP) 

gene is involved in virus spreading cell to cell movement. It is possible 

that the CP gene is able to increase the SEL (size exclusion limit) of 

plasmodesmata and to facilitate cell-to-cell movement of viral RNA. 

Results of ELISA and CP gene from RT-PCR were cross checked with 

TEM and PVYO inoculated phenotypes. The aim was to screen the PVYO 

resistant potato from Korean potato cultivars.  Our screening conferred 

that the potato Winter Valley  was highly susceptible to PVYO and the 

Golden Valley was extremely resistant. The results of this study may 

serve the design and interpretation of molecular research on virus 

resistant plant screening and development. It will facilitate selection of 

resistant cultivars obtained by either classical or molecular techniques.
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MATERIALS MATERIALS MATERIALS MATERIALS AND AND AND AND METHODSMETHODSMETHODSMETHODS

1. 1. 1. 1. Plant Plant Plant Plant materials materials materials materials and and and and Growth Growth Growth Growth conditionconditionconditioncondition

  All the potato tuber samples (32 different Korean cultivars) were 

obtained from Potato valley, Korea. All the samples were healthy and 

virus free. First, the tubers were propagated, on autoclaved soil (Mix 5 

Soil, Sun Grow Horticulture, Canada), in growth room and when plant 

became 4 to 6 ㎝ tall and all plants samples were aseptically transferred 

in vitro via single node cutting in 3% Sucrose, Murashige and Skoog (MS) 

medium. In vitro propagated plants were subcultured by transferring nodal 

segments to fresh medium every 4 weeks until the experiment performed. 

Potato plants were grown in a growth room, at 23±1℃, under a 16-h 

photoperiod

2. 2. 2. 2. Virus Virus Virus Virus innoculationinnoculationinnoculationinnoculation

  The PVY virus ampoule was obtained from Plant Virus Genbank, Seoul 

Women's University, Korea. The obtained sample was immediately frozen 

in liquid nitrogen, and then finely powdered in a mortar and pestle. The 

powdered, frozen tissues were thawed in 1:200 (W/V) 0.1 M sodium 

phosphate buffer (pH 7.0). Silicon carbide (400 mesh) dusted potato 

leaves were mechanically inoculated with prepared PVY
O
 inoculi. After 

three weeks of PVYO inoculation, young emerging apical leaflets of each 

potato plants were checked for PVY
O
 infection.

3. 3. 3. 3. ELISA ELISA ELISA ELISA analysis analysis analysis analysis for for for for detection detection detection detection from from from from PVYPVYPVYPVY
OOOO    infected infected infected infected potato potato potato potato 

varietiesvarietiesvarietiesvarieties

        3-1. 3-1. 3-1. 3-1. Total Total Total Total protein protein protein protein assayassayassayassay
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  Total proteins were assayed in a 50 mM Tris-HCl buffer (pH 7.5) 

using the Bradford's method. Bovine serum albumin (BSA, New England 

BioLabs, Inc) was used to generate a standard curve. All measurements 

were carried in microplate in triplicates. The absorbance was measured at 

595 ㎚ by using a microplate reader (Molecular Devices Co., Sunnyvale, 

CA, USA) as described by Park et al. (2004). We have used 10 ㎍/100 ㎕ 

proteins for ELISA test.

        3-2. 3-2. 3-2. 3-2. ELISA ELISA ELISA ELISA testtesttesttest

  The direct Double-Antibody Sandwich ELISA method (DAS-ELISA) 

(Agdia, Inc., Elkhart, IN) was used, according to instructions provided by 

Agdia Inc. All reagents were obtained commercially from Agdia, Inc. PVY 

infected leaf samples were extracted in a 1:10 dilution of the appropriate 

buffer (Agdia general extractuib buffer), microcentrifuged at 12,000 rpm 

for 5 min and then added to microtiter plates. The samples were observed 

spectrophotometrically at 405 ㎚ in an ELISA Reader (Bio-Rad, USA). All 

assays were performed in triplicates. 

4. 4. 4. 4. Expression Expression Expression Expression pattern pattern pattern pattern of of of of CPCPCPCP    and and and and RyRyRyRy    gene gene gene gene by by by by RT-PCRRT-PCRRT-PCRRT-PCR

    4-1. 4-1. 4-1. 4-1. Total Total Total Total RNA RNA RNA RNA extractionextractionextractionextraction

  Total RNA was extracted from PVY infected leaf using TRIzol reagent 

(Life Technologies). Leaf tissues were frozen in liquid nitrogen and 

ground into autoclaved mortar and pestle. Total RNA was extracted from 

a sample of finely grinded homogenous powdered tissue (~100 ㎎) 

according to the manufacturer's instructions. Total RNA was then eluted in 

20 ㎕ of RNase-free water. The RNA concentration was quantified by 

measuring the absorbance at 260 ㎚ using spectrophotometer (Bio-Red, 
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Smart Spec TM 3000).

    4-2. 4-2. 4-2. 4-2. cDNA cDNA cDNA cDNA synthesissynthesissynthesissynthesis

  cDNA was synthesized using Superscript II reverse-transcriptase (Life 

Technologies). 2 ㎍ of total RNA and 1 ㎕ of the oligo dT (500 ㎍/㎖) 

were mixed in a reaction tube and heated at 65℃ for 10 min to inactivate 

the sample and then quick chilled on ice. 5x first strand buffer and 0.1 M 

DTT were added, and the mixed contents of the tube gently incubated at 

42℃ for 2 min. 1 ㎕ (200 units) of Superscript II was added into the 

tube, incubated at 42℃ for 50 min and the reaction stopped by heating at 

70℃ for 15 min. The synthesized cDNA was ready for RT-PCR and rest 

is stored at -20℃ for further use.

    4-3. 4-3. 4-3. 4-3. RT-PCR RT-PCR RT-PCR RT-PCR amplificationamplificationamplificationamplification

  For amplification of the CP gene, the forward primer, 5'-AGGCACATCT 

GGGACACATACTGTGCCGA-3', known as YCPF, located in the Coat 

Protein gene position 8680-87088680-87088680-87088680-8708, and reverse primer 5'-TGACTCCAAGT 

AGAGTATGCATACTTGGA-3', known as YCFR, located downstream at 

position 9336-93659336-93659336-93659336-9365, according to the NCBI accession number NC_001616 NC_001616 NC_001616 NC_001616 

were used. The CP gene was amplified by PCR, with a denaturation of 5 

min at 94°C; 35 cycles at 94°C for 30 s; 57°C for 30 s and 72°C for 

1 min, with a final extension of 5 min at 72°C. Similarly, the Ry gene 

was amplified by PCR, with a denaturation of 5 min at 94°C; 35 cycles 

at 94°C for 30 s; 52°C for 30 s and 72°C for 7 min, with a final 

extension of 4 min at 72°C.  Similarly, For amplification of the Ry gene, 

the forward and reverse primers, 5'-TTGAAGAAAGTTCTAGTTGTGCT 

-3', known as RyRF, and 5'-TGAAATGCTTGTCTCTCGTTGTTG-3', 

known as RyRR, from the NCBI accession number AJ300266AJ300266AJ300266AJ300266, were used. 
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All primers were selected by computer analysis using the prime3 program. 

A 20 ㎕ RT-PCR reaction mixture, contained 0.25 mM of dNTPs, 0.5 μM 

of both primers, 1xTaq buffer, 1 ㎕ cDNA and 1 unit Taq DNA 

polymerase. The Ry gene was amplified by PCR, with a denaturation of 5 

min at 94℃; 35 cycles at 94℃ for 30 s; 52℃ for 30 s and 72℃ for 7 

min, with a final extension of 4 min at 72℃.
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Table Table Table Table 1. 1. 1. 1. The The The The oligonucleotide oligonucleotide oligonucleotide oligonucleotide primers primers primers primers used used used used for for for for detection detection detection detection of of of of virus virus virus virus 

infected infected infected infected potato potato potato potato varieties varieties varieties varieties in in in in RT-PCR.RT-PCR.RT-PCR.RT-PCR.

GeneGeneGeneGene

namenamenamename
Forward Forward Forward Forward primerprimerprimerprimer Reverse Reverse Reverse Reverse primerprimerprimerprimer

FragmentFragmentFragmentFragment

(bp)(bp)(bp)(bp)

CPCPCPCP    genegenegenegene

(RT-PCR)

YCPF YCPF YCPF YCPF : : : : 

5'-AGGCACATCTGGGACA

   CATACTGTGCCGA-3'

YCPR YCPR YCPR YCPR :::: 

5'-TGACTCCAAGTAGAGT

   ATGCATACTTGGA-3'

690

RyRyRyRy    genegenegenegene

(RT-PCR)

RyRF RyRF RyRF RyRF ::::

5'-TTGAAGAAAGTTCTAG

   TTGTGCT-3'

RyRR RyRR RyRR RyRR : : : : 

5'-TGAAATGCTTGTCTCT

   CGTTGTTG-3'

154

ββββ-actin-actin-actin-actin

ActinF ActinF ActinF ActinF : : : : 

5'-GGCGATGAAGCTCAAT

   CCAAACG-3'

ActinR ActinR ActinR ActinR ::::

5'-GGTCACGACCAGCAAG

   ATCAAGACG-3'

495
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5. 5. 5. 5. Application Application Application Application of of of of ProteinProteinProteinProteingoldengoldengoldengolden

    5-1. 5-1. 5-1. 5-1. ProteinProteinProteinProteingoldengoldengoldengolden    preparation.preparation.preparation.preparation.

  The crude protein was isolated, following the frozen leaf material from 

the Ry gene rich potato was ground to homogenous powder in liquid 

nitrogen with mortar and pestle. The homogenate was thawed and 

incubated with extraction buffer containing 50 mM Tris-HCl (pH 7.4), 1 

mM EDTA, 10 mM NaCl, 5 mM MgCl2, 1% Triton X-100, and 2% 

2-mercaptoethanol at 4℃ for an hour. The mixture was clarified by 

centrifugation at 12,000 rpm for 15 min at 4℃. The supernatant was 

pooled and freeze-dried to obtain the concentrate dry powder. Obtained 

protein powder was dissolved in autoclaved distilled water before use.

    5-2. 5-2. 5-2. 5-2. ProteinProteinProteinProteingoldengoldengoldengolden    treatmenttreatmenttreatmenttreatment

  Potato highly susceptible to PVY
O
 infection (cv. Winter valley) was 

grown as described above were used for this test.  500 ㎍ of protein 

extracted from leaves of cv. Golden valley were applied separately by 

cotton swab on the dorsal side of healthy leaf of 3 weeks old plant.  

After 10 minutes of protein treatment, the plants were infected with PVY
O
 

virus as described above.  PVYO infected cv. Winter valley was used as a 

control.

6. 6. 6. 6. Expression Expression Expression Expression pattern pattern pattern pattern of of of of CPCPCPCP    gene gene gene gene and and and and RyRyRyRy    gene gene gene gene against against against against PVYPVYPVYPVY
OOOO     

using using using using Quantitative(Real-time) Quantitative(Real-time) Quantitative(Real-time) Quantitative(Real-time) PCRPCRPCRPCR

  Each 20 ㎕ reaction mixture contained the following ingredients:  

QuantiTect SYBR Green PCR Master Mix (HotStarTaq DNA Polymerase, 

QuantiTect SYBR Green PCR Buffer, dNTPs including dUTP for optional 

uracil-N-glycosylase treatment, SYBR Green I, and ROX a passive 

reference dye), 5 pmol of each primer, 200 ng template cDNA and RNase 

-free water were added. All the quantitative PCRs were performed 15 
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min polymerase activation at 95℃ and 40 cycles of denaturation at 95℃ 

for 10 sec, annealing at 54℃ for 20 sec, extension at 72℃ for 30 sec 

and a final extension at 72℃ for 5 min in a fluorometric thermal cycler 

(Rotor-Gene 3000, Corbett, Australia). Real-time PCR assay was 

performed in triplicate. The expressed relative concentrations were 

analyzed using Rotor-Gene Real-Time Software 6.0.

7. 7. 7. 7. Cloning Cloning Cloning Cloning of of of of RyRyRyRygoldengoldengoldengolden    genegenegenegene

    7-1. 7-1. 7-1. 7-1. cDNA cDNA cDNA cDNA synthesis synthesis synthesis synthesis of of of of RyRyRyRygoldengoldengoldengolden    genegenegenegene

  The two fragments of Ry gene were amplified by using primers, 

Forward(RyF10) 5'-ATCCCGGGATGGCATCATCATCTTCTTC-3', Reverse 

(RyIR) 5'-AAGCATGCAATATCTAGAAATATCTCTTGA-3', Forward(RyIF 

) 5'-TTGCATGCTTCTTAAGAGGGAGAAAACAAA-3', Reverse (RyR10) 

5'-TACCCGGGCTCACATTGTCAACATCTTCAGT-3'. A 20 ㎕ PCR 

reaction mixture contained 0.25 mM of dNTPs, 0.5 μM of both primers, 

1xTaq buffer, 1 ㎕ cDNA and 1 unit Taq DNA polymerase. The reaction 

mixtures carried out PCR using the Thermocycler with cycling conditions : 

94℃ for 5min; 35 cycles of denaturation (94℃ for 30 s), annealing (50℃ 

for 1 min) and extension (72℃ for 5 min). The reactions were terminated 

with an extension step at 72℃ for 5 min. (Figure 1)

        7-2. 7-2. 7-2. 7-2. Vector(pUC19) Vector(pUC19) Vector(pUC19) Vector(pUC19) and and and and RyRyRyRygoldengoldengoldengolden    gene gene gene gene preparationpreparationpreparationpreparation

  pUC19 vector (≒2.3 kb) and inserts were digested with restriction 

endonuclease, XmaI and SphI. A 20 ㎕ digestion mixture contained 1x 

NEB buffer4, 1x BSA, restriction endonucleases (XmaI and SphI),  The 

mixtures were incubated at 37℃ for 48 h. The pUC19 vector was added 

a 1 ㎕ of CIP (New England Biolabs). Then, the mixture was incubated at 

37℃ for 1 h. Each mixtures were heat-inactivated at 65℃ for 20 min. 

(Figure 2)
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                    A  A  A  A  

←←←←    1.3 1.3 1.3 1.3 kbkbkbkb

            B B B B 

←←←←    2.2 2.2 2.2 2.2 kbkbkbkb

Figure Figure Figure Figure 1.1.1.1. The two fragments of Ry gene left (1.3 kb) and Right (2.2 kb) 

were amplified by using primers, A.A.A.A. Forward (RyF10) 5'-ATCCCG 

GGATGGCATCATCATCTTCTTC-3', Reverse (RyIR) 5'-AAGCA 

TGCAATATCTAGAAATATCTCTTGA-3', B.B.B.B. Forward (RyIF) 5'-T 

TGCATGCTTCTTAAGAGGGAGAAAACAAA-3', Reverse (RyR10) 

5'-TACCCGGGCTCACATTGTCAACATCTTCAGT-3'.
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                                                                            M      M      M      M      1        1        1        1        2       2       2       2       3      3      3      3      4       4       4       4       5       5       5       5       6       6       6       6       7       7       7       7       8       8       8       8       9999

←←←←    2.3 2.3 2.3 2.3 kbkbkbkb
←←←←    2.2 2.2 2.2 2.2 kbkbkbkb

←←←←    1.3 1.3 1.3 1.3 kbkbkbkb

Figure Figure Figure Figure 2.2.2.2. pUC19 vector and Ry gene fragments were digested with XmaI, 

SphI. Lane 2~4 : The front site digested Ry gene fragment (1.3 

kb), Lane 5~7 : The back site digested Ry gene fragment (2.2 

kb), Lane 8~10 : The digested pUC19 vector (2.3 kb).
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    7-3. 7-3. 7-3. 7-3. Vector(pUC19) Vector(pUC19) Vector(pUC19) Vector(pUC19) and and and and RyRyRyRygoldengoldengoldengolden    gene gene gene gene ligation ligation ligation ligation and and and and transformationtransformationtransformationtransformation

  The digested vector (pUC19) and insert were ligated with T4 DNA 

ligase (New England Biolabs). A 20 ㎕ mixture for ligation was containing 

1x ligation buffer, T4 DNA ligase, pUC19 vector and two insert fragment. 

The mixtures were incubated at 16℃ for 24 h. After ligation, the mixtures 

were heat-inactivated at 65℃ for 10 min. The mixtures were transformed 

in DH5α competent cell by heat-shock method. 

  The constructs were screened by cell PCR. pUC19 vector and the first 

inserted DNA fragment construct was amplified by using primers, Forward 

(pUC19R) 5'-CCATTCGCCATTCAGGCTGCGCAACT-3', Reverse (RyRR) 

5'-TGAAATGCTTGTCTCTCGTTGTTG-3' and pUC19 vector and the 

second inserted DNA fragment of Ry gene construct was amplified by 

using primers, Forward (pUC19F) 5'-TGAGTTAGCTCACTCATTAGGCA- 

3', Reverse (RyF) 5'-TCTAGTCTTACAGAGCTAGATTTGAGT-3'. A 20 

㎕ PCR reaction mixture contained 0.25 mM of dNTPs, 0.5 μM of both 

primers, 1x Taq buffer, 1 ㎕ cDNA and 1 unit Taq DNA polymerase. The 

reaction mixtures carried out PCR using the Thermocycler with cycling 

conditions : 94℃ for 5 min; 35 cycles of denaturation (94℃ for 30 s), 

annealing (55℃ for 30 s) and extension (72℃ for 3 min). The reactions 

were terminated with an extension step at 72℃ for 5 min. (Figure 3)

    7-4. 7-4. 7-4. 7-4. Plant Plant Plant Plant expression expression expression expression vector(pBI121) vector(pBI121) vector(pBI121) vector(pBI121) and and and and RyRyRyRygoldengoldengoldengolden    gene gene gene gene preparationpreparationpreparationpreparation

  vector pBI121 (≒14.7kb) was digested with restriction endonuclease, 

XmaI. A 20 ㎕ digestion mixture containing 1x NEB buffer 4, 1x BSA, 

restriction endonucleases (XmaI). Each of pBI121 and The two fragments 

of XmaI and SphI-digested Ry gene mixtures were incubated at 37℃ for 

48 h. The pUC19 vector was added a 1 ㎕ of CIP (New England Biolabs). 

Then, the mixture was incubated at 37℃ for 1 h. Each mixtures were 

heat-inactivated at 65℃ for 20 min. (Figure 4)
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    AAAA

←←←←    1.0 1.0 1.0 1.0 kbkbkbkb

        BBBB

←←←←    0.9 0.9 0.9 0.9 kbkbkbkb

Figure Figure Figure Figure 3.3.3.3. To make sure whether DNA was inserted or not, we screened 

the construct by PCR. A.A.A.A. pUC19 vector and the first inserted DNA 

fragment construct was amplified by using primers, Forward (pUC 

19R) 5'-CCATTCGCCATTCAGGCTGCGCAACT-3', Reverse (RyRR 

) 5'-TGAAATGCTTGTCTCTCGTTGTTG-3'. B.B.B.B. pUC19 vector and 

the second inserted DNA fragment of Ry gene construct was 

amplified by using primers, Forward (pUC19F) 5'-TGAGTTAGCTC 

ACTCATTAGGCA-3', Reverse (RyF) 5'-TCTAGTCTTACAGAGCT 

AGATTTGAGT-3'.
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                                                                                                M     M     M     M     1     1     1     1     2    2    2    2    3    3    3    3    4     4     4     4     5    5    5    5    6     6     6     6     7     7     7     7     8    8    8    8    9    9    9    9    10    10    10    10    11111111

←←←←    14.7 14.7 14.7 14.7 kbkbkbkb

←←←←    2.2 2.2 2.2 2.2 kbkbkbkb

←←←←    1.3 1.3 1.3 1.3 kbkbkbkb

Figure Figure Figure Figure 4.4.4.4. pBI121 vector and pUC19 vector containing the Ry gene 

fragments were digested with restriction endonucleases. Lane 2~4 

: The front site digested pUC19 vector contained Ry gene 

fragment (1.3 kb) (digested with XmaI and SphI), Lane 6~8 : The 

back site digested pUC19 vector contained Ry gene fragment (2.2 

kb) (digested with XmaI and SphI), Lane 9~11 : The digested 

pBI121 vector (14.7 kb) with restriction endonuclease (XmaI).
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    7-5. 7-5. 7-5. 7-5. Vector(pBI121) Vector(pBI121) Vector(pBI121) Vector(pBI121) and and and and RyRyRyRygoldengoldengoldengolden    gene gene gene gene ligation ligation ligation ligation and and and and trnasformationtrnasformationtrnasformationtrnasformation

  The digested vector (pBI121) and inserts were ligated with T4 DNA 

ligase (New England Biolabs). A 20 ㎕ mixture for ligation was contained 

1x ligation buffer, T4 DNA ligase, pUC19 vector and two different insert 

fragment. The mixtures were incubated at 16℃ for 24 h. After ligation, 

the mixtures were heat-inactivated at 65℃ for 10 min. The mixtures 

were transformed in DH5α competent cell using heat-shock method. 

(Figure 5)
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(A)(A)(A)(A)

←←←←    1.4 1.4 1.4 1.4 kbkbkbkb

(B)(B)(B)(B)

←←←←    1.4 1.4 1.4 1.4 kbkbkbkb

Figure Figure Figure Figure 5. 5. 5. 5. To make sure whether introduced DNA was present or not, we 

check the construct by PCR. A.A.A.A. pBI121 vector and the sense line 

of Ry gene construct was amplified by using primers, Forward 

(RyF) 5'-TCTAGTCTTACAGAGCTAGATTTGAGT-3', Reverse 

(pBI121R) 5'-TCGCGATCCAGACTGAATGCCCACA-3'. B.B.B.B. pUC19 

vector and the back site of Ry gene construct was amplified by 

using primers, Forward (RyF) 5'-TCTAGTCTTACAGAGCTAGATT 

TGAGT-3', Reverse (pBI121F) 5'-TCCCACTATCCTTCGCAAGAC 

CCTTCCTCT -3'.
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RESULTS RESULTS RESULTS RESULTS AND AND AND AND DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

1. 1. 1. 1. The The The The pattern pattern pattern pattern of of of of PVYPVYPVYPVY
OOOO    virus virus virus virus infection infection infection infection between between between between potato potato potato potato lineslineslineslines

  PVYO induces mild to severe mosaic, mottling or yellowing, leaf drop 

and premature death, and can cause stem necrosis in potato. First, we 

screened on the basis of leaf infection morphology. 32 Korean potato 

cultivars were inoculated with PVY
O
 at the six to eight leaf stage 

(approximately 3 week plant). Six to seven days post-inoculation (d.p.i.), 

necrotic streaks appeared along the veins of the abaxial surface of PVY
O
 

-inoculated leaflets of susceptible plant, in addition to small necrotic 

lesions on the interveinal region, were also observed. The mosaic 

symptoms increased rapidly until twenty-one d.p.i. during the study 

period of 45 days. On the basis of leaf infection morphology we 

categorized the potato varieties as highly susceptible, Susceptible and 

Resistant to the PVY (Example table 2). Then for our further purpose we 

just choose the highly susceptible and resistant cultivar for the further 

study. (Figure 6)

  There are two major types of resistance to PVY in potatoes; extreme 

resistance (ER) and hypersensitive resistance (HR). A hypersensitive 

response is characterized by fast and localized cell death at the site of 

attack by pathogens in the most incompatible interactions controlled by 

disease resistance genes. ER strongly suppresses virus accumulation in 

infected cell, with no visible symptoms or detectable amounts of PVY
O
 

observed in inoculated plants.

  Few sources of extreme resistance are provided by dominant genes for 

some potato viruses. An example of a durable resistance gene is the Ry 

gene, which confers extreme resistance to PVY
O
. PVY

O
 is efficiently 

transmitted by many aphid species in a non persistent manner. PVYO 

infected plants exhibit mosaic, leaf crinkling symptoms, which are not 
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readily distinguishable from veinal necrosis. In this work, 32 different 

Korean potato cultivars were analyzed for screening of virus resistant 

potatoes. The development of local disease symptoms, expressed as the 

appearance of local lesions, yellowing and dropping of inoculated leaves, 

suggestive of sensitivity to PVYO occurred in many cultivars. (Figure 6) 

Severe local symptoms, first visible as green spots, were observed on 

inoculated leaves of the highly sensitive potato cultivar, such as Winter 

valley, between 5 and 7 days after inoculation. In moderately sensitive 

cultivars, such as Taebok valley, Rchip valley, and Juice valley, milder 

local symptoms were observed between 7 and 10 dpi. Systemic symptoms 

developed in most of these cultivars at the same time; between 9 and 14 

days after inoculation. The infection rate of inoculated the leaf and the 

adjacent leaves varied according to the types of cultivar. (Table 2) The 

cultivar Golden valley remained symptomless when inoculated with the 

PVYO.



- 19 -

PVYPVYPVYPVY
OOOO
    infection infection infection infection raterateraterate

EarlyEarlyEarlyEarly GoldenGoldenGoldenGolden GoguGoguGoguGogu JuiceJuiceJuiceJuice PurplePurplePurplePurple RchipRchipRchipRchip SummerSummerSummerSummer TaebokTaebokTaebokTaebok WinterWinterWinterWinter

Infected leaf ++ - + ++ +++ ++ + + +++

Next to the infected ++ - ++ + ++ - - + +++

+++ : >75% leaf area infected, ++ : 50% leaf area infected, + : <25% leaf area 

infected, - : not infected

Table Table Table Table 2.2.2.2. The level of necrosis on the PVY
O
 infected leaf and those above 

the infection in different potato cultivars after three weeks of PVY
O
 

infection.
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Winter valley Purple valley Golden valley 

Infected Uninfected Uninfected Infected Uninfecte Infected 

Figure Figure Figure Figure 6.6.6.6. All the PVYO infected leaves (right) are just above leaf from the 

inoculated ones were taken from Golden valley, Purple valley and 

Winter valley cultivars. 21 days after inoculating the lower leaves 

with an extract of PVY
O
. The uninfected leaf (left of each) is also 

same aged PVYO uninfected plant. Several local lesions developed 

on the PVY
O
 infected Purple valley and Winter valley.
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2. 2. 2. 2. Selection Selection Selection Selection of of of of virus virus virus virus resistant resistant resistant resistant potato potato potato potato using using using using DAS-ELISADAS-ELISADAS-ELISADAS-ELISA

  According to the infection leaf morphology, we selected 11 cultivars on 

the basis of susceptible and resistance and were performed ELISA test. 

Two leaves per plant, of a total of 5 plants per cultivar, were inoculated 

therein triplicate experiments. 3 weeks post-inoculation, two upper leaves 

from the inoculated plant were tested for PVYO infection using 

DAS-ELISA. Sap of 0.1 M Sodium phosphate buffer (pH 7.0) injected 

Winter valley was used in the ELISA as negative controls. The extracts 

from PVY
O
 infected Burley21 was used in different concentrations as a 

positive control. (Figure 7B) The absorbance at 405nm (optical density, 

OD) was measured at intervals of 20 min, and 1 and 2 hours after 

incubation with the substrate. Data obtained from the OD readings after 2 

h of incubation in the substrate were taken for further analysis. The 

significant differences (P<0.05) between the mean values was determined 

using the Student's t-test. The detection of the virus in plants tested 

varied according to the level of the PVYO found in the symptomatic leaves 

using the ELISA test. (Figure 7A) In contrast, no PVY
O
 infection was 

detected in either the infected or non-infected leaves of Golden valley. 

This study shows that high levels of resistance to PVY
O
 were expressed 

in Golden valley. The OD value of the PVYO infected Golden valley was 

found to be similar to that of the negative control. (Figure 7B) The 

results of this study confirm that Golden valley and Winter valley as a 

virus resistant and a highly susceptible, respectively, varieties of potato 

among those studied.

  As a method for infection screening of PVY
O
 resistant varieties, it may 

be concluded that symptomatology is not reliable for the diagnosis of a 

viral disease. Detection by ELISA or other molecular techniques are 

necessary for the identification of PVYO infection. In the context of time 

and economic constraints, 21 of the 32 cultivars had to be omitted from 
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the population for the DAS-ELISA test, as they were detected as being 

identical in the phenotype analysis. Variations in the symptoms of infection 

may be due to the cultivars used, the time of infection, the viral strain, 

presence of unidentified pathogens and many other factors. Three weeks 

after PVYO infection, the virus was detected by ELISA in eleven potato 

cultivars. All the samples were taken from the upper infected leaves. 

Later on, the virus titres in the susceptible potato cultivars reached higher 

levels, as detected by ELISA. (Figure 7) In Winter valley, the ELISA 

result was correlated with the appearance of local symptoms. However, 

this result confirms that the titre of the virus in the potato cultivars, as 

measured by ELISA, had different levels of sensitivity, which did not 

correlate with the sensitivity described by the expression of symptoms. 

(Table 2) The ELISA method was unable to detect the virus in any of the 

infected Golden valley plants.
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A.A.A.A. B.B.B.B.

Figure Figure Figure Figure 7.7.7.7. DAS-ELISA method for identification of PVY infection. A. 

Accumulation of PVY
O
 in different cultivar of potatoes. In 

DAS-ELISA OD values were obtained after 2 h of incubation in 

the substrate; in triplicate. Each variety is the average of five 

samples. Standard errors are indicated by the error bars, with 

significant difference at P<0.05. Control is the mock inoculation of 

0.1M Sodium phosphate buffer (pH 7.0) only in Winter valley.. B. 

Positive Control: The sap of PVY
O
 infected Burley21 leaves was 

extracted and diluted with 0.1M sodium phosphate buffer (pH 7.0) 

in different concentrations (v/v) and measured OD405 in ELISA 

Reader.
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3. 3. 3. 3. Characterization Characterization Characterization Characterization of of of of virus virus virus virus resistant resistant resistant resistant and and and and susceptible susceptible susceptible susceptible cultivarscultivarscultivarscultivars

  3-1. 3-1. 3-1. 3-1. Expression Expression Expression Expression of of of of CPCPCPCP    genegenegenegene

  The Coat protein (CP) gene is used in the assembly of virus particles 

and controls virus transmission by aphids. Recently, coat protein was also 

found to be involved in the spread of a virus by cell-to-cell movement. 

It is possible that the CP gene is able to increase the SEL (size exclusion 

limit) of plasmodesmata and facilitate cell-to-cell movement of viral RNA. 

In order to confirm the DAS-ELISA result further, RT-PCR on CP gene 

was carried out separately in PVYO inoculated leaves. The upper young 

leaves of 3-week post inoculated potato leaves were tested for 

expression of the CP gene. When the PVYO coat protein region was 

amplified, using the two specific primers, YCPF and YCPR, a band of 690 

bp in size, as expected, were observed strongly on cv. Early valley, cv. 

Winter valley, cv. Taebok valley. (Figure 8) This result conferred that 

Golden valley was extremely resistant to PVYO.

  3-2. 3-2. 3-2. 3-2. Expression Expression Expression Expression of of of of RyRyRyRy    genegenegenegene

  Similarly, Ry gene was also amplified on using primers forward RyRF 

and reverse RyRR. In many cultivars, no Ry gene could be detected (data 

not shown). However, a 154 bp band, corresponding to the expected size 

of the sequence included between both primers, was observed in cv.  

Golden valley strongly. (Figure 8) 

  We detected the mRNA expression level of Ry gene and identified the 

types of resistance. Sometimes, it is also accepted that the result of 

RT-PCR for virus detection depends on the quality of cDNA, which is 

determined by many factors. However, from this study, it is suggested 

that ELISA is a more sensitive tool for virus detection, but RT-PCR could 
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be used as a complementary method, and conforming the cultivars is 

either virus susceptible or resistant. 

  In order to confirm the results of the ELISA and mechanical inoculation, 

the presence of the CP gene was additionally checked in Winter valley 

and Golden valley using RT-PCR. The nature of the resistance response; 

extreme resistance or hypersensitivity, could be affected by the 

expression of the coat protein (CP) gene. From the RT-PCR, Winter 

valley was shown to be highly susceptible to the PVY
O
, and by comparing 

the DAS-ELISA and RT-PCR, as expected, the RT-PCR proved and 

confirmed that Golden valley was resistant to PVY
O
. 
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Figure Figure Figure Figure 8.8.8.8.  Screening of virus resistant potato using RT-PCR. Comparative 

band intensity of virus resistant (Ry) gene and coat protein (CP) 

gene were detected on RT-PCR amplification using specific 

primers as described in materials and methods. cDNAs were 

synthesized separately from RNA isolated from different cultivars 

of the PVYO infected potato.  Lane 1. cv. Early valley, Lane 2. cv. 

Gogu valley, Lane 3. cv. Purple valley, Lane 4. cv. Winter valley, 

Lane 5. cv. Taedong valley, Lane 6. cv. Summer valley, Lane 7. 

cv. Taebok valley, Lane 8. cv. Jopung valley, Lane 9. cv. Juice 

valley, Lane 10. cv. Rchip valley, Lane 11. cv. Golden valley, Lane 

12. cv. Superior valley.
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4. 4. 4. 4. RyRyRyRy    gene gene gene gene expression expression expression expression in in in in potato potato potato potato lineslineslineslines

  To understand the up-regulation of (Ry) gene, we examined the mRNA 

expression level of Ry gene using real-time PCR on RNA extracted from 

the leaves of PVY
O
 infected cv. Golden valley and Winter valley. The 

relative expression level of the Ry gene in PVYO infected cv. Golden 

valley was found to be approximately 3 times higher on average than that 

of the uninfected control plant. (Figure 9)

  Quantization of host-specific resistant gene is very important to know 

the host pathogen interactions. Recently, real-time fluorescent PCR is a 

most frequently used technique for the detection and quantification of viral 

particles in different parts of the plant. We found that Ry gene of Golden 

valley was highly expressed against PVY
O
 infection. (Figure 9) We 

identified Ry gene-rich cultivar and further extracted the protein from its 

leaves. Plant-resistant (R) gene encoded protein contains an N-terminal 

coiled-coil (CC) domain, a central nucleotide-binding site (NBS) domain, 

and a C-terminal leucine-rich repeat (LRR) domain. CC-NBS-LRR 

recognizes specific pathogen-derived products and initiates resistant 

response.

5. 5. 5. 5. The The The The virus virus virus virus resistant resistant resistant resistant effect effect effect effect of of of of ProteinProteinProteinProteingoldengoldengoldengolden

  We isolated the crude protein from highly and moderately resistant cv. 

Golden valley, respectively, and treated the Winter valley and infected 

with PVY
O
. After the 14 dpi, the treated leaves were harvested, and we 

examined the PVYO sensitivities using ELISA. The application of each 500 

ug of Golden protein reduced the PVY
O
 accumulation on average 50%. 

(Figure 10) We found that protein extracted form the Golden valley 

exerts an antiviral effect against PVY
O
 infection. There is indirect 

evidence that the LRR may contribute to signaling as well as recognition 
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specificity. However, it is generally accepted that the resistance (R) 

proteins mediate elicitor recognition and activate downstream signaling 

responses, leading to the disease resistance. Thus, further investigation is 

needed to understand the signaling response against the virus pathogen in 

plant.
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Figure Figure Figure Figure 9. 9. 9. 9. Ry gene is expressed 2.6 times more, after the PVYO infection 

in virus resistant cv. Golden valley. The relative expression of Ry 

gene was measured on PVYO infected and non-infected potato 

cultivars Golden valley and Winter valley both by using 

quantitative Real-Time PCR (Corbet 3000, Australia). Amounts of 

cDNAs were calibrated using actin as reference. Data presented 

are the average and standard deviation of three independent 

replicated experiments.
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Figure Figure Figure Figure 10. 10. 10. 10. Golden proteins are active against PVY
O
 infection. OD650 values 

were measured on PVY
O
 infected cv. Winter Valley after the 

application of Golden protein. PVY
O
 infected and noninfected Winter 

valley was used as possitive control and negative control 

respectively. A : PVY
O
 non infected Winter valley, B : PVY

O
 

infected Winter valley, C : PVY
O
 infected after the treatment of 

Golden valley protein in cv. Winter valley.
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6. 6. 6. 6. RyRyRyRygoldengoldengoldengolden    gene gene gene gene construction construction construction construction strategy strategy strategy strategy and and and and sequence sequence sequence sequence differencesdifferencesdifferencesdifferences

  Ry gene was cloned for sequencing analysis and development of 

anti-PVYO potato. The two fragments of Ry gene left(1.3kb) and  

right(2.2kb) were amplified by using primers, Sense (RyF10) 5'-ATCCCG CCCG CCCG CCCG 

GGGGGGGGATGGCATCATCATCTTCTTCTTC-3', antisense (RyIR) 5'-AAGCATGC 

AATATCTAGAAATATCTCTTGA-3', Sense (RyIF) 5'-TTGCATGCTTCT 

TAAGAGGGAGAAAACAAA-3', antisense (RyR10) 5'-TACCCGGGCCCGGGCCCGGGCCCGGGCTCAC 

ATTGTCAACATCTTCAGT-3' respectively Both RT-PCR products were 

assembled on SphI linker site of cloning vector pUC19. Finally, the full 

length of Ry gene was digested and cloned on XmaI site of pBI121 binary 

vector. (Figure 11) Analysis of Ry gene sequence was showed that there 

were about 91% sequence homologs between Solanum tuberosum subsp. 

andigena and Solanum tuberosum LLLL. cv. Golden valley. (Figure 12) Our 

second phase research work is going on to develop virus resistant potato 

cultivars by introducing, Ry gene and bio-pesticides for other legume 

crops simultaneously.
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Figure Figure Figure Figure 11.11.11.11. Strategy for construction. The two fragments of Ry gene left 

(1.3 kb) and Right (2.2 kb) were amplified by using primers, 

Sense (RyF10) 5'-ATCCCGGGCCCGGGCCCGGGCCCGGGATGGCATCATCATCTTCTTCTTC- 

3', antisense (RyIR) 5'-AAGCATGCAATATCTAGAAATATCTCTT 

GA-3', Sense (RyIF) 5'-TTGCATGCTTCTTAAGAGGGAGAAAACA 

AA-3', antisense (RyR10) 5'-TACCCGGGCCCGGGCCCGGGCCCGGGCTCACATTGTCAACATC 

TTCAGT-3' respectively Both RT-PCR products were assembled 

on SphI linker site of cloning vector pUC19. C: Finally the full 

length of Ry gene was digested and cloned on XmaI site of pBI121 

binary vector.
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AndigenaAndigenaAndigenaAndigena 5'5'5'5' ---- AAAA TTTT GGGG GGGG CCCC AAAA TTTT CCCC AAAA TTTT CCCC AAAA TTTT CCCC TTTT TTTT CCCC TTTT TTTT CCCC TTTT TTTT CCCC TTTT GGGG AAAA GGGG AAAA GGGG TTTT AAAA AAAA TTTT TTTT CCCC AAAA CCCC AAAA GGGG TTTT AAAA TTTT TTTT CCCC AAAA TTTT GGGG TTTT CCCC CCCC TTTT CCCC AAAA AAAA CCCC GGGG GGGG AAAA AAAA GGGG TTTT AAAA CCCC

GoldenGoldenGoldenGolden 3'3'3'3' ---- AAAA TTTT GGGG GGGG CCCC AAAA TTTT CCCC AAAA TTTT CCCC AAAA TTTT ---- ---- ---- CCCC TTTT TTTT CCCC TTTT TTTT CCCC TTTT GGGG AAAA GGGG AAAA GGGG TTTT AAAA AAAA TTTT TTTT CCCC AAAA CCCC AAAA GGGG TTTT AAAA TTTT TTTT CCCC AAAA TTTT GGGG TTTT CCCC CCCC TTTT CCCC AAAA AAAA CCCC GGGG GGGG AAAA AAAA GGGG TTTT AAAA CCCC

AAAA AAAA GGGG TTTT AAAA CCCC GGGG AAAA TTTT GGGG TTTT GGGG TTTT TTTT TTTT CCCC TTTT AAAA AAAA GGGG TTTT TTTT TTTT TTTT AAAA GGGG AAAA GGGG GGGG TTTT AAAA AAAA AAAA GGGG AAAA TTTT AAAA CCCC TTTT CCCC GGGG CCCC AAAA GGGG AAAA AAAA AAAA TTTT TTTT TTTT TTTT AAAA CCCC AAAA AAAA GGGG TTTT CCCC AAAA CCCC TTTT TTTT GGGG TTTT AAAA

AAAA AAAA GGGG TTTT AAAA CCCC GGGG AAAA TTTT GGGG TTTT CCCC TTTT TTTT TTTT CCCC TTTT AAAA AAAA GGGG TTTT TTTT TTTT TTTT AAAA GGGG AAAA GGGG GGGG CCCC AAAA TTTT AAAA GGGG AAAA TTTT AAAA CCCC TTTT CCCC GGGG CCCC AAAA GGGG AAAA AAAA AAAA TTTT TTTT TTTT TTTT AAAA CCCC AAAA AAAA GGGG TTTT CCCC AAAA CCCC TTTT TTTT GGGG CCCC CCCC

CCCC GGGG AAAA AAAA CCCC GGGG TTTT TTTT TTTT GGGG GGGG AAAA TTTT AAAA AAAA CCCC AAAA GGGG GGGG GGGG GGGG AAAA AAAA TTTT AAAA TTTT TTTT CCCC AAAA CCCC CCCC TTTT TTTT TTTT CCCC TTTT AAAA GGGG AAAA TTTT GGGG AAAA TTTT AAAA AAAA AAAA AAAA GGGG GGGG CCCC TTTT AAAA GGGG AAAA GGGG AAAA AAAA TTTT GGGG GGGG TTTT GGGG AAAA TTTT TTTT

CCCC AAAA AAAA AAAA GGGG CCCC TTTT TTTT TTTT GGGG AAAA CCCC AAAA AAAA AAAA CCCC AAAA GGGG GGGG GGGG GGGG AAAA AAAA TTTT AAAA TTTT TTTT CCCC AAAA CCCC CCCC TTTT TTTT TTTT CCCC TTTT AAAA GGGG AAAA TTTT GGGG AAAA TTTT GGGG AAAA AAAA AAAA GGGG GGGG CCCC TTTT AAAA GGGG AAAA GGGG AAAA GGGG TTTT GGGG GGGG TTTT GGGG AAAA TTTT TTTT

CCCC CCCC CCCC TTTT CCCC TTTT CCCC GGGG AAAA AAAA AAAA GGGG AAAA AAAA CCCC TTTT AAAA GGGG TTTT GGGG AAAA AAAA AAAA GGGG CCCC TTTT AAAA TTTT AAAA AAAA AAAA AAAA GGGG AAAA GGGG TTTT CCCC TTTT CCCC AAAA AAAA GGGG TTTT TTTT GGGG CCCC TTTT GGGG TTTT AAAA AAAA TTTT CCCC AAAA TTTT CCCC TTTT TTTT CCCC TTTT CCCC AAAA AAAA AAAA GGGG

CCCC CCCC CCCC TTTT CCCC TTTT CCCC GGGG AAAA AAAA AAAA GGGG AAAA AAAA CCCC TTTT AAAA GGGG TTTT GGGG AAAA AAAA AAAA GGGG CCCC TTTT AAAA TTTT AAAA GGGG AAAA AAAA GGGG AAAA GGGG TTTT CCCC TTTT CCCC AAAA AAAA GGGG TTTT TTTT GGGG CCCC TTTT GGGG TTTT AAAA AAAA TTTT CCCC AAAA TTTT CCCC TTTT TTTT CCCC TTTT CCCC AAAA AAAA AAAA GGGG

AAAA AAAA TTTT TTTT AAAA TTTT GGGG CCCC TTTT AAAA CCCC GGGG TTTT CCCC GGGG AAAA GGGG GGGG TTTT GGGG GGGG TTTT GGGG CCCC CCCC TTTT GGGG AAAA AAAA TTTT GGGG AAAA AAAA GGGG TTTT AAAA GGGG TTTT GGGG AAAA AAAA GGGG AAAA TTTT TTTT AAAA TTTT GGGG GGGG AAAA AAAA TTTT GGGG CCCC AAAA AAAA GGGG GGGG ---- ---- ---- AAAA AAAA GGGG AAAA

AAAA AAAA TTTT TTTT AAAA TTTT GGGG CCCC TTTT AAAA CCCC GGGG TTTT CCCC GGGG AAAA GGGG GGGG TTTT GGGG GGGG TTTT GGGG CCCC TTTT TTTT GGGG AAAA AAAA TTTT GGGG AAAA AAAA CCCC TTTT AAAA GGGG TTTT GGGG AAAA AAAA GGGG AAAA TTTT TTTT AAAA TTTT GGGG GGGG AAAA AAAA TTTT GGGG CCCC AAAA AAAA GGGG GGGG AAAA GGGG AAAA AAAA AAAA GGGG AAAA

GGGG AAAA AAAA TTTT GGGG GGGG AAAA CCCC AAAA AAAA TTTT TTTT AAAA GGGG TTTT CCCC AAAA TTTT AAAA CCCC CCCC AAAA GGGG TTTT CCCC TTTT TTTT CCCC TTTT AAAA TTTT GGGG AAAA TTTT GGGG TTTT GGGG GGGG AAAA TTTT CCCC CCCC AAAA TTTT CCCC AAAA GGGG AAAA TTTT GGGG TTTT TTTT CCCC GGGG GGGG AAAA AAAA GGGG CCCC AAAA AAAA AAAA CCCC GGGG AAAA

AAAA AAAA AAAA TTTT GGGG GGGG AAAA CCCC AAAA AAAA TTTT TTTT AAAA GGGG TTTT CCCC AAAA TTTT AAAA CCCC CCCC AAAA GGGG TTTT CCCC TTTT TTTT CCCC TTTT AAAA TTTT GGGG AAAA TTTT GGGG TTTT GGGG GGGG AAAA TTTT CCCC CCCC AAAA TTTT CCCC AAAA CCCC AAAA TTTT GGGG TTTT TTTT CCCC GGGG GGGG AAAA AAAA GGGG CCCC AAAA AAAA AAAA CCCC GGGG GGGG

AAAA GGGG AAAA GGGG CCCC TTTT TTTT TTTT GGGG CCCC AAAA GGGG AAAA AAAA GGGG CCCC CCCC TTTT TTTT TTTT GGGG CCCC CCCC GGGG AAAA AAAA CCCC AAAA CCCC GGGG AAAA AAAA TTTT CCCC GGGG AAAA GGGG GGGG TTTT AAAA TTTT AAAA AAAA GGGG GGGG AAAA TTTT GGGG AAAA TTTT GGGG TTTT TTTT GGGG AAAA AAAA GGGG GGGG AAAA AAAA TTTT GGGG CCCC AAAA GGGG

AAAA GGGG AAAA GGGG CCCC TTTT TTTT TTTT GGGG CCCC AAAA AAAA AAAA AAAA GGGG CCCC CCCC TTTT TTTT AAAA GGGG CCCC CCCC GGGG AAAA GGGG CCCC AAAA CCCC GGGG AAAA AAAA TTTT CCCC AAAA AAAA AAAA GGGG AAAA AAAA TTTT AAAA AAAA GGGG GGGG AAAA TTTT GGGG AAAA TTTT GGGG TTTT TTTT GGGG AAAA AAAA GGGG GGGG AAAA AAAA TTTT GGGG CCCC AAAA GGGG

AAAA AAAA GGGG GGGG TTTT GGGG CCCC AAAA AAAA CCCC GGGG AAAA TTTT GGGG GGGG AAAA GGGG GGGG AAAA CCCC TTTT GGGG CCCC TTTT CCCC TTTT AAAA AAAA GGGG TTTT GGGG AAAA AAAA GGGG CCCC TTTT GGGG CCCC AAAA GGGG AAAA TTTT CCCC TTTT AAAA AAAA AAAA AAAA GGGG GGGG AAAA TTTT AAAA TTTT GGGG AAAA TTTT AAAA TTTT CCCC CCCC GGGG TTTT GGGG AAAA

AAAA AAAA GGGG GGGG TTTT CCCC GGGG AAAA AAAA GGGG GGGG AAAA TTTT GGGG GGGG AAAA GGGG GGGG AAAA CCCC TTTT GGGG CCCC TTTT CCCC TTTT AAAA AAAA GGGG TTTT GGGG AAAA AAAA GGGG CCCC TTTT GGGG CCCC AAAA GGGG AAAA TTTT CCCC TTTT AAAA AAAA AAAA AAAA GGGG GGGG AAAA TTTT AAAA TTTT GGGG AAAA TTTT AAAA TTTT CCCC CCCC GGGG TTTT GGGG AAAA

AAAA AAAA GGGG GGGG AAAA TTTT TTTT GGGG AAAA AAAA TTTT CCCC AAAA GGGG AAAA AAAA TTTT GGGG TTTT AAAA TTTT TTTT GGGG GGGG GGGG GGGG AAAA AAAA CCCC TTTT TTTT GGGG TTTT TTTT AAAA AAAA TTTT GGGG AAAA AAAA AAAA TTTT TTTT TTTT CCCC GGGG CCCC CCCC CCCC AAAA AAAA AAAA TTTT TTTT AAAA TTTT GGGG CCCC GGGG AAAA GGGG AAAA CCCC TTTT TTTT

AAAA AAAA GGGG GGGG AAAA TTTT TTTT GGGG AAAA AAAA TTTT CCCC AAAA CCCC AAAA CCCC TTTT GGGG TTTT AAAA TTTT TTTT GGGG AAAA GGGG GGGG AAAA TTTT CCCC TTTT TTTT GGGG TTTT TTTT AAAA AAAA TTTT GGGG AAAA AAAA AAAA TTTT TTTT TTTT CCCC GGGG CCCC CCCC CCCC AAAA AAAA AAAA TTTT TTTT AAAA TTTT GGGG CCCC AAAA CCCC GGGG AAAA CCCC TTTT TTTT

CCCC TTTT TTTT TTTT AAAA TTTT CCCC TTTT TTTT AAAA TTTT TTTT TTTT GGGG AAAA CCCC AAAA GGGG AAAA TTTT GGGG TTTT TTTT GGGG TTTT GGGG GGGG GGGG AAAA AAAA TTTT AAAA GGGG AAAA TTTT GGGG CCCC TTTT CCCC AAAA TTTT TTTT TTTT AAAA AAAA AAAA GGGG AAAA AAAA AAAA GGGG TTTT CCCC AAAA AAAA CCCC TTTT CCCC CCCC CCCC TTTT TTTT CCCC TTTT AAAA

CCCC TTTT TTTT TTTT AAAA TTTT CCCC TTTT TTTT CCCC TTTT TTTT TTTT GGGG AAAA AAAA AAAA GGGG AAAA TTTT AAAA TTTT TTTT GGGG TTTT GGGG GGGG GGGG AAAA AAAA TTTT AAAA GGGG AAAA TTTT GGGG CCCC TTTT CCCC AAAA TTTT TTTT TTTT AAAA GGGG AAAA GGGG AAAA AAAA AAAA GGGG TTTT CCCC AAAA AAAA CCCC TTTT AAAA CCCC CCCC TTTT TTTT CCCC TTTT AAAA

GGGG AAAA GGGG AAAA TTTT GGGG AAAA AAAA AAAA AAAA TTTT CCCC GGGG AAAA TTTT GGGG AAAA TTTT GGGG TTTT TTTT CCCC GGGG GGGG AAAA TTTT TTTT GGGG TTTT GGGG TTTT GGGG GGGG AAAA TTTT CCCC TTTT GGGG GGGG GGGG GGGG AAAA AAAA TTTT GGGG GGGG GGGG GGGG GGGG GGGG AAAA GGGG TTTT TTTT GGGG GGGG TTTT AAAA AAAA AAAA AAAA CCCC GGGG AAAA CCCC

GGGG AAAA GGGG AAAA TTTT GGGG AAAA CCCC AAAA AAAA GGGG CCCC AAAA AAAA TTTT GGGG AAAA TTTT GGGG TTTT CCCC CCCC GGGG GGGG AAAA GGGG GGGG GGGG TTTT GGGG TTTT GGGG GGGG AAAA TTTT CCCC TTTT GGGG GGGG GGGG GGGG AAAA AAAA TTTT GGGG GGGG TTTT GGGG GGGG GGGG AAAA GGGG TTTT TTTT GGGG GGGG TTTT AAAA AAAA AAAA AAAA CCCC GGGG AAAA GGGG

AAAA AAAA TTTT AAAA GGGG CCCC AAAA AAAA GGGG AAAA GGGG CCCC TTTT AAAA TTTT TTTT TTTT TTTT TTTT GGGG AAAA TTTT AAAA TTTT AAAA CCCC TTTT CCCC TTTT CCCC AAAA TTTT CCCC TTTT AAAA ---- ---- ---- ---- ---- ---- AAAA AAAA TTTT TTTT TTTT GGGG AAAA TTTT GGGG GGGG TTTT GGGG CCCC TTTT TTTT GGGG TTTT TTTT TTTT CCCC CCCC TTTT TTTT CCCC

AAAA AAAA TTTT AAAA GGGG CCCC AAAA AAAA GGGG AAAA GGGG CCCC TTTT AAAA TTTT TTTT TTTT TTTT TTTT GGGG AAAA TTTT TTTT TTTT AAAA CCCC TTTT CCCC TTTT CCCC AAAA TTTT CCCC TTTT AAAA GGGG AAAA TTTT TTTT TTTT AAAA AAAA AAAA TTTT TTTT TTTT GGGG AAAA TTTT GGGG GGGG TTTT GGGG CCCC TTTT TTTT GGGG TTTT TTTT TTTT CCCC CCCC TTTT TTTT CCCC

CCCC GGGG GGGG AAAA CCCC AAAA AAAA TTTT AAAA AAAA AAAA GGGG AAAA AAAA AAAA AAAA CCCC AAAA AAAA GGGG TTTT AAAA TTTT GGGG AAAA AAAA AAAA TTTT AAAA CCCC AAAA TTTT TTTT CCCC TTTT CCCC TTTT GGGG CCCC AAAA AAAA AAAA GGGG TTTT AAAA TTTT CCCC CCCC TTTT TTTT CCCC TTTT CCCC TTTT CCCC TTTT AAAA AAAA AAAA CCCC TTTT GGGG GGGG TTTT AAAA

CCCC CCCC GGGG TTTT CCCC AAAA GGGG TTTT AAAA AAAA ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- TTTT GGGG AAAA AAAA AAAA TTTT AAAA CCCC AAAA TTTT TTTT CCCC TTTT CCCC TTTT TTTT CCCC AAAA AAAA AAAA GGGG TTTT AAAA TTTT TTTT CCCC TTTT TTTT CCCC TTTT CCCC TTTT CCCC TTTT AAAA AAAA AAAA CCCC TTTT GGGG GGGG TTTT AAAA

GGGG GGGG GGGG GGGG AAAA AAAA AAAA AAAA AAAA GGGG AAAA AAAA AAAA AAAA TTTT TTTT GGGG TTTT GGGG TTTT GGGG CCCC AAAA TTTT GGGG AAAA TTTT AAAA AAAA GGGG GGGG AAAA GGGG GGGG AAAA CCCC GGGG GGGG GGGG AAAA GGGG GGGG CCCC AAAA CCCC CCCC TTTT GGGG AAAA TTTT GGGG GGGG CCCC TTTT CCCC GGGG TTTT AAAA GGGG AAAA CCCC TTTT TTTT CCCC GGGG

GGGG GGGG GGGG GGGG GGGG AAAA AAAA AAAA AAAA GGGG AAAA AAAA AAAA AAAA TTTT TTTT GGGG TTTT GGGG TTTT GGGG CCCC TTTT TTTT GGGG AAAA TTTT AAAA AAAA GGGG GGGG AAAA GGGG GGGG AAAA CCCC GGGG GGGG GGGG AAAA AAAA GGGG CCCC AAAA CCCC CCCC GGGG GGGG AAAA TTTT GGGG GGGG GGGG TTTT CCCC GGGG TTTT AAAA GGGG AAAA CCCC TTTT TTTT CCCC AAAA

TTTT TTTT TTTT GGGG AAAA AAAA GGGG AAAA AAAA AAAA GGGG TTTT TTTT CCCC TTTT AAAA GGGG TTTT TTTT GGGG TTTT GGGG CCCC TTTT TTTT GGGG AAAA TTTT AAAA AAAA CCCC AAAA TTTT AAAA GGGG AAAA TTTT CCCC AAAA TTTT GGGG AAAA AAAA GGGG AAAA CCCC CCCC AAAA AAAA TTTT TTTT GGGG AAAA AAAA AAAA TTTT AAAA CCCC CCCC TTTT AAAA GGGG CCCC AAAA GGGG

GGGG TTTT TTTT GGGG AAAA AAAA GGGG AAAA AAAA AAAA GGGG TTTT TTTT CCCC TTTT AAAA GGGG TTTT TTTT GGGG TTTT GGGG CCCC TTTT AAAA GGGG AAAA TTTT AAAA AAAA CCCC AAAA TTTT AAAA GGGG AAAA TTTT CCCC AAAA TTTT GGGG AAAA CCCC GGGG AAAA CCCC CCCC AAAA AAAA CCCC TTTT GGGG AAAA AAAA AAAA TTTT AAAA CCCC CCCC TTTT TTTT GGGG CCCC AAAA GGGG

GGGG GGGG GGGG AAAA TTTT CCCC TTTT TTTT GGGG GGGG TTTT TTTT GGGG GGGG TTTT TTTT TTTT GGGG GGGG CCCC AAAA AAAA TTTT GGGG GGGG CCCC AAAA CCCC CCCC AAAA GGGG AAAA AAAA TTTT TTTT AAAA TTTT TTTT GGGG CCCC AAAA AAAA CCCC AAAA AAAA CCCC GGGG AAAA GGGG AAAA GGGG AAAA CCCC AAAA AAAA GGGG CCCC AAAA TTTT TTTT TTTT CCCC AAAA TTTT TTTT

GGGG GGGG GGGG AAAA TTTT CCCC TTTT TTTT GGGG GGGG TTTT TTTT GGGG GGGG TTTT TTTT TTTT GGGG GGGG CCCC AAAA AAAA TTTT GGGG GGGG CCCC AAAA GGGG CCCC AAAA GGGG AAAA AAAA TTTT TTTT AAAA TTTT TTTT GGGG CCCC AAAA AAAA CCCC AAAA AAAA CCCC GGGG AAAA GGGG AAAA GGGG AAAA CCCC AAAA AAAA GGGG CCCC AAAA TTTT TTTT TTTT CCCC AAAA TTTT AAAA

CCCC GGGG GGGG AAAA AAAA AAAA AAAA AAAA TTTT GGGG AAAA TTTT GGGG CCCC CCCC GGGG TTTT AAAA TTTT AAAA TTTT CCCC CCCC TTTT GGGG TTTT GGGG AAAA CCCC TTTT AAAA CCCC AAAA CCCC TTTT AAAA CCCC TTTT TTTT GGGG AAAA AAAA CCCC AAAA TTTT GGGG AAAA TTTT GGGG CCCC TTTT GGGG TTTT TTTT CCCC AAAA GGGG TTTT TTTT GGGG TTTT TTTT CCCC AAAA AAAA

TTTT GGGG GGGG AAAA AAAA AAAA AAAA AAAA TTTT GGGG AAAA TTTT GGGG CCCC CCCC GGGG TTTT AAAA TTTT AAAA TTTT CCCC GGGG TTTT AAAA TTTT GGGG AAAA CCCC TTTT AAAA CCCC AAAA CCCC TTTT AAAA TTTT TTTT TTTT GGGG AAAA AAAA CCCC AAAA TTTT GGGG AAAA TTTT GGGG CCCC AAAA GGGG TTTT TTTT AAAA AAAA GGGG TTTT TTTT GGGG TTTT TTTT CCCC AAAA AAAA

CCCC CCCC AAAA AAAA TTTT AAAA TTTT GGGG CCCC TTTT TTTT TTTT CCCC AAAA AAAA AAAA AAAA AAAA TTTT GGGG AAAA AAAA GGGG TTTT TTTT CCCC CCCC AAAA GGGG AAAA TTTT AAAA AAAA GGGG TTTT GGGG TTTT TTTT TTTT CCCC GGGG AAAA GGGG GGGG AAAA GGGG AAAA TTTT AAAA AAAA CCCC GGGG TTTT TTTT GGGG GGGG AAAA GGGG GGGG TTTT AAAA GGGG TTTT AAAA AAAA

CCCC CCCC AAAA AAAA TTTT AAAA TTTT GGGG CCCC CCCC TTTT TTTT CCCC AAAA AAAA AAAA GGGG AAAA TTTT AAAA AAAA AAAA GGGG TTTT TTTT CCCC CCCC AAAA GGGG AAAA TTTT AAAA AAAA GGGG TTTT GGGG TTTT TTTT TTTT CCCC GGGG AAAA GGGG GGGG AAAA GGGG AAAA TTTT GGGG AAAA CCCC GGGG TTTT TTTT GGGG GGGG AAAA GGGG GGGG TTTT AAAA GGGG TTTT AAAA CCCC

GGGG TTTT CCCC AAAA TTTT GGGG CCCC TTTT GGGG AAAA AAAA GGGG GGGG CCCC CCCC TTTT TTTT CCCC CCCC TTTT TTTT TTTT AAAA GGGG CCCC CCCC CCCC TTTT GGGG AAAA AAAA AAAA GGGG TTTT GGGG TTTT GGGG GGGG GGGG GGGG TTTT TTTT CCCC TTTT TTTT CCCC CCCC TTTT TTTT AAAA CCCC AAAA TTTT AAAA AAAA GGGG AAAA AAAA GGGG GGGG AAAA TTTT AAAA TTTT AAAA

GGGG TTTT CCCC AAAA GGGG GGGG CCCC TTTT CCCC AAAA AAAA GGGG GGGG CCCC CCCC TTTT TTTT CCCC CCCC TTTT TTTT TTTT AAAA GGGG CCCC CCCC CCCC TTTT GGGG GGGG AAAA AAAA GGGG TTTT GGGG TTTT GGGG GGGG GGGG GGGG TTTT TTTT CCCC TTTT TTTT CCCC CCCC TTTT TTTT AAAA CCCC AAAA TTTT GGGG AAAA GGGG AAAA AAAA GGGG GGGG AAAA TTTT AAAA TTTT AAAA

CCCC AAAA TTTT GGGG TTTT GGGG TTTT GGGG GGGG AAAA GGGG GGGG AAAA GGGG TTTT GGGG CCCC TTTT GGGG TTTT TTTT GGGG AAAA TTTT CCCC GGGG AAAA AAAA TTTT AAAA AAAA AAAA GGGG AAAA GGGG GGGG AAAA AAAA CCCC CCCC CCCC TTTT AAAA GGGG TTTT TTTT CCCC AAAA AAAA AAAA AAAA GGGG TTTT TTTT GGGG TTTT TTTT GGGG AAAA AAAA AAAA AAAA CCCC CCCC TTTT

CCCC AAAA TTTT GGGG AAAA GGGG TTTT GGGG GGGG AAAA GGGG AAAA AAAA GGGG TTTT GGGG CCCC TTTT GGGG TTTT TTTT GGGG AAAA TTTT CCCC GGGG AAAA AAAA TTTT AAAA AAAA AAAA GGGG AAAA GGGG GGGG AAAA AAAA CCCC TTTT CCCC TTTT AAAA GGGG TTTT TTTT CCCC AAAA AAAA AAAA AAAA GGGG TTTT TTTT GGGG TTTT TTTT GGGG AAAA AAAA TTTT AAAA TTTT CCCC TTTT

CCCC AAAA AAAA AAAA GGGG TTTT AAAA AAAA GGGG TTTT TTTT AAAA TTTT GGGG AAAA TTTT GGGG GGGG GGGG TTTT TTTT GGGG GGGG AAAA GGGG CCCC GGGG CCCC GGGG AAAA AAAA GGGG AAAA TTTT CCCC AAAA AAAA GGGG AAAA GGGG AAAA TTTT AAAA TTTT TTTT TTTT CCCC TTTT AAAA GGGG AAAA TTTT AAAA TTTT TTTT GGGG CCCC AAAA TTTT GGGG CCCC TTTT TTTT CCCC TTTT

CCCC AAAA AAAA AAAA GGGG TTTT AAAA AAAA TTTT TTTT TTTT AAAA TTTT GGGG AAAA TTTT GGGG GGGG GGGG TTTT TTTT GGGG GGGG AAAA GGGG CCCC GGGG TTTT GGGG AAAA AAAA GGGG AAAA TTTT CCCC AAAA AAAA GGGG AAAA GGGG AAAA TTTT AAAA TTTT TTTT TTTT CCCC TTTT AAAA GGGG AAAA TTTT AAAA TTTT TTTT GGGG CCCC AAAA TTTT GGGG CCCC TTTT TTTT CCCC TTTT

TTTT AAAA AAAA GGGG AAAA GGGG GGGG GGGG AAAA GGGG AAAA AAAA AAAA AAAA CCCC AAAA AAAA AAAA CCCC CCCC GGGG AAAA GGGG AAAA TTTT CCCC AAAA AAAA GGGG CCCC AAAA AAAA AAAA TTTT TTTT CCCC TTTT TTTT GGGG AAAA GGGG AAAA GGGG CCCC TTTT GGGG TTTT GGGG AAAA TTTT TTTT TTTT TTTT GGGG GGGG AAAA GGGG CCCC TTTT GGGG AAAA TTTT GGGG AAAA CCCC

TTTT AAAA AAAA GGGG AAAA GGGG GGGG GGGG AAAA GGGG AAAA AAAA AAAA AAAA CCCC AAAA AAAA AAAA CCCC CCCC GGGG AAAA AAAA AAAA TTTT CCCC AAAA AAAA GGGG CCCC AAAA AAAA AAAA TTTT TTTT CCCC TTTT TTTT GGGG AAAA GGGG TTTT GGGG CCCC TTTT GGGG TTTT CCCC AAAA TTTT CCCC TTTT TTTT GGGG GGGG AAAA GGGG CCCC AAAA GGGG AAAA TTTT TTTT AAAA CCCC
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GGGG GGGG AAAA TTTT TTTT GGGG AAAA GGGG GGGG GGGG TTTT GGGG CCCC TTTT GGGG AAAA TTTT TTTT GGGG AAAA CCCC AAAA AAAA GGGG TTTT CCCC TTTT CCCC TTTT TTTT GGGG TTTT GGGG TTTT TTTT CCCC AAAA TTTT CCCC TTTT CCCC TTTT GGGG AAAA AAAA TTTT AAAA TTTT GGGG AAAA TTTT AAAA CCCC GGGG AAAA TTTT TTTT CCCC AAAA AAAA AAAA TTTT GGGG CCCC AAAA

GGGG GGGG AAAA TTTT TTTT GGGG AAAA GGGG GGGG GGGG TTTT GGGG CCCC TTTT AAAA AAAA TTTT TTTT GGGG AAAA CCCC AAAA AAAA GGGG TTTT CCCC TTTT CCCC TTTT TTTT GGGG TTTT GGGG TTTT TTTT CCCC AAAA TTTT CCCC TTTT CCCC TTTT GGGG AAAA AAAA ---- ---- ---- GGGG AAAA TTTT GGGG TTTT GGGG AAAA TTTT TTTT CCCC AAAA AAAA AAAA TTTT GGGG CCCC AAAA

TTTT GGGG AAAA CCCC TTTT TTTT AAAA AAAA TTTT AAAA CCCC AAAA AAAA GGGG AAAA GGGG AAAA TTTT GGGG GGGG GGGG TTTT AAAA AAAA AAAA TTTT AAAA CCCC AAAA TTTT AAAA GGGG TTTT GGGG AAAA CCCC AAAA AAAA TTTT GGGG CCCC AAAA AAAA AAAA AAAA GGGG GGGG AAAA TTTT CCCC GGGG GGGG GGGG GGGG AAAA GGGG AAAA AAAA GGGG TTTT CCCC AAAA CCCC TTTT AAAA

TTTT GGGG AAAA CCCC TTTT TTTT AAAA AAAA TTTT AAAA CCCC AAAA AAAA GGGG AAAA GGGG AAAA TTTT GGGG GGGG GGGG AAAA AAAA AAAA AAAA TTTT GGGG CCCC AAAA TTTT AAAA GGGG TTTT GGGG AAAA CCCC AAAA AAAA AAAA GGGG CCCC AAAA AAAA AAAA AAAA GGGG GGGG AAAA AAAA AAAA GGGG GGGG GGGG GGGG AAAA GGGG AAAA AAAA CCCC TTTT CCCC AAAA GGGG CCCC AAAA

GGGG AAAA CCCC TTTT AAAA TTTT GGGG GGGG CCCC TTTT CCCC AAAA CCCC TTTT CCCC AAAA AAAA GGGG AAAA TTTT TTTT TTTT CCCC GGGG AAAA AAAA AAAA AAAA AAAA TTTT TTTT CCCC TTTT CCCC AAAA AAAA AAAA TTTT GGGG CCCC AAAA AAAA AAAA AAAA AAAA TTTT AAAA CCCC AAAA AAAA GGGG GGGG GGGG AAAA CCCC CCCC AAAA AAAA GGGG GGGG CCCC TTTT AAAA TTTT CCCC

GGGG AAAA CCCC TTTT AAAA TTTT GGGG GGGG CCCC TTTT CCCC AAAA CCCC TTTT GGGG AAAA AAAA GGGG AAAA TTTT TTTT TTTT CCCC GGGG AAAA AAAA AAAA AAAA AAAA TTTT TTTT CCCC TTTT TTTT AAAA AAAA AAAA AAAA GGGG CCCC AAAA AAAA AAAA AAAA AAAA TTTT AAAA CCCC AAAA AAAA GGGG GGGG GGGG AAAA CCCC CCCC AAAA AAAA GGGG GGGG CCCC AAAA AAAA TTTT CCCC

GGGG AAAA AAAA GGGG CCCC AAAA AAAA TTTT CCCC TTTT GGGG GGGG AAAA TTTT AAAA CCCC CCCC AAAA GGGG AAAA AAAA AAAA TTTT TTTT CCCC AAAA AAAA GGGG AAAA CCCC CCCC TTTT AAAA AAAA GGGG CCCC TTTT TTTT TTTT AAAA GGGG AAAA AAAA AAAA AAAA AAAA AAAA GGGG GGGG CCCC CCCC AAAA TTTT GGGG AAAA AAAA AAAA GGGG AAAA TTTT GGGG TTTT GGGG GGGG AAAA

GGGG AAAA AAAA GGGG CCCC AAAA AAAA TTTT CCCC TTTT GGGG GGGG AAAA TTTT AAAA CCCC CCCC AAAA GGGG AAAA AAAA AAAA TTTT TTTT CCCC AAAA AAAA GGGG AAAA CCCC CCCC TTTT AAAA AAAA GGGG CCCC TTTT TTTT TTTT AAAA GGGG AAAA AAAA AAAA AAAA AAAA AAAA GGGG GGGG CCCC CCCC AAAA TTTT GGGG AAAA AAAA AAAA GGGG AAAA TTTT GGGG TTTT GGGG GGGG AAAA

AAAA AAAA AAAA GGGG CCCC TTTT TTTT AAAA GGGG GGGG AAAA TTTT AAAA TTTT TTTT AAAA TTTT AAAA CCCC AAAA TTTT CCCC AAAA AAAA TTTT GGGG GGGG TTTT TTTT TTTT TTTT CCCC AAAA TTTT AAAA CCCC AAAA CCCC CCCC TTTT GGGG AAAA TTTT GGGG GGGG CCCC TTTT CCCC CCCC AAAA AAAA CCCC GGGG AAAA TTTT CCCC AAAA GGGG TTTT AAAA CCCC CCCC TTTT TTTT CCCC

AAAA AAAA AAAA GGGG CCCC TTTT TTTT AAAA GGGG GGGG AAAA TTTT AAAA TTTT TTTT AAAA TTTT AAAA CCCC AAAA TTTT CCCC AAAA AAAA AAAA GGGG GGGG TTTT TTTT TTTT TTTT CCCC AAAA TTTT AAAA CCCC AAAA CCCC AAAA TTTT GGGG AAAA TTTT GGGG GGGG TTTT TTTT CCCC CCCC AAAA AAAA TTTT GGGG AAAA TTTT CCCC AAAA GGGG TTTT AAAA CCCC CCCC TTTT TTTT CCCC

CCCC CCCC AAAA GGGG CCCC AAAA AAAA CCCC TTTT TTTT GGGG CCCC GGGG CCCC TTTT GGGG GGGG TTTT TTTT CCCC GGGG AAAA CCCC TTTT GGGG TTTT TTTT GGGG TTTT AAAA AAAA GGGG TTTT AAAA TTTT CCCC CCCC TTTT TTTT GGGG GGGG GGGG AAAA AAAA TTTT CCCC AAAA TTTT TTTT GGGG CCCC CCCC AAAA GGGG CCCC CCCC AAAA AAAA AAAA TTTT TTTT TTTT GGGG AAAA TTTT

CCCC CCCC AAAA GGGG CCCC AAAA AAAA CCCC TTTT TTTT GGGG CCCC GGGG TTTT TTTT GGGG GGGG TTTT TTTT TTTT GGGG AAAA CCCC TTTT GGGG TTTT TTTT GGGG TTTT AAAA AAAA AAAA TTTT AAAA TTTT CCCC CCCC TTTT TTTT GGGG GGGG GGGG AAAA AAAA TTTT CCCC AAAA TTTT TTTT GGGG CCCC CCCC AAAA GGGG CCCC AAAA AAAA AAAA AAAA TTTT TTTT TTTT GGGG AAAA TTTT

CCCC CCCC TTTT GGGG AAAA CCCC AAAA TTTT GGGG CCCC TTTT TTTT GGGG TTTT TTTT CCCC AAAA TTTT CCCC TTTT TTTT GGGG AAAA TTTT CCCC TTTT CCCC CCCC AAAA GGGG CCCC AAAA GGGG AAAA GGGG TTTT TTTT CCCC AAAA CCCC TTTT GGGG TTTT TTTT TTTT CCCC AAAA TTTT TTTT TTTT AAAA TTTT GGGG GGGG AAAA CCCC TTTT GGGG GGGG AAAA AAAA CCCC AAAA AAAA AAAA

CCCC CCCC TTTT GGGG AAAA TTTT GGGG AAAA GGGG CCCC TTTT TTTT GGGG TTTT TTTT CCCC AAAA TTTT CCCC TTTT TTTT GGGG AAAA TTTT CCCC TTTT CCCC CCCC AAAA GGGG CCCC AAAA GGGG AAAA GGGG TTTT TTTT CCCC AAAA CCCC TTTT GGGG CCCC TTTT TTTT CCCC AAAA TTTT TTTT CCCC AAAA TTTT GGGG GGGG AAAA CCCC TTTT GGGG CCCC AAAA AAAA AAAA AAAA AAAA AAAA

GGGG AAAA AAAA AAAA TTTT TTTT TTTT CCCC CCCC TTTT TTTT TTTT TTTT CCCC TTTT AAAA CCCC GGGG GGGG AAAA GGGG GGGG CCCC TTTT AAAA GGGG AAAA TTTT CCCC TTTT CCCC AAAA GGGG CCCC AAAA GGGG CCCC TTTT GGGG TTTT GGGG CCCC AAAA AAAA AAAA CCCC CCCC TTTT GGGG AAAA TTTT GGGG CCCC GGGG AAAA AAAA CCCC AAAA CCCC CCCC AAAA GGGG AAAA TTTT TTTT

GGGG AAAA AAAA AAAA TTTT TTTT TTTT CCCC CCCC TTTT TTTT CCCC CCCC CCCC TTTT AAAA CCCC GGGG GGGG AAAA GGGG GGGG CCCC TTTT AAAA TTTT AAAA TTTT CCCC TTTT CCCC AAAA GGGG CCCC GGGG GGGG CCCC TTTT GGGG TTTT GGGG AAAA AAAA AAAA AAAA CCCC CCCC TTTT CCCC AAAA CCCC GGGG CCCC GGGG AAAA AAAA CCCC AAAA CCCC CCCC AAAA AAAA AAAA TTTT TTTT

TTTT CCCC AAAA CCCC GGGG GGGG AAAA TTTT AAAA TTTT GGGG CCCC CCCC AAAA AAAA AAAA TTTT TTTT TTTT GGGG GGGG AAAA GGGG TTTT AAAA TTTT TTTT TTTT GGGG GGGG GGGG TTTT CCCC TTTT GGGG GGGG AAAA AAAA GGGG AAAA GGGG TTTT GGGG TTTT AAAA GGGG TTTT AAAA AAAA TTTT CCCC TTTT TTTT AAAA AAAA AAAA GGGG AAAA GGGG GGGG TTTT TTTT CCCC AAAA TTTT

TTTT CCCC AAAA CCCC GGGG AAAA AAAA TTTT AAAA TTTT GGGG CCCC CCCC AAAA AAAA AAAA TTTT TTTT TTTT AAAA GGGG AAAA GGGG TTTT AAAA TTTT TTTT TTTT GGGG GGGG GGGG TTTT CCCC TTTT GGGG AAAA AAAA AAAA GGGG AAAA GGGG TTTT GGGG TTTT AAAA GGGG TTTT AAAA AAAA TTTT CCCC TTTT TTTT AAAA AAAA AAAA GGGG AAAA GGGG GGGG TTTT TTTT CCCC AAAA CCCC

CCCC AAAA TTTT TTTT CCCC CCCC CCCC TTTT GGGG AAAA GGGG AAAA TTTT GGGG TTTT TTTT CCCC CCCC AAAA AAAA AAAA AAAA AAAA AAAA CCCC TTTT CCCC AAAA TTTT TTTT AAAA AAAA GGGG TTTT TTTT AAAA AAAA AAAA TTTT TTTT TTTT GGGG AAAA GGGG AAAA GGGG AAAA TTTT TTTT GGGG TTTT AAAA AAAA AAAA AAAA AAAA CCCC CCCC TTTT TTTT GGGG AAAA GGGG AAAA GGGG

CCCC AAAA TTTT TTTT CCCC CCCC CCCC TTTT AAAA AAAA AAAA AAAA GGGG AAAA TTTT TTTT CCCC CCCC AAAA AAAA AAAA AAAA AAAA AAAA CCCC TTTT CCCC AAAA TTTT GGGG AAAA AAAA GGGG TTTT TTTT AAAA AAAA AAAA TTTT TTTT TTTT GGGG AAAA GGGG AAAA GGGG AAAA TTTT TTTT GGGG TTTT AAAA AAAA AAAA AAAA GGGG CCCC CCCC TTTT TTTT GGGG AAAA GGGG AAAA GGGG

TTTT TTTT TTTT TTTT AAAA GGGG CCCC TTTT AAAA TTTT GGGG TTTT TTTT TTTT GGGG TTTT TTTT GGGG GGGG GGGG AAAA AAAA TTTT CCCC TTTT CCCC TTTT TTTT GGGG AAAA AAAA TTTT GGGG TTTT CCCC TTTT AAAA CCCC AAAA TTTT CCCC TTTT AAAA CCCC AAAA AAAA GGGG GGGG TTTT TTTT GGGG CCCC TTTT CCCC TTTT AAAA AAAA TTTT TTTT TTTT AAAA GGGG AAAA GGGG AAAA

GGGG TTTT TTTT TTTT GGGG AAAA AAAA TTTT GGGG TTTT GGGG TTTT CCCC AAAA GGGG CCCC GGGG GGGG GGGG GGGG AAAA AAAA TTTT CCCC TTTT CCCC TTTT TTTT GGGG AAAA AAAA TTTT AAAA TTTT CCCC TTTT AAAA TTTT AAAA TTTT AAAA TTTT AAAA CCCC AAAA AAAA GGGG GGGG TTTT TTTT GGGG CCCC TTTT CCCC TTTT AAAA GGGG TTTT TTTT TTTT AAAA GGGG AAAA GGGG AAAA

AAAA AAAA TTTT TTTT TTTT CCCC CCCC GGGG AAAA GGGG GGGG AAAA TTTT CCCC CCCC GGGG GGGG GGGG GGGG AAAA AAAA AAAA AAAA TTTT TTTT GGGG AAAA AAAA GGGG CCCC CCCC GGGG GGGG AAAA GGGG AAAA TTTT AAAA GGGG AAAA GGGG AAAA TTTT TTTT CCCC AAAA AAAA GGGG TTTT GGGG CCCC AAAA AAAA CCCC GGGG CCCC TTTT CCCC TTTT GGGG GGGG GGGG AAAA TTTT AAAA

AAAA AAAA TTTT TTTT TTTT CCCC CCCC AAAA AAAA GGGG GGGG AAAA TTTT CCCC AAAA AAAA GGGG GGGG GGGG AAAA AAAA AAAA AAAA GGGG GGGG GGGG AAAA AAAA GGGG CCCC CCCC GGGG GGGG AAAA GGGG AAAA TTTT AAAA AAAA TTTT GGGG AAAA TTTT TTTT CCCC GGGG TTTT GGGG TTTT GGGG CCCC AAAA AAAA TTTT TTTT TTTT TTTT CCCC TTTT GGGG GGGG GGGG TTTT TTTT AAAA

AAAA GGGG GGGG AAAA AAAA AAAA CCCC TTTT AAAA CCCC CCCC AAAA TTTT CCCC AAAA GGGG CCCC TTTT AAAA TTTT TTTT AAAA TTTT TTTT CCCC AAAA GGGG CCCC AAAA CCCC CCCC AAAA GGGG TTTT CCCC TTTT AAAA GGGG TTTT CCCC TTTT TTTT AAAA CCCC AAAA GGGG AAAA GGGG CCCC TTTT AAAA GGGG AAAA TTTT TTTT TTTT GGGG AAAA GGGG TTTT GGGG GGGG CCCC AAAA TTTT

AAAA GGGG TTTT GGGG AAAA AAAA CCCC TTTT AAAA CCCC CCCC AAAA TTTT CCCC AAAA GGGG CCCC TTTT AAAA TTTT CCCC AAAA TTTT TTTT CCCC AAAA GGGG CCCC AAAA CCCC CCCC AAAA AAAA TTTT CCCC TTTT AAAA GGGG TTTT CCCC TTTT TTTT AAAA CCCC AAAA GGGG AAAA GGGG CCCC TTTT AAAA GGGG AAAA TTTT TTTT TTTT GGGG AAAA GGGG TTTT GGGG GGGG CCCC AAAA TTTT

GGGG AAAA AAAA AAAA AAAA AAAA CCCC CCCC TTTT TTTT GGGG CCCC AAAA AAAA CCCC AAAA CCCC TTTT TTTT TTTT CCCC AAAA TTTT GGGG CCCC AAAA GGGG CCCC AAAA TTTT TTTT GGGG GGGG CCCC GGGG AAAA GGGG TTTT TTTT GGGG AAAA AAAA AAAA AAAA GGGG TTTT TTTT TTTT GGGG GGGG TTTT GGGG AAAA TTTT GGGG CCCC TTTT AAAA AAAA AAAA AAAA GGGG TTTT GGGG TTTT

GGGG AAAA AAAA AAAA AAAA AAAA CCCC CCCC TTTT TTTT GGGG AAAA AAAA AAAA AAAA AAAA CCCC TTTT TTTT AAAA AAAA AAAA AAAA GGGG CCCC AAAA GGGG CCCC AAAA TTTT TTTT GGGG GGGG CCCC AAAA AAAA GGGG TTTT TTTT GGGG AAAA AAAA AAAA CCCC AAAA TTTT TTTT TTTT GGGG GGGG TTTT GGGG AAAA TTTT GGGG CCCC TTTT AAAA AAAA AAAA AAAA GGGG TTTT GGGG TTTT

CCCC CCCC TTTT AAAA CCCC TTTT GGGG CCCC TTTT CCCC AAAA AAAA AAAA AAAA CCCC TTTT CCCC AAAA AAAA AAAA AAAA GGGG CCCC TTTT TTTT GGGG CCCC CCCC AAAA GGGG AAAA AAAA GGGG AAAA GGGG AAAA TTTT AAAA GGGG GGGG TTTT GGGG AAAA TTTT TTTT TTTT AAAA GGGG AAAA AAAA AAAA AAAA CCCC TTTT TTTT GGGG GGGG AAAA GGGG AAAA TTTT AAAA CCCC TTTT TTTT

CCCC CCCC TTTT AAAA CCCC TTTT GGGG CCCC TTTT CCCC AAAA AAAA AAAA AAAA CCCC TTTT CCCC GGGG GGGG TTTT AAAA GGGG CCCC TTTT TTTT GGGG CCCC CCCC AAAA GGGG TTTT AAAA GGGG AAAA GGGG AAAA TTTT AAAA GGGG GGGG TTTT GGGG AAAA TTTT TTTT TTTT AAAA GGGG AAAA AAAA AAAA AAAA CCCC TTTT TTTT AAAA GGGG AAAA GGGG AAAA TTTT AAAA CCCC TTTT TTTT

AAAA AAAA GGGG GGGG CCCC CCCC GGGG GGGG AAAA TTTT AAAA TTTT AAAA CCCC TTTT CCCC TTTT AAAA AAAA TTTT CCCC TTTT CCCC AAAA CCCC AAAA AAAA CCCC CCCC TTTT CCCC CCCC GGGG TTTT CCCC TTTT TTTT CCCC CCCC AAAA TTTT CCCC GGGG TTTT TTTT CCCC GGGG CCCC TTTT TTTT GGGG AAAA AAAA CCCC AAAA GGGG GGGG CCCC TTTT TTTT AAAA AAAA AAAA TTTT TTTT

GGGG AAAA GGGG GGGG CCCC CCCC AAAA GGGG AAAA TTTT AAAA TTTT AAAA CCCC TTTT CCCC TTTT AAAA AAAA TTTT CCCC TTTT CCCC AAAA CCCC AAAA AAAA CCCC CCCC TTTT CCCC CCCC GGGG TTTT CCCC TTTT TTTT CCCC CCCC AAAA TTTT CCCC AAAA TTTT CCCC CCCC GGGG CCCC TTTT TTTT GGGG AAAA AAAA CCCC AAAA GGGG GGGG CCCC TTTT TTTT AAAA AAAA AAAA TTTT TTTT

TTTT TTTT TTTT GGGG AAAA CCCC TTTT TTTT TTTT TTTT GGGG CCCC AAAA AAAA AAAA AAAA CCCC AAAA AAAA AAAA AAAA AAAA TTTT CCCC AAAA GGGG AAAA AAAA GGGG TTTT AAAA GGGG GGGG CCCC CCCC TTTT CCCC GGGG AAAA AAAA GGGG AAAA TTTT GGGG AAAA AAAA GGGG TTTT GGGG CCCC AAAA CCCC TTTT TTTT TTTT GGGG TTTT CCCC TTTT TTTT CCCC CCCC CCCC TTTT CCCC

AAAA TTTT TTTT GGGG AAAA CCCC TTTT TTTT TTTT TTTT GGGG AAAA AAAA AAAA AAAA AAAA CCCC AAAA AAAA AAAA AAAA AAAA TTTT CCCC AAAA GGGG AAAA AAAA GGGG TTTT AAAA GGGG GGGG CCCC CCCC TTTT CCCC GGGG AAAA AAAA GGGG AAAA TTTT GGGG GGGG AAAA GGGG TTTT GGGG CCCC AAAA CCCC TTTT TTTT TTTT GGGG TTTT CCCC TTTT TTTT CCCC CCCC CCCC TTTT CCCC

CCCC GGGG GGGG TTTT GGGG AAAA AAAA TTTT CCCC AAAA GGGG GGGG GGGG AAAA TTTT TTTT AAAA TTTT GGGG CCCC TTTT CCCC AAAA TTTT TTTT GGGG AAAA AAAA AAAA AAAA CCCC TTTT TTTT TTTT GGGG AAAA AAAA TTTT CCCC TTTT CCCC AAAA GGGG TTTT TTTT AAAA CCCC TTTT GGGG CCCC AAAA AAAA TTTT CCCC TTTT AAAA AAAA AAAA AAAA GGGG AAAA CCCC GGGG AAAA AAAA

AAAA AAAA GGGG TTTT GGGG GGGG AAAA TTTT GGGG GGGG AAAA GGGG GGGG GGGG CCCC TTTT AAAA CCCC AAAA CCCC TTTT CCCC AAAA TTTT TTTT GGGG GGGG AAAA AAAA GGGG AAAA TTTT CCCC TTTT GGGG GGGG AAAA TTTT CCCC TTTT CCCC AAAA GGGG TTTT TTTT AAAA CCCC TTTT GGGG CCCC AAAA AAAA TTTT TTTT TTTT AAAA AAAA ---- ---- ---- ---- ---- ---- TTTT AAAA

GGGG GGGG AAAA CCCC TTTT TTTT CCCC CCCC GGGG CCCC AAAA AAAA GGGG AAAA CCCC AAAA TTTT CCCC GGGG GGGG AAAA AAAA GGGG CCCC TTTT TTTT AAAA TTTT CCCC CCCC TTTT CCCC TTTT TTTT TTTT GGGG GGGG AAAA AAAA GGGG TTTT GGGG TTTT TTTT GGGG AAAA AAAA TTTT CCCC TTTT GGGG AAAA GGGG GGGG GGGG GGGG AAAA AAAA AAAA TTTT AAAA AAAA TTTT TTTT TTTT

GGGG GGGG AAAA CCCC TTTT TTTT CCCC CCCC GGGG GGGG AAAA AAAA GGGG AAAA CCCC AAAA TTTT TTTT GGGG AAAA CCCC TTTT CCCC CCCC TTTT TTTT AAAA TTTT CCCC CCCC TTTT CCCC AAAA TTTT TTTT GGGG AAAA AAAA AAAA AAAA AAAA GGGG TTTT TTTT GGGG AAAA AAAA TTTT CCCC TTTT CCCC AAAA GGGG GGGG GGGG GGGG AAAA AAAA AAAA TTTT AAAA AAAA TTTT TTTT TTTT

TTTT GGGG AAAA GGGG CCCC AAAA TTTT TTTT TTTT GGGG CCCC CCCC TTTT CCCC AAAA AAAA AAAA GGGG CCCC TTTT TTTT GGGG AAAA CCCC CCCC CCCC GGGG AAAA CCCC TTTT TTTT AAAA GGGG TTTT TTTT CCCC TTTT CCCC TTTT TTTT CCCC AAAA GGGG TTTT CCCC CCCC TTTT TTTT GGGG GGGG AAAA CCCC TTTT TTTT AAAA TTTT TTTT AAAA GGGG AAAA TTTT TTTT GGGG CCCC AAAA

TTTT GGGG AAAA GGGG CCCC AAAA TTTT TTTT TTTT GGGG CCCC CCCC TTTT CCCC AAAA AAAA AAAA GGGG AAAA AAAA TTTT GGGG GGGG CCCC CCCC CCCC GGGG AAAA CCCC TTTT TTTT GGGG GGGG TTTT TTTT CCCC TTTT CCCC TTTT TTTT CCCC AAAA GGGG TTTT TTTT CCCC TTTT TTTT GGGG AAAA AAAA CCCC TTTT TTTT AAAA TTTT TTTT AAAA GGGG AAAA TTTT TTTT GGGG CCCC AAAA

AAAA GGGG AAAA GGGG TTTT CCCC TTTT TTTT AAAA CCCC AAAA CCCC AAAA GGGG CCCC TTTT GGGG CCCC CCCC GGGG GGGG AAAA AAAA TTTT TTTT TTTT CCCC CCCC AAAA CCCC GGGG GGGG CCCC AAAA AAAA TTTT TTTT AAAA GGGG AAAA CCCC AAAA CCCC AAAA AAAA TTTT AAAA TTTT AAAA TTTT GGGG CCCC AAAA GGGG AAAA TTTT TTTT GGGG GGGG AAAA AAAA CCCC AAAA AAAA TTTT

GGGG GGGG AAAA GGGG TTTT CCCC TTTT TTTT AAAA CCCC AAAA CCCC AAAA GGGG CCCC TTTT GGGG CCCC CCCC AAAA GGGG AAAA AAAA TTTT TTTT AAAA CCCC CCCC AAAA CCCC GGGG GGGG CCCC AAAA AAAA TTTT TTTT AAAA GGGG AAAA CCCC AAAA CCCC AAAA GGGG TTTT AAAA TTTT AAAA CCCC GGGG CCCC CCCC GGGG AAAA TTTT TTTT GGGG GGGG AAAA GGGG CCCC AAAA AAAA TTTT

GGGG AAAA TTTT TTTT CCCC GGGG AAAA TTTT CCCC TTTT GGGG TTTT AAAA AAAA TTTT TTTT CCCC GGGG TTTT TTTT GGGG TTTT TTTT TTTT CCCC AAAA AAAA AAAA AAAA TTTT AAAA TTTT CCCC TTTT CCCC AAAA TTTT CCCC AAAA TTTT TTTT CCCC CCCC AAAA GGGG CCCC AAAA TTTT GGGG AAAA CCCC AAAA TTTT CCCC TTTT GGGG TTTT GGGG CCCC TTTT TTTT CCCC AAAA GGGG AAAA
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Figure Figure Figure Figure 12.12.12.12. The difference of sequence between Solanum tuberosum subsp. 

andigena(upper lane) and Solanum tuberosum LLLL. cv. Golden 

valley(lower lane) was length between 3,535 bp that was Solanum 

tuberosum subsp. andigena and 3,546 bp that was Solanum 

tuberosum subsp. andigena. there were 91% sequence homologs.

GGGG AAAA TTTT TTTT CCCC GGGG AAAA TTTT CCCC TTTT GGGG TTTT AAAA AAAA AAAA TTTT CCCC GGGG TTTT TTTT GGGG TTTT TTTT TTTT CCCC AAAA AAAA AAAA AAAA TTTT AAAA TTTT CCCC TTTT CCCC AAAA TTTT CCCC AAAA TTTT TTTT CCCC CCCC AAAA GGGG CCCC AAAA TTTT GGGG GGGG CCCC AAAA TTTT CCCC TTTT GGGG TTTT GGGG CCCC TTTT TTTT CCCC AAAA GGGG AAAA

TTTT TTTT CCCC CCCC TTTT TTTT GGGG TTTT CCCC AAAA CCCC TTTT AAAA AAAA GGGG AAAA GGGG TTTT GGGG TTTT TTTT TTTT AAAA CCCC CCCC AAAA AAAA TTTT GGGG AAAA GGGG TTTT GGGG GGGG AAAA AAAA AAAA AAAA AAAA TTTT AAAA TTTT CCCC CCCC CCCC GGGG AAAA GGGG AAAA TTTT GGGG GGGG TTTT TTTT CCCC CCCC AAAA CCCC CCCC AAAA TTTT CCCC AAAA GGGG GGGG

TTTT TTTT CCCC CCCC TTTT TTTT GGGG TTTT CCCC AAAA CCCC TTTT AAAA AAAA GGGG AAAA GGGG TTTT GGGG TTTT TTTT TTTT AAAA CCCC CCCC AAAA AAAA TTTT GGGG AAAA GGGG TTTT GGGG GGGG AAAA AAAA AAAA AAAA AAAA TTTT AAAA TTTT CCCC CCCC CCCC AAAA AAAA GGGG AAAA TTTT GGGG GGGG TTTT TTTT CCCC CCCC AAAA CCCC CCCC AAAA TTTT AAAA AAAA GGGG GGGG

GGGG AAAA AAAA AAAA AAAA GGGG AAAA TTTT AAAA AAAA AAAA AAAA GGGG TTTT GGGG TTTT AAAA TTTT CCCC AAAA GGGG TTTT CCCC AAAA AAAA AAAA TTTT TTTT GGGG CCCC CCCC TTTT GGGG AAAA AAAA AAAA AAAA TTTT TTTT GGGG GGGG TTTT AAAA TTTT GGGG TTTT GGGG TTTT GGGG CCCC GGGG AAAA TTTT AAAA AAAA CCCC TTTT TTTT CCCC TTTT TTTT GGGG GGGG GGGG AAAA

GGGG AAAA AAAA AAAA GGGG GGGG GGGG CCCC AAAA AAAA AAAA AAAA GGGG TTTT GGGG TTTT AAAA TTTT CCCC AAAA GGGG TTTT TTTT GGGG CCCC AAAA TTTT TTTT GGGG CCCC CCCC TTTT GGGG AAAA AAAA AAAA AAAA TTTT TTTT GGGG GGGG TTTT AAAA TTTT GGGG CCCC AAAA TTTT GGGG TTTT GGGG AAAA TTTT AAAA AAAA CCCC TTTT TTTT CCCC TTTT TTTT GGGG GGGG GGGG GGGG

TTTT TTTT TTTT GGGG CCCC TTTT GGGG TTTT AAAA TTTT GGGG TTTT TTTT AAAA CCCC TTTT CCCC TTTT GGGG GGGG CCCC TTTT GGGG CCCC TTTT TTTT AAAA AAAA TTTT TTTT GGGG AAAA AAAA AAAA CCCC CCCC AAAA CCCC AAAA GGGG CCCC TTTT CCCC AAAA AAAA TTTT TTTT CCCC TTTT TTTT AAAA TTTT GGGG TTTT GGGG AAAA TTTT GGGG AAAA GGGG GGGG GGGG GGGG AAAA TTTT

TTTT TTTT TTTT GGGG CCCC TTTT GGGG TTTT AAAA TTTT GGGG TTTT TTTT AAAA CCCC TTTT CCCC TTTT GGGG GGGG CCCC TTTT GGGG CCCC TTTT TTTT AAAA AAAA TTTT AAAA GGGG GGGG CCCC AAAA CCCC CCCC AAAA CCCC AAAA GGGG CCCC TTTT CCCC AAAA AAAA TTTT TTTT GGGG TTTT TTTT AAAA TTTT GGGG TTTT GGGG AAAA TTTT AAAA AAAA AAAA AAAA GGGG GGGG AAAA TTTT

GGGG CCCC CCCC GGGG TTTT GGGG TTTT AAAA TTTT CCCC AAAA CCCC AAAA CCCC AAAA GGGG AAAA AAAA AAAA CCCC TTTT TTTT GGGG CCCC CCCC TTTT TTTT AAAA CCCC CCCC CCCC AAAA AAAA AAAA CCCC AAAA TTTT TTTT CCCC AAAA GGGG AAAA AAAA GGGG AAAA AAAA TTTT TTTT TTTT CCCC CCCC AAAA GGGG AAAA AAAA TTTT CCCC TTTT GGGG CCCC TTTT AAAA TTTT TTTT CCCC

AAAA CCCC CCCC GGGG TTTT GGGG TTTT AAAA TTTT CCCC AAAA TTTT AAAA CCCC AAAA GGGG AAAA AAAA TTTT CCCC TTTT TTTT GGGG CCCC CCCC TTTT TTTT AAAA TTTT GGGG CCCC AAAA GGGG CCCC CCCC AAAA TTTT TTTT CCCC AAAA GGGG AAAA AAAA GGGG AAAA AAAA TTTT TTTT TTTT CCCC CCCC AAAA GGGG AAAA AAAA TTTT CCCC TTTT GGGG CCCC TTTT AAAA TTTT TTTT CCCC

AAAA TTTT TTTT TTTT TTTT TTTT TTTT CCCC TTTT TTTT GGGG GGGG TTTT AAAA CCCC CCCC TTTT TTTT CCCC TTTT GGGG CCCC TTTT GGGG GGGG CCCC TTTT TTTT AAAA TTTT TTTT GGGG GGGG AAAA TTTT AAAA CCCC AAAA TTTT CCCC TTTT AAAA AAAA GGGG GGGG CCCC AAAA AAAA AAAA CCCC GGGG GGGG AAAA AAAA AAAA AAAA AAAA CCCC AAAA CCCC CCCC AAAA AAAA AAAA TTTT

AAAA TTTT TTTT TTTT TTTT TTTT TTTT CCCC TTTT TTTT GGGG GGGG TTTT AAAA CCCC CCCC TTTT CCCC TTTT TTTT GGGG CCCC TTTT GGGG GGGG CCCC TTTT TTTT AAAA TTTT GGGG GGGG GGGG AAAA TTTT AAAA TTTT AAAA TTTT CCCC CCCC AAAA AAAA GGGG GGGG CCCC AAAA AAAA AAAA AAAA GGGG GGGG AAAA AAAA AAAA AAAA AAAA CCCC AAAA CCCC CCCC AAAA AAAA AAAA TTTT

GGGG AAAA TTTT TTTT AAAA TTTT AAAA GGGG GGGG CCCC AAAA CCCC AAAA TTTT TTTT AAAA TTTT GGGG TTTT TTTT AAAA TTTT CCCC TTTT TTTT TTTT TTTT TTTT CCCC GGGG GGGG AAAA AAAA GGGG AAAA GGGG TTTT TTTT GGGG AAAA AAAA GGGG GGGG AAAA GGGG TTTT TTTT TTTT GGGG GGGG AAAA CCCC TTTT TTTT CCCC GGGG TTTT TTTT TTTT GGGG TTTT TTTT GGGG TTTT AAAA

GGGG AAAA TTTT TTTT AAAA TTTT AAAA GGGG GGGG CCCC AAAA CCCC AAAA TTTT GGGG GGGG AAAA GGGG TTTT TTTT AAAA TTTT CCCC TTTT TTTT TTTT TTTT TTTT CCCC GGGG GGGG AAAA AAAA GGGG AAAA GGGG TTTT TTTT GGGG AAAA AAAA GGGG GGGG AAAA GGGG TTTT TTTT TTTT GGGG GGGG AAAA CCCC TTTT TTTT CCCC GGGG TTTT TTTT TTTT GGGG CCCC TTTT GGGG TTTT AAAA

TTTT AAAA GGGG AAAA GGGG AAAA TTTT GGGG AAAA AAAA TTTT CCCC TTTT AAAA AAAA GGGG CCCC TTTT TTTT AAAA AAAA GGGG GGGG CCCC CCCC TTTT TTTT GGGG TTTT TTTT TTTT AAAA AAAA AAAA AAAA TTTT GGGG AAAA CCCC GGGG GGGG AAAA AAAA AAAA AAAA TTTT AAAA AAAA TTTT GGGG AAAA TTTT GGGG AAAA AAAA CCCC CCCC AAAA AAAA CCCC AAAA GGGG AAAA AAAA TTTT

TTTT AAAA AAAA AAAA GGGG AAAA TTTT GGGG AAAA AAAA TTTT CCCC TTTT AAAA AAAA GGGG CCCC TTTT TTTT AAAA AAAA GGGG GGGG CCCC CCCC TTTT TTTT GGGG TTTT TTTT TTTT CCCC AAAA AAAA AAAA TTTT GGGG AAAA GGGG GGGG GGGG AAAA AAAA AAAA AAAA TTTT AAAA AAAA TTTT GGGG AAAA TTTT GGGG AAAA AAAA CCCC CCCC AAAA AAAA CCCC AAAA GGGG AAAA AAAA CCCC

AAAA TTTT TTTT GGGG CCCC GGGG TTTT CCCC GGGG TTTT GGGG AAAA AAAA AAAA AAAA GGGG GGGG AAAA GGGG GGGG GGGG GGGG TTTT CCCC AAAA AAAA TTTT AAAA TTTT GGGG AAAA TTTT GGGG AAAA GGGG GGGG CCCC CCCC AAAA GGGG AAAA TTTT GGGG CCCC TTTT CCCC CCCC TTTT CCCC TTTT TTTT CCCC TTTT AAAA AAAA GGGG AAAA AAAA AAAA CCCC AAAA AAAA AAAA GGGG GGGG

AAAA CCCC TTTT GGGG CCCC AAAA TTTT CCCC GGGG TTTT GGGG AAAA AAAA AAAA AAAA GGGG GGGG AAAA GGGG GGGG GGGG GGGG TTTT CCCC AAAA AAAA TTTT AAAA TTTT GGGG AAAA TTTT GGGG AAAA AAAA GGGG CCCC CCCC AAAA TTTT AAAA TTTT GGGG CCCC TTTT CCCC TTTT TTTT CCCC TTTT TTTT CCCC TTTT AAAA AAAA GGGG AAAA AAAA AAAA CCCC AAAA AAAA AAAA GGGG GGGG

TTTT CCCC AAAA CCCC AAAA GGGG CCCC TTTT CCCC TTTT AAAA AAAA TTTT AAAA TTTT TTTT TTTT GGGG TTTT CCCC TTTT TTTT TTTT GGGG AAAA GGGG AAAA AAAA TTTT CCCC TTTT GGGG CCCC AAAA GGGG CCCC AAAA AAAA CCCC AAAA AAAA CCCC CCCC AAAA GGGG TTTT CCCC TTTT CCCC GGGG TTTT CCCC AAAA CCCC AAAA AAAA AAAA ---- TTTT TTTT TTTT GGGG CCCC AAAA GGGG

TTTT CCCC AAAA CCCC AAAA GGGG CCCC TTTT CCCC TTTT AAAA AAAA TTTT AAAA TTTT TTTT TTTT GGGG TTTT CCCC TTTT TTTT TTTT GGGG AAAA GGGG AAAA AAAA TTTT CCCC TTTT GGGG CCCC AAAA GGGG CCCC AAAA AAAA CCCC AAAA AAAA CCCC CCCC AAAA GGGG TTTT CCCC TTTT CCCC TTTT TTTT CCCC AAAA CCCC AAAA AAAA AAAA CCCC TTTT TTTT TTTT GGGG CCCC AAAA GGGG

CCCC TTTT CCCC TTTT CCCC GGGG TTTT CCCC TTTT CCCC CCCC AAAA CCCC TTTT TTTT CCCC TTTT GGGG CCCC TTTT GGGG AAAA GGGG CCCC CCCC AAAA TTTT GGGG GGGG CCCC CCCC TTTT GGGG TTTT GGGG CCCC AAAA GGGG TTTT TTTT GGGG CCCC TTTT GGGG AAAA GGGG GGGG AAAA GGGG TTTT TTTT TTTT CCCC CCCC GGGG CCCC GGGG GGGG CCCC AAAA GGGG TTTT TTTT GGGG ----

CCCC TTTT CCCC TTTT CCCC GGGG TTTT CCCC TTTT CCCC CCCC AAAA CCCC TTTT TTTT CCCC TTTT GGGG CCCC TTTT GGGG AAAA GGGG CCCC GGGG AAAA TTTT GGGG GGGG CCCC CCCC TTTT GGGG TTTT GGGG CCCC AAAA GGGG TTTT TTTT GGGG CCCC TTTT GGGG AAAA GGGG GGGG AAAA GGGG TTTT TTTT TTTT CCCC CCCC GGGG CCCC GGGG GGGG CCCC AAAA GGGG TTTT TTTT GGGG CCCC

CCCC AAAA CCCC TTTT GGGG ---- TTTT AAAA AAAA CCCC TTTT CCCC AAAA GGGG CCCC AAAA GGGG GGGG AAAA GGGG CCCC AAAA AAAA GGGG AAAA GGGG AAAA CCCC TTTT GGGG ---- AAAA GGGG AAAA TTTT GGGG TTTT TTTT GGGG AAAA CCCC AAAA AAAA TTTT GGGG TTTT GGGG AAAA GGGG CCCC ---- 3'3'3'3'

CCCC AAAA CCCC TTTT GGGG TTTT TTTT AAAA AAAA CCCC TTTT AAAA AAAA GGGG CCCC AAAA GGGG GGGG GGGG GGGG CCCC AAAA AAAA GGGG AAAA GGGG AAAA CCCC TTTT GGGG AAAA AAAA GGGG AAAA TTTT GGGG TTTT TTTT GGGG AAAA CCCC AAAA AAAA TTTT GGGG TTTT GGGG AAAA GGGG CCCC ---- 3'3'3'3'
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적        적        적        적        요요요요

  감자는 인류의 식량자원에 큰 몫을 차지하고 있는 중요한 작물이며, 식생활의 서

구화로 인해 그 수요 또한 급증하고 있지만 바이러스 등에 대한 피해로 생산량에 

큰 차질을 가져오고 있다. 현재 감자에서 피해가 가장 큰 것은 감자 잎말림 바이러

스병, 감자바이러스 Y, 감자바이러스 X 등 3종류이며, 그 중 잎말림 바이러스병은 

감자 바이러스병 중에서 피해가 가장 높으며 품종에 따라서는 85%이상의 감수를 

가져온다. 현재 우리 나라에서는 감자 잎말림 바이러스병에 의한 피해는 감소되었

으며, 감자 바이러스 Y에 의한 피해가 제일 큰 실정이다. 감자 바이러스 Y에 감염

된 식물체는 2-3주가 지난후 모자이크 반점, 황화현상, 잎의 괴사, 잎맥의 투명화 

등의 생태학적인 변화를 보이며 15~75%의 수확량 감소를 가져온다.

  본 연구는 12종류의 감자중에서 PVY에 감염이 잘 되는 감자인 윈터밸리와 감염

이 잘 되지 않는 감자인 골든밸리를 선별하였고, PVY에서 유래된 CP(Coat 

protein) gene의 발현양상에 따른 Ry gene의 발현양을 DAS-ELISA(면역화학적

인 기법을 이용한 단백질의 분석방법)와 RT-PCR(역전사 중합효소 연쇄반응)을 

통해 확인함으로써 감자 바이러스 Y와 Ry gene의 상관관계를 규명했다. 이 결과

에 따라 감염이 잘 되지 않는 감자종인 골든밸리에서 단백질을 추출하고, 감염이 

잘 되는 감자종인 윈터밸리에 에 처리한 후 DAS-ELISA를 통해 바이러스의 CP 

protein의 양을 측정한 결과 PVY
O
에 저항성이 향상됨을 확인하였다. 이에 윈터밸

리에 Ry gene을 overexpression하기 위해 식물발현 벡터인 pBI121에 

construction을 하였으며, 염기서열을 분석함으로써 NCBI gene bank에 나온 

Solanum tuberosum subsp. andigena의 염기서열과 비교한 결과 약 91%의 상동

성을 보였다. 이에 우리는 종에 따라 Ry gene의 길이 및 염기서열이 서로 다름을 

확인하였으며 그 염기서열의 차이에 따라 PVY에 대한 저항성이 결정됨을 확인하

였다. 이 실험 결과는 Ry gene을 이용하여 바이러스 내성이 있는 새로운 감자종

을 생산하는데 크게 기여할 것이다.



- 37 -

ReferencesReferencesReferencesReferences

Adams, Adams, Adams, Adams, S. S. S. S. E., E., E., E., Jones, Jones, Jones, Jones, R. R. R. R. A. A. A. A. C. C. C. C. and and and and Coutts, Coutts, Coutts, Coutts, R. R. R. R. H. H. H. H. A.A.A.A. "Expression of potato 

virus X resistant gene Rx in potato leaf protoplasts." J. Gen. Virol 

67:2341-2345, 1986. 

Agrios, Agrios, Agrios, Agrios, George. George. George. George. N.N.N.N. 『Plant Pathology』, 5th ed., USA, Elsevier Academic 

Press, 2005, pp. 733-735, 764-767. 

Barker, Barker, Barker, Barker, H.H.H.H. "Inheritance of resistance to potato viruses Y and A in progeny 

obtained from potato cultivars containing gene Ry evidence for 

new gene for extreme resistance to PVA." Theor. Appl. Genet. 93: 

710-716, 1996. 

Barker, Barker, Barker, Barker, H. H. H. H. and and and and Harrison, Harrison, Harrison, Harrison, B. B. B. B. D.D.D.D. "Expression of genes for resistance to 

potato virus Y in potato plants and protoplasts." Annals of Applied 

Biology 105: 539 -545, 1984. 

Bendahmane, Bendahmane, Bendahmane, Bendahmane, A., A., A., A., Kanyuka, Kanyuka, Kanyuka, Kanyuka, K. K. K. K. and and and and Baulcombe, Baulcombe, Baulcombe, Baulcombe, D. D. D. D. C.C.C.C. "The Rx gene from 

potato controls separate virus resistance and cell death 

responses." Plant Cell 11: 781-791, 1999. 

Boonham, Boonham, Boonham, Boonham, N. N. N. N. and and and and Barker, Barker, Barker, Barker, I.I.I.I. "Strain specific recombinant antibodies to 

potato virus Y potyvirus." Journal of Virological methods 74: 

193-199, 1998.

Brigneti, Brigneti, Brigneti, Brigneti, G., G., G., G., Garcia-Mass, Garcia-Mass, Garcia-Mass, Garcia-Mass, J. J. J. J. and and and and Baulcombe, Baulcombe, Baulcombe, Baulcombe, D. D. D. D. C.C.C.C. "Molecular mapping of 

potato virus Y restance gene (Rysto) in potato." Theor. Appl. 

Genet. 94: 198-203, 1997. 

Clark, Clark, Clark, Clark, M.  M.  M.  M.  F. F. F. F. and and and and Adams, Adams, Adams, Adams, A. A. A. A. N.N.N.N. "Characteristics of the microplant method 

of the enzyme-linked immunosorbent assay for the detection of 

plant viruses."  J. Gen. Virol 34:475-483. 1977.

Cockerham, Cockerham, Cockerham, Cockerham, G.G.G.G. "Genetical studies on resistance to potato viruses X and Y." 

Heredity 25:309-348, 1970.

De De De De Bokx, Bokx, Bokx, Bokx, J. J. J. J. A. A. A. A. and and and and Huttinga, Huttinga, Huttinga, Huttinga, H.H.H.H. "Descriptions of plant viruses." Commonw. 



- 38 -

Mycol.　Inst. Assoc. 242, 1981. 

Dykstra, Dykstra, Dykstra, Dykstra, T. T. T. T. P.P.P.P. "A study of viruses infecting European and American 

varieties of the potato, Solanum tuberosum." Phytopathology 

29:40-67, 1939.

Engvall, Engvall, Engvall, Engvall, E. E. E. E. and and and and Perlman Perlman Perlman Perlman P.P.P.P. "Enzyme-linked immunosorbent assay (ELISA). 

Quantitative assay of immunoglobulin G." Immunochemistry 

8(9):871-874, 1971. 

Fang, Fang, Fang, Fang, Y. Y. Y. Y. L., L., L., L., Dhital, Dhital, Dhital, Dhital, S. S. S. S. P., P., P., P., Li, Li, Li, Li, K. K. K. K. H., H., H., H., Khu, Khu, Khu, Khu, D. D. D. D. M., M., M., M., Kim, Kim, Kim, Kim, H. H. H. H. Y., Y., Y., Y., Song, Song, Song, Song, Y. Y. Y. Y. S. S. S. S. 

and and and and Lim, Lim, Lim, Lim, H. H. H. H. T.T.T.T. "Utilization of Single Nodal Cuttings and Therapies 

for Eradicating Double-Infected Potato Virus (PLRV, PVY) from In 

Vitro Plantlets of Potato (Solanum tuberosum)." J. Kor. Soc, Hort. 

Sci. 46(2): 119-125, 2005. 

Gebhardt, Gebhardt, Gebhardt, Gebhardt, C. C. C. C. and and and and Valkonen,  Valkonen,  Valkonen,  Valkonen,  J.  J.  J.  J.  P. P. P. P. T.T.T.T. "Organization of genes controlling 

disease resistance in the potato genome." Annu. Rev. Phytopathol 

39: 79-102, 2001. 

Hahm Hahm Hahm Hahm Y. Y. Y. Y. I., I., I., I., Cheong Cheong Cheong Cheong S. S. S. S. R., R., R., R., Park Park Park Park C. C. C. C. S., S., S., S., Ryu Ryu Ryu Ryu O. O. O. O. H., H., H., H., Hahn Hahn Hahn Hahn B. B. B. B. H. H. H. H. and and and and Kim Kim Kim Kim J. J. J. J. 

G.G.G.G. "Application of Enzyme-linked Immunosorbent Assay for the 

detection of potato viruses in Korea." The research reports of the 

rural development administration 33: No. 3 (H), 1991.

Hamalainen, Hamalainen, Hamalainen, Hamalainen, J. J. J. J. H., H., H., H., Watanable, Watanable, Watanable, Watanable, K. K. K. K. N., N., N., N., Valkonen, Valkonen, Valkonen, Valkonen, J. J. J. J. P. P. P. P. T.,  T.,  T.,  T.,  Arihara, Arihara, Arihara, Arihara, A., A., A., A., 

Plaisted, Plaisted, Plaisted, Plaisted, R. R. R. R. L., L., L., L., Oehu, Oehu, Oehu, Oehu, E., E., E., E., Miller, Miller, Miller, Miller, L. L. L. L. and and and and Slack, Slack, Slack, Slack, S. S. S. S. A.A.A.A. "Mapping and 

marker-assisted selection for a gene for extreme resistance 

potato virus Y. " Theor. Appl. Genet  94: 192-197, 1997. 

Hamalainen, Hamalainen, Hamalainen, Hamalainen, J. J. J. J. H., H., H., H., Sorri, Sorri, Sorri, Sorri, V. V. V. V. A., A., A., A., Watanable, Watanable, Watanable, Watanable, K. K. K. K. N., N., N., N., Gebhardt, Gebhardt, Gebhardt, Gebhardt, C. C. C. C. and and and and 

Valkonen,  Valkonen,  Valkonen,  Valkonen,  J.  J.  J.  J.  P. P. P. P. T.T.T.T.  "Molecular examination of a chromosome 

region that controls resistance to potato Y and A potyviruses in 

potato." Theor. Appl. Genet. 96: 1036-1043, 1998. 

Hinrichs, Hinrichs, Hinrichs, Hinrichs, J., J., J., J., Berger, Berger, Berger, Berger, S., S., S., S., Harfold, Harfold, Harfold, Harfold, M. M. M. M. and and and and Buchenauer, Buchenauer, Buchenauer, Buchenauer, H.H.H.H. "Cytological 

responses of susceptible and extremely resistant potato plants to 

inoculation with potato virus Y." Physiological and Molecular Plant 

Pathology 55: 143-150, 1999. 



- 39 -

Horne, Horne, Horne, Horne, R. R. R. R. W. W. W. W. and and and and Wildy, Wildy, Wildy, Wildy, P. P. P. P. "Virus structure revealed by negative staining.. 

" Advances in Virus Research 10: 101-170, 1963. 

Hull, Hull, Hull, Hull, R.R.R.R. "Rapid diagnosis of plant virus infections by spot hybridizations." 

Trends biotechnol 2:2, 1984.

Jones, Jones, Jones, Jones, R. R. R. R. A.A.A.A. "Strain group specific and virus specific hypersensitive 

reactions to infection with potyviruses in potato cultivars. "Ann. 

Appl. Biol 117: 93-105, 1990. 

Jones, Jones, Jones, Jones, J. J. J. J. B., B., B., B., Jones, Jones, Jones, Jones, J. J. J. J. P., P., P., P., Stall, Stall, Stall, Stall, R. R. R. R. E. E. E. E. and and and and Zitter, Zitter, Zitter, Zitter, T. T. T. T. A.A.A.A. "Compendium of 

tomato diseases."  Minnesota, American Phytopathological Society 

pp.73, 1991. 

Kosslak, Kosslak, Kosslak, Kosslak, R. R. R. R. M., M., M., M., Chamberlin, Chamberlin, Chamberlin, Chamberlin, M. M. M. M. A., A., A., A., Palmer, Palmer, Palmer, Palmer, R. R. R. R. G., G., G., G., Bowen, Bowen, Bowen, Bowen, B. B. B. B. A. A. A. A. 

"Programmed cell death in root cortex of soybean root necrosis 

mutants." The Plant Journal 11: 729-745, 1997. 

Lee, Lee, Lee, Lee, D. D. D. D. G., G., G., G., Kim, Kim, Kim, Kim, N. N. N. N. H., H., H., H., Park, Park, Park, Park, Y. Y. Y. Y. K., K., K., K., Kim, Kim, Kim, Kim, H. H. H. H. K., K., K., K., Choi, Choi, Choi, Choi, B. B. B. B. H., H., H., H., Choi, Choi, Choi, Choi, C. C. C. C. H. H. H. H. 

and and and and Hahm, Hahm, Hahm, Hahm, K. K. K. K. S.S.S.S. "Design of novel analogue peptides with potent 

antiviotic activity based on the antimicrobial peptide, HP (2-20), 

derived from N-terminus of Helicobacter pylori ribosomal protein 

L1." Biochimica et Biophysica Acta 1598: 184-194, 2002. 

Leister, Leister, Leister, Leister, D., D., D., D., Ballvora, Ballvora, Ballvora, Ballvora, A., A., A., A., Salamini, Salamini, Salamini, Salamini, F. F. F. F. and and and and Gebhardt, Gebhardt, Gebhardt, Gebhardt, C.C.C.C. "A PCR-based 

approach for isolating pathogen resistance genes from potato with 

potential for wide application in plants." Nature Genet 14: 

421-429, 1996. 

Livak, Livak, Livak, Livak, K. K. K. K. J. J. J. J. and and and and Schmittgen, Schmittgen, Schmittgen, Schmittgen, T. T. T. T. D.D.D.D. "Analysis of relative gene expression 

data using real-time quantitative PCR and the 2^[-delta delta 

C(T)] method." Methods 25(4): 402-408, 2001.

Mackay, Mackay, Mackay, Mackay, L. L. L. L. M., M., M., M., Arden, Arden, Arden, Arden, K. K. K. K. E. E. E. E. and and and and Nitsche, Nitsche, Nitsche, Nitsche, A.A.A.A. "Real-time PCR in virology" 

Nucleic Acids Research 30(6): 1292-1305, 2002.

Murashige, Murashige, Murashige, Murashige, T. T. T. T. and and and and Skoog, Skoog, Skoog, Skoog, F.F.F.F. "A revised medium for rapid growth and 

bioassays with tobacco tissues cultures." Physiol Plant 

15:473-497, 1962.

Park, Park, Park, Park, J. J. J. J. P., P., P., P., Lee, Lee, Lee, Lee, S. S. S. S. J., J., J., J., Park, Park, Park, Park, T. T. T. T. J., J., J., J., Lee, Lee, Lee, Lee, K. K. K. K. B., B., B., B., Choi, Choi, Choi, Choi, I. I. I. I. S., S., S., S., Lee, Lee, Lee, Lee, S. S. S. S. Y., Y., Y., Y., Kim, Kim, Kim, Kim, 



- 40 -

M. M. M. M. G. G. G. G. and and and and Chung, Chung, Chung, Chung, B. B. B. B. H.H.H.H. "Microcontact printing of biotin for 

selective immobilization of streptavidin-fused proteins and SPR 

analysis." Biotechnology and Bioprocess Engineering 9: 137-142, 

2004.

Park, Park, Park, Park, Y. Y. Y. Y. K. K. K. K. and and and and Cheong, Cheong, Cheong, Cheong, H. H. H. H. S.S.S.S. "Expression and production of recombinant 

human interleukin-2 in potato plants." Protein Expression and 

Purification 25:160-165, 2002.

Pere, Pere, Pere, Pere, M., M., M., M., Gianinna, Gianinna, Gianinna, Gianinna, B., B., B., B., Marcus Marcus Marcus Marcus C. C. C. C. D. D. D. D. and and and and David, David, David, David, C. C. C. C. B.B.B.B. "Potato virus Y NIa 

protease activity is not sufficient for elicitation of Ry-mediated 

disease resistance in potato". The plant journal 36: 755-761, 

2003.

Ravnikar, Ravnikar, Ravnikar, Ravnikar, M., M., M., M., Petrovic, Petrovic, Petrovic, Petrovic, N., N., N., N., Dermastia, Dermastia, Dermastia, Dermastia, M. M. M. M. and and and and Kovac, Kovac, Kovac, Kovac, M.M.M.M. "The physiology 

of potato plants infected with the Slovenian isolate of PVYNTN 

grown ex vitro and in vitro." EAPR, Virology section, Bled 1822 

June; pp.1558, 1995.

Sabina, Sabina, Sabina, Sabina, V., V., V., V., Hector, Hector, Hector, Hector, C., C., C., C., Robert, Robert, Robert, Robert, A. A. A. A. A., A., A., A., Anna, Anna, Anna, Anna, F. F. F. F. and and and and Jari, Jari, Jari, Jari, P. P. P. P. T. T. T. T. V.V.V.V. "Potato 

gene Y-1 is an N gene homolog that confers cell death upon 

infection with potato virus Y."  MPMI Vol 15(7): 717-727, 2002. 

Shukla, Shukla, Shukla, Shukla, D. D. D. D. D., D., D., D., Ward, Ward, Ward, Ward, C. C. C. C. W. W. W. W. and and and and Brunt, Brunt, Brunt, Brunt, A. A. A. A. A.A.A.A. "Genome structure, variation 

and function." In the potyviridae, pp: 74-110. Wallingford, UK: 

CAB international, 1994. 

Tripathi, Tripathi, Tripathi, Tripathi, G. G. G. G. R., R., R., R., Li, Li, Li, Li, H. H. H. H. X., X., X., X., Park, Park, Park, Park, J. J. J. J. K., K., K., K., Park, Park, Park, Park, Y. Y. Y. Y. K. K. K. K. and and and and Cheong, Cheong, Cheong, Cheong, H. H. H. H. S.S.S.S. 

"Molecular screening and characterization of antiviral potatoes" 

BBE Vol. 11 : 89-95, 2006

Tripathi, Tripathi, Tripathi, Tripathi, G. G. G. G. R., R., R., R., Park, Park, Park, Park, J. J. J. J. K., K., K., K., Park, Park, Park, Park, Y. Y. Y. Y. M., M., M., M., Hwang Hwang Hwang Hwang I. I. I. I. D., D., D., D., Park., Park., Park., Park., Y. Y. Y. Y. K., K., K., K., Hahm, Hahm, Hahm, Hahm, 

K. K. K. K. S. S. S. S. and and and and Cheong, Cheong, Cheong, Cheong, H. H. H. H. S. S. S. S. "Potide-G Derived from Potato (Solanum 

tuberosum L.L.L.L.) Is Active against Potato Virus YO (PVYO) Infection" 

J. Agric. Food Chem. Vol. 54 : 8437-8443, 2006

Valkonen, Valkonen, Valkonen, Valkonen, J. J. J. J. P. P. P. P. T.T.T.T. "Novel resistances to four potyviruses in tuber bearing 

potato species and temperature-sensitive expression of hyper 

-sensitive resistance to Potato Virus Y." Ann. Appl. Biol 



- 41 -

130:91-104., 1997.

Valkonen, Valkonen, Valkonen, Valkonen, J. J. J. J. P. P. P. P. T., T., T., T., Rokka, Rokka, Rokka, Rokka, V. V. V. V. M. M. M. M. and and and and Watanabe, Watanabe, Watanabe, Watanabe, K. K. K. K. N.N.N.N. "Examination of the 

leaf-drop symptom of virus-infected potato using anther culture 

derived haploids." Phytopathology, 88:1073-1077, 1998.

Woo, Woo, Woo, Woo, E. E. E. E. R., R., R., R., Lee, Lee, Lee, Lee, D. D. D. D. G., G., G., G., Chang, Chang, Chang, Chang, Y. Y. Y. Y. S., S., S., S., Park, Park, Park, Park, Y. Y. Y. Y. K. K. K. K. and and and and Hahm, Hahm, Hahm, Hahm, K. K. K. K. S. S. S. S. 

"Virus-cell fusion inhibitory activity of novel analogue peptides 

based on the HP (2-20) derived from N-terminus of Helicobacter 

Pylori ribosomal protein L1." Protein and peptide letters 9: 

477-486, 2002.

Yi, Yi, Yi, Yi, J. J. J. J. Y., Y., Y., Y., Seo, Seo, Seo, Seo, H. H. H. H. W., W., W., W., Lee, Lee, Lee, Lee, S. S. S. S. W., W., W., W., Yang, Yang, Yang, Yang, M. M. M. M. S. S. S. S. and and and and Kim, Kim, Kim, Kim, S. S. S. S. Y.Y.Y.Y. "NPTII 

protein expression and resistance to bacterial disease in 

transgenic potato with lytic gene." J. Kor. Soc. Hort. Sci 44(2): 

187-191, 2003.

식물자이러스병연구회식물자이러스병연구회식물자이러스병연구회식물자이러스병연구회.... 『식물바이러스 실험서』, 서울:서원, 1991, pp.16-18, 

23-24, 46-51, 160-164, 251-253. 

최장경최장경최장경최장경, , , , 장무웅장무웅장무웅장무웅, , , , 이재열 이재열 이재열 이재열 등등등등.... 『식물바이러스학』, 서울:향문사, 2001, 

pp.152-155, 158-159, 172-175, 211-213.



- 42 -

감감감 사사사 의의의 글글글

이 논문이 완성되도록 도와주신 주위의 여러분들께 우선 감사를 드립니다.
학위과정중에 끊임없는 관심과 사랑으로 다년간 지도하여 주시고 이끌어 주신
정현숙 지도교수님께 진심으로 감사드리며,학위과정 중 저에게 많은 가르침과
조언을 해주신 박 열 교수님,양 영기 교수님,김 성준 교수님,이 정섭 교수
님,전 홍성 교수님께 감사드립니다.실험에 필요한 peptide및 동결건조를 흔
쾌히 허락해주신 박윤경 교수님,단백질소재연구센터의 함경수 소장님게 정말
감사 드립니다.힘든 유학생활에도 실험에 대한 조언을 아끼지 않고 영문 수정
에 이르기까지 많은 도움을 준 GiriRajTripathi,DilliPrasadPaudyal과 실
험방법 등을 가르쳐주신 박 재균 선배님께 정말 감사드립니다.
항상 옆에서 꾸짖어주시고 조언을 해주신 황 인덕 선생님,어려고 힘든 시기

가 다가올 때마다 항상 위로해주었던 박 가영,저의 궂은 일을 옆에서 봐주고
도와주신 박 재영 선배님,항상 옆에서 힘내라고 용기를 주었던 실험실원 정
주영,항상 옆에 있다는 것으로만으로도 힘이 되는 나의 동기들인 조 홍석,김
상용,박 으뜸,최 봉석,김 진영,실험에 필요한 peptide를 제공해주고,동결
건조 해주었던 김 미현,비록 지금은 옆에 없지만 항상 묵묵히 제 실험을 옆에
서 물심양면으로 도와주었던 이 창수에게 정말 감사드립니다.또한 밸리감자를
제공해 주신“Potatovalley”회사의 임 학태 교수님과 감자바이러스를 제공해
주신“PlantVirusGenbank”관계자분들께 고마움을 전합니다.항상 끊임없는 사
랑과 믿음으로 저에게 든든한 후원자 역할을 해주신 아버지,어머니,하나뿐인
제 동생에게 정말 감사 드립니다.마지막으로 이 논문이 완성되기까지 후원해
주신 모든 분들께 다시 한 번 깊은 감사를 드립니다.

222000000777년년년 111222월월월 111일일일
박박박 영영영 민민민



저작물 저작물 저작물 저작물 이용 이용 이용 이용 허락서허락서허락서허락서

학  과 생명공학과생명공학과생명공학과생명공학과 학 번 20067040200670402006704020067040
과 

정
석  석  석  석  사사사사

성  명 한글  박  박  박  박  영  영  영  영  민민민민    한문  朴        英英英英        敏敏敏敏         영문 Youngmin Youngmin Youngmin Youngmin ParkParkParkPark

주  소  광주광역시 광주광역시 광주광역시 광주광역시 북구 북구 북구 북구 동림동 동림동 동림동 동림동 우미아파트 우미아파트 우미아파트 우미아파트 103103103103동 동 동 동 1110111011101110호호호호

연락처  E-mail E-mail E-mail E-mail : : : : lain3715@hanmail.netlain3715@hanmail.netlain3715@hanmail.netlain3715@hanmail.net

논문제목

한글 

골든밸리감자에서 골든밸리감자에서 골든밸리감자에서 골든밸리감자에서 바이러스 바이러스 바이러스 바이러스 저항성 저항성 저항성 저항성 유전자의 유전자의 유전자의 유전자의 발현 발현 발현 발현 및 및 및 및 분석분석분석분석

영문 

Expression Expression Expression Expression and and and and Engineering Engineering Engineering Engineering of of of of Virus Virus Virus Virus Resistant Resistant Resistant Resistant Gene Gene Gene Gene 

in in in in Solanum Solanum Solanum Solanum tuberosumtuberosumtuberosumtuberosum    L. L. L. L. cv. cv. cv. cv. Golden Golden Golden Golden valleyvalleyvalleyvalley

본인이 저작한 위의 저작물에 대하여 다음과 같은 조건 아래 조선대학교가 저작물을 

이용할 수 있도록 허락하고 동의합니다.

- 다         음 -

1. 저작물의 DB구축 및 인터넷을 포함한 정보통신망에의 공개를 위한 저작물의 복제, 기억

장치에의 저장, 전송 등을 허락함.

2. 위의 목적을 위하여 필요한 범위 내에서의 편집과 형식상의 변경을 허락함. 다만, 저작

물의 내용변경은 금지함.

3. 배포ㆍ전송된 저작물의 영리적 목적을 위한 복제, 저장, 전송 등은 금지함.

4. 저작물에 대한 이용기간은 5년으로 하고, 기간종료 3개월 이내에 별도의 의사 표시가 없

을 경우에는 저작물의 이용기간을 계속 연장함.

5. 해당 저작물의 저작권을 타인에게 양도하거나 출판을 허락을 하였을 경우에는 1개월 이

내에 대학에 이를 통보함.

6. 조선대학교는 저작물 이용의 허락 이후 해당 저작물로 인하여 발생하는 타인에 의한 권리 

침해에 대하여 일체의 법적 책임을 지지 않음.

7. 소속 대학의 협정기관에 저작물의 제공 및 인터넷 등 정보통신망을 이용한 저작물의 전송

ㆍ출력을 허락함.

동의여부 동의여부 동의여부 동의여부 : : : : 동의동의동의동의(  (  (  (  O  O  O  O  )    )    )    )    반대반대반대반대(     (     (     (     ) ) ) ) 
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