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Selection of late blight resistant potato lines
with molecular markers,

and the application of MAS for late blight
resistant potato breeding
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SUMMARY

Selection of late blight resistant potato lines with molecular
markers, and the application of MAS for late blight resistant
potato breeding

1. Development of SCAR Marker and R-gene Linked to Resistance to

Phytophthora infestans in Potato

Late blight caused by the oomycete Phytophthora infestans is the most serious
fungal disease in potato cultivation worldwide. Late blight resistance is
demanding the attention of potato breeders worldwide following recent migrations
of aggressive metalaxyl-resistant isolates of Phytophthora infestans potato
production areas. Resistance to late blight was controlled by a few major genes
(R gene) which can be easily overcame by new races of Phytophthora infestans
and an unknown number of genes expressing a quantitative type of resistance
which may be more durable. In this study, we used AFLP method to identified
markers linked to resistance trait. Accoding to AFLP method, primer combination
of E+AT/M+CTC selected out of eighty primer combination. The specific
fragment was isolated and ligated into a T-vector, followed by transformation on
E.coli. Plasmid DNA was extracted from transformants, and the target product
was harvested. The whole sequence of 127 bp were determined using T-vector
and designated on LBR-1 primer set. We employed the PCR with LBR-1 of the
SCAR primer. As a result, 127 bp fragment was observed only on HR lines but
not in S lines. We used ¢cDNA-AFLP to identify R-gene associated with late
blight in potato. Among 198 combinations of cDNA-AFLP primers, the primer
combinations E+AG / M+CAC (350 bp), E+CT / M+CAG (500 bp) and E+AG /
M+CTA (320 bp) repeatedly produced a specific cDNA fragments, Which were

detected only from P. infestans-infected resistance potato lines.



2. Screening and development of resistance to late blight in potato

germplasms

This study was carried out to evaluate the resistance against late blight of the
potato germplasm and to develop the resources for potato breeding. In 527 potato
clones, 11 clones including AG14052 were showed the resistance to late blight in
field trial. In inoculation method using detached the leaves, 162 potato clones
including AU22002 were resistance to Al mating type and 140 clones including
AU22002 were resistance to A2 mating type. All of the potato germplasm were
differently response against pathogens and the resistance resource of late blight
was not identified from this experiment. To find the specific resistance resource
against late blight, 47 clones which are showed the resistance to single mating
type of Phytophthora infestans were selected from the former experiment and the
new sources of potato germplasm. Through the field trials and inoculation test,
CIP 724 clone was selected that was actively response against late blight in
different conditions. In the field trals, CIP724 was not developed the typical
symptom on leaf and stem for 4 weeks after first occurrence of disease. Also,
the hypersensitive reaction was initiated in CIP724 clone when the inoclum was
inoculated on detached potato leaves in laboratory test. The symptom was not
extended toward outside of the leaf and the leaves produced the black necrosis
on the inoculated site.

On the agronomic characteristics, 66 clones including AG14005 were selected as
high yield with 3500kg/10a in tuber vield and 80% in rates of marketable tuber.
And 66 clones including AGI14106 were selected as having a suitable
characteristics for chip and french fry processing, low glucose content of less
than 0.25% and high specific gravity of more than 1.080. However all of the
selected clones were evaluated susceptible to late blight.

To develop the resistance breeding resource to late blight, the selected clones
were made cross and 5852 seeds were obtained in 5 combinations between 4x

and 4x, 1,030 seeds were obtained in 2 combinations between 2x and 2x potato
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clones. The percentage of fruits set between 2x and 2x, and 4x and 4x showed
29.7% and 786, respectively. Mean number of seeds per 1 fruit between 2x and
2x, and 4x and 4x showed 31 and 133, respectively.

3. Cytogenetic study of late blight resistant potato

Late blight resistance, sterility, 2n gamete were investigated with potato related
wild species for cytogenetic research. Wi1b3-14(S. polyadenium, PI310963, 2n=24)
produced 2n pollen at 2.57%, was resistant to Phytophthora infestans. Therefore,
this clone could be used as the parent to cross with cultivar for breeding
purpose.

GISH technique was carried out with somatic hybrid of wild species and potato
cultivar and its backcross progeny. Root tip somatic cells and pollen mother cells
were used. Wild species chromosomes were distinguished from cultivar
chromosome with GISH. GISH is a useful cytogenetic method in hybrids to
detect introgression of resistant wild species genes into the cultivars.

F9-99 and F9-124 are progenies of Hat, haploid clone of Solanum tuberosum
cv. Atlantic crossed with S. chacoense. S. berthaultii is late blight resistant wild
species. LBFA and LBFB are progenis of S. berthaultii and F9-99 and F9-124. S.
berthaultii choromosome could not be distinguished from F9-99 and F9-124

chromosome by GISH. But S. berthaultii choromosome could be distinguished

- 11 -



CONTENTS

Chapter 1. INtroduction «««-«ce«rterrtrmrrrreemiaemnnaietiartarenaecens 16
Sec. 1 Subject of research +«resrererrrmrererararemeeteteaeaeanne. 16
Sec. 2 Necessary Of TESEArch «+««««teeecrestereseansenneuarierenaensnns 17

Chapter 2. Present status of domestic and foreign researches ---:----- 20
Sec. 1 Situation of international technology development s creseerveeee 20
Sec. 2 Further ViSiOﬂ .................................................. 21
Sec. 3 Reasonability of technology introduction «--<rreeverererrrsecceces 21

Chapter 3. Research results and discussions «::c:ccrecrrrrerrererennns 22

Sec. 1 Development of SCAR Marker and R-gene Linked to Resistance
to Phytophthora infestans in Potato <+« rerrreresecserserevennns 22

1. Development of Marker Linked to Resistance to Phytophthora

infestans 1n Potato using AFLP method -cccccveereerroereeecanecn.. 22
A‘ Materials and methods .......................................... 22
B. Results and diSCUSSION <+ resrrrrrosresssoresvnsssssosasossosecnns 31

2. Genetic Relationship between HR-lines and S-lines of Potato using

RAPD analysis - -cceteererrneenroneneeataneeaaeaiamenmianenns 40
A. Materials and methods «-=+errrrrrrorsnssnrmnenseaneessarennenns 40
B. Results and diSCUSSION «++«+crrrererrrererrnnnssssaseseenronnnns 41
3. Detection of Resistance gene in closely related late blight «-««-c---- 43
A. Materials and methods «-«+-rrerrrrrneesearrnerrerenseneesnnasns 43
B. Results and (iSCUSSION =+« -+ rrrrrrrrensansaransaracasnaensonens 46

Sec. 2 Screening and development of resistance to late blight in potato

GEIMPIASITIS * v vsrrereeersnmareetasraieesanneaaaaanans eeeeees 50
1. Screening of resistance to late blight in potato germplasms «--+--+-- 50
A. Materials and methods +=rceecrerrrscrsorsrasornsscsasesnsnsnsnns 50
B. Results and diSCUSSION v+ reesrrerrrosesssecraasssososacsnsasans 53

..12_



2. Evaluation of major agronomic characteristics in potato germplasms -66

A. Materials and methods +eccccesererroececctretnntetcracscsssnanns 66
B. Results and diSCUSSION =+ rrrrereeescenoessesooocascasensanaosss 67
3. Development of late blight resistance potato ««:e:rrevrerrceeerenees 83
A. Materials and methods «-e--crcssrrrosresmrrassescsneecnnsssacnnes 83
B. Restlts and (iSCUSSION =+« ++vsvevrrrrsersnsoraeeaneenneensosannns 85
Sec. 3 Cytogenetic study of late blight resistant potato «-c«cce--ceeve-e- 86

1. Study of mitotic chromosome number and meiosis of

CI'OSSing parents ................................................. 86
A. Materials and methods ««++sresssesesarrroaaascenns frereceeaaaan 86
B. Results and diSCUSSION <« " ccvvsverreereerecccnnctacncenccscasas 88
2. Study of chromosome affinity in meiosis of the hybrids -«c:cevvvr-- 98
A. Materials and methods «+cccvtroersraosacessssanraserneaaasanees 08
B. Results and QiSCUSSION -+t rerrrsresrreraaaassssseessoseeacases 105

3. Application GISH to study genomic divergence between species ---108

A. Materials and methods ........................................ 108

B. Results and diSCuSSiOn ........................................ 109
Chapter 4. Achievement or contribution for related field -------«----- 111
Chapter 5. Application plan for the results ----cs-srccreeerreeieans. 112
Sec' 1 Utlhzation plan ................................................ 112
Sec_ 2 Expected effect ............................................... 112
Chapter 6. International science and technology information --------- 114
Chapter 7. Literature cited «----+-srtrersrrrreroretinteaneiiiieraeanns 115

—13-’



A1 F AFEALFAL FPQ ettt ittt iieiioes 16
A1 QUG BA et 16
A2 AFINEY] TWQA] v rereerrrenrratantantatratititaiiteiiiiaene 17

A2 FUYY FEABIEG i e 20
A1 ZUY -9 BH7)EE BB cerrererrirrrriiiiaiaaiaa 20
A28 QGO T ATF .ttt ittt ittt 2
A3A 71250 BFGA ccceeieciiieniiann Seearrecetentreraresrianns 21

A3 AFADSEG WL D BI ettt 29
AL A9 A vhA AL D AR FAR FH e 22

1. A8 lines A% 9 AFLP/IY-& o] &3 Zxle] 94w APA
marker® A i i i ettt et it e e e 0 DD
b = A= L R R R LT T 29
L I I 31
2. RAPD 719& o] 8% A4 lines? 44 lines#el 3 4 40
ZhoAIE L M i it e et PPN 40
L R L - 41
3. 729 HAYA HFAHA B ettt 43
b = <L - 43
L - L 46
A2 A9 A FAZY B D AP e 50
L 24 AL WA BHA ceireriieiiiiaiiaiie s 50
Jh AE L I e e eeeeaseneaeeeenan 50
L 3 53
2. 27 FAALY F2 FUYA FA HIE oeeeernneaain 66
= A L R T R Y 66

-14_



3. ALY AP SFARGYY FPE ettt 83

T ==L R PR R 83

LB R R T 85
A3E 98 AGH BAAF AL FAH B QT oo 86
Lo ¥R AAE A BATH BERLI GA e 86

A = T =L 86
LB R R T 88

2. FEo 7R A7)el QM HFA AT ceeereirrriiiiiiiiiia, o8

DA T == 98

1O I I 105

3. GISHYl 9 ¥3F genomic divergence @ «-rrvvrrerrsreeerens 108

b =R L B R R R L E R R TR 108

D - 109
AA4F EEIAE D BAHBFO FJAE cceieiiiiiiiiiiiiiiiiin, 111
A5G AFNDAFY LA rvreerrerarriiee i, 112
P T - - 112
D I - S 112
A6 ATALHANAY FHF AARTFAAEAR ooeeeeeeennn 114
AT A BIEG] cererneia i i i 115

_15_



A1 AFNEHAA L Qe

A1d Ao EH

T8 A7 ML EF A7 Ug 2 ¥q
O A1 AFEHA O A1 ARA
- AGA line A - Ha7d B3 AFYA AF, Zd BT
L ARBRE FARAZEE A3 line AT
O Al 5744 O Al A
143 A= | - A9y AP FRAY] - AL A2 2 g& Ju ARAH 1A
Ak - BubA Rl Ag gy Fut
O A2 %5 3A O A2 5 A
- ZAE JEAY A2 - ke dA AHA, 2n viSA BAEE FA
mupoFH o] M EHH AT
O A1 A3 © A1 Al F34A
- A%A marker A - AFLP 7144 ©]£3% SCAR marker 7%
O A1 dEA O A1 FEAAA
2y - Fd¥ Ao 58 AR - ZA ALY F8 44U #FAYI)
PYER aw A9y sane |- ARy AT QEwd
At g St
O A2 FF52A © A2 F5 A
- FF9 A5EA] G484 | - AXE Py 4, 2449 GISH ¥4
AP 9+ |
© Al AEA © A1 ARHA
- A gene AW U 7 - cDNA-AFLP 7|¥& o4& 7"
AERE FAEA X W& R-gene T3 RAPDY & #d
A 4
O A1 JE7A O Al FF5AA
3 dx| - ZA9Y AFH FAAY] - A AST ZFFg AdAA
7y
O A2 dE Al © A2 dF5HA
- GISHY 9% &7+ - AFe AL A3} 79
genomic divergence 97

-16_



B w
Xu_m.ﬂﬂnﬂ 1r
ﬁ@u% B!
mwrw 2 e
Sﬁ.._q Oz.L Y
8 o3
WMoﬂA N*_wm,ow x_.ouwroll
a%% \@Ewn ?@Exaﬁ
rLdﬂ g N .maﬁ;wr\.mo
rm,.ﬁnu_uu mxrot o.ma_w._.m_.ﬂmu o
m_ﬂ _,o‘_....ﬂn ! = F Br 1
w,%u. S T Mom.lo_L001 boop
Pz P @%d@&:: o 2 3
(0 g 7 Fipiirs TS
T S - ol kg . s o & w? e T
= i = ﬂqoowanueogé% o M N H %Tmu
= M2 .mmmxix £ o & B ° o
SR = i;;o "W T S o 5 e 2
,maﬁwl_. E‘ul,aunrﬂﬂidu%ﬂ,xoLx._ G ,1 .m.,_oLm.
o oﬂa%w ﬂ%fﬂmowﬂaroqm”ov * oo muzq
—_— = .]
o o m}wmfﬂ}y =¥z
T f S o 7U o
» LS E;mmﬁf%wr u,gamozmamm o) °ow X
B = ) w b N X 3 op B n Y e I - FoF
T 4 ° %amoﬂ uox;o}ﬂoﬂu% o i} N
LﬁoM 1ro a__%ovl._oz1u04 ! dua_v
o = g ° o N " b = T % % X U 2
I M\d.»/ﬂ‘mumjn Jli.mlxv_tm_rﬂa—ﬁﬂ?._.ﬂyll 7_6._ ,l.,.mo.w
ci usﬂ W o zlﬂ1uo ﬂé B o mﬂm_
= 3 8 . ™ m B° B K3 o S ™ of W= o B <° =
~ aw_/,wmoﬁégo%nﬂmo@:.urt & o o_qan.m
- wyoaﬂwaownﬂ&u}iimﬂ%@xx S qam
tm,aL e} _ aAL T aH < .
0_.1u1..1 ozdfuov o Mo dpoﬂur_x &%ﬂ
B v £ g = 3 = b == b0 oy o Mo = o o T
N £ = LI - ! I e 2 O B ) Ho e = 9 M He o
- m%a@@%ﬁ?%%agﬂmqmq = 1w £y =
~ ] s I Jo @,@@@wv@oiﬂ%swﬁ% @lma
o G Sﬁm}uaﬁﬁ oqt,.wﬂ 711_..4 e 5
S ,xryﬁyel,r@ aﬂouwmwuyzwamﬂo ¢S =
. igummwiiﬂ.g.ﬂxw.ﬁ__.,ﬂva..%;m
1 L:..Eﬂurrxl ﬂLﬁM.AMo HrlﬂﬂWEﬂoW?mM it
N o s T OE S o wm o mﬁ ] W ﬂ N @w ar A = o uH
.mommm uflzw%z}@mo? WQM o
£ X o T X = X% T K T <) B woodo o Jo©
B @ﬂ%uoaé} o_%gqmg
B .@g g 70 2 i ? ot e ® oy T = %
I 0
G - Ak e SN F g il A m_._m o Wb ) =
I moaﬁﬂoﬂzxw.ﬂ? o_xrox._
ﬂi;ﬁﬁ%”ﬂ.ﬁv,ﬁov
X,low'lrﬂylr.A.* X
. R TR e 3
1.1. mﬂiatdﬂxﬂw.uﬂ_wo
A Lgmm“%a_,ﬁu
e = .
o szF
o G
X

-17 -



of H5em o]& ALFAGHOL BASE Yo WL Y
A B52E7)e) o= AEY pairing® Fote & Jov), YA FAy
o AY Brbsd. auz R5RAvl 598 94971484 & 47A%

MEF)FH GISH WL o83t 7ted Az wdd

o2

2. 34 - 2434 53

o AAE AA 5Y NeREel iz qEE 4§02 avHx Yon. gRE
Bago]  ua Folge] o} dmith AMHAe] game got AT Eof

27t ARAE HE BL g3 F87F F7etEA Auid o] sojux gl

tlo

Wo97d ZAe] Auie AL 2558 haol® A 10833 HE AuiE e 2 d=
B 53R 67.9%, LEAHRA 198%, 7HeAA 123%2 vgwd '97d AR
o] AL 63763 Eoz YERE

o 20049 dAHE SHANFES 1,050HE otk AAY HZ 10d FF 1Y 1¥

B3, 24, AF GAF,

o

2HFE 212g0lth FAAE FAE 9F, A, 24,
B 9, Ad A, A5 ZA Fo=2 o] AY FstFol ARAAEF dF

£S5 AA Yok FU #ZAAY FoFEFe ol Soly 2004d o= 1,308 8

% e B WAY AU 4L AVT £ YT FE2 A4=w gov, 3

A= Fids TAM FAE vid vjE o] 1,3009 Aol 7FePA s oA
s dojdE vEds FXW 2000940 R d& Aeg A4H

vl. Phytophthora infestans®l 98] #23HE Za 988 AAHoZ F23 ¥ol,
2 FA JaYe 3. dIBHoM e FAME
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A8 HESHA 229 oAl WA 22HT A AHY

A 9IAGY EREEL B AGHEFO ARIE 93F PAE A% AHes

oh #%1 Al wet FozE e A ohT AFAY FYE F7
o gotn BUHI QE oW FIN AT BANEL PEF s
32 38 3%t AY. ot Wy, eye BE 1EY FF 24

2 deds Anid

A
3
Add

e

n

o
o]

3. AH3] - £33 &4

Zhodid Gy HAE e HESH £ oA FAuI 22HT Y 4FY

o BRI FARFTE B AFYFF MEHE gNT $AE A AHEH
T A AHEATE 29 & ol FBEIA EFo € £ AE

& ABAZY 2ARETS T AFYEFFT MLHR 4¥E HASE A8 A

£ oA BANY 4PRES A7 ¢ 5 A3, AT 3 AYEAE ANY
T AUEE B 2 AGH A AR FAENM ATE 2 A7)

=% FFE° §Y F 5 A 4A HE&o) 7hed RY. WA T F

NFHBEAe 2 G%o) 3 YT
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A2 U JleNE 7

A1d su - 2] ddV|=2] AF

10.

L FUY A nFASINGEH FARSFRAN fARA L kR +33
3

ol U@ 478 WA AA o3 YL
Fol tg AFE BATY 2 L BEo] AL OFE obFE 23

o= A 9T genome projectZt FHT ow o AF A4
W AR A4S 44 ARE €85 AS

8 g @dv AGe HS, oA FAALeZRH WA
TR AT FATEF QT2 ABHE YE
o ZA$ B0718-3 @3 PI583331l, A2ZEA=] A$ GE582-3% ALA
ol Muso] §Fz2add FLH1 IS
mE3 FHAAFTAME A ZE BAVESH YHE o)’ 9
FASEAT IPHR dod, FUdAe oA AALH AYH FTHEE
bz Aol glg
AS AT Fv2 B d7AE st @IeAE AT

FH FESFAL o5 dRe oMFTH mujrt A& Ho| o pAF-IA

a*)
e
Mz
2
Ho
ofN
"
L
N

A ANED obd 2AZH AZFFL el $TAT A ;) AP HEA
RFLP ¢ RAPD ¢ ol§3tel k4% ¥4 #24e DNA marker
FRSnA A4 we A7/ AAHD Y

227 markersh AESHH markers] A77F BasTHE Ro] AFE H} gL
Aol 91918 AP AL GISH, FISHE o] §8 WHoz AEsT g

ofN
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A274 ooz Aw}

L AzE FEEF71€d 2474 g AdF: FAFA dE FAALe2M9
T84 HE Tddz 9o, ofd uet ARF FAZA R opEHEAA ¥
FARLezA e APIE7E o] FojHer & RY

2. M AS5F71ed 2l dEo 98 AYAY F3A 24 2 AF ALd
Al FAZAG kA AE FHAALOEZA FoAo HE FUHAL Yo
ofol Wz} AAF FAZAA AE FARLL2AY FHA7F gol H7HE AY

3. AFAHEAJAE R8st o9 AEIFHYA AA/ #EHE 2 F EALAS
cloning®= 7@ Rola o] ol &¥ AHPH FAAFoz AIH{Fl JIe
st ol dE 5= Jted & s £, AZAY A YAE o835
AR AEE IAAAE 7] Ao BAA, Aoz 43 4L & US

4. & A7E T IHAAE EASF WHE T IHARYE FFA 40

A3E 7le=d9 gI4
A e
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A3F AN EFY YE 2 A

AR A BAFAE vpA A2 R AIFA

#AR B

1. A4 lines A% 2 AFLP7| S o] &3 #AAY 93 AJA

marker?] A

7t As 23y
D HEd4s

gl W3 AFAY £e FFEY AF, AT 2 AT FARAEREH
A4 line A% 2 ALH lineg o4 AFY 2 viAe AESs A nH
Y ANEF F FFNEEH 33 liness] ARE BIFERJT ANEE F
variation°] A& lines2 A, A2 BFEe AgE Hrlste 2480eH
AdE FFAN ZAFEAA ZEF ALY AT ARHE linesE AL

(Table 1, 2).

e

>

O
e
o

2) Add A4

Add A

ox

< 2¢EE NEE T HR lines 3 S lines& °]838torf 33 s}
o YA HATF AEE Phytophthora infestans isolates YY-8(Al),
YY-9(A1), 20B02(A2)E 10% clearfied V8 medium(100ml V8 juice, 5g CaCO3, 15g
agar)ol A 18T, &3 HlolA 209 73 wjkAl 7l = 20mlel cold dH20E Ho] F11,

gaHdA 2-39 Ax wFstd  sporangiume BAHE FEIFAL, HFA
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o

B3 BF4E Yol F density’} 1x10%ml BEQ d€4L plate & 2 drop
Yo} F9t}. platex growth chamberolr B¢ 7€ 15 hours/9 hours® 3%
SEE BxAdME 23T, ¢xAdAE 15CE W FJod HE ¥ 39 %
WA g AF3A.

S>3

FE

€l

4

3) Genomic DNA &

DNA &2 Goodwin(1992)¢] #8-& F+33td o] &3 en 3Fd AFoziH
AL B 5-7u02 FEV)Y 05g AR ALY L AMHES 15ml tubed] ¥
AAZDLE FA vt GAHe] %71 " extraction buffer (100mM Tris-HCI
pH 8.0, 500mM NaCl pH 8.0, 50mM EDTA pH 80, 1.25% SDS)E& 7004 Az ¥
2] phenol : chloroform : isoamylalchol (25 : 24 : 1)& &3z o 587 =4
28 EEol & F 65CAA 1A ¢ B#stgdh ©]F 13,000 rpmel A 30& 3
AT sld AEAE I B2 isopropanol HB F -20ToA 1A FU¢
DNAE FHAAT FAH pelletd 70% ethanolZ2 ZAAHA AolE T 24
23] WxA7112 RNase(50ug/me)7t 3718 TE buffer (10mM Tris-HCl pH 8.,
ImM EDTA pH 8.0) 2004E 2] 37CoA 1A1Zt A X incubation AlZA ™. Bulk<]
Z/4 & potato 3341%5& S (1-2), MR (3-7), Rl (8-15), R2 (16-24), HR (25-33) A
THE FF9 9L S0ml tubed] Wi 99t FLH WHoZ DNAS FE34ch
%3 DNA<T spectrophotometer& ©]&3ld HTE ZA38le] 20T HE
A3

1

a)
ot
(2
X

4) AFLP (Amplified Fragment Length Polymorphism)

7} Digestion of DNA

Genomic DNA 1xg& EcoR 1 (Quantum, USA) 5 units© & 37TCelA 12413 &<t
T2 Ao F 25w dg&s Huste -70CeA 1A F AN ¥
13,000rpmoll Al 30 &<t AHEE AT AHdE DNAE ALdA Z z
% 3 units®] Mse I (Quantum, USA)2.8 65T 12412 Bt 283 AdA
0 F TYY YUoEZ DNAE AxAAY. 1x¥ DNAE 278 dH09 =2 £

A
=)

Zl

7]
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15% agarose gel’dolA Ad R E &34t

1}) Adaptor ligation

Ad¥d DNAE 3 units 9 T4 DNA ligase (Quantum, USA)$t 05uM 9 EcoR I,
Mse 1 adaptor® 7}k F 14ColA 12A17H8 < ligation A Z T o€ 111022 3
A8} pre-amplificationg 7] 9% Maz A& At

t}) Pre-amplification

AgEL2 Hdd DNAFT SAFHATE FFA7]7] A8 adaptord] HEAYD ¢
718& Ad primerg ©] &3+ tH(Table 3). primers® A # 3¢l nucleiotide?} #
7FFA @< EO/MO primers& ©]€3gow PCR ®¥& 7L DNA 5u0l 1X
buffer (10mM Tris-HCI pH 9.0, 50mM KCl, 1.5mM MgCl2, 0.1% Triton X-100),
200uM dNTP, 0.5uM primers, 0.5 unit ¢ Tag polymerase (Quantum, USA)E #H
7}t Perkin-Elmer thermal cyclerol Al 94Tol A 30%, 60TColA 1% 283 72T
A &S 1 cycle2 HF 203] wrEsta 93-S 253}

2}) Selective PCR amplification

pre-ampAl 71 PCR A2 & tA] 15002 s|Aste dgzel g7]7t #7149 primer
2 °]&3 24 PCR wW&& FH3AcHTable 3). ¥z DNA 5wl 1X
buffer (10mM Tris-HCI pH 9.0, 50mM KCl, 1.5mM MgCI2, 0.1% Triton X-100),
200uM dNTP, 0.5uM primers, 0.5 unit 2] Tag polymerase (Quantum, USA)E 3
7}8td Perkin-Elmer thermal cyclerosl X 94Tl A 30%, 60°ColA 30% 22z 72T
ANA 185 1 cycleZ AFRdY t}g REHE annealing €5& 07CH 74 Al7IA
A 11 cyclesg HHE-3F 5 94T oA 18, 56 TCAlA 30%, 72ColA 1#E 23 cycles
WEY § %HEg FEIIAG.

v} Gel electrophoresis

% PCR AE2 5mAL Ha] 3u9 3X loading dye (95% formamide, 10mM
EDTA, pH 80, 0.05% bromophenol blue)9t &% ¥ 95TAA 58T 713y
single strand2 ®wEo] & ¥ 1% 5uE F& vlg 71d¥ 6% denaturing
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polyacrylamide gel (acrylamide : bis-acrylamide 19:1, 7.5M urea, 1X TBE)%
1,800Vt 60Well A 3A17E H7]d 58 thd silver staining 71 o2 ARE 48
Ak AGAH AFT So)Hor FEH bandst AFEHst UIE sizeE R
A3} bladeE ©l83td 28Uz 1 Yol FHT 20uE Fol FYBLZRE gelol
Z B L 391, By geld effendorf tubed] ¥ 23 PCRY Y% =4
o2 NFEEYGct FZ9 PCR 2SS 1.2% agarose geltoll A 100Ve] A¢ez 3

N AR @958 ¥ ASE sizez A Z2ZTHAEAE FAA.

5) AFLP @9 A=A

agarose gel’dolA AZFZFH PCR AHE L bladeE o] 43¢ Egsle] GENECLEAN
® Turbo (Q-Bio, USA) purification system& ol43e AAsAYG. #HA
GENECLEAN® Turbo salt solutiong 100ut/gel 0.1gE #7}8te] 55°C water bath
oA 5EIF Fof gele W3] GHART, o &4 F 500403 =& GENECLEAN®
Turbo Cartridge®] 74 Y3 13,000rpmel A 5&3F YA Feste L3 EeY
t}. o}7]o] GENECLEAN® Turbo wash solutiong 50048 ¥7}8ed vortexd ¥ 5%
g 48 AAdG e o] HFAE 23] HAEHR L, Catridged 2ml9)
Catch tubed] %371 ¥ GENECLEAN® elution solutiong 30u4 g3t} Ao 5
T3 Fo] DNAE 3] %o F 13000 rmpmelA 123 S48 38 ZA€

8t

A

PCR &L 1% agarose gel’dollA A719 53t band® size ¥ quality &

6) Cloning and Sequencing

Taq polymerase°] 23 PCR AHE& &4 #ol adenineol v E7Hol o AH
ligation & 4 AE2 A2g pGEM®-T easy vector (Promega, USA) o 4z
¥ competent cell(bacterial strain JM109)oll transformationd} white/blue A&
AxH DNAZF AdEl Aoz AgSFEE  colonyE AEsA. olRALE  ©hA

5 ®

ampicillin(50ug/mé)el 5ol &= LB brothol A 16A1¢ A wi¥3 F RPM™

(Q-Bio, USA)& ©] &34 plasmidE ¥ 3t} plasmidE insert J#& 213}17]
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A8t vectorh HX T ATEA AAWAY EcoR 1 & ]88 37CAA 243
A% incubation¥ ¥ 1.2% agarose gelsollAl 100V AY¢ez Arjgd5AA &3}
Aot DNA A4 37t 408 ANEE 308 N2 tubed] £F3t9 FFdGuWY
vlo] @ Wl 2o seguencing g <33t}

7) Primer YAl R sensitivity ¥4

Sequencing 2#E EtZ Primer Output ProgramE ol &3t9 ST B2 A
20bpB =9 Eo}& <l prmer setE TR E T} Primer set2 S, R, HR individual
AEl PCR ¥8& 33t AEY E Sold AR E #FA3Y9 SCAR markerZ

A&t

8) Southern hybridization

dy

Z A7 line¥ Resy®] DNA 9%< probeZ AH83}7] $43) PCR labelling
oz FAIY ALEEH AT Resy®l plasmid DNA 10 ng, 05 uM pUC/M13
forward primer(5’'-CGCCAGGGTTTTCCCAGTCACGAC-3'), 05 uM pUC/M13
reverse primer (5'-TCACACAGGAAACAGCTATGAC- 3’), 10x buffer, 5 unit
Tag polymerase, 0.1 mM dGTP, dCTP, dATP, 0.09 mM dTTP, 1 mM
digoxigenin-dUTP(Boehringer Mannhein, Germany)& % 100 w2 3l 94CollA
90z, 50CAM 90z, 72CAM 28& & HHOZ o] 2560 WES T 72TAA 4

& w&AZH Y. PCR-labelling 2HE& #913}7]) $18iA 1% agarose gelol A 7]

2
ok

FF F FA3A ) Probe detection® DIG Nucleic Acid Detection Kit(Boehringer
Mannheim GmbH, Germany)< AFE3th 47012 254 line, 10709 A& line
7 270 negative control line® genomic DNA¥ 1x reaction buffer, 200uM
dNTPs, 1 wunit polymerase, 01 uM LBR-1 forward primer 5 -ACATAA
GGAGACATGGAAA-3' ¢} reverse primer 5 -AAGGTGGTTTGAGAGTTCTG-3’
Pprimer®] ®FgZ27 02 do HA 20 we] wgAoz gt PCREHES HMTH
Al 1% < denaturingd 3 94T A 30%, 47CHAA 30%, 72CA 302 1 cycle
2 F 30 cycleg 3331 72CTAAM 30237+ extentiondtth. PCR A& 1%
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agarosedl Al A7l 453} agarose’do] 4+ HR-specific fragments membrane
o] transfer® ¥, 60C= v|g 7}9d¥ standard hybridization solution(5x SSC,
0.02% SDS, 0.1% N-lauroylsarcosine, 1% blocking reagent) 20 mlE& #H7}3l3 14]
7H5 < prehybridization A tHE 71& 9 bufferg& A A, SAHPAHA probe 30
0} standard hybridization solutione] £#¥ €4 5 ml& oAl H71g¢ F 60T
Al 12A1%F hybridization 3%t} Hybridization®] % ¥ membraned] €A %<&
probeE A A3 7] $13to, 2X SSC, 0.1%(w/v) SDS €943 0.1X SSC, 0.1%(w/v)
SDS & Zz7 2084 HF 23 ZAH membraned A HIAT. AHE
membrane< blocking stock solution® maleic acid buffer2 1:10 A A7 L4
AL A 308 F< incubationt]ZH 2™, thA] Anti-Dig-AP conjugate® A Ao
A AHE-HE bufferE 1:5000 3 A70 fdo] A& A 308 F9< incubation AH T
I % Ex E3J conjugateE AAS7 st 03%(w/v) tween 20°] #I|H=
maleic acid buffer® A-2d]A 1584 23)d Ax MA3F &, detecion buffer(0.1 M
Tris-HCI, 0.1 M NaCD)E 58 %<t jcubation A Z1th& NBT/BCIP solution®] 37}&
detection buffer 10 ml& #7}8%9 membrane$ A3 & Yehte bandg @3}
At

9) NCBI blast search
AFLP primer (E+AT / M+CTC)?} ¥%%¥ LBR-1 marker 196 bp sequence®l A
AFLP primer (E+AT: 18 bp; M+CTC: 19 bp)E A ¢ 3 159 bp sequence™ NCBI

genebank (Nucleotide)ol] 413l tEF 9] resistance-gene®#2 454 o3& &
A=
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Table 1. Original list of potato lines tested in this study

Late blight

Late blight

Plant No. Lines sensitivity Plant No. Lines sensitivity
1 4 7 S 18 AG34192 R
2 4 A S 19 AG34208 R
3 AG14049 MR 20 AG44006 R
4 AG14055 MR 21 AG44019 R
5 AG34083 MR 22 AG44027 R
6 AG34151 MR 23 AG44077 R
7 AG44067 MR 24 chm-A R
8 AG14052 R 25 AG14065 HR
9 AG14127 R 26 AG14074 HR
10 AG14136 R 27 AG14095 HR
11 AG14162 R 28 AG14159 HR
12 AG34054 R 29 AG34094 HR
13 AG34065 R 30 F9-14* HR
14 AG34093 R 31 F9-99* HR
15 AG34144 R 32 F9-124* HR
16 AG34155 R 33 F25-27* HR
17 AG34158 R HR

*diploid cultivars, all others are tetraploid

S: sensitive

MR: mild resistant

R resistant

HR: highly resistant
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Table 2. List of potato lines tested in this study

E+AT/M+CTC E+ACC/M+CTT E+ACC/M+CAA
Plant ) .
No. lines Lines Lines
1 F 8 (S Denali (S) Denali (S)
2 A (S L. R(S) L. R (S)
3 AG14065 (HR) o9 & (S) 4 A (S
4 AG14074 (HR) 1] (S) & 1 (S)
5 AG14095 (HR) Resy (HR) Resy (HR)
6 AG14159 (HR) Z % (HR) £ ¥ (HR)
7 AG34094 (HR) 3 A (HR) A (HR)
8 F9-14 (HR) AG14065 (HR) AG14065 (HR)
9 F9-99 (HR) AG14074 (HR) AG14074 (HR)
10 F9-124 (HR) AG14095 (HR) AG14095 (HR)
[§1 F25-27 (HR) AG14159 (HR) AG34094 (HR)
12 - AG34094 (HR) F25-27 (HR)
13 - F9-14 (HR) -
14 - F25-27 (HR) -
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Table 3. Sequences of AFLP primers and adaptors used in this study

5'-CTCGTAGACTGCGTACC-¥'

EcoR 1 adaptor 3'-CTGACGCATGGTTAA-5'

5'-GACGATGAGTCCTGAG-3

Mse 1 adaptor 3-TACTCAGGACTCAT-5'

EcoR I + 0 primers GACTGCGTACCAATTC(5'—3")
GACTGCGTACCAATTC+AA
GACTGCGTACCAATTC+AC
GACTGCGTACCAATTC+TG
GACTGCGTACCAATTCHAT
GACTGCGTACCAATTC+TC
GACTGCGTACCAATTC+TA
GACTGCGTACCAATTC+ACC
GACTGCGTACCAATTC+AAC

EcoR 1 + N primers

[ BN I SRV I A

Mse I + 0 primers GATGAGTCCTGAGTAA(S'—37)

GATGAGTCCTGAGTAA+CAA
GATGAGTCCTGAGTAA+CAG
GATGAGTCCTGAGTAA+CTA
GATGAGTCCTGAGTAA+CTT
GATGAGTCCTGAGTAA+CAC
GATGAGTCCTGAGTAA+CTC
GATGAGTCCTGAGTAA+CAT
GATGAGTCCTGAGTAA+CTA

Mse 1 + N primers

0 ~J N W bW N —




Y. 43 2 23
DAY 3A

P. infestans, 3 isolates® ©]&3 A4 HA M= isolates 20B02(A2), YY-8(AL)
A Hulo] #F HAUEd HR lines 5 AGI4159, FI-14, FI9-999] 79 isolates
20B02¢] o3 wWwte] HAHPYow, FAe] HLdx ke Hywte] AAHUH.
isolates YY-89] Z¢ele S lines 9% tA A e olFd HAo] #HAHA 4k
I F9-99, AGI4065914 & wWyte] #AHJY. 2 HAYL EPLe Ard AY
A RS AFQstn, BT s Bd AFAHL BolE linese Awar] As)
AAEAT. B A3 olde AYAY AR AIdste £ Aol¥ AAVF YEEE
g, oA HEZY race’t EFAV 2839 272 AZddd. ©WdAM marker A
S 98l isolates 20B02(A2)9 olsf HurS FAE AGI4159, F9-14, FI-998 A
9sti S lines ¥ o}FH WAL Holx] ¥E& 1A HR linesTH& ¥4 ©]&3}
At

2) AFLP &4 23}

AFLP 71'H# <& genomic DNAZ A$F A
8™ bandse] AoiHA A= wlste AP0l FopRle g o848 W
S 2 RFLPS A&7 RAPDY tHES FAld &3t ATEALE o] 8314
DNAE HA ¥ adaptore] %3+ primers o] €3l 53 DNA d3we &
o N7 A43e B ZF ¢gvid A4HE 28
F7F ¢ 100997 A== ZF A7 Holrt AStS marker NEd ofF f&3HA A}
451 ok £¢ AFLPE F3A A=Fgd F&3tx, A& O34 E40 &
E# Aol genomed TAT™A E ATLAAA] A e =Y EM4A
2 TR AEE Vigold. B AYPdAME AFLP 7IHE =938ty gidd

ARY EE FFAA A% 24T 2 AF FAEAETEH ARA line AT

=

o] markerZ& T Ye¢

>

=

o &

_
2
2

R A2 lined o8 AZA BA upyle Mg oz FyHA

E dgdMeE 8 719 EcoR I primers ¢ 8 79 Mse I primers& o] &3ld &
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64202 Y3 tH(Table 3). ¥4 Z3} primer 2 T < 120-200 d7/H9 o
¥ 3} bands7t A& = U2 (Table 4). 15 3719 primer ZF A A3 liensol A
Wt FE5H 22 bands7t AEHSUHFig. 1 and 2). primer 27t R¥Y MR lines&
OE AdE ATEFH FEYFA Y variationo] FFE HEA vHevdes A&
#2E 5 dded, Ados Hxol BESEE 33 lineso] £ oj&HYout
varition®] 4% R # MR lines® AlHR 7, G ek WA AN Z&
Ade B2 HR lines# S linestto] #£4 ] o] &HAt. H%229 33 lines & ol &
& bulk A olA = primer 2% AT/CAC 9 AT/CTCAAM R, S lineszt Eol& <
bands7} AEHJew AEY AFE Ay A FLT 2HAAM wE] 5
B3 A AT/CTCH ASole AdAdol 433 o AT/CACY A% adz
AEEE H ¥ F ANHFig. 1). AT/CACS 7 28bp FZAA S0l
bands7t AEHN 2T, ©]F sequence 418 93 HR lines®] band’} cloning®l ©]
S = A Fig. 1). bulk 71HE marker249 AEA L AZAo] ttAh dojx|= o
Hol A7l wE A Jde ZFHAE 47 ANME YT AN HEHFS

T 2L AHE & & glolok AAWN g& A B primer 2FE HlwH AT

-

S ¢ HR lines?tE o]&3% AYPdME primer =% E+AT/M+CTC,
E+ACC/M+CTT, oA A&A linesdl A SolHo2 FEH bandsE #BE & &
AN THFig. 1 and 2). E+*AT/M+CTCS 7% < 200 bp ¥2lA Heolx< b
AEHARed 9H(F9-99) lanediM = ta 3ErlE A% BE AFA linesol F
FTHOE bands7t TEH &S & ¥ £ UYIX 3 F lanes 4, 6, 8 10°]
cloningol ©]-€ = HFig. 1). Primer E+ACC/M+CTT Z @AM E Az By
S A% 2 lines# 3 lines®] HR Al%°] F7t= 3 FI-99 ¢ FI-124 linese] A9
At EA A7 160bpe] bands’t AEEHUEH 4 linese] S AFAMNE o}FdH F
FdE #EHA 4R HR lines lane 6(Z2F)AME tha: ¥ band’t 2E AN
o9, lane 11(AG14159), 13(F9-14)l -+ oW 3 band®= FEHA &UH(Fig. 2).
Primer &% E+ACC/M+CAACIME 225bp #2oA AYA linesell it Eo]F<d
bands7t AZ=HJAEH  primer E+ACC/M+CTTS b7 2 AGI4159, F9-14 9
A& band7b HEHA Fol AR o, Jane 7(dA)e B4 thh A band’t
HE&HA o] FolA lane 5(Resy) ¢ lane 12(F25-27)9] @3 o] cloningol °]& 4

ands7}

flo

M o w
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9t} (data not shown).

Table 4. Profiles of the BSA-AFLP analysis with 15 primer combinations.

Number of bands

Pair primers Size of bands(bp)

Polymorphic? Polymorphic”
AA/CAA 5 1 150-600
AC/CAC 7 3 150-600
AT/CTC 4 2 100-500
TG/CTA 4 1 250-800
AT/CTT 6 3 100-800
TA/CTA 4 1 100-800
TA/CTT 3 0 100-650
AAC/CAA 7 4 200-650
AAC/CAG 14 2 100-1,200
AAC/CTC 5 2 150-510
ACC/CAA 13 5 150-580
ACC/CTT 9 3 150-600
ACT/CAC 12 9 350-700
AGC/CTA 13 7 100-900
AGC/CGA 11 4 200-1,100
Total 117(7.8)° 46(3.07)°

® Number of amplified polymorphic bands of 3 bulked (HR, R, S) DNA pools
® Number of bands detected only in HR bulked DNA pool

¢ The numbers indicate total bands(average ratio)
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M 1 23 4 5 6 7 8 9101112

200 bp

Figure 1. AFLP fragment (subsequently called AFLP-196) with the resistance genotype,
using primer combination E+AT (5'-GACTGCGTACCAATTCTA-3') and M+CTC
(5'-GATGAGTCCTGAGTAACTC-3’). The lanes M: molecular weight marker (Invitrogen,
USA), 1: Superior, 2: Dejima, 3: AG14065, 4: AG14074, 5 AG14095, 6 AGl4159, 7:
AG34094, 8: F9-14, 9: F9-99, 10: F9-124 and 11: F25-27. Arrow indicate eluted bands.

M 1 2 34 56 7 89 101112 13 14

144 bp

Figure 2. The AFLP-144bp fragments generated with primer combination E+ACC/M+CTT
showing specific amplification products. Lanes M: 1 kb DNA ladder, 1:Denali, 2: LR, 3
Dejima, 4: Superior, 50 Resy, 6: &%, 7. &A1, 8 AG14065, 91 AG14074, 10: AG14095, 11:
AG14159, 121 AG34094, 13: F9-14, and 14: F25-27. Arrows indicate eluted bands.

3) Sequencing ¥ primer T A<l

Sequence ¥4 Z3, primer E+AT/M+CTCE % 196bp9 oligonucleotidesZ +4
Hol dRen E+ACC/M+CTTE 144bp9] oligonucleotides® T4 = o] QA HFig.
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3 and 4). 53 E+ACC/M+CAA¢l 7AS$ 225bpE  TFAHS dlen
E+ACC/M+CTT9] sequences ¢ 80% AEY #FAME RAFUAY 454 E4&
$%t Blast search(NCBI blast program) 23 primer E+AT/M+CTC $}
E+ACC/M+CTT< Triticum aestivum®] leaf rust 437 AFLP marker ¢ ¢ 10%
AETY FAMEE BAS ¥ O od AXY ofd REFAE FAES HolA &
ot wEx B =FoA At AFLP markers o}d RuHZ GUAY M2
markers241 2] 7hsAo]l & Ao 2 AEEY. Sequencing 2#E EUY2 534 3
" F99 sequence® °]E39 GC TFo] 50%E ¥EX @A 20bpd FolFH
primerg& Y AFSlstsdtl. Pirmer %% E+AT/M+CTColA LBR-1 forward primer
5'-ACATAAGGAGACATGGAAA-3' ¢ reverse primer 5'-AAGGTGGTTTGAG
AGTTCTG-3.& AF&A 3, pirmer 2 E+ACC/M+CTTelA LBR-2 forward
primer 5 -AAAGAACATGATCAGGATG-3" ¢} reverse primer 5'-GTACCAATT
CACCCAATCTG-3'E A&3s9tHTable 5). tA¢1¥ SCAR primer set: A @A
R 5ol #HAS s FHe AFel HAH z=1dE Fo PCR £4& F330h

GACTGCGTACCAATTCATCAAGAACATGTATAACATAAGG 40
primer E+AT—

AGACCATGGAAACATATAATCACACATGACTCCAAGACAT 80
specific primer LBR-1 —

GAAACAAGCCAAAAAGGAACTCTTTATCTTGCGCTCAAAT 120

AGGGATAGAAGGAAAGAGATAAGTATATCAGAACTCTCAA 160
«—specific primer LBR-1

ACCACCTTCCCCTTTGGGAGTTACTCAGGACTCATC 196
<« primer M+CTC

Figure 3. The complete sequences of AFLP fragment of potato. The

primer combination E+AT/M+CTC.
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GATGAGTCCTGAGTAACTTAAATTTACTAAGCCAAAAAGA 40
primer M+CTT—

ACATGATCAGGGATGGAATCTCACCTTCAGGAGAAATCTA 80
specific primer LBR-2—

AATGATTGGGAAGTGGATAGAATTGCTGAACTGCTACTCA 120

GATTGGGTGAATTGGTACGCAGTC 144
<specific primer LBR-2 <-primer E+ACC

Figure 4. The complete sequence of AFLP fragment of potato. The primer

combination E+ACC/M+CTT.

4) SCAR marker®] 71

EolX o2 CaQd primer setd AEFA L S AL 98 S, R 181 HR

individual lines®} PCR E4& 3833t A&3 PCR 21& 271413} annealing

)

=8 Hzx AN gdAM 6T A= 2 F 2TH F7HA7IHX
A3 annealing AHE HE 1 BolA 2 E7x #HEE FUAd APS FIPFAC
(Table 5). ¥4 A primer set, LBR-12 4742} S linesol & band’t A HA
I EE HR linesol Mg 127bpe] 5o]A <l band’t AEHO] primere] &4 o]
A YEldE AL 3P o™, southern £33 27 2 Al HR linesol Al % detection
E 3E 3988 4+ YAF(Fig. 5). R linesol A= 15, 17, 18, 25 9} 26 lanesS Al

He &

g FE AFeA 127bpel band’t HEHAEH °] AFTEL SAl AT A
A AR F 277 ANE Aoz oH, 94 AYAY FAALAAM A

A71E Aol £& AR Atz ddh 99, primer set, LBR-2& 4% PCR 79|
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3o} AHrE AP E S ¢ HR EE linesd band’} A= AAH 2 S0
1 @A JYebwtti(data not shown). SAd, B =FdAEs HAgd 3749

e

i

i

Aol B3

0l

EAAAZREH sequenceE Ei2 94 AFA FZ &4 primer set 2%8& A 33}
oq 2 F AFEH FojAol £ 149 primer set, LBR-1& 723t
£9°]4 SCAR primer set, LBR-1& 93 A3gA ATHAL ¢ ALY 5& By

=
Plgx 2 5+ 9 Aot Bt 228 e £ye A% 444

=
e
v
i
P
o
v
9
rie
0%k
oX,
X
i
flo
e
o
i)
ok
oft
e
o
o
N
=)
N
=]
e
B
fo
0
e
>

Table 5. Descriptions of late blight resistance-linked AFLP markers and the

derived SCAR markers.

AFLP markers AFLP-derived SCAR markers
) Name ) . PCR
Name Primers . Specific primers .
(Size) conditions
47
E+AT LBR-1 S'ACATAAGGAGACCATGGAAA3' 94T, 60s
AFLP-196 47T, 60s
/M+CTC (127bp) 5'AAGGTGGTTTGAGAGTICTG3' .
727C, 90s
4
E+ACC LBR-2 5'AAAGAACATGATCAGGGATG3' 94T, 60s
AFLP-144 467, 60s
MHCTT (102bp) 5“GTACCAATTCACCCAATCTG3' 72C. 908
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S HR Negative control
- | |

M 123 4M5 6 7 8 910111213 14 C1 C2

S HR Negative control
i | i
M 1 2 3 4 M5 6 7 8 910 11 12 13 14 C1 C2

Figure 5. PCR Amplification products and Southern products obtained with SCAR primer
combination LBR~1 present in highly resistant lines and absent in susceptible lines. The
lanes M, 1kb DNA ladder; 1, Denali; 2, LR; 3, Dejima; and 4, Sperior (susceptible lines).
lanes 5, Resy; 6, %F; 7, &4l; 8 AGI4065 9, AG14074; 10, AG14095; 11, AG14159; 12,
AG34094; 13, F9-14; and 14, F25-27 (highly resistant lines). lanes C1l, negative control
(only forward primer amplified product) and C2, negative control (only reverse primer

amplified product). The listed names of potato cultivars tested are in Table 1 and 2.

5) NCBI blast

A2 A3 marker(LBR-1)7F ©H& A4 genede] AFAHE HA3sty] A
NCBI blast search& 3% Z2 LBR-1 marker7} 72t of8F<1  Solanum
demissum G4A 589 PGECO93P17 clone ¥ 86%< A &Aol Yehvs R
AT = U (Fig. 6). 2R ofEoz A S demissum® chromosome 5
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regione ZAHHYF(R] race)ol g R-genee] FH3 regioneZ A QYch
5] chromosome 5 region® 9] 3.7cM region< A4 222 Rx, Nb, GPa &
I QTL R-gene°] T53 Aoz A& AUt NCBI blast search 23 B A gl A
g8 LBR-1 marker7} Z2t9 W A3 markerdd S FH=d, 428 A S

HAFA,

i

‘Mouse-over to show defline and scores. Click to show alignments

{olor Xey Tor fAilignnent Scores
<40 LI Liait]] i

; Score E
¢ Sequences producing significant alignments: {bits) Value

911478249401 gb|ACI 43290, 1| Solanum deaissum chromosome 5 ¢i...
gi 121327455 | ob|ACOSZT00. 21  Homo sapiens chromosome 8, clone. .,
¢ gi|h0A6R93]ab 10122133, 4 Homo sapiens BAC clone BP1I-2M. ..
i gil1783076419b14C001 195,61 Howo sepiens chromesowe 8, clone,..
i ill7047091 [gh|AC084B37. 4] Home sapiens chromosone 8. clome..,
9i F329945. 114F329945 Takifugu rubripes SUIN-1i...

lslslslslsls
%o 09 io b0 1o

Figure 6. The comparison of LBR-1 region sequence of Solanum tuberosum at Genbank
through network.
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>g1 147824340155 ]AC149290 1 | ﬁ Solanus demissum chroscsose 5 clone PGECOISPIT wap MAP.LOC, complete
sequence
Length = 200230

Score = 44,1 bits (22), Ewpect = 0.082
identities = 51/59 (BGY), Gaps = 5/53 (8Y)
Strand = Plus / Hinus

Query: 1 caagaacatgtataacat aaggagaccat ggaaa-—-~catataatcacacatgactee 55
P BB T B o i
Shjct: 102665 caagaacatgcataacataaggaaatcatggaaaagetcatataa-cacacatgactce 102608

Score = 33.2 bits {13}, Expect = 5.}
Identities = 22/23 (B6X)
Strand = Plys / Ninus

Query: 100 aatagggatagaaggaaagagat 122
HEH TN
Shjct: 102565 aataggaatagasggasagagat 102543

Figure 6. continued

2. RAPD 71§ <& o]8&3 A4 lines?} A lineso] 43

2x

7 Als 2 o9y

1) RAPD &4

A lines®l o¥sEdE B4dr] 989 RAPD(Randomly amplified
Polymorphic DNA) oligonucleotide primer{10-mer)+ Operon Technologies Inc.ll A
TJsATh PCR WH8-2 1xreaction buffer, 200uM DNTPs, 1 unit polymerse, 2.5
UM primer, 10ng genomic DNA®9 ZA oz HZE 209 volumel® F3;3AT.
PCR ¥r-gx7 2 95T A 5#3F 7] denaturing @A, 72TCalA 1083¢ AF A%
AR FANFoH, FEL YT 127 denaturing #HAFFH 45TAA 1879
annealing @74 2831 72CAA 2879 extending #AE & cycleZ 3t HF 45
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3] vrE34th F% A PCRAME 2 1%2] agarose geldl Al 100 Vol A 2417 &< A

71%9% ¥ UV transilluminatordol A dHES 3¢ #2831, Polaroid filme

2) NTSYS-pc program

%34 bands& 7HA I bionominal matrix codeZ band’} EAste AL 12 34
33 band7b EA43A ¥ AL 022 AAFT H dendrogramS UYEME

NTSYS-pcol Al UPGMA program% ©]-&3}4 clustering -analysisE ©] 3t}

E A AAFE FA8A EMo AHEE lined AR AFA lined H
APD ¥ o2 syt RAPDEA S F 10719
random primerg A}8-3lA{th SEH dHES A7]E 02-50 Kbe] HYd &£3e
M F 82789 bandF oA 30719 BEE] FAHE bandWE et FARA F
Mg e AFE-3EY tHFig. 6).

Dendrograms A3 A3 73 liness ZA 27 25A, B2E)UHAAIAG A
352 Denali, L. R, AG14095, AG34094, =%, AGI14065, YA 2 &3 o,
YUz 77 linesE BLFL2Z FAHARG AZEH BIFS 44 70% o139 &
MRS AR, 54 lines T FUE AYsne BF AT TEH glde

™ AZETH BAFANE 55%9 22 FAM S EAH(Fig.7, Table 6).

oX,

lineg 7IA1 A3} o

=

olN

- 41 -



10 111213 14

8 9

7

11 1213 14

10

=

suimesesry

.

sah s
.

lates of Potato

=

.

.

e

180

S g B i

DNAs from the forteen

.

mic

.

Si

d geno

e

- 42 -

8 9

7

fi

i

Figure 6. PCR ampl

RAPD prmer(operon))

(Primer

Figure 7. UPGMA dendrogram showing the relationship among the

based on the band in 1.09% agarose gel in RAPD.

Potato species



Table 6. Similarity matrix based on the number of shared by the compared

Potato species and their crossed isolates of Potato species on the 1.0% agarose

gel in RAPD analysis.

Denali L.R a7 ! Resy X% @A AG14065 AG14074 AG14095 AG14159 AG34094 F-14
LR 0.680
A 0.680  0.680
o] 0.600 0.520  0.680
Resy 0.600 0520 0.600  0.680
2% 0.640 0720 0.640  0.400  0.480
A 0.720 0.560 0.560 0.800 0.800  0.360
AGI4065 | 0.640 0.800 0.720  0.400 0.480  0.840  0.440
AG14074 | 0.600 0.680 0.680 0760 0.760 C.560 0.800  0.560
AG14095 | 0720 0.880 0.640 0480 0560 0.680 0.600 0760  0.720
AG14150 | 0560 0.560  0.640 0880 0.640 0.440 0.840  0.440  0.880  0.600
AG34094 } 0760 0760 0760 0.680 0520 0720 0640 0720 0760  0.800  0.720
F9-14 0.480 0.320 0.560 0720 0720 0.440 0.680 0.280  0.640  0.360 0760  0.480
F25-27 0.600 0.440 0760 0.840 0760 0.400 0720 0480 0680 0400 0720 0600  0.720
1 5 { o) S o
3. ZA9Y "WAYd AR G4
7t. Aw 2 ¥
1) 488
(=) == - = - -
AR RSl G 2A APY A48 FAH] A 2AA vIAF 2
\=] e .
e ARAYF ZA 5 lines?d #FA 3 lines?] AEE AEYG ¥gon, 94

)& Sensitivity =

- 43 -
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Table 7. List of potato lines tested in this study(cDNA-AFLP)

Plant No. Lines Late blight sensitivity
1 g A HR
2 x % HR
3 o 78 HR
4 Kondor HR
5 1-1124 HR
6 d A
7 F 7
8 0 A

_(ZL
rir
olft
rO
flo
iz
[-O
lo,
o
A
-l
ro
N
(@3]
a
od
=
o

¥ 30-40%E #A3tEA Auystsch 209
A JAT ZAEZEL AFH 2PL 9314 growth chamber® &A%} #4
T, ¥% 80-90%% HAHHEAN dygadF FaAFGAUx10°

C
spores/mD& 5 FHF3HA.
3) ¢cDNA-AFLP

7}) Total RNA &

t}) mRNA isolation
ZAAANM 2%F total RNAE Oligo(dT) primerE o] 4% PolyAtract® mRNA
Isolation System Kit (Promega)$ ©]83le] mRNAE F%3 % (Fig. 8).
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Figure 8. Schematic diagram of the PolyATract®mRNA isolation procedure.

t}) cDNA synthesis
Total RNAZ ¥ 223 mRNAE Universal RiboClone® cDNA Synthesis System
Kit (Promerga)S AH&3le] cDNAZE &4 35t (Fig. 9).

i EVESS

festgeanet | St Primer
wpniests AHA Bt e

: THAsipeR
Fra-Sirand iffer

g ees ol SAIR
T

Fir i rea
et Ko

G ET TP Lol Lol oS Lol Y Y T
+ el £ 5]

RE 2N

Y YT

14 Db Srdprmstans
* fsiotit

fush preks
I R

R
T u

Figure 9. cDNA synthesis using the Universal RiboClone® cDNA Synthesis System and
Oligo(dT) Primer.
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Z}) cDNA-AFLP

cDNA AFLPE th&3t Z& Aoz HAs%th cDNA lpg — AFAZ (EcoR
I / Mse 1) — Ligation (0.5uM EcoR I / Mse I adator) — Pre-amplification
(EcoR 1-0 / Mse I-0 primer) — Re-amplification (EcoR I+XX / Mse I

+XXX primer) — Electrophosis (6% denaturing polyacrlamide gel}) — Staining

(silver staining)

8B4 ZAEFELS AF3, KR-3, hBH1-5, 1-5-1, FH020523, 020712-5 25 67}
o oyeFon WAt FEFE 09 AUA AL ARSAL 2 vl
0 dold NS Usid, 18R sAdAT AN AR Aidsts Folst

g AR 6EF EF AFAS JehiE E22 J78, Kondor $H(Fig 10,
11, Table 8).

Figure 10. Symptoms of late blight of potato plants caused by Phytophthora
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infestans(Daedwallyeongl-5). Lane 1, @A; 2, &3, 3, }-78; 4, Kondor; 5, [-1124; 6, thA];
7, 7 8, WA,

5 6 7 8

Figure 11. Symptoms of late blight of potato plants caused by Phytophthora infestans(%-
2F-020523). Lane 1, ¥Al; 2, 2%; 3, -78; 4, Kondor; 5, I-1124; 6, WA]; 7, &7]; 8, WA,
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Table 8. Cultivars used in the study and their reaction to Phytophthora infestans

lat

\‘%:i days | ¥4 =% 78 Kondor I-1124 WA ¥ fA
P.infesta

- “a _ _ _ - ’ + ++ +
A3

20 + +++ - - - + +++ ++

7 ++ - - - + - * *
o #31-5

2 et + - - ot - + +

7 - + - - + - ’ )
1-5-1

20 - . - - +4+ - +H+ -

; - . B ~ - - _ -
KR-3

20 | + - - - » " . -

7 + - - - - - ’ )
39H020523

20 +++ + - - - + ++ +

7 - + - - - N ) *
020712-5

20 + ++ - - * B M b

®~ ! not pathogenic, + : weak, ++ : moderate and +++ : severe, respetively.

2) ¢cDNA-AFLP

cDNA-AFLP+= EcoR 1 re-amp primer 1871¢ Mse- I re-amp primer 11 28 =%
02 F 198/ %oz +3stgct. 9 R-gened detectiondt”] 3] samplee 7
g AIFAHHR)E B W78 £F 3 KondorEZE S ALYt Groupe 2F 379
Ixoz AR en, 1-groupS GHAT AF3IE HEFT F 79 F total RNA

=
FEot 20, 2-group> AWAT VA58 FITT F 9A 7Y F total

il

RNAE FZ39d. 3-groupe GHYT S A & AEAZ controlZ A
stk AA 1987 2FFAA IHIFS HEH HEANM LHEHE gened
AE+AG/M+CAC)IAE 350 bp A=A  specific band® eI T,
B(E+CT/M+CAG)¢t C(E+AG/M+CTA)IME ZZ+ 500 bp9t 320 bp HFZolA
band7t & <1¥ 2 ch(Fig. 12).
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3%

E+AG INMHCAC E4CT IMHCAG

DaLs
Jgu-d Cordrel
O A S
1 2.3 4 5 &

E+AG I M+CTA

Figure 12. Specific cDNA-AFLP detection of R-gene by using total RNA extract

from potato leaves: Lane 1, 3, 5, 91-78; Lane 2, 4, 6, Kondor.
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A2d ARG AJAY AL 94 L AR

1. 3 FAAAY YAZY G4

b A5 R 3y

D ANIAE

TEAER 2FAFAA T LA FA BESF = 4NA 464F, 39A 9F, 13
I 2uiA 54F T F 527F 9 AA FAALE AR o A dTd AF
A% F8 F9IEE Frhetn Aol B Aoz Htd AL uPKFTE F
e AWAZY FAALE FEa gk

2) A TAAYY AA

A L AES & F 10aT HH & 1500kg, AHI(N-P-K)&= 15-18-12kg¥ X
ol ARLET Ak FFU 574 FAYANA Bz WASGAm, A
A F2 Bemsh F Bemz HAT. FFL 59 690 o, Ases
F2AFH FREZANG) Foto Ao, BRG] TFAYH AAL
A3 DRAE HESA Gt A3 F 094 692 A NPT o) @
A=) AR on 204 27 Fol SYAEE EASAT
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of A WATS FUE FAT =4 IAGAAN APF A2 aiF I FFA
S di71g oA AP Al wefP(H ol R13)S A AT

A AR ol 8% BT HT YL HAT £ AT A 2ol AA A
Hel 20 BATE FEFSA 20C F27]00A 54 ¢ vjgste] FAEH F
A8 I R FFAEE FASRAT. 2 F AT HFFAGAA FFAE {718
71 §8ke] 308 Bt 4T WA RAAN FXF £ Aol FF2 FEE FUSHAT
HAF HEEEE 454 1.05x10° zoospore/mME FEE ZAHstd A3 7o)
AR Y. Axbe AAEA 60Y A A3 AR A9 3-6 g AMAS A ¥
gEn g 28 WA 670 ¥ AWe] HF o7 F3A SeF 47 20w A
Fdo] o2HA AEE H2HA FF}T ALNA 1243 AE AN
O F A 4 Z¥e] Ko A B8 ¥ 49 FU¢ 20TAA g AT
oA RN A S o) &3t WAFY ¥l R {FEAG FAFS FAS
AL, 7l EA ek EAo wety AP veE AT THEATE
WAool AR & AE 0, 1~5% WNrAALS wyA S 1, 6~20% HWHHA S
W4 3, 21~40% BWHHA L B XS 5 41 ~60% HEbE AL AT 7, 61%
o4& WA 97 Zzp TR RASIAT

=
=
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Figure 2. Inoculation test of potato germplasms to P. infestams
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1A% o)teh #uk wAo] 20%0lstel W AS 3 AEw we] Wad Fe 2
023 AGI049 5 267415 CIUTHE 1, 1% 4),
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Table 1. Response of detached potato leaves inoculated with zoospore suspension

of two mating types of Phytophthora infestans and susceptibility at field trial.

Clones Inocutation Field Clones Inoculation Field
Al A2 Mean Al A2 Mean

AU 22002 0.3 0.0 0.2 AU 33005 2.3
AU 22003 0.3 0.7 0.5 AU 33006 90 9.0 9.0
AU 22005 7.0 0.3 37 AU 33011 0.0 0.0
AU 22007 9.0 9.0 9.0 AU 33012 0.0 0.0 0.0
AU 22008 9.0 9.0 9.0 AU 42003 9.0 9.0 9.0
AU 22009 1.7 13 15 AG 32001 9.0 9.0 9.0
AU 22010 83 0.7 45 AG 32002 77 9.0 83
AU 22012 0.0 50 25 AG 32003 17 9.0 83
AU 22013 9.0 43 6.7 AG 32005 9.0 43 6.7
AU 22014 9.0 9.0 9.0 AG 32007 1.7 37 2.7
AU 22015 13 9.0 52 AG 32008 0.0 37 18
AU 22016 9.0 9.0 9.0 AG 32009 9.0
AU 22019 9.0 AG 32010 1.0 1.0 1.0
AU 22020 9.0 7.0 8.0 AG 32011 43 77 6.0
AU 22023 6.3 AU 33001 83
AU 22024 0.0 03 0.2 AU 33004 8.3
AU 22025 9.0 0.7 48 AU 33005 0.0
AU 22027 2.7 2.3 2.5 AU 33007 0.0 0.3 0.2
AU 22028 43 AU 33010 9.0 33 6.2
AU 22029 9.0 9.0 9.0 AU 33011 0.3
AU 22031 0.7 6.3 35 AG 14005 43 1.0 27 7
AU 22033 9.0 83 8.7 AG 14006 77 90 83 5.7
AU 22034 6.3 10 37 AG 14007 9.0 9.0 9.0 8
AU 22035 9.0 9.0 9.0 AG 14008 9.0 9.0 9.0 8.3
AU 22038 1.0 5.7 3.3 AG 14010 3.0 1.7 2.3 8
AU 22040 9.0 1.7 5.3 AG 14015 83 83 8.3 5
AU 22041 9.0 3.7 6.3 AG 14016 0.3 1.0 0.7 6.3
AU 22043 57 5.0 5.3 AG 14017 0.0 1.0 05 3.7
AU 22044 13 7.0 42 AG 14018 0.0 23 12 7
AU 22045 23 7.0 47 AG 14019 9.0 7
AU 22047 9.0 9.0 9.0 AG 14020 13 70 4.2 83
AU 22050 43 1.0 2.7 AG 14023 83 9.0 8.7 83
AU 22051 9.0 9.0 9.0 AG 14024 1.3 0.7 1.0 7.7
AU 22052 9.0 37 6.3 AG 14025 9.0 9.0 9.0 7
AU 33001 9.0 AG 14027 0.3 0.0 02 5.7
AU 33002 1.3 7.7 45 AG 14029 0.3 9.0 47
AU 33003 23 07 15 AG 14030 0.7 2.3 15 4
AU 33004 0.7 AG 14031 50 9.0 70 6
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Table 1. continued

Clones (= InOCA“;a“‘)“ | Field | Clones N I“OCI‘:I;“"“ ] Field

AG14032 | 90 | 90 | 90 7 | AG 14089 | 90 23 57

AG 14033 | 43 | 07 | 25 AG 1409 | 90 90 9.0 7
AG 14035 | 37 | 17 | 27 7 | AG14092 | 03 0.0 02
AG14036 | 90 | 90 | 90 9 | AG 14094 | 77 7
AG14037 | 00 | 30 | 15 5 | AG 14095 | 70 9.0 80 03
AG140% | 90 | 90 | 90 6 | AG140% | 90 9.0 90 63
AG14039 | 00 | 43 | 22 57 | AG14098 | 90 9.0 90 7
AG14045 | 07 | 07 | 07 AG 1409 | 23 6.0 42 6
AG 14088 | 37 | 90 | 63 9 | AGlor | 23 30 27 5
AG14049 | 00 | 63 | 32 3 | AG14103 | 20 63 42 7
AG 14050 | 63 | 07 | 35 5 | AG14105 | 90 90 90

AG 14051 | 63 | 03 | 33 5 | AG 14106 | 90 9.0 90 37
AG 14052 | 30 | 43 | 37 13 | AG 14107 | 90 77 83 9
AG 14083 | 00 | 13 | 07 8 | AG14108 | 37 9.0 63 6
AG 4054 | 30 | 90 | 60 43 | AG 14110 | 00 63 32 57
AG 14055 | 90 | 90 | 90 2 | AG14l1l | 90 9.0 90 6
AG 4057 | 30 | 90 | 60 AG 14112 | 10 90 50 9
AGI4088 | 90 | 90 | 90 7 | AG 14115 | 03 13 08 5
AG 14059 | 63 | 90 | 77 7 | AG 14116 | 03 07 05 63
AG 14060 | 20 | 57 | 38 AG 14117 | 83 77 80 7
AG 14062 | 23 | 90 | 57 7 | AG 14120 | 57 70 63 57
AG 14063 | 57 | 63 | 60 63 | AG 14121 | 10 9.0 50

AG 14064 | 70 | 77 | 73 43 | AG 14123 | 90 7
AG14065 | 03 | 10 | 07 03 | AG 14127 | 90 63 77 1
AG 14067 | 90 | 03 | 47 7 | AG14129 | L7 10 13 63
AG14069 | 90 | 90 | 90 23 | AG 14130 | 30 90 60 5
AG 14070 | 90 | 90 | 90 77 | AGMI13L | 70 | 70 70 5
AGI4071 | 07 | 10 | o038 5 | AG14133 | 17 9.0 53 33
AGL073 | 90 | 70 | 80 AG 14134 | 90 9.0 90 63
AG14074 | 00 | 90 | 45 07 | AG14136 | 10 57 33 2
AGI4075 | 90 | 90 | 90 37 | AG14137 | 07 90 48 4
AGI4077 | 70 | 90 | 80 7 | AG 14139 | 07 10 08

AG 14078 | 90 63 | AG 14140 | 50 7.0 60 37
AG1408L | 90 | 90 | 90 7 | AG 14142 | 70 70 70 9
AG 14084 | 70 | 43 | 57 57 | AG 14143 | 00 9.0 45 57
AG 14085 | 10 | 90 | 50 63 | AG 14144 | 90 7
AG 14086 | 90 | 90 | 90 8 | AG14145 | 00 17 08 43
AG 14087 | 10 | 23 | 17 63 | AG 14146 | 03 43
AG 14088 | 77 7| AG 14147 | 90 9.0 9.0 8
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Table 1. continued

Inoculation Inoculation .
Clones Al (;:52 ¢ Mean Field Clones Al 1 ZZt Mean Field

A(14148 9.0 9.0 9.0 7 AG 34037 37 6.3 50

AC14150 9.0 2.3 5.7 43 AG 34038 1.0 7.0 40 7
AC14156 5.7 1.0 33 43 AG 34039 13 6.3 38

AC14158 0.0 23 12 AG 34040 37 9.0 6.3

AC14159 7.0 2.3 47 0.7 AG 34042 70 7.7 73 5.7
A(C14160 9.0 4 AG 34043 0.0 0.7 0.3 5.7
ACl14162 6.3 6.3 6.3 13 AG 34044 9.0 9.0 9.0 6
A(C14163 0.0 2.0 1.0 AG 34045 5.0 0.7 2.8 4.7
AC14167 9.0 8.3 87 AG 34046 9.0 9.0 9.0 45
AC14168 9.0 9.0 9.0 AG 34048 3.3 0.0 17 7
AC14070 3.0 AG 34050 9.0 0.7 48 7
AC14173 2.3 9.0 57 AG 34052 30 10 20

AC14178 83 1.0 47 7 AG 34053 77 77 7.7 83
AC14180 0.3 2.3 1.3 AG 34054 0.0 1.0 05 2.7
A(C14181 9.0 AG 34055 0.3 9.0 47 9
AC14182 1.7 6.3 4.0 AG 34056 13 0.3 08 83
AC24001 6.3 9.0 71 5 AG 34057 0.3 3.7 2.0 47
A(24002 83 4.0 6.2 57 AG 34058 6.3 7.7 7.0 9
AC24003 33 1.0 2.2 7 AG 34059 2.3 2.3 2.3

AC24004 3.3 0.3 1.8 57 AG 34062 3.0 43 37 6
AC24005 5.0 2.3 37 77 AG 34063 0.0 5.7 2.8

AC24006 3.0 2.3 27 6.3 AG 34064 2.3 9.0 5.7 7
AC24007 3.0 3.0 3.0 5 AG 34065 9.0 83 87 2.7
AC34001 2.0 1.3 17 7 AG 34066 1.0 0.0 05 8
AC34002 7.0 7.0 7.0 AG 34067 2.3 9.0 57 47
A(34005 77 1.0 43 AG 34068 1.0 1.7 13 7.7
A(C34006 9.0 9.0 9.0 6.3 AG 34069 2.3 0.3 13

AC34007 9.0 7.0 80 AG 34071 03 0.3 0.3 6
AC34012 0.7 AG 34073 83 7.0 77 7
A(34013 9.0 9.0 5.0 AG 34074 2.3 0.7 15 7.7
A(34014 3.3 0.0 1.7 7 AG 34075 0.3 9.0 47 7
AC34020 | 90 9.0 90 47 AG 34076 0.0 0.7 0.3 3.7
AC34023 3.0 4.7 AG 34077 9.0 9.0 9.0 53
A(C34025 2.0 2.3 2.2 3.3 AG 34079 0.7 5.7 32 7
A(C34026 43 0.0 22 AG 34083 03 0.0 0.2 3
A(C34030 83 47 AG 34084 9.0 9.0 9.0 9
A(C34034 0.0 1.0 05 7 AG 34085 0.0 1.0 0.5 4
AC34035 1.0 3.0 20 AG 34092 0.0 6.3 32

A(34036 9.0 1.0 5.0 8 AG 34093 83 3.3 58 1.7
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Table 1. continued

Inoculati . Inoculation .

Clones Al A 2at o Mean Field Clones Al A2 Mean Field
A(34094 0.3 0.3 0.3 0.7 AG 34161 6.3 5.7 6.0 47
AC34095 50 0.0 25 7 AG 34162 0.3 0.3 0.3
A(C34096 0.0 0.3 02 AG 34163 7.0 5
A(34098 13 0.0 0.7 AG 34172 0.0 1.0 05
AC34102 3.0 AG 34173 0.0 77 38
A(C34103 1.0 00 05 AG 34174 4.3
A(34104 7.0 9.0 8.0 8.3 AG 34175 0.3 0.0 0.2
A(34109 9.0 77 1 83 2.7 AG 34182 83
AC34115 7.7 3.7 5.7 9 AG 3418 9.0 57 7.3 9
A(C34117 0.0 2.3 12 7 AG 34187 27 0.0 1.3 4
A(C34118 37 1.0 2.3 AG 34183 9.0 9.0 9.0 33
AC34119 0.7 0.0 0.3 AG 34189 1.3 0.3 0.8 4
AC34120 9.0 9.0 9.0 AG 34192 9.0 9.0 9.0 2
A(34121 5.7 0.0 2.8 6 AG 34193 0.0 2.7 13 7
A(C34123 0.7 1.0 0.8 AG 34194 9.0 0.3 47 8.3
A(C34124 5.0 0.0 25 AG 34195 9.0 9.0 9.0 4
A(C34128 0.0 3.0 15 AG 34197 0.3 0.3 0.3 5
A(C34129 6.3 30 47 AG 34199 9.0 9.0 9.0 4
A(C34130 71 9.0 8.3 7 AG 34200 0.3 37 2.0 77
AC34131 0.0 0.7 0.3 AG 34201 1.3 4.3 2.8 6.3
AC34132 0.3 0.3 03 9 AG 34203 9.0 6"
A(34136 9.0 9.0 9.0 7.9 AG 34204 0.0 17 0.8 3.7
AC34137 0.3 5.0 2.9 6 AG 34205 83 7.7 80 43
A(C34138 3.0 57 43 AG 34206 0.7 0.0 03 5.7
AC34139 4.3 0.3 2.3 AG 34207 9.0 9.0 9.0 5
A(34140 9.0 50 9.0 5 AG 34208 9.0 6.3 7.7 1
AC34143 17 77 47 43 AG 34209 2.3 0.0 1.2 7
AC34144 1.7 9.0 5.3 2 AG 34213 9.0 37 6.3 7
A(34145 3.7 0.7 2.2 AG 34215 03 3.0 17 7.7
A(34146 5.0 7.0 6.0 4 AG 34217 03 03 0.3
A(34148 13 1.0 1.2 AG 34235 0.0 83 42
A(34149 5.0 37 4.3 8 AG 34240 2.3 1.0 1.7
A(C34151 07 07 0.7 3 AG 34241 0.0 0.0 0.0
AC34152 8.3 0.0 4.2 7 AG 34244 6.3 07 35
AC34155 9.0 77 8.3 1.3 AG 34245 0.0 03 02
A(34156 9.0 9.0 9.0 AG 34246 9.0
A(C34157 2.3 7.0 47 5 AG 34247 1.0 0.3 0.7
A(C34158 7.0 77 7.3 15 AG 34252 0.7 0.0 0.3
AC34160 0.3 0.7 0.5 AG 34258 77
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Table 1. continued

Inoculation . Inoculation .
Clones Al A2 Menm Field Clones xI A2 Mean Field

AG 34260 9.0 3.0 6.0 AG 44024 0.0 1.0 05 5
AG 34261 77 43 6.0 AG 44025 2.3 0.0 12 6.3
AG 34262 23 AG 44026 9.0 57 7.3

AG 34263 0.0 1.7 0.8 AG 44027 1.3 03 0.8 2
AG 34264 0.3 AG 44028 0.0 0.0 0.0 35
AG 34265 0.0 3.0 15 AG 44030 9.0 9.0 9.0 77
AG 34267 2.3 07 15 AG 44031 13 5.0 32 8
AG 34269 9.0 5.3 72 AG 44032 70 83 77 7
AG 34270 77 7.0 7.3 AG 44033 7.0 9.0 80 7
AG 34271 0.0 3.0 15 AG 44034 0.7 17 1.2

AG 34272 9.0 1.7 5.3 AG 44035 6.3 1.7 4.0 6.3
AG 34273 7.0 5.0 8.0 AG 44039 8.3 N 8.0 3
AG 34278 7.0 AG 44040 0.3 5.7 3.0 6
AG 34279 13 37 25 AG 44041 27 17 22 6.3
AG 34281 0.3 0.0 0.2 AG 44042 9.0 9.0 9.0 7.7
AG 34284 0.0 0.0 0.0 AG 44043 0.7 07 0.7 7
AG 34285 30 37 3.3 AG 44044 03 2.3 1.3 6.3
AG 34287 7.7 9.0 8.3 AG 44045 0.3 0.0 0.2 6.3
AG 34283 1.7 0.0 0.8 AG 44047 83 5.0 6.7 9
AG 34289 77 7.0 7.3 AG 44048 0.0 0.3 0.2 6.3
AG 34290 2.3 33 2.8 AG 44050 0.3 0.7 05 7
AG 34291 30 0.7 18 AG 44051 3.0 0.0 15 4.7
AG 44001 1.0 1.7 13 6 AG 44052 0.0 03 0.2

AG 44005 0.7 0.7 0.7 5.7 AG 44053 9.0 43 6.7 43
AG 44006 8.3 23 5.3 2 AG 44055 57 37 4.7 7.7
AG 44007 2.3 9.0 5.7 AG 44057 43 1.7 3.0 5.7
AG 44009 0.3 4.3 2.3 5.7 AG 44059 43 7
AG 44010 9.0 9.0 9.0 5 AG 44063 07 9.0 48 9
AG 44011 0.7 0.3 05 47 AG 44064 2.7 0.7 1.7 6.3
AG 44012 9.0 9.0 9.0 AG 44065 6.3 0.7 35 5.7
AG 44013 5.0 0.3 2.7 6.3 AG 44067 9.0 9.0 9.0 3
AG 44014 9.0 8.3 AG 44068 03 0.0 0.2 6.3
AG 44016 2.3 1.0 1.7 57 AG 44069 0.0 1.0 05 7
AG 44017 9.0 9.0 9.0 5 AG 44070 0.7 5.7
AG 44018 9.0 5.7 7.3 AG 44071 0.0 0.3 0.2 77
AG 44019 6.3 9.0 77 1 AG 44073 5.0 9.0 7.0 6.3
AG 44021 7.0 77 7.3 7 AG 44074 1.3 57 35 7
AG 44022 83 5.0 6.7 43 AG 44076 1.0 7.0 4.0 37
AG 44023 1.0 5.7 33 47 AG 44077 0.0 0.7 03 2
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Table 1. continued

Clones Al Inoi;latxon Mean Field Clones X Inoc:l; ton Moo Field

AC44080 5.0 77 6.3 7 AG 54067 13 0.3 0.8

A(44081 0.0 07 03 HE 03 30 1.7

AC44082 37 0.3 20 7 1-11 50 30 4.0 8
AC44085 0.7 1.0 08 1-12 8.3 37 6.0 6.3
AC44087 0.0 43 22 1-14 9.0 07 48 5
AC44092 6.3 9.0 77 1-15 9.0 9.0 9.0 5.7
AC44093 9.0 9.0 9.0 7 1-2 8.3 77 8.0 6.3
AC44094 2.3 37 . 3.0 1-3 30 83 5.7 5
AC44096 3.0 0.0 15 7 1-30 7.0 9.0 8.0 7
AC 44097 1.7 07 1.2 9 1-42 57 0.7 32 9
AC44008 30 33 32 4 1-49 9.0 9.0 9.0 6.3
AC44099 23 3.0 27 1-53 0.3 0.0 0.2 7
AC44101 0.7 83 45 1-65 5.0 37 43 43
AC44102 6.3 9.0 79 7 1-6 0.3 7.7 4.0 5
AC44103 9.0 17 53 1-61 9.0 6
AC44104 0.3 30 1.7 8 1-62 0.3 13 0.8 8
AC44105 7.7 17 47 1-63 0.3 1.7 1.0 6.3
AC44107 0.3 0.0 0.2 1-66 0.3 0.0 0.2 7
AC44108 9.0 6.3 7.7 1-67 2.7 1.0 1.8 6.3
AC44109 0.3 1.7 1.0 1-68 9.0 70 8.0 6.3
AC44110 50 37 4.3 1-70 0.7 6.3 35 7
AC44111 23 37 3.0 1-73 0.3 50 27 7
AC44112 0.3 30 1.7 1-8 5.7 9.0 7.3 7
AC44113 0.0 10 05 1-84 0.0 1.3 07 6
A(44118 03 7.7 40 6.3 1-9 9.0 9.0 9.0 5
AC44120 3.7 83 6.0 4 92HC-11 9.0 9.0 9.0 57
AC44121 0.3 10 0.7 92HC-15 7.7 9.0 83 57
AC44122 03 0.0 02 7 92HC-16 0.3 37 2.0 37
A(44124 1.3 1.0 12 4 92HC-17 33 9.0 6.2 3
AC44125 0.3 6.3 33 92HC-18 4.3 83 6.3 37
AC44129 0.0 03 02 92HC-20 9.0 9.0 9.0 3
AC44131 0.0 17 0.8 92HC-21 9.0 5
A(44132 30 17 2.3 92HC-22 9.0 9.0 9.0 37
AC44146 9.0 90 9.0 92HC-25 0.0 20 1.0 6.3
AC44160 90 92HC-30 9.0 9.0 9.0 5.7
AC44171 0.3 92HC-34 9.0 70 8.0 5
AC44174 | 00 92HC-4 43 9.0 6.7 37
A(54064 0.0 1.7 0.8 92HC-48 0.7 7.0 38 5
AC54065 0.0 0.7 03 92HC-5 13 1.3 1.3 1
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Table 1. continued

Inoculation . ~ Inoculation .
Clones Al A2 Mean Field Clones Al A2 Mean Field
92HC-7 20 43 32 17 F25-16 6.3 3.0 47 9
92vVC-2 0.0 0.0 0.0 5 F25-24 5.7 3.0 4.3 5
95HC-42 27 1.7 2.2 5 F25-27 9.0 9.0 9.0 37
F10-49 1.0 7.7 43 4.3 F25-49 1.7 2.7 2.2 6.3
F1-16 9.0 9.0 9.0 6.3 F25-53 6.3 37 5.0 3.7
F1-31 23 5.0 3.7 5.7 F25-70 0.0 0.3 0.2 3.7
F13-21 0.7 3.7 2.2 1 F25-75 1.0 33 2.2 43
Fi13-23 5.7 1.0 33 7 F25-91 1.3 0.7 1.0 7.7
F13-24 0.7 1.7 1.2 43 F27-3 70 7
F1-42 9.0 9.0 9.0 5 F2-8 9.0 7.0 8.0 5
F1-5 5.7 1.7 37 7.7 F28-18 3.3 9.0 6.2 3
F17-28 1.0 0.0 0.5 7 F30-2 0.0 2.3 1.2 8.3
F1-78 8.3 9.0 8.7 7 F5-18 4.0 7.7 5.8 7
F1-8 6.3 7.0 6.7 9 F9-114 5.0 7.0 6.0 7
F19-16 1.3 9.0 5.2 7 F9-132 9.0 9.0 9.0 7.7
F21-62 1.0 43 2.7 9 F9-136 0.3 0.0 0.2 7
F23-11 9.0 9.0 9.0 F9-19 9.0 9.0 9.0 7.7
F2-35 1.0 2.3 1.7 9 F9-38 4.3 79 6.0 4.3
F24-12 0.7 0.3 0.5 5 F9-62 2.3 7.0 47 6
F24-14 9.0 2.3 b7 9 F9-69 0.3 79 4.0 8.3
F24-5 77 3.7 5.7 1 F9-95 0.3 03 0.3 3
F24-6 0.7 5.7 F9-99 0.3 0.7 0.5 0.7
F25-14 1.0 0.7 0.8 3
¥ 0= no symptom, 1= 1~5% symptom area, 3= 6 ~20 %, 5= 21~40%, 7= 41~60%,

9=more than 61%
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Figure 4. Frequency of the susceptibility to late blight of potato germplasms.

- 62 -




Table 2. Response of detached potato leaves inoculated with zoospore suspension

of Phytophthora infestans

s 1
Clone Rate Smmlatlo;mrangiaz Symptom on host® Response
AG14029 3/6 0.19x10° N BA | BS S
AG14047 3/6 26x10° N BA | BS S
AG14062 3/6 0.8x10° N BA | BS S
AG14062 3/6 0.2x10° N BA | BS S
AG14067 5/6 1.35x10° N BA | BS S
AG14068 5/6 5.6x10° N S
AG14084 4/6 0.24x10° N BA | BS Y S
AG14103 4/5 3.7x10° N BS S
AG14109 4/6 1.7x10° N BS S
AG14115 5/6 3.3x10° BS S
AG14182 4/6 1.6x10° N BS S
AG24001 3/6 1.12x10° N BA | BS S
AG24003 4/6 0.28x10° N BA S
AG24007 3/6 1,2x10° N BA | BS S
AG34085 46 1.34x10° N |BA| BS C S
AG34090 0/6 0 N BS Y R
AG34094 4/6 1.6x10° N BA | BS S
AG34096 2/6 0.4x10° BA | BS Y M
AG34153 3/6 0.16x10° N BA | BS s
AG34194 6/6 6.1x10° N BS S
AG34247 1/6 0.3x10° N BS M
AG34278 5/6 0.48x10° N BS S
AG34285 3/6 1.14x10° N BA | BS S
AG44001 6/6 © 159x10° S
AG44010 5/6 7.4x10° N BA | BS S
AGA44013 4/5 1.6x10° N BA | BS S
AG44014 1/6 0.99x10° N BA | BS Y M
AG44016 3/6 0.35x10° N Y S
AG44019 6/6 1.65x10° N BS S
AG44022 3/6 0.38x10° N BA | BS S
AG44028 1/6 0.23x10° N BA | BS M
AG44032 5/6 1.25%10° N BA | BS S
AG44034 6/6 1.23x10° N BA | BS S
AG44043 5/6 0.3x10° N BA | BS S
AG44057 3/6 0.4x10° N BS S
AG44059 6/6 0.8x10° N BS S
AG44065 2/6 0.4x10° N BS C M
AGA44071 4/6 7.29x10° N BS S
AG44076 2/6 0.25x10° N BA | BS M
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Table 2. continued

Clone Sporulation Symptom on host Response
Rate Sporangia

AG44077 1/6 0.3x10° N BA | BS M
AG44082 4/6 0.54x10° N BA | BS S
AG44084 0/6 0 N BA | BS R
AG44098 3/6 0.25x10° N BS S
AG44111 5/6 2.25x10° N BS S
AG44112 3/6 0.33x10° N BA | BS S
AG44118 4/6 1.26x10° N BA | BS S
AGA44124 6/6 6.4x10° N S
AG44131 6/6 0.9x10° N BS S
AG44132 6/6 2.37x10° N BS S
CIP 270812 3/6 1.6x10° N BA | BS Y S
CIP 67008 3/6 0.15x10° N BS Y S
CIP 710125 2/6 0.4x10% N BA | BS c M
CIP 765 2/6 0.13x10° N BA | BS M
CIP 871 5/6 2.95x10° N S
CIP724 0/6 0 BA| BS | CY R
ND 5/6 2.75x10° N BS S
PB 6/6 2.4x10° N )
PD 1/6 0.7x10* N BA | BS M

!': determined the sporulation of isolate at 5 days after inoculation with 1.02x10°

zoospore/mé

? : Sporangia ; No. of sporangia/m{

SIN; necrosis, BA ;brown area, BP ;brown spot, C ;canker Y; yellowing

R ! resistance, M moderate, S : susceptible
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Table 3. Response of potato varieties to late blight in fields of Daekwallryung

area
Sympton of late blight
Clone Incidence(%)* Severity’ Response’

AG14029 1/30(3.3) 0.1 M
AG14047 2/30(6.7) 1.0 S
AG14062 25/30((83.3) 1.0 S
AG14062 21/30(70.0) 1.0 S
AG14067 25/30(83.3) 24 S
AG14068 . 13/20(65.0) 1.8 S
AG14084 22/30(73.3) 1.2 S
AG14109 25/30(83.3) 18 S
AGIl4115 13/30((43.3) 1.0 S
AG14132 21/30(70.0) 08 M
AG24001 22/30(73.3) 10 S
AG24003 28/30(93.3) 2.8 S
AG24007 4/30(13.3) 0.3 M
AG34085 30/30(100) 32 S
AG34090 22/30(73.3) 1.0 S
AG34094 13/30(43.3) 1.0 S
AG34153 29/30((96.7) 25 S
AG34194 26/30(86.7) 26 S
AG34247 0/30(0) 0 R
AG34278 21/30(70.0) 0.9 M
AG44010 18/30(60.0) 16 S
AG44022 8/30(26.7) 03 M
AG44028 6/30((20.0) 0.2 M
AG44032 28/30({93.3) 0.8 M
AG44034 15/30(50.0) 06 M
AG44043 23/30(76.7) 0.8 M
AG44059 23/30((76.7) 20 S
AG44065 9/30((30.0) 0.3 M
AG44071 23/30(76.7) 2.0 S
AG44076 11/30(36.7) 0.3 M
AG44077 0/30(0) 0 R
AG44082 19/30(63.3) 06 M

AG44084 o)A
AG44098 8/30((26.7) 10 S
AGMI11L 19/30(63.3) 12 S
AG44112 25/30((83.3) 26 S
AG44118 5/30((16.7) 1.0 S
AG44124 23/30(76.7) 12 S
AG44131 2/30(6.7) 0.2 M
CIP724 0/30(0) 0 R
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Table 3. continued

Sympton of late blight
Clone Incidence Severity Response

ND-2717-6 29/30(96.7) 25 S
CIP 270812 0/30(0) 0 R
CIP 67008 30/30(100) 2.7 S
CIP 710125 11/30(36.7) 0.9 M
CIP 765 7/30(23.3) 0.4 M
CIP 871 18/30(60.0) 1.3 S
PB 8/30(26.7) 09 M

: incidence of disease(%)
21 0= no symptom, 1= 1~25% symptom area, 2= 26 ~50 %, 3= 51~75%, 4= 76~100%

5:R= resistance, M= moderate, S= susceptible
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Table 4. Agronomic characteristics of potato germplasms.

Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield [Rates of| Specific |Glucose
vigor® | stems(cm) | stems (kg/10a) | MTY* | gravity | (%)
AG14001 Mid 5.0 42 18 0.0 3,036 89 1.061 0.21
AG14003 | Mid-late 2.0 23 16 05 556 22 1.070 0.17
AG14004 3.0 29 13 00 941 21 1.070 0.22
AG14005 | Mid-late 6.0 51 33 1.3 4971 82 1.061 0.22
AG14006 Mid 7.0 53 26 03 3,905 75 1.060 0.25
AG14007 Mid 3.0 19 2.0 0.0 2,048 88 1111
AG14008 | Mid-late 5.0 43 14 0.0 2,306 61 1.056 0.44
AG14009 Mid 7.0 47 15 0.0 3,764 89 1.084 0.08
AG14010 | Mid-late 5.0 52 2.1 0.0 3,648 89 1.074 0.18
AG14011 Mid 4.0 46 1.7 1.0 1,513 75 1.062 0.19
AG14012 Mid 4.0 43 19 15 2,603 77 1.071 0.42
AG14013 Early 9.0 63 26 0.0 5,102 73 1.060 0.31
AG14014 | Mid-late 7.0 57 1.9 0.0 3,474 58 1.068 0.17
AG14015 Early 6.0 50 2.0 1.0 3,759 57 1.111 0.39
AG14016 Mid 70 53 2.1 23 5311 88 1.080 0.25
AG14017 Late 7.0 59 19 1.0 4,869 45 1.065 0.23
AG14018 Late 7.0 56 21 0.0 3,585 87 1.086 0.17
AG14019 | Mid-late 8.0 73 2.1 0.8 3,853 71 1.090 0.20
AG14020 |Early-mid] 3.0 39 22 1.0 2,523 73 1.083 0.14
AG14021 1.7 0.0 1,884 74 1.038 0.07
AG14023 | Mid-late 4.0 46 1.7 15 2,409 78 1.064 0.27
AGl14024 {Early-mid| &0 49 2.1 15 5,536 92 1.065 0.15
AG14025 |Early-mid| 50 55 2.0 15 4,487 33 1.062 0.14
AG14026 {Early-mid| 7.0 55 25 25 3,335 73 1.077 0.29
AG14027 | Mid-late 5.0 36 1.8 0.0 3,669 71 1.048 0.42
AG14028 Mid 70 21 15 3,395 65 1.079 0.25
AG14029 | Mid-late 3.0 53 19 0.0 1,680 55 1.100 0.14
AG14030 Mid 70 69 1.4 0.8 1,730 38 1.081 0.40
AG14031 {Early-mid] 20 20 10 0.0 1,022 68 1.060 0.20
AG14032 Mid 6.0 48 2.3 48 5,288 76 1.097 0.16
AG14033 Mid 1.0 30 17 00 1,365 100 1.087
AGI14034 |Early-mid| 50 50 2.7 0.0 3,271 76 1.082 0.15
AG14035 |Early-mid| 6.0 60 1.8 15 1,987 71 1.075 0.21
AG14036 Mid 5.0 15 0.0 3,298 77 1.057 0.12
AG14037 | Mid-late 6.0 66 21 0.0 2,948 73 1.058 045
AG14038 |Early-mid| 7.0 55 1.8 0.0 4413 78 1.074 0.16
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Table 4. continued
Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |[Rates of] Specific | Glucose
vigor® | stems(em) | stems (kg/10a) | MTY™ | gravity | (%)
AG14039 {Early-mid| 3.0 43 2.0 0.0 3,109 60 1.069 0.22
AG14040 |Early-mid| 7.0 61 2.4 1.0 2,936 44 1.090 0.26
AG14041 "Mid 3.0 46 1.6 0.0 2,406 48 1.069 0.39
AG14042 {Early-mid| 40 49 2.8 15 3,216 58 1.074 0.37
AG14043 9.0 43 16 0.0 1,667 77 1.093 0.26
AG14045 |Early-mid| 50 62 1.8 05 5,041 71 1.064 0.30
AG14047 Early 50 43 3.1 0.0 2,318 65 1.066 0.54
AG14048 |Early-mid| 5.0 43 22 03 1,987 63 1.057 0.17
AG14049 Mid 8.0 59 2.0 2.0 4,066 57 1.067 0.50
AG14050 | Mid-late 6.0 48 2.8 0.3 3,012 64 1.085 0.14
AG14051 Late 9.0 64 22 0.0 4,057 82 1.067 0.10
AG14052 Late 50 65 25 0.3 2,219 59 1.084 0.09
AG14053 |Early-mid| 6.0 42 26 05 743 34 1.077 0.13
AG14054 |Early-mid| 7.0 43 19 15 2,041 43 1.061 0.36
AG14055 Late 7.0 84 23 0.0 4,181 90 1.069 0.08
AG14057 |Early-mid! 70 50 2.0 2,720 85 1.065 0.20
AG14058 | Mid-late 50 1.0 1.0 1,644 49 1.056 0.24
AG14059 Mid 9.0 71 16 2.0 4977 82 1.066 0.18
AG14060 | Mid-late 50 41 1.2 0.0 1,902 61 1.067 0.62
AG14061 |Early-mid| 50 35 1.0 03 977 23 1.081 0.29
AG14062 | Mid-late 5.0 42 15 05 3,150 83 1.075 012
AG14063 | Mid-late 8.0 44 25 0.0 4,861 77 1.061 0.30
AG140064 Late 8.0 56 3.0 2.3 3,202 42 1.093 0.23
AG14065 | Mid-late 8.0 55 1.8 0.0 3,255 69 1.060 0.08
AG14066 | Mid-late 5.0 62 1.3 0.0 4,348 86 1.072 0.23
AG14067 Mid 5.0 2.0 05 3,298 76 1.068 024
AG14068 Late 6.0 64 19 0.3 4,502 78 1.055 0.34
AG14069 Late 5.0 61 2.1 0.3 2,412 34 1.113 0.28
AG14070 Mid 6.0 50 1.6 05 2,581 85 1.070 0.14
AG14071 Late 5.0 76 25 1.9 5,288 36 1.095 0.19
AG14072 | Mid-late 50 48 2.1 1.8 3,659 66 1.061 0.13
AG14073 Late 9.0 51 2.0 0.0 1,902 65 1.067 0.47
AG14074 | Mid-late 6.0 61 1.9 0.3 4,377 73 1.073 031
AG14075 | Mid-late 9.0 58 17 0.0 5,350 88 1.062 0.23
AG14077 |Early-mid{ 4.0 55 2.1 0.0 4,813 79 1.074 0.27
AG14078 | Mid-late 40 33 1.7 0.8 1,269 23 1.082 0.53
AG14081 {Early-mid] 7.0 58 2.7 1.0 3,237 84 1.049 1.49
AG14082 Mid 70 38 1.0 0.0 2,725 100 1.049 0.38
AG14083 Late 50 53 2.0 0.3 3,071 58 1.090 044

- 69 -




Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’] Yield |Rates of| Specific |Glucose
vigor® | stems(cm) | stems (kg/10a) | MTY" | gravity | (%)
AG14084 Mid 50 42 14 04 3,778 75 1.079 0.10
AG14085 | Mid-late 9.0 47 20 0.0 3,634 92 1.072 0.15
AG14086 |Early-mid| 3.0 22 2.0 0.0 1,325 86 1.085 0.08
AG14087 | Mid-late 6.0 50 19 05 4,647 87 1.076 0.11
AG14088 Mid 7.0 36 2.8 0.0 4,099 75 1.065 0.88
AG14089 3.0 12 1.0 320 0 1.080
AG14090 | Mid-late 40 28 1.2 0.0 1,632 66 1.057 0.36
AG14091 | Mid-late 80 49 14 0.3 3,299 73 1.082 0.13
AG14092 | Mid-late 9.0 57 2.2 0.0 5,605 73 1.086 0.55
AG14093 |Early-mid| 6.0 50 2.2 0.0 4411 93 1.072 0.24
AG14094 Late 3.0 39 1.0 0.0 309 100 1.111
AG14095 Mid 8.0 57 2.1 08 3,668 63 1.077 0.22
AG14096 Early 6.0 51 16 0.0 3,767 85 1.065 0.14
AG14098 | Mid-late 30 30 1.9 2.0 1,931 72 1.056 0.47
AG14099 | Mid-late 7.0 4 2.1 0.0 828 34 1.046 0.16
AGI14100 Mid 5.0 51 1.3 0.0 4,117 94 1.062 0.07
AG14101 Early 6.0 46 1.8 0.8 3,376 87 1.064 0.10
AG14103 Mid 40 60 1.9 0.0 2,657 76 1.073 0.20
AG14104 | Mid-late 7.0 66 1.9 0.3 3,754 73 1.074 0.47
AG14105 | Mid-late 2.0 1.0 2,169 87 1.069 0.09
AG14106 | Mid-late 7.0 1.1 0.5 3,058 1.058 0.13
AG14107 | Mid-late 5.0 29 0.0 2,524 69 1.073 0.15
AG14108 |Early-mid| 5.0 51 20 0.0 2,730 39 1.048
AG14109 | Mid-late 50 49 14 0.0 4,224 87 1.066 0.42
AG14110 Mid 8.0 58 2.2 0.0 3,489 54 1.079 0.12
AGI4111 Mid 70 38 1.3 0.0 160 0 0.11
AGl14112 |Early-mid| 3.0 35 2.1 0.3 2,813 52 1.076 0.21
AGl4113 |  Mid ' 30 4,720 9% | 1080
AGI14115 | Mid-late 10 28 1.5 0.0 1,237 97 1.077 0.10
AGl4116 Late 5.0 30 1.6 2.0 2,834 88 1.066 0.44
AG14117 Mid 6.0 46 1.7 03 5,563 88 1.065 0.23
AGI14118 |Early-mid| 7.0 50 1.9 1.0 2,172 32 1.085 0.22
AG14120 |Early-mid] 6.0 49 1.5 0.0 3,016 95 1.082 0.16
AGI14121 | Mid-late 50 52 2.1 0.0 299 0 1.032 0.19
AG14122 | Mid-late 4.0 41 1.8 15 2,699 70 1.109 0.19
AGI14123 | Mid-late 2.0 28 1.9 0.0 1,223 71 1.061 0.21
AG14125 | Mid-late 5.0 36 1.6 05 886 66 1.072 0.27
AG14126 | Mid-late 5.0 53 2.1 03 3,954 70 1.070 0.40
AG14127 |Early-mid| 1.0 43 3.0 4,874 58 1.074
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Table 4. continued
Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific | Glucose
vigor® | stems(cm) | stems (kg/10a) | MTY* | gravity | (%)
AG14128 {Early-mid| 7.0 57 1.8 0.0 2,026 79 1.113 0.20
AG14129 |Early-mid} 5.0 54 2.1 25 858 29 1.054 026
AG14130 | Mid-late 7.0 65 1.8 1.3 4,256 72 1.055 021
AG14131 | Mid-late 6.0 41 19 0.3 2,698 66 1.062 0.63
AG14132 | Mid-late 5.0 54 2.0 3.0 3,892 77 1.089 0.28
AG14133 | Mid-late 3.0 20 2.1 15 1,769 63 1.076 0.08
AG14134 Mid 5.0 38 15 2.0 1,625 37 1.081 0.28
AGl4135 |Early-mid| 7.0 64 15 0.0 1,099 9% 1.076 0.87
AGl14136 | Mid-late 70 65 1.3 0.0 2,784 27 1.056 0.42
AG14137 | Mid-late 50 45 2.0 0.0 1,987 58 1.055 0.61
AG14138 | Mid-late 6.0 55 1.8 0.0 2,875 66 1.088 0.32
AG14139 | Mid-late 2.0 1.0 2,240 49 1.067 0.31
AGl14140 |Early-mid| 9.0 62 23 0.0 3,384 67 1.069 024
AG14141 Late 9.0 66 22 25 5216 96 1.073 0.49
AGl14142 | Mid-late | - 5.0 39 1.6 0.0 3,514 92 1.088 0.36
AG14143 Mid 50 64 2.3 0.3 3,684 79 1.083 0.24
AGl4144 Late 6.0 52 2.2 0.0 3,146 55 1.062 047
AG14145 | Mid-late 6.0 65 1.7 1.8 3,214 72 1.080 0.21
AG14146 Late 7.0 40 1.7 0.0 3,797 84 1.062 0.18
AG14147 | Mid-late 7.0 40 1.6 0.0 3,701 78 1.053 0.15
AG14148 Early 7.0 30 1.0 0.0 1,499 70 1.084 0.20
AG14149 | . Late 6.0 41 1.3 0.0 3,197 87 1.071 0.15
AG14150 | Mid-late 8.0 55 26 0.3 5,030 76 1.073 045
AG14153 Late 9.0 78 1.8 0.0 654 0 1.106 0.18
AG14156 | Mid-late 6.7 80 2.0 30 3,610 79 1.052 051
AG14158 Mid 9.0 75 18 15 6,453 80 1.079 0.14
AG14159 Mid 9.0 73 31 03 4,582 ™ 1.070 0.24
AG14160 | Mid-late 8.0 63 1.8 0.0 577 5 1.053 0.16
AG14161 Late 3.0 2.0 0.5 3,324 84 1.050 011
AGI14162 Late 8.0 62 25 05 3,659 37 1.091 0.20
AG14163 Late 7.0 39 1.7 0.0 2,238 32 1.091 0.15
AG14167 Mid 7.0 54 2.0 1.0 1,433 41 1.108 0.38
AG14168 |Early-mid| 5.0 78 1.8 0.0 25 0.12
AG14169 Late 70 85 2.2 0.0 971 9 1.072 1.09
AGl14171 Late 30 78 1.1 0.0 423 1.167 0.19
AG14172 | Mid-late 3.0 71 1.8 15 2,485 22 1.045 0.93
AGl14173 | Mid-late 30 66 2.2 0.0 357 0 091
AG14174 Mid 70 %S 2.3 1.7 956 12 1.087 0.24
AG14175 105 1.2 0.0 0.46
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’] Yield |Rates of|Specific | Glucose
vigor® | stems(cm)| stems (kg/10a) | MTY" | gravity | (%)
AGI14176 Late 9.0 65 26 0.0 1,184 29 1.095 0.14
AG14177 (Early-mid] 90 40 24 0.0 3,317 77 1.094 0.11
AG14178 | Mid-late 5.0 63 21 0.3 5,387 81 1.054 0.35
AG14179 |Early-mid| 3.0 78 2.0 0.0 446 0 1.061 0.83
AG14243 |Early-mid{ 7.0 49 30 0.0 7612 85 1.073 0.13
AG24001 Early 5.0 50 18 0.8 4525 93 1.056 0.22
AG24002 Early 3.0 27 2.2 15 1,088 43 1.077 0.35
AG24003 | Mid-late 6.0 61 33 0.8 4,620 75 1.074 0.39
AG24004 Late 8.0 62 41 2.5 2,643 55 1.057 0.39
AG24005 |Early-mid| 6.0 36 2.7 0.0 3,099 78 1.083 0.06
AG24006 Mid 50 15 0.0 3,173 79 1.063 0.07
AG24007 Early 80 51 1.8 0.0 4,275 76 1.076 0.40
AG24008 Late 70 56 25 0.0 4,947 87 1.072 0.23
AG24009 3.0 47 2.7 0.0 6,375 86 1.064 0.55
AG24010 | Mid-late 5.0 42 2.0 0.0 3,338 86 1.075 0.16
AG24012 Early 50 33 1.8 0.0 3,225 72 1.074 0.24
AG24013 Mid 50 47 23 55 3,779 77 1.058 0.27
AG32001 [Early-mid| 50 39 12 0.0 1,397 838 1.072 0.29
AG32004 | Mid-late 7.0 65 1.3 0.0 3,061 89 1.051 018
AG32005 | Mid-late 3.0 76 1.7 0.0 5,145 . 49 1.120 0.21
AG32007 | Mid-late 7.0 78 2.8 0.0 9,089 74 1.052 0.32
AG32008 Mid 7.0 50 10 05 629 0 0.59
AG32009 Early 3.0 20 2.3 0.0 216 90 1.101 0.19
AG32011 | Mid-late 7.0 37 1.3 9.0 5,728 24 1.0%4
AG34001 |Early-mid] 1.0 59 1.7 0.0 1,888 100 1.061
AG34002 | Mid-late 70 27 1.2 0.0 821 68 1.086 0.43
AG34004 25 1.0 293 0 1.059
AG34005 Mid 5.0 25 15 1,067 71 1.038
AG34006 Mid 6.0 43 31 0.3 4,247 78 1.076 0.15
AG34007 Mid 5.0 48 1.0 0.0 1,013 4 1.044
AG34008 Mid 50 79 1.9 0.0 2,635 85 1.071 0.19
AG34010 18 2.0 2,027 61 1.070 0.18
AG34012 | Mid-late 50 41 1.0 0.0 1,301 64 1.077 0.90
AG34013 25 1.3 2,160 77 1.068 0.16
AG34014 | Mid-late 5.0 43 15 03 2914 53 1.058 0.59
AG34020 | Mid-late 40 41 24 00 2,442 29 1.062 0.28
AG34023 {Early-mid} 7.0 48 29 0.8 3,663 78 1.071 0.10
AG34024 Late 2.0 34 15 03 1,064 45 1.060 0.18
AG34025 | Mid-late 8.0 59 1.7 03 2,341 57 1.078 0.14
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific |Glucose

vigor’ | stems(cm) | stems (kg/10a) | MTY™ | gravity | (%)
AG34026 Mid 5.0 52 2.1 05 4,498 82 1.071 0.11
AG34030 |Early-mid| 6.0 42 21 0.0 2,584 72 1.074 0.14
AG34032 Mid 50 29 12 25 917 51 1.104
AG34034 Mid 7.0 42 29 0.0 5,041 90 1.074 0.20
AG34035 Mid 5.0 31 3.0 20 3,237 61 1.068 0.14
AG34036 Early 3.0 21 1.0 0.0 523 67 1.045 0.20
AG34037 [Early-mid| 3.0 43 2.7 0.0 4,565 100 1.061
AG34038 |Early-mid| 30 52 13 20 3,818 89 1.078
AG34041 Late 6.0 63 2.6 1.0 2,382 48 1.138 0.45
AG34042 Early 7.0 45 14 0.0 4,753 87 1.086 0.11
AG34043 | Mid-late 5.0 65 26 0.3 2,118 62 1.077 0.16
AG34044 |Early-mid| 3.0 36 25 1.0 2,117 64 1.061 0.09
AG34045 |Early-mid} 3.0 2.2 0.0 791 33 1.064 0.33
AG34046 | Mid-late 3.0 40 1.0 1,330 57 1.052 0.20
AG34047 |Early-mid| 3.0 1.9 0.0 1,618 82 1.065 0.09
AG34048 Mid 6.0 44 2.3 0.0 2,696 73 1.066 0.14
AG34050 Mid 50 19 05 2,746 74 1.064 0.33
AG34051 | Mid-late 40 23 16 25 1,921 69 1.088 0.09
AG34052 Mid 9.0 56 1.8 0.0 3,090 98 1.083 0.46
AG34053 Late 50 55 21 0.8 3,363 81 1.064 0.17
AG34054 Mid 80 55 24 0.3 5,168 85 1.071 0.17
AG34055 |Early-mid| 4.0 49 2.1 1.3 1,405 71 1.068 0.24
AG34056 |Early-mid| 3.0 16 05 3,538 9l 1.064 0.18
AG34057 {Early-mid| 50 50 29 0.3 4,935 91 1.066 0.30
AG34058 Mid 50 43 1.7 0.0 2,272 61 1.064 0.12
AG34059 | Mid-late 5.0 32 1.2 0.0 3,538 85 1.065 037
AG34060 | Mid-late 70 37 13 05 1,368 73 1.090 0.06
AG34061 |Early-mid| 7.0 48 2.1 0.0 4,161 77 1.076 0.14
AG34062 | Mid-late 80 48 1.8 1.0 875 34 1.070 043
AG34063 Mid 23 0.0 4,089 83 1.081 0.27
AG34064 | Mid-late 6.0 55 31 0.0 3,466 53 1.070 0.18
AG34065 |Early-mid| 4.0 46 1.6 0.0 2,143 72 1.064 0.23
AG34066 Mid 50 1.6 10 1,800 93 1.061 0.10
AG34067 | Mid-late 4.0 27 14 08 1,104 91 1.064 0.22
AG34068 Mid 50 31 1.3 20 2,420 90 1.068 0.19
AG34070 | Mid-late 6.0 46 2.1 10 3,246 62 1.073 0.21
AG34071 Mid 40 30 1.3 0.0 842 56 1.071 0.13
AG34072 |Early-mid 3.0 4,035 96 1.071 0.14
AG34073 | Mid-late 3.0 35 19 0.3 1,529 90 1.075 0.23
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific | Glucose
vigor® | stems(cm) | stems (kg/10a) | MTY* | gravity | (%)
AG34074 Mid 40 37 25 0.0 2,788 72 1.079 0.12
AG34075 Mid 50 45 1.8 0.0 3,348 79 1.068 0.22
AG34076 Late 6.0 59 25 0.8 705 0 1.078 0.09
AG34077 |Early-mid| 4.0 43 23 0.3 3,156 80 1.066 0.19
AG34079 Late 30 22 20 40 1,113 26 1.046 0.13
AG34083 Late 50 7 2.1 0.0 5,052 51 1.170 0.26
AG34085 | Mid-late 40 46 14 1.0 2,103 71 1.067 0.16
AG34090 | Mid-late 50 64 20 0.0 5,337 80 1.052 041
AG34092 |Early-mid| 5.0 57 16 0.0 2,396 33 1.085 0.28
AG34093 Late 70 44 16 0.2 2,806 50 1.082 0.18
AG34094 Late 7.0 42 1.7 0.0 2,424 54 1.071 0.26
AG34095 | Mid-late 50 56 18 0.0 2,006 36 1.061 0.60
AG34096 Late 30 63 2.2 05 2,869 74 1.069 0.65
AG34088 | Mid-late 1.0 45 1.3 0.0 1,913 28 1.072 0.20
AG34104 Mid 50 57 22 0.0 2,995 78 1.057 0.43
AG34108 | Mid-late 6.0 78 3.2 0.8 3,670 89 1.055 0.20
AG34109 Mid 6.0 44 1.5 0.8 1,610 58 1.096 031
AG34110 Late 9.0 25 2,302 66 1.064 0.14
AG34115 Mid 50 37 1.3 0.0 496 65 1.045 0.35
AG34117 | Mid-late 7.0 78 14 3.0 740 18 1.076
AG34118 Mid 3.0 63 1.0 0.0 907 100 1.127
AG34120 Mid 70 48 22 2.0 5,936 85 1.075 0.17
AG34121 Late 3.0 65 1.0 40 619 0 1.065 0.27
AG34123 Mid 7.0 60 1.3 0.0 2,460 66 1.050 0.76
AG34124 Late 7.0 46 1.3 0.0 494 0 1.083 0.37
AG34127 |Early-mid| 7.0 71 1.1 0.0 2,002 58 1.107 0.72
AG34128 | Mid-late 50 59 1.3 0.0 1,963 54 1.081 1.05
AG34129 Mid 30 28 10 2.0 1,280 85 1.075 0.28
AG34130 Late 5.0 25 1.2 0.0 1,418 82 1.051 0.15
AG34131 | Mid-late 50 64 20 0.0 740 51 1.070 023
AG34132 | Mid-late 70 42 1.8 0.0 1,445 80 1.073 0.34
AG34133 | Mid-late 10 18 20 00 622 33 1.088 0.19
AG34134 | Mid-late 2.0 32 1.1 10 772 45 1.052 0.22
AG34136 |Early-mid{ 4.0 53 29 0.3 3,816 67 1.060 0.29
AG34137 | Mid-late 6.0 58 2.0 0.3 4,746 39 1.059 043
AG34138 Mid 50 27 16 0.0 571 32 1.068 0.17
AG34140 Mid 50 66 1.3 0.0 4,945 92 1.077 0.18
AG34142 Mid 7.0 1.8 1.0 3,226 84 1.070 0.32
AG34143 | Mid-late 6.0 50 22 05 3,523 51 1.094 0.15
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific | Glucose

vigor® | stems(cm)| stems (kg/10a) | MTY™ | gravity | (%)
AG34144 | Mid-late 7.0 64 2.8 0.0 1,842 64 1.088 0.18
AG34145 Mid 3.0 41 32 0.0 3,946 72 1.063 0.34
AG34146 Late 6.0 52 14 0.0 2,396 78 1.064 0.30
AG34148 Mid 5.0 47 1.1 0.0 245 0 1.161 041
AG34149 Late 9.0 61 2.0 0.0 3,381 56 1.063 0.13
AG34151 | Mid-late 6.0 59 2.1 03 2,951 58 1.106 0.35
AG34152 Mid 8.0 65 1.7 0.0 4,169 63 1.086 0.21
AG34153 |Early-mid| 7.0 61 29 0.3 4,401 78 1.081 042
AG34154 | Mid-late 7.0 3,605 87 1.067
AG34155 Mid 80 75 2.7 15 8,675 67 1.073 0.38
AG34156 |Early-mid|{ 50 49 21 0.8 4,530 88 1.062 0.19
AG34157 |Early-mid| 8.0 58 1.9 0.0 3,600 80 1.071 0.20
AG34158 | Mid-late 3.0 40 2.5 35 2,671 67 1.072 041
AG34161 | Mid-late 4.0 40 1.8 05 953 41 1.058 0.23
AG34162 | Mid-late 7.0 56 24 0.0 1,589 40 1.070 0.38
AG34163 Mid 9.0 62 2.0 0.0 3,994 78 1.078 0.12
AG34167 |Early-mid| 7.0 62 2.0 0.0 4,238 70 1.096 0.19
AG34171 Mid 9.0 68 2.0 0.0 4,256 48 1.076 0.24
AG34172 21 15 0.0 3,296 71 1.073 0.25
AG34173 | Mid-late 5.0 65 1.2 0.0 953 42 1.086 0.48
AG34174 |Early-mid| 5.0 37 1.8 0.0 1,468 13 1.060 0.19
AG34175 Late 3.0 74 19 0.0 1,308 13 1.077 0.38
AG34176 | Mid-late 9.0 55 2.6 1.0 4213 73 1.093 0.29
AG34184 | Mid-late 7.0 32 1.3 0.0 149 0 1.084 0.28
AG34185 | Mid-late 1.0 19 1.0 0.0 523 0 1.065 0.17
AG34186 Mid 50 61 2.0 0.0 1,077 50 1.115 0.16
AG34187 |Early-mid| 6.0 59 27 0.3 6,199 80 1.059 0.16
AG34188 Early 50 37 1.7 03 1,506 82 1.059 0.20
AG34189 Late 8.0 68 2.6 1.0 3,132 62 1.081 0.25
AG34190 |Early-mid| 6.0 53 1.7 0.0 2,388 49 1.075 0.12
AG34191 |Early-mid| 4.0 48 2.2 0.0 4,450 81 1.065 0.26
AG34192 |Early-mid| 7.0 56 21 0.8 3,666 49 1.061 0.46
AG34193 | ' Late 3.0 43 19 05 3,484 73 1.062 033
AG34194 | Mid-late 50 50 2.2 0.8 3,457 80 1.072 0.17
AG34195 | Mid-late 9.0 64 2.5 05 5,841 79 1.073 0.32
AG34196 | Mid-late 3.0 14 0.0 658 23 1.061 0.08
AG34197 Late 40 62 2.0 15 3,269 75 1.068 017
AG34198 Mid 50 38 2.4 0.5 3,134 56 1.074 0.21
AG34199 | Mid-late 7.0 61 2.1 05 5,237 65 1.060 0.16
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of [Scabies’| Yield |Rates of| Specific |Glucose
vigor® | stems(cm) | stems (kg/10a) | MTY*® | gravity | (%)
AG34200 Mid 3.0 10 05 1,133 91 1.066 029
AG34201 | Mid-late 8.0 68 30 10 4,821 73 1.072 0.23
AG34202 Late 40 4 1.7 05 2,060 52 1.068 0.33
AG34203 Mid 70 41 2.1 0.3 4,102 88 1.054 0.30
AG34204 | Mid-late 9.0 56 2.2 0.3 4594 66 1.074 0.24
AG34205 Mid 40 54 2.1 0.8 3,946 75 1.067 0.20
AG34206 Mid 5.0 55 2.3 1.0 4,007 78 1.066 0.56
AG34207 | Mid-late 4.0 33 2.1 0.8 1,440 66 1.082 0.25
AG34208 | Mid-late 5.0 80 3.3 0.0 799 34 1.179 0.27
AG34209 {Early-mid| 6.0 48 1.8 1.0 2,199 75 1.070 0.36
AG34210 | Mid-late 3.0 52 1.7 0.0 2,096 97 1.076 0.18
AG34211 Mid 5.0 40 1.7 0.3 1,966 66 1.077 0.11
AG34212 Late 7.0 36 1.7 1.0 2,818 67 1.069 0.07
AG34213 Mid 3.0 41 1.3 0.0 427 0 1.143
AG34215 Mid 3.0 28 1.6 0.0 1,013 65 1.059 0.10
AG34216 | Mid-late 9.0 93 2.3 0.7 4,330 71 1.065 0.56
AG34217 37 2.0 747 52 1.062 0.32
AG34220 | Mid-late 9.0 73 1.9 0.0 6,307 33 1.057 0.77
AG34239 | Mid-late 70 58 1.1 0.0 853 24 1.084 0.25
AG34240 48 1.5 0.0 21 1.066 0.21
AG34241 | Mid-late 5.0 50 19 0.0 2,681 28 1.076 0.16
AG34242 Early 3.0 49 2.3 0.0 3,783 49 1.068 0.28
AG34243 | Mid-late 70 57 1.1 0.0 3,491 51 1.070 0.41
AG34244 | Mid-late 7.0 101 16 0.0 452 44 1.114 0.26
AG34245 | Mid-late 9.0 51 2.0 0.0 3,481 50 1.078 0.30
AG34246 19 2.3 0.0 4154 41 1.065 0.77
AG34247 Mid 9.0 29 19 0.0 1,280 29 1.062 0.56
AG34252 | Mid-late 7.0 79 1.8 0.0 3,026 35 1.072 0.97
AG34254 Mid 7.0 69 1.8 0.0 2,418 54 1.078 0.11
AG34260 | Mid-late 9.0 55 1.3 0.0 1,131 59 1.077
AG34261 Late 70 86 20 2,357 34 1.042 |
AG34263 | Mid-late 7.0 83 1.9 0.0 3,061 89 1.076 0.71
AG34264 Late 9.0 71 14 0.0 2,546 55 1.060 0.54
AG34265 | Mid-late 9.0 66 2.0 0.0 2,126 56 1.076 0.48
AG34267 Late 9.0 86 3.2 0.0 3,509 49 1.077 0.22
AG34268 Mid 9.0 | 82 3.2 0.0 2,268 7 1.090 0.25
AG34269 | Mid-late 9.0 81 18 0.0 1,968 24 1.076 0.31
AG34270 | Mid-late 5.0 38 1.9 0.0 295 0 1.085 0.24
AG34271 Mid 5.0 69 21 0.0 2,425 79 1.059 0.13
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific | Glucose
vigor® |stems(cm)| stems (kg/10a) | MTY* | gravity | (%)
AG34272 Late 7.0 8 27 0.0 4,149 41 1.061 0.30
AG34273 | Mid-late 9.0 70 30 0.0 2,926 84 1.065
AG34274 Late 9.0 87 18 0.0 2,425 0 1.077 0.40
AG34276 Late 9.0 87 21 0.0 2,478 0 1.071 0.24
AG34279 3.0 12 4.0 6,016 84 1.050
AG34281 | Mid-late 5.0 75 1.7 0.0 3,058 33 1.066 0.21
A(34282 Late 9.0 73 2.0 0.0 0.19
AG34285 |Early-mid 9.0 48 1.7 0.0 4,146 93 1.056 0.15
AG34286 | Mid-late 9.0 80 1.0 0.0 2,459 33 1.086 0.17
AG34287 | Mid-late 7.0 61 2.9 0.0 4618 82 1.054 0.26
AG44001 Mid 7.0 48 27 0.0 3,552 66 1.061 0.15
AG44002 Mid 6.0 61 2.1 0.3 5,241 87 1.062 0.28
AG44003 | Mid-late 6.0 42 2.3 0.0 3,674 69 1.078 0.11
AG44004 | Mid-late 7.0 57 2.1 05 3,705 73 1.066 0.23
AG44005 3.0 23 5.0 987 72 1.066 0.16
AG44006 Mid 50 47 2.3 55 3,779 77 1.058 0.27
AG44007 | Mid-late 2.0 0.0 1,067 0 1.037 0.14
AG44008 30 2.0 05 400 26 0.06
AG44009 | Early-mid 40 25 2.1 13 1,885 67 1.058 0.18
AG44010 | Mid-late 5.0 51 2.4 2.0 5,173 73 1.061 0.24
AG44011 Late 5.0 33 1.2 1.0 2,153 56 1.051 0.27
AG44012 Mid 2.0 34 1.4 1.3 1,594 59 1.097 0.10
AG44013 | Mid-late 7.0 51 2.2 0.0 5,807 85 1.064 0.27
AG44014 |Early-mid 4.0 51 2.7 0.0 2,789 74 1.056 0.25
AG44015 Late 5.0 14 0.0 2,978 94 1.082 0.16
AG44016 Mid 50 59 2.0 0.5 4817 8 1.062 0.28
AG44017 Mid 6.0 47 29 0.0 4,730 78 1.072 0.22
AG44018 Late 30 1.1 0.0 1,211 82 1.076 0.09
AG44019 | Mid-late 30 48 2.8 0.8 3,380 74 1.051 0.17
AG44020 | Mid-late 6.0 62 2.0 05 3,961 77 1.054 0.19
AG44021 Mid 80 50 2.0 0.3 3,621 75 1.081 0.31
AG44022 Mid 40 53 2.0 05 3,367 74 1.071 0.24
AG44023 |Early-mid 6.0 45 1.6 0.8 2,672 58 1.064 0.20
AG44024 | Mid-late 7.0 53 2.6 0.0 2,873 74 1.066 0.55
AG44025 |Early-mid 40 35 22 | 23 1,578 70 1.077 0.11
AG44026 Early 3.0 31 24 0.0 1,524 62 1.062 | 0.22
AG44027 | Mid-late 7.0 66 24 0.0 1,920 45 1.061 0.27
AG44028 Mid 9.0 58 1.8 0.0 3,433 63 1.054 0.42
AG44029 |Early-mid 1.3 0.0 2,293 75 1.068 0.22
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Table 4. continued
Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific | Glucose
vigor® |stems(cm)| stems {kg/10a) | MTY" | gravity | (%)
AG44030 |Early-mid| 4.0 36 21 0.0 2471 59 1.061 0.22
AG44031 5.0 41 25 0.3 2,403 57 1.056 0.28
AG44032 |Early-mid| 5.0 41 1.7 0.0 2,792 43 1.067 013
AG44033 Mid 70 41 11 03 3,036 70 1.067 0.23
AGA44034 | Mid-late 7.0 29 14 0.0 4,136 65 1.064 0.20
AG44035 | Mid-late 50 59 2.7 0.0 3,196 72 1.069 0.19
AG44036 |Early-mid| 6.0 58 26 0.0 4,011 63 1.073 012
AG44037 |Early-mid| 6.0 62 19 08 2,854 84 1.076 0.29
AG44038 Mid 6.0 55 27 0.0 3,940 79 1.071 0.15
AG44039 | Mid-late 6.0 68 2.0 1.0 4777 55 1.085 0.25
AG44040 Late 3.0 11 0.0 707 31 1.052 0.19
AG44041 | Mid-late 7.0 49 31 0.0 3,762 62 1.079 0.10
AG44042 Mid 6.0 58 29 05 4,265 73 1.076 0.14
AG44043 | Mid-late 4.0 51 2.6 0.3 4,229 46 1.069 0.20
AG44044 Late 40 35 16 0.0 2,227 73 1.067 0.15
AG44045 Early 8.0 54 2.1 0.0 4,229 69 1.069 0.13
AG44046 | Mid-late 5.0 32 0.0 3,600 85 1.070 0.12
AG44047 | Mid-late 6.0 26 2.3 0.0 1,985 77 1.068 0.15
AG44048 Mid 6.0 57 2.0 03 5710 74 1.066 0.19
AG44049 Mid 6.0 41 1.6 0.0 1,295 77 1.056 011
AG44050 Mid 50 59 21 05 3,328 72 1.070 0.19
AG44051 |Early-mid| 7.0 75 2.8 05 7,289 73 1.055 0.67
AG44052 | Mid-late 6.0 63 2.8 0.0 647 0 1.068 0.39
AG44053 | Mid-late 40 35 1.2 2.8 367 35 1.140 0.16
AG44054 | Mid-late 5.0 44 14 0.0 3,618 83 1.067 0.19
AG44055 Mid 5.0 35 25 03 2,857 70 1.057 0.29
AG44056 Late 5.0 15 2.0 3,342 93 1.069 0.06
AG44057 |Early-mid| 5.0 51 2.1 0.0 3,500 46 1.063 0.45
AG44058 Mid 3.0 43 15 10 3,768 55 1.061 0.20
AG44059 |Early-mid| 3.0 58 24 0.3 3,001 60 1.058 0.13
AG44060 | Mid-late 50 50 21 0.0 2,943 62 1.073 0.21
AG44061 Mid 3.0 2.0 1.0 1,200 56 1.045 0.16
AG44062 Mid 30 24 0.0 4,453 87 1.063 0.15
AG44063 | Mid-late 3.0 24 2.3 0.0 2,929 62 1.062 0.19
AG44064 | Mid-late 7.0 70 2.6 13 4,071 71 1.068 0.53
AG44065 Mid 7.0 85 2.6 0.0 6,132 78 1.062 0.29
AG44066 | Mid-late 9.0 69 1.6 0.3 3,910 91 1.079 0.18
AG44067 | Mid-late 70 28 10 2,640 77 1.079 0.10
AG44068 |Early-mid| 5.0 47 1.8 03 2,871 70 1.080 0.08
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’} Yield |Rates of| Specific |Glucose
vigor® | stems{cm) | stems (kg/10a) | MTY* | gravity | (%)
AG44069 Mid 2.0 39 20 0.3 2,011 73 1.071 0.09
AG44070 Mid 6.0 40 35 0.0 5,123 77 1.084 0.29
AG44071] Mid-late 50 40 1.6 0.3 1,483 95 1.076 0.10
AG44073 Mid 70 38 21 0.0 3,630 68 1.074 0.29
AG44074 Mid 6.0 28 1.2 0.3 1,926 69 1.082 0.17
AG44075 58 23 0.0 5,749 94 1.065 0.12
AG44076 | Early-mid 70 53 2.2 18 4,031 66 1.061 0.27
AG44077 Mid 6.0 52 26 0.0 2,997 69 1.074 0.22
AG44080| Early-mid 4.0 56 2.1 0.3 3,896 77 1.054 0.44
AG44081 | Mid-late 70 58 1.1 0.0 3,488 62 1.068 0.16
AG44082 Mid 8.0 75 2.1 05 5,497 83 1.076 0.25
AG44084| Mid-late 50 57 2.4 0.8 3,469 86 1.087 025
AG44088 Mid 30 25 30 0.0 2,379 89 1.073
AG44089| Mid-late 3.0 61 1.4 0.0 804 86 1.082 0.18
AG44090| Mid-late 7.0 63 1.3 0.0 576 100 1.061
AG44092 Mid 3.0 7 30 0.0 3,861 83 1.033 0.10
AG44093| Mid-late 5.0 32 2.3 1,125 83 1.119
AG44094| Mid-late 5.0 55 2.6 0.0 1,966 54 1.057 0.33
AG44096| Mid-late 50 48 1.0 0.0 1,333 100 1.080
AG44097| Mid-late 50 43 1.3 0.0 636 35 1.067 0.24
AG44098 Late 50 58 1.8 0.0 2,108 57 1.078 0.29
AG44099| Mid-late 5.0 65 1.0 0.0 487 47 1.042 0.31
AG44100 Mid 1.0 13 1.0 0.0 352 0 1.067
AG44102] Mid-late 3.0 a1 3.0 0.0 3,952 92 1.053 0.56
AG44103 Mid 9.0 62 1.8 0.0 793 62 1.066 0.34
AG44104] Mid-late 3.0 52 1.2 0.0 2,069 64 1.044 0.40
AG44105 Late 5.0 45 1.0 0.0 1,216 43 1.060 0.01
AG44106| Mid-late 70 55 2.0 0.0 0 1.062 0.67
AG44108] Mid-late 70 58 2.6 0.0 1,131 59 1.078 0.72
AG44109| Mid-late 9.0 93 1.9 0.0 2,066 91 1.059 0.28
AG44111 Mid 50 71 2.3 0.0 3,210 73 1.063 0.36
AG44112 Late 70 44 3.2 2.0 1,867 62 1.068 0.74
AG441131 Mid-late 9.0 61 34 45 4,686 48 1.056 0.20
AG44115 3.0 42 19 0.0 1,397 61 1.082 0.16
AG44118| Mid-late 5.0 44 1.3 0.0 1,008 62 1.099 031
AG44120] Mid-late 7.0 54 2.0 0.0 4527 82 1.079 0.30
AG44121 Mid 30 44 16 0.0 2,466 81 1.074 0.20
AG44122 Mid 7.0 60 3.8 13 4,634 72 1.084 025
AG44123| Mid-late 9.0 50 1.2 0.0 2,793 50 1.069 0.17
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’] Yield {Rates of| Specific | Glucose
vigor® | stems(cm) | stems (kg/10a) | MTY* | gravity | (%)
AG44124 Early 80 45 20 0.0 2,915 99 1.064 0.15
AG44125| Mid-late 7.0 51 2.3 0.0 3,358 36 1.088 0.19
AG44126| Early-mid 7.0 79 1.5 0.0 2,805 66 1.066 0.52
AG44129] Mid-late 70 67 1.3 0.0 3,434 84 1.056 0.35
AG44132 3.0 39 1.0 117 0
AG44133 Early-mid 7.0 58 1.3 0.0 1,600- 51 1.070 0.80
AU22001| Mid-late 50 73 1.4 0.0 51 1.063 0.72
AU22002! Mid-late 3.0 61 14 0.0 47 1.078 0.34
AU22003{ Mid-late 3.0 48 1.3 0.0 96 1.068 047
AU22004 Mid 70 49 1.5 0.0 54 1.105 0.65
AU22005| Mid-late 3.0 53 1.6 0.0 93 1.066 1.04
AU22007| Mid-late 5.0 81 45 0.0 0 1.065 0.48
AU22008 Late 40 3.0 0 1.045
AU22009 Mid 50 51 2.4 0.0 89 1.073 0.40
AU22010 Early 3.0 54 2.4 0.0 76 1.062 0.28
AU22011| Mid-late 1.0 47 25 0.0 20 1.098
AU22012| Mid-late 5.0 57 22 0.0 42 1.067 0.49
AU22013| Mid-late 50 40 2.0 0.0 85 1.080 0.28
AU22014 Mid 3.0 66 36 0.5 30 1.064 0.07
AU22016| Mid 1.0 43 1.0 0.0 98 0.42
AU22018 Early 1.0 50 1.8 81 1.071
AU22019| Mid-late 5.0 52 19 0.0 36 1.062 0.10
AU22020| Mid-late 3.0 70 1.0 38 1.083
AU22023 Mid 3.0 36 1.2 0.0 0 1.094 052
AU22024! Mid-late 9.0 51 33 0.0 15 1.065 052
AU22025 Mid 50 33 1.2 0.0 70 1.055 0.74
AU22026| Early-mid 50 38 17 2.0 27 1.063
AU22027| Mid-late 5.0 29 2.7 0.0 1.100 0.56
AU22028| Mid-late 3.0 45 1.2 8.0 42 1.052 1.04
AU22031 | Mid-late 30 33 25 0.0 41 1.067 0.40
AU22032| Mid-late 5.0 45 2.3 0.0 0 0.25
AU22033 Early 1.0 28 4.0 0.0 36 1.074 0.15
AU22034| Mid-late 3.0 51 1.2 0.0 88 1.069
AU22035 Early 3.0 29 1.8 0.0 87 1.091 0.14
AU22036| Mid-late 3.0 53 1.7 0.0 30 1.065 0.48
AU22037| Mid-late 3.0 67 3.3 0.0 0 1.078
AU22038| Mid-late 7.0 53 1.7 0.0 90 1.058 0.19
AU22038 | Early-md 7.0 58 2.0 0.0 43 1.054 0.26
AU22040 Late 5.0 72 1.5 0.0 63 1.056 0.12
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Table 4. continued

Clones | Maturity | Plant | Height of | No. of |Scabies’| Yield |Rates of| Specific { Glucose
vigor® | stems(cm)| stems (kg/10a) | MTY* | gravity | (%)
AU22041 Late 7.0 59 2.2 0.0 74. 1.071 0.25
AU22042 | Mid-late 3.0 49. 1.3 0.0 100 1.074 0.41
AU22043 Early 70 70 2.7 0.0 19 1.070 0.11
AU22044 Mid 7.0 54 1.3 0.0 ) 56 1.061 0.31
AU22045 Mid 3.0 56 1.5 0.0 0 0.22
AU22046 |Early-mid| 5.0 38 1.2 0.0 32 1.096 0.20
AU22047 FEarly 3.0 36 38 35 86 1.057 0.42
AU22048 | Mid-late 7.0 60 2.9 2.0 22 1.072 0.26
AU22049 Late 30 33 1.5 0.0 0 1.077
AU22050 Mid 70 45 14 0.0 84 1.053 0.29
AU22052 Early 3.0 17 1.2 0.0 27 1.077 0.14
AU33001 71 1.3 0.0 45 1.152 0.23
AU33002 | Mid-late 3.0 66 1.0 0.0 1.121 0.18
AU33003 65 35 0.0 87 1.047 0.50
AU33004 | Mid-late 1.0 415 2.0 0.0 0 1.000 0.28
AU33005 Mid 1.0 67 1.7 0.0 10 1.288 0.92
AU33006 | Mid-late 3.0 38 1.7 0.0 0 1.145 0.24
AU33007 Mid 3.0 70 2.3 0.0 6 1.127 0.17
AU33011 |Early-mid|{ 7.0 82 2.0 0.0 14 1.094 0.20
AU33012 | Mid-late 5.0 44 1.2 0.0 93 1.081 0.25
AU42002 | Mid-late 70 78 1.9 0.0 0 1.079 0.64
AU42003 | Mid-late 7.0 73 1.9 0.0 0 1.139 0.99
AU42004 | Mid-late 70 66 1.2 0.0 1.091 1.08

~

1=very weak, 3=weak, 5=medium, 7=strong, 9=very strong
0= no symptom, 1= 1~5% symptom area, 3= 6 ~20 %, 5= 21~40%, 7= 41 ~609%,

9=more than 61%

<

* Rates of maketable tuber vield, more than 50g
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Figure 5. Distribution of tuber yield and rates of marketable tuber yield in evaluated
potato germplasms.
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Figure 6. Distribution of specific gravity and glucose content of evaluated potato

germplasms.

- 82 -



3. A9 AIAY FAAA AT

7H As 2 8y

A AR T AR AL

F XF 2 AudAe A H7E Tk ol o
5 SRR oz offstgtt, 4ulA AuEt S 9
st el AIAHA AFoz AGI4065%F AG34094, Gro] kg AT oEZE
AG24006% FAEtE olHmE AAStTh wulRE o7 ALGHE 2¥|A] ATES
EFogistad A Audd Aoz FFE AT FI-1249 FI-998 ERo 2 &
31 2A kB EQl Solanum berthaultiiol Al AL E berB-1& FE o8 dto ¥y
& Stk JiEe £S5 AFHSS 19 1A A upolEEolEE JEE H
o] At el sHEg AAste] Ab&aRon, FY A FolA s #A
o7 AAII AAT S Az w8 ST

FAo] o]F oz dujF F3p & oF 40U Ao FHIG 253 FHAZ T T
2 BosAnh 28 2= 4T AGSATIE ol B8 B
Gt 72 22409199 AAFAE 2004 42 20% 32T ZE2 E 0]

At SRS FES AFSAA AuiHE SEE HEGER]. &%) AMEsN, T
A

- 83 ~



Figure 3. Seedling of progenies using 32 hole plug tray.
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o dvid FAe & 20 A o)A 3170, 4T ZFAAME BFE 1334
olMd 2¥iAE xFo] 4uiAT 2FRT AFAEE @ 17T FAFIL ¥ AL,
g ZEAME wFde] Zagd wet FHFAe] TP FLE 8 o}
ygt Jis 2 gl Ao mul&F e Fejacle] HAx AL & F AN
(Hermunstad & Peloquin, 1985). £ AgolA REoE o]&FH FI AFTELS 4 A
GM 7718 HFEAE A SARAETH T FURA DRHA gFA b3
dgdol ol FEHo uwA YAl & Ao uvEEtHCarrloo & Maine,
1989).

2 AP B Fdo A= @A 23EE 4 3208 A=Y ez EdY o
o #Fate w7k dhex WA AK Fol don oAl Audd AR Fd
AAE T3 9y AYY AFE ALY Aol

[+

Table 5. The results of crossing among potato clones with different resistance

levels to P. infestans.

Ploidy Female Male No. of No. of |]Percentage| No. of No. of
flowers | fruits set of seeds |seeds/fruit
crossed fruits set

4xx4x AG14065 AG24006 23 16 69.6 2,350 147

4xx4x AG14065 AG34094 3 2 66.7 440 220

4xx4x AG34094 AG24006 13 12 92.3 1,155 9%

4xx4x AG34094 AG14065 14 12 85.7 1,493 124

4xx4x AG24006 AG14065 3 2 66.7 414 207

Mean 56 44 786 5,852 133

2x%2x F9-124 berB-1 22 14 63.6 410 29

2xx2x F9-99 berB-1 89 19 213 620 33

Mean 1 33 29.7 1,030 31

* Resistance clones : AG14065, AG34094, F9-124, F9-99, BerB-1
Susceptible clones : AG24006
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A3 49 AFY ARAAE] AL 974 54 A7

1L wul g9 AAX 48A AR F-E£d7] 33

7H As 2 3y

-

1 IR oA AA, 2n gamete VA AR

X 2AGAE 85 L oA ZUE 1FA ¥

O.?‘_',

Wisconsind| A £ &% 938 A
JNFG A Aulsts ofAF ] A, 2+ 28 F 34 ol Fe kS
TR 39 EE I ol AW & A2 adA AXAAG EFEet Au 874
o F2 2viA 4%, 49l A 2F, 66]A 2F o]t} vibrator® Bo] o] o] L o
21,2 3 &8 #FAN3, 77 aceto-carmine glycerol2 @48t} 2 ol% 1007F ©]
del FES Ageta, 4 g5 et A4S AT 7 AF WA FE
Fd A7IEY 30% o4 & AL 2ne 2 HFIAh

2) 99 AYE AA

FLE A d7lgdA 2002d 79 Food 2@ R13 A 9¥TE bR, A
Y 7 70499 24AME AEA 2 F99E HAn A¥EA

R13e ZLAGAA 7HF Bol BEHE Folv AR o] &3t B3 HATS
PARP(pimaricin, ampicilline, rifamficin, pentachloronitrobenzen) A& ujx]d] 10
NEF TAHE F7A3}IL 30min. 4TCTAAN A {FFAE =31 AT F=E
1.05x106/mlZ 3} o},

Water agar iAo =49 444 o 67148 3 AW 208 FF3h2 A
oM 12A1 MY F, JdREHo] X0 g I3 E E7 ¥ 6000lux, 20T, 8h,
Olux, 15C, 16h2. 2 543t i3t oh.

AF WAL o]§ AT sporulationdEE FAsHA 1, 71F A #$

< 7 A (N:necrosis), Z¥ (BAbrown area, BS:brown spot), ©]44) %% 2} (C:canker),
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A ¥ (Ppore), #3H(Yiyellowing) o2 FE3to gAs At

3) AL EE7IY AXxd 23 2 burmning WY W9

Solanum tuberosum< WA S, commersonii LZ 3.2(PH320266)2] €8 dF9
qdag FAAES A2 o] L3

7hH AEA e 7IW FA

FFE MS FAWMAE AHE3ted 242273kl 16A17Ee] 32(4000~5000 Jux)3 8XAI3E
o] F3EA A wiFas FAHA

) A stol= #4]

() A% 28

A3 A HEANE ZEY &7 growth chamberolAl 24C3}el 16A12ke] 334
18C3tell 8AIZke] UMl E RISt stolg AFFAT % Smm e 2719 Fef
& £33 Axg o] Farmer's solution (EtOH : acetic acid =3:1)°l4] 24413}
2Rt ©1 & 70% ethanoldl &AM 4T B&AsHch

(Q)egoj= &1l

Slide glass¥dlA 1/2708] &S AH3o acetocaminef LS 31 W2E 1
gtoll A= FEEHNEE AU FEEHE o] 2L AAF £ coverglassF
93 4 (squash)dtRt}. -70C deep freezerol] 3A1zt o)A H#AI F cover glass
E AAsz A2 FHFAA 4zt ¥ ¥, 37C enzyme buffer2 I ¥ AT+ F
o]F 231, enzyme mixtuer(1% cellulase, 10% pectinase in enzyme buffer, pH
46)% 37T Slide warmerollX o 36% Attt 37T FFHRFA 471 F &

H}E T 93] Zel, Methanol : acetic acid = 3:19] & A s F HA

2
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+ Methanol : acetic acid = 318 F83] FHsld ¢z YZE 2l Hburning).

1) 439 dA HAA, 2n gamete A HA

<Table 1>& EW pollen?] %o] Aoz ©e Holw wlb 6 S Hertingii(Pl
186559)€ Adld oz ¥ Fo] Hrh a2 wibl0-109 Z$ & Yex ¢
pla=d

e FA&0] 10% ©l3td cloneg°] 8270 clone % 317} cloneolJ i o|EL &
FAEE o] &3ty FEHZTL AFEch wib&(S. demissum)e EE cloned| 3
FA&o] 10% o3t WA wlb6(S. Ajertingii)> EE cloned & M go] =%
1=

2wl A F S. megistacrolobum(wlbl), S. polyadenium(wlb3)® S. phureja(wibl0)E
2EBNo|E2 o]& F 2n &0l FAHHA 4mMAA S tuberosum AwF sz wwuist
7Fed Aeold. S jamesiiv 1EBNO|22 S tuberusum 4v]#](2n=48, 4EBN) ¥4
A (2n=24, 2EBN)S}= 2uj7} Hx gonz £Fo ojgsad AX $&718& A
oFd Aol

wib3-14(S. polyadenium, PI310963, 2n=24)2 2.57%%<] 2n pollen® AAt3dle, o]
clone ®to] AujEFs wufrt 7hsd Rez AlEEth & cloneE9 AuF vy

Ajgk wuste] o] & 4 Yot



Table 1. Pollen quantity, sterility and 2n pollen

Clone number
pollen quantity sterility (%) 2n pollen(%)
(species, PI#)
-1 2.3 3257 0.00
Wib U(S. megistacrolobum, |-2 23 745 0.03
PI 195210, 2n=24, 2EBN) |-3 3.0 11.85 0.00
-4 2.3 2057 0.00
-1 1.7 19.72 0.72
-3 1.7 3348 0.54
-4 1.7 581 032
-5 2.7 15.49 0.66
-6 1.7 47.02 0.26
-7 1.7 27.00 0.47
-9 30 10.27 0.07
Wib 3(S. polyadenium, -10 2.0 13.12 0.65
PI 310963, 2n=24) -11 20 2.23 0.08
-12 1.7 36.21 1.4
-13 2.3 7.49 0.34
-14 1.0 32.13 257
~15 23 890 0.41
-16 2.0 1485 032
-17 1.0 33.03 0.94
-19 1.3 11.57 0.00
Wib 4(S. jamesii, PI 195190, .
on=24, 1EBN) -3 20 7.171 0.00
Wib XS, multidisectum,
-1 3.7 23.52 0.06
PI 210044, 2n=24, 2EBN)
-1 1.7 29.90 0.05
-2 27 1467 0.07
-3 37 37.60 0.01
-4 10 62.05 0.30
Wib 10(S. phureja,
-5 20 49.74 0.05
Pl 320359, 2n=24, 2EBN)
-6 2.7 28.05 0.01
-8 1.7 23.95 0.00
-9 1.7 34.11 0.00
~-10 0.0 0.00 0.00
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Table 1. continued

-1 2.3 52.39 0.01
-2 1.0 81.90 3.17
-4 1.3 57.62 091
-5 1.5 45.25 0.04
-6 1.7 66.85 0.11
-7 1.0 61.48 0.38
-8 1.7 42.16 0.51
Wib 6(S. HKjertingii,
-9 2.0 36.73 0.11
PI 186559, 2n=48, 2EBN)
-11 1.3 51.89 0.05
~-12 1.0 67.74 0.00
-13 0.3 25.00 0.21
-14 1.0 49,76 0.04
-15 1.3 53.76 0.15
-16 1.7 39.20 0.38
-17 1.0 79.95 0.55
-1 2.7 6.91 0.98
-2 2.3 6.41 0.26
-3 2.3 36.91 0.59
-5 2.0 22.34 0.64
-6 2.3 10.85 0.54
-7 2.0 10.22 0.36
Wib 7(S. fendleri, Pl 225661,
on=48, EBN=2) -8 2.0 21.87 0.49
-11 30 22.53 091
-12 2.0 3.16 0.53
-13 1.7 2253 0.35
-15 2.0 8.08 0.30
-16 1.7 10.51 1.20
-17 1.7 24.68 0.38
-1 1.0 33.19 0.00
-3 3.0 394 0.00
-4 2.7 6.27 0.08
Wib 5(S. hougasii,
-5 33 6.51 0.04
PI 161726, 2n=72 4EBN)
-6 3.0 466 0.28
-8 1.3 54.45 0.00
-12 2.7 17.55 0.93
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Table 1. continued

-1 17 2.36 0.00

-2 1.7 2.03 0.00

-3 1.3 1.48 0.00

-4 1.5 522 0.00

-5 1.0 7.29 0.00

-6 1.7 1.50 0.00

-7 20 270 0.00

Wb 8(S. demissum, -8 1.7 6.69 0.00
P1 160208, 2n=72, 4EBN) -9 L7 245 0.00
-10 2.0 291 0.61

-11 1.7 4.85 0.00

-12 2.0 2.92 0.00

-13 1.3 4.54 0.21

-14 2.0 1.99 0.00

-15 1.3 1.77 0.00

-16 1.7 145 0.77

* pollen quantity: 1 @ some 2 ! middle 3 : much
. pollen quantity per flower/number of flowers
* gterility @ sterile pollen(unstained with aceto-carmine)/total pollenx100

* 2n pollen : about 30% larger than the other pollens

o 20
. .

£

Figure 1. Pollen of S. polyadenium WIb3-12, arrow indicates 2n pollen, %200
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Figure 2. Pollen of S. polyadenium WIb3-17, arrow indicates sterile pollen, x100
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Table 2. Response of detached potato leaves inoculated with zoospore suspension

of Phytophthora infestans

Clone number Sporu Symptoms' Response
(species, PI#) -lation {N [BA |BS {C [P [WS

WIb 1(S. megistacrolobum, P1 | -1 o? R

195210, 2n=24, 2EBN) -2 HR

WIb2(S. microdontum, 1 o R

PI 195185, 2n=24, 2EBN)

-1 0 o) R

-2 O Q O o] R

-3 O @] O (@] R

-4 O Q (@] O R

-5 Q @] O O R

-6 o| o R

=7 e} o] O @] R

-8 0 R

. -9 ol o R

Wib 3(S. polyad_emum, 10 olololo R

P1 310963, 2n=24) 1 olol=3lolo R

-12 O O O o] O R

-13 O O ] R

-14 e} o R

-15 -1 O HR

-16 o} O R

-17 o} O @] @] R

~18 @] (@] O @] O R

-19 O o] @] R

Wib 4(S. jamesii, PI 195190, | -1 olo|o o R

2n=24, 1EBN) -3 - R

Wib 9(S. multidisectum, 4 o R
PI 210044, 2n=24, 2EBN)

-1 (0] o R

~2 @] O o] R

-3 o] O O O S

, -4 o|lo] o R

Wib 10(S. f)hureja, 5 ololo R

PI 320359, 2n=24, 2EBN) 6 o ololo o s

-8 O O o] O S

-9 O O O S

-10 O @] O S
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Table 2. continued

Wlb 5(S. hougasii,
PI 161726, 2n=72 4EBN)

O O O O o

Wb 6(S. Hjertingii,
PI 186559, 2n=48, 2EBN)

O O 0O O 0O O 0O 0 0O 0O O 0O O

O O O

== B B - T - R I R R~ I~ B~ B -+ I - B -~ B -+ S~ » B~ « - -« B - o B -

sy
A=Yy
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Table 2. continued

|
N
o o O O o o O O

Wilb 8(S. demissum, -8
PI 160208, 2n=72, 4EBN) -9

o o o 0 O O O O O

T

o O O O O
[=s = B =v = B« B ~v B ~s B~V B~ v B~ s B~ - B =< B~ B~ v B = B

o
w
o o O O o O O
o o o o o o o o o o o o o ©o

w+
4

1 N: necrosis, BA: brwon area, BS: brown spot, C: canker, Y: yellowing, WS white spot
2 midium, ¥ less

4 . 5.
. more ° ¢ most

Figure 3. Phyvtophthora infestance sporangium, x40
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Figure 4. symptoms in host: brown area on Wib3-1

Figure 5. Symptoms in host' necrosis in Wib 10-2

Figure 6. Symptoms in host: brwon sopts in Wlb 5-5
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Figure 7. Race idenfitication: S. superior{left) and R2(right)

719 MZEA 28] 2 burning 3 W H

A7k §HAE o] Fol AR ekgkon) o] wow Zeol=g
Aol

Figure 1. Metaphase chromosome of HA06-9

Figure 2. Prophase I phchytene chromosome of CT206-14

_97_



2. ZF9 FFEAVY 9NA A AT

b Als 2 9y

1) #Ae GISH Wy a3

HNEANE Solanum commersonii(P.1320266) &8 L7329 S. tuberosum A ulFF
Fule] ¥y S8 PTH6E AAE §33 HAW6-99 AuwiE A A(Solanum
tuberosum cv. Dejima)E A3t 24t CT206-14°1t}. A E BEEd7 #+E4
AE dis] 24z GISH WY e 73t A8 478" MS F4HAE AL
sle] 24£2°C3bol] 1641719 33(4000~5000 lux)# 8417+ HA ol Al A v &}t
71 A = A o

7 @A £elols FH)

(1) AAE G4

b dA et 14

MSHjA A At 7 R

ol

AEAE A FEE AFHS 0.02M
8-hydroxyquinolineo| 5} 5~6A17F A2 ¥, Farmer's solution(ethanol:acetic

acid=3:1)oll A 2417 o]} 1A JT} ©] & 70% ethanoldll &4 B3

() Egholz 4]

BaE lem AX Zg HooaA oF 20-3083F oUW enzyme mixture(2%
cellulase, 1.5% macerozyme, 1% pectolyase, 0.5 mM EDTA, pH 42)9 &2 % 6

23t 5MI10°Paol A vacuum M#sl&E F 37CoA oF 502 7+ Hsgdh. oF o}

A ZFF5F5E2 ¢ 10837 Moj 1 Ethanol:Acetic acid=3:1 €8S Wojreg] o7
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AN F Az, A3 @0 A (ZEISS Axiorab)o.g Ao Egdate] ¥3 3§
&elolmg A3ty GISHO o]&3th. In situ hybridization(ISH) A71x] W& R
o} 7bsska

(2) FREZAXT A

b AAe B

TR &A A2 HA06-99 CT206-14 A EAANA < 5mm B A719 ke 4

Z3to] Farmer’s solution(ethanol:acetic acid=3:1)9l A1 24A1zr At Hch ol & 70%
ethanolo] &7 A 4T B#3gG ).

Faod

o

12748 wedE AHstd seol= g2l ¥ aceto-camined ¥
22 O g e FERAEE A FEEAE o] 2HL AT F.AY
SHEE Y U (squash)dtdch -70C F% FE7)o 3A1% o] Bad T A
B Zet28 AARD 429 FHFFAAM 47 F ¥, 37T enzyme WA g W
dAF & olE TE3, enzyme mixture(1% cellulase, 10% pectinase in enzyme
buffer, pH 46)2 37T &gol= 2@7ldA < 3BE AFsUth 37CH FHRT
2471 F ¥E AL T &43] 23, Methanolacetic acid=3:1¢ & ¥ AlH3tx
F WA= Methanolacetic acid=3:1% &3] H3td €3 & FZZ gt ISH
A7tA] ¥F BBE F dou, 7hsstd we] o) &3 Aol Fkoh

1}) GISH(Genomic In Situ Hybridization)
EA s DNAS AAHoz HET &+ Yt I F T%9 DNAE F&3149 A7)
€ FA 349 blocking DNAE &H]3l1, Uz FBog #Qsln A& %3

DNAE F23l9 HEA DNA(probe DNA)E Apg3ch Fx DNA ¥ random
priming °} 1} nick-translation s o] &34 biotin-16-dUTP.}
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digoxigenin(DIG)-11-dUTPE X X3l wtET FHld" &tol=9 FAAE HAA
A grigdoe s wExm I Yo F8lE blocking DNA, probe DNAE Yol H3A]7]
v #Holr},

(1) Blocking DNA$} Probe DNAS] &1]

Blocking DNAZ+¥ Solanum tuberosum cv. superior(PT56)¢} S. tuberosum cv.
DejimaE Al€3t4 29 Probe DNAZY S. commersonii (LZ32)& AM-&314

(7H ZANEA] ¥ DNAFZ

DNAZ &2 Tanksley % (Fulton %, 1995)& |83t} microprep. ¥ 3 DNA
extraction buffer'Nuclei lysis buffer:'Sarkosyl=5:5:2¢] 100ml 2 04g sodium
disulfate® #F7stdch. 15ml microtubec]l 71Ul A EA dE& Wi, 200ul
microprep. 8 ¥ & 7}3t9) =¥ homogenizer2 vt ¥ % 550ul®] microprep. ¥ &
H #Arteln, S0z ostA E5o 4R AL F, FRFRAN 144 243
AE 66T2 FASHAY. $3 5 A3 £97 vpdfd 4 HAFAG
Chloroform:isoamyl-OH(24:1)2 tubeZ® A9 1008 AE otz HolFx
10,000rpm o2 5837 44 £3Ach & 05mldl AFds FE3 A4S NEZE tubed
7133 B39 2/3~18) BFo yERT @ isopropanold ML F DNA Ao
32 7R folHlR HoFoUh DNA X
g1, A 3$ 10000rpmo2 3837 94 £3sted JAAHY. Isopropanold ¥
23 70% oL Z DNA pellets AFsn ALY & F & A o A3 &2
YA oA 15~30% A= AZRAY 37C 247 oA dZ8a 50ule] TE H
HE 71 H 66C F&FFdA 15~3087 tA] R{F-AH . RNase(10ug/ul)E
4ul F7hsted 37CAHA 308 ARk 4TAA 15U T2 -20TAA F7 D
o} 7bE 3ttt

=

Aol B-& 7% isopropanold W

(1) RNase®] #lA <t Al
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TE 250ul¥ ©&2 Chloroformiisoamyl-OH(24:1) 200ul&  ¥3x & 2 F*
12,000rpmol Al 5% AEx dAEH & F FF4E AZE tubed FFHH. 3M
sodium acetate 50049} X7FE 100% &2 ImlE Y2 F 4L F 12,000rpmol A
1083 942 3o DNAES AAANI L 70% AeLE AH3Jch. TE 50ulst
1/10 #379] sodium acetate 5ul, &F ¥ = ¥ 39 100% NS 100ulE ¥ & 4
< % 12,000rpmel A 1083 A& &) DNAE HAAIIL 70% AgL= A
ok SR A 158 A= AR F 50ule] TER DNAE &3fA1Z v} 550uld
TEE Y&t 400ul9) phenold MH3| HolF £ 12000rpmelA 1027 44 EE
ste] A4EFAg eI 50ule] 3M sodium acetate$t 1mle] 100% EtOHE 23 &
AL F 12,000rpmol A 1083 AAEE 3] DNAE JAAIA 70% AdE2 A
g F AxzAN 3 50uld] FFFY TEY 330

(t}) Blocking DNA &H]

[\l
(o)l
<o
=5
fo
ofN
Fu
-
e
i
o
=

21T, 1.371¢4 A 58 A28t ¢ 500base pair(bp) =
7] ol3tE FEtFn o AHE YE BASGYT. A7EEoE sizeE I

£3% LZ3.2 DNAE fluormeter2 ¥ = &% ¥, TER X349 100ng/ul’t HES
5t h. DIG-Nick translation mix(Roche 1745816)& ©¢]€3ts 53 DNA<Q! LZ32
DNAE lug(lOul), Z8<% 6ul, DIG-Nick translation mix(DNA polymerase I,
DNase I, 0.25mM dATP, dCTP, dGTP, 017mM dTTP and 0.08mM
DIG-11-dUTP in reaction buffer in 50% glycerol: 5x concentration) 4ulE PCR
tubeol ¥3iL, 145TCelA 1A1F ¥ FF AHgd F 58 & IF3AU F 10%
agarose gel2 H7] dFde 1 =Z7IE FAAHFig. 7). A717F 500bp AER
H2etd, 06M EDTA 2ul€ ¥ 65CoA 1083t A2t st B35 B}
At |
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(2) ISH(In Situ Hybridization)
(7h) €gelz AA 9 HA

RNase(lmg/ml RNase A, 2X SSC) 600ulE £8°l= o =X F 37CoA 508
APstn &dtol= 9 A DNAS £4& 97] 9389 4C paraformaldehyde &
Ao 108 @ F 1X PBSol A2olAM 583 Zz Al ¥ AF AT 70%, 90%,
100% ol gt 28 A 1o 533 ARd £ 70CY 324%9 couplin jarel
92 slide denaturation & %(70% formaminde/2X SSC)& ¥3i &8ol=g& H19
108 zF ARtk -20CT ) 70%, 9%, 100% ol &g 38 4 F1o dF3tx A%
o

(\}) Hybrid mixture®] Fu]9} WA

Egole 3 JIE 71F2=2 ¥ X DNA(LZ3.2 DNA, 800bp Z7]) 20ng, 2o 30-40
vjol 3 F3+= blocking DNA(HX] & PT56 DNA), salmon sperms DNA(ssDNA,
10mg/ml, autoclave?d A) 1ulE 23 hybrid solution(50% formamide, 109 dextran
sulfate/2X SSC)2.2 3t €&ol= 9 10uld] £9& w50 Fh PCR 71AZ 90
C o]2olA 10% 2t Aste] WA T2 Aol 68 o4 &3

il

(th H&

HAdsle Qrtgog gheo F3 g3 1)9 44 &elolzd, WAso Qe
o2 9HE LZ 3.2 probe DNAZF 9090+ 2)9] hybrid mixture 10ulE 31
A

& ¥ ¥ 37C humid chambero| A overnight(6A!3t o] 3l o}

2

3) AHz A7

Eol= GAA ol HAEY X DNAY & driBez HAFr) st H
F3tA] 2 DNASH E2E2AL AAsy g3z d43td YA imageE 3
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t #Aoth Hgol B &elolt €9 DIG Y A VAR A¥s= FITC
59 ¥BEAL FASY probeE B I, probe’t A Fe Unx EEL
A E FNNFE ¥322AQ DAPIY PIZ fv] 4% FITCE & 5 A&
3 93 W E probed Y9 5 E }sta, DAPI £ PIEZ 2 $ e 3%

FF HHAA A GAAE FA5HY imageE F=th

h AAE FAH

2X SSC, 40C9] 50% formamide/2X SSC & ol 5%, 2X SSC & 5524 Zt7}
F 9 AAGH}. Anti-digoxigenin FITC(Sigma)?t 38" 100ul® 5% BSA/4X
SSC/0.2% tween-20& =¥3t1 A¥ FFAE Qo 37CoA 5083 vH-eAIZ £,
4X SSC/0.2% tween-2022 A2dAx ZZ 584 A ¥ AFHIHAG. lug/ml
DAPI(Sigma)’} 3% vectashield(Vector Lab.) 15ulE =¥39 AWE €I
Cooled CCD carmera(CoolSNAP, Photometrics)7t 28 &3 &@v7 3stoA FITC
¢t DAPI filter(Nikon, Japan)2 783, &A% signaldt thy] G4 248 &2
E g o](Meta imaging seriesTM 4.6, Universal Imaging Corporation)2 #433}31
Adobe Photoshop 6.0& o]-&3t}

(W} SHEEAE g4

Fluorescent Antibody Inhancer set(Roche 1768506)& ©]83%ct. ¢4 1X PBS
A A 228 do] W 250ul] IX blocking £4& ¢lo] A4 307 A
g3 F g4g we v At 30ul® anti-DIG solutiond ¥ AW 222 HL
% 37C humid chamberol A 1A+ 23 ¥ 37C washing ¥ ¥ (0.2% tween 20 in
1IX PBS)Z #A Al ¥ AAR. oo 30ul®} anti-mouse-Ig-DIG §4& ¥3 7
W 2822 92 ¥ o A9 humid chambersl A 37T 1A1zF A3t 37C
washing WH 2 &4 A A AFE & vixjLeZ anti-DIG-fluorescein £ <4 30ul
€ ¥ ANIHE22 9 ¥ 37C humid chamberdl Al & B & 1A APt
37C washing ®{# 2 583t A ¥ A A3 PI(30ng/mb) 30ulE %L F AW 2
2% 93 ¢ 4elZ 37C humid chamberol X 3213t o] Xelste] din]dN g 3}
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Aot oF Aol washing B2 &A A3 $F antifade(Q-BIO gene, RIST 1378)
10ulE 93 78 P28 49 % filter paperE ol &3ld AA ¥EI nail
enamel2 B3t FFH A EX510~5600] 323t BASI filter2 PIZ tiu] G4
d FAAE, d4HY EX450~490°] s Fste BAS20 filter2 FITC7F A &3 probe
DNAE 77 (Nikon Optiphot-2 Labophot-2A/2)8t4] hybridization of -9} oh=] g 4} 9]
AN AEE D3] AT F FAF signald diy] G EHE AL X A
T2 confocal microscope(Carl Zeiss)¢t software Pascal(Carl Zeiss)E ©]n| A &

%A &3 Adobe Photoshop 6.0& ©]-& 3t}

Cytological part Molecular biological part
DNA extraction and RNase treatment.

(Tanksley method)
}

Probe labelling (DIG-nick translation) blocking DNA
fraction(121C, 1.3kgf/cmz, 5min.)

!
Gel loading(1 % agarose gel) and
measuring concentration(fluormeter)
Probe, Blocking, ssDNA mix
i’
Slide preparation
(enzyme digestion or burning) t

! i
slide dehydration

and denaturation l
i !
| hybrid mixture denaturation
i }
NS
i
hybrid
i

Figure 1. GISH A A #A

washing and detection
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RO B g e - 4

D 229 GISH %y d+

7H AAE A

S. commersonii(2n=2x=24)%+ S. tuberosum cv. Superior WA (2n=2x=24)9] A E

E2AQ HA06-9 S8 M= LZ32 o 47 AA 4878 444 5 2470 JA*h
AA EHA= DAPIZ @Aso] o]y 1732 ¢ d4AE DIGO ZA¥d
rhodamin® ¥3F o2 HFE&MolA T} (Fig. 5). o]2M4 S. commersonii® S. tuberosum

cv. Superior A9 A A7) 24ME EATS & F Y

¢

W) FERAE F45

S. commersonii®t S. tuberosum BNA YT ZAE HE SEEAME FAA
GISHE <#sith ole guAgdzdETe] A4 $ddx F&3A4 AHeE Ao
A2 =] o}

& HAMG-9A = £E A 1 F7], Al 2 718 #ZsAh A 1 F7]0A
= PI=Z WA div] 88 2470 27F G A (bivalent)F 15719 LZ3.28 23k
7t A A (bivalent) 7 IATH LZ3.2 G A= DIG] Z¥s FITCY &%

Bol A th(Fig. 6). o)== LZ32 dXA S tuberosum GAA e tgo] gL onst
k.

r—[m

lo
it
ke
(EURINY

Figure 2. 7Z4x9] % DNA. M: 10kb ladder(promega). 1 and 2: Dejima DNA. 3 and 4
PT56 DNA. 5: LZ3.2 DNA.
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R Fad

Figure 3. blocking DNA. M: 10kb ladder(promega). L1 PTa6 DNA. 20 Dejima BNA.

i
(!

200bp -

— =i

Figure 4. Probe DNA labelled with Dig through nick translation. M: 10kb
ladder(promega). 1, 2 and 3 lane: LZ3.2 DNA labelled with DIG.

Figure 5. Genomic in situ hybridization on mitotic chromosomes. Blue is due to DAPI

counterstain. A: HA06-9. Red is due to rhodamin bounded to DIG labelled LZ3.2.
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Figure 6. Genomic in situ hybridization on meiotic chromosomes in PMCs. Red is due to
PI counterstain and yellow is due {o FITC bounded to DIG labelled LZ32 A: HA06-9
metaphase 1, Bi HA06-9 metaphase I and C: CT206-14 prophase.
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3. GISH| °]& %3} genomic divergence &7+

7h Alg 23y

1) A&

Solanum tuberosum cv. Atlantic®] ¥43 Hat9} che : S. chacoense® Fdi A&
F9-99, F9-124% °k¥F A9 APA kAT S berthaultiist dujste] @2 F&

LBFA121, LBFB1721S ui#zozRy BGwol o] F LBFA-1819¢ FISHE
SRS oA

Hat-63 x chc-32

l
F9-99, F9-124 x berB-1
!
LBFA, LBFB

* Hat : Haploid of Solanum tuberosum cv. Atlantic

che © S. chacoense

Figure 1. Pedigree of LBFA, LBFB

2) A

o

Kl

FISHE 13 ©3 (probe)2ZE digoxigenin-11dUTPE EA® 29| (Cucumis
sativus L.)¢ 55 rDNA (Koo et al. 2002)7} o]& 5 At} McFISHE Koo 5 (2002)
o MYPE FE SNt dEzd FAx &ol=d 600 s RNasef&d (1 mg/ml
RNase A, 2 X SSC)& 60% (37C) B¢t Ay F, &gol= o A4 WA
8t 70% formamide/2 X SSC -&9do) 282 A2 o2, ~20T 2 70% &9
Ao H A F 90%9 100% Nee&E 47t 38H AlEHst e ARdA Az
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AR, g3 £ (biotin/digoxigenin®. & EAE zZtzZte] 100 ngprobe DNA,
50% formamide, 2 X SSC, 10% dextran sulfate, 10 ng ssDNA)2 97CeiA 1083+
MM & 5% ¢ FYEAA SHlAh dxd Sgtol= Ao 25w g3
Egtdg 71 g8, ZgaE ABE 931 37CeA 12412F o4 hybridization
Al ZH . HybridizationA| 21 £8to] =+ 40C2 2 X SSC, 50% formamide/2 X SSC,
2 X SS8C, 4 X SSC &l A ztzt 1084 AFHstdot. g3 v Hoj4d 2&E
27 $1s GAA &£8o]=F blocking €9 (5% BSA/4 X SSC/0.2% tween-20)
o2 J7CoM 583 A3 F, 1%2 avidin-FITC (fluorescein isothiocyanate)<}
anti-digoxigenin rhodamine (Sigma)el E¥E 100 ] 5% BSA/M4 X SSC/0.2%
tween-20 EFAE &eol=o] Hojm=d vhg AME €3, 37CAA 1AL F
HH-&-A1# biotin# digoxigenin®Z EXE DNA B0l TAld AEFHESF Ao

EHol=E 4 X SSCN02% tween-20 €Ed0F 37CoA SEH 3 A3

o

1 pg/mé DAPI (Sigma)£ & X383 Vectashield (Vector Lab.) 15 (& =X%3}

£

AME B2 t, cooled CCD carmera (CoolSNAP, Photometrics)?} &F&rs &

#r 74 3FollA FITC-DAPI-Rhodamine filter (Nicon, Japan)Z Atg3ts &9

o

st #9E signalE L AZE o] (Meta imaging seriesTM 4.6, Universal

Imaging Corporation)& )83} &4 38F% ).

y. 43 49 33

2 0] (Cucumis sativus L.)¢] 55 rDNAE LBFA-18199 1¥H | zZtz 5 7
A ZAHREH, )RS 24 19 G FAR o|AL 4 FI-999 AP oA
Z S berthaultii®] 19 A2 Az Ak

Z42te] genomed 12708 7R o®m dtid, o]Be M2 RYI z:islsb Hl L5
TEE7I7F ok o] F 1 ¥ AAAE g Zo] Aol sbEdhd, olgp o]

ZFo] 1 GAH o] EojF o EAHE 20] (Cucumis sativus L.)9 58 rDNAE

THHA FL& AE ZAHer FTI FFE TEE F Az AEIJH
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Figure 2. FISH on mitotic chromosomes. Blue is due to DAPI counterstain
A LBFA-I8, B: LBFA-19 . Red is due to rhodamin bounded to DIG labelled

55 rDNA. Arrows indicate centromere.
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A4% EEIHE 2

#d o9 7=

7 ¥ d7 AE Ex AFER 94 of 2 Jjdx
FAAF| - ¥4 line A2 - AT g AFAHA AT, 24
1R A obdE 2 ARF FARAZEH
G4 AL lined AL A&
- AYA marker A - AFLP 7Y & o] &% SCAR marker ¢
MNeg AZA line B 8715
- A3 gene Ad 2 ZAH - cDNA-AFLP 71 & o] &3 Zx g
AT FAFAEY 3 R-gene B3 RAPDe 2% #4844
24 g8
Al % - A FARYEY 9 A¥A 24FH
A7HA| - FA FAALY 49y AL line A
(g A g 7N
54 - A FAAY F8 FHEE B H$
ATR) | - BA FHAYY Fa g B3 f4x4y &1
4384 54 371
- A AP w4 Ade g
- AAEY YA #A
A A
A2 5| - FF AEA A& E - %A dA FBA, 2n WA FAE HA
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AEe BT 9

A3 47
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g8 ¥ 5 AL
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.,

ARG YAGY FAAY A% 2 B2 FE 99 AN 2 4N b
3

FAFA et 4EAAY £F& 4BAA W

SF71=9 A8 MAGH /e RY

AR FAA} A, AF] AP FAA] 29 72 F WA

FALYE A &3 clone®l DNAEAME 39 AYH {KAzx/E =9
1 &2 & & ds
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Z719] DNA marker’} £59 F9$% 222 marker7} 12 738 ¥ ¥ DNA

fragment& ©]&3% hybridization®] & HAE 3o HFo AZAH =YL
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7}

Y,

e ALY EAFARZ ol 8ol 5

ARG A lined AL B FAYH BAY AIPVL 12E
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A6 F ATANE AAAqAY R 9 3435
7NlE AR

Al AFAA - ARG ALY vA A% 2 AP FAA FA
7h AAEY HAYY #¥ FHAY g4g A% d79 Yo gene
silencing techniques &&3l 7|&o] AlEHA o, FAFo2E 7AA
g WYTYA P infestans®] genomics GT7F B3] WP flo] WA
4 ¢ WYdH #¥¥ mechanismsE TFHIE ZF A7/t JPHT

AT

AL AEHA : 24 JIALY SR B4 2 A2
@A dng %6 A9 S 4w ARH A KAAL gAL 99
SHAEH TARAF ol BEHL gon), B3 TAAMS A4 line

Age A48 4% 71&3 PP L= Qo

A2 EFHA - 93 ALE FAATA AX 44 53 47
7v. A 2ARYFT S bulbocastanumd] FHWARRE #A GNA F A7
44 A No. 8 U B:7t Y-S, S bulbocastanum® HHAIA
DNAFSIE #A §FAF ALdEE ANxsigden die AgdA2U
B B dedR ok
Y. BEEAES GISH, FISH 714% ol&3td §FAFA Hgd AZA
DNA9| #HQlo] 7b5d A& ¢ 4 A ch(University of Wisconsin)

- 114 -



A7F ZA1Ed

Agrama HA, Houssin SF, Tarek MA 2002. Cloning of AFLP markers linked to

resistance to Peronosclerospora sorghi in maize. Mol. Genet. Genomics

267:814-819.
Agrios GN 1988. Plant pathology. Academic press, San Diego, pp 306-313.

Ahn, YK, HY. Kim, HS. Choi, K.T. Kim and H.G. Park. 2001. Production of
interspicific somatic hybrids between the cultivated potato (Solanum
tuberosum) interspicific somatic hybrids between the cultivated potato
(Solanum tuberosum) and the wild species (S. brevidens). J. Kor. Soc. Hort.

Sci. 42(4):420-424.

Anamthwat-Jonsson, K., J.S. Heslop-Harrison and T. Schwarzacher. 1996.
Genomic In situ hybridization for whole chromosome and genomic analysis.
In: C. Melody(ed.). In Situ Hybridization. In Situ Hybridization laboratory

companion, Champman and Hall, Deutschland.

Ardiel GS, Grewal TS, Deberdt P, Rossnagel BG and Scoles GJ 2002. Inheritance
of resistance to covered smut in barley and development of a tightly linked

SCAR marker. Theor. Appl. Genet. 104:457-464.

Bradshaw, J] .E. and G .R. Mackay. 1994. Breeding strategies for clonally
propagated potatoes. In: Bradshaw J. E., Mackay, G. R. (eds), Potato
Genetics. CAB Int. Willingford, UK: 467-497.

Cao W, Hughes GR, Ma H, Dong Z 2001. Identification of molecular markers for

resistance to Septoria nodorum blotch in durum wheat. Theor. Appl. Genet.

=115 -



102:551-554.

Carroll, CP. and M.]. De Maine. 1989. The agronomic valus of tetraploid F1
hybrids between potatoes of group tuberosum and group phureja /

stenotomum. Potato Res. 19: 109-121.

Dong, F., R.G. Novy, ]J.P. Helgeson and J. Jiang. 1999. Cytological characterization
of potato-Solanum etuberosum somatic hybrids and their backcross

progenies by genomic in situ hybridization. Genome 42: 987-992.

Dong. F., J. Song, S.K. Naess, J.P. Helgeson, C. Gebhardt and J. Jiang. 2000.
Development and applications of a set of chromosome-specific cytogenetic

DNA markers in potato. Theor. Appl. Genet. 101: 1001-1007.

El-Kharbotly A, Leonards-Schippers C, Huigen DJ, Jacobsen E, Pereira A,
Stiekema WJ, Salamini F, Gebhardt C 1994. Segregation analysis and RFLP
mapping of the RI and R3 alleles conferring race-specific resistance to
Phytophthora infestans in progeny of dihaploid potato parents. Mol. Gen.
Genet 242:749-754.

Escalante, A, S. Imanishe, M. Hossain, N. Ohimido and K. Fukui. 1998. RFLP
analysis and genomic in situ hybridization(GISH) in somatic hybrids and
their progeny  between Lycopersicon esculentum and  Solanum

lycopersiciodes. Theor. Appl. Genet. 96:719-726.

Ewing EE, Simko I, Smart CD, Bonierbale MW, Mizubuti ESG, May GD, Fry
WE 2000. Genetic mapping from field tests of qualitative and quantitative
resistance to Phytophthora infestans in a population derived from Solanum

tuberosum and Solanum berthaultii. Mol. Breeding 6:26-36.

- 116 -



Fry WE, Goodwin SB, Dyer AT, Matuszak JM, Drenth A, Tooley PW,
Sujkowskii LS, Koh Y], Cohen BA, Spielman LJ, Deahl KL, Inglis DA,
Sandlan KP 1993. Historical and recent migrations of Phytophthora
infestans: Chronology, pathways and implications. Plant Dis. 77:653-661.

Fulton, T.M.,, J. Chunwongse and S.D. Tanksley. 1995. Microprep protocol
extraction of DNA from tomato and other herbaceous plants. Plnat Molecular

Biology Reporter 13(3):207-209.

Garriga—-Caleré, F., D.]J. Huigen, E. Jacobsen and M.S. Ramanna. 1999. Origin of
an alien disomic addition with an abberrant homologue of chromosome-10 of
tomato and its meiotic behaviour in a potato background revealed through

GISH. Theor. Appl. Genet. 98:1263-1271.

Gavrilenko, T., R. Thieme and V.-M. Rokka. 2001. Cytogenetic analysis of
Lycopersicon esculentum (+) Solanum etuberosum somatic hybrids and their

androgenetic regenerants. Theor. Appl. Genet. 103:231-239.

Guenthner, J. F., K .C. Michael and P. Noite. 2001. The economic impact of
potato late blight on US growers. Potato Res. 44: 121-125,

Haider Ali, S.N.,, MS. Ramanna, E. Jacobsen and R.GF. Visser. 2001.
" Establishment of a complete series of a monosomic tomato chromosome
addition lines in the cultivated potato using RFLP and GISH analysis.
Theor. Appl. Genet, 103:687-695.

Hanneman, R.E. Jr. and ].B. Bamberg. 1986. Inventory of tuber-bearing Solanum

species. Wis. Agr. Exp. Sta. Bul. p. 533

- 117 -



Helen, E. S and J. E. Bradshaw. 2001. Assessment of the field resistance of
potato genotype with major gene- résistance to late blight using inoculum

comprised of two complementary races of the fungus. Potato Res. 44: 41-52.

Helgeson, J.P., G.J. Hunt, G.T. Haberlach and S. Austin. 1986. Somatic hybrid
between Solanum brevidens and Solanum tuberosum: Expression of a late

blight resistance gene and potato leaf roll resistance. Plant Cell Report p.
212-214.

Hermunstad, S. A. and S .J. Peloquin. 1985. Germplasm enhancement with potato
haploids. ]J. Heredity 76: 463-467.

International Potato Center. 1997. Biotechnology and the Potato. CIP, Lima, Pert.

Kim, B.S. 2001. GISHE ©]4% AAE 3 A9 AXHAH B, AASg=F
Fddisty kg,

Kim, HY. and M.S. Chae. 1994. The studies on plant characteristics of somatic

hybrids produced by protoplast fusion between Solnum commersonii and

haplod S. tuberosum cv. Superior. RDA. J. Agri. Sci. 36:57-63

Kim KS, Lee YS 2000. Rapid and accurate species-specific detection of
Phytophthora infestans through analysis of ITS regions in its rDNA. J.
Microbiol. Biotechnol. 10:651-655.

Koo, D.H. 2003. Physical Mapping of rDNAs and Repeated DNA Sequences in
Cucumber(Cucumis sativus L.). MD Diss. Chungnam National Univ.,

Daejeon, Korea.

- 118 -



Lee SP, Lee YS 2002. Development of rapid molecular detection marker for
Colletotrichum spp. in leaf and fruit tissues of sweet Persimmon. J. Microbiol.

Biotechnol. 12(6):989-992.

Leonards-Schippers C, Gieffers W, Salamini F, Gebhardt C 1992. The Rl gene
conferring race-specific resistance to Phytophthora infestans in potato is

located on potato chromosome V. Mol. Gen. Genet. 233:278-283.

Li X, van Eck H]J, Rouppe van der Voort JNAM, Huigen D], Stam P, Jacobsen
E 1998. Autotetraploids and genetic mapping using common AFLP markers:
the RZ allele conferring resistance to Phytophthora infestans mapped on
potato chromosome 4. Theor. Appl. Genet. 96:1121-1128.

Lim, YP, JH. Kim and JW. Bang. 1998. Perspective in Genomic Research of
Vegetable Crops. Kor. J. Hort. Sic. & Tech. 16(2).

Lin J-J, Kuo J, Ma ], Saunders JA, Beard HS, MacDonald MH, Kenworthy W,
Ude GN, Matthews BL 1996. Identification of molecular markers in soybean:
comparing RFLP, RAPD and AFLP DNA mapping techniques. Plant Mol.
Biol. Rep. 14:156-169.

Lindsay, H. 1973. A colorimetric estimation of reducing sugars in potatoes with

3,5-dinitrosalicylic acid. Potato Res. 16: 176-179.

Melchinger AE 1991. Use of molecular markers in breeding for oligogenic disease

resistance. Plant Breed 104:11-19.
Ministry of agriculture and forest. 2001. Studies on developing bacterial resistant

potatoes and resistant related DNA markers with the cross hybrids and cell

fusion hybrids between wild species and cultivars. Ministry of agriculture

- 119 -



and forest, Gwacheon, Korea.

Mohan M, Nair S, Bhagwat A, krishna TG, Yano M, Bhatia CR, Sasaki T 1997.
Genome mapping, molecular markers and marker-assisted selection in crop

plants. Molecular Breeding 3:87-103.

Mosa, A. A., Kato, M., Sato, N., Kobayashi, L. and Ogoshi, A. 1989. Occurrence
of the A2 mating type of Phytopthora infestans on potato in Japan. Ann.
Phytopath. Soc. Japan. 55: 615-620.

Naess SK, Bradeen JM, Wielgus SM, Haberlach GT, McGrath JM, Helgeson JP
2001. Analysis of the introgression of Solanum bulbocastanum DNA into
potato breeding lines. Mol. Genet. Genomics 265: 694-704.

Negi MS, Devic M, Delseny M, Lakshmikumara, H 2002. Identification of AFLP
fragments linkes to seed coat colour in Brassica juncea and conversion to a

SCAR marker for rapid selection. 101:146-152.

Niederhauser, J. S., 1993. The role of the potato in the conquest of hunger. In:
J.F. Guenthner (Eds), Past, present and future uses of potatoes-Proceedings
of the Symposium, Potato Association on America Annual Meeting. College

of Agriculture MS 164, University of Idaho, Moscow, Idaho, 35pp.

Oberhagemann P, Chatot-Balandrass C, Schafer-Pregl C, Wegener D, Palomino C,
Salamini F, Bonnel E, Gebhardt C 1999. A genetic analysis of quantitative

resistance to late blight in potato: towards marker-assisted selection.

Molecular Breeding 5:399-415.

- 120 -



Parokonny, A.S., A.Y. Kenton, Y.Y. Gleba and M.D. Bennett. 1992. Genome
reorganization in Nicotana asymmetric somatic hybrids analysed by in situ

hybridization. The Plant Journal 2(6):863-874.

Rastovski, A., van Es, A. et al. 1981. Storage of potatoes : Structure and
chemical composition of the potato. p. 37-56. Center for Agricultural

Publishing and Documentation.,, Wageningen.

Saiki RK, Gelfand DH, Stoffe]l S, Scharf SJ], Higuchi R, Hom GT, Mullis KB,
Erlich HA 1988. Primer-directed enzymatic amplification of DNA with a
thermostable DNA polymerase. Science 239:487-491.

Schwarzacher, T., A.R. Leitch and J.S. Heslop-Harrison. 1993. DNA:DNA in situ
hybridization methods for light microscopy In: N. Harris and K.J.
Oparka(ed.) Plant Cell Biology. A practical Approach. Oxford University

Press, Oxford.

Simmond, N. W. & R. L. Wastie. 1987. Assessment of horizontal resistance to

late blight of potatoes. Annals of Applied Biology. 111: 213-221.

Sinha, N. K., J. N. Cash, and R. W. Chase. 1992. Differences in sugars, chip
color, specific gravity and vyield of selected potato cultivars grown in

Michigan. Amer. Poto. J. 69: 385-389.

Stevenson, W. R, 1993. Management of early blight and late blight. In: R. C.
Rowe(Eds), Potato health management. APS Press, St Paul, Minnesota,
ppl140-147.

Stuppia, L., C. Cinti, S. Santi, R. Peila, G. Calabrese, G. Palka, N.M. Maraldi and

- 121 -



A.T. Sumner. 1995. Comparison of methods for the detection of in sifu
restrict enzyme-nick translation wusing fluorochromes and confocal

microscopy. Genome 38:1032-1036.

Song, J., F. Dong and J. Jiang. 2000. Construction for a bacterial artificial
chromosome(BAC) library for potato moleular cytogenetics research. Genome

43:199-204.

Swiezynski, K. M., M. Chrzannowska, L. Domanski and E. Zimnoch-guzowska.
2001. Comparison of resistance evaluation in potato variety assessment.

Potato Res. 44: 25-31.

Van der Beek JG, Verker R, Zahel P, Lindhout P 1992. Mapping strategy for
resistance genes in tomato based on RFLPs between cultivars: Cf9

(resistance to Cladosporium fulvoum on chromosome I. Theor. Appl. Genet.

84:106-112.

Von Malek B, Weber WF, Debener T 2000. Identification of molecular markers
linked to Rdr 1, a gene conferring resistance to blackspots in roses. Theor.

Appl. Genet. 101:977-983.

Vos P, Hogers R, Bleeker M, Rijans M, Van de Lee T, Hornes M, Frijters A, Pot
J, Peleman J, Kuiper M, Zabeau M 1995. AFLP: a new technique for DNA
fingerprinting. Nucleic Acids Res. 23:4407-4414.

Williams, C.E., SM. Wielgus, G.T. Haberlach, C. Guenther, H. Kim-Lee and ].P.
Helgeson. 1993. RFLP Analysis of Chromosomal Segregation in Progeny
from an Interspecific Hexaploid Between Solanum brebidens and Solanum

tuberosum. Genet. Soc. Amer.

- 122 -



Yasuhiko Mukui 1996. 8. In Situ Hybridization. p. 155-167. In: K. Fukui and S.
Nakayama (ed.). Plant chromosomes: laborotoy method. CRC Press Inc., New
York.

E R EXY g @484 gslA. 100 92-98.

AREA, o] 9+F. 1993. FASHTF Phytopthora infestans®] A2 ] el 24 3=
Ha8t3]x). 9: 275-279

- 123 -



	표지
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 목적
	제 2 절 연구개발의 필요성

	제 2 장 국내외 기술개발현황
	제 1 절 국내 · 외 관련기술의 현황
	제 2 절 앞으로 전망
	제 3 절 기술도입의 타당성

	제 3 장 연구개발수행 내용 및 결과
	제 1 절 감자역병 병저항성 마커 선발 및 저항성 유전자 탐색
	1. 저항성 lines 선발 및 AFLP기법을 이용한 감자의 역병 저항성marker의 선발
	2. RAPD 기법을 이용한 저항성 lines 과 감수성 lines과의 유연관 분석
	3. 감자역병 병저항성 유전자 탐색

	제 2 절 감자역병 저항성 유전자원 탐색 및 개발
	1. 감자 유전자원의 역병저항성 탐색
	2. 감자 유전자원의 주요 농업형질 특성 평가
	3. 감자역병 저항성 유전자원의 개발

	제 3 절 역병 저항성 감자계통의 세포 유전적 특성 연구
	1. 교배 양친의 체세포 염색체 검정과 감수분열기 검정
	2. 잡종의 감수분열기의 염색체 친화성 연구
	3. GISH에 의한 종간 genomic divergence 연구


	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발결과의 활용계획
	제 1 절 활용방안
	제 2 절 기대효과

	제 6 장 연구개발과정에서의 수집한 해외과학기술정보
	제 7 장 참고문헌

