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< SUMMARY )

1. Study of in-house seedling and field evaluation of cucumber downy mildew
resistance.

2. Trait evaluation of cucumber germplasms and construction of QTL mapping

Purpose& .
Contents populatl(,m' . . .

3. Analysis of downy mildew resistance QTL and development of downy mildew
resistance-linked molecular marker.

4. Development of downy mildew resistance breeding lines and cultivar

1. Development of effective selection method required for selection of downy mildew
resistance cucumber.

- Identify screening condition to cucumber seedling: Establish condition of downy
mildew innoculation and resistance selection using standard germplasm(PI197088)
using using indoor greenhouses / plant growth chamber.

2. Trait evaluation of cucumber germplasms and construction of QTL mapping population
- In parallel the seedling and field screening to select downy mildew resistance

cucumber.

- Selection of downy mildew resistance cucumber from 108 germplasms

Results - From 15 populations, one mapping population was selected further study.

3. Development of cucumber downy mildew resistance QTL analysis, and linked marker.
- It is believed that there is no sequence variant base on P. cubensis sequencing.

- Development of genetic map(855.6 c¢cM ) based on the genome sequence and SSR
markers.

- Development of diagnosing markers for P cubensis (registered patent).

- Identification of 5 downy mildew resistance QTL locus and linked markers.

4. Development of downy mildew resistant breeding lines: selection of 19 breeding lines
from 240 breeding lines (a total of 8,364 individuals) during 4 years.

5. Development of downy mildew resistant crossing combinations: selection of 6
crossing combinations from 145 combinations during 3 years.

6. Development of downy mildew resistant cultivar: submission of variety protection.

1. The downy mildew resistance breeding lines and cross combinations will be used for
downy mildew cultivars.

2. Pyramiding of resistance genes to downy mildew, powdery mildew, CMV and low
temperature will used for multi-disease resistance cucumber cultivar will gain more
profit to farmers and facilitate organic farming,

Expected

Contribution

The screening technique and molecular marker of downy mildew resistance, and
cucumber genome information generated from this research project will be facilitate
cucumber breeding program.

. The downy mildew resistance breeding lines and cross combinations generated from

this project will be facilitate cucumber breeding program for developing -cultivars
target on china, india and eastern Asia.

Keywords

cucumber downy mi ldew molecular marker QTL mapping breeding
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ol¢} WES 7HA7IE = UAE Al mating type 82 4 x] A 2010 o]
o &= pathotype 6 ©| £3}+= A2 mating type ©] FHZ ©o|F = ZAo®E HIEI r}.
AAA S = A2 mating type © FAHI i, =3 F=, YAlof A A A2
mating type ¢ P. cubensis 7} 2012\ o] %ol WA= AFsto|t), aglal 7 mUpHE
¥ vk isolate fholl A7|= WolHth Fd% Wol7t A& 54 isolate 7F Ao EE
Wt 25 Au) w7kl A s = Aot ol dAAl m=uHS fdste W]l BE
I 7be] FEHoRE =gHES WY AT|ER, vl APY FES FAASH ¢ AH9e
2 FF0] gol&d Aow A

(Y ot 1‘0

ot
O

’

O 2014 o] wqtio] TdE oo AvelA FATL Wit R FAE Tl P
cubensis 7 AFATHE 7} en Ik ADolE WAL AL, £ G 24
ME wdHgATE BEE gl B FAl] oF 0.9%A4 =l 1dE T4
7F A A A EC] A= AN 7S ¥ d9s T8 Ay dujy FAE
53 Aoz WElHE FA0mR Y AxE ML o] FEo| g uyt 2aF A

o2 AAZIH,

O PI 197088(2% f#) ¥ PI 330628(c}Z7F 2%t f2f) A3A o] thakslh o H
isolate o Wt AadS BT delA dvd. 1E]ar o] A<l SMR—-18 I wHjE &
g g £4S AAlg A3 A isolate ol tHsiAE 3:1 (A3 o] AD), B isolate ©
el A= 9:7 (A o|HA), C isolate o A= 1:3 (A3 o|HA

é ) o [e]
Pge vhehigich o\ Ave w#y Aol @ T Lol s 2AHE ol
ohet 7% Amate] Sue wAS HRoA i AFY FAHel ofs) =

= mth AW HF 2 A £l AA EEE A3 24
Al SEAGA 1A o2 YEhA HAgE 271 ol Tedd A Al s =
d¥= Aow AzdEd

O PI 197088 frefe] A& 2 7ol &4 Aol o3 =4 vt <A vk PI
179676 ¥} PI 234517 A¢1S A% Ay HA4g kel 94 Fd4 dm—19 sl A
ddol 2ddviar gl shxRE ol gk vl A A A oF = “Wisconsin

2843(PI 197088 frafe] AdA) & 3 719 €4 42 (dm—1, dm—2, dm—3) ol <3|

] Aol 2A4Ea, 34 EA (homozygous recessive) & A9 43 AIdAS H
Adobal & A Ark. AR Wisconsin 2843& 7|Wro 2 ghAe J-13 A& 48 4
I ety Aol g e B A Ak oE] 2dEthE AatE AvE B
B kol T e A ARl AAEHJAA T, dXH A} oA &
= 2 23}

O
r {
2L
$L
b X
=g
=
W~

0, PI 197087, PI 330628, PI 197088 Eo°] w=v4 A A Ao F=
o] AR 543 C ool A FH el AYA FHHo] o= AFm= ursx PI 330628 <
PI 197088 £9] Ulfoﬂ/ﬂ WA Y = P cubensis isolate o 73k AEAS YERH L Qo
B8 §Fo Z=fstels Al=7F AL A B4 (3, 3, RSt B%F) o kRl

_10_



t}

O 2004 =94 epidemic °]% B2 A7 FdE 232 20143 o|F A AlFE0]
%% A4 YeR}r] Al &skar 9tk DMR-NY264 7} Al9F =79 raceo] A&7 <35
sk o] EAS Hole Hzxo &4 AFolth iR 2o A U)o A FEE BF
S 7HA A

O =% AP FF S48 283 T2 ML AF7F @38 &= ok 20134
Zhang et al. ©] 5 7}¢] QTL (dml.1l, dm5.1, dmb5.2, dm5.3, dm6.1) ©] 1¥H, 5, 611 <
Aol EAE-S 9|, Bai et al., T3k 4 719 QTL (dml.1, dml.2, dm6.1, dm6.2)<
TrEsld el 12]al Pang et al. ©] 3 719 QTL 9 9<S whic) shAwt o83 wgH A
&4 QTL 52 PI 190787 Hale A& oA walzon=z 35402 dm—1 2
o] A FAAF = Ao AAHY. AN HE AV H= P ocubensis WY
Aol thefAl= PI 190787 o] A3Ado] ZetA RetEE =2 AdA Ads &85 vt
71 7o) I8 sirt.

O Ho PI330628 219 inbred line WI7120 & thAte]l QTL #4
major QTL, 1 7§ moderate QTL, 2 7§¢] minor QTL %<
15-30%<% Z4A3F+= dm4.1, dm5.1 (major QTL) locus ¢ A&dA 9 5-15%S FH3st+=
moderate QTL (dm2.1)¢] ¥3 A A ol& AYS 83 wod A 5T AT 54

o] 7]thElar Ut}
O o]dro &= PI 190788 Aol A gt CS—PMR1S 7|Hto &

PN
O AeHom, Ao w@ys Wy FAAE 7129 YA e 2T, 2ol
w7y A A1Fel AFY Adriek olsta, h o A % £ KA 3 =
Adee, A% FES AN AFA Adel 558 B4 vha Aol B5Helm o
£ 288 FF 440 2ay Zow A4un

2—-2. U9 AR &%

O 201049 o]F =] 2o] Au) WAL 4100 ~ 4,500 ha F=o]H, o]ZF A|A A u]=
~ 81.6%% AAstaL At T2 Al Awl= A7), 9, 49, A9 5

7

wA Al A, A7), S, A5 AL 9

:i{u:
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B E2/X_20-FHEE e H2/LX]_Q0-4MY - MK _20/-Hx

[FHH 2 X (ha)] [Et==(kg/10a)]
2,500 50,000

2,000 40,000
1,500 30,000
l -

2010 2011 2012 2013 2014 2015

1,000

500 10,000

V] V]

39 1. A5 20| =A AHEE, A% 2 g (2016 FAH)

O o]o wkal] Al Afu] WA} A=k S x|k 2010 ©]F 3,300 ~ 3,500 ha ¢
el AN A 240,000 ~ 270,000 MT9] AArES fAal= Agtoltt (27 2).

B B3 AR SO-TYEE - DR AEL0-SUY - BR/AE.R0-2
(£ kg 1 0ai]

400,000

300,000

200,000

100,000

a9 2. A 0] A2 AHEE, BAF R g (2016 FAH)

1

O Ful 2ol Fx A4S 20104 53 o9 Fzolm, wld oF 10% AREE FAloln,
201595 67 o}l Folth vd A%How 5% FEIF AAN WA WEel 20104
17%N A 20159 41% AX7F o] #AA st Jot (18 3).

U 20 AE A2

16,000
14,000
12,000
10,000

8,000

4,000
2,000

2010 2011 2,012 2,013 2,014 2,015
BEGE a3y nsE
a3 3. 20 FA AF TR (FFFAHI)
o] ZZo] ZU =2 AFQ 71%, 11%, 17%S A5t ¢t}
Qo] FFL 20 MG Er]eo]), 8/(FHHLol), 6 N(7HA]

O W], #H, 4 2
Aq Fuo] AwEE Fa

_12_



O =l Qo] AF2 AA 189 Axolar, A AlA AF] 0.3% 5.
E 1. A AA o] A} =2

=5 =7k dgFE =4 =7t SYFE)
1 China 54,315,900 13 Indonesia 467,691
2 Turkey 1,754,613 14 Irag 405,610
3 Iran (Islamic Republic of) 1,570,078 15 Metherlands 400,000
4 Russian Federation 1,068,000 16 Kazakhstan 356,850
5 Ukraine 1,044,300 17 Thailand 265,000
6 Spain 754,400 18 South Korea 254,576
7 United States of America 747,610 19 Canada 227,922
8 Mexico 637,393 20 Saudi Arabia 226,180
9 Egypt 631,129 21 Cameroon 224,903
10 Uzbekistan 607,397 22 Germany 223,429
11 Japan 574,900 23 Belarus 219,483
12 Poland 512,714 24 Azerbaijan 218,326

2-3 ofAJo} 20] FTAF A HH

O ofro} (F=, &, Uik A9) o] Aul WAL <F 193,000 haol™ FA AR+
°F $ 1,100 ¥ o= FETt,

O
N
o
=
I
19
rlo
r o
fr
)
[
e
=
H

, QAo Ko w2 AA AujHa Aol oF 80%S A

H AA AE A ] 40%017 Q=] A= oA A 20%
P SAAE EE AA A 84%0lH AUFT Aol Skl
7] o

2. oPNol 201FA A FE

A AGFEE | 1AE
> AvEd gz w@E G50, FUEY guth
=717 (ha) Bhha) | DA | b | oa | ot
A% 87,600 17,600 70,000 4,508 3,116 1,392
H| E 32,000 20,000 12,000 1,660 1,540 120
Eff = 21,000 19,800 1,200 2,278 2,270 9
ol =Y)Ao} 14,200 14,200 — 1,674 1,674 —
7] e} 38,113 6,153 31,960 672 446 225
Al 192,913 77,753 115,160 10,792 9,046 1,746
<At I3 2012>
O =3 o] AwiHAL oF 900,000 ~ 1,200,000 haolw FAAIG FEE 12.619 94
(RMB) o2 HA Az T2 AFlA 12.9%F AAsh= 7P vFe] 52 AnEol

(FHE, 2008).

O 58 Swd 24 AWAe A 1097 343 S7bskel @41 o 2593 Ak 9
o AEAE Qo] BAZE MwH B AAoR WHI olF FH Wit Al ¥

A= FAOIG (3 3).
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O Tianjin Kernel & Cucumber Research Institute, ==& 7s+d S = 7] oA 7
EAS FEEC AFS SHsE Aol s AINE HZoll= =g TIHelA 5HE T
3 SF7F 5ol AAY v FETE AL e Aotk 19al F8 veA T3
AFE P oo} FAFALES] dA] FF Dzo] &gt AFstoltt,

# 3. 33 LolAH P e ANFTE R $HEF

< B = ZA7124 —
%3 Al g (%)  ANGA®Re A 3%4)7] FAEE
Jinchun No.4
=X 50 480,000 35~90 3~49¥ % | Zongnong No. 8,
Jinyou No.4
Jinyou No.2
- = Zhongnong No.
= Elglo —
=eh=EEky 15~20 14400019 60~85 1~29 | 16,
— ’ Jinyou No. 1,
Nonai No. 15
Jinyou No.3,
By o2 20~25 192,000~24 400 9~109 JDlgrylg‘glugno'N%%
Bonai No. 14

<Am: BIE, 2012>

3. A7y W& % 2%

(1) =ad9A 47

1-1. =73 YA race £3} 9+

O =Yy i (Eumycota), Ht 7 (Oomycetes), HEtoki-(Mastigomycotina),
T (Peronosporales), =13 (Oeronosporaceae) o 38} -5 2-Eo 7]‘3011/‘1
e Yo £ 7 VAR olF T UHE HEE QoldA e dodeE WA
= P. cubensis Rost. & 24 A Ut}

O ofA7AA g AAel] gk AAA] A57F S| o] FoJ XA eFobA, oA A
st =uHdTe] B3 did d7e fle Aotk wEpA B AFdA = ol
A7 B a7 Fa AufA el A e Wukl A wdHAAE EElste] HAAAE
sl AARET A7IME A4S & WolAl g

P. cubensis & TR 37 91314, B3hs oM SF X, AYE - Qo] A¥) F
AAEE AT Qo] A¥) Tt A = FEE o] A8 FHsT. weld
& o

cubensis % Poﬂ

_14_



<3 57>

¥ 4. P. cubensis &+ EA FAIEA Y] 3

— o5 3 AYelA FHHE =¥ UA ol 71D ko]t U=A] nested PCRE A

- BAF BHS FYE oldel 9XT @elAolER §FATA B4 3 A Bt 39
£ FH, AAE FY, FHE Hol, dehm UFE A9 ool A 7§ 6 A A
oM F4e isolate = AU FAADEL ww EAE A3} 07 A oA A

At WA 12k= Fgo]e] rDNA-ITS 99 s5o= At gl 947
Aol F 7je Zglo]ln (5~ GGA AGT AAA AGT CGT AAC AAG G -3,

—GCC GCT TCA CTC GCC GTT AC -3)% Al&ste]l PCR WH5-(96 = denature,
60 = annealing, 74 X extension, 35 cycle)S 2A|3}e] PCR AHES It} 13k
PCR W& EalA SZH PCR AHES template & 34 2% PCR WS =94 5
o]# ¢l Zglolm AE(5-AAC TTT CCA CGT GAA CTG TAT-3', 5'-TGA GAT
GCC GCG CGA CCG AAG-3")%E o] &3te] AAste] oljel o] F3H PCR =&
HEHoZ AAJT (19 4).

123M

M: molecular marker
LotE 88 &5 X%
2 aﬂ .A.I-:tc: IHHH Ejl_
.?3%5 E*-F el =2t

a9 4, =7H LA 22 nested PCRYHS- A3}

AA ko] A7IA G Aol fFE A7) YA nested PCRE E3llA 534
PCR AHES T-vector o =234 3 & ZF=ZJH plasmidolAl DNAE F2] 34
sequencings AAlgte] @71 DES SRS
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— o a9 Aol RESE isolate 9= FUF M do] EASH: Aom WolA, B
Aol A A3 ITS-5.8 S rDNA 992 F43] 2 BHEF JHoloja] of Fdo o
g g Weolw A §le slew dddd. HS v=, Y, SeclA BREEHw w=w
of wrEm 2010 o]F At HHAZE YEhr] ARt 2o SluEa glenw
ol AFASF= P cubensis ioslate o] thek X &A1 A o] AE Fog et

A,

a8 5. 678 XGANA =HE P cubensis A8 multi alignment 23}, 100% 543

1-2. =7 9A AA 7le A

O wepa] Al AufA|l A A7 RUHPE S SalA] F1E A Y, BFo] YERA|
@2 o] YoME P cubensis A AFE EHA d & Jdvid =gl g
g HASAE F US FolBE wudydAE TAAESAQ VHes dd WUy
< JhEskelth
— P. humuli &= Bl =S fFUsts WHARE P cubensis ¢ FEHITAH O == o))

ARk A7Iqdoe] M frAbetthal BarE o v EARAESHA 0 R vkl isolate &
S X33t 7 7 WYAlE HEeA sk dVIA gl dEA A e AE

— wgtA ek mpA e FE AFREE 5.8S rRNA-ITS, actin, cox II, beta—tubulin
FAA MES WA R P humuli € P. cubensis 7xoll A4 Zol7} YeEbEA, 18]
st g MEo] &5 vt isolate Ml F BEH N ES FALSHY, obg ¥
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0.1

19 6. beta—tublin ALl W3t P. humuli & P. cubensis I+e) T3 A4

T L
4

R R CUDEN S Sty

1B P humul e

Relative fluorescence units

- .. s b
v

i 7 B » Y
Temperature(“C)
a9 7. beta—tubulin 2] SN EE &8I P humuli & P. cubensis I AL

- A7) ARE AR OR =§ 115 IR, 58 115 sE5E

— =3 Identification of Pseudoperonospora cubensis using real—time PCR and
high resolution melting (HRM) analysis, JOURNAL OF GENERAL PLANT
PATHOLOGY 82 (2016)

= | = dA HAEE GLG7ITEA vtA F olE o] & Qo] wmitH
QA HEY, 5=H3E 10-1608576—0000 (2016—03—28)

1—-3. P. cubensis 71 vjH 7

O =v1 AFA A= F2 Ad B8 HAM AFAAS Kol MAE et WA



S = o A S
SS° 0w SEmEml
o A K oy on . o)) BX ~ o
WL A ® ) T e IR
B X BEH g S A
A A E Yo 5% o ke Gl
o T o o ! = 2 o A 4o oy " o N
X o w 2o o ) o N ol .y 00 5 =
[A\E— O% oH B N a o F o e — S
= U b T cw N mTEw S
= 0 = ! : —
nd M |J %o o o il s 7 oo T J) =3 — O o F
oF o JJ X of U m = o0 — o S~
5 % o L N S @
W o— o K = o £ T Zo A A oF =
B omn N o o X 0 S S Z gy 00 i i
B = mo L, F I S 3Ny = T X = =
mRe T S # 5 Em< E ook 2 %
1;1_ o —_— - ) a0 J7A| Ot Ho ~
WT g X ﬂﬂd ok = SS 2= W o= T
5 o ° el o o) 20 — 0~ =
T R mo H O° s S R~ }TQA% B
X IR TINAC 7 Td §F = S "
HoEE R i SN ” i W
w2 Gl R~ e o= X o
ol N Lrz o 3 S o5 Mo
NN S S om oo WX _ o = T g )
woL SN ¥ T » 2 S BT X rp
Toh 2 ~ - ~ S S _ o o T W o
o] ) o B 7o X M S o e T w9 <
S R - nooT e e TEag *
o) s B/ o,ﬁ HL [ ° X o B i B 0 03
o %o Q) Mo w0 of E = = . T ~3
= B o : o~ ™ . 2 E No — s T o ps
ox o) T o 1 o] c © do m © _— 50 =, 8 o
I HTRE o L fo w220 =B B
=) A s H X T ° & = h ol 50
1H_1 my DT Jl o ‘ﬂww_ 3 ﬂAro =) OE 1 e & o EE OE E_.M :i o .M.H
5 do B BR An =0 B o ~ Ha W 32w = - o — =
Ay ™ SENC) o = 0 = 9w w o X Ho
S~ ) w T oE W R sl —~ T o)
X | o 9 el aS 0 Qo =) X °
—~ 5 T oL TR T M T = S o > =7 .
o B X K T — o W ST A ° = o
LB ) N4 ER op - & S = e do T ™
ﬂrme P T N AR CIRCeY %w %P = YIRS W N
Al S © W E R © o FWW 2oy CF
FeriEsiIvEs S1EREc izol
o — I | [ = i~ R 1 .
EL g W om I ﬂoxm#oz&ﬂ%zw
TR =M oW FAaeT Tl oW
e o ~ 0 0 0
w X # w Pk K| %o R o
o B Mm

S
i
4
1
et
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— 3FARE o]g st HAA A EFS Qo] QoA B u) EA5tE FAA ZF vk =)
z] of a2 YolA T B 4 Qv wlie AulA Sto A wjd®E FAMA FAF B2
FARPE Lol =4 oS et o] HAS fsiA A=dlA midd =

EZ ofo]xo] 2 AZF heat shocks Fo] ¥2 o} (germination)E =3 5 Hj
GFsto] Fetdnd o AFSAT. 1 A wjfE AR A B0l FARRE
ot Aoz dd=det (18 10).

I¥ 10. EAE Wo} A F wold FAMA AR #F AR, #iE& 400

— webx] A FrRE FAR A Edo] wegolelA fH sl stHetE, Qo] A&
a2 AAHE = wigdr] wEol P ocubensis ©1¥] thE #Fol7t 2031‘491%
7hsAd ol Atk wEbA o] Hits eletr] flaEA vk ZHolEoA vikd WSS
An7 stollA @ MAE 2 FE s4stodA, G AER wdste Ads I

stATH® 11).

— P. cubenesis WM FS 93 ThFst WS A= AT 7]Ed dHF AAH 2 3
Aol A A3k Qg ZH A= P cubenesis S w%¥3d7] o]dy& A kTl



1
T

-
T

H
H

R

Ho

il

16~22C

|
A

cubensis 2

1
1

3} 5

S|
S

A3} 10° spores/ml oA =vH o] H

ki3

] =%
s5E

it (139 12).

[e;
P

st

&

FEE of

3

A

-
=2

=
o) W

AE A %
A o w

A #a

[
A

o 7]

1045
spores /mi

104
spores,/mi

FHE|

=
=

A

A =

9

9

Q18]

g 083

o] A primer

e &

‘(l?l‘
Atk (19 13).

rDNA-ITS
P

3

3]

2
-" -

B
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Iy 13, Q0] Wyl A =¥ YA 1% (DNA-ITS Zgo|s&Z PCR ¥g A3

B

=3
HE

<1; Control(F+8%), 2;

10° spores/ml

<
T

&

etell 600 7 HEol FHE Al

21 E-H ©

=
=

HAA spore

Foll AR-E-5 ATt

e

al

A

43 7l

wpgow @ A

]

2% 14, §E S0 84 olmx

O

N

N T

HUt+E growth

oY

1]

&7

LR

chamber 7} ¢ A&

Nfo

?.

R

=0

} B

il

%!

A

2—-2. ¥ AA

—_
o

o =%
%

O 71&9

(1% 15).
O £4 20 ~ 25v] @A AEAE 4

7

3

1, o]MAS 5) = %

o
A&

&

1 ~ 5 scale (A

-
T

(DI, Disease Index)

P
T

4, 719 16).

F4 A

. A

bt ok (i

S

_21_



N
29 15, 90| @ AAH AAE AT £F A7 Al

¥ 4. Q0] =7#HAIA X (DI, Disease Index) BH7|&E
A A4 (DI) EE

1 ko] WAYEEA] ok

2 Wko] WA vk Aol gl

3 yto] oh EAE vy A

4 Hake] o Al A HASIA| N B3} A gl

5 ko] ol HA A WA ste] s}

DI 5

= AR A A

(3)

3-1. &3 FAXLel g3

ad 16. 2] =W AFPAF AR

<z} DI 1 (A&A), 5 DI 3(FHAZA), +:DI 5(]

a9 16. 20 =74 AFAAF AR

DI 3 DI 2

=d AP A
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T 10870 = AL S Wder =W AR AAe Aol de 22 AdE

— A4 1087] &ALl ek =7 WA= DI 1 (10 A%), DI 2 (10 A%), DI 3 (46
AE), DI 4 (2841%), DI 5 (14 A%) = YEW} (& 5). A4A AA A A9 =
&8 A9 1~29 Agole= 7HA Q0] 6 Als, sl EgtolA 9 A%, #Murr] 2 7
%, BAP 1 71%, PSL 2 A%z ﬂiﬂ@zi 7hA S 09} Fdol AlFelA] thge] A

T AsS AR BT (R

PN

- A AAHRE =oALy Ahd FAEA NES & o] EHa Y= P
B AFAAME Z3 APdES HolE ZoR YERT 7E =i vERd ZIAE
P} FEdo] oA 7}77}4%1 STALoR Fgarlos oy AogE AT
ot A AEAd ol AReE ZhA o] AR PI 418962% 7 S
O} A EAo] # Ak (necrosis) o] WAst] A APOoE o] gkt Ak a<l
o] & Aow H}

¢

¥ 5. 90 & Y9 =79 A AR A

i Group Plot Adrd =74 ¥XF(DD) 27151 WA (DD H] 3L
1 AS DM1201 M 3 1

2 AS DM1202 G 3 1

3 BAF DM1203 G 3 1

4 BAF DM1204 G 3 1

5 BAF DM1205 G 4 3

6 BAP DM1206 G 5 1

7 BAP DM1207 G 3 1

8 EU DM1208 G 4 1

9 EU DM1211 G 5 2

10 C DM1213 M 3 1 PI 289698
11 C DM1214 M 1 1 PI 418962, necrosis
12 C DM1218 G 1 1

13 C DM1219 G 3 1

14 C DM1220 M 1 1

15 C DM1221 M 4 1

16 C DM1222 PF 5 3

17 C DM1223 M 4 1

18 C DM1224 M 3 1

19 C DM1225 M 3 1

20 C DM1227 M 4 1

21 C DM1228 PF 3 1

22 C DM1229 M 2 1

23 C DM1230 PF 2 1

24 C DM1231 M 2 1

25 H DM1232 PF 3 1

26 H DM1233 G 4 1

27 H DM1234 M 3 1

28 H DM1235 M 4 1

29 H DM1236 M 4 1

30 H DM1237 M 3 1

31 O DM1239 M 1 1 PI 197088
32 O DM1240 M 1 1

33 O DM1241 G 1 3

34 @) DM1242 G 3 1

35 0 DM1243 M 2 1

36 0 DM1244 M 1 3

37 ) DM1245 G 2 2
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38 0 DM1246 M 1 4
39 ) DM1247 M 2 2
40 0) DM1248 M 2 3
41 o) DM1249 M 3 1
42 i DM1250 M 3 1
43 w DM1251 G 3 2
44 W DM1254 M 4 1
45 w DM1256 M 3 2
46 W DM1257 PF 3 2
47 W DM1258 M 3 2
48 W DM1259 PF 4 2
49 w DM1260 M 3 2
50 W DM1261 M 4 2
51 w DM1262 PF 4 2
52 i DM1263 M 4 3
53 W DM1264 G 4 3
54 W DM1265 M 3 3
55 i DM1266 M 1 5
56 W DM1269 M 1 5
57 W DM1270 G 4 3
58 W DM1271 M 5 3
59 w DM1272 G 5 3
60 w DM1273 PF 5 4
61 w DM1274 PF 5 4
62 BAF DM12G03 G 4 3
63 BAF DM12G04 M 3 3
64 BAF DM12G05 M 3 3
65 BAF DM12G06 M 3 3
66 BAF DM12G07 M 4 3
67 BAF DM12G08 G 3 3
68 BAF DM12G09 G 3 3
69 BAF DM12G11 G 5 4
70 BAF DM12G12 M 3 3
71 BAF DM12G13 G 3 3
72 BAF DM12G14 M 3 3
73 BAF DM12G15 M 3 3
74 BAF DM12G16 M 4 3
75 BAF DM12G17 M 5 4
76 BAF DM12G18 G 3 3
77 BAF DM12G19 M 3 3
78 BAF DM12G21 G 3 3
79 BAP DM12G22 G 4 3
80 BAP DM12G23 G 4 4
81 BAP DM12G24 G 4 4
82 BAP DM12G25 G 4 4
83 BAP DM12G27 G 2 3
84 BAP DM12G28 PF 4 5
85 BAP DM12G29 G 5 5
86 BAP DM12G30 G 4 5
87 BAP DM12G31 G 5 5
88 BAP DM12G32 G 3 3
89 BAP DM12G33 G 4 5
90 BAP DM12G34 G 4 5
91 BAP DM12G35 G 3 3
92 BAP DM12G36 HE 5 5
93 PSL DM12G37 G 3 3
94 PSL DM12G38 G 3 4
95 PSL DM12G39 PF 3 4
96 PSL DM12G40 G 2 4
97 PSL DM12G41 G 4 5
98 PSL DM12G42 G 3 4
99 PSL DM12G43 G 3 4
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100 PSL DM12G44 G 5 5
101 PSL DM12G45 G 3 4
102 PSL DM12G46 G 5 5
103 PSL DM12G47 G 3 4
104 PSL DM12G48 G 2 5
105 PSL DM12G49 G 3 5
106 PSL DM12G51 G 3 5
107 PSL DM12G52 G 3 5
108 PSL DM12G53 G 4 5

*BEMLs 9 20129 4 209, A 59 199, 24k 79 29 ~13¢

*Group; ASL: American Slicer, PSL: Parthenocarpic Slicer, BAP: Beith Alpha Parthenocarpic, BAF: Beith Alpha Open
field, EU: Long Dutch Green, O: Oriental Slicer, W: ®Wt}t}7] C: 7}x]Q.0], H: A 9.0]

«X e, G: Gynoeciou, PF: Predominantly—Female, MO: Monoecious

#legt ™, A7EFHAGE(DD; 1A, 31574, 5ol

wH AT A7 WA Ao st 3 A A obF thdst fd S B
I, 5L A FERte] o8 F 7FA] "Wl sl A EdAle] frEE Avx oA
ATk AN B A A= F 7R BWASA 7] FEE A3 #AE 2 Ed 4 gl
Atk (A AS r = 0. 25). AT o] d3t oA ALt FUESFE SUE
of that oA (DI 5) A=Vl soys A% & 7F B2 Aoz YERTH(E 6). Add
A AE F 7PNl (C) FHol AE0)S =W AT 37FEH A 3HA o]
Al WHEE = Boldt AEgS RS wour](W)et ZIEF aFodAe A A &
Aoz YEFSTHIE 6)
¥ 6 0] I/EHY =y A AH BA
. AT ERET
Group Plot gdd A4 (DI) 2344 (D)
C DM1214 M 1 1
C DM1218 G 1 1
C DM1220 M 1 1
@] DM1239 M 1 1
O DM1240 M 1 1
O DM1241 G 1 3
O DM1244 M 1 3
0 DM1246 M 1 4
W DM1266 M 1 5
w DM1269 M 1 5
BAP DM1206 G 5 1
EU DM1211 G 5 2
C DM1222 PF 5 3
W DM1271 M 5 3
\' DM1272 G 5 3
W DM1273 PF 5 4
A DM1274 PF 5 4
BAF DM12G11 G 5 4
BAF DM12G17 M 5 4
BAP DM12G29 G 5 5
BAP DM12G31 G 5 5
BAP DM12G36 HE 5 5
PSL DM12G44 G 5 5
PSL DM12G46 G 5 5
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3—2. FW & I AETY EFAZIAE 23

O F8 Al FFTE59 =¥ AP F52 Fotetr] 93] =ule] wrtr], 7pA o], F
Aol FFI T VML HFES AR v TFAIA FEs AT
— A A3, gl A AldE = mnar], FHA o], AN THA Lol FEES BT

oA AHOE FALH AT
— oo ¥kl F= A Qo] FHFES 9N FF T M FFol AT ol A3
= B AR 5FY 7ol ol vlsf oA e sem setEn (£ 7).
7 39 2 T3 AMESTY =7 TAAFE A
DI (1A) DI (2#) ey
PLOT 34 44 1R 2w 1aE 2wy el

11JUL €501 F543 A ers28)of 2 2 3 3 2.5
11JUL €503 $E3% #3F 4 4 5 5 4.5
11JUL €504 Ch ek % 4 4 5 5 4.5
11JUL C506 Dongguan No.3 Derit(F=) 3 4 4 5 4
11JUL C507 Sun Beauty 812 Sun Field(5=) 1 2 2 2 1.8
11JUL C508 Sun Beauty 833 Sun Field(Z=) 4 5 4 5 4.5
11JUL €509 SF80820 Sun Field(33) 2 2 2 2 2
11JUL €510 SF80822 Sun Field(33) 2 2 2 2 2
11JUL C511 SF80129 Sun Field(3) 3 3 4 5 3.8
11JUL C513 SF80149 Sun Field(%3) 2 4 5 5 4
11JUL €512 SF80148 Sun Field(3) 3 3 4 5 3.8
11JUL C514 SF80233 Sun Field(33) 3 3 3 4 3.3
11JUL H501 ) S 3 4 5 5 4.3
11JUL H502 A A #3s 3 4 5 5 4.3
11JUL H503 294 % 4 4 5 5 4.5
11JUL W502 ze S 4 5 5 5 4.8
11JUL W504 ML R=a=d A etz o} - - 5 5 5
11JUL W505 3 53 3 4 4 5 4
11JUL W506 AR E IF3F 3 4 5 4 4
11JUL W507 Smlo] 2% 4 4 5 5 4.5
11JUL W509 BolE #3E 4 4 5 5 4.5
11JUL W510 3% #3E 4 4 5 5 4.5
11JUL W511 T ¢l #3F 4 4 5 4 4.3
11JUL W513 Rk 2aEFEo} 4 4 5 4 4.3
11JUL W514 @73t A etz o} 3 4 4 5 4
11JUL W515 o) S 4 4 5 5 4.5
11JUL W515A FYua S 3 4 4 5 4

AN 2 20119 7€ 229, A2 89 209, 2AF: 99 169 ~10€ 42

#DI: Disease, 1: 434, 3:FAFA, 5: 434
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=
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X

WGA, BMB, DHDHG, DSKG

1

R

— a
10 10 0
-
i NM
=
o E =5 mosEa§ AR
Yy
10 w o)
[ap] <
S ~iSi,m e~ mimicim oimicim
- 0 Nienim <~ i ™ mimiim
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O
n»..o w0 w
7
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H
A
[¥el Yol < mimi
Yoidoiw TiD A
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s |mEEZ 5349 Y s, 3 3iZa
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WW 12JAN W090 WJE 5 5 5 5.0 3 7 G 6 1
WW 12JAN W093 WJE 5 5 5 5.0 4 7 G 6 1
WWwW 12JAN W094 WJE 5 5 5 5.0 4 4 G 5 3
WW 12JAN W096 WJE 5 5 5 5.0 3 7 G 6 1
WW 12JAN W102 WJE 4 4 5 4.5 3 7 G 3 1
WWwW 12JAN W126 WJE/DWB 3 5 5 4.3 3 7 G 5 3
WW 12JAN W160 WNE 2 2 2 2.0 2 5 M 5 3
Fe; BF 20119 79 25¢, A2 89 209, X/\}. 10%J 9¢ ~11¢ 29¥
-F,Ltﬂ 3] 7} 24 7] 3} /Ké (DD); 1: ;q s]-/H, 3: =714 3 SLH ro] A
ST PR RS R LR E R Ay

#AJ0ke; G Gynoec1ou PF Predominantly—Female, MO: Monoecious

*oﬂé
*A 9

% 599 ~ 1429

I 1394, 2599 35 g

(4) =7 AZA A ALE AT 29 [ 54

a

4-1. $AA AT 9 QTL BEA&

ﬂ]lO mE
OFO

A
“aa

— 7FAlLol 1l
DM1223)& o]&

29 17. o] WAlEF A4 F }A 43 2a(wd) ¥ 269 A)

Add Asd doF 54l =

DM1220) 3}

A4 stk

ol

Eis

271-&(DM1222,

ol ZabolA A4 2 AE(DM1244, DM1246)3}

AR A% §4 d
5 15 &9 wHlzFS 2443519
e A 245 (DM1218,
& F 70 A9 wweds

TS 98 B

27%(DM1261, DM1271

)=
2L o3 F3} 3% ¥ ¥ AU

F: 7HA 0] A%, FiEEolEgolA AF, & ¥ugtr] A%

0. 90 w@d AR AT} oW ATV RuAY 3
i} i} A A4 (DI)

Group FTAA SHEX £54 Hux
CxC DM1218 X DM1222 1 5
CxC DM1218 X DM1223 1 4
CxC DM1220 X DM1222 1 5
CxC DM1220 X DM1223 1 4
CxC DM1222 X DM1218 5 1
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ol &3 8/1e A IS A

4 Bk,



CxC DM1222 X DM1220 5 1
CxC DM1223 X DM1220 4 1
Ox W DM1244 X DM1261 1 4
OxW DM1244 X DM1271 1 5
OxW DM1246 X DM1261 1 4
OxW DM1246 X DM1271 1 5
WxO DM1261 X DM1244 4 1
Wx O DM1261 X DM1246 4 1
WxO DM1271 X DM1244 5 1
W x O DM1271 X DM1246 5 1
«HE a

£ 201349 49 129, A2 59 94, = A Hrh 69 109 ~19¢9, A 69 159 ~219

S XA A Hrlsk T A oA 7l 45 UElva, 5 84 &
ooy fHe AlFS ayske] 1719 HE(DM1271 x DM1246)< vFA 7S
o I

2
2

21 15 ~ 20w AS AN A A

Zx A HA-(scoring) S 8] =+t
e
=

7V S AAlSke] By, Fy AES SASEH (27 18)

A3 7 (TH118) 7} °1W”‘](WMEJ>94 AeA A" Av 135}
A% 77 A (13 5) & B e A AAF o=

dE o 58 24
ool w3 Al YWASE ol gaw AL WUl AR AP £ Haoh AR
She ARY BAGLS FAT A (E 10)

a9 18 20) =@ AYH TAFA L W F F} Bg

£ 10. 20| =7 AJAEF o|¥AH AT L AUFFFDAAMY AFE od ¥

E=dHAEA
£ Nk
BN A5 I |3
731101 SMR58 5 oA div] A&
731102 Mummy 331 2 A dib] AlE
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731103 G5F 1 A&d i AlE
731104 PI1197088 1 A7d o] AlE
731310 THI118 1 Agd I (R)
731312 WME]J 5 o|¥A 2 (S)
731325 TH118FLM x WME] 4 Fl: A3 (R) X °]®A ()
731327 WME]J x TH118FLM 4 F1: oJ¥A (S) X A4 R)

*DI: 1(AEAY), 3(zE=ATA), 5(018A)

O diFgE(F)Y 45 olHAR Brpe thih 43 A4S YepIleoy) ojudo= o
Hol A wdo] 4 AS gl ¢ Ant E=S, FawH] (TH118FLM x WMEJ)
o} ] (WMEJ x THI118FLM)olA A3t oA v Fils Hof Axrae] Jgke
PE A= FAHAY (£ 9)

O B8 x4 (WMEJ x THI118FLM) 15170 7A1el A3ty AA A3 AadAd A5(DI) 1<
1 MA0.7%), 2= 17 MA(11.3%), 3 49 NA(32.5%), 4= 46 NA(30.5%), 5+
38 WA (25.2%)2] EEXE BT (£ 11).

¥ 11. o) =7 EXvA A B DA A B

A4+ (DI) ke WA (%)
1 wWulo] uFAgalA ko 1 (0.7%)
5 wulo] wrAlsl A uk o] gl 17 (11.3%)
3 Wilo] th4 At nna A 49 (32.5%)
4 Huto] ol Ao A wAstAur 33 AA 9o 46 (30.5%)
5 Wako] ol A Aol A wrAlsle] 33} 38 (25.2%)
3 151 (100%)

— HAAH o2 A EX

o,
OE: o4
oX,
rlo
(@)]
(@21
R
lo,
i
£
i
i
o,
=
32
O
o,
rlr
=8

— B TNA G A A Ed v[Eo] 0.7% HoZ YEehY A AF S
AS el e vad 2 R HaS didez 3 A Aol a3k o dt
= it

— Hioto g A3A AF AMube] EapnpA ol HLS FI Auts w4 ool r}
3 FekE )

O F3 fekol o3 2HAFH A5e Sk
— ddme] wa wyo] e dAHow AFYAS %E—E— ]
37k g Bxanh A Aol Az

=) % J
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“5: Susceptible ~ 1: Resistant
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=
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O FEANAAS Fol AVEES P75, o F TAYAA LT BN 5aH
o7 w7 JAE Ade ¢ QS Aoy F|uEojA, B A= F 7HA] AEHE
Hala)a g A3 JNAS Adsiedtt
_ ow AP SRANAAS 5 142 A A AuEd AduE gAe ¥

ol AAstel EFALYE A4t Lol 543 BARHS FHHOR )3
o A% A sgn ALE AAE TF sk AL ST

5-1. 13 A% 44

O &84 Az A=

2=
& Ausgn

o] A& A

a9 19. 0] fFE =7 AF L A
<z SHAAAY EHAY, & =7 Uy FE>
— Z 24070 A A% (8,364 MANE Ao r §uAAL F3ste] 674 A (8.1%)=
Akt (% 14). A3 38 AEQ G5F, PI197088 & A3A A5 6~75 o]
WAl g Aol SMR58, Mummy331 5& 3~49] A3A A+E vego] vz A3t
st A g E &8 ¢ JAn. Jde EAd uwgt Ak A JiAE AEstAY
AgAgo] Fsldete &FF AT &8sty Ha A
£ 14. F8 29 §F AT =79 AP FuAd A7
BN A5 Lineage F AXE  AFAH EX  /ESF A aks=
731101 SMR58 11658-0-0 INBRED MO 3 20 0
731102 i Mummy 331 0143-0-0-0 INBRED MO 4 20 0
731103 | G5F 09617-0-0-0-0-0 INBRED MO 6 20 0
731104 : PI197088 09621-0-0-0-0-0 INBRED MO 7 20 0
731105 | JEF*2/G5F 121623-3-5 BC1F3 MO 5 50 5
731112 | JEF*3/GA 121380-4-1 BC2F3 GY 4 50 3
Z31119 JBF*3/GA 121402-6-1 BC2F3 GY 3 50 0




731122 i JBF*2/PI88 122592-3 BC1F2 MO 4~5 50 2
731128 : BCF*3/GA 121395-6-2 BC2F3 GY 5 50 1
731150 : JEM*2/GA 121439-0-3 BC1F3 MO 5 50 4
Z31175 i BCM*2/PI88 111927-8-2 BC1F3 MO 4~5 50 4
731186 : (97/K2)*3/G5F 111856-2-7 BC2F3 MO 4~6 50 4
731194 ; (97/K2)*3/G5F 121528-7 BC2F2 GY 3~4 50 2
731199 i (97/K2)*3/G5F 121545-1-6 BC2F3 MO 4~7 50 4
731200 i (97/K2)*3/G5F 121545-3-4 BC2F3 GY 4~6 50 5
731201 i (97/K2)*3/G5F 121664-1*9-4 BC2F4 GY 4~5 50 3
731223 | (BCM/(J7/K2)//JEM)*2/GA 122560-6 BC1F2 MO 3~5 50 3
731232 i (K4/KJ2)*2/G5F 121511-1-7 BC1F3 GY 4~7 50 4
731256 i (K4/KJ2)*2/GA 111931-1-2-3 BC1F3 MO 4~6 50 5
731260 | (K4/KJ2)*3/GA 121410-1-4 BC2F3 GY 4~7 50 5
731261 i (K4/KJ2)*3/GA 121411-6-1 BC2F3 MO 4~6 50 4
731262 i (K4/KJ2)*3/GA 121415-3-2 BC2F3 MO 4~7 50 3
731277 i (K4/KJ2)*3/P188 121514-5-2 BC2F3 GY 5~6 50 4
731320 ;: GHSGC/CHJCYA 12011-0 F2 PF~MO 3~5 200 11
731338 i WEU/TH118FLM 12021-0 F2 GY/MO 3~5 100 9
731339 i TH048/DHDHG 12015-0 F2 MO 3~5 100 5
731340 i TH118FLM/DHDHG 12017-0 F2 MO 3~5 100 7
731341 | TH323/WMEJ 12014-0 F2 MO 3~5 100 7
731342 i JY35/NDCJ 12002-0 F2 MO 3 100 5
731343 i NDCJ/JY35 12001-0 F2 PF~MO 3 100 3
731344 : WHDHG/EJ//NE/MEJ 12003-0 F2 MO 3~5 100 4
A 1,930 116
«J9F&]; G: Gynoeciou, PF: Predominantly—Female, MO: Monoecious
# e A 3 oA ~ TiA A
- 54 ATES AFAH AL elite line 1+ v (backcross) & ] FH T (F,) Al

d2 feld B4 ANS BED AW Fol vk HuE 02 gl AAs] 17

A, i EAS A Add JAE o2 AddS % weE A Alst

AL 20)

a9 20. Q9 A7 A A 2 SAZA 2 AoFA

39 219, A 549 69 ~89,
% A%Y Bk 69 109 ~199, A7k 69 159
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5-2. 2z A% {4
O =g =dHATH ATSAHAS Hd duEF 10 535, duAlE 10 A%, 535 A%
450 Aol W vy EFALA] H7FE 20139 7FS #F A 20149 & 2P 79

[e]
AT, % R Byl £E2& AR AE H4 99 ES 6 FE dAE 10
z

AE, 8570 SZEAZ et A AAS 20143 Aubr)o] ATt (28 21).
e & e FE] R
20131 = &tut7] 2013-07-26 2013-08-13 2013-09-10 ~ 11-15
20143 = k) 2014-02-17 2014-03-27 2014-04-10 =~ 05-30
ol A% 2014-04-08 2014-05-08 2014-06-06 ~ 06-30

a9 21 AEAEE B8 S Lo] AFE) R =AANE T8 SEo AS(y) AL

O EIAASAE AA Ay =AY (ATAAGT 5 o]A)S Hole AEFo=z ) Hitrlry]
2770 A&, 7HA1 0] 147] Als, AH 2ol 57 AleS sHoMA o A 22 AleS st
Aok (% 15, 16).

— W) oole] B9 dHEET duAE] A%H ASE delglon 107 AL A
g 24 2 ool o o5 AFEL HAFH UM E AeAdS YERAT
— 7HA Q0] tHEEH duAlEY A3 AFe 3~4 -’F%f‘ol‘”iﬂi 974 741501 %
A 2 o] AAAEE HAds. 9 A
< Bl

o
oy
oo
A
ol
ol
rlo
ot
N )ﬂ
N
-
ok
2
=
> s
H

8 F s Aow ddHA
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¥ 15, =7HATA Y 20] A% F2 EX
e DM? DM DM PM
FEL BN F ed 13°9-27 13-11-19 14-05-18 14-6-16
Lia=n=o| gHEE1 1 PF - - 4 4
Lia=a=o| hH|E52 1 PF - - 4 4
Lia=a=| e AE 1 P GY - - 4 5
Lia=a=| R A 52 P M - - 4 5
e 42026 8 Gy 3 5 3 3
wjci}] 42049 4 ay 3 4 3 3
wjtie}) 42060 5 ay 3 4 3 3
wjTiey 7] 42067 4 oY 3 4 3 3
W The} ] 42077 5 ay 3 5 3 4
SRR 42100 11 Gy 3 5 3 2
wjrie}) 42116 P M 3 4 3 2
SEER 42173 6 M 3 4 3 2
W The} ] 42174 5 M 3 4 3 3
W tho}] 42184 4 M 3 4 2 2
wjci}] 42196 4 M 3 4 3 -
SRR 42274 3 F/F — . 3 3
wjTie} 7] 42277 6 M : — 2 2
Wt} ] 42286 5 F : — 2 9
SRR 42298 5 F — — 2 2
wjri}) 42306 8 M/F - - 3 2
e 42308 4 M : — 3 2
Lia=a=| 42314 5 M - - 2 2
Lia=a=| 42321 4 M - - 2 2
SRR 42327 4 F — — 3 2
SEER 42329 6 M : . 2 2
wjThe} 7] 42330 6 M : i, 3 2
SRR 42333 8 M — . 2 2
SEER 42334 6 M : — 2 2
wjTiey 7] 42339 7 M : — 2 2
A o EE] 1 PF : — 4 4
7HA| H]EE52 1 PF - - 4 4
7HA e Al 51 P GY - 4 4
744 oA %2 p M : — 3 4
74 42352 6 M 3 4 2 2
IHA] 42360 9 M 3 4 3 4
7HA] 42368 10 M 2 3 3 3
1A 42371 9 M 2 4 2 .
7HA] 42380 8 M 3 4 2 2
7HA] 42382 8 M 3 4 2 2
A 42387 6 M 3 3 3 2
74 42398 6 M 3 3 3 2
7HA] 42403 6 M 3 4 2 2
7HA] 42406 6 M 2 4 2 2
A 42410 6 M 3 3 2 2
7] 42413 6 M 3 4 2 2
A 42420 6 M 2 3 2 2
A% v £ 1 M - - 4 -
4 hH|E52 1 M - - 4 -
B Wl AE p M : — 4 —
A4 R A 52 P M - - 4 -
A% 42526 9 M 3 3 3 .
A% 42530 3 M 3 3 3 -
A7 42547 3 M 2 3 2 -
EF 42554 3 M 3 4 3 .
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M 3

4

"GY: Gynoecious, PF:Predominantly female, M: Monoecious; Y3: Susceptible ~ 7: Resistant

£ 16. =7 AZA Sl STolN o] AT F8 54

T ) =
£3/A%7 F g o i 2o
Malini (Monsanto) 1 M 3 4 2
Dynasty (Nong-Woo Bio) 1 M 3 3 1
Amata 765 (Chia-Tai) 1 M 3 3 2
Hercules 56 (Chia Tai) 1 PF 2 2 0
Mercy (East-West) 1 M 3 3 0
Monza (East-West) 1 M 3 4 3
43002 P M 2 2 0
43006 P GY 2 3 0
43007 P M 2 2 1
43010 P PF 2 2 -
43013 P GY 2 2 0
43014 P M 2 4 1
43016 P M 2 4 0
43017 P M 2 2 0
43018 P M 2 2 0
43019 P M 2 2 0
43024 P M 2 3 0
43025 P M 2 2 0
43026 P M 2 4 0
43027 P M 2 3 0
43028 P M 2 2 -
43029 P M 2 2 3
43049 4 M/GY 2 3 3
43057 4 GYPF 2 3 0
43077 4 M 2 2 2
43109 4 GY 2 2 0
43117 4 M 2 2 2~3
43129 4 M 2 3 0

“GY: Gynoecious, PF:Predominantly female, M: Monoecious

¥5: Susceptible ~ 5: Resistant
*0: Bitter—free ~ 3! Bitter

i

Al

+x of

O =g =dlAIY AsFAHAS 98 dnEF 26 F5, WHAS 2674, 53
689 Alsel digr wuw EFAYA FIFE 201499 7HS ZE P 201549 B AF e
Pato] A4 A%S At
Ay T8 s 3 I
20143 = 3pk7] 2014-07-26 2014-08-13 2014-09-10 ~ 11-15
20159 = ZFuky) 2015-03-30 2015-04-24 2015-05-14 ~ 07-10
- TAAYY AA A3 FEAFYAZEAF 5 oS Rele AT S vt



71 127) A%, 720l 97 A%, AR ool 67] ABe Awa

~ W] 2o] 9

o

T

A

A A%

ot

A% ol

2 ojabolglon o

E 17. =FBAFY U 2] AT F2 54

T sjgHs  Ad Aaal = EpeE:
A3 A FA
(172 ~5%) A7~5%)
gyl | dEES] 1 G 4 5
ooty] | e EE2 1 PF 4 5
Aoty | duAE] P G 4 5
Aoyl diHAE2 P M 4 5
b hanard W126 6 G 5 5
L i=n=d W129 6 G 2 3
Ei==d W279 5 M 3 5
Yoo}] W280 6 M 5 5
=R W282 7 M 5 3
L i=n=d W283 7 M 3 5
Li=a=d W284 5 M 2 5
pi=a=od W286 7 M 5 3
b hanard W326 7 M 3 5
i n=d W343 7 M 2 5
Li=a=d W348 8 M 2 3
Ri=a=od W397 5 M 5 3
7HA W EF1 1 G 4 4
7HA e EFF2 1 M 4 4
7HA g A 51 P G 4 4
7HA ) A 52 P M 4 1
74 C43 7 M 5 3
7HA] C75 9 M 2 2
74 C98 7 M 3 =
744 C100 7 M 5 3
7HA] C105 7 M 9 5
7HA] C112 7 M 5 5
7k C115 9 M 5 5
ZH % EH H] %‘%2 1 M 4 4
A% oA 1 P M 4 1
AR o H] A -2 P M 4 1
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4 H78 5 M 2 2
A HS80 5 M 2 2
A HS81 5 M 2 2
ok H84 5 M 2 2
4 H110 4 M 3 2
A H118 4 M 3 2

'GY: Gynoecious, PF:Predominantly female, M: Monoecious
5: Susceptible ~ 1: Resistant

5—4. 4& A% $A

O 5apd=el= 2z A (12 20159 9~1149, 22 2016\ 4~69) EFA G}

W E4S sl AR4 ABS AE Awals.

— ) M) (87) AE), A 20l (67] A, AH Lol (57 AF)E Awstsint,

o
(3

E3E FEWE A Aaa e ) Bl
ER=] o B A =1 P G 4 4
Ll o 1) Al 52 P M 4 4
EEaad 135 6 M 2 3
EEaad 139 13 G 2 2
EEaad 143 8 G 2 2
EEaad 154 12 G 2 2
EEaad 157 11 G 3 3
== 160 11 G 2 2
== 170 7 G 3 2
== 180 11 G 2 2

7FA] oiH] Al 51 P G 4 4
7FA] o 1) Al 52 P M 4 4
7HA| 405 10 G 3 2
7HA| 412 12 M 2 2
7HA| 414 12 M 2 2
7HA| 419 3 G 2 2
7HA| 447 5 M 3 2
7HA| 460 5 G 2 2
A oiH] Al 51 P M 4 4
A o v A 2 P M 4 4
k! 507 4 M 2 3
FH4 514 4 M 2 3
k! 516 4 M 2 3
FH4 519 4 M 2 3
ke 520 4 M 2 3

“GY: Gynoecious, PF:Predominantly female, M: Monoecious
¥ 5 Susceptible ~ 1 Resistant
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(6) =o' AP 2] 45 A3
6—1. 12} =78 AP 20| 2% A 2 53R

O 2012d%e] FA3% witgrir] Qo] 1457 23S o= FU AdsH14ds
B 2T A3 o]AS Hol= 57 e Mg t(E 19, 18 22).

i

&
o =3 A= 39 2998 59 309 7HA eI

7] AEAA4S 93 201249 129 2099 3£3519] 201349 19 229 AAEHS] o

- wwy YAARHS 3 Ao AA 2AE AASGEE ghE 5L BF FREATY
)32 BN ABZFEL BE FRAFY FFo AL nyh Awd 23s
o] 9 58 & ujF] 3.3~3.97] Bt} W2 4.1~55719 FXE HAT

E 19. Wgt}r| Qo] Az 5

=
BN B ATR) | ARG | Aem 24 Pt
311 HF1 3 4 4 5.0 33
312 v F2 3 3 4 55 36
313 Bl E3 4 4 4 5.3 39
316 v E4 3 4 4 5.3 35
317 uE5 3 4 4 55 33
304 W31639 3 3 3 6.0 41
305 W31563 3 3 3 7.0 55
307 W31630 3 4 3 6.0 49
317 W31667 3 3 3 6.5 48
318 W31675 3 3 3 6.0 438

Az er g2 2012 129 209, A2 20139 1Y€ 229, 2 39 299 ~ 59 309
e WA 5 oA ~ 1A, 12k 2¢ 5Y, 23k 3€Y 29Y, 3% 5€ 15Y
25 30 o ~ 70 A

ks
-
-
-
[ @
.
-
-
>
| &
-
-
©
3+
-
-
"~
fo

33asavaeliasasarael

I I e N I

a9 22. Mohr] Qo] T4 AREFY HY Hlw
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4
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0
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o
o)
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o)/
N

K

bar 2kt
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33, 3 Ao 4

==
1

20).

hyA
ar

(

o

Z 415569 47 =3

?;Sj]-

o

gl

— A

Al o

233
228
218
232
233

247
247
257

313

249

25.3

25.7
245
24.7
247
25.7

27.2

274

dEIEo] 856% ©

1

1

66
58
94
30
73

76
75
72

73

80
74

6.9

7.9
9.3
4.8
4.8
4.3

59

4.1

1.3
1.3
1.2

1.1
15
0.7
0.6
1.1

1.2
1.2
1.3
1.1
1.3

0.3
0.3

0.3

0.3

Lo

Lo

Lo

Lo

6.5
6.5

5.5

10
O

6.5

¥ 20. AN =FA A

Fogo
Rl
Hz

4
4

3
3
3
4
4

4
4
2
3
4
3

H olE T 41702, 41722, 41729, 41766, 41774, 41775

‘mo
o
M

HF1

v F2

41517
41522
41525
41527
41530
41531
41556
41589
41614
41647
41653
41665
41702

thHF3

225
260
248

25.9
27.8
24.3

81
91
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41704 2 5 7 0 11 35 65 - -
41713 2 4 6 0 12 46 71 246 | 212
41722 2 45 5 0 11 5.7 93 227 . 210
41729 2 55 5 0 12 55 89 256 | 232

41766 3 9 7 0 1 69 86 2716 . 255

41771 3 6 5 0.3 1.3 6 84 - -

41774 3 65 6 0 1.2 55 86 - -

41676 3 75 3 0 1.1 43 62 238 | 165

41723 3 6 5 0 1 55 80 245 210
41775 3 6 6 0 1.3 6 86 246 | 243

oA ~ LAY, 3 o, 2o ~ TAE, WE

\10 ‘j T:] ]}\14 )\771\

10 vk elelolA el He g g

v20144 39109 ~ 49159 7AX o] T FE I

Ay ASS o] &38te] 20139 % AHlz|o] ¢lx A EL*OP Zefo] A e o] %% &5 2+

N8 AY +% 34 53 24
Myanmmar, Mandalay 2013-9-15 2013-10-15 2013-11-15 ~11-17

— AN TAA A7 A Al FA
(M3055, M3020, M30600), Dark

M3057, M3059, M3075, M3086, M3087), White

ATHE 21, 19 23).

Ox_]_Lzo

o] Malini®} &
Hqoz 87|

green

Greend o2 37] %3t

Z3H(M3019, M3065, M3056,
gog 17 %3(M3035)L Mat

- AEx3ES Maliniol] HleiA = =d@ ARGl ©E FFoA o M3086, M3087
o] £]9] %x3E Dynasty®t Hercules®he 5dd FFolAY w2 A4S HYER
=3

E 21, AE/Fdol £58 Sl 2o] AuxGe] 54
Downy Plant Fruit % No.Marketable

Group 55 Mildew Vigor® | length | Marketable Fruit/Plant

Resistance” (cm) fruit (2weeks)
Green Malini 2 55 21.0 95 31
Green Dynasty 3 5] 224 74 2.8
Green Hercules 56 3 7 215 66 2.7
Green M3055 3 6 83 34
Green M3020 5 2.5 21.7 81 6.3
Dark green M3019 3 6 21.2 70 3.0
Dark green M3065 3 2.5 20.5 67 34
Dark green M3056 3 2.5 225 72 3.3
Dark green M3057 3 6.5 - 68 44
Dark green M3059 4 5 - 70 2.1
Green M3060 3 5 22.0 71 3.0
Dark green M3075 3 6.0 194 66 2.1
Dark green M3086 3 5.5 - 56 3.2
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4.2

76

27.3

19.6

Lo

M3087
M3035

Dark green

White

“3: susceptible ~ 7: resistant
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2G: Gynoecious, PF:Predominantly female, M: Monoecious
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ofulE 2

a9 27 .
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MG B(ER) A% £
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AN A 33

34 I

FeE FHT AHE 2016-05-09

2016-06-11 2016-07-13 ~ 08-15

FEE FHT Y 2016-05-09

2016-06-08 2016-07-20 ~ 095-09

a9 28 . #gHr]eo] AR E £
(F9= TH7 U™, A2l 2016-6-8, #9: 7-26)

O NAxFE =4 L k92 X

oA wmity AY Brhsh BEel Aeld 54

_47_



N
Dy
&
9&
ox
T
oX,
A
u
2,
=)
1
A
ok
offl
ftlo
&

F7F F HAF 223HW6062, W6064)S At

E 26. 7HAFAIE S B3 AdE Uuor|eo] 239 54

239 4wl 249 25 980 33 B9 3y P e v
|

LIS G 6 7 = 3 7 7 7 4 4
o] 2 G 6 8 o 23 8 7 7 4 4
thH]Z3 G 5 7 A B 7 7 7 3 3
W6062 G 7 7 & = 6 7 7 3 3
‘W6064 G 7 8 = =3 8 7 8 3 3
1GY: Gynoecious, M: Monoecious

20~ LARA, B R g A%~ T 4 $E e

33 e Aol AA, ﬂr«l 7.=l°] 4%, 8t

:
-
=
H
g
i

O A"l W60625 3%
40—2015-000747) &=
Wb A wpAjol 18

O AW W6064+ A QU2 gste] FERS
At gl Fel ule) il A7FFel
o] kil wo] tAH o]0l FEA 0] Holte

_48_



(8) =d¥ AR FHA AL € vpA s
8—1. candidate gene approach
A. NBS—LRR A=} 715t w}A

O CAPS #}#A

— ZH o tomato, Arabidopsis, tobacco, rice, pepper, flax 5 UTF3E Al &3] 2 B g
[e)

vpolel s, i, % 5

AEZ oA o2 AEura s 7hz

A AL S FEske 30 o e AE WA (R) FHAE0] &85

THFAE olE FAAES A FRAE ME AEES A o AA 5 F
F=2 dEEY. o] 5 TR/ A FHA FRAA T B vlTS AA sk Ao
nucleotide—binding site(NBS)2} LRR domains $H74] 7FA|+= NBS—LRR FEje] 4=}k
Soltth. mekA Qo] FHA MEE A 67 /) XS NBS-LRR s &4t

At (% 27)

¥ 27. 2°] NBS-LRR #37# g2E

ID

GenBank best hit

CsalM334920.1

B9IP48 Tir-nbs-lrr resistance protein (Fragment)

CsalMb72370.1

BI9GV40 Cc-nbs-lrr resistance protein

Csa2M008000.1

BI9VOH2 NBS-LRR disease resistance protein family-1

Csa2M012670.1

B9HE76 Cc—nbs-lrr resistance protein

Csa2MO014830.1

BINCG3 Cc—nbs-lIrr resistance protein

Csa2MO015330.1

BIONCG6 Cc-nbs-lrr resistance protein

Csa2M020890.1

BIN9Q3 Tir-nbs-lrr resistance protein

Csa2M020940.1

B9I4D9 Tir-nbs-lrr resistance protein (Fragment)

Csa2M021510.1

B3VTL6 TIR-NBS-LRR RCT1 resistance protein

Csa2M021530.1

Q8GTC4 NLS-TIR-NBS disease resistance protein (Fragment)

Csa2M021540.1

B9IP48 Tir-nbs-lrr resistance protein (Fragment)

Csa2M022270.1

Q19PL7 TIR-NBS-LRR-TIR type disease resistance protein

Csa2M022780.1

BIONAVS8 Tir-nbs-lrr resistance protein

Csa2M022790.1

BI9GGU2 Tir-nbs-lrr resistance protein (Fragment)

Csa2M059700.1

B3VTL6 TIR-NBS-LRR RCT1 resistance protein

Csa2M074130.1

Q6ZJF7 Putative NBS-LRR resistance protein RGH1

Csa2M074250.1

B9I4D9 Tir-nbs-lrr resistance protein (Fragment)

Csa2MO075330.1

B9IQ79 Tir-nbs-lrr resistance protein

Csa2M075440.1

BINCG3 Cc—nbs-lrr resistance protein

Csa2M096930.1

B9I7TH9 Cc-—nbs-lrr resistance protein

Csa2M401400.1

QOPDU9 NBS-containing resistance-like protein (Fragment)

Csa2M403680.1

BIONCG6 Cc-nbs-lrr resistance protein

Csa2M432260.1

BINCL4 Cc-nbs-lrr resistance protein

Csa2M433370.1

BING679 Cc—nbs-lrr resistance protein

Csa3M044470.1

BI9GHKS5 Tir—nbs resistance protein

Csa3M172400.1

B9IP06 Nbs-irr resistance protein

Csa3M206330.1

Q21.361 Putative CC-NBS-LRR resistance protein

Csa3M308200.1

A1YEBO NBS1

Csa3M687220.1

Q6URA2 TIR-NBS-LRR type R protein 7

Csa3M695840.1

BIONAWS Tir-nbs-lrr resistance protein

Csa3M710180.1

BINCHS8 Cc-nbs-lrr resistance protein
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Csa3M814390.1 B9I533 Nbs-lrr resistance protein
Csa3M814400.1 BI9IL69 Cc-nbs-lrr resistance protein
Csa3M815400.1 B9I1533 Nbs-Irr resistance protein
Csa3M822460.1 C6FF78 NBS-LRR disease resistance protein
Csa3M824920.1 B3VTL6 TIR-NBS-LRR RCT1 resistance protein
Csa3M824940.1 B3VTL6 TIR-NBS-LRR RCT1 resistance protein
CsadM015710.1 B9GZ62 Cc—nbs-Irr resistance protein
CsadM015840.1 B9IP06 Nbs-lrr resistance protein
CsadM015850.1 B9IP06 Nbs-lrr resistance protein
CsadM016430.1 BIONBCO Cc-nbs-lrr resistance protein
CsadM638480.1 BO9MVJ7 Nbs-lrr resistance protein
CsabM152980.1 BI9GWT3 Tir-nbs resistance protein
CsabM165310.1 BO9HYP1 NBS resistance protein
CsabM165320.1 Q8LJ95 NBS-LRR resistance protein RGH1-like
CsabM165820.1 B9GZVO Nbs-lrr resistance protein
CsabM266890.1 Q84XF9 NBS-LRR resistance protein RGH2
CsabM484620.1 BONFN7 Cc-nbs-lrr resistance protein
CsabM495930.1 BIN9Q6 Tir-nbs-lrr resistance protein (Fragment)
CsabM579560.1 C6FF80 NBS-LRR disease resistance protein
CsabM647510.1 BI9NDRG6 Tir-nbs-lrr resistance protein
CsabM647620.1 Q19PN4 Tir-nbs-lrr type disease resistance protein (Fragment)

CsabM648130.1

BIONDRG6 Tir-nbs-lrr resistance protein

CsabM648640.1

B9GTOO Tir-nbs-lrr resistance protein

CsabM648650.1

BIONDRG6 Tir-nbs-lrr resistance protein

CsabM375730.1

Q84XG0 NBS-LRR resistance protein RGH1

CsabM490170.1

BI9HE76 Cc-nbs-lrr resistance protein

Csa7M073380.1

C4TPDY9 Putative wuncharacterized protein NbSS52

Csa7M239020.1

B9HA475 Cc—nbs-lrr resistance protein

CsaTM239020.2

B9H475 Cc—nbs-lrr resistance protein

Csa'7M420890.1

B9HBI8 Nbs-Irr resistance protein

Csa7M425900.1

Q84XG0 NBS-LRR resistance protein RGH1

Csa7M425930.1

Q84XF9 NBS-LRR resistance protein RGH2

Csa7M425940.1

Q94J89 Putative NBS-LRR type resistance protein

Csa'TM426510.1

Q84XG0 NBS-LRR resistance protein RGH1

Csa7M426520.1

Q2L359 Putative CC-NBS-LRR resistance protein

Csa7M426530.1

BOMYEO Cc-nbs-lrr resistance protein

— 67 71e] NBS—LRR #Fax59 GAA go] s1x& Seleh dx 15 304+ ek

‘—J_y—!
Eol3t & 2 H AAA9 1-2 Mb o] NBS—LRR cluster 7} #¥3l= Zo2

ERk ot

Mb 3 = 3 a s = d
o
1 a
=3 12| 3
= a
a 1 a
s 2
=3 2| 3
7 a
= a
=Y
10
11 =1 a
12
13|
14 2
1S
16 1 al| 7|
17 a a
18
19
20 = a a
2a |E
22 2
23 al|
24
25
26 =
27 A
28
29
=0
31 2
32 3
=3
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- EAES 53] fHolHE BEAFEW Qo] 2, 4, 5 QA A =W A
QTL o] EAlsts Aoz 4#A i, thE mapping A7+ 2% H|23 A5 HS
ohowhebA 2w, 4%, 59 A Al EAs= NBS—LRR EF el fFHAtEo]l =d A
Ao #HAE Aol F AR FTEHAA AMA 2™, 41, 51 o fIXsH= 38 79
NBS—LRR @zt tiafir] Qo] vty A&} oA 7fA LS Husisih. 2
7} 10709l NBS—LRR FZA7} =vt® oW A3} AgAdzle] A olE RIAIT (3
28).

¥ 28. 20] 29, 49, 59 FAA] H9 P S Hol= NBS AR F2E
CRE A A SAA A
2 Csa2M008000.1 1354160..1355840
2 Csa2M075330.1 1957620..1958660
2 Csa2M433370.1 226383340..22688680
2 Csa2M020940.1 2499980..2505240
2 Csa2M012670.1 2203360..2207200
5 CsabM647510.1 27414850..27420430
5 CsabM647530.1 27440540..27449720
5 CsabM647620.1 27466480..27473250
5 CsabM648130.1 27478160..27480930
5 CsadsM648650.1 27491800..27494660

— °o]% 10 7He] NBS—LRR FHAAE F$Z3 xgloln] 23S 2HASte] Qo] gt o]H
A A A A B8 E DNAES templateE o] &84 PCR ®HF2S 2A)3H
5 oolgel e A= R (1Y 31)

NBS

4
ST} 1 2 3 5 6 7 3
DNA R S R S R SR SRSPRS R SR S

— olg ] FZ¥ PCR AES tiAae AA3 A3 ars Agste] IS AEFss=
CAPS "AR A3tS FAF G uebd o]ls FAAto sFels w=vd A3 o]
WA A Tro] AHEEH = AT ghol AolE EASIY. o]2 %k restriction enzyme
mapping S AAH A3} ofge] AFE ATt (F 29, 19 32).
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¥ 24. NBS-LRR H#=¢] CAPS #A AFS 3% AT &4

As | FHAA o F zeolw =3 Agaia
1 CsabM647510.1 Chr5_27414850_1_1. / Chr5_27414850_1_R AvAIl
2 CsabM647580.1 Chr5_27440540_2_L / Chr5_27440540_2_R Apol
3 CsabM647620.1 Chr5_27466480_4_L / Chr5_27466480_4 R Mbol
4 CsabM648130.1 Chr5_27478160_2_1. / Chr5_27478160_2_R Mbol
5 CsabM648650.1 Chr2_1354160_1_R / Chr2_1354160_1_R Mbol
6 CsaZMO008000.1 Chr2_1354160_3_L / Chr2_1354160_3_R Tsp4bl
7 CsaZM075330.1 Chr2_1957620_1_L / Chr2_1957620_1_R AvAIl
8 Csa2ZM020940.1 Chr2_22683340_2_R / Chr2_2499980_1_R Xceml
9 CsaZM012670.1 Chr2_2203360_1_R / Chr2_2203360_1_L AvAIl

;B"EI} 1 2 3 4 5

— ol%7 WaE CAPS vlA T Qo] wid A

DNA R 5 R 5 R S R % R &

ad 32. AFELE ALY F =™ AR oA T HFAE HE 2AH

ogt
oX
~ &
1o,
r2
ry
o,

A, Qo] et A A (10 )< o)W
. ol2 A Ez¥ DNAE Template & 3}l
AAIEE Sof] Ad3 A a4E

of ©]%t genotyping A& g F

U > ox.

LN
i oo I
oty

°

Csa5hMb47580.1

Csa2M075330.1

Csa5MB48130.1

CsaZ2n012670.1

Csa2MO008000. 1

13 33. NBS—LRR #AA} 33 CAPS v}# 9] genotype—phenotype H] L

— o] 7FA] kst CAPS 1A FolA 99 adoA BE AP, Csa2M008000.100 A

S8+ CAPS wlAN AW 5438 (genotype) ¥ £33 (phenotype) ©] A3 dx 3k
e A9E HAFuE E3] CAPSUFA Csa2M008000.1 & A3 7l A ol A

Y3 oW o]l BEAAS= R THA cased: Kol FARE oHA RAYPS Ho
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ol M+ genotype ¥} YXst= AF}E H AT

O CAPS 71A ¢

— F3bsol A A&3E 200 /WA sl DNAS F=3}o] CAPS

(19 34, ¥ 25). AlFd A4 AE dside AAd ARE AlFeA] = 9
(blind test) & A-&3}3it}.

5% 4% 48

55 RR RS 55 S 55 5§

1% 34. CAPS WAL °|&¥ §F MA =v AJA/184 FA

® 25. CAPS WIAE °|&3 §F AA =d9 FAE.

! AAEE A Y bkl AAAS. T4 ! AAA 3. A Y

1 Z31320-1 41 Z31320-41 I/t 31 Z31320-81

2 731320-2 42 731320-42 82 731320-82

3 7Z31320-3 43 731320-43 83 731320-83 I/t
4 731320-4 44 Z31320-44 84 Z31320-84

5 Z31320-5 45 Z31320-45 85 Z31320-85

6 Z31320-6 46 Z31320-46 86 Z31320-86

7 Z31320-7 47 731320-47 87 Z31320-87

8 731320-8 48 731320-48 88 731320-838

9 731320-9 49 731320-49 89 73132089

10 Z31320-10 50 Z31320-50 90 Z31320-90

11 Z31320-11 51 Z31320-51 91 Z31320-91

12 Z31320-12 52 Z31320-52 92 Z31320-92

13 Z31320-13 53 Z31320-53 93 Z31320-93

14 731320-14 4 731320-54 A 731320-94

15 731320-15 r/r 55 73132055 % Z31320-95 r/r
16 Z31320-16 56 Z31320-56 96 Z31320-96

17 Z31320-17 57 Z31320-57 97 Z31320-97

18 Z31320-18 58 Z31320-58 98 Z31320-98

19 7Z31320-19 59 Z31320-59 99 Z31320-99

20 73132020 60 731320-60 r/t 100 731320-100

21 731320-21 61 73132061 101 731320-101

22 Z31320-22 62 Z31320-62 102 Z31320-102

23 Z31320-23 63 Z31320-63 103 Z31320-103

24 731320-24 64 731320-64 104 731320-104

25 73132025 65 731320-65 105 731320-105

26 Z31320-26 66 Z31320-66 106 731320-106

27 Z31320-27 67 Z31320-67 107 731320-107

28 731320-28 68 Z31320-68 108 731320-108
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29 73132029 69 731320-69 109 731320-109
30 Z31320-30 70 Z31320-70 110 Z31320-110
31 Z31320-31 71 Z31320-71 111 7Z31320-111
32 Z31320-32 /T 72 Z31320-72 /T 112 Z31320-112
33 7Z31320-33 73 Z31320-73 113 Z31320-113
34 Z31320-34 74 Z31320-74 114 7Z31320-114
35 Z31320-35 75 Z31320-75 115 Z31320-115
36 731320-36 76 731320-76 116 731320-116 /T
37 731320-37 77 Z31320-77 117 Z31320-117
38 731320-38 78 7Z31320-78 118 7Z31320-118
39 731320-39 79 Z31320-79 119 731320-119
40 731320-40 80 731320-80 120 731320120
121 731320-121 148 731320-148 175 Z31320-175
122 Z31320-122 149 731320-149 176 Z31320-176
123 731320-123 150 Z31320-150 177 7Z31320-177
124 Z31320-124 /T 151 Z31320-151 /T 178 Z31320-178
125 Z31320-125 152 Z31320-152 179 Z31320-179
126 731320-126 153 Z31320-153 180 Z31320-180
127 Z31320-127 154 Z31320-154 181 731320-181
128 731320-128 155 Z31320-155 182 731320-182
129 7Z31320-129 156 Z31320-156 183 731320-183
130 731320-130 157 Z31320-157 184 731320-184
131 731320-131 158 731320-158 185 731320-185 /T
132 731320-132 159 731320-159 186 731320-186
133 731320-133 r/r 160 731320-160 187 731320-187
134 731320-134 161 Z31320-161 188 731320-188
135 Z31320-135 162 731320-162 189 Z31320-189
136 731320-136 163 731320-163 /T 190 731320-190
137 Z31320-137 164 Z31320-164 191 Z31320-191
138 7Z31320-138 165 Z31320-165 192 Z31320-192
139 731320-139 166 Z31320-166 193 731320-193
140 731320-140 167 Z31320-167 194 7Z31320-194
141 Z31320-141 168 Z31320-168 195 Z31320-195
142 731320-142 169 Z31320-169 196 Z31320-196
143 731320-143 R/R 170 731320-170 197 731320197
144 731320-144 171 731320-171 198 731320-198 R/R
145 731320-145 172 731320-172 199 731320-199
146 731320-146 173 Z31320-173 200 731320-200
147 731320-147 174 731320-174

CPAS wA A o) ety A (r/r) Alo] Ad=AaL, o

oF vlarstd oF 50% Ak dA ks AaksE BT

olefdt Axb= AA W HF flolk 919 CAPS vHAS ol e o¥A HAE A

A EZA AALD 7Hsde Bl T v &8 ke AZA AT §leld The
A

il

%8 27 29

011

e AA FEAAT, @A A AT £FNA oA AA AAE AR BED
A= R Qo
e F AT AWE o 3 29 L 52L& AU

=3 o] wmity A4 A AME BA wiA 2 olE ol Ay
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SE9E: 1014900130000
$29: 2015.01.29

— AREE AYE ok = CAPS vhAY @S nekdA AHed AP B =F
o= SNP vhA e FH s

— o]¥W A Muk8 CAPS "}AE Csa2M008000.1 A A S8 39, A A =
St WA W T truncated © FEJS] dol7l FojE WA S H
IRA AN A AR L, o] 9} Eﬂaow 2 7fe] SNP o] WA H )

A3t olHA JRAIS) Csa2M008000.1 A2 ol 714
OJltHF2MOoZ « FAIZE | AEE oA A JiA 1
Folth). webA o2 gk SNP ‘r"“% E%SHA 150 bp ©]
T 9] flanking sequenceo] A SNP w}# & Zzjojw(UE3l
skt

ATGGGTGACCTACTGACTTTTGGTGTGCAAGAAACTTTGAAGCAGGCTGTAACTCTTGTAGCCAAAAAAATTATTGCGT
CAAGTGAATTTAAGGTGGTGCTAGAAGAGCTG*AAAGATGATCTACTTCATGCTGAATGGATCCTCCATGCCATAAAAA
CAAAGCATGATCATTCACTCAATGACAAAATAACTCATTGGGTGAATGATCTTCAACTTA*TTGTTTATGAAGCTGAGG
ATATGTTAGACTTGTTTGCTTATGACGATGTTGAACGAAAAATAAGATCAAACAAGGTTGAAGAGACAACTTCACTGC
TTGAAAATTATGTGGTGGGAAGGGAGATGGAAGTTGAAAGCATAGTTCAAGATGTGAC*TGAGGCTAGTCAACAACA
ACTCAATTCTATTTTACCCGTTTATGGAACGGGTGGATCAGGAAAAACCACTTTGGCCCAGTTGGTGTTTAATGACGA
GAGGATTGGAAAACAATTTCATCATACTGTTTGGGTATGTGTGTCTCAACCTTTTGTCATCAACGAGATCTTGCAGTCA
ATCTTGAAAAAGGTAAGCAAAAGCAAT*GATAATCGTAGCAAGGATGATAAGGACACCTTAATTCGCAATCTTAAAGA
AGTGATGGGTGGAAAAAGATATTTTCTTGTGCTTGACAATGTTTGGAATGAAAACAAAATA*TTC*TGGGAGAAGTTG
AAGGAATGCTTAATGAGTATTGTTGAAGAATTAGGAAGCAGTGTCCTTGTCACGACCAGGAGTCGTAAAATTGCAGAAA
TGATGAAAGAAACACTTGACACCTATCATTTAAACAAATTAACTGATGATCAATGTTGGTCAGTATTTAGCTACTTTG
CCAAGGCGAATGCAGTACCAATAACTTCCAATTTGGAGCTTGTGCGAGAAGAGGTCGTTAAAAAAATTGGTGG

S koK

o o oy
O oot i, of
2 o2

o m?i‘ rr 12 oot

>

719] ZetolE o] &3}e] Roche 9 Light—cyclers &-83lo] oAz A3 7))
A3 (genotype)= HRM 45 AAIg A3} 7dtd SNP vlAZE F438 749
shs gelskaitt (19 35).

X fo ox

1% 35. SNP vlAE o]€3 HRM &4 Z3



¥ 26. SNP A[AE o|&% &F AT =79 FAR
AENST | 547 AENE 549 AsWs §49 AEHsS | 549
1 R/R 8 R/r 15 R/R 22 R/r
2 R/R 9 R/R 16 R/R 23 R/R
3 R/R 10 R/R 17 R/R 24 R/R
4 r/r 11 R/R 18 R/r 25 r/r
5 R/R 12 R/r 19 R/R 26 R/R
6 R/r 13 R/R 20 R/R 27 R/r
7 R/R 14 R/R 21 R/R 28 R/R
— SNP ulAel] 93] FZw 2HE9] HRM #4S T3 o¥WAd fd3S 7M1 sEd
Al sl A dloly e vlastd fifiE oy MAZR YeldS & 4 AT
— SIATF HRM 49 ol&] A3 Aoz Efrd AlFY xdYPL ooz Yehdt
A= B2t} o= dAA etE SNP7F Adrel= A A FHdo] AAl Qo] wH
AP ol s & 718 EE on| st AY, = SNP vlA el Al o]
H Csa2M008000.1 FHA7} AA| =vy AIAF FAAe Bl oz Jds] dAZ
ol A# vAY NAFE 3
— wEhA FrHH R vl AP FRA o 9FE st Alqt QTL 99 & F71=
W=3l= 29 7)1£9) 2 QTL 99X recombinant’} 23 recombinant 2l
A 4dste] high density mappings AASNA 7HHA AddE mlAE pEE Do)
Ae= A Ak
O LOX(lipoxygenase) 32 A2 @4 AA
— NBS—LRR f#A#F oo %= lipoxygenase (LOX) 7} WA &Aoo #A#AEo] uf= HaL
7F ok whEbA Qolol o] LOX fHAFe} Qo] wmwH It Ay AAE B4357] 98
A Qo] FAAE A5t 42719 LOX A7 SAES vrsla A e s

AAE AT (27 36).

o
+8 13

|
a9 36. 20 FAA &9 4270 LOX #7d#
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~ DNA A 49| Aol & Mol o

'

@
1
i_'g
0
B~

2 & oA Al 2o LOX #dA7F £A8tal ol =
Ao = AGA JHAeE oA ARAAlA S EE 97e] LOX

2 o

5 97) LOX gl thal opvlnal Ad g viug 2
3} obueat A AbolE Mol A 4 A stk F wdy AFH 7 oy
g AANA LOX SR mgsE ofuleit Aol olzk t FA47 44 Uu
VEE BEF vhA A olA7t 9onR o 4)e FAAe] s)A Teteln F

Az 2Ee DA

- A7IAE el Aol ®olA dominant marker(MME=9] f-4%) 2 HZAE ST the

axzglol A (P1; CsLOX1_S6_Left+Right, P2; CsLOX1_S7_Left+Right, P3;
CsLOX2_Right+CsLOX2_S6_Left,P4; CsLOX2_Right+CsLOX2_S7_Left) &= PCR "+
$2 39 obd) 19 37 AY FAPel SolH A} oYy Wesk SE

5 5 R R
ay 37. AFA 7 oA Fd LOX AEE PCR ¥Hg o]u]x|

<lane 1; marker, lane 2; ©]®4 DNA+ o]#A LOX Eo] 2aztolu] %3+ lane 3; o|HA DNA +
A LOX Eo] Zgolw %% lane 4; AEA DNA+ A3 LOX Eo] Zgolw %3 lane 5;

A% DNA + WA LOX So] Zefoln x>

RRRRRRRRRS SS S S5S5S

a¥ 38. ©hFE AYoe] LOX vHA HA

NBS-LRR #abeh= @e] LOX frale] CAPS wh7is wa A4t 2 o7} ¢l
= Aow A

2 9l 9o Al 338l candidate gene approachES 3] dojzl A
4 A3 QTL 9L 2w, 49, 58 Ao 9|x|et= A 2, o o
Agahe @) way AR oW A AVIALE BAR A% 10 o)
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NBS—-LRR ¥ 8 7H¢ LOX -FAANA vEA
NBS—LRR Fdx 2 CAPS vkA FolA &7}t
At (27 39).

e Ho Fu

=W HEBY
L 2

10
20

30

Mb

=FYQTL EY
2

;

Hde oo

ol
5—‘{,}133 7}

—CiHy ME —EE HE
(olg/xe)

23 39. candidate gene approach 97 Z3} Q9

O Csa2M008000.1 7+

— Csa2M008000.1 HFHA=

dAA F2Y

=iy AR AR
ofefsh ge Eefolv] xS A

o|*g/d A NAM =Hrsy] 2]t

¥ 27. Csa2M008000.1 AF/-Ax} SR E $3 Zgoly =3

zefoln] ol g Ad e
FL_S7_2M008000_For CACCATGGGTGACCTACTGACTTTTG
FL_S7_2M008000_For2 CACCTCAAATAATGGGTGACCTACT
FL_S7_2MO008000_Rev AGAGACTCTCAAACTATCCCCTTGTGC
FL_S6_2MO008000_For CACCATGGGTGACCTACTGACTTTT
FL_S6_2M008000_For2 CACCATCCTTTGTATCCATTATCCC
FL_S6_2MO008000_Rev ATAAGATCATGCATACGAAACTTCC

~ 4719 xetolw)

z3ow
Csa2M008000.1 A7

$AAE

gradient PCR<&

SEEE
Fralth (29 40).
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SE-FL-2 P @8 (airealirg T'n 45C-E5C)

a9 40. o)¥HA ANANAY Csa2M008000.1 A FAA ==

— o]g|gt & (over—expression) AT o] 2o %=, RNAIE o] &3t knock—out HHE H
3 HPsth. o]yl HH o2 ol A RNAI Zgo|HE A =eldt) (3 28).

¥ 28. 7Y AT o|FA AANA Csa2M008000.1 A LHE AT RNAi construct
A28 Zatolw =3

Zeoly ol & Zgholn] A4 aE
RNAi_S7_2M008000_For CACCCAAAAGAATTAGACAACTGCA S6-1-1
(RNAi_S7_2M008000_Rev CTTGTGCTTGAGAAAGACCCTATAA S6-1-1
RNAi_S7_2M00800_For2 CACCGTTTTGCTTACTGTTCAAATT S6-1-2
RNAi_S7_2MO0800_Rev2 CTCACAAACATTTTCTTTCCACTTT S6-1-2
RNAi_S6_2M008000_For CACCTATTGCTTATTTCAAGATGCT S7-1-1
RNAi_S6_2M008000_Rev TGTTTCAACTTAGAAATTGAGTTTGG S7-1-1
RNAi _S6_2M00800_For2 CACCATTGTTGAAGAATTAGGAAGC S7-1-2
RNAi_S6_2MO00800_Rev2 CACCATTGTTGAAGAATTAGGAAGC ST7-1-2

1% 41. RNAi amplicon (&) 3} vector ($)

— 7] construct £ =93 FAHAIAE Ndste] ol e A AR5 HA
stk A9k 71 gEk mrebE 2] Csa2M008000.1 A FAA7E 3y FAYg 2
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dol Eolgdete md A S vAAE ok A2 HEs.

O 2o] w=g® A WA o|F4 AAL] 74 ME &4

A A AgPEojop & H o]
S Hole EAvA FHO
Ax A =E = 2y

A
g ARG oA A ke R (A7 L9

3 mA S 918 QTL mappings 3H7] ¢
!
2 olel e ey whAE o gatel ulg Awtel ujga

&l
1)
_IQI_

kr
=X
ok
o
ok
o,
=
_>Il_4
Qﬁ

@ A ol GRS wol BAWAS A e wd
A AR moli AAS ol FAL mol: AAE Yoz dAl fAA A7IA

o e
d B4 A AAEAT. 2o AAl A A7]e] 30-40 wiel gt A 12.8
9

o

R, A o] MAANA 6.5 Gb
AES FGHEHY. Q2o ¥+ F#A AHQ  chiness ling 9930 AES
(reference) o2 3lo] ¥+ A Dol sequencing 3+ LS vfF3|A assembly
reference mapping ©]& WH S CLC genome workbench & HXZEo]E o] & o}oq 2
A A Assembly A= ofg]l 28 42 H#E, Qo] ¥FE SAA ] vgS = 7/ o
Ao st o] wmvtd AR A= oA A& FEle pseudomolecule A E
= x5

X

o @
rr FN

Fle Ede. Sewch View Toolbox Worspsce Help

@ g @ o0s .. = 8 Qﬁh P

broot Miimose fipon Graches| B | S L n-mmm. Hkb‘__d-hml

B || & o6 CoACSIGM, |ng_seamn % | P s.bisequence ., % |Bs.l.cequence., * |IF sblsequenc,. x| T s.BCsACSIEM. x

; .
+| Consensus TCATCCACTGCCACAAGTCGTTCCTCGACCTGACACTCATTCAAATCAGTGCCCAC ~ NRTHH

Covarags = Ruad lagout
o Packsd
Acuc.lcmlccrCGACCTGACACTCAITanncaGTc.cccAc -
TCATCCACTOCCACAAGTCGTTCCTCOATCTGACACTCATTCA g EhCES-8! g
AC1EL‘CACAAGI’CGTlEI:I'CEA::TElCGcYcATTEAAATCAGTGC:CAC ] Show saasnce shds
AGTGCCCGE ol
CAAATCAGTGCCCAC 7] Shaw mismatches
TCATCCACTGCCACAAGTCGTTCCTCGACCTGACACTE Packed read height: | Medium =
TCATCCACTGECACAAGTCGT TCCTCGACCTGACACTCATTCAAAT
TCATCCACTGCCACAAGTCGT TCCTCGACCTGACACTCATTCARATCAGT Find Confict

TCATCCACTGCCACAAGTCGTTCCTCGACCTGACACTCATTCAAATCAGTGCCCAC =

EEmay

6. T.C8ACSIE M, *

Low covaraga threshold B

Consensus TCATGCACTGCCACAAGTGGT TCCTCGAGCTGACACTCATTCAAATCAGTGECCAG | ~ ?
2| = Fead tayout
-| € Packd

_TCsALS 16 mapging = E‘omfam‘

Qe Cpnter saECh bt % TCA'ICCBCTGCCACﬂh ICGT'ICC'ICGACCTG!QCACTCAYTCAAATCAGTGCCCAC -
CAA GTTCCTCGATC
| | rcarcca:mccacan T G6T1CCTEBAGETGACACTCAT e 0 haw sequrce e
Al TCGTTCCTCGACCTGACACTCATT ¥ Show mismatches
TC’A'CE&E’ECCAc&A 3TCGTTCCTCGACCTGACACTCATTC

GTTCCTCOACCTGACACTCATTC Paciad mad heio® {idechuthun

TCATCCACTGCCACAAGTCGT TCCTCGACCTGACACTCATTCAAATCAGTG
Mo Processes TCATCCAETGCC I\CJ\AC- CGT 'cl. CGACCTGACACTCATTCAARATCAGTGE

T TCGACCTGACACTCATTCAAATCAGTGEC
T:ATCCAE1GEE&C&AGI’ |'ICEICG&:CTE!CACTCATTCAAAVCAGTGCCCAC =

Finwd Confict

Low coversge threshald 8
Find Low Cowerage

Processes | Toolboy Qd-i I_L ¥

- 1% 42. 2.0] reference mappingS E3+ G2 pseudomolecule A E

_60_



HH AFAE AderA e ok AAA APS 7] o]l FHA HE A
false positive AHE AAT gomz wir st ZAgs= A vE&S HA3
& T pdor F Ay A &8E Ao e

O 244 719 SSR v}A Ex
— oA Qo] FF FHA AL HARE BEA35Fe] oF 20,000 37 o]AFe] SSR (simple
sequence repeat) VA ES WEIATE 18lal ol FoAM T &F AEE IH ©
gido] Bol #EE= 900 o7)9] SSR A FRE LSt
o] g AIAA T} oA AL LI} o]E 900 oJ7/fe] SSR wHA *1
WA Troll B8-S Kol 220 971 SSR A E “5};3\‘:}.

i

14

O]

HJR
o Mo
e
)~
Oll
O

& }.o
o
ok
oX,
B
)
o
oX

St &3] WAEE sequencing error 1A E shelsk I
Q7F AAY. AA SSR o] ¥3H FYS SHT xLlo|HE A ZSte] AA A Aol A
= 5% e 713

JaH T,
— olE 220 ol/jel SSR g E@eh: . TetelWE A%, Flstel, PCR

reaction (95% denature, 60% annealing, 74% extension, 35 cycle) = Q9] o|¥AJ ¥}
A& WA ANA e DNAE template®z s HA . PCR vb&= &3 5%+
PCR 2FES WA o7tz = A Ao|A] A7) 534 repeat length Z}old] &3] M= 3
Ho| ol7t2 = AoA FH =4 A& Felstin

.

jud

— ghel A G4 An BAe] ola) wwd AT oWl FEAL wolt SSR
mpAe] el ofe] olm Kol melt AHY olrkmz A Aot Aol W]
JETHE AL & 5 AT (2Y 43)

—_—
—
-
—_—
—
—
—
—
-
-

. 752 765 767 779 822 841 849 857 863 865 879 890 913

29 43 =39 o[ BA/ATA AALN HEAE HolE SSR FHAE Ao ohlEz A Aol
A719% ¥ 994 W= 23 ojnx)

~ op7kmz= Aelx AAgo] ol SSR wH falel PCR AR BHY 5 gl ofadel}
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po]l= A (th7 4bp ©]¢] Aol detect)E oA HEES gl

— op7tE= A ofmgHolrfol= AlS FafA ¢ 200 oJ7HS] SSR mFATE =W %
I ool Al el BEAA S Edue AR S HF Flsila, olE T=ellA
o] physical map (@A A=) Aol mapping 3T mapping 23 2.9]
=313 AT =9 thaEA SSR A7 @R EHQTE physical map A
A A ref vl FA SR ob# ¢ mapping AIAF B B F9E

©] SSR mA7F 5 cM ool A5k, AA FAAE WuF F A
e g F AJT (27 44).

x 2R
o do T opE
O N Ho i oot

R ook ox

)

o i fo 2 o

= o O
2 Jr o o

R
i

°

v
-}

"
-

3% 44. 2.0] SSR wpA ] ¥ FAR} A= e A3 &<

=
ﬂ
X
2
i
by
1

ol
et

— ot ZHAA BHeE RAAH v9FA wAEo] Qo] HAx
2 g, %ﬁ? Aol o T w=uwd AFgA QTL
o ® Uehd , 6H), v ZakEo os) WEE wmit
= (aemgi b}E}»& A 19, 29, 6¥) ¥ SSR A whA
(19 45) = ¥ SSRu ¥4 vl71E F. mapping kol 283
of Wt QTL 99 MFHe=m=vrt &l & 5 d& ez 7
ATH

o2
|
A

v
g ©

ol
k]

SR S

—
gE
ol
(L
2
ot
oX,

o
=

o

RO
W o W

[

ox M o 1= o

me 41 olN
o of m
™

o

o2
off
—_
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a9 45. SSR7FA S NBS—SSR FHAE o] &3 2] A% A=

<@AA 1,2, 68 He A mps RS FPss wdW A%H QTL 9ol FF ATl WEH

=
2
59
u
(17
r)
2
e
os)
T
—
ze}
-
Jo
)
>
o,
do
N
=}
>,
S
H
N
o2
1=
i_“‘
oy
o
*
=5}
>
s
s
=Y
ok
2
ot
oX,
o
i)
ok
ox
=
2

344 S Hol: SSR ulA 9 YAE V>

O #27 2ol B84 SSR (EST-SSR) v}A i

— 1AAES] SSR PHAE ddes w@W AFA/1MA A el @A mA poold
g gelol Ay, QTL 4% 9s1E Brh Be thg4 marker pool ©] B
g ol FA4 AANA FeAF F04 vhA (154 ) Aueta vhe
| =
(/Di

o Mz

s wY F Jdorni FHAY coding FHAA THEAS Hol= wAE

},

o

— 12 dXxe] Rt =y A FAzte) olHA] A FAA FUVIAES 7Nt =
3|4 FGENESH program< AFg&3le] Qo] 4 A do] Ad FAFSH Medicago
°] Gene Models &&314 ORF Z coding ¥+ 99 gxHsit, 232 <F 25000
N FHA7E EA4) st Aoz HE A

- 83l v} 3} A 5 A0 K t] o] B e o] 2291 ICUGI

(http://www.icugi.org/cgi—bin/ICuGl/index.cgi) oA Wx 3 FHAA HHe} AA o=
A A ARE Sete] HFAHSRE ¢F 26,000 A AES FHESIT

— SSR 995 ztol== SSRIT (http://www.gramene.org/db/markers/ssrtool) ol A7] A
dS YdEste] repeats 7H FHAE At A3 HE 4,158 7N AR A FE
& EST-SSR A E5 R (3£29).

¥ 29. 2°] EST-SSR ¢ XA ¢x]19 EST-SRR 9 t3dA 4

FAA No. of EST -SSR No. of 34 & Hol= EST-sSR
1 495 105
2 428 95
3 725 116
4 418 74
5 463 84
6 629 107
7 347 76

— 4,158 709 EST-SSR Aol sdsls = A 7 ojHA /A AHILS Qo] &
AA MLl Eelste] oA MAANA v AL AFA7RAANA e 4D & B
a&to] repeat lengtholl A AFo] &S Wol= ME 657 7IE TR (11 46).
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o ETTITTININGY EETIVTEATR TET AT ﬂl!lllll.ll NGATEEHGEN 70
a ETETTIEENGY WETTTTAATE TET T AT cETREASRER TCATEEACAR
Consersus CTTTTTTTGT CCTTTTAATT TCTTCAATTC CTCCATCAAA TCTTGACCAT GATCCAACCA TGATCCAGAA

Conservation

..I}Ol TTCTTC

Consensus

Conservation

b
a
Consensus

Conservation

3% 46. =7H oA A TTC 2 98 X Fo] deletion B

65770e] EST—SSR A <ol thdll repeat ¥ 9= flanking s}HA PCR 5% A9 A

717F 100—300 bp ©]ar, PCR WF&A] annealing <=7} 60% W (F WHEs 1% olu)

QI Ze}olwF primer 3 = AXESOE o] &ato] HARISIY (19 47).

0/ 60|~ @ L1 | o 1

K]

=l

O
wm
Z,
—J
~
3
;1

A B £ D E F H I J K L M N
unigene ID S5R no. SSR motif size start end U i1

(forward Tm size reverse Tm size product size| start L]

cu (GA)23 758 03| GCGATGAGAACCGAGTCTTC 59.957 20|TTGCCACGTAACCTTATCCC 823 20 244 631
cu (AG)E 366 77| CCAMMCCTTCAMTTTCCGA 59.91 20|ACGCATTGTTCAARAGGGAC 978 20 149 276
cu (TcT)e a1 14|AGCTCTCAACAACGAAGGGA 59.989 20|GGATGCTTTGAAGGCAACAT 081 20 153 47
] acns 691 05

Cu100101 1[(GAT)S 15 248 260[ACCTGGCCCTGATTITCTTT 59.94 20|CGTGTCTCATTTGTGAGCGT 59.905 20 121 169
cu100102 1[(CTT)5 15 133 147 [CATCGATTTCTTGGGCTTGT 60.074| 20|CAGCTTCAACAGGTGGTTCA 59.873 20 237 92
cu100123 1[(ATC)5 15 231 245|CGTGTCTCATTTGTGAGCGT 59.905 20|CAACCTGGTCCOGTGTATTT 59711 20 135 192
Cu100131 1)TAT 14 13 126 [AAAAAGCACTACAAACCGTATTTTT 58.764| 25|GGTTTTAAMAGACCATATTTCCAA 57.702 24| 118 48
CuU100132 1|(AAG)8 24| 330 353|TAGCGGAAGAGGCTACCAAA 59.975 20{GGACCGGAACACAAAACAGA 60.934) 20 145 239
CuU100138 1|(AC)6 12 204 215|GGGGCTGTTGAAAGAAATGA 60.051 20[AATTCCCGAGGAAGAAGAGG 59 646 20 176 110
Cu100141 1[(AAG)T 21 1389 1409

CU100145 1[(GAT)E 15 150 164[ACCTGGCCCTGATTITCTTT 5994 20|TCGTGTCTCATTTGGTGAGC 59837 20 134 74
CU100165 1[(GA)9aaatats 46 626 671|GGAGCCTCACTAATGGCAAG 59836 20|CCGGGAATGAATGAATCAA 50 264 19 199 502
CU100173 1|(TCC)s 15 17 131[TAATTTTCCCATCCGCCATA 6011 20|CCACAGAAAGGAGAGCCAAG 59982 20 192 19
cu (CTT): 34] 7 [TGGAATTTGATTGGGAGGAG 5986 0[AACATCTCCAGTGAGACGCA £l 0

cu (€T 06 CTCTATTTTCCATTCCGCCA 6003 0[ACGGTGAGTTCCTCGTCATC 0 0 1
cu (TGC) a3 ACTTTGGTGAAGAGTGCCGT 5976 0[CTCCAGTTTGTCGCTGAACA 0

cu (GAT)! 16 ACCTGGCCCTGATTITCTTT 9.9 0| TAAGTCAAGCACCACCACCA 0 1
cu (AG)E 81 ATTGGGAAAATGACTCATAAATAAA 29 5[ATTGGCACATCCTTTTCCAG 0

cu a7 948 GCAACATGGTGCATAMATGG 81 20|CTCCCTTTGGAGAGGGCTAC 20 7!
cu [(o39}:] 157 [TGCGAMAACTTCAAAGCTGA 72 20| TATTGTGCAGTCCAATCCCC 20 2

cu (ATA)E 298 15| AGCACACCAMACAAACCTCA 18 20|GTATATTGTGTGCCAGGGGG 20 9 7
CuU1002 (GAM)E 99 22[TTCGTTGATTCCAGTGCTCA 0.39 20|GGAGTGCCGATCAATGAGAT 4 20 7 43
CuU10022 (TGA)S 622 36| GGAGGAGGATCAAGACGATG 59.612 20|CGGGGGAACAMAGCTACATA 5 20 il 598
CU100236 1|(GTG)E 18 27 44|

Cu100237 1|(TC)7 14 133 146[GCCCTTTTCCTCTCATCCTC 60.154] 20|GCCCACCGACGATATCTCTA 60.059 20 265 79
Cu100241 1[(AAG)S 15 804 818[CGTAATTTTTCTACGGCGGA 60.089 20|GCGACATTCATGGCTACAM 59.694| 20 166 T
Cu100250 1|(AC)E 12 128 139[CAAATTCAATCACCATCCCC 59.991 20|ACTCGCAGCTCCATTTCACT 60.02 20 278 79
CU100256 1](GAA)Bagaa; 82 14 95

b M| cucumber_v3_SSR 8] [T il |

I IlElMm 100 (o 1

9 47. 657 EST-SSR °f tf3t Zalo|y &L PCR =A

d wpA Ak

A% mappings flEIAE m=vH A A QTL 99 FiolAl recombination©]
A3k By vy A S o] & U= (high density) mapping 2-S R dsfof st}
webA] AA] FAA GGl A HF5E A FAESHAA Hulgh W2 ko] A s Hole
ulAE sl of ;}‘—Etﬂ. o] st EA o Hgsle= vAH = SNP vhA Holm g E 3o

Qo] =t AT oA AMAdA FHE FHA AE HJHEE Geneious 2= A E
A A EYo] import A (XAl AFESE FEH]E ——> coverage: at least 20
reads, quality equal more than 30, frequency: at least 95% of the reads were
different from both sequences ) SNP w}AE Awste] & 69,659 SNP vlAE &H s}
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At} (% 30, 18 48).

=2

30. £0] SNP w7 xA¢t 3T FAA WS

A A No. of SNP A A No. of SNP
(8 Yo (g [
1 8,095 5 9,580
2 14,488 6 8,301
3 10,988 7 9,163
g
4 8,504
A B G [5] E F G H 1 ]
1 |Mame Minimum  Maximum Length Change Coverage Folymorphism Type  Varlant Frequency
27T 23174373 23174521 1G-=T BA70 SNP (transversion) 96.20%
36 23174362 23174373 lA->G 16,834 SNP (transiton) 96.80%
4 T 23174334 23174362 1G-=T 10,924 SHP (transversion) 98.10%
5|C 23174307 23174334 1A-»C 15,250 SHP (transversion) F8.70%
6 C 23,173,947 23174307 1A-»C 54,247 SHP (transversion) 97.50%
7T 23173853 23173947 1C-»T 99,896 SMP (transition) 97.20%
8 |C 23,173,355 23,173,593 1G-»C 94,924 SNP (transversion) 97.80%
2|C 23,173,184 23,173,355 1A-»C 127534 SNP (trarsversion) 97.40%
10 |C 23,173,184 23173184 1A-»C 100,369 SNP (trarsversion) 97.30%
o7 23,173,030 23173184 16-»T 38,362 SMP (transversion) 95.60%
127 23,166,328 23,173,030 1CT 726 SNP (transition) 96.80%
137 23,165,307 23166826 16G-2T 133 SNP (transversion)
14 G 23,165,299 23,185,307 1C-»6 240 SNP (transversion)
15 |6 23165290 23165299 1C-»6 297 SNP (transversion)
16 A 23165268 23165290 16G-» A 732 SNP (trarsition)
17 |1 23165280 23165288 1C-»T 902 SNP (transition)
18 7 23165278 23165280 1h->T 1.274 SNP (transversion)
19 6 23165272 23185278 1C-+ 6 1,501 SNP (transversion)
20 A 23165269 23165272 1C-= A 1331 SNP (transversion)
2 c 23,165,255 23165269 16G-=¢€ 1833 SNP (transversion)
22 c 23165253 23165255 1T->¢ 2,260 SNP (transition)

% 48. 2.9] SNP u}#

=

by

— 3tH ¥ SNP=

U o

23] 49. HRM 249 ot =78 AFAT |84 AA 7+¢] SNP o] A4

<HRM #24Jof 2]&F SNP (A——>G transition) #& o|u]#]o]aL

A HolEjH o] L o]r| R

=7

950C (denature), 60oC(annealing), 740C(extension) 35 cycle & PCR
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=
A3} SNP vpAE 83 43 (genotyping) =2°] 7}

< 150bp PCR 4H= A4S 99 Zefolw =3 Al
WkS- A A]. o] 3 default parameterol Al normalization
HRME2] A, 218 39 29AA row dlo|elyd>
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— 4719 Zalolm g o galA witel dal tgd F48 (RR, rr, RS /M ALE
o2 HRM #4& 483 zjw fragel met Aol 15 He A3E Bk,

|
+ HRME o] &34 SNP wlA=RE genotyping ©] 7Fs3dkal, SNP ptAE o] &34 1L
Y%= QTL mappingS 2 A Aot}

8—3. 2o =74 AFIA QTL ¥4

O =¢49 F, W88 238%F 4

— =g tigk WX (DI disease index) & 1(ATA) — 8(HFFA) =& AAHS (19

<TPREFLE WAl A2 uEE JfAFR oF A A5
o]
=

50)

a% 50. =7 HAF(DI) 1 ~ 9 scale & B AEE Yed AR

T

(Normality Test)S AA|gF A3} AFEE S Ho 2
XS Holv e Aol fFAHdem dA FHAte 98 2dETE V&

Ho} BASEE mapping O AHES AR FAsATt (29 51)

B AFgE 149 7B F2 mapping Je] HAGF BEXE FANEY] A tA
A o o

A 50
=2013 F2

@ B
o o

Number of F2 lines
S

10 r

Disease score

a9 51. F2 53 o] 38 2.
&l
>

=] ‘ﬁ"—v—i Ok/\L O H
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- F; w8 S did o= 3 QTL mapping A3 293} 5¥ AMA7 vty A3
Aol A& Ao FHHJNG. webd 2H 3 5 AMA] Aol EAsE mvy A

A QTL 99 recombination®] A7 41 WAS A3 T selfingS AA A Fy Ik
= “}C"iﬂr F3 line M2 9 /A& gl 21d(°14,'15) &< WAFE 23 3
o (29 52).
B &
m2015 F3
70 1 w2014 F3

Number of F3 lines

Disease score

29 52. F, W Ao BAY BT

O SSR v}A 7|4k QTL mapping

— WA = AR oA A gl BEAS ol SSR vIAS ol 1Y 53 A
9 A,

7% 53. SSR wA O] 97 20] A FHEY £

<19 @ AA, 2H #7439l F2 gel—1, 4 #: F2 2k¢1-2, 5% #<l: F2e}¢l1-3. 95°C (denature),
60°C(annealing), 74°C(extension) 30 cycle & PCR ¥F& A A]F 3% metapore gelollA] A7]95 F ojnjx] &>

— FskFo A AF3s Fy, mapping 149 2Rl 4719 SSR vlAE AE3le] w4y A3A
gs AAESI T

- Fgsol AEdd F /B9 parental line =3t AF/F(S7) F o|HA(S6) MAE

QTL mapping
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, 6 %2 A% WA FiL P cubensis EAFE 10° cfuR WHEO] A 2lF
% 2 F % a9 54, A9 S7 MA S6 AT 2 =gl s A AT} oy
FS B = A5 i

- =¥ 2FojHol Ed = F, wid 2l 149 JiAe] dis] MELES
Kit= 2 F%3to] SSR whA oA Azt Zfo)
] PCR WH$S 2A8l 3o gel H8]%=7} agarose XU} =& metapore gel
A719 5 S AAlste] 14970 w=g 2ploll digh Fdd #4S PP (27 55).
™ altiBeg.n

o] 831 A

ST T EL M M T T LD LT T T Ot L

LT LI UL DL Al DL L L L L LT

a9 55. F2 w3 2kl th¥ SSR w7 €& /HF £4
2

- a9n Be AS obmzu sebEe] AeA WE o]Fe] Afolst gloid fHBS ¥
N 5 gl A7 B (1% 56). oA BFol separation HFET FE AF W7
9F 4 (MUltiNAFY ArkE) 2 o83 35 43 240 7Fse du 449



a9 56. #3439 AolE AFHY otE=Y vigt o] AN Flo] &4

(21)B3:18
(28)84: 25
(29)B4: 25
(30)Cd: 27
(32)E4:29
(33)F4:30
(34)64 . 31
(35)H4: 32

(23)D3: 20
(M4)E3: 21
(25)F3:22
(26)G3: 23
(27)H3: 24
(31)D4: 28

(20) A3:17
(22)€3:19

a9 57. A A7|GESZAXNE o] &3+

A. 17 QTLEA

— 38 Al SSR wHAE olgstel 149 A WB o] W FAY B4 dojehs
mapping software (WinQTL)S ©]&3te] QTL mappings 2AAstt. 4 A3 =
W oARES AL Fa 284 Sol 2, 4, 7H AAA AT Ao TN
A3s =F83ly (21 58).

SBEZE
sSBzes
s
EERESES
ggs
g

848
gres

l\\I

7

BES

3
ot
2 g
ggEs i
jza

2BERE
/

44

e

E<d
=

:Lt’@ 58. =74 QTL Mappln A3} o]m| x|,

FH=L linkage map ©]9A], =L QTL map

B. 22} QTL+#4]

— °]F SSR #FAE 8071 744 M QTL mapping & AAleH3lch (717 59)

— Mapmaker/Exp 3.0 software©l] o}#] parameterE A 8£3}e] 19 60 oA HE= AAH
7719 Linkage mapS 23t} (A€ parameter: minimum LOD score 3.0, maxima

recombination fraction 0.5, Kosambi mapping function)
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I 60. 20 =79 A4 Linkage map FA.
<80 7 SSR ®FAC 98] AA 811.7 <M dol9] 77 LGS AAHE>
— Gene ver. 4.3.10 software °l4] single trait CIM (composite interval mapping) =}
LOD score= 1,000¥H 2] permutation test ¥4S A& 4 QTL map= #Adste], =
el gk A dgol GAA 2 5¥ FHel =AFTFE HHAF (29" 61)
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a9 61, =Y A3ZA QTL region At

X

<minimal LOD score 3.0& A&3|A 438 A3 G4 29 7 53 oy A3 JYo] &4

il

& >

— 29, 5 FAA Aol EAske =W AR QTL YAE2 T3 Lol ve
A 71E] =y A 93 vEavs As & 7 s (29 62). ofvk A7
g Aol vt gEtA o2 Ant SEE Ao AZAEI, ) =3y A3A
mA S Pl e Tl FAALS 2835 vk sfdo] Fastral ¥ S vk

H R} w5 Dhaeg o @l 2012

C Byl ) 5 C didbvis vl Bavirnigystsu (5] Phasg slal 2013

oabecks o 8. M0

ag 62. 7124 ¥R

C. 32F QTL &4

— o]3% SSR v}A 82 7§, CAPS v}#] 1570, InDel vkA 8 7} a4 & 105 vpAE o] &3
A ] A48k QTL mapping 415 AAA (3 31).

¥ 31. QTL mapping o AF&E XA AR

# Loci Crh l\:‘arrke 11:3(81\1;113 Forward primer (5 to 3') Reverse primer (5 to 3) Reis(frrll(:t
ype enzyme

1 DM1-0029 1 SSR 0.29 CTGTGCATTGACTTGGAGCA ACCCTTCACCCCTCTACCTT

2 SSR00190 1 SSR 2.67 TTCTGAAACGACACCTCCAG TCCCCTTCTAATTTACCTTCCA

3 SSR10018 1 SSR 4.1 CTTTTGTTCTTGTGGAATGTGA ATTTGGGGATGGAGAGGTTC

4 SSR22913 1 SSR 5.2 TTGCCACAAACTATAATTATCCAAA AAACTAAAATCCATCCTATCAAATTGT

5 SSR16472 1 SSR 6.8 CACCCACGTGCTGTAAAAAG ACCAGTTAACACGTCAATATTTTCT

6 SSR04992 1 SSR 7.84 TTGACCCATAGACCCACACA AACAACCAACAGGCCAAGAG

7 SSR20473 1 SSR 18.7 ATGTTCAGGGCCTGGTATTG TCCAACAGCTCCAATTAGCC

8 SSR13960 1 SSR 20.3 ACCAAAGCTCATGGTTTTCC CATCGATACGCCAATACCAA

9 SSR20354 1 SSR 20.51 AGATGCCCCATTCAGTTTTG TTGAAGGAGAGAGGGAATGG

10 SSR14445 1 SSR 21.84 TCCATGGAAATTGAAAACCC CGATCCTTATCGAACAGCCT

11¢ SSR11253 1 SSR 23.87 TGGCAATAAGACAGTGATCAAA GCCATGTGCAACCATCTCTA

12¢ SSR16695 1 SSR 24.64 CACAATCCCACGAAGAACAA TGCAATTATGGCAAATCAAAA

13i SSR05748 2 SSR 0.09 TGTGGCCTGTGCTAAAATGA TTTGGAAAAGCTAAAGCCCA

14; SSR12573 2 SSR 64 CGAAGATCAAATCGCAAACA TGCTGGTCCTCGTCTTCTTT
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15¢ SSR00684 2 SSR 3.25 AAGGCCAAAAGACTATGCGA CATCCCTTGCATCTCCACTT

16i SSR00204 2 SSR 4.18 AACCCTATTTGCACGCATTC GAGAAACAGCTGGAATTGGG

17; SSR13532 2 SSR 5.64 AAACCCAAGAATTGTAAACCCA TGATCCATTTCTATTCCTAACATTGA

18 DM2-6 2 i InDel 6.44 TTTGAGGGCTCGTAAAGAAATAA CGTATCACAATTAAAGGTTGATTG

19 DM2-7 2 ¢ InDel 7.18 CCGAGATCAAACTTCAATTGATTT CCAAAGGAACCTAAAGTACACT

20 DM2-CAPS3 2 CAPS 9.04 CCTAAAGATGGCAGCATGTAAT CTGCCATTCATTACAAGCACAT Alul
21i SSR13105 2 SSR 10.2 AAAAGGGAGGTTAGGGGGTT TCCATTGGTAATAGCTGGGTTT

22 DM2-8 2 ¢ InDel 11.28 TTTGCATAAGTAGTCGTCATTGC CATTTAAACTTGCTACGAGATCG

23 DM2-CAPS4 2 i CAPS 12.05 GACAAAGGAAGACCATATAGGC CTTAGTTATATTTGGAAGGGGAC Alul
24; DM2-CAPS5 2 CAPS 12.96 TAGTGTTGTTGGATGGCAGACA ACTTAGGTCACTTCCATTCAAAG Dral
25 SSR22203 2 SSR 13.93 GGTGAGCAAGGGTTTTCTTG AAGGCGTTCCGATGATTTTT

26 SSR12083 2 SSR 15.3 GAATTGGCCCATCCTTCATT GCCATTCCAAAAACTTTTCAAC

27 SSR22227 2 SSR 15.8 ACGTGAGAGACACCCCTCC TATCCCATGGGTATGGTGTG

28! SSR20045 2 SSR 17.92 TGCACATGTGTAAGGCTTTG AGGGTGGAGGAATACATTGAA

29: SSR21734 2 SSR 19.04 TCCCTCAACGATTCGAGTTT AAAAGCAAGAAGCAACCCAA

30i SSR22093 2 SSR 19.47 GTGGGAATGGAGTTTTTGGA TCAAGTGGTTCAAAAGAAAGAAGA

31 DM2-1 2 : InDel 19.65 CAACGTCGTTTATTGAATTTGCC CTCATTGGACTTGACCACTAAG

32 DM2-2 2 . InDel 19.78 CACACTGGACAATTATGTTGAGG CCGATTGAAATTGTAAAACAGAAACG

33 DM2-4 2 i InDel 20.44 GTAGAACATGAGCATGATTGTC GTTCTGTGAAATTAGTCGAGGT

34: SSR01253 2 SSR 20.65 CGCTGGATTTGTTTGTGAAAT AATGTCGGGGAGTGTCACAT

35 DM2-5 2 ¢ InDel 21.04 ACATTAAATCGACCGTGAGCTATG CCCACTTGTCACCTTTGTTTTCA

36i SSR12730 2 SSR 21.35 CGGTTTTTGAATTGTCTTCCC ATCCCGACAGTCTCTGAAGG

37 SSR16028 2 SSR 22.56 TTACCTTCCCCACCCTAACC TGACTTTTTGGGGAAACCCT

38 SSR15419 3 SSR 3.3 TGTTGCAAATATTGCACCTTC ATGGCAAAGCCAAAAAGATG

39: SSR19430 3 SSR 5.57 TATGGCGAAGAAGCTTTGCT AGGGGGATCTTGCCTCTAAA

40: SSR01573 3 SSR 8.4 CGTTAGGCCAAACAAAATTGA TGCAAACGTTTCTCTAGGCA

41} DM3-CAPS1 3| CAPS 10.22 ACATGAAATAAACCCAGCCCAAC CGCACGGGTGTTTCATATATTATAT Asel
42: DM3-CAPS5H 3 ¢ CAPS 12.05 CACCGATAAGTGAAACAAAATCC CGTGTATTTTTATTATGTCGAGCC EcoRI
43¢ DM3-CAPS6 3 i CAPS 14.8 CACCTTGACCAATTTCAGTTCGA TCTCTCAGTCGAATGCGTCAAT Aval
44 SSR02132 3 SSR 20.79 CAATTGGTATGAGTGAAAGATAAGC CTCTGGTCCACCCAATCCT

45; SSR14649 3 SSR 22.87 AAAACACCCAAATTTTAAGCGA CACCATTAATTAACGATCAACCA

46 SSR13286 3 SSR 26.28 CAACTATCTCGATTGATACAAAATCT CGTGGGATTCAATAGTTTGCT

47: SSR21008 3 SSR 27.79 TTGTCCACCTTGGATGTGAA CCCACTTTTCCCTTTAACCC

48 SSR21304 3 SSR 31.69 CCTCACCATGGTATTATCAATCG GAATTCTTCTCGAATGTTTCCAA

49 DM3-CAPS7 3 | CAPS 33.5 GCCTATCAGGTGGTTATCTATAC CTGTAATGGGGATAAAGTAGCATC HindIII
50 SSR04905 3 SSR 37.35 TTCTACAACTGGCCAAACCC GCCCTAGGCTTCGTCTTCTT

51i DM3-CAPS9 3 i CAPS 39.09 GCTTCAATGTGACGTTTGACCAT GGTCGTCTCGTTTCTGAATTATG Clal
52 DM4-0039 4 SSR 0.39 TGAGCATGTTCCAGTGGCAA GCATTCTTCAGTCCAAACGACA

53: DM4-0147 4 SSR 1.47 TGCTGATGCTGATGCTGATGA AGTCGTCGTTGCAAAAATGGG

54 SSR21240 4 SSR 5.6 CCACCCCTCTCTCATCATGT TCAATGGACCAACGATAATCA

55: SSR14617 4 SSR 11.65 TGTCTTCAATGCCCTTTCAG CAACTCCGGTTCAAAAGTTCA

56: SSR02697 4 SSR 14.98 CTGCCATTTCAAGCTATGGG TGCTAACCCAACCAAACAAA

57 DM4-1874 4 SSR 18.74 TCAAAATTGATTGGTAAGAAGAAGC TTGATTGAATGAATGGTTTGGA

58! SSR21065 4 SSR 19.33 GGCTCCATATGCCAAATGAC ATGGGTCCAGAGCTTTTTGA

59! SSR14257 4 SSR 21.2 CGCGAAGAGTGTTTTAGTCTCA TACAATGGGGCTATGGGAAC

60: SSR23522 4 SSR 22.38 GCATATGGAGATTGTTTGGGA GTTTGGGGCGTTACAACATT

61i SSR16292 4 SSR 22.77 TTATTCCAAGCGTGCTTCCT AGGGTTTGACGTAGTGACCG

62: SSR14015 4 SSR 23.34 AACGCACCTCAACCGTATTC CCCTAAGCGAAGAAATGCAG

63; SSR14247 5 SSR 3.42 TCACATCCATTTCGGACAAA TCACCAGTGACCTGTGAAGAA

64: SSR22469 5 SSR 4.01 TCACACCTGCATTTTTCATCA GAGGCGTTCTCAACATACCC

65 SSR11969 5 SSR 5.97 GGGTCATACCCAAAAGGGAG TGCTTTAGCCGACAACTCAA

66: SSR14899 5 SSR 9.04 ACACCGACAACACACAAAGC CGATCTCAACCCTCCTCTTG

67 DM5-1 5 i InDel 9.87 GAATGGAAATGAAAATGCAGAAGC AATTAAATATGCCTTCAACCACCAG

68: DM5-CAPS1 5 i CAPS 10.3 CCTCATTTCTTTTAGACAGAATG CCATCCTACCTCAAAAATGGAT Ncol
69 SSR11167 5 SSR 11.53 GAGGAATGTCGAATGAGGGA CAACTTAACCCAAACCCGAA

70: SSR20165 5 SSR 12.59 CAATGCGAGGAGGAGTTGGAG GGGGCAGGGTAGAAGAAATC

71;: SSR18729 5 SSR 13 TCCAATCCCACTCTGGTTTC TCTTTCCAACACTAACCTTGGATT

72! DM5-CAPS3 5! CAPS 13.8 GCAAGGACGGACATCTTTTTAAG CTATATTGACCGAACCCTGTAGA Haell
73: DM5-CAPS4 5 : CAPS 14.52 AAGACCAAATGTAGCACGCAGT GAGCTTTGTCTGTGTTGGAAGTA EcoRI
74;: SSR16110 5 SSR 15.37 GGAATATGGAAGGAAAGCCA ATCCCCAATTCCTCCAAAAC

75: DM5-CAPS7 5 CAPS 17.8 CAATCTATTTTAATCTCAGCCAGAG GCTGATGGAGTCCAAACTCATTT Dral
76: SSR15818 5 SSR 18.96 GGACATGTCAACTCCCCTGT GCCTCTAGCCTGAAAGACCA

77 SSR16068 5 SSR 20.99 TATAACCCCGTCTTCTCCCC GGGAAACCCCTTTGACTCTC

78! SSR14180 5 SSR 23.53 TGGCAACATTGTGAATTGTG GAAGGGAGTACTGAGTTGCGA

79 SSR02166 5 SSR 26.16 TCGATTTCAAACACTCCACTTG TCAAACAAACTACATGCCACAA
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80: SSR03514 5 SSR 26.71 TAGGGTCCCCTTCCCTCATA GGGTACCCAAAAGCAAGTGA
81: SSR02895 5 SSR 27.28 GAGTTGGCAAGTCACGTTGT TTTCCCTCATTATGCCATCC

82! SSR11343 6 SSR 4.13 CAATGGTTGCTTTGCTTCAA GTGGGGTTGCTTTTGGATAA

83: SSR02384 6 SSR 2.78 AAAAATCCGACAAATCGTGC GGTCAAATGTTGCCTTTTGC

84: SSR16020 6 SSR 5.42 GGGATGAGGAGCAAATGGTA ACACCATTTTTCATCGAGATTT

85! SSR14084 6 SSR 6.7 TTTGTGTGGTACCCCAAGTAAT GGGTATTTGTCCAATTTCCTAATG

86: SSR00134 6 SSR 11.51 GTAATGTTCTGGCCAAGCG CCAGAAGCCTAAACGTGGAG

87 Cs41l 6 SSR 15.12 GTGGAGGAAGCAGGAGATGA TGGTGGTGGGACTCCACTAT

88! SSR00259 6 SSR 10.73 TOCACGTAGACATTGTCGAGGTC CGAGTGTAGCTCAATTAATATGGTG

89: SSR15955 6 SSR 18.99 TTTGAGCCTTGAGGCAAAGT GCAATTCAACGTAATGGGCT

90! SSR04252 6 SSR 20.07 AAGGAGTGTTTGAATAGGCCG AAAGAACACACATGGTGGTGG

91: SSR17604 6 SSR 22.27 TTCATTTTGATATTGAAGTTAACACG TTGAAGTGGGAGAGGAAGGA

92 Cs-WCT25 6 SSR 25.7 AAAGAAATTAAGTCAATCAAACCG CCCACCAATAGTAAAATTATACAT

93! SSR16882 6 SSR 27.43 CACCTCAACTCCTCCATTCAA TGGAGGTCATTGAGACTTGCT

94: DM7-0252 7 SSR 0.25 CCCCTGCAGCTCTTCTTTGT TGTGTCAGAGAACTCACATGGT

95: SSR04689 7 SSR 4.41 TCTCCGGCAGAAAGAAAAGA TGCGTCTCCTTCTTCCTCAT

96! SSR24720 7 SSR 8.53 TGCCCATTTAATTGTTGATTTG TTCTAGATTACAACCCTTGCACTT

97: DMT7-CAPS1 7 i CAPS 10.46 TCTCGCTAGGTGTTTGTTAAAACT TCTCTTTTAGGGTGTTTCCTTCAA Hinfl
98: DMT7-CAPS4 7 i CAPS 12 TGAACTCGAGCAACATTGATCCA CAAAATGCGCAAAGTGTTTAGGG Hinfl
99 DM7-CAPS3 7 i CAPS 14.03 GTAGTTGATTGGCTTGCTACTTC TAGTCTTGTGAATTCCCTGGCTT Hinfl
10CG  SSR15322 7 SSR 15.92 TGAGGTGTAGGGTGCTATCCA CCATTCAACGTACACTACACACG

101 SSR14654 7 SSR 16 TAGGAAAATTTCAGGCGACG CCTCTCAAATCCCTCACACAA

102 SSR15006 7 SSR 16.8 CACACAAGGTTTTAGCCACCT TTGCCATCTTATCTCACAAGG

103 SSR33278 7 SSR 17.52 GTTGGAATGAGGGAGTGAGC GCAAACGCAATTAAAACACG

104 SSR10461 7 SSR 17.6 TTCCCGCTTTGTTAGAATTAAGA TTTAGACTTGTACGAGCCATTTTT

105 SSR17062 7 SSR 18.59 CACTCTCAAAATTTAGCCACACA AGCTAGCCACGTAACACCGT

— Linkage map 2H

AFE3e] LOD<3.0, maximum recombination
A8+ Kosambi

— MAPMAKER/EXP 3.0 software &
fraction<0.4 & 7|FS= linkage map & 23k 4

mapping function © 98] A4 %A}

— 149 709 F2 mapping Foll 105 7He] vtAE A &3te] 7709 linkage group &%
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<minimal LOD score 3.0& #-&3jx EAI3 ﬁajq' A 29 o 27] I 5l 1719 7w A Yol

— QTL analysis

— Gene version 4.3.10 software ©l|4] single trait CIM (composite interval mapping)
7} LOD scorex 1,000H¢] permutation test A4S #8&34 QTL maps ZHA g

— el e AR Gl AAA 2 5 Fol A4S TAF (1™ 63)

— SSR ®}A 7|9k QTL #A41& 105 71 »FAE AREgE SHAI7E Q. wepa] Hoh w2
npAE ARSI QTL 45 317] 9184, SNPulA Hu= FH Bol AFE-H+ NGS
71Hke] QTL FA41& AASHA T E Ao A= GBS(Genotype based sequencing) 4]

A A

- F2 MBS 7hA T oA FAFom AFAHAS Holx= 9 A, olBAEE Hol= 9
WA 223 A3, oA parental line 2 ZRA|, & 20 WA 21 EA A gDNAS
FZ 3 o, ApeKI % Mspl F+ 7HA] #|gk @45 ]85k double digestE A AIs}
S}, o] % random sequencing $-°| sequence & FRI35}7] {5t HfEZE= (bar
code) & &2 GBS libraryE A2}

— Illumina highseq 7]7]°| A single channel sequencings AA|s|A] HE=H oz *3A
1070 ef<lell A 125,738,888 reads ¢ ©]®/d 107 zF<lelA 130,943,333 reads &
3139 a1, o]+ Qo] AFHAA =79 43.5X ¢ 40.8X AL Y stE sequences
= F1e A, wEb AAEE 4 ~ 5X AE9 depth & 7= A7|4L9S &
Hsint

— adaptor A1g9& vl o R i sequenceE sorting ko] 20 A thd FrIA L
AHE FgHEta, ol AEE 7HA A Heoly dHP S F3] HETHSE sequence A
RE gR3la o5 MES 30] ¥ A chineselong 9930 A€ol matching
slod AAA HE HdA LS RSl

— o]3 TASSEL ZZ1#& o]&3a)A SNP calling < 2A8 A3t AaA3 o|vA 7l
10,649 7H2] SNP A do] 2w, 1g]a o]23k SNP AHHE HlE O 2 genotyping
BAS AAste] A Al gk 18 64 9 £ genotyping 2TE A&

— genotyping #4 HolEE wlEo® JMP genomics ZTEI1HS &8st QTL
mappings AAlSISl=dH e 22 2YE =EF9%Y (& 32, 2% 65). =14
A7 QTL o] A 29, 4, 5, 6¥1 FJo|A] LA FolstA 4, 51
QTL 9492 A /MAZFYH Faidha, 68 QTL 492 o|¥A MA=ZFH
gobes AMA S HoEr & ol = H Az} A AA7E FAl
HoEES HoF= SHEL AFoli A FF FAo] ¢4 ofus Aolgte A

A



S AL
A4 TR
@A S - w2
aan a4
aan
% 64. GBS &4 dd A& /MA] AMAE Genotyping A
<z} dAAE A9 10 FES ARG A=A, 9 10 A5 oA AEA. ZF bare FMAE HERH L
nede ARy, FeAn A oy Sush oWy Az FAFS >
# 32. =7 AZA major QTL ¢
QTL Position interval (Mb) Summit Summit Source of
Full Most probable G’ value TAFD Resistant allele
dm2.2 16.64-22.59 16.64-19.94 1256.44 070 TH118FLM
dmd.1 15.29-21.62 15.29-1994 735.36 051 TH118FLM
dm5.1 12.11-14.50 12.11-1450 912.03 060 TH118FLM
dmé6. 1 5541728 6.47-11.89 766.38 -045 WMEJ
" chri chr2 chra Chré chrs chrs chr7
o | A i
|
w0 { 1
3 - ; ‘
_> 1
© = : [1 i t | Indll
! :
anz2 ams1  dmsi ame.1
g [t B :
g !
&« |
o [+ ]
s ! ‘ 1
g8 !
E 44 :
T i
<. '
19 65. GBS & ©o]&% =% A3¥4 QTL mapping.
<a. SNP calling AR E ¥ o2 G valueE 9MA] HZ plotting 34 FDR<0.1 (72 dA)S #8&sH 2, 4,
5,6 W AAA ol =vH AFA QTL Dol Uehd. b, A4 FHP 9] allele T W=E A8t 2, 4,
591 QTL 9492 AR MA=FE FedldaL, 69 QTL 992 oA MARTH gt 2345 BoFEr>
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— ZAEZA<Q SSR w#A 7|¥Fe] QTL mapping ¥} GBS—seq 7]1%¥+2] QTL mapping Z23=
Hlaskd oo} ok (71 66, 3 33).

— GBS ° o9& & dm2—-2 99 (16.6 - 19.9 Mb) & SSR20045¢} SSR22093 A}
ol X3 2¥ FAAe] 179 - 195 Mb Gl A3k SSR03150
SSR23522 Afolol X3k 4 FAMA L] 18.94—22.3 Mb 9L GBS o 2ol ut&
2 dm4—1 99 (15.29-21.2 Mb) ol A&t} DM 5-1 I} SSR18729 Afole] £
23 5 A2l 9.9 - 10.3 Mb 99-& GBS ° & @3 dm5-1 99 (12.1
- 14.5 Mb) ol A3},

— 3FARF GBS ° 93] 3%l dm6-1 99 SSR—7IHHY] QTL mapping S.Z+= 93]
A A skt ol9k whiE SSR—7]WF QTL mappingollA #8x dm2-1 F&
GBS—seq 7]4¥Fe] mapping S.®+= HF XA &k},

Chr2 Chr4 Cchrs

|4m-A

G’ value

im2.2 | oma.1 | dm 4

aTL Chr  Associated Peak LOD QTL interval® Phenotypic Additive  Dominance
marker (cM) Score left marker _ Right marker varation (%) effects effects

F2 population

dm22 2 SSR21734 128 8.5 S5R20045 SSR22093 240 -1.16 032
(19.04) (17.92) (19.47)

dm3.1 5 SSR11167 226 46 DM5-1 SSR18729 141 -0.84 037
(11.53) (9.87) (13.00)

F3 population

dm2.1 2 DM2-CAPS3 124 112 DM2-6 SSR13105 282 -0.66 0.45
(9.04) (6.44) (10.20)

dm22 2 SSR22093 128 39 S5R21734 DM2-1 10.8 -0.38 0.14
(19.47) (19.04) (19.65)

dm3.1 5 SSR18729 65 11.0 S5R20165 DM5-CAPS3 271 060 0.43
(13.00) (12.59) (13.80)

2 Numbers in parentheses are the physical map positions of the corresponding markers on the cucumber reference
genome

¥ 33. F2 A& 7)49t3} F3 ek 7|6ke] =Y major QTL ¥4 A3 v
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— Linkage map ZHA4

tol LOD<3.0, maximum recombination

Al 83

=
=
71 %% linkage map & %+

— MAPMAKER/EXP 3.0 software

Kosambi

=
=

fraction<0.4

il 274 = At

3]

mapping function ©f €]

F= 42 vkASF 369 709] Fs /NAIE W3S = mapping

S

— 29 3} 5 A el =A)

ol (23 67).
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2 5

0.0 ,//'“‘Hssnnsns 0.0 ~ AR SSR14247
38 SSR12573 1.2 SSR22469
116 ; :ssmw 11.9 | [~SSR11969
16.4 SSR00204
19.5 4 SSR13532
224 DM2.5
243 Dm2.7 0.1 SSR14899
305 DM2CAPS3 49— F 5.1
358 SSR13105 442~ | ™~Dm5.caPS1
39.0 DMz 50.7 = |[~SSR11167
43.2 DM2.CAPS4 634 /sgmm 55
50.4 DM2.CAPSS5 65.1 — —SSR18729
g2~ ) Ssharan 69.9 —|—DM5.CAPS3
7.6 SSRzazT 72.0 -7 "~ DM5.CAPS4
7341 SSR16110
94.6 SSR20045 89.3 —{ — DM5.CAPST
101.2 SSR21734 95.2 — — SSR15818
109.3 SSR22093
115.0 DM2.1 107.1~_ ||~ SSR16068
1210 DMZ.2 119.2 SSR14180
128.4 DM24 124.5 SSR3I1415
130.8 SSR01253 1216 SSROZ165
134.1 DM25 128.5 ~> -~ SSR03514
135.0 [/~ SSR12730

a9 67. F3 AAE o183 A4 28 7 539 4 A=

— QTL analysis

— qGene version 4.3.10 software ©|A] single trait CIM (composite interval
mapping) ¥ LOD scorei= 1,000¥M2] permutation test 54 A 834 QTL map
2 23,

— =gl gid A ddo] A 2= 2 ) 2 5 FFl sty EATHS
WAgk (1% 68)

N
NN T 771
§253=M=333§

13 68. F3 progeny test o] &3t 29, 53 dAF 9 =7 AIAH QTL 99 &<l

<7t2F9 HAAL Fo&E(P-value) ZF 0.1, 0.5 °]3Z Yella, x—F2 F2/ ZAE nAE 2 QTL &
AL A#Ao] E& nlAS ou)dit} >

— A719 A3 Ay TAG (Theoretical and Applied Genetics) #dol 74 5¢1S B
3

Thanda et al. (2016) “QTL mapping for downy mildew resistance in cucumber via

bulked segregant analysis using next—generation sequencing and conventional
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methods”. TAG (In press)

O Fine mapping of target QTLs
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—

O =9y A3 AdupA 7

ol

— wATA S Ty AAS] 29 Y HolHE VNte R At 4

-

o

ERERS

2} Z8Q ol
ol Ald EAT dudAE Bol= A v E At (2™ 69).

l:l:

— oW A =7 A 999 dm2.1 QTLE DM2-641 wA ¢ DM2-767
AFo] (23.8 cM)ell ¢ LODE 4.8 0|3, 33 wWol 14 %S AwWsla 9
=3

— 5 A Ae] w=urH A TA Fddel dmb5.1 QTLES DM5-641 wF# < DM5-773
A}o] (15.9 cM)ol Yx5Y LODE 6.1 o3, ¥3d3 Wolo 18 %S HAysy ¢

o}
- NE ERAE o]g3 FAHEA Ay dm2.1 FYe X3 DM2-423
(P=0.00001: R2=12.45%) ¢} dmb5.1 <] <£IXx3 DM5-396 (P=0.0000034:

R2=14.81%) E°] =9 AP FdIdH} AL LA AAARAE Hol= A=
uh3] Ao,

7 I T T 1]
Y] ‘sagéz 5858
88 g33s® E REF

oz 67—
M2 01253 —

Wty — Oonzsa o2, Seigoisd CHMLE

dm2.1 QTL on chromosome 2.

Eesstarce = LCO, Srgn ot CMMLE IFsistice — Geomralzed '3, Sevgeod 3

dm3.1 QTL on chromosome5.

a9 69. EAALY FAFT F AA S FREN I AddntA AL

8—4., EAvlA && §F AS AL
O I Al £F A AA o3 1A

— 20139 %0 7MaE oA A wlA Al 2014d%] A9E dm2.1, I dmb5.2—3
7149t genotyping A3} HlWE FE|A vlAL AFEA o dHI A FFe] AT

W& AAsan

— dm2.1 94 dmb.2 FHolA SAHCR =g AJY FdAet AL Avd Ao

pul N —
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2 et DM2-865, DM5—-713 ¥ o]& 9L flanking 3F+= dmb5—436, dm2—482
ntAE &8st AP ofFE @AY (1§ 70).

I3 70 A% =

5 i34 ﬂ}ﬂ 7‘*%

<DM5-432 'IQFEH EE}O]‘H% Ol%é‘ﬂ}ﬂ PCR WI=E %‘%-5‘} —“;‘—, 3% agarose geloﬂ 7(47] 06]%

genotype scoring AAFA = FAZF Qi EEe w1 AEAo] H43 3k 3= 51
Aee e >

- 24 A7 oty % 33 B g2 ARE I

AuE Al 20149 % Al AL vk A8

&
ok
oX,
_>,i
J_z
rlo
[\
(e»)
—
w
'L
=2
=
n:
=)
i
&
>
N
-
i";

AR et AR FAA 20145 A BAS Hea A3 19, 58, 8 FEA A
A 245 QA o] mYuA i FFol wAHE. 24, 44, 64, 09 FFe| A
St wy AAE ZAE 2903 59 QA o] BYTeld AR wolt How B
che o)
® 33, I Al# EF9 dm2.1 ¥ dmb5.2 Y 2 uAC 93 AP 47 AAR
P AN 149 GRAE 23
ik =5 3| A} 1 orm
2] B A
1 [elle] O:]—T“ drIl__713
1 XXX = high tolerance 6
2 XXX > high tolerance 6
3 XXX =y high tolerance 6
4 =g 4k 3 @ o] T LT tolerance 6
5 Fa gy ikiacy tolerance 6
6 M=t} 7] 9.0 FEH tolerance 6
7 i ui Tt} 7] Q o) ST H tolerance 6
8 Shg Wit} 7| #eks tolerance 6
9 o] s}ul 3 t}r} 7] hiiacy tolerance 6
10 FE_A XXX 3] A} o] 4 6
11 =T B XXX 3| A °r8 7 6 6 .6
12 =% _C XXX 3| A o] g 6 6 6 6
13 <D XXX 3| A o]y 6 6 6 6
14 < E XXX 3] A} o] 4 6 6 6 6
15 & _F XXX 3] A} oA 6 6 6 6
16 =5 _G XXX 3| A o] g 6 6 6 6
17 5 1 XXX 3| AL o] A 6 6 6 6
18 FE1 XXX 3] A} o] 4 6 6 6 6
19 5] XXX 3] A} oA 6 6 6 6
20 =% _K XXX 3| A o] g 6 6 6 6
21 % L XXX 3| A o] 6 6 6 6
22 FEM XXX 3] A} o] 4 6 6 6 6
23 =5 N XXX 3] A} ol¥ A 6 6 6 6
24 =5 0 XXX 3] A o)A 6 6 6 6
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— WP W AR A Aol uAEA ¥ §F AsE deR ¥ wv AF

A A A Ao 20139 (2xbd )] g olwAl JiA] AW mAE Ea oA AYS
Auksa] &% L Ao TEA7)TZ Ao R JAXE AAST 20143 (3HAE) ] ek
H nAS AL A Agdor Aush= WS A8t

DM 2-865
R =
F-‘ 5[5 warce Inbresding fings
f A
e T ammmesm R e -
SLAL M2 4 11NN MBT NN LLHLHET0
DM5-T13
oAy
7 ﬁf- e Inbreeding lines
s o 1 )

S1 AL RXZ 4 101 06 M B MBI ERK4LANSHE 0

a9 71, §F ASES U v A QTL F vIAE o] €3 genotyping 27

— 29 719 S72 & A9 mapping HE A Al ARSE ARG, S6= o|FAPReR

AT 22]al S1, R1, R2 =gyl digt Ay o|vd 33 FFE0lal S5 =Y}
71 98] Als Ao 88 AToltt aga dA 54 T2 15 AlEe] &t

B9 mARE Fwe ARE FHeA XA, 1" 72 o Yehs AAHE. dm2.1 %
dmb5.2—-3 QTL <o ¥AIg+ 7 7} SSR vl (DM2-865, Dm2-482, DM2-460, DM5—436,
DM5-713, DM5-598, DM5—CSWT17) wAE ol&3ix w4& AAg. 4 A3 v
genotype H|°|E1€} phenotype datag Blula|EH o}gfo} e ARES EEqt (19 72)

[ - v E [ €] H 1 bl

=5 33 | 29 gy S 2

2011-08-17| 2014-06-19 | dm2-865 | dm2-482 | dm2-460 | dm5-436 | dm5-713 | dm3-598 |dmS5-cswil7]
6 6 6
5

“lo|lo|lo|o|o|o|lo|vw|lo|a|la|o|a]|
olo|lo|o|o|w]|w|w]|ww|e|lo| ]
o|~lo|lo|lo|ao|lo|e|a|la|wva|le

s | 7
s [7 | ¢ s [ e |

s |
7% 72. dm2.1, dmb5. 2-3 B9 SSR vHA J1W $ABTH FAY Holy Wm A Az

a9 72 oA BEo] dm2.1, dm5.2—3 oA AFE mpA IS o] LA e tiE
Hhg- (o]WAd x| A& JIADE Q83| dSsh7le ds sttt ot Aupr) WAk o

ofg] 77k QAR (1) $48e gdd ~32d: 2011393 201499 £8F dlo]¥]
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QTL "HAR 1Y 45 o8 &0l *}%3}%13, 53] ARgH miAE
A olmg THF o= Ao FAHoR JAZS HY Fuld ¢S A Pl oekA
saturated QTL map< ZHdsiA A U}ﬂg SRk FgAo] A|7|€}

= a9 72 o YeRd diolHE o] &dlA RHF T ZF wpAEY At 2418 AAlste] 1 34 22
AWRE A}t AAEA A3 dm2-8659F dmb—713 viAE AdA7E Z2F 0.22, 0412 %3
I 7 oubAe oF FHEY] A LT o= AR HoleE RS dolwlt) ol& olF F nHAE
o]-&3t FHE 7INte] ZHY oSFo] FAALCE fFov|ithe A nlskAIN F7HAQ1 A4

o] 228 Aoz Yz

N

® 72 delEE EA4sEY 3 7}Xl nl7]  (dm2-482, dm2-460,

23 2887 60% AL XS & Q) (a9 72, He AL 7Y

12], = Ao Box]) 3Jx|uF Mike] A A o] rgo]xlgi n}A o] o ajaut A
= 714

=1 O

#Ql 13t mlA so] HaEolef o A At}

X 34, XYY 4F 4 A" wlA 7y FEEA F

x4y dm2-860 | dm2-482 | dm2-460 | dmb5-436 | dmb5-713 | dmd-598 dIvr;i;)l_gs
x4 1.00
dm2- 860 0.22 1.00
dm?2-482 -0.07 0.47 1.00
dm2-460 0.00 0.09 0.71 1.00
dmb-436 -0.39 -0.05 0.27 0.29 1.00
dm5-713 041 -0.13 -0.58 -0.35 -0.61 1.00
dmd-598 0.05 -0.20 0.20 0.47 -0.22 0.13 1.00
dmd-cs B 3 Ao A=
Wwil7 -0.27 0.20 0.17 0.71 0.07 0.25 0.23 1.00

— 5 7Y vA [22pd % ek o|¥A Mk mpA el 3ahA R ket A e A A nhA
(dm2.1, dmb5.2—=3 7|9t v}A)] & ALaA SA AE Al Bz dolHzE &85kt
— FabsollA SAF Y AE 450 A Ak /FHol 58 85 | o3k miA
AAEIA 2 A B dHolHE AEsith Wl‘i, Aol AF3s AAH By
H2E A3 Ao dHA7F ol BE 2} =5

i

2 3
— Auko]l S 717 AL S AlE A F8E 4 glor, o]F A= saturated
H map o 7%k sfo] AT} vlAE S| oF S22, recombinant JA1E o]-&3F v F ol
23] BHE SNP map & &34 233} 53 GAA] o] AdA QTL J9S H5Ho=
ERAE A A nlA S Adtslof & Ao ® wdE)

— 20159 % #als oA FAFS AES oz AN (blind test) S A-&3Fe] DM2-423,
DM5—-396 <13t v} B8 AASGTH ™ 73, 74).

— ot 29 Yehs AAHE ST AMEE = fAAES 28 dE v A A
kA (DM2-423, DM5—396) ol 7]dkel f-43 B8 AAlsk 23 1833 100%



— DM2-423 o] BAXA : 13.6% (3/22)
— DM5-396 ¢ B4 : 18.1% (4/22)
— DM2-423, DM5—-396 &A] A&A EUXA : 27.2 %(6/22)

] o] ==
1
Disease Index 1 86 6 6 5|7' a7 ;l]'; 317 86 5. 615 5 65 3 66
Bk RSHHRRRIRSR&RRSHH'R.HSHHRSS
EEp] R s 1 23 436 78 1 WU 213 u'Te v B Az

()

425
350

--..----------..-.-..---
100-

[ - — ) s B s o e S i — e —— —

(| - [ N s N (N e —

a9 73. DM2-423 vlA HES B3 43 B4 A9 x93y ¥4 A v

= 1 1
Hegois 6 6 5 7 4 7 313 3 317 6 5 6 5 5 6 5[3 /6 6
1 1 1 1

1 [
FH=E HHHHRSR[HHH:SHHSHRSHIHHH

%I"% 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
T00op— e T T N L L RN W

19 74. DM5-396 "}A AEE 5% 449 ¥4 Aol 49y 4 A nju

— At A ot A FHYP] ELXAL ofnf £ A4 A¥E 987 dm2-1, dm5-1
4 ol9lo] minor g+ A% 3 | 9131, o]& 3+ minor QTL <]
Ao e FAFHo] 24d 7hsAo] ASS A 4=
— olyd A st A 9
A4 mpA e FAE TAE 7ol A AR ] &7 Y AR IS

- AgHom A A% wAE o1& Al JIAL 70% olstel R, M Aol
AgAo] ¥ AW v R Dot gt

— E3] dm2-13 dm5—1 <ol recombination ©] A7 t}%43F recombinant lineS 712Hsle]
o] RIL #FQ1< mapping A2 djA Ate] AIEE £ vAE 7NEste deo] @A
AaFolar, A T5 Tk AHFH o2 Adste] ¥ A FAAF A s

gna 789
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ABSTRACT

Cohen. Y., Van den Langenberg, K. M., Wehner, T. C., Ojiambo, P 5.,
Hausbeck. M.. Quesada-Ocampo, L. M., Lebeda, A, Sierotzki, H., and
Gisi, U. 2015. Resurgence of Pseudaperonospora cubensis: The causal
agent of cocurbit downy mildew. Phytopathology 105:998-1012.

The downy mildew pathogen. Psewdoperonospora cubensis, which
infects plant species in the family Cucurbitacese, has undergone major
changes during the last decade. Disease seventy and epidemics are far more
destructive than previously reported, and new genotypes, races, pathotypes,
and mating types of the pathogen have been discovered in populations from
around the globe as a result of the resurgence of the disease. Consequently,

disease control through host plant resistance and fungicide applications has
become more complex. This resurgence of P cubensis offers challenges to
srientists in many research areas including pathogen biology, epidemiology
and dispersal, population structure and population genetics, host prefer-
ence, host—pathogen interactions and gene expression, genetic host plant
resistance, inheritance of host and fungicide resistance. amd chemical
disease control. This review serves to summanze the current status of this
major pathogen and to guide future management and research efforts
within this pathosystem.

Additional keywords: disease outhreak, population changes.

INTRODUCTION AND PATHOGEN BIOLOGY

One of the plant groups with the most species used as human food
is the family Cucurbitaceae. Such plants are grown around the
tropics and in temperate areas, where those with edible fruits were
among the earliest cultivated plants both in the Old and New World.
Vegetable gardens, including melon and watermelon, constituted an
integral element in food production in the old world since the fourth
millenium BC (Zohary et al. 2012). Domestication of Cucurbita has
occurred in southern Mexico more than 7,000 years ago (www.hort.
purdue.edu). Cucumber is an important food source for more than
5,000 years (Robinson and Decker-Walters 1997). Today. cucum-
bers are cultivated throughout most temperate and tropical climates
and are the fourth most widely grown vegetable crop behind tomato,
cabbage, and onion { Tatlioglu 1993). In 2013, the U.S. farm value of
cucumber production was approximately 3363 million, with
approximately 3.6 x 105 tons produced for the fresh and pickling
market (USDA, 2013). Up to 100% reduction in cucumber yield is
possible when downy mildew strikes early and fungicides are not
used. If fungicides are applied 1 week after symptom appearance,
yield is reduced approximately 50% (Holmes et al. 2015).

Disease cycle and purpose of study. Downy mildew is a
major disease of cucurbits with a slobal distribution (Palti and Cohen

- 91

chlorotic lesions on upper leat surfaces that can be iregular or
angular depending on the affected hostand in many cases, sporulation
on the lower leaf surface is present (Fig. 1). Basic information on the
biology, epidemiology, and control of the disease has been published
in several review articles (Lebeda and Cohen 201 1; Palti and Cohen
1980; Savory etal. 201 1). The pathogen preferentially overwinters in
areas without killing frost. In early spring, aerally dispersed
sporangia land on the adaxial leaf surfaces. If free moisture is
available for =2 h, the sporangia release biflagellate zoospores that
swim toward stomata where they encyst { Iwata 1949; Palti and Cohen
1980). Cystospores form a germ tube and then an appressorium for
penetration. Hyphae grow into the intercellular space, colonize the
mesophyll tissue, and establish intracellular haustoria for nutrient
uptake (Fraymouth 1956; Voglmayr et al. 2004). It is likely these
structures also deliver effector proteins to combat the host plant’s
defense response system (Tian et al. 2011: Whisson et al. 2007).
Finally, sporangiophores emerge from stomata bearing sporangia at
their tips (Fig. 2A) and are dispersed as either primary or secondary
inoculum, continuing the disease eycle.

In the past decade, major changes in the population structure of
P cubensis have been described and new genotypes, races,
pathotypes, and mating types were reported from around the globe.

While the nse of disease control nrodnets mav enhance the boild-nn
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O "= YT aFAdA =y A QTL 99S 1H3
— Wang, Y., VandenLangenberg, K., Wehner, T.C. et al. QTL mapping for downy mildew
resistance in cucumber inbred line WI7120 (PI 330628) Theor Appl Genet (2016)
129: 1493.

Theor Appl Genet. 2018 Aug;12%(8):1453-505. dei: 10.1007/s00122-018-2718-x. Epub 2016 May 4.
QTL mapping for downy mildew resistance in cucumber inbred line WI7120 (Pl 330628).

Wana ¥, VandenLanaenberg K2, Wehner TC?, Kraan PA®, Suelmann J°, Zhena X* Owens K* Weng Y*2.

#® Author information

Abstract

KEY MESSAGE: Host resistance in WIT120 cucumber to prevailing downy mildew pathogen field populations is cenferred by two major-effect,
cne mederate-effect and twe minor-effect QTL. Dewny mildew (DM) caused by the obligate cemycete Pseudoperonospora cubensis is the most
devastating fungal disease of cucumber worldwide. The molecular mechanism of DM resistance in cucumber is poorly understood, and use of
marker-assisted breeding for DM resistance is not widely available. Here, we reported QTL mapping results for DM resistance with 243 F2:3
families from the cross between DM-resistant inbred line WIT120 (P1 330628) and susceptible '9930° A linkage map was developed with 348 55R
and SNP markers. Phenctyping of DM incculation responses were conducted in four field trails in 2 years at three locations. Four QTL, dm2.1,
dm4.1, dm5.1, and dm6.1 were consistently and reliably detected across at least three of the four environments which together could explain 62-
76 % phenotypic variations (R (2)). Among them, dmd.1 and dm5.1 were major-effect QTL (R (2) = 15-30 %) with only additive effects; dm2.1 (R
{2)=5-15 %) and dm6.1 (R (2) = 4-8 %) had moderate and minor effects, respectively. Epistatic effects were detected for dm2.1 and dmb.1 with
both dm4.1 and dm&5.1. One additional minor-effect QTL, dm6.2 (R (2) = 3-5 %) was only detectable with the chloresis rating criterion. All alleles
contributing to DM resistance were from WIT120. This study revealed two novel QTL for DM resistance and the unique genetic architecture of DM
resistance in WI7120 conferring high level resistance to prevailing DM populations in multiple countries. The effects of disease rating scales,
rating time and criteria, population size in phenctyping DM resistance on the power of QTL detecticn, and the use of DM resistance in WI7120 in
cucumber breeding were discussed.

PMID: 27147071 DOl 10.1007/50012
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