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O Qo] AA Ale drIAEe]l RaEHAeH FxaFc] 3 7IsdT F=

- AaTE FAM H22 484 Auo) B9 FREARRACAASS FHoz W
Z= 58, dinf=e] University of Southern Denmark, ©]=¢] University of
California, Davis, Cornell University, University of Wisconsin 978 & ©] 20094
Qo] AE dVIMES EAsAS .

C=d 22 ATYRE THeR oo HEA 2A ¥ H¥7 s AT 2w
-

A
D HZols AAMA EAS §3 &E(gynoecious) fFH2K2015), &ut

- Cucurbit Genomics Database o]l = 1157} accession 2] SNP, INDELs So| HI1 % o] 9 &
O ZAF WAL FAA d7= 27] @A

- =qeden NALd AR EF LS Fa £32E7 81 o} B 4
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S (Zhang et al., 2015; Yu et al.,, 2015; Liu et al., 2014; Dong et al., 2014; Zhang et
al.,, 2014; Li et al.,, 2014;, Chen et al., 2014;, Mei et al., 2013; Chen and Yang, 2013;
Qian et al., 2013;, Zhang et al.,, 2012; Zhang et al., 2011;, Li et al., 2011;, Zhou et
al.,, 2009; Fan et al.,, 2008; Xu et al., 2008; Zhou et al., 2007; Miao et al., 2007; Hu et
al., 2006;, Sheng et al., 2006;, Zhou et al., 2006; Zhou et al., 2004; Feng et al., 2003;

Zhou et al., 2003; Zhao et al., 2003; Yu et al., 2002).
- o9 E¥E, &, Ayt 5¢Y, vF, L2EH YoM E 0] AHL2HE A

A7t AP EGS (Marta et al, 2016; Hawrylak-Nowak et al., 2010; Nakano et al,,
2010; Szal et al., 2009; Posmyk et al.,, 2009; Govindachary et al., 2007, Nakano et
al., 2006; Lee et al., 2005; Liu et al.,, 2005; Higuchi et al., 2003; Kudoh and Sonoike,
2002; Shen et al., 2000; Govindachary et al., 2004; Bukhov et al.,, 2004; Saltveit et al,,

2004; Kim et al., 2001).
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Bi et al (2013) & Calvin cyc1e°1 Ftd 5l transketolase f-7 A}
ste] WA2/do] BE FEAHS ol A=A e

North Carolina State University AT EoIA = o] EAste @Y AHAFHAR(Ch)E
H 159 ¢ (Kozik %, 2008) : 3+H Cordon Staub(2011)-2 37} AT Al A4
FHAALE o] &3 dFPdA HETG= AXTH@EA)Y Feo] At Ei

Chung et al (2007) & 0] % 5 A2%454 Gyld= A A Chipper o A=A &
AA A AEE 248t A E ztolg FstA S .

Yin et al (2004) = dehydrin FAA7} Gt FAAGE Qo]S A Xt WA 24 0]
FAEE A e

Chung et al (2003) = 2o WA/ Fdo] ZAZ FHES BaF ¢ BARAEHE
FEA DNA H7IAES &4 v 27, A2 8P 7 Jd3" SNP7} atpB
ARt yefl FAANA BIE 2

o] FF, ok F] g genome AE 2 FEA FHA Aol HiH.

Qo] ofAZ (C. sativus var. Hardwickii, Cucums hystrix )2l G42A 444 4383 AL
o] XU ES (Gao et al, 2015; Liu et al., 2015, Wu et al., 2016).
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Qo] opAFS 3T 1157] 29| lined] genomeS resequencingsti HW TS ZH, 9
o] £=3}(domestication) 7]2t7} ThFA S B A5 S (Qi et al., 2013).

Qo] &% Chinese long ©] genome AJgo] F7 AFEH ofs) FAF=] & vz
=, 28)% A TAEAE

(http:/ /www.icugi.org/cgi-bin/ICuGl/index.cgi, Huang et al. 2009)

Qo] F%F Gyld o i3t genome A do] wml= AFEo 93] HAFE FIHEHUE
(https:/ / phytozome. jgi.doe.gov/ pz/ portal. html#!{info?alias=Org_Csativus ).

QTL EAdo g Qo] dujZdolE ZAAHsle TH FHAE AT (Wei et al, 2016) .
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72007 KW P 40409 43406
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72026 (CF x KW) x CF BC,F, 33410 2.3+0.8
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E 23 20 AR WAL B R 4w

Goup’ BN 5 UAe ) WAeA@ | Gouwp’ BN by WAesd) uked@)
AP CT001 10X2 2.8+0.5 2.4+0.8 C CT057 10X2 3.0+0.8 1.6+0.5
AP CT002 10X2 5.0+0.4 3.0+1.7 C CT058 10X2 2.2+0.8 1.0+0.0
AP CT003 10X2 5.0+0.5 3.6+0.5 C CT059 10X2 4.0+0.0 1.0+0.0
AS CT004 10X2 4.0+1.0 2.7+0.5 C CT060 10X2 2.0+1.0 1.0+0.0
AS CT005 10X2 3.0+0.0 2.5+1.0 C CT061 10X2 2.6+0.5 1.0+0.0

BAF CT006 10X2 25+1.0 2.7+0.5 C CT062 10X2 3.0+0.0 1.0+0.0
BAF CT007 10X2 2.8+0.5 2.6+0.8 C CT063 10X2 2.0+0.8 1.6+0.5
BAF CT008 10X2 23+0.5 2.0+1.0 C CT064 10X2 2.6+0.9 1.2+0.4
BAF CT009 10X2 2.6+0.5 3.6+0.5 C CT065 10X2 2.3+0.6 1.2+0.4
BAF CT010 10X2 3.0+1.0 2.2+1.0 C CT066 10X2 3.2+0.4 1.4+0.8
BAF CT011 10X2 14+0.5 2.2+1.0 C CT067 10X2 3.2+0.4 3.0+1.0
BAP CT012 10X2 2.35+1.0 2.2+0.8 C CT068 10X2 3.0+0.0 1.2+0.4
BAP CT013 10X2 3.0+0.0 1.0+0.0 C CT069 10X2 3.0+0.0 4.0+0.0
BAP CT014 10X2 24+0.5 3.4+1.3 C CT070 x2 - 22+1.2
BAP CT015 10X2 4.0+0.0 24+1.3 C CT071 10X2 4.5+0.6 3.0+0.0
BAP CT016 10X2 24+0.5 2.4+0.8 C CT072 10X2 3.6+0.5 42+04
BAP CT017 10X2 20+1.0 2.6+0.5 C CT073 10X2 3.0+0.7 4.0+0.0
BAP CT018 10X2 2.8+0.5 3.0+0.0 C CT074 10X2 3.0+0.8 2.6+0.5
BAP CT019 10X2 1.8+1.1 1.8+0.4 C CT075 10X2 3.4+0.5 34+0.5
BAP CT020 10X2 3.8+0.5 2.6+0.5 C CT076 10X2 3.0+0.0 3.8+0.4
BAP CT021 x2 - 1.0+0.0 C CT077 10X2 24+09 24+1.3
BAP CT022 10X2 2.6+0.5 2.6+0.8 C CT078 10X2 4.0+0.0 28+1.7
BAP CT023 10X2 1.7+0.6 1.0+0.0 C CT079 10X2 1.8+1.1 24+0.5
EU CT025 10X2 3.6+0.5 1.8+0.4 C CT080 10X2 2.0+1.0 34+0.8
EU CT026 10X2 3.0+0.5 1.2+0.4 C CT081 10X2 25+0.6 3.6+0.5
EU CT027 10X2 - 1.0+0.0 C CT082 10X2 3.0+0.0 3.2+0.8
EU CT030 10X2 1.0+0.0 2.6+0.5 C CT083 10X2 3.0+0.0 42+04
PSL CT031 10X2 3.2+0.8 2.0+0.0 C CT084 10X2 4.3+1.0 42+04
PSL CT032 10X2 34+0.5 2.8+0.4 C CT085 10X2 4.3+0.5 26+1.5
PSL CT033 10X2 4.0+0.0 1.5+0.5 C CT086 10X2 4.0+1.0 3.8+0.4
PSL CT034 10X2 1.8+1.0 1.8+0.4 H CT087 10X2 3.8+0.5 3.2+0.8
PSL CT035 10X2 1.0+0.0 2.0+1.0 H CT088 10X2 3.4+0.5 24+0.5
PSL CT036 10X2 1.8+0.4 24+1.3 H CT089 10X2 2.6+0.9 2.0+0.0
PSL CT037 10X2 1.4+0.9 2.6+0.8 H CT090 10X2 4.0+0.0 1.6+0.8
PSL CT038 10X2 1.0+0.0 1.2+0.4 H CT091 10X2 4.4+0.5 42+04
PSL CT039 10X2 20+1.0 4.0+0.0 H CT092 10X2 3.3+1.0 3.6+0.5
PSL CT040 10X2 1.4+0.9 1.8+0.4 H CT093 10X2 3.0+0.0 1.2+0.5
PSL CT041 10X2 24+0.5 1.0+0.0 H CT094 10X2 4.3+0.5 1.0+0.0
PSL CT042 10X2 3.25+0.5 1.2+0.4 H CT095 10X2 3.5+0.7 1.8+0.4
PSL CT043 10X2 1.0+0.0 1.7+0.9 H CT096 10X2 3.0+0.0 1.6+1.1
PSL CT044 10X2 1.0+0.0 1.0+0.0 H CT097 10X2 2.8+0.5 14+0.5
PSL CT045 10X2 1.6+0.9 2.4+0.5 H CT098 10X2 3.6+0.5 1.2+0.4
PSL CT046 10X2 1.6+0.9 1.4+0.5 H CT099 10X2 3.8+0.8 1.2+0.4
PSL CT047 10X2 1.5+0.7 2.0+0.7 H CT100 10X2 3.5+0.7 1.2+0.4
C CT048 10X2 2.2+0.8 1.0+0.0 H CT101 x2 - 44+0.5
C CT049 10X2 3.8+0.4 2.2+0.8 H CT102 10X2 4.2+0.8 34+0.8
C CT050 10X2 3.0+0.5 1.0+0.0 H CT103 10X2 3.3+0.5 2.8+0.8
C CT051 10X2 3.2+0.4 1.6+0.8 H CT104 10X2 4.2+04 4.6+0.5
C CT052 10X2 2.7+1.5 . H CT105 10X2 3.5+0.6 4404
C CT053 10X2 1.0+0.0 1.6+0.8 H CT106 10X2 4.0+0.0 3.0+1.2
C CT054 10X2 34+0.5 1.4+0.5 H CT107 10X2 3.8+1.0 34+0.5
C CTO055 10X2 20+1.0 1.2+0.4 H CT108 10X2 3.2+0.4 3.8+0.4
C CT056 10X2 2.0+0.8 1.4+0.5 H CT109 10X2 3.6+0.5 1.0+0.0




i 23 A%

Group” BN AAFE  ui”A1)  JiALAEQ) Goup~ BN JlAE WiAHAN) WA’

H CT110 10X2 3.2+0.4 1.6+0.8 THS CT166 10X2 1.4+0.5 1.8+0.4
H CT111 10X2 3.040.5 24+0.5 THS CT167 10X2 1.0+0.0 1.6+0.5
W CT112 10X2 2.8+0.5 1.0+0.0 THS CT168 10X2 3.5+0.6 1.2+04
W CT113 10X2 1.8+0.8 1.6+0.5 THS CT169 10X2 2.341.5 2.610.8
W CT114 10X2 2.0+1.0 1.8+0.8 THS CT170 10X2 1.0+0.0 1.0+0.0
W CT117  10X2 3.540.6 1.0+0.0 THS CT172 10X2 1.0+0.0 2.0+0.0
W CT118 10X2 3.540.6 1.6+0.5 THS CT173 10X2 1.6+0.9 1.040.0
W CT119 10X2 1.8+1.1 1.6+0.5 THS CT174 10X2 1.0+0.0 1.440.5
W CT120 10X2 3.0+0.7 1.6+0.5 THS CT175 10X2 1.0+0.0 1.0+0.0
A CT121 10X2 3.840.5 2.2+0.8 THS CT176 10X2 1.0+0.0 1.0+0.0
W CT122 10X2 3.340.6 1.0+0.0 THS CT177 10X2 1.2+04 1.040.0
W CT123 10X2 3.041.2 1.6+0.8 THS CT178 10X2 1.0+0.0 1.040.0
W CT124 10X2 4.0+0.8 1.6+0.5 THS CT179 10X2 2.0+1.0 1.0+0.0
W CT125 10X2 4.0+0.8 1.4+0.5 THS CT180 10X2 1.4+0.9 1.2+04
W CT126 10X2 3.2+0.4 1.8+0.4 THS CT181 10X2 1.0+0.0 1.040.0
W CT127  10X2 3.040.8 1.0+0.0 THS CT182 10X2 1.0+0.0 1.040.0
A CT128 10X2 3.240.4 1.4+0.5 THS CT183 10X2 2.5+0.6 1.6+0.5
W CT129 10X2 42+0.4 1.2+0.4 THS CT184 10X2 2.8+1.1 1.840.8
TAS CT130 10X2 3.2+0.4 2.0+0.0 THS CT185 10X2 1.0+0.0 1.040.0
TAS CT131 10X2 1.340.6 1.2+04 THS CT186 10X2 1.0+0.0 1.040.0
TAS CT132 10X2 4.8+40.5 1.0+0.0 THS CT187 10X2 1.0+0.0 1.2+04
TAS CT135 10X2 3.341.2 1.4+0.5 THS CT188 10X2 2.0+1.0 1.2+04
TAS CT134 10X2 1.8+1.0 1.5+0.5 THS CT189 10X2 1.34£0.5 1.040.0
TAS CT135 10X2 24+0.9 2.240.9 THS CT19%0 10X2 1.0+0.0 2.60.5
TAS CT136 10X2 2.6+1.5 3.0+0.0 THS CT191 10X2 1.0+0.0 1.0+0.0
THS CT137  10X2 - 1.4+0.5 THS CT192 10X2 2.0+1.0 1.440.5
THS CT138 10X2 - 1.0+0.0 THS CT193 10X2 3.0+1.2 1.440.5
THS CT139 10X2 - 1.0+0.0 THS CT1%4 10X2 2.34£0.5 1.60.8
THS CT140 10X2 14+0.5 1.8+0.4 THS CT1% 10X2 1.0+0.0 1.0+0.0
THS CT141 10X2 1.0+0.0 1.0+0.0 THS CT19% 10X2 3.2+0.4 1.0+0.0
THS CT142 10X2 1.0+0.0 1.2+04 THS CT197 10X2 1.5+1.0 1.040.0
THS CT145 10X2 2.340.5 3.0+0.0 THS CT198 10X2 1.841.3 1.840.8
THS CT144 10X2 1.0+0.0 1.0+0.0 THS CT199 10X2 1.0+0.0 1.0+0.0
THS CT145 10X2 25+1.0 1.8+0.4 THS CT200 10X2 1.0+0.0 2.8+04
THS CT146 10X2 1.0+0.0 1.6+0.8 Z CT201 10X2 1.6+0.6 3.2+04
THS CT147  10X2 20+14 1.8+0.4 Z CT202 10X2 1.4+0.5 3.610.5
THS CT148 10X2 3.040.5 1.0+0.0 7z CT203 10X2 2.34¢1.0 2.6+0.8
THS CT149 10X2 1.0+0.0 2.0+0.0 7z CT204 10X2 3.0+0.0 4.2+04
THS CT150 10X2 1.0+0.0 1.4+0.5 Z CT205 10X2 4.0+0.0 4.2+0.8
THS CT151 10X2 1.0+0.0 1.0+0.0 Z CT207 10X2 2.34£0.5 4.4+0.5
THS CT152 10X2 1.0+0.0 1.0+0.0 Z CT209 10X2 5.0+0.0 4.8+104
THS CT153 10X2 2.0+1.0 1.0+0.0 7z CT210 10X2 3.5+0.6 1.0+0.0
THS CT154 10X2 1.0+0.0 2.8+0.4 Z CT211 10X2 3.040.0 2.2+1.0
THS CT155 10X2 1.0+0.0 1.2+04 Z CT212 10X2 3.0+0.4 3.0+1.0
THS CT156 10X2 1.0+0.0 1.8+1.0 7z CT213 10X2 3.2+0.4 4.4+0.8
THS CT157  10X2 2.8+1.0 24+0.5 7z CT214 10X2 3.4+0.5 2.2+1.0
THS CT158 10X2 1.5+1.0 1.6+0.5 Z CT215 10X2 2.8+0.4 3.2+04
THS CT159 10X2 3.040.0 1.0+0.0 Z CT216 10X2 3.0+0.7 1.440.5
THS CT160 10X2 1.0+0.0 1.0+0.0 Z CT217 10X2 1.0+0.0 1.8+04
THS CT1e1 10X2 4.0+0.0 1.0+0.0 7z CT218 10X2 3.6+0.5 2.6+1.1
THS CT162 10X2 2.6+1.5 1.2+04 Z CT219 10X2 4.0+0.5 1.440.5
THS CT163 10X2 1.0+0.0 1.0+0.0 Z CT221 10X2 3.040.0 22404
THS CT164 10X2 2.0+1.2 2.0+0.0 Z CT222 10X2 2.8+1.0 2.610.8
THS CT165 10X2 1.0+0.0 1.6+0.5

“AP: American Pickling, BAF: Beith Alpha Open-Field, BAP: Beith Alpha Parthenocarpic, EU: Long Dutch Green,
PSL: Parthenocarpic Slicer, C: Chines Long Green, W:Korean Semi-white, TAS: Taiwanese Slicer, THS: Oriental
Slicer, H: KOrean Solid Green, 7Z: 7|8 "T:jA&24 <3 ~ 5: 733+
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F 25 0] S4AIF F& 54 FIHLF AT4 HelH)
W . .
Group” TRAIT BN Adl AR 2Ry j;w g ;;%'LE o Sjw
T O ]1 6‘:)]_/{6]"“ [=he] 1
WW 71001 E)  F GY 5 5 3 3 N 5
WW | 71002(H01%E)  Fi GY 7 3 5 3 NIl 7
WW 71003(dE)  Fi GY 8 6 4 3 N 5
WW 71004(01ZE)  Fi GY 8 5 5 3 N 5
WW 71005(0]%)  Fi GY 7 3 3 3 N 7
WW | 71006(0] %) Fi GY 9 3 5 3 N 7
WW 71007(dE)  F GY 9 4 5 3 N 7
WW 71008 %)  Fi GY 7 5 6 5 N 6
WW _ CT PM DM 71015 Fi GY 5 7 4~7 7 N 6
WW DM 71017 nbred  GY 5 5 3 7 N 6
WW_ CT DM 71020 Inbred  GY 6 7 : 7 N 4
WW_ PM DM 71046 Fi  GY MO 5 5 37 7 N 7
WW DM 71049 13 GY 4 5 : 7 N 5
WW DM 71050 Inbred  GY 4 5 B 7 N 7
WW DM 71051 Inbred  GY 5 5 : 7 N 5
WW DM 71052 Inbred  GY 5 5 7 N 5
WW DM 71053 Inbred  GY 5 5 : 7 N 3
WW_ CT DM 71054 Fi GY 5 7 5 7 N 7
WW DM 71064 Fi MO 4 5 3 7 N 5
WW DM 71066 Fi  GYTF 4 5 5 7 N 5
WW DM 71068 nbred MO 5 5 : 7 N :
WW DM 71069 Inbred MO 5 5 | | 7 Y | B
WW DM 71073 nbred MO 5 5 : 7 N :
WW_ PM 71083 Fi PF 5 5 4~7 5 N 5
WW _ CT PM DM 71084 Fi ___ PFGY 4 7 4~7 7 N 3%
WW __ CT PM DM 71085 Fi GY 5 7 4~7 7 N 35
WW DM 71104 Fiz MO 5 5 7 N
WW_ CT DM 71105 Fus MO 5 7 : 7 N :
WW DM 71108 Fi GY 5 5 5 7 N 6
WW DM 71125 Fs MO GY 5 5 3 7 N 7
WW DM 71126 Fs MO GY 6 5 3 7 N
WW DM 71127 Fs MO 7 5 5 7 N :
WW DM 71128 Inbred  GY 6 5 : 7 N 5
WW__ PM DM 71146 Fi GY 5 3 37 7 N 7
WW_ PM DM 71148 F: MO GY 5 3 6~7 7 N 67
C_ Crom 71175 Fs GY 7 7 5 7 N 5
C  CIrbom 71187 Fs : 7 6 7 N :
C  CIDbM 71188 Fs MO 4 7 6 7 N B
C_ DM 71189 Fs MO 5 5 7 7 N :
C_ DM 71190 Fs MO 8 5 7 7 N
C  CIrbom 71199 Fs MO 5 7 7 7 N :
C DM 71200 Fs MO 8 5 7 7 N | B
C_ DM 71208 Fs MO 5 5 7 7 Y :
C PMDM 71213 Fs MO 4 3 4~7 7 N :
C__DM 71229 Inbred  GY 5 3 : 7 N 5
C  CIDbM 71238 Fs MO 5 7 5 7 N B
C  CIpMm 71239 nbred MO 7 7 : 7 N :
C_ DM 71242 Fs MO 2 5 7 7 N
C DM 71244 Fs MO 3 5 7 7 N

Wwialtie}7] Q of, Ci7hal @ o] 'DM:tegi i A &4, PM:EIZTH

*GY: gynoecious, PF: Pre-dominantly female, MO: monoecious
"SREERD) ~ 7E @) NS Lole
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(FA) wWtithr) o] 14941, 7HA 0] 20341, FHAE 2ol 36AF, dEF Lol 474%,
ryec] 64%, 7IEk 25 204l F

(FA) WMot o] 10841%F, 70l 7971%, FAH Lol 184F, L&FE 2] 154%F

Qo] 67A1%, 718t 2F 5A%

AE Ma:

(ZEA) B}Z 04.01, F4 05.03, E4%7} 05.10 ~ 07.05

(ZFA) BZ 08.10, F4] 08.30, E4% 7} 09.10 ~ 11.30

AAFF: AT 5 ~ 155

EQzAL g5 AA, ZAAE, 24, IVEHE AR, =AY, 24, AT A
d(necrosis), 23

WA Als AR

IAEE BATY HA 2 2ads HAYA A8 ZAE vReE IUieH/ =
EFANAE AE 23, =09 A AT 297, #7FFE ARG AT 113 Adst
A& E 2-6)

2atg 2 7By g J|Eo g ity Qo] 2041, 7HA Lo 5AE, dEF o] 445
AL o] & AT T Wgur] o] 84023 =Wy AVEH 23 AGA
S Ve n 84028, 84030, 84090, 84091 I IEH AHEAdolgonw UEFH 9o

84139 =@ Aol QL(T 2-6).

. 7t/ _ _ ] _
5T e A =g Agg | AUhEE AYE | 3
o)} 7] 2 0 11 13
7kA 2.0 0 26 0 26
71€} 0 3 0 3
A 2 29 11 42




® 26, Qo] §FAFY F8 5 & Al
IR R 2= AR == I 3 7L= 5 Yo -
Gowt BN A g 247 2}l SRES IR A ey Ay A
7EA 183 8% 1734 1837 1730 18FAL 18FAR  7E4 7a VA AR AL 729 1829 1839
WW 84015 F7 W GY/PE MO MO 5 7 7 5 6 5 3 3 5 7 R D D
WW 84016 F7 W GY GY GY 5 3 6 5 6 4 3 3 6 7 S R S
WW 84017 Inbred W GY GY GY 5 3 3 4 7 3 3 5 3 7 R R R
WW 84018 Inbred W GY GY GY 5 7 6 3 7 3 3 3 4 7 R D R
WW 84019 F16 W GY GY GY 5 a~7 3 3 5 7 7 1 3 7 S R R
WW 84020 Inbred W GY GY GY - 7 - 5 7 - 3 5 3 7 R R R
WW 84021 Inbred W GY GY GY 3 7 3 5 6 7 7 3 3 7 R R R
WW 84022 Inbred W GY GY GY - 7 - 4 5 - 3 5 3 7 R R R
WW 84023 Inbred W GY GY GY 5 7 ) 5 5 9 7 1 7 7 S R S
WW 84024 F18 W GY GY GY 5 7 3 3 6 7 7 1 7 7 R R R
WW 84025 F16 W GY GY GY 5 6 4 6 4 9 7 1 5 7 R R R
WW 84026 F20 W GY GY GY 5 7 4 6 3 7 7 5 4 7 R R R
WW 84027 Inbred W GY GY GY - - - - - - 3 5 3 7 R R R
WW 84028 F7 W GY GY GY 5 3 a~7 5 3 7 6 7 5 7 R R S
WW 84029 F7 W GY GY - 5 7 a~7 5 3 7 6 7 3 7 R R R
WW 84030 F7 W GY/MO GY GY 5 7 7 5 3 7 7 5 6 7 R R S
WW 84031 F7 W GY/MO GY GY 5 7 7 7 3 7 7 3 3 7 S R R
WW 84032 F7 W GY GY GY/MO 5 7 7 5 5 5 7 5 3 7 R S R
WW 84033 F16 W GY MO  GY/MO 4 7 3 5 3 7 7 1 3 7 R R R
WW 84034 F7 W GY GY GY/MO 5 7 3 3 3 4 4 1 3 4 R R D
WW 84035 F7 W GY MO MO 5 7 a~7 6 4 5 3 6 3 7 S S R
WW 84036 Inbred W MO MO MO 5 3 3 3 4 3 3 3 7 R R R
WW 84037 Inbred W MO MO MO 5 3 3 5 4 2 7 3 5 R R R
WW 84038 F15 W MO MO MO 5 7 3 5 5 4 1 3 3 D R R
WW 84039 F15 W MO MO MO 5 6 - 3 5 5 3 1 3 4 R R R
WW 84040 F7 W GY MO 5 3 6 3 3 4 4 3 3 7 S R D
WW 84041 F7 W GY - MO 5 3 6 3 3 4 4 3 3 7 S R R
WW 84042 F7 W  GY/PE GY GY 5 7 a~7 5 4 4 6 7 3 5 R S D
WW 84043 F7 W GY/MO - MO 5 3 a~7 6 4 4 4 8 3 5 R S R
WW 84044 F7 W GY/MO MO MO 5 3 a~7 6 4 4 4 8 3 5 R S R
WW 84045 F7 W GY/MO GY GY 5 7 a~7 3 4 4 4 7 3 7 R S R
WW 84046 F7 W MO/GY MO 5 3 ~6 4 4 5 4 1 4 7 S S S




£ 26 A%
. i G 24" Zw}e]” A7 AR T =g g g At
Group® BN  Adf  FH47 - - - - - - - - - o LAY s - - -
7R 1834 18F 172 1837 172 18FA1 183 7R 173 VIA AR ARE a3z 1829
WW 84047 F7 W MO/GY MO MO 5 3 ~6 4 4 5 4 1 3 7 S S R
WW 84048 F7 W MO/GY - MO 5 3~7 ~6 5 3 5 4 1 3 7 S S R
WW 84049 F7 W MO/GY MO MO 5 3~7 ~6 5 3 5 4 1 3 7 S S S
WW 84030 F7 W MO/GY MO 5 3~7 ~6 5 3 5 4 1 3 7 S S S
WW 84051 F7 W MO/GY - MO 5 3 ~6 4 3 5 4 1 3 7 S R R
WW 84052 Fé6 W GY MO  MO/GY 5 K 7 4 3~6 3 4 7 3 7 R R R
WW 84053 E7 Y GY GY MO/GY 5 3~6 7 3 3 3 4 3 3 7 R S D
WW 84034 E7 Y GY GY GY 5 3~6 7 3 3 3 4 3 3 7 R S D
WW 84055 Fé6 W GY GY GY 6 K 7 3 3 3 4 3 2 7 S S R
WW 84056 F7 W GY/MO MO MO 5 2 o~7 3 3 5 3 3 3 7 R S D
WW 84057 F7 W GY/MO MO MO 5 3~7 a~7 5 4 5 4 3 3 5 S R D
WW 84038 F7 W GY/MO MO MO 5 o~7 o~7 5 5 5 4 3 3 5 S S D
WW 84059 F7 W GY/MO MO MO 5 a~7 a~7 5 5 5 4 3 3 5 S S R
WW 84060 F9 W MO/GY MO MO 5 3~7 7 3 3 3 3 3 3 2 R S R
WW 84061 F15 W MO MO MO 4 3 3 4 7 6 5 5 3 R R R
WW 84062 F15 W MO - MO 4 3 3 5 7 4 7 6 3 R R R
WW 84063 F9 W GY/MO MO MO 3 1 4 3 3 7 5 3 3 S R R
WW 84064 F9 W GY/MO MO MO 3 7 3 5 3 7 5 5 3 S R S
WW 84065 F9 W GY/MO MO MO 3 3~7 - 5 4 3 7 5 6 3 S R S
WW 84066 F9 W MO MO MO 2 3 4 5 3 3 7 1 5 5 R S D
WW 84067 F9 W MO MO MO 2 7 4 5 3 3 7 1 3 5 R R D
WW 84068 F7 W MO MO MO - 7 - 6 3 - 3 5 3 7 R D D
WW 84069 F7 W GY MO MO 5 3 7 3 5 4 4 2 2 5 R R R
WW 84070 F7 W GY GY GY/MO 5 3 7 3 4 4 5 3 4 3 R R D
WW 84071 Fé6 W MO/GY MO MO 5 7 o~7 4 3 4 7 2 3 5 R S D
WW 84072 Fe W MO/GY GY MO 5 K o~7 5 3 4 7 4 5 5 R R D
WW 84073 F5 W GY MO MO 7 3 a~7 7 5 3 2~4 3 3 5 R S R
WW 84074 F5 W GY MO MO 7 3 a~7 7 5 3 2~4 3 3 5 R S R
WW 84075 E5 Y GY MO MO 7 3 o~7 7 5 3 2~4 3 3 5 R S R
WW 84076 F5 B GY/MO GY GY 3~7 7 a~7 4 4 4 4~7 6 3 3 R R S
WW 84077 F5 B GY/MO GY GY 3~7 3 a~7 7 5 4 3~4 5 3 3 R R R
WW 84078 F5 B GY/MO GY GY 3~7 3 a~7 5 6 4 3~4 5 3 3 R R R




i 2-6. A%
CISCR 222V 1 A= I 7= A Y s u At
Group : BN A 247 Ay Z&A 2t} 87174 A& , %%] L—_jﬁ”ﬂé . l‘“j—ﬂl'ﬂg ‘ At
7EA 183 8% 1734 1837 1730 18FAL 18FAR  7E4 7a VA AR AL 729 1829 1839
WW 84079 F5 B GY/MO GY 3~7 3 a~7 5 6 4 3~4 5 4 3 R R D
WW 84080 F4 B GY/MO - GY 3~7 3 a~7 3 6 4 3~4 5 3 3 R R D
WW 84081 F5 W MO/GY MO MO 3~7 4 3 3 5 5 3~> 3 3 5 R R R
WW 84082 F5 W MO/GY MO MO 3~7 3 3 3 4 5 3~> 3 3 5 R S R
WW 84083 F5 W MO/GY MO MO 3~7 3 3 5 5 6 5~7 8 4 5 R S R
WW 84084 F5 W MO/GY MO MO 3~7 3 3 5 5 6 5~7 8 4 5 R R R
WW 84085 F5 W GY/MO GY GY o~7 7 3 7 5 4 4 3 3 5 R S R
WW 84086 F5 W GY MO GY 4~5 3 3 7 6 6 4~6 3 3 3 R S R
WW 84087 F5 W GY GY GY 4~5 3 3 7 4 6 4~6 3 3 3 R S R
WW 84088 F5 W GY GY GY/MO 4~5 3 3 3 6 6 4~6 3 3 3 R R S
WW 84089 F5 W GY GY GY 4~5 3 3 3 5 6 4~6 3 3 3 R R R
WW 84090 F5 W GY GY GY/MO 4~5 3 K 7 3 7 7 5 3 5 R R S
WW 84091 F5 W GY GY GY/MO 4~5 3 K 7 4 7 7 5 3 5 R R S
WW 84092 F5 W GY/MO GY GY ~6 7 3 7 3 5 5~7 5 4 5 R R S
WW 84093 F5 W GY/MO GY MO ~6 7 3 7 4 5 5~7 5 3 5 R S D
WW 84094 F5 W GY/MO GY GY ~6 7 3 7 4 5 5~7 5 4 5 R S D
WW 84095 F5 W GY/MO GY GY ~6 3 3 6 3 5 5~7 5 5 5 R S S
WW 8409 F5 W GY/MO GY GY ~6 7 3 7 4 5 5~7 5 3 5 R S R
WW 84097 F5 W GY/MO GY GY ~6 7 3 7 4 5 5~7 5 5 5 R S R
WW 84098 F5 W GY/MO GY GY/MO ~6 7 3 7 5 5 5~7 5 3 5 R R S
WW 84099 F5 W GY/MO GY GY ~6 7 3 7 5 5 5~7 5 6 5 R R R
WW 84100 F5 W GY/MO GY GY ~6 7 3 7 4 5 5~7 5 5 5 R S R
WW 84101 F5 W GY/MO GY GY ~6 7 3 7 4 5 5~7 5 4 5 R S R
WW 84102 F5 W MO MO MO o~7 3 3 5 4 4 4 2 3 3 R S R
WW 84103 F5 W MO MO MO o~7 3 3 5 4 4 4 2 2 3 R S R
WW 84104 F5 W MO MO MO 4~6 7 5 5 7 4 3 1 1 R R R
WW 84105 F5 W MO MO MO 4~6 7 5 5 7 4 3 3 1 R R S
WW 84106 F5 W MO MO MO 3~7 3 4 5 3 5~7 5 5 5 R R S
WW 84107 B3 W MO MO MO 7 3 3 2 5 3 7 R R D
WW 84108 B3 W MO MO MO 3 5 3 7 R R R
WW 84109 B3 W MO MO MO 3 5 3 7 R R S
WW 84110 B3 W MO MO MO 3 5 3 7 R R D
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7R 1834 18FA  172A 1834 172 18FA1 18R 17EA 173 VEA 1737 1834 183
WW 84111 B3 W MO MO MO 3 5 3 7 R R R
WW 84112 B3 W MO MO MO 3 5 5 7 R R D
WW 84113 B3 W MO MO MO 3 5 3 7 R R R
WW 84114 B3 W MO MO MO 3 5 3 7 R R D
WW 84115 B3 W MO MO MO 3 5 3 7 R R R
WW 84116 B3 W MO MO MO 3 5 3 7 R R R
WW 84117 B3 W MO MO MO 3 5 3 7 R R R
WW 84118 B3 W MO MO MO 3 5 3 7 R R R
WW 84119 B3 W MO MO MO 3 5 3 7 R R S
WW 84120 B3 W MO MO MO 3 5 3 7 R R D
WW 84121 B3 W MO MO MO 3 5 3 7 R R D
WW 84122 B3 W MO MO MO - - - 3 5 1 7 R R R
HB 84123  Inbred B MO MO MO 7 5 5 3 5 3 7 R R R
HB 84124 F5 B MO MO - 7 4 3 - 3 5 5 7 R R R
HB 84125 F15 B MO MO MO 7 4 3 4 3 3 3 3 7 R R D
HW 84126 F4 W GY GY GY 3 5 4 3 5 3 7 R R R
HW 84127 F5 W GY GY GY 3 5 4 3 5 3 7 R R R
HW 84128 Fé6 W GY GY GY 3 5 3 3 5 3 7 R R R
HW 84129 Fé6 W GY GY GY 3 5 3 3 5 3 7 R R R
HW 84130 Fo6 W GY GY GY 5 5 3 3 5 3 7 R R R
HB 84131 Inbred B MO MO MO - 3 3 3 - 3 5 3 7 R R R
HB 84132  Inbred B MO MO MO 3 3 3 4 4 5 2 4 7 R R R
HB 84133 Inbred B MO MO MO 7 7 5 5 3 3 2 3 7 R R R
HB 84134 Inbred B MO MO MO 4 3 4 4 3 3 2 4 7 R R R
HB 84135 Inbred B MO MO MO 7 3 4 3 3 4 2 3 7 R R R
HB 84136 Inbred B MO MO MO 7 3 4 3 3 4 2 3 7 R R R
JSL 84137 F8 W GY MO MO 7 6 5 3 6 4 6 3 7 R R R
JSL 84138 F8 W GY MO MO 7 6 5 3 6 4 6 3 7 R R R
JSL 84139 Fe W GY MO GY/MO GY/MO ) 5 3 3 5 7 7 R R S
JSL 84140 Fé6 W MO MO MO 3 5 3 3 5 3 7 R R R
JSL 84141 F7 W MO MO MO 3 5 4 3 5 7 7 R R R
JSL 84142 Fé6 W MO MO MO 7 5 3 3 5 4 7 R R R
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MO MO
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W
W
W
W
W
W
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84143 F7
84144

84145
84146

JSL

I~

MO MO

MO

F7

JSL

I~

MO MO

MO

F7

JSL

I~

I~

[}

MO MO

MO

F7

JSL

I~

[}

MO MO

MO

Fo

84147
84148
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JSL

I~

GY GY

GY

Fo

JSL

I~

GY GY
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F5

JSL

I~

MO MO

MO

F5

JSL

I~

MO MO

MO

84151 Fo

JSL

I~

MO MO

MO

F11
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HW
HW
HW
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MO MO

MO

Fo
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GY

GY
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MO

MO

Fo
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MO
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GY

GY
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I~

F12 GY GY GY
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F10
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Inbred

84158

MINI

I~
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GY
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GY GY

GY
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GY GY
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C
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W
W
W
W
W
W
W
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MO MO
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I~

MO MO

MO

F5
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I~
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I~

MO MO

MO

F5

I~

I~

MO MO

MO

F5

I~
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I~

MO MO

MO

F5
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I~

MO MO
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F5
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MO MO
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MO MO
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I~
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I~
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I~
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MO MO
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F5

MO MO

MO

F5

MO MO 2~5

MO

Fo

MO MO 2~5

MO
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84207
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C
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C
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C
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MO MO
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MO MO
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MO MO
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MO MO
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W
W
W
W
W
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W
W
W
W
W
W
W
W
W
W
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MO MO
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F5

MO MO

MO

Fo

I~
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MO MO
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84217
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o~7

GY GY
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I~

MO MO
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F10
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MO
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I~

MO MO

MO

F10
F10

I~

MO MO

MO

I~

MO MO

MO

F4

I~

co

MO MO
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® 28 00l Fy 2] ALH B F2 5487}
Group” BN WAes A Awe 27%1‘;? A
WW  71501( o] ) 27 7 40 3
WW 71502( | E2) 17 7 33 35
WW 71503( M| 59) 21 1 33 3
WW_ 71504( o9 4) 15 6.5 37 35
WW  71505( ¥ £5) 25 7 17 3
WWw 71506( t] 9] 56) 2.6 ) 3.3 3
WW 71507(dlv] 57) i 7 47 3
WWw 71509 2.0 ) 4.7 3
WWw 71510 2.0 K 43 3.5
WWw 71511 2.0 K 4.0 3 A df
WWw 71512 1.7 2.5 5.7 4 A df
WWw 71513 2.0 ) 4.8 3.5
WWw 71514 2.3 ) 42 45 A df
WWw 71515 2.3 7 52 4 A df
WWw 71516 2.8 7 45 3 A df
WW 71517 34 K 43 3
WWw 71518 2.6 2.5 4.7 3
WWw 71519 3.2 7 53 3 A df
WWw 71520 1.1 6.5 43 4 A df
WW 71521 1.7 K 3.3 3 A df
WW 71522 2.0 7 3.8 3
WWw 71523 14 ) 3.5 3.5
WWw 71524 1.5 2.5 3.3 4
WW 71525 1.6 ) 3.5 3
WWw 71526 2.5 45 3.7 45
WWw 71527 1.5 ) 3.7 3
WW 71528 1.3 3.5 3.7 4
WWw 71529 1.6 K 3.0 45
WWw 71530 1.7 2.5 3.3 4
WWw 71531 1.3 7 3.8 4
WW 71532 14 ) 3.3 4
WWw 71533 1.8 ) 3.8 4
WWw 71534 2.7 K 45 45
WWw 71535 3.0 2.5 42 4
WWw 71536 1.1 3 472 4
WWw 71538 - ) 4.0 3
WWw 71539 1.0 35 3.2 45
WWw 71540 2.2 K 42 3.5
WW 71541 21 4 3.8 3.5 A df
WWw 71542 2.3 7.5 3.8 4
WWw 71543 29 45 3.8 3
WW 71544 3.5 4 3.8 5
WWw 71545 3.0 45 3.5 45
WW 71546 1.9 2.5 3.7 3 A df
WWw 71547 1.3 3 3.3 3.5
WWw 71548 2.1 7.5 4.0 3 A df
WWw 71549 1.6 K 3.8 4
WW 71550 2.6 45 3.3 3.5
WWw 71552 3.5 ) 3.5 45
WWw 71553 3.0 45 4.0 4
WWw 71554 2.2 45 3.7 45
WWw 71555 2.3 35 4.0 4
WWw 71556 3.0 4 4.0 4




Group BN UyAer’ A#A=x1)"  F9 Q0 A7k 5
- B - ] -
WW 71557 23 35 3.8 4
WW 71558 28 3 3.3 4
WW 71559 28 4 53 4
WW 71560 29 3 3.8 3
WW 71561 19 35 3.6 35
WW 71562 27 3 4.2 35
WW 71563 3.2 3 44 3
WW 71564 27 3 4.0 35
WW 71565 3.0 3 3.5 35
C 71566( ol 1] E1) 31 6 45 3
C 71567( ol 1] 52) 3.7 5 4.2 3
C 71568( Tl 0] £3) 3.2 7 48 5
C 71569( ol 1] 54) 3.8 4 3.5 5
C 71570t ] £3) 3.2 7 5.0 6
C 71571( ol 1] £6) 45 4 43 6.5
C 71572 35 3 3.5 5.
C 71573 38 25 3.7 6
C 71574 3.1 2 3.3 7
C 71575 3.0 25 3.7 6
C 71576 3.0 1 3.7 6.5
C 71577 3.2 6 47 5
C 71578 25 5 53 45
C 71579 34 3 5.0 6
C 71580 33 6 5.2 55
C 71581 4.0 3 4.0 5
C 71582 31 4 3.5 55
C 71584 3.0 4 4.2 45
C 71585 3.0 3 4.6 4 A
C 71586 24 3 45 3.5 A
C 71587 38 4 3.8 35
C 71588 3.2 2 4.6 35
C 71589 3.0 4 44 3 A
C 71590 35 3 4.0 3
C 71591 25 7 5.8 4 A
C 71592 31 6 5.2 35 A
C 71593 31 4 4.2 3 A
C 71594 28 5 5.2 3 X
HB 71595( v 1) 33 6 5.0 3
HB 7159% 3.7 6 3.2 3
HB 71597 33 45 44 3
HB 71598 44 6 44 3
HB 71599 45 6 44 3 X
HB 71600 35 7 44 3 X
HB 71601 3.7 6 4.2 3 X
HB 71602 23 7 4.6 3 X
HB 71603 3.0 6 3.6 35 X
HB 71604 3.6 45 4.0 35
HB 71605 3.2 5 4.6 3
HB 71606 35 45 3.0 35
HB 71607 35 45 3.2 3.5
HW 71608 4.0 5 3.4 35
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gin]F2 37 7.5%0.9 14.0+¢1.0  18.5+0.5 3 4 35.7+1.5 298.3430.9 3.5+0.3
72552 33 8.5+0.9 16.241.0  19.3+1.2 7 4 34.3+2.5 336.7451.9 3.740.3
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T 210 90] 2ol Fa B4 2 AUAT (0184 2ADY)
24 AN 9% 9% B T TR RO
FET BN 20183 aseid)  (10eke) () @) N e gz (11_314 0o FEE gAY
) w B U
wico}z] 81501( tlv) 5t 89 1+ 10.2 902 +91 162 =27 26 + 40 45 16 3 17 38 3.0 6.8 4.6 69
wiciohy] 81502( Ulv)=R) mH o+ 204 1013 + 87 158 + 31 42 121 65 20 3.5 15 4.0 48 7.5 54 72
wicio}hz] 81503( tv)=8) B+ 139 A8 +73 165 £ 05 B5 11 4 1.0 25 31 6.0 43 8.1 56 69
wicho}z] 81504( tv) ) 91 + 3.8 $2 +80 168 =24 B2 +31 45 15 25 26 43 48 8.3 6.0 73
it} z] 81505 %3 + 0.0 85 + 94 181 =+ 01 22 +11 65 5 21 5.5 5.0 8.1 6.0 74 A7
it} z] 81506 %3 + 0.0 A0+ 49 179 06 25 07 5 23 5.5 22 45 5.5 7.7 6.3 82 Al
wiclelr] 81507 %3 + 0.0 822 +26 169 =12 23 +08 > 20 25 18 5.0 45 8.1 6.4 79
it} z] 81508 %3 + 0.0 82 +65 179 14 29 +05 35 1.0 25 26 5.0 43 8.1 6.5 80
witlolz] 81509 822 1 19.2 848 + 26 184 = 14 25 +31 6 3.5 20 48 3.5 8.0 6.5 81
witlelz] 81510 91 + 3.8 §78 + 136 192 =+ 17 26 +24 35 15 3.5 21 53 45 8.4 7.0 83 A7
gy 81511 844 1+ 10.2 82 + 118 191 =28 29 +08 4 25 5.5 17 5.5 5.0 8.0 58 73 A7
witolr] 81512 844 1+ 38 B4 +72 171 £ 26 29 +08 65 3.5 26 48 4.0 9.2 0.6 72
witlelr] 81513 91 + 3.8 $5 +93 182 = 02 208 + 05 45 3.7 4 21 48 4.0 7.7 6.4 83 AA
i}y 81514 89 1+ 38 848 + 46 204 = 07 28 +05 > 3.5 17 48 45 8.1 6.5 80 A4
i}y 81515 8.7 1+ 0.0 $7 + 162 189 =+ 06 42 + 02 35 18 5 15 43 45 71 6.0 85
witlelr] 81516 91 + 3.8 BI +64 21 =18 BT + 06 45 26 3.5 26 53 48 8.7 74 85 A7
woioly] 81517(A4) 89 77 842 + 71 191 = 10 241 +109 4 23 3.5 21 58 48 8.2 6.7 82 A7
wicio}y] 81518 8.7 1+ 0.0 22 +72 07 15 M4 +15 35 3.0 5.5 20 5.0 43 8.1 6.3 78 AA
witlolr] 81519 91 + 3.8 90 +26 213 £ 09 B2 +09 35 26 5.5 18 4.0 4.0 7.3 54 74
Hicio}y] 81520 844 1+ 38 $s5 + 17 03 £ 08 28 +122 35 3.0 16 38 43 6.5 48 74
witiolr] 81521 91 + 3.8 73 +30 171 £ 10 212 +10 5 24 4 20 43 43 7.2 6.1 85
i}y 81522 87 1+ 115 845 + 67 183 £ 20 M5 1+ 07 22 4 23 45 38 8.0 6.4 80 A7




i 2-10. A&
AR AR ) 9F 2 R RN TR R j;;% T %%(‘?)%
3T BN MBE (5ol (L0mi) (em) e e e 00 g g o REIE G, A
2 (A) (B) 0

wltithy] 81523 B4 =77 92 +77 N2 +19 BT 22 5 28 35 24 55 45 96 76 79 A7
Bl y] 81524 778 + 102 841 +34 188 + 07 B5 07 6 45 15 43 38 49 3.4 70

mloitly] 81525 B3 £ 00 N 79 199 =17 B4 09 45 27 5 19 38 40 82 59 72

Bloitly] 81526 B3+ 00  $H5 82 N5 =06 UI +12 45 1.0 55 21 43 35 84 6.8 80 A an
ltithy] 81527 889 +38 861 + 133 196 + 24 %6 + 26 35 26 3 23 45 38 92 7.0 76

mloitly] 81528 89 +77 N2 +92 N9 +06 BY 23 5 28 3 20 45 40 156 6.3 41 A7
Bl tit}7] 81529 89 + 77 895 +54 198 +17 B2 2 5 3.3 35 12 45 48 80 6.6 82 A4
Bltithy] 81530 84 +77 79 +14 182 +08 23 02 5 25 5 16 35 45 78 6.2 80

mit)s] 81531 91 +38 N2 +121 N7 +22 B1 16 6 3.5 5 20 50 33 88 6.3 72 A7
Bl y] 81532 B3 +00 80 +96 198 + 07 BI +05 35 26 45 15 50 43 97 7.2 75 A7
Bltithy] 81533 91 +38 680 =50 177 +28 B8 35 5 43 3 14 45 48 84 6.4 76

Blitly] 81534(457]) 76+ 168 89 + 105 192 + 13 48 + 20 26 3 23 48 48 83 6.3 76

wltitly] 81535 51 + 102 %3 +30 185 +07 28 22 5 28 5 0.7 40 38 74 53 72

mit)s] 81536 911 +38 85 +87 N5 + 06 U0 +30 35 3.0 55 15 40 30 70 51 73 A
Bl tithy] 81537 82 + 139 1968 =183 195 + 13 %60 08 6 3.2 4 18 35 43 71 49 69

wltitly] 81538 71+ 234 %5 + 126 195 + 04 05 +23 55 3 20 43 35 82 6.3 77 A7
Bl tithy] 81539 778 + 154 N9 +60 N6 + 06 B5 13 5 3.0 55 19 43 33 74 6.4 87 A7
A Q0] 81540 76+ 168 81 + 71 R0 + 24 Bl +19 5 3.6 3 13 48 45 105 7.9 75

AA 9o] 81541 00 +67 82 =82 M3 =11 AUl +11 7 43 3 14 45 38 84 6.5 78 Ak
#A Qo] 81542 67 + 67 N5 +146 N2 + 16 U0 30 5 44 3 21 50 35 83 48 58 A7
#A Q0] 81543 644 + 102 841 + 138 20 + 06 B8 + 08 65 5.0 3 14 48 40 86 6.6 77 A7
3 Q0] 81544(3FE) 87 + 67 81 =85 193 =00 B3 +20 45 3.8 3 19 50 35 83 5.9 71

A 00] 81545 00 +67 92 +72 199 +05 B3 <18 5 4.0 3 16 60 38 81 55 68 | B




¥ 2-10. A&
Az e L, AE
T —— A4 B0 (em) % i PRI S (s B S I o B SR (I
e - (15vid) (10w (cm) (cm) T AR AFA” ( (R ) A S L (V7N [
o) (B) ‘
(A) 0
27 00| 81546 M4 £ 38 %2 162 195 + 16 B2 :10 65 3.0 3 23 50 35 83 6.3 76
2# o] 81547 B9 +102 M4 64 178 =11 A3 08 65 3.0 35 24 45 43 80 6.0 75
27 Qo] 81548 00 +67 818 +28 189 + 13 B3 £ 22 45 33 3 20 48 43 91 6.4 70
27 00] 81549 64 + 139 803 :17 183 12 U5 14 6 34 3 19 43 33 99 74 75
27 90| 81350 B9 +38 870 +48 W0 +18 B5 20 6 34 3 21 35 35 91 7.0 77
27 Qo] 81351 58 £ 269 717 £12 194 £ 18 211 :12 > 3 29 55 43 94 7.0 75
JhAl Qo] 81552( HH]E) B9 £ 38 10013 : 66 192 + 13 BO = 2 45 35 35 16 33 38 83 6.4 77
JhA Qo] BISE3(THHIR)  B6 o+ 102 85 05 196 + 16 2T +15 45 26 25 26 53 38 114 8.1 71
JbAl Qo] 81554( M) 5L+ 168 %7 51 186 + 07 A9 + 14 4 46 3 20 55 53 96 7.1 74
7hN 00| 81555 91 +38 03 41 B4 05 03 10 > 48 35 28 55 40 101 8.4 83
7hN 2.0] 81556 67 +231 %5 +30 198 £ 21 V6 23 6 23 3 25 53 43 100 7.3 73 XA
711 9.0] 81357 B6 o+ 102 1049 +70 22 +13 B2 03 7 33 3 22 53 40 105 6.6 63
7h1 2.0] 81558 84 77 B9 56 N5 +18 B 36 > 36 3 26 53 45 105 7.8 74
7h1) 2.0] 81559 B3 +176 M5 +24 176 +23 B2 +1§8 35 35 3 26 48 50 83 55 67
7h12.0] 81560 89 +38 By +19 B0 = 06 A7 + 16 45 3.2 3 23 45 38 86 6.6 77
711 9.0] 81361 £2 £139 %1 80 M2 24 B5 :32 65 3 23 50 45 89 6.6 75
7h1) 2.0] 81562 91 +38 /S 120 165 + 13 217 +21 35 28 45 25 45 53 91 6.6 73 EZSE
7hN 2.0] 81563 £2 +38 65 £49 165 =20 V6 +18 35 3.0 45 24 35 48 73 45 62
7hN 20| 81564 B9 +38 B 68 1Bl £ 11 Ul 10 3 3.2 45 33 48 53 78 6.1 79 A
7hN 20| 81565 £2 £192 62 £101 151 £25 N7 14 > 33 45 27 43 43 61 54 88
7hN 2.0] 81566 7?3 o+ 133 Ml +74 185 +23 Bl +90 45 38 4 20 48 50 58 36 63
3oksh ~ TR, TTASA ~ SRS, FolBA ~ TARA, 3 okt ~ 70 4
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F 211 Q0] 2% Fa B4 2 AuAR Q0183 A7)

Group BN 2018 BN 201827 Z2x7  WAeA’ &40 =A%) _;;EF v 74 (cm) #}74 (em) 7% (g) Ak
7FA1 Q0] 82501( thB]31) 81553 2 45 7 58 4.0 01 + 05 B3 0+ 23 2060 =+ 13
7EA1 Q0] 82502( thB]E2) 81552 2 3.5 7.5 53 29 B4 + 35 1 o+ 25 506 + 35
7FA1 Q0] 82502A(thn]£3) 3 3.5 7.5 44 3.6 %7 + 23 »2 o+ 17 270 + 36
7EA1 Q0] 82503( thB]34) 81554 2 3 7.5 60 3.6 M4 + 29 M5 o+ 23 K0+ 16
7FA1 Q0] 82504( thB]3£5) 4 3 7 64 58 3.0 + 16 B4 0+ 26 21 + 16
7Fx] Q0] 82505 3 2 3 82 45
7Fx] Q0] 82506 81556 45 3 6.5 44 52 23 + 3.2 39 + 30 239 + 64 ANZ=HA
7Fx] Q0] 82507 6 45 4 76 52
7Fx] Q0] 82508 8 4 1.5 16 45
7Fx] Q0] 82510 5 5 7 78 59 24 + 20 %4+ 13 25 + 25 Al al
7Fx] 2. ¢] 82511 7 5 5 47 45 B6 0+ 26 %3 + 28 278 + 41 Al
7Fx] Q0] 82512 3 3 45 42 6.4 %6 + 29 32 + 30 209 + 65 Ak
7Fx] Q0] 82513 3 3 3.5 24 6.0
7Fx] Q0] 82514 3.5 1 7 91 59
7Fx] Q0] 82515 4 1 6.5 67 4.1 25 + 07 3}5 + 19 25 + 26 Al al
7Fx] Q0] 82516 7 2 45 53 4.8 A A F
7Fx] Q0] 82517 5 2 5 80 44
7Fx] Q0] 82518 7.5 2.5 49 3.3
7Fx] Q0] 82519 6.5 3.5 45 51 4.1
7Fx] Q0] 82520 5.5 45 5 100 49
7Fx] Q0] 82521 4 5.5 5 91 3.5
7Fx Q0] 82522 45 6.5 5.5 100 47 291 + 29 B2 0+ 14 19 =+ 27 Ak
7Fx] Q0] 82523 4 5.5 6.5 100 4.0 »7 0+ 24 %3 + 3.7 309 + 62 o Al
71N S0 82524 2 55 6 78 43 A3
7Fx] Q0] 82525 3 6 7 100 4.0 06 + 08 M2 o+ 25 24 + 24 Ak
7Fx] Q0] 82526 4 5 7 98 54 21 + 1.7 %1 + 28 02+ 44 Ak




® 211 A%

Group BN 2018 BN 2018%4  2x* uUAeR’ z2&54° 2R %) g P (em) #7 (om) #*3 (9 A
71X Q0] 82527 45 45 3 98 6.5

7}A Q0] 82528 5 45 45 73 41

7}A Q0] 82529 4 55 35 62 4.1

7hAl @] 82530 81564 4 6 4 62 38 PR
7}A1 Q0] 82531 81562 5 3 4 89 538 M3 o+ 28 75 + 18 84+ 54 A
7}A Q0] 82532 4 3 5 100 48

FAA Qo] 82533(wn|E) 81540 4 55 3 80 3.0 84+ 21 98+ 22 0 + 43

FAH Qo] 82534 81541 3 45 3 9% 28

#dQo] 82535 81542 35 45 3 73 3.0

FAH Qo] 82536 81543 4 5 3 62 25

FA Qo) 82537(4HE) 35 55 35 42 28 85 + 07 04 £ 20 84+ 29

#dQo] 82538 45 55 4 36 3.6

#d Qo) 82539 3 45 5 44 4.1

FAd Qo] 82540 35 45 45 31 29

FAH Qo) 82541 5 6 55 76 3.2 89 + 14 03 =+ 21 8 + 27 A
HAH Qo) 82542 35 55 3 100 49

withely] 82543 81502 45 35 4 100 59 %2 + 08 %0+ 19 203 + 23

withely] 82544 81504 7 25 4 100 53 29 +23 23+ 038 160 + 35

withely] 82545 81503 7 15 45 100 6.0 B8 t 16 %9 £ 40 M4+ 44

withely] 82546 81510 3 1 6.5 93 54 B7 o+ 13 ¥4 £ 14 19 + 17 At
wihly] 82547 5 15 6.5 98 53 B4t 05 BT+ 25 A7 + 32 Aur
withely] 82548 81523 45 2 3 91 49 PR
wltls] 82549 81528 45 25 6 100 48

wchely] 82550(5]) 81534(571]) 3 45 55 87 54 B4 ot 5. 361+ 22 183 + 19

whcly]  82551(4 %) 81517 34 3 5 98 45 B4 0t 18 369+ 24 05 + 43

Wi}y 82552 81529 3 45 98 51




g 2-11. A&

Group BN 2018 BN_2018%7) 22 YA 2L A4 (%) 5:;—}%4 v 74 (cm) 7 (cm) = (g) Al
wtols] 82553 25 35 4 91 3.7

wuo)s] 82554 4 4 25 71 27

wto)s] 82555 2 35 35 82 34

ool s] 82556 1 35 25 9% 27

wititly] 82557 7.5 35 3 33 23 AR
wto)s] 82558 55 35 45 80 3.6

ooy 82559 3 353 5 87 32

wir}s) 82560 5.3 35 4 87 38 AR
o)y 82561 55 35 4 89 44

ooy 82562 3 35 4 91 32

woitly] 82563 5 4 45 40 28

wolc}y] 82564 4 35 3 96 32 AR
wtit}y] 82565 81506 2 2 3 100 39 AR
oo}y 82566 81511 25 25 4 100 41 B5 + 18 %4 + 26 189 + 30 A3t
woicly]  82567(3le) 81526 35 25 4 100 39 B2 o+ 13 %5+ 31 195 + 37

ooy 82569 1 25 4 67 34 UL+ 14 30+ 01 1% + 35 A
i}y 82570 81518 15 25 4 100 34

e}y 82571 1 3 25 67 27

e}y 82572 1 2 4 100 38

wuols] 82573 3 2 353 98 3.7

i}y 82574 2 2 35 98 47 B6H o+ 07 %8+ 20 198 + 24 A
o}y 82575 3 3 3 100 39

wuols] 82576 81331 15 3 35 100 53

wto)y] 82577 1 3 3 98 42 U8+ 26 %0 + 3.7 W+ 70 A3t
wools] 82578 81513 5 3 35 100 48

ooy 82579 7 15 3 80 43

mools] 82580 7.5 2 3 67 3.7




® 211 A%

Group  BN_2018 BN 201837  =x° WAeA’ AW g #4 (cm) 3} Gkl
woie}s) 82581 7.5 2 98 5.3 AR
ooy 82582 7 2 84 41
wooly] 82583 2 3 3 98 33
wo)y] 82584 45 4 5 100 45 U6+ 85+ + A
woo)y] 82585 4 100 47 B0+ 380+ + A
wools] 82586 81514 35 100 41
wtio)y] 82587 81522 5 3 98 3.7
wuo)s] 82588 81338 5 25 100 37
ooy 82589 81339 55 25 98 33
wools] 82590 3 25 98 40
woo)y] 82591 2 3 100 41
ooy 82592 25 3 100 45
wools] 82593 4 3 89 33
wuoly] 82594 35 25 98 34
wjtly] 82595 5 2 100 54
ool s] 8259 6 15 100 54 01 3.2 A
wtioly] 82597 55 2 67 42
woo)s] 82598 45 25 3 53 3.7
oy 82599 45 25 3 87 34
wools] 82600 4 25 3 76 3.6
ool y] 82601 65 25 3 27 14
ool y] 82603 5 25 3 98 3.7
o)y 82604 7.5 35 3 91 42
wools] 82605 7.5 3 3 98 46 24 37.1 At
ool s] 82606 6 4 3 9% 43
ooy 82607 7 5 3 42 25 A A3
wools] 82608 7 3 4 100 45 05 372 Ak
B~ THE, A A 3:2F3l Fh, o~ 2T mE "R Haega (20189 109 299 ~11¢ 299
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¥ 212 wtitrleo] 2@ Fa 54 9 dudw

T S S T R T N - ST

I T AR A S S A
(cm)
63001 40426 2.5 3.5+0.0 14.5+0.5 19.840.7 3.0 2.8 2440.3 Al uk
63002 5.0+1.4 5 3.6+0.1 14.5+0.9 218+1.2 5.0 3.3
63003 6.841.1 2.5 3.7+0.3 14.3+1.5 20.1+1.2 3.3 43 243404 162+14 Al uk
63004 4.842.0 5 3.5+0.1 14.5+0.9 21.0+0.6 3.0 3.3
63005 5.0+1.2 2.5 3.5+0.2 13.7¢0.6  22.5+1.2 3.3 4.7 229+0.7 18517 Al uk
63006 4.6+1.5 5 3.4+0.2 14.2+0.3  23.320.6 3.7 48 23.3+0.3 181423 Al uk
63007 3.840.4 5 3.7+0.2 14.3+0.3 22.3+0.8 3.7 53 239402 172+12 Al uk
63008  5.0+0.7 3 3.5+0.1 13.7¢0.6  22.5+1.2 3.0 3.5
63009  5.0+1.9 7 3.7+0.2 14.7+1.3  22.3+0.6 3.7 3.3
63010 6.6+0.9 2.5 3.5+0.2 14.5+1.5 20.0+04 6.3 3.5
63011 50+1.6 2.5 3.6+0.2 13.7+¢1.3  20.840.3 3.0 45 23.840.5
63012 4.842.0 2.5 3.7+0.2 13.5+0.5 20.840.9 5.7 3.8
63013 6.4+1.3 3 3.3+0.3 13.3+1.0 20.5+1.6 5.7 3.8
63014 4.6+0.5 5 3.5+0.1 12.5+0.5 20.320.5 47 3.0
63015 56+1.3 45 3.4+0.1 11.740.6  19.320.7 3.0 2.7
63016 6.6+0.9 3 3.3+0.2 12.740.6  20.5+1.2 53 2.7
63017 6.6+£0.9 6.5 3.5+0.2 11.1+0.3  20.0+0.8 47 40 24.640.2 16143 A df
63018 6.6+0.9 3 3.6+0.2 10.8+0.3 19.3+0.4 5.0 3.3
u]Z  5.2+1.5 7 3.5+0.1 12.2+0.3 16.3+0.8 3.0 4.7 23140.8 170413
W7 AR R~ T WE 3 AL~ 7 B U ok ~ 74
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F 213 T3 A dA HASAAE Qo] =FEA H ALEY
0 5 P #d 3

Type No. Z349 Fen/(')tale G 7 gj—; zéoljr J:;Jf]] EFO% ?fr J:i:?: TJF;OT A}

flower (cm) (cm) Zo]” E/‘jlk v Zng] 73‘:]] . o i
7}HA) 1 Cr7e7 60 36.5+1.5 43403 5 1 7 7 3 A =
7}HA) 2 519 87 37.0+0.5  4.2+0.2 5 1 5 5 3 A =
7}HA) 3 C790 97 28.0+0.5  3.7+0.2 3 3 5 6 5 o dE
7}HA) 4 22 92 28.5+0.5  3.6+0.2 6 3 6 6 3 °F 9=
7}HA) 5 G570 95 305+1.5 43103 6 1 6 5 3 PA
7}HA) 6 (Cbb5 97 30.5+¢1.5 41402 5 2 3 3 3 = = Ad
7}A] 7 (Ch58 90 31.5+¢1.5  3.540.1 3 3 3 3 5 °F 9=
7}HA) 8 Cb59 92 27.0+1.0  3.840.2 3 3 3 3 3 = = Ad
7}A] 9 560 80 32.0+2.0 4.240.2 2 3 5 3 3 °F 9=
7}HA) 10 563 95 31.041.0  3.940.1 3 2 5 5 3 = 9=
7}HA) 11 IS 9% 31.5+0.5  3.6+0.2 3 2 5 5 6 = 9=
7}HA) 12 Cb78 92 32.0+41.0 3.940.1 3 1 5 6 5 = d=  HAw
7}HA) 13 580 87 31.5+¢1.5  4.040.1 5 2 5 4 5 °oF 9=
7}HA) 14 b82 90 34.5+0.5  3.940.1 6 1 5 6 5 A =
A 15 583 90  330+10 41+01 3 1 5 4 5 @ m= AW
16 685 9 345405 37+01 3 1 5 6 7 o a=m
7}HA) 17 C788 87 33.5+0.5  3.940.1 4 1 5 5 5 A =
7HA] 18 C794 95 33.5+0.5  4.040.2 3 3 5 5 3 % = A
7}HA) 19 Ch66 95 31.0+¢1.0  3.840.2 5 2 4 5 6 = 9=
A4 20 IS 55 35.5+40.5  3.740.1 1 1 3 1 7 = 9=
A4 21 H576 45 29.0+2.0  4.4+0.2 1 1 3 1 7 = 9=
A4 22 H581 50 26.0+1.0 3.540.1 1 1 3 1 8 = 9=
A4 23 H583 60 28.0+2.0  3.940.1 1 3 3 1 5 = = A
A4 24 Hb577 40 275405 35103 1 1 3 1 5 A A=

“Tgt, At ~ 9 Ay, =2t
shg el meplmEsid, 2 BRaht dFa 447y
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a9 2200 AHEA

Me: w5 18, 02, 25, A4 "18. 03. 30, ZA} "18. 05. 20 ~ "18. 05. 30
BAF5 2T B 157 208, 4R A

Sz BB A, 99 AuR A% 44 A9 V9ne 3 A3 9

SAZAE o Agrlec] 12, Hee] ZFe AANAeE 214 1Y

Wrirhr]eo] 801 ‘A unitrl o2 dx) mAE "o] AMA Ao AmALY
< Tt AL At

7hr] Q0] 8123 8132 thH|Fol Wl o] = =FHol AFAHelen 7t &
Age FASZ A




£ 214 4B UBLAL 08T 2FASAANA o] 2T Fa SHQ0I8A A =)

Wit} 801 At} 5] 47 + 21 1000 =+ 0.0 0 100 91 + 08 168 + 08 255 3.8 230 6 L1y
Wit} 802 72507 4 42 108 1000 =+ 0.0 0 100 127 + 15 170 + 1.0 27.7 4 251 5

Wit} 803 72509 4 0 114 1000 + 0.0 0 100 110 + 1.0 167 + 06 274 3.6 224 4

Wit} 804 Z=u] i c}o} 7] 4 48 + 16 1000 =+ 0.0 0 100 00 + 1.3 175 + 05 25.1 3.5 215 5

Wit} 805 72518 3 36 +05 1000 =+ 0.0 0 100 87 + 18 162 + 15 28.1 3.9 244 4

Wit} 806 72520 3 40 +12 1000 + 0.0 0 100 88 + 03 s + 09 284 3.9 243 5

Wit} 807 72526 K 36 0+ 11 1000 =+ 0.0 0 +00 75+ 05 1558 + 08 28.2 3.6 260 45
Wit} 808 72531 K 36 0+ 11 1000 + 0.0 12 104 78+ 03 143 + 06 295 3.6 253 6

7}Al Q9] 809 G5 A3 K 48§ 108 940 + 55 12 +04 18 + 1.3 175 + 18 33.0 3.5 247 3

7}Al Q9] 810  JinYou No.35 K 46 +05 6o + 1.3 0 100 88 + 08 183 + 06 3

7}Al Q9] 811 72552 3 46 +1.3 %0 + 55 14 105 77+ 03 168 + 1.3 35.7 3.5 298 3

7}Al Q9] 812 72554 4 36 +05 800 =+ 71 12 104 107 + 06 163 + 1.3 34.3 3.7 337 5 L1y
7}Al Q9] 813 72557 4 36 109 N0 =+ 130 18 104 05 + 09 205 + 05 36.5 3.5 342 5 L1y
7}Al Q9] 814 72571 > 68 + 0.8 90 + 45 16 105 82 + 05 172 + 12 385 3.6 345 4

7}Al Q9] 815 72574 6 60 + 0.7 80 =+ 15.2 14 105 123 + 15 177 + 08 37.3 3.6 327 3

7}Al Q9] 816 72575 4 46 09 90 + 45 12 +04 137 + 21 168 + 1.0 37.5 3.8 335 3

FHH Q.9] 817 ALAH] 7 48§ 108 980 =+ 45 0 100 07 + 15 180 + 1.0 31 4.0 340 5

FHA Qo] 818 72580 6 48 +13 N0 + 84 14 105 92 + 03 175 + 05 31.7 4.0 345 4

FHA Qo] 819 72585 > 38 +08 80 =+ 114 0 100 97 + 1.5 180 + 1.0 29.6 3.9 315 4




0 20173 % l Ao 2018 FA FFAM AdE WMoyl B ThAjee] 23
A A GelA FAANEE FASAS @ 2:20).

- ARAS - = A4 Qingzhou Al RFEEEAIRAF Bl E k-2

- FAEY - MTH|ec] 32Y, TR0l 427

& ¥F 18, 08. 01, 4] "18. 08. 20, ZA} "18. 09. 20 ~ "18. 10. 10

7
- AYFSE 2 P 205, 208
=

- B42A FE . FTe, J|9Te BE
O BHZALE uIROE HA Qo] 22FE MEBAS(E 215 1Y 222

- bAee] 8255k 826 EA AP ABHAE 2HO 2 thulF] us) FHo| Ex
B4 Bel Polzt ggrem WALl MEA Foh WA mAYY] Aer] FIh I
R EER T

28 221 254 WEaes Au ARl M) 2o ZHASAR DAV FA)
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g 222 AHEA



E 215 4F4 2ol 2RASAE T3 8 AW A0S 27)

5T BN BN_2018 %7 ZF(EDH AE Az
K== 821 801 iR

K== 822 804 Z=n|wit}r}7)

El=a=0d 823 81506

7 2.0] 824 811 72552

7k 2.0] 825 812 72554 e
7hA Q0] 826 813 72557 a1y
7HA 2.0] 827 81564
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216, S0 EF FAYAE2017)

A 79 e

N j(*];* WA EAINEE EANNEE AAE(@
© (/) (/B)
110 155 165 1.5 1.1 26.2 H).8
75 112 180 24 1.6 293+ 4
30 58 75 2.5 1.3 20.8 1.6
R 2-17. Q0] FHEFF FAALE (20173 )
= 3l
e N OMNA MNB s 0 ;}(g) . ;if S @
71511 17-2045 71286 71287 80 271 0.34
71512 17-2073 71342 71343 40 41.0 1.03
71513 17-2043 71282 71283 21 57.0 2.71
71514 17-2044 71284 71285 23 16.7 0.73
71515 17-2074 71344 71345 55 32.8 0.60
71516 17-2046 71288 71289 160 174.7 1.09
71521 17-2048 71292 71293 14 79 0.56
71528 17-2049 71294 71295 48 111 0.23
71535 17-2050 71296 71297 22 11.7 0.53
71555 17-2051 71298 71299 69 31.1 0.45
71561 17-2075 71346 71347 36 14 0.04
71577 17-2054 71304 71305 20 52.8 2.64
71578 17-2055 71306 71307 40 74.2 1.86
71579 17-2056 71308 71309 53 170.1 3.21
71580 17-2057 71310 71311 41 116.9 2.85
o] 71581 17-2058 71312 71313 40 114.1 2.85
o] 71582 17-2061 71318 71319 32 89.3 2.79
o] 71583 17-2059 71314 71315 43 112.5 2.62
o] 71584 17-2060 71316 71317 30 63.1 210
o] 71585 17-2062 71320 71321 58 63.5 1.09
o] 71587 17-2063 71322 71323 10 7.0 0.70
o] 71588 17-2064 71324 71325 35 22.8 0.65
o] 71590 17-2065 71326 71327 42 20.7 0.49
o] 71591 17-2066 71328 71329 38 32.8 0.86
71592 17-2067 71330 71331 43 38.6 0.90
71593 17-2068 71332 71333 60 94.7 1.58
71594 17-2069 71334 71335 49 49.0 1.00
71598 17-2070 71336 71337 36 67.0 1.86
71604 17-2071 71338 71339 41 93.2 227
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Z )8 (FF) 04. 01, (B4) 05. 06, (HY) 09. 10 ~ 09. 20, (FF}4=2) 11. 01 ~ 11.
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O MTTleele] WE HAY TAYNFE 13 goldlon T els 10 golglow
tohr|eo]l zgoll A= 725070] 7hA| R olddlA= 725529 FAALE ] 7Y =dE(E
2-18).

E 2-18. 2o] THEZFO FAAYLE (2018)
Tz 239 SN MNA - OMNB s j;(g) %j%? .
wchoky] 72507 182001 TS2001  TS2003 90 168.0 19
wchohs] 72509 182002 TS2004  TS2005 50 87.7 18
wohohy] 72517 182004 TS2008  TS2009 20 184 0.9
wthohy] 72518 182005 TS2010  TS2011 50 505 10
wohthy] 72520 182006 T82012  T82013 35 261 07
JAAleel 72552 182008 T82016  TS2017 85 1371 16
JAAleoe]l 72554 182009  T82018  TS2019 70 775 11
JAAleel 72574 182010 T82021  TS2023 11 29 03
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CALUA 2 A Qo] AlE9 genomic DNA & 2 NGS 24

WAA 24528 AE) B #FFAY A LEAS) A FAE FEl HAERYH FHT 5
2 AEEE 1089 S wolA 7] 27 growth chamber(25T, 943 WA A

AE samphngo}f{}l‘/}(Table [-1-1, Fig. I-1-1). o|% 3|gd ATE dozHEH +£& =2
genomic DNAZE F &34 tHFig. [11-2). Z AEE GEH = nEZ=gol FAAES

A7) SlshA, Illumma MiSeq platformE ©] &3t NGS T4& Atk

Table I-1-1. Cucumber accessions used for genomic DNA isolation

HA LA Type BN A%
A Chinese long green CT601 CEN
A Korean solid green CT602 MGL
A Korean semi-white CT603 HHG

A2 Korean solid green CT604 YHB

A2 Korean solid green CT605 KWS

Fig. I-1-1. Cultivation of cucumber plants for genome analysis.



Marker (1kb+)

- N ® T wn 0
3 3 8 8 83 B
F F F F F F
O O 0O O 0 o
) Sample ID ng/ul 260/280 260/230 Total ug
a@ @.;) cag CT601 1140.36 1.85 1.99 ~ 1100
" e CT602 856.98 1.86 2.05 ~ 860
& CT603 475.34 1.84 193 ~ 480
CT604 1024.45 1.85 1.87 ~ 1000
‘ CT605 450.41 1.84 1.98 ~ 450
CT605" 506.33 1.86 1.86 ~ 500

Fig. I-1-2. Genomic DNAs isolated from leaves of each of cucumber accessions.

b 2ol WALA GRS §AA WL A
) o §A4 MRS BW ALY 9B wol Ao w2
O AREIANA £FFY 209 AL %A £F 2kl 3FF (Line no. C51001, CS1002,
CT603)9} A §Fekd 2FF (Line no. CT604, CT605)2] genomes re-sequencing

B8 3, Q0| reference genome A& (cv. Chinese long ver. 2.0)] mappingsl A 34
2kl ot %}—?*é 2ol zhe] zbolube wWo| A (SNP, InDel)e w43} ¢th(Table 1-2-1, Table
[-2-2). o]9]o|= 455 nuclear ribosomal DNA (455 nrDNA) A gL 45t Ho o2 A
Hol A d-g FAs T} (Fig. 1-2-1).

O 2 ZAF, o] 7/ @AAFANA F 26579709 A& AGPAH SFeA 2FFAAN dAHE
Ho| x9S AT $  Qgoen, oF SNP= 22554 (849%), InDel2 4,025
(151%)70 Fth(Table [-2-3). dMAEE+= Chr. 3 oA WHo|A o] 7} Zo] LAFHJT, I

Lo] Chr. 2, Chr. 1 £olfth. Ho|XHe] &A= AR intergenic regiono| 7}
29r11(20,020, 75.3%), 2 TthE-©] intron (4,829, 18.2%), coding sequence (CDS, 1,182, 4.5%)
ol Ath(Table 1-2-4). CDS Ao wWAEE WHold IEd WHIE FAA dzdste
ofmizsko] WAl =  non-synonymous WHolZl 5217l¥ 1, ofm|:Ab ®WEF gle
synonymous Ho|7} 6617] H t}.



Table 1-2-1. Raw data of genome re-sequencing used in this study

Cold Line Before trimming After trimming
inbred - line type -response no. Read no. | Length (bp) | Read no. | Length (bp) %
ggfg; ggéeorffa“ sensitive CS1001 | 2861968 | 856903647 | 2627534 | 585903596 | 6837
g}g gr(ge}r‘li)“ese sensitive CS1002 | 3110572 | 931526838 | 2893384 | 647,128,997 | 6947
gﬂgwéilgrean sensitive CT603 | 17,207,446 | 5142,128900 | 1589%,154 | 3,603,670,712 | 70.08
:(i]f gr(elé‘r’lr)ea“ tolerant CT604 | 18093442 | 5375626242 | 16566420 | 3,753,151,695 | 69.82
g\és grg;?)rean tolerant CT605 16,757,070 | 4,974,236,790 | 15,469,504 | 3518878279 | 70.74

Table 1-2-2. Mapping information of genome re-sequencing data on cucumber reference genome

Cold Line Used .
inbredline type -response no. trir?;ggd B}:?;itre}cilt Unmapped (ﬁ:‘ﬁiag(i)
ggfg; gggrffa“ sensitive Cs1001 2,627,534 1,575,426 261,808 249
g}g gr(gehrsnese sensitive CS1002 2,893,384 1,720,476 309,580 264
gﬁgwéilgrean sensitive CT603 15,896,154 12,528,534 835,854 13.29
nis gr(elé‘r’lr)ea“ tolerant CT604 16,566,420 13,173,818 892,960 13.92
g\és grg;?)r ean tolerant CT605 15,469,504 12,007,104 904,680 12.66

Table I-2-3. Polymorphic sites identified in nuclear genome sequences of cold-tolerant lines when

compared with cold-sensitive lines

Chr. no. SNP InDel Total
Chr 1 3,889 681 4,570
Chr 2 4,212 738 4,950
Chr 3 4,591 803 5,394
Chr 4 1,088 207 1,295
Chr 5 2,387 431 2,818
Chr 6 2,942 576 3,518
Chr 7 3,445 589 4,034
Total 22,554 4,025 26,579

* SNP and InDel were determined by comparison with reference genome sequence (Chinese long
v2)



Table I-2-4. Position of polymorphic sites identified in nuclear genome sequences of cold-tolerant

lines when compared with cold-sensitive lines

Genic regions
Intergenic
Chr. no. CDS UTR B Total
Intron regions
Synonymous | Non-synonymous 5 ¥
Chr 1 106 69 20 69 660 3,646 4,570
Chr 2 117 95 3 62 961 3,684 4,950
Chr 3 105 76 11 48 1,170 3,984 5,394
Chr 4 28 28 5 30 276 928 1,295
Chr 5 73 95 20 79 488 2,063 2,818
Chr 6 75 54 24 3 481 2,851 3,518
Chr 7 157 104 39 77 793 2,864 4,034
Total 661 521 150 398 4,829 20,020 26,579
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Fig. [-2-1. Assemblies of cucumber 455 nrDNA sequences. One major (type 1) and two minor
(type 2 and 3) 455 nrDNA sequences were de novo assembled for each of four cucumber
samples. (A) Structure of 455 nrDNA sequences (6,350 bp) assembled in cucumber. All 455
nrDNA structures and sequences were identical with exceptions of four SNPs (red triangles).
(B,C) Read-depth of major (type 1) and minor (type 2 and 3) 455 nrDNA sequences. high-quality
PE reads of var. Korean solid green (B) and var. Chinese long green (B) were mapped and

read-depth (x) were determined.
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Table I-2-5. Polymorphic sites identified in mitochondria genome sequences of cold-tolerant lines

when compared with cold-sensitive lines

SNP InDel

Total

Mt

13 0
(NC_016005.1)

13

Table [-2-6. Position of polymorphic sites identified in mitochondria genome sequences of

cold-tolerant lines when compared with cold-sensitive lines

Genic regions
CDSs UTR Ir;’;e}ri%;ergc Total
Synonym | Non_syn 5 ¥ Intron )
ous onymous
Mt
0 0 0 0 8 5 13
(NC_016005.1)
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Table I-3-1. List of chloroplast genomes assembled in cucumber breeding lines used in this study

Cold Line Total 1SC IRb S5C TRa
Inbred line t length
rored Ane ype -response no. e(rl;%) (bp) (bp) (bp) (bp)
MGL (Korean sensitive | CS1001 155525 | 86877 | 25187 | 18274 | 25187
solid green)
CEN  (Chinese sensitive | C51002 155525 | 86877 | 25187 | 18274 | 25187
long green)
MGL x CEN CS1003 155525 | 86,877 | 25187 | 18274 | 25,187
CFN x MGL C51003 155525 | 86,877 | 25187 | 18274 | 25,187
HHG - (Korean | oo cvve | CT603 155525 | 86877 | 25187 | 18274 | 25187
semi-white)
YHB  (Korean tolerant CT604 155501 | 86877 | 25187 | 18250 | 25187
sold green)
KWS  (Korean tolerant CT605 155525 | 86877 | 25187 | 18274 | 25187
sold green)
CFN x MGL CFO1 155525 | 86,877 | 25187 | 18274 | 25187
MGL x CEN CF02 155525 | 86,877 | 25187 | 18274 | 25,187
YHB x HIG CF03 155501 | 86,877 | 25187 | 18250 | 25,187
HHG x YHB CF04 155525 | 86,877 | 25187 | 18274 | 25,187
KWS x HHG CF03 155525 | 86,877 | 25187 | 18274 | 25,187
HIIG x KWS CF04 155525 | 86,877 | 25187 | 18274 | 25,187
i"‘%;s % g
5 ; ¢ H g Ei
P
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Korean solid green-type
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Fig. I-3-1. Chloroplast genome map of cucumber Korean solid green-type inbred line YHB
(CT604). The map was generated using OGDRAW (http://ogdraw.mpimp-golm.mpg.de/).
Genes transcribed clockwise and counterclockwise are indicated on the outside and inside
of the large circle, respectively. The four parts of the chloroplast genome and GC content
are indicated on the inner circle. A novel 24-bp deletion site is indicated by red arrow
head.



(A) @ C. sativus Korean solid green-type inbred line YHB

® C. sativus cv. Baekmibaekdadagi (DQ119058)

S @ c. sativus cv. Gy14 (DQ865975)

@ C. sativus cv. Chipper (DQ865976)

@ C. hystrix (KF957866)

@ C. sativus cv. Borszczagowski (AJ970307)

0.0002
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Fig. I-3-2. Phylogenetic tree and sequence comparison of cp genome sequences of inbred
line YHB and other cucumber cultivars. (A) Tree was generated with complete cp genome
sequences by multiple alignment using MAFFT (http://mafft.cbrc.jp/alignment/server/index
html) and a neighbor-joining (NJ) analysis using MEGA 7.0 (Kumar et al., 2016). Numbers
in the nodes are bootstrap support values (>50%) from 1000 replicates. (B) A novel 24-bp
deletion site found within ycfl gene in chloroplast genome sequence of inbred line YHB.
Tandem repeat of 24 bp is indicated by box below sequence alignment. (C) Confirmation of
24-bp deletion using PCR analysis with genomic DNA. M, 100-bp DNA size marker; CLG,
Chinese long green-type cucumber variety; KSG, Korean solid green-type cucumber variety;

KSW, Korean semi white-type cucumber variety.



% 9ol AZA FAA FAWA

O A%sgoﬂ; 2 1AdE ATFEREH 92 MGL-type @ CFN-type 2o &%l 7+ F+E&
HEA FHA fFf SNPE ol &FozH, Qo] JFA FHA FHLFAE ot rhFig.
[-4-1). mEZ=Zo} FAYA ZAE HdlAE, 29| genome re-sequencing dataE
nEZE=dol fdAd  mappingdo 2 Flg 297 ®olAHe] mEE B Fl

ABANA BERFE ZAST 01F 20 bl Aolbe &) InDel Mol A A& rlAz
AH&-3H 4T} (Fig. [-4-2, Table 1-4-1, Table 1-4-2, Fig. 1-4-3).

O Qo] F1 AEAY wEZEg ol fFAAdA HAFE 29719 WA H| genotyped EF
HEASA HEL BYon, o]F e wWoldl ik genomic DNA PCRE 3t AZFAME
°E‘/\] U]Ei‘: ol7} BA Aol AU (Fig. 1-4-2, Fig. [-4-3). o]gl= W R Qo]

A A EAsts Wols [ HEA M EA fFAEANSH, o= genomic DNA
PCR AFA@d A E Q= Uk (Fig. 1-4-3).

O ZARHe=E, Axd #dA Ad 4L A, 2old HEZE=gote U
AEFTETe 28 FAFHLE tg AWZE AgHL, §8Ac UE 4E

oA L %

frdez dgdo] FA= Ut (Fig. 1-4-4).

e
&

53,610

AL (B GGT TATGGTGGAGTTT TTAACCGGT TTCATITCATGAT TTTGACTCCCAARAT TTACTAGA RGN/
cp2 ndhC~ leleakivXilelel ; 'CGGTTTCATETCATGATTTTGACTCCCARARTTTACTAGA RIS
cp3 ndhC~ leleiliy-Nidele GTTTTTAACCGG CATETCATGATTTTGACTCCCARAATTTACTAGA Rl 1o
LRl T TATGGTGGAGTTT TTAACCGGT TTCAT§TCATGAT TTTGACTCCCARARAT TTACTAGA JalittlaELle
dCAPS for EcoRV 5’ -GGTGGAGTTTTTAACCGGTTTGAT-3’
dCAPS for Rsal 3’ -ATGACTAAAACTGAGGGTTTTARATG-5"

Fig. I-4-1. A SNP found between cp genomes of two cucumber varieties. A single SNP was
found at 53,610 bp of cp genomes between Korean solid green (CFND, cpl) and Chinese
long green (MGLCC, cp2), which was also present in cp genomes of their reciprocal F1
hybrids (CFND x MGLCC, cp3; MGLCC x CFND, cp4). The position of SNP was intergenic
region between ndhC and trnV-UAC gene. Two dCAPS primers for the SNP were shown.
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Fig. I-4-2. Polymorphic sites in mt sequences between two parental lines and F: hybrids. (A)
Map of cucumber reference mt genome (NC_016005) with polymorphic sites. The 292
polymorphic sites found in mt sequences between two parental lines, MGL and CFN, are
indicated in outmost circle. The map was generated using OGDRAW. (B) Genotype
comparison of the polymorphic sites in parental lines and F; hybrids. The same color

indicates the same genotype of polymorphic sites among parental lines and F; hybrids.

Ref-mt indicates genotype in reference mt genome.



Table I-4-1. InDel sites with length difference of more than 20 bp found in mitochondrial

sequences between two cucumber varieties.

, Korean Chinese
Position® Reference solid green long green MGL x CEN CFN x MGL
(MGL) (CEN)
e G G GGTCCTACTTCC | GGTCCTACTTCC G
(intergenic o ATATGGATA (21 | ATATGGATA (21
rps10~nad4)
bp) bp)
226830 CCTACGGATAAA
, : CCTACGGATAAA CCTACGGATAAA
(intergenic of TCCTCCGGA (21 C TCCTCCGGA (21 TCCTCCGGA (21 C
matR~atp6) b bp) b
P) P)
274021 CGTAGGACTATC CGTAGGACTATC
(intergenic of CATTAGAA (21 C ng?&%fg%f CATTAGAA (21 c
rpsl3~trnF-GAA) bp) bp) bp)
355336 ACTACTTCTAAT
, . ACTACTTCTAAT ACTACTTCTAAT
(intergenic of GGATAGIC (20 A GGATAGTC (20 GGATAGIC (20 A
trnF-GA A~rpl5) b bp) b
P) P)
766753 CTTATCCGTAGT
(intergenic of C C S SEARC] | CCGGAGGAT (22 c
sdh3~nado) o) ( bp)
1074192
, . CCTACGGATAAA
(intergenic of CCTACGGATAAA
trnD-GUC~trnfM.- ¢ ¢ TCCTC%%GA @1 Jecreccea (21 ¢
CAU) P bp)

ab

cultivar Calypso (Alverson et al., 2011).

Table I-4-2. Molecular markers designed in this study

Based on mt genome sequence (NC_016005, 1,555,935 bp) previously reported in cucumber

Marker ID

Marker
type

Direction

Estimated amplicon sizes (bp)

Primer sequences
(53

MGL CFN

MGL x
CFN

CEN x
MGL

Cp-SNP-01

dCAPS

GGTGGAGTTTTTAACCG
GTTTG AT

TTCGAGTCCGTATAGCCC
TATATTA

245 269

245

269

Cp-SNP-02

dCAPS

TGAAGAAGGAAAGAGA
AGACGACTA

GTAAATTTTGGGAGTCA
AAATCAGTA

256 231

256

231

Mt-InDel-01

GCGGACTGCTTCGGTITA
AT

InDel

ACCTGTCCTACGTGCCA
AAG

258 265

265

258

Mt-InDel-02

AGAAAGGTCCAAAGCCC
TTC

InDel

GCAGCGAGAAAGTCAGA
GGA

329 354

354

329

Mt-InDel-03

TTCTCTCCGTACCGCGTA
GT

InDel

TCACCTGGACCTTTCTTIT
GG

347 371

371

347

Mt-InDel-04

ACCTTAGGCCGGACCTC
TTA

InDel

CATCCATATGGGCCAAA
GAA

365 389

389

365

Mt-InDel-05

InDel

TTAGAAGCAGTCCGCAG
GAT

ACCGTCCGTAGGAGTICC
TIT

303 328

328

303

Mt-InDel-06

CCGGGAAATAGCAATGA
AAG

InDel

R e o T T B B R el - o - o e

ACCTTCCTGCTTCAGGGA
AT

585 580

580

555
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Fig. [4-3. Validation of molecular markers derived from on cp and mt sequence
polymorphisms. Eight molecular markers (Cp-SNP-01 to Mt-InDel-06) were designed based
on cp and mt sequence polymorphisms and validated using genomic DNA PCR analysis
with 12 cucumber samples. M, 100-bp size marker; MGL, Korean solid green-type inbred
line; CFN, Chinese long green-type inbred line; MGLXCFN, an Fi hybrid between MGL
(maternal) and CFN (paternal); CFNxMGL, an F; hybrid between CFN (maternal) and MGL
(paternal); BP15, Beithalpha-type inbred line; MGLxBP15, an F; hybrid between MGL
(maternal) and BP15 (paternal); BP15xMGL, an F; hybrid between BP15 (maternal) and
MGL (paternal); CFN’, another plant of Chinese long green-type inbred line CFN; MGL,
another plant of Korean solid green-type inbred line MGL; HHG, Korean semi-white-type
inbred line; YHB, another Korean solid green-type inbred line; KWS, another Korean solid

green-type inbred line.
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Fig. I-4-4. Inheritance pattern of cp and mt in cucumber. Complete organelle genome-based
genotyping confirmed that cucumber cp was inherited maternally while mt was inherited

paternally.



np, Qo] YALA fFAAAS nEZEdol A4 44
O AL ZFA Lo §%8¢ HHG (CT603), g4 Lo &Fe¢l KWS (CT605)2] genome
sequencing dataE o] &3 AF mEZ=ol FHAES assembly FFHTh(Table 1-5-1,
Table 1-5-2). n]EZ=g o} AEQ assemblyd= 7|2 BuE 20| r]EZ=dol AHES
reference 2 A48l 9 th
O 94" AL TA 20 SFekId HHGY A wEZE=Zor fAA= 1,637,584 bpel
slhue] Atk 93 genome FE 2 SAdHITH O]—E 71Z0 4#H 7 mEZEol AEdET
AA8l= Fe o), referenceZ ALE ¥ 2o0]9 pEZEZg|o} genomeo] F|o] FTEE 9
genome FE|Z ¢ H AT= ztel7t = Zi% A F 5 ATk
O AL AHgH o] §FedQ KWSe nEFZ=zo} genome A EL 96,182 bp 2 75}0 43
genome} 1,555,540 bpel & HA FE]9 genome AGE UHolA 4A4FT. @ AF
deo] Ze genomed = FAAE TFH YA @ggkoed, AAJE B HP%/&% 9
ZFoE o|FA ' e A T g AT vEt nEZE= ol AEe B, thgd
HHE A do] W Fo T3 5 glon, §hE AadETY] Azl wek thekd Fejt 24 @
T 7] WEd AA Ax JFde S48 s & o U FHo nEZ=ot
genomeo| ZA) & Aow 2= & 4 gt}

O ¢4¥ mEZE=gol A<EE annotation ¥ A}, tRNA °@XPE A )3k

e
coding sh= Ak & HHGS KWS Apeldl Aol gle ALz e (Fig
[-5-1) .
Table I-5-1. Cucumber samples and NGS data used for mt assembly
Cucumber Raw data Trimmed data
samples reads Bases reads bases
HHG 14,141,756 3,440,354,938
17,297 446 5,142,128,900
(Cold susceptible) (81.76%) (66.91%)
KWS 13,804,029 3,362,463,150
16,757,070 4,974,236,790
(Cold tolerant) (82.38%) (67.60%)
Table I-5-2. Assembly information of HHG and KWS mitochondrial genome
Mitochondrial
Sample name Aligned no. of read Coverage (x) genome length
(bp)
HHG 1,056,920 151.39 1,637,584
KWS_linear 1,821,892 269.7 1,555,540
KWS_circular 31,510 7111 96,182
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Fig. I-5-1. Mitochondria genome map of cucumber samples. HHG mt genome was assembled in
single circle map. HHG mt genome was assembled in single circle map with 69 genes. KWS mt
genome was assembled in one small circle map and one large linear map with 70 genes. There

was no gene in the small circle genome of KWS mt.



29. Qo] A4 A48 I 2 AFxF {FHA WHol 7|k FARA T 2 AF
EX FAA Fd ALY A EARAY F &
T e Af BEAEAE HuE CSycflSNP m#AE Qo] Gyld
(A& #Z4d) 2td3 Chipper (A2 AFA) ede] A FHAY HRATE F3HA
H Elaz

elH yfl GARAFe] SNPE o2 3 dCAPS mFA YAl et al, 2013).
O 9 BATAE B ATA o437 UE 20 £34 AT A3}, YALY §Fed
YHB¢} KWSE ZrpA elsd &3 WA o}aiE}(Flg I-1-1). ©] AL & oA
o] &35t v WAHA 20 &FEldE] 7Ed €8 Chipper &= & FAF
WAL AUT Y= AT SEALoY] YEoE Az
CSycf1-SNP
(A
200 bp
100 bp
O 0
s 2 2% =2
= 0O > I x
(B z 2 om® 2 3 & & 3 &
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100 bp

Fig. II-1-1. Application of reported cold-tolerance-related molecular marker. (A) A marker
CSycfl1-SNP was reported as dCAPS marker related to cold-tolerance in cucumber, based on SNP
in ycfl gene between cucumber lines Gyl4 (cold-sensitive, A) and Chipper (cold-tolerant, B) (Ali
et al, 2013). (B) The CSycfl-SNP marker was applied to cucumber breeding lines used in this
study. All cucumber lines including cold-tolerant lines (YHB and KWS) showed same genotype

as cold-sensitive line reported in Ali et al (2013).

o A LA, A5 50 ol XS T8 UALA #4d TR {FAATE g4
O Genome re-sequencing data & ©] &34 e AL A4 gl AF WHolE /M AY F

FAA A9E & o A= A E45%HT.

O Zt &AAY 7)15E o|&fstA} InterPro domain 492 conserved domaing ki,
A sE 1Y FAAE Blastp Moz gtk 1 F HE AEE AT
WA HE" Aoz HuH SAR AEAL Hol= Qo LAXE FPT o
FARE] 7 Qe ATA 2Bl AT WolE AT



0 2 A, 1609 WAL BE FR $AAES A2E 5 YQrhTable [12-1). oF 147)E
Qo] & FAAZANAM FHE Fola, Ve o] WEZE=ot FHAYAA FHe Flolt.
o fAAUAA BATE WolE SMom, F 1649 FHA F, S FHA Ao
1470e] &2 mtAE st

Table 11-2-1. List of cucumber candidate genes related to cold-tolerance, based on
polymorphisms identified in cold-tolerant lines
Polqurphism location Polymor
Cucumber . L In genome his
genen}D Description Description 5 — I(I))catiréln Type
Chr. Position in gene
Spermidine 1025177-1028 CDs, SNP,
Csa1G005540 synthase Enzyme Chrl £03 Intron. | InDel
Heat shock Molecular 8177460-8179 CDS, SNP,
C5a2G122520 protein chaperon Chr2 966 Intron [nDel
C5a2G249810 Dehydrin %ﬂ;é‘;@f Chr2 12194743 CDS | SNP
Glutathione Antioxidant
Csa2G345970 S transferase enzyme Chr2 15452507 Intron [nDel
Csa2G351650 Thioredoxin Antioxidant Chr2 161%167%1272-161 Igr’lg%ﬁ' ISHI]\I)I;
AP2/EREBP Transcription
Csa3G019400 sene factor Chr3 1935594 CDS SNP
CDS
Heat shock Molecular 2121407-2121 4
Csa3G020090 protein chaperon Chr3 064 Igr}g%% SNP
Copper/zinc .
Csa4(192040 superoxide Antioxidant Chrd 942353,2'9426 CDS, SNP
dismutase enzyme 25 Intron
CsabG635440 Glutaredoxin Antioxidant Chrb §S%§§586-261 CDS SNP
Csa6G504670 Glutaredoxin Antioxidant Chr6 %22%37222'256 I(rigg,n Isn I\];I;i
Ascorbate Antioxidant 712258-71585 CDs, SNP,
Csa7G011830 peroxidase enzyme Chr7 4 Intron [nDel
BRI1-associated
Csa7G060160 receptor kinase Receptor Chr7 28518182'4034 Intron IS NP,
nDel
(BAK1)
Fatty acid 13777156-137 CDs, SNP,
Csa7G376370 desaturase Enzyme Chi7 78715 Intron [nDel
. Antioxidant 15995195-160 CDs,
Csa7(G414510 Peroxidase enzyme Chr7 07586 Intron SNP

Cucumber nad Mt
m NADH

mt gene deh(ydrogenase Enzyme (NC_016005.1) 63112-298482 Intron SNP

subunit 2)

C b nad> Mt 854113-99668

ucumber NADH -

mt gene del‘ézdrogenase EnZyme (NC_016005.1) 5 Intron SNP

subunit 5)




O Ae ATH B F5EA 2ol §FUY o fHA Edozry F® 26579719
HolMd 2 YAL4dT dBHd e Aoz S KA ZAs:
Mol R g ol o2 BRAEAZ Aty o] §Eelel Fes

O o F WALAI ddH e Her F= He FH
Cu/Zn superoxide dismutase (Cu/ZnSOD) FAAE e =
WA 2AEs gl 55 2tdite] DNA AgE ®Holg 7|ite s YA 2Ad 48 EARA
et

0 o FR 4AAE <old 48 QaAel ZAst §AA (CsadG192040)0]5  FA
WA kel AE Wol7t genic A HA= g 7 FAR I promoterst intron 2 H A=
g7k EAET. & AFdA= genic AQolAe] Wolst intron A Aol WolE
7Iwro = Zvzh 3§k sl dCAPS mtAE A AISHH T (Table 11-3-1).

O B BARASE B AT ASHT g 1874 2ol §Feklol Bestd A w

FeHId YHB o KWS SFeelat g4 SFekdlss 78 € +
A §FEAY Fi AEAdAT od™=E  hetero genotype &

L
5
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2>
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2
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kol
B>
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Table II-3-1. Two dCAPS markers developed based on polymorphisms found in SOD genes

between chilling-tolerant and -susceptible cucumber inbred lines

Product size after
Mark digestion Used
D Primer sequence Location | Chilling Chilling | restriction
sensitive tolerant enzyme
type type
Cs4G-Cy | Forward: rgeir(;lrfs
CACAATCCAGTTCGTCCAAGCTTITAA & Dral
ZnSOD- | g2 e in 241 bp 268 bp (TTTAAA)
Dral GGTATCGCCAAGAGCATGGA Csagﬁ)l%
Cs4G-Cy | Forward: Intron in
ZnSOD- | ICACTCCACTATGGTTATAGTGACC | CadG1op 286 bp 314 bp ( f\‘% CIT)
Alul ACTTATTCCACTTGGTTGGTTG 040
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Fig. 1I-3-1. Validation of two dCAPS marker developed based on polymorphisms in cucumber
CuZnSOD  gene (CsadG192040). (A) Cs4G-CuZnSOD-Dral. (B) Cs4G-CuZnSOD-Alul. Two
dCAPS markers could distinguish successfully cold-tolerant inbred lines (YHB and KWS)
from cold-sensitive lines. Sample name CFNxMGL to HHGxKWS indicate F1 plants generated

by reciprocal crossing between cold-tolerant and -sensitive lines.

2) FA3ta s FAA APX U9 WolE o] & EAxA
O X U 3R fFHAXE TH  GAAY  HARS=  ascorbate  peroxidase  (APX)
FHAHCsa7G011830) & A&l star, o] FAAA o EAste WHolAFE 7Htez 1F9]
dCAPS m}7 2 47459 (Table 11-3-2).
O B EAEAE E A7 AHEHI e 1871 0] SFEle A& A, A
S%Zg919 YHB9 KWS SFe913 44 S$FHU5L 18 & 4 dden, yxeAy
FA SF902 I A EANHE ddthE hetero genotypeg R Yt} (Fig. 11-3-2).

.
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X

Table II-3-2. Information of dCAPS marker developed based on polymorphisms found in APX

gene between chilling-tolerant and -susceptible cucumber inbred lines

Mark Product size after digestion Used
arer Primer sequence Location - restriction
ID Cold sensitive Cold enzyme

type tolerant type
Forward:
TATACCTTTTTTAGCATC |G e n i ¢
Cs7G-AP | AGGAATT regions in EcoR 1
X-EcoR I | Reverse: Csay7Go1183 | 022 bp 299 bp (GAATTC)
CAATGCATCTACTATGGC | 0
AAGA




YHBxHHG
HGGxYHB
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200bp

Fig. 1I-3-2. Validation of the dCAPS marker Cs7G-APX-EcoR1 developed based on
polymorphisms in cucumber APX gene (Csa7G011830). The dCAPS marker could distinguish
successfully cold-tolerant inbred lines (YHB and KWS) from cold-sensitive lines. Sample
name CFNxMGL to HHGxKWS indicate F; plants generated by reciprocal crossing between

cold-tolerant and -sensitive lines.

3) Ak B¥ 3l 54 §AR FAD o] HMolE o] 83 BAEA
O F7H4QQ FH fAEx=z ™ G4A XSk fattyacid desaturase (FAD) @A}
(Csa7G376370)5 w=3oti, s FdAdel At WHolAHE 7|¥te 2 F 159 dCAPS

oA ¢} 129] InDel vFAE A A 3% th(Table 11-3-3).

O B EAFTAES B dAFd AgHz e 117 Lol §FHdd H&3 Ax, UALA
$%e99 YHBSE KWS $F8de v #Zs4d SFely 72 &
WAeAT A §Fe4d9 B 4 EAAME o4z 2ol
gtolstgdnt (Fig. 0-3-3).
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Table 1-3-3. Information of molecular markers developed based on polymorphisms found in

FAD gene between chilling-tolerant and - susceptible cucumber inbred lines

Mark Product size after digestion Used
arer Primer sequence Location - restriction
ID Cold sensitive Cold enzyme

type tolerant type
Forward:
AAATATCAAACCTGGAT |G enic
Cs7G-FA | TGCATGCG regions  in Hha 1
D-Hha I | Reverse: Csa7G37637 274 bp 251 bp (G/CGCQ)
AATCTCCTCCAAGGCTCT | 0
TTAG
Forward:
TGAGTATTCTCTTGCITA |Intron
Cs7G-FA | TACTGCA regions in
D-InDel Reverse: Csa7G37637 295 bp 258 bp
ATCCAAAGTAGCTAAGG | 0
CAACA




CFNxMGL
MGLxCFN
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HGGxYHB
KWSxHHG
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Fig. 1M-3-3. Validation of the dCAPS marker Cs7G-FAD-Hhal developed based on
polymorphisms in cucumber FAD  gene (Csa7G376370). (A) Cs7G-FAD-Hha 1. (B)
Cs7G-FAD-InDel. The markers could distinguish successfully cold-tolerant inbred lines (YHB and
KWS) from cold-susceptible lines. Sample name CFNxMGL to HHGxKWS indicate F; plants

generated by reciprocal crossing between cold-tolerant and - sensitive lines.

) 9 37 9ud §A4 HP U9 Mol g o] §8 LAER
O

Qo] & HFAA &A= heat shock protein (HSP) FAx ZF, 30 JAA o &A=
FAAF (Csa2G122520, Csa3G020090)o] ZAjsts Wol 9L 7jgtom & A 7)¢] dCAPS

m}7 2 A5 cHTable [1-34).
0 ol % 34 AuAd A Wl A2 PHAR coding Hi CDS A o) EA ek

wolAdolm, Alg 444 CDS AdolA wAR T 7)) SNPE slem ¥ sl niAE
gAY,
0 AgE BAEAST X AT ASHL Yt 10 2ol §3Ue] H8F A WA LA

S5 YHBE KWS SFedle o #eAd sFadd 78 & F dslen,
WA A3 7A5A SFa99 F AEA G AR hetero genotype
e 4 Ul (Fig. 1-3-4).
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Table II-3-4. Three dCAPS markers developed based on polymorphisms found

between chilling-tolerant and -susceptible cucumber inbred lines

in HSP genes

Product size after
Matk digestion Used
aIiDer Primer sequence Location Chilling Chilling restriction
sensitive tolerant enzyme
type type
Ca2CHS Forward: Genic Ren 1
52G- GGATGATGCTTCGAAGT GTA regions in 50
P-Rsal | Reverse: Csa2G122 | 216°bp 195 bp (GTAC)
TGAACAGGAAGCCATAAAGTCT 520
Cs3G-HS | ACACT ons Alu 1
835G~ ACACTCACCTTCACATCATCTITAGC regions in U
P-Alul | Reverse: Csa3G020 | 419°bp 39 bp (AGCT)
TGCTTGATGAATGATCTCTTTG 090
COCHS Forward: Genic Ren 1
53G- CAGTCGGCTCGAGAATCGTGTA regions in 50
P-Rsal Reverse: Csa3G020 288 bp 267 bp (GTACQ)
CGATCCATTCTCTCAGACTAGG 090




(A

CFNxMGL
MGLxCFN
YHBxHHG
HGGxYHB
KWSxHHG
HHGxKWS
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Fig. T-3-4. Validation of the dCAPS markers developed based on polymorphisms in cucumber
HSP  genes (Csa2G122520, Csa3G020090). (A) Cs2G-HSP-Rsa I. (B) Cs3G-HSP-Alu 1. (Q)
Cs3G-HSP-Rsa I. The markers could distinguish successfully cold-tolerant inbred lines (YHB and
KWS) from cold-susceptible lines. Sample name CFNxMGL to HHGxKWS indicate F; plants

generated by reciprocal crossing between cold-tolerant and - sensitive lines.



5) AP2/EREBP §ZAA €] Wol& o] &3 FAEA

O F7HQA FHEH HFHAAE 3w @A 9Ast= AP2/EREBP  fAATY  £3t=
Csa3G019400 #xte] Wolz¥-g wZsly, T WHo|AHE 7utez F 1F2] dCAPS
oA & kst Yo (Table 11-3-5).

O JiEE EXAZAE B A AEHIL ' 1 o] §EFHdd HEe Ay, yAHLA
SFE9 YHBSE KWS §Fede tE2 A STy 78 & 4+ 9d%len,
YA A4 §FeQe] b AEAAAE ddtl2 hetero genotyped Hole A&
e 4 gl (Fig. 1-3-5).

fl

Table II-3-5. A dCAPS marker developed based on polymorphism found in AP2/EREBP gene

family between chilling-tolerant and -susceptible cucumber inbred lines

Product size after digestion Used
Marker Pri . o
rimer sequence Location — restriction
ID Cold sensitive Cold enzyme
type tolerant type
Forward:
CAGTCGGCTCGAGAATC |G e n i ¢
Cs3G-AP | GTGTA regions in Msp 1
2-Mspl | Reverse: Csa3G01940 296 bp 276 bp (CCGG)
ACACACACTGACACAAC | 0
CACTT
a4z m 9 9
o & £ £ =2
= Q T > o] x
z 24 © @ @2 2 3 5 &6 9 &
L O I = Q I
6 = T £ £ & = £ ¢ S £
400bp
300bp
200bp

Fig. 1-3-5. Validation of the dCAPS marker developed based on polymorphisms in cucumber
AP2/EREBP gene family (Csa3G019400). The marker could distinguish successfully cold-tolerant
inbred lines (YHB and KWS) from cold-susceptible lines. Sample name CFNxMGL to HHGxKWS

indicate F1 plants generated by reciprocal crossing between cold-tolerant and - sensitive lines.

6) Glutaredoxin ( GRX) $ @A 2] Wo]Z o] &3l B2 XA

O Qo] 3 {FAA EAsE GRX FAA F, 5 dAA o EA8HE A AHCsabG635440) <F
6 AMA ] EASE fHAHCsa6G504670) mToﬂ EAsE WolAde ez F A
7He] dCAPS mtAZE A A 5 tHTable [1-3-6).

O 5 FAR s CDS Aol = F 7)o wo]X F(SNP)o]
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A NE 6719 CDS MEF & 71 AE ol shte] oA % (SNP)o|
slsget.

O o]&

Efz gd EAEAE 2
oz

Aol AHE-H

A7, WAL S22 YHBY KWS $Z8¢1L o2 7+

aAfed, WAL FrAd sFHde Ty

Hol= AL ol ¥ 4 AT (Fig. 1-3-6).
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Table II-3-6. Three dCAPS markers developed based on polymorphisms found in GRX genes

between chilling-tolerant and -susceptible cucumber inbred lines

Product size after
Matk digestion Used
arIDe r Primer sequence Location Chilling Chilling restriction
sensitive tolerant enzyme
type type
Cs5G-GR | ARTOG o Mbo 1
500 AATGGTTTAGAGGAAGTGGAGGGAT regions in Moo
X-Mbol | Reverse: Csa5G635 | 202 bp 178 bp (GATC)
CTCTCTCAAGCTCGAAAACATT 440
C5G.CR Forward: Genic P |
500G~ TCCTTTGAGAACCCATTTGATCTGC regions in st
X-Pstl | Reverse: Csa5G635 | 099 bp 309bp | (cTGCAG)
AGTCTCTTAATTTCCTCTGCCC 440
Cs6G-GR | CTOTAATTTT o Sal 1
s6(5- GTGTAA GGTGGAGGATGTCGA regions in a
X-Gall | Reverse: Coacso4 | 307 bp B4bp | (GTCGACQ)
ATTCAGGGAATAGGAAAAGGAA 670
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Fig. T-3-6. Validation of the dCAPS markers developed based on polymorphisms in cucumber
GRX genes (CsabG635440, Csab6G504670). (A) Cs5G-GRX-Mbol. There are two restriction site
in sequence of Cs5G-GRX-Mbo I PCR product sequence. Therefore, two bands which have
202-178bp size and 123bp length were marked on the gel. Smaller band was skipped in
this gel picture. (B) Cs5G-GRX-Pstl. (C) Cs6G-GRX-Sall. The markers could distinguish
successfully cold-tolerant inbred lines (YHB and KWS) from cold-susceptible lines. Sample name
CFNxMGL to HHGxKWS indicate F: plants generated by reciprocal crossing between

cold-tolerant and - sensitive lines.



7) Peroxidase 874 U9 Mol o] §8 BAKA

O Qo] 3 HHAAd ZEASHE peroxidase FHA F, 7TH JAA ZAste=  POD
AR (Csa7G414520) o] ZAste 270e] CDS F 2¥WA CDS A dex =Ad
o] 2| g (SNP)& 7|¥te 2 dCAPS mtAE A A st thTable I1-3-7).

O olg EHZ /dd EAZIAE B oﬂ:r%ﬂ ALET Q= 1] Qo] SZeole AL

$%2lel YHBSH KWS £3ekele b8 744 §3edn 72 ¢ 5
AN em, q]x{ixhﬂr Fd e
Holz A& 4

3 53 Fi AEAdAE AGHE  hetero genotyped
ATt (Fig. 1-3-7).

m°1'
}4

Table 1I-3-7. A dCAPS marker developed based on polymorphism found in POD gene between

chilling-tolerant and -susceptible cucumber inbred lines

Mark Product size after digestion Used
arer Primer sequence Location - restriction
ID Cold sensitive Cold enzyme

type tolerant type
Forward:
ATAACCGACCCAAGTIT |G enic
Cs7G-PO | GGACCGTA regions in Rsa |
DRsal | Reverse: Csa7G41452 218 bp 242 bp (GTAC)
TCATCCATATTGCTCTAT | O
TCCC
a4 2z o m £ 2
, 2 8% % % E
z2 4 0 m z 4 @ 0 2 ¢
o o
6 2 F £ ¢ b 2 £ 9 &

400bp

300bp

200bp

Fig. 1-3-7. Validation of the dCAPS marker developed based on polymorphisms in cucumber
POD gene (Csa7G414520). The marker could distinguish successfully cold-tolerant inbred lines
(YHB and KWS) from cold-susceptible lines. Sample name CFNXxMGL to HHGxKWS indicate F;

plants generated by reciprocal crossing between cold-tolerant and - sensitive lines.



gt AZA FAAL] WHolE o] 85 A2 Ad FAEA JE 4 A§
O Ae e 9ol £% B 3ER (Line no. CS1001, CS1002, CT603)t Aa4d <ol
%58l 2FF (Line no. CT604, CT605)2] A FGEA HHAE assemblyst 2 L&
Hustgoh shAgE AL A g8l F FTF EFAAT THEHE GEA FAAG

HolA9-E e = gt

O HEZEFol fFAANAAE AL FFAT AYYE 72T F = F 1919 SNPE
gotomn, olF nad2 ¢t nad5 T NS FHAY intron A G A wWHolXHE WAHAFT
ATt

O o] &, nad2 AGAXE repeate] 7t Wol markers AT o™, nads FHAE
intron A Yo ZA3t= 2bp Z7]9] InDel Wo|E o]&3te] F 17]¢] InDel dominant
A E AASEA T (Table 11-4-1).

O B d7d A" 10 45 AEd nrE HEs 2 A, 26cycled] PCR FF &
A4 &FeRell YHBe} KWS SFeldles t2 g4 STz 72 &
Ao (Fig. M-4-2), o]Btt PCR cycleo] Z7}3tAL, Z7)9 Wol& DNAY ¥%7l =
3%, 7129 band 9 ste] band7t H A2 F A& FUsATh AT F7HH
band7} AAE WA LA SFedd deA sFade FEst=HdE £47F gle A
g & ok

N
Mo o me 4 =2

Table II-4-1. Two dCAPS markers developed based on polymorphisms found in mitochondrial

genes between chilling-tolerant and -susceptible cucumber inbred lines

Product size after digestion
Marker Pri L .
D rimer sequence ocation — Cold
Cold sensitive type tolerant type
Forward:
ACTACAAGTCTTCTTCTTATT .
CsMt-nad Intron in
5-Domi ¢ Mt nad5 204 bp
Reverse:
AATCAGACTTCCGACCACCG
4 z o o ¢ 2
0 - =
o 2 @ o 9 0
Q (U] I
= S 5 2 = 9 E %

300bp

200bp

100bp

Fig. 11-4-2. Validation of the dominant marker developed based on polymorphism in cucumber
nad5 gene (NC_016005). The marker could distinguish successfully cold-tolerant inbred lines (YHB
and KWS) from cold-susceptible lines with 26cycle PCR amplification. If DNA concentration was
high or PCR cycle was more than 26, one more band can be detected by gel electrophoresis.
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But, the result is still same that the marker can distinguish cold-tolerant inbred lines from
cold-susceptible lines. Sample name CFNxMGL to HHGxKWS indicate F; plants generated by
reciprocal crossing between cold-tolerant and -sensitive lines.
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210. 90l YALA #A TR $A% o

ol

2
_}L
M
o
1

ALy #d TR AT (Table [-2-1)2 BT e, 1L,
Az 59 o7 A& g A5 AP aA Boste Aoz 484 U AT,
o] & %E FAHATY AF olE EFT HIAYEAAE 2 7|FRFH JFo] AR
ATHA gAY, 7eH #BEHHE dFe JAPHLAdE ETFEE genome FF0 A <]
genetic A= FHEHA g2 2L A & F UMt

O wWeld, B dAFMs I AFE A4 B#E FE {FHAAT F, AP2/EREBP. dehydrin
SAAE, gaksl Zgo TAdsE SOD, APX, CAT AT ths] +4FHQ AT
w7dg ntAS 1A fAAT B4 AFE SRS

O AFE S8l 2olE TS it AE9 HolEHo] 2 FTEH genome A G} of 7)o
A FAAT MEE AMESt] A Z Hla 24 3%eH, GenBanke] FEH Qo] HAMA

Y

Ay gdy 24 ABe T,

1}. 90| APYEREBP AALZAR §ARE 24
O AP2/EREBP(APETALA 2/ethylene responsive element binding protein)= 4E&E¢] 7}

2 AAEAIAR FAATEF Shteln, FRLEH A AsdAEE e
ABESHH Z2M2oA F483 98-S FAhstt I A UArt. AP2/EREBP= =LA
group (ERF, DREB, AP2, RAV, soloist group) &2 Fo|X1, ¢]F DREB subfamil
A& SF2Ef 2 &I Ao ml¢ F4% CBF/DREB A& =3sti Uth.
EXHolz Qo] xF3 "lal (Cucurbitaceae) 2HE oA AP2/EREBP AR w3}
=]

k)
o2

< o
S G| ST s 3

O 0], o Qo] WE, 8 bitter gourd2] genome MIZHE JZFH FAA ALEL iTAK
ooz BAZoZN, AAxEAA FAATE AEstlil, ©]25E AP2/EREBP
SARTIE 2E5e] B8 (Table I-2-1, Table I11-2-2).

O 1 ZA3, 144, 132, 142 AP2/EREBP §AHAE Qo] 3 £% (cv. Chinese long, Gyl4,
Borszczagowski)ol A} @23t o H, 153, 148 AP2/EREBP R AHAE ofl Qo] @ Ed A
W39tk w3 145, 109 AP2/EREBP 422 443} bitter gourdo] A #HZ3 G th.

O Phylogenetic tree &4-& E3j4 2o ulal AP2/EREBP §AHAE 7|Zd 4 AT ol
571 grouple® W £ JUATH (Fig. 1-2-1). ©] groupE o 714th CBF/DREB1
FAR} A Fole= Al subgroupe IS 4 dYeH, o 2RYH 25)9 HI}
CBF/DREB1 4% A= 354t} (Fig. I1-2-2).

O ol& 43 CBF/DREBlI & #HAEL of7]73t CBF/DREB1 At ofml=it X &E

TEAA 30-55% o FAHIE B4tk o5 ¥ CBF/DREB1 4% fAAEL oAl 4719

clade 2 Yol om, o|F Clade I & of7|3t] CBF4/DREBID ¢ #-A}31.e ™, Clade III

S YAl a3 of7|%th CBF1/DREBIB 2 CBF3/DREB1AS}t -5-AFIITE Clade

el 670 ¥ §-AAE5L of 714t CBF1/DREBIB % CBF3/DREBlAdA] Z HZH
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nuclear localization signal (NLS), AP2/EREBP domain, CBF/DREB1 signature &
ZEA L Jaok (Fig. 111-2-3).

O Q0] 136 AP2/EREBP -F3dA=¢ @HE GenBanke]l FT&FFEH 20| AAA HEE
o] &3l EAMFIL} (Fig. 11-24). 2 Z3}, 125 FAHAA7F ZAFE 107] 0] ZFHleaf,
stem, root, tendril, tendril base, female flower, male flower, ovary, unfertilized
expanded ovary, and fertilized expanded ovary) % ZHolx 3+ ZZH oA WA=
Ao R AT .

O 90 AP2/EREBP @75 ol o4& =ZA 12 goupo® e 4 IATh 20|
AP2/EREBP #HAXE Z, 871 H3HAF [Csa2M279250.1 (AP2), Csa3M073900.1 (ERF),
Csa3M646560.1 (ERF), Csa5M167110.1 (ERF), Csa6tM124180.1 (DREB), Csa6M167230.1
(ERF), Csa6M518040.1  (ERF), and Csa7M448110.1 (ERF)][= ZAtE E& 29]
A A WHol =ow, Qo CBF1/DREB1 & #xda 4#HF 3
(Csa3M180260.1, CsabM155570.1, and Csa5M174570.1) = tendrill ZZ oA 3 o]
%L, U A sht (Csa3M751440.1) = ZAME ofd A E SAEHA FUdtth.

Table III-2-1. Gene sets of Cucurbitaceae species and A. thaliana used in this study

. Chromosome . ‘ Total
Scientific name Cultivar/ accession/ Reference  and  genome
(common name) number and | 1o annotated | joi oo
genome size genes
Chinese  cultivar 24570 Huang et al (2009)
Chinese long Inbred | (5Z 6007 http:/ /www.icugi.org/cgi-bi
line 9930 (25,600%) | 1y /1CuGl/index.cai
North American .
Cucumis  sativus var. _ _ cultivar Cav agnam et al (2010)
. 2n = 2x =14 : 21,503 https:/ / phytozome jgi.doe.g
satious 367 Mb Gyl4 gynoecious ov})
(Cucumber) inbred line
North-European PR
cultivar 26,587 fl\t]f-‘y,?;kl ctal @011) y
Borszczagowski line | (29,789") }) CSEENOMESEEW.pl/ €N
B10 e
Cucumis  sativus  var. 22 746 Qi et al (2013)
hardwickii Not available | Accession PI183967 (Zé 5487)) http:/ /www.icugi.org/cgi-bi
(Wild  cucumber) 4 : n/ICuGl/index.cgi
Cucumis melo 2n = 2x = 24 | Double-haploid line | 27,432 Garcia-Mas et al (2012)
(Melon) 450 Mb DHL92 (34,848") htttps:/ / melonomics.net/
; = 9y = : Guo et al (2013)
itrullus  lanatus 2n = 2x = 22 | East Asia watermelon ) o
: 23,440 http:/ /www.icugi.org/cgi-bi
(Watermelon) 425 Mb cultivar 97103 n/ICuGl/index.cgi
Momordica  charantia 2n =2x =22 | A monoecious inbred N .
(Bitter gourd) 339 Mb line OHB3-1 45,873 Urasaki et al (2016)
Arabidopsis Genome
y . 2n = 2x =10 w) Initiative (2000)
Arabidopsis  thaliana 125 Mb 27,416 https:/ /www.arabidopsis.or
g/

“including alternative spliced forms.

Yincluding genes encoding less than 50 amino acid sequence.
X)including allelic forms and transposable elements.

W)only used to identify and compare transcription factor gene families.
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Table II-2-2. AP2/EREBP gene families identified in this study

. Total Subfamily and group”
Cultivar/

Plant name . . AP2/ER DREB .
accession/ line EBP ERF (CBF/DREB1 ¥) AP2 RAV Soloist

Chinese  long (ﬁi%) 7 38 (4) 20 4 2

Cucumber Gyl4 142 72 45 (4) 19 4 2

Borszczagowski 132 69 39 (2) 18 4 2

Wild cucumber PI183967 (115%6@) 74 16 (4) 20 4 2

Melon DHL92 140 71 45 (4) 18 4 2

(1487)

Watermelon 97103 145 74 46 (4) 19 4 2

Bitter gourd OHB3-1 109 54 34 (3) 17 2 2

Arabidopsis 147" 66 56 (6) 18 6 19

“including alternative spliced forms.
“Based on classification by phylogenetic analysis without alternative spliced forms.

Y CBE/DREBT -homologues identified by phylogenetic analysis.
“reported in Dietz et al (2010).
“only single gene (AT4G13040) was reported in A. thaliona (Nakano et al. 2006; Dietz et al. 2010)
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@ Cucumber cv. Chinese long
Melon

@ Watermelon
@ Bitter gourd

— @ @ Arabidopsis
Fig. 1II-2-1. Phylogenetic tree of AP2/EREBP genes identified in five Cucurbitaceae species
and A. thaliana. Tree was based on similarity among deduced amino acid sequences of
AP2/EREBP genes identified in four Cucurbitaceae species and A. thaliana. Four subfamilies,
DREB, ERF, RAV, and AP2, and a soloist group were divided based on the classification of
Arabidopsis genes (Nakano et al. 2006; Dietz et al. 2010). Cucumber AP2/EREBP genes
identified in cucumber cv. Chinese long were marked with red circles, while ones in
cucumber cv. Gyl4, cv. Borszczagowski, and wild cucumber were not marked in the tree.
The A1l subgroup including CBF/DREBI1 transcription factors of the DREB subfamily is
marked with a yellow triangle. Multiple sequence alignment of the protein sequences were
performed using MUSCLE included in MEGA 7 software and then the phylogenetic tree
was generated using the Neighbor-Joining (NJ) method by MEGA 7 software. Scale bar
represents the number of amino acid substitution per site. The bootstrap support values are

omitted for a legible illustration.
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" @ Cucumber cv. Chinese long
ﬁ‘ Cucumber cv. Gy14

Wild cucumber g38

99

Clade Il

L Melon

@ Watermelon

@ Bitter gourd

@ Arabidopsis DREB1F
@ Arabidopsis DREB1E
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® Cucumber cv. Chinese Iong\
99| Cucumber cv. Gy14
Cucumber cv. Borszczagowski
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&
—
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T
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@ watermelon /

Fig. 1II-2-2. Phylogenetic tree of CBF/DREBI-homologuous genes identified in five
Cucurbitaceae species. Phylogenetic tree of the DREB Al subgroup in Fig. 1 was enlarged
to show Cucurbitaceae genes closely grouped with Arabidopsis CBF/DREB1 genes at amino
acid level. The four clades are marked with yellow boxes. The bootstrap support values
more than 50 are shown in the branches. Scale bar represents the number of amino acid
substitution per site. Clade I consists of Csa5M155570.1 (cv. Chinese long), Cucsa.302750.1
(cv. Gyl4), gene 1#CSB10A_v1_contig 4381 (cv. Borszczagowski), evm.model.Chr5.580 (wild
cucumber), MELO3C005629T1 (melon), Cla011488 (watermelon), and MOMC2 838 (bitter
gourd). Clade II consists of CsaSM174570.1 (cv. Chinese long), Cucsa.166340.1 (cv. Gyl4),
evm.model.Chr5.834  (wild cucumber), MELO3C005367T1 (melon), and Cla002330
(watermelon). Clade III consists of Csa3M180260.1 (cv. Chinese long), Cucsa.251030.1 (cv.
Gyl4), evmmodel.Chr3.1638 (wild cucumber), MELO3C006869T1 (melon), Cla006212
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(watermelon), and MOMC16_201 (bitter gourd). Clade IV consists of Csa3M751440.1 (cv.

Chinese  long), Cucsa.378450.1 (cv. Gyl4), gene 2#CSB10A_v1 contig 4841  (cv.
Borszczagowski), evm.model.Chr3.3373 (wild cucumber), MELO3C009442T1 (melon),
Cla017719 (watermelon), and MOMC32_103 (bitter gourd). Gene IDs of Arabidopsis

CBF/DREBI1 protein sequences in this tree are AT1G12610 (DREB1F), AT1G63030 (DREBIE),
AT4G25470 (CBF2/DREB1C), AT4G25480 (CBF3/DREB1A), AT4G25490 (CBF1/DREB1B), and
AT5G51990 (CBF4/DREBID).

s«€ucumber cv. Chinese long :

ucCucumber cv. Gy14

vIWild cucumberr3.1638 :

ElMelon
1MWatermelon
OlBitter gourd

TArabidopsis CBF3/DREB1A :
T-Arabidopsis CBF1/DREB1B :

SdCucumber cv. Chinese long :

ucCucumber cv.Gy14

VIWild cucumberr3-1638 :

ElMelon
lavatermelon
OlBitter gourd

T‘Arabidopsis CBF3/DREB1A :
T‘Arabidopsis CBF1/DREB1B :

séCucumber cv. Chinese long :

ucCucumber cv. Gy14

VIWild cucumberr3.1638 :

EIMelon
lavatermelon
OlBitter gourd

T ‘{Arabidopsis CBF3/DREB1A :
T‘Arabidopsis CBF1/DREB1B :

72

72

72

71

71

72

68

65

RIWLGTFRTA 1 147
WLGTFP 1 147
WLGTFP 1 147
WLGTFP : 146
WLGTFP : 146
WLGTFR 1 147
WLGTF : 143
RIWLGTF@TA : 140
PESEAT BN GMMMEE- - WESY MDEE AV FGMP BELEDY : 213
PISIET AN GMMMjahil - 4 : 213
PISIET AN GMMMjahil - WES Y MDEF AV FGMP GRI EDY 4 : 213
PIBISIET I GMMA okl — Y MDEE AV FGMP G L BB 4 : 212
DDERIME NSV TS Y MDEEAV FGMPGEL EDY 4 : 211
I PIEOPINGT AR 2 - - DEEAV Gl P GH L ED 4 : 216
T-PHGFDMEETLV@ATY| VeVl DItV Vjzs [HMA NGE @WT RS |2 VOWNEINHE VDG DD DI 4 : 216
TTNHGLDMEETMV#ATY| GAJ - peuiDal T MgE g T MR D NI €U MY EIS VOWNEN YRIGEG - DRS¢ 213

Fig. II-2-3. Multiple alignment of the deduced protein sequences of CBF/DREBI-homologous
genes in Clade III with Arabidopsis CBF1/DREB1B and CBF3/DREB1A protein sequences.
The AP2/EREBP domain is marked by an over-line and the CBF/DREB1-conserved amino
acid residues, PKRPAGRTKFRETRHP (in NLS), DSAWR (after AP2/EREBP domain), and

LWSY (in C-terminal) are marked by black dots. Shaded boxes indicate conserved residues

among compared protein sequences. The alignment was made using MUSCLE in MEGA 7

program and visualized using GeneDoc software. Gene IDs of protein sequences used for

multiple alignment are Csa3M180260.1

(cv. Chinese long), Cucsa.251030.1

(cv. Gyl4),

evm.model.Chr3.1638 (wild cucumber), MELO3C006869T1 (melon), Cla006212 (watermelon),
MOMC16_201 (bitter gourd), AT4G25480 (CBF3/DREB1A), and AT4G25490 (CBF1/DREB1B).
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Fig. IlI-2-4. Expression profiles of 125 cucumber AP2/EREBP genes. Cucumber RNA-Seq
data were retrieved from GenBank SRA database (Bioproject acc. PRJNAS80169, Li et al.
2011) and employed to calculate FPKM values using RSEM program with default
parameters (Supplementary Table S4). Hierarchical clustering based on expression pattern
and heatmap drawing were performed using MeV s/w with default parameters. Color scale
for expression level is shown at the bottom of heatmap. Eleven cucumber genes with
FPKM values of zero were not included in this analysis. L, leaf; R, root; O1, ovary; O2,
fertilized expanded ovary (7 days after flowering); O3, unfertilized expanded ovary (7 days
after flowering);, F1, female flower; F2, male flower; S, stem; T1, tendril; T2, tendril base.
Three groups for tissues and 12 groups for genes are indicated on top and the right of

heatmap, respectively.
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t}. Q| dehydrin FAAT £A

O Dehydrin(DHN)2 LEA (late embryogenesis abundant) protein family 2] group Il o] &3}
gz, ZEf2sA AEE H3IE3E molecular chaperon ©2 4#A gt
DHN¢|] ®#o] abiotic stress 27 2 AT} EHSA @A Ao BL AFA
Hugw . o], @&, FHloA LEA protein g7 dFEEoz HFEFo DHN
FAAZE Be A oy, wRA e v ¥ 3 dFe oMFE FE53 dF ol
BEAMoE Qo2 ¥33 ual (Cucurbitaceae) ZHEo|4 DHN FHATE S &
453

O 0], ofAeo], WE, < bitter gourd?] genome AMEEREE dFH FAR} HMES
InterProScan T2 1d oz FEAMogH, DHNS conserved domaing 7R Q=
LA /ﬂﬁgs}ﬁ (Table 1I-3-1). 2 Az}, ¥3} 5%9] 8 genome M IEHE Z 3279
DHN #AAE & on, Q0] 3 #F (cv. Chinese long, Gyl4, Borszczagowskipll A=
7z} 4, 3, 47)¢] DHN fAdA2 228t

O DHN ©#d Fx& EA3% 27, 93 DHN FHAELS 349 @¥d 2 type (K, SK,,
Y,SK,) 22 UE 4 ggen, 2 AE DHN AR HHEE  K,.S, YK type
WA A @Ut) (Table MMI-3-1).

O of7]1&tl 10 DHN, ¥ 8 DHN ##Ats} &7 phylogenetic treeE 243 Az}, olwm =ik
X9 v*VéOﬂ 719kai Al 5709l groupo 2 UFolde & & 4 QUSITiFig. IMI-2-1).
53] Group I & F& SK; type DHNEE :r“*ﬂcﬁ ANeH, A7]d= 71Tt B oA
g4 2 ddel Fesitn g#d DHN 4;<}-E—(COR47 ERD10, OsDHN1 % )e]
de EHEol At o Group | ol %3 @3 DHN 4845 d71%uis el
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FAs AT
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AAAAZESZ2REH A9 2Kb)% FZ3 ¥, cds-acting elements2 #4319 tHFig.
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Table III-3-1. DHN genes identified in this study

DHN YSK architecture types

Plant name Cultivar/ Total DHN
accession/ line genes K, K.S SK, Y.K, Y.SK,
Chinese  long 4 1 0 2 0 1
Cucumber Gyl4 3 1 0 2 0 0
Borszczagowski 4 1 0 2 0 1
Wild cucumber | PI183967 4 1 0 2 0 1
Melon DHL92 4 1 0 2 0 1
97103 5 1 0 2 0 2
Watermelon gharleston 4 0 0 ’ 0 ’
ray
Bitter gourd OHB3-1 4 0 0 1 0 3
Arabidopsis 10 7 9" 1 1(0) 5 1 2
Japonica rice 87 7" 0 1(0) 4 0 3

“reported in Hundertmark and Hincha (2008) and Verma et al. (2017).
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Fig. II-3-1. Phylogenetic tree of DHN genes identified in five Cucurbitaceae species. Tree
was based on similarity among deduced protein sequences of DHN genes identified in five
Cucurbitaceae species, A. thaliana, and O. sativa. Five groups, Group I to V, were divided
based on the proximity among genes at amino acid level. DHN genes identified in
cucumber cv. Chinese long and watermelon cv 97103 were marked with red and blue
circles, respectively, while ones in cucumber cv. Gyl4, cv. Borszczagowski, wild cucumber
and watermelon cv. Charleston Gray were not marked in the tree. . Multiple sequence
alignment of the protein sequences were performed using MUSCLE included in MEGA 7
software and then the phylogenetic tree was generated using the Maximum Likelihood
(ML) method by MEGA 7 software. Scale bar represents the number of amino acid
substitution per site. The bootstrap support values are omitted for a legible illustration.
Group I consists of CsabM358710.1, Cucsa.077690.1, gene 1#CSB10A_v1_contig 6781,
evm.model.Chr6.2030, MELO3C026550T1, Cla021949, CICG08G009610.1, MOMC91_10,
AT1G20440.1 (COR47), AT1G20450.1 (ERD10), AT1G76180.1 (ERD14), AT4G38410.1, and
LOC_0s02g44870.1 (OsDHN1). Group II consists of AT1G54410.1, AT3G50970.1 (XERO2),
and LOC_Os03g45280.1 (WSI724). Group III consists of Csa2M249810.1, Cucsa.109360.1,
gene 2#CSB10A_v1_contig 3615,  evm.model.Chr2.1250, = MELO3C023323T1,  Cla015906,
Cla016586, CICG02G004780.1, CICG11G004140.1, MOMC39_188, MOMC7_421, AT4G39130.1,
and AT2G21490.1 (LEA). Group IV consists of AT3G50980.1 (XERO1), AT5G66400.1 (RAB18),
LOC_0Os01g50700.1, LOC_Os11g26570.1, LOC_Os11g26750.1 (Rabl6D), LOC_Os11g26760.1
(Rab16C), LOC_Os11g26780.1 (Rab16B), and LOC_Os11g26790.1 (Rab21). Group V consist of
Csa4M045040.1, Csa4M045050.1, Cucsa.106380.1, evm.model.Chr4.526, evm.model.Chr4.527,
gene 2#CSB10A_v1_contig 5891, gene_3#CSB10A_v1_contig 5891, MELO3C016401T1,
MELO3C016402T1, Cla014570, Cla014571, CICG07G008700.1, and MOMCS8 239. Protein
architecture types of DHN genes indicated between parentheses.
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Cucumbercv.Chineselong : M-DYDNKKVIREGV ~ . 69

cv.Gy14 -1 : WA-DYDNKKVIHIGV - 69

cv. Borszczagowski : [~ DY DNKKVEEGY - 69

Wild cucumber. .Chr6.2030 : MWA-DYDNKKVIHIGY - 1 69
Melon : : 74
Watermelon cv.97103 : 70
cv.CharlestonGray : 70

Bitter gourd : 61
Arabidopsis COR47 79
ERD10 76

ERD14 : ;61
Arabidopsis : M ADAAA----SKGC| K ! 1 45
Rice OsDHN1 : GEAAE-QVEVKEE K ) : 66

S-segment K-segment

Cucumbercv.Chineselong : K -KKEPRIFIRIIFIGHGE : 123
cv.Gy14 -1 : K -KKOASPRRENGIGEGE : 123

cv. Borszczagowski 93

Wild cucumber. . Chr6.2030 123
Melon 128
Watermelon cv.97103 : 123
cv.CharlestonGray : 123
Bitter gourd : 116
Arabidopsis COR47 151
ERD10 : : 158
ERD14 : K BGEDGEKRKKKY : 103
Arabidopsis : ‘ BGENGEKKEKKY 92
Rice OsDHN1 : < 124
Cucumbercv. Chineselong : EEKK®EEAKKHEHEHEHEAVP- K : 170
cv.Gy14 .1 : EEKKBEEAKKHEHEHEHEAVP- K K : 170
cv. Borszczagowski : HEHEHEAVP- K ef|: 128
Wild cucumber, .chr6.2030 : EEAKKHEHEHEHEAVP- K : 170
Melon : EEA----KKDEHEAVA- 2 2 : 171
Watermelon cv.97103 . KEHEHEAVA - K KEK : 165
cv.CharlestonGray : KEHEHEAVA- K : 165
Bitter gourd : EAKEHE-HRHDHEAVA- K K : 162
Arabidopsis COR47 : DDV PVSTTIPVP- KGHVIE KT KEK L| IEer
ERD10 : PVVTTMPAP- K : 198
ERD14 : : 126
Arabidopsis : CETEM 121
Rice OsDHN1 : DHAG 207
Cucumbercv. Chineselong JAEDQIAK HIAE) i 236
cv.Gy14 -1 JAEDQISK HIXE : 236
cv. Borszczagowski ISEDQINK HINE) 1 194
Wild cucumberl .Chr6.2030 JMEDQIAK HIAE) 1 236
Melon : ||ge JAEDQISK HIXE : 237
Watermelon cv.97103 |1 K A KIKEK JAE - BlalK HINE) : 228
cv.CharlestonGray : || JAE - EjaK HINE) : 228
Bitter gourd : |18 K ¥ H)ZK SR Iy K| 1 221
Arabidopsis COR47 |1 ) AT TEIBE VIMKIKESDD- : 265
ERD10 H|° BIAINT T GIOlE EIMKIBK VD : 260
ERD14 - |ige K K I KEKL PG ¢ HIZKiMRYEIb0l k)40 e : 185
Arabidopsis g ) v K - ——TNDEKKET - - ;163
Rice OsDHN1 ;|1 K K [IKGSGEEDKTAARABGEHKSSA- : 290

Fig. II-3-2. Multiple alignment of the deduced protein sequences of DHN genes in Group L
The conserved S- and K-segments are indicated by blue and red boxes, respectively. Shaded
boxes indicate conserved residues among compared protein sequences. The alignment was
made using MUSCLE in MEGA 7 program and visualized using GeneDoc software. Gene
IDs of protein sequences used for multiple alignment are CsabM358710.1 (SKs,
cv.Chineselong),  Cucsa.077690.1  (SK3,cv.Gy14), gene 1#CSB10A_v1 _contig 6781  (SK,
cv.Borszczagowski), evm.model.Chr6.2030 (SK;, wild cucumber), MELO3C026550T1 (SKj,
melon), Cla021949 (SK;, ¢v.97103), CICG08G009610.1 (SKs, cv.CharlestonGray), MOMC91_10
(SKs  Dbittergourd), AT1G20440.1 (SK; COR47, RD17), AT1G20450.1 (SK,, ERDI10),
AT1G76180.1 (SK,, ERD14), AT4G38410.1 (SK;), and LOC_0s02g44870.1 (SK3;, OsDHNT1).
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Fig. III-3-3. Expression profiles of DHN genes in cucumber and melon. Cucumber RNA-Seq
data (Bioproject acc. PRJINA80169, Li et al. 2011) and melon RNA-Seq data (Bioproject acc.
PRJNA300582, Kim et al. 2016) were retrieved from GenBank SRA database and employed
to calculate FPKM values using RSEM program with default parameters (Supplementary
Table S4). FPKM values for DHN genes of cucumber (A) and melon (B) were used to
draw heatmap using MeV s/w with default parameters. Color scale for expression level is
shown at the bottom of heatmap. L, leaf; S, stem; R, root; T1, tendril base; T2, tendril; F1,
female flower; F2, male flower; F3, fruit; O1, ovary; O2, expanded ovary without
fertilization (7 days after flowering); O3, expanded ovary after fertilization (7 days after
flowering).

I I C5a2M249810.8 (Y,5K,)
I | Csa4M045040.1 (SK)
e C5a34M045050.1 (K)
N CsSa6M358710.1 (SK;)
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I C1a01 5906 (Y,SK)
e e C1a0165886 (Y5}
I e C1a021949 (SK,)
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Fig. III-34. Putative cis-acting elements related to abiotic stress response located in DHN
promoter sequences. Putative promoter sequences of 2-kb upstream from start codon were
retrieved from genome databases of cucumber, melon, and watermelon and used to
investigate putative cis-acting elements related to abiotic stress response using PlantPAN 2.0
(http:/ / plantpan2.itps.ncku.edu.tw/promoter.php). Red and blue bars indicate DRE-like and
ABRE-like sequences. Gene IDs of cucumber (cv. Chinese long), melon, and watermelon
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DHN genes are started with Csa, MELO, and Cla, respectively.
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heme-ligand singature A%, C-terminal A|9¢]] ZA|s}= peroxisome &2 T4
E9E=d 243 AEES U & F AT (Fig. 111-4-7).
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Table II-4-1. APX, SOD

and CAT genes identified in this study

Plant name Cultivar/_accession/ SOD APX CAT

Chinese  long 8 7 4
Cucumber Gyl4 8 7 4

Borszczagowski 7 6 4
Wild cucumber PI1183967 8 7 3
Melon DHL92 8 6 4

97103 8 7 4
Watermelon Charleston  Gray 10 9 3
Bitter gourd OHB3-1 9 7 2
Arabidopsis 8 8 3
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Fig. II-4-2. Phylogenetic analysis of APX, SOD, and CAT genes in five Cucurbitaceae
species. APX, SOD, and CAT genes were identified in cucumber cultivars, wild cucumber,
melon, watermelon cultivars and bitter gourd through genome-wide searches based on
conserved domain information. Trees were drawn based on similarities among deduced
protein sequences using MEGA7.0. (A) ML tree of 66 SOD genes with 8 Arabidopsis SOD
genes. (B) ML tree of 56 APX genes with 8 Arabidopsis APX genes. (C) ML tree of 27
CAT genes with 3 Arabidopsis CAT genes.
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Fig. 1I-4-3. In silico expression profiling of SOD, APX, CAT genes in cucumber cv. Chinese
long. The expression levels of 8 SOD genes, 7 APX genes, and 4 CAT genes of cucumber
were analyzed using RNA-Seq data from GenBank SRA database. RSEM program was used
to calculate Fragment Per Kilobase of transcript per Million mapped reads (FPKM) values

and heatmap was drawn using heatmap.2 function provided by the R-package gplots.
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Fig. III-4-4. Multiple alighment of the deduced protein sequences of MnSOD genes. The
conserved residues involved in metal binding were marked with red arrow. Shaded boxes
indicate conserved residues among compared protein sequences. The alignment was made
using MUSCLE in MEGA 7 program. Gene IDs of protein sequences used for multiple
alignment are CsalM025980.1 (cv.Chineselong), Cucsa.111930.1 (cv.Gy14), gene 4#contig4530
(cv.Borszczagowski), Chrl469 (wild cucumber), MELO3C020487 (melon), Cla008101
(cv.97103), CICG03G000100.1 (cv.CharlestonGray), MOMC121_110 (bittergourd), AT3G10920.1
(arabidopsis), AT3G56350 (arabidopsis).
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Fig. 1I-4-5. Multiple alignment of the conserved protein sequences of TAPX genes. The
green bar means residues conserved in the chloroplastic but not in the cytosolic isoforms.
Shaded boxes indicate conserved residues among compared protein sequences. The
alignment was made using MUSCLE in MEGA 7 program. Gene IDs of protein sequences
used for multiple alignment are Csa6M383010.1 (cv.Chineselong), Cucsa.060660.1 (cv.Gy14),
gene 2#contigh303  (cv.Borszczagowski), Chr6.2171 (wild cucumber), MELO3C010627T1
(melon), Cla013927  (cv.97103), CICG08G005810.1  (cv.CharlestonGray), MOMC17_109
(bittergourd), AT1G77490.1 (arabidopsis).
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Fig. IlI-4-6. Multiple alignment of the conserved protein sequences of APXI genes. The red

bar means residues conserved in the cytosolic but not in the chloroplastic isoforms. Shaded
boxes indicate conserved residues among compared protein sequences. The alignment was
made using MUSCLE in MEGA 7 program. Gene IDs of protein sequences used for
multiple alignment are CsalM479610.1 (cv.Chineselong), Cucsa.213340.1 (cv.Gyl4),
gene_l#contig3985 (cv.Borszczagowski), Chrl.2199 (wild cucumber), MELO3C020719T1
(melon), Cla008291  (cv.97103), CICG03G002010.1  (cv.CharlestonGray), MOMC428 6
(bittergourd), AT1G07890.3 (arabidopsis).
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Fig. 1I-4-7. Multiple alignment of the conserved protein sequences of CAT genes. The black
arrow means conserved catalytic amino acids (His, Asn, and Tyr). Red box means catalase
proximal active site signature. Blue box means proximal heme-ligand signature sequences.
Green boxes mean carboxy terminal regions that have been implicated in importing targets
into peroxisomes. Shaded boxes indicate conserved residues among compared protein
sequences. The alignment was made using MUSCLE in MEGA 7 program. Gene IDs of
protein sequences used for multiple alighment are CsadM658590.1, CsadM658600.1,
CsabM356990.1 (cv.Chineselong), gene 3#contig881 (cv.Borszczagowski), Chr4.2676 (wild
cucumber), MELO3C017024T1 (melon), Cla023448 (cv.97103), AT1G20620.1, AT1G20630.1,
AT4G35090.1 (arabidopsis).
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1~53 9 WA A4+E FoAstdvhFig. ©1-1).

e Aol = g dF TR FAAT EAStE oA 9E V|RteE AYH
o7 147) F, CDSo AAZH ofmxAit MY WolE HOJ|= non-synonymous Sk
HolA e BA & & Sle wA F 10HE AEste] 607 Al 2&3te] genotypings
AWt (Fig. V-1-2, Fig. IV-1-3, Fig. V-14, Fig. V-15, Fig. IV-1-6, Fig. V-1-7, Fig.
IV-1-8, Fig. IV-1.9, Fig. IV-1-10, Fig, IV-1-11).

Cs5G-GRX-Mbo I, Cs3G-HSP-Rsal F 7§9 mlANA= Zzt 4 PCR 33 9 A
g7 & sampleo] ZASH=H, 71E nkA A 2& ZAHET PCRY cyde +5
E BY BEHer npAT B & ez F5HEY.
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grtne 2 4 gint.

4oz, Y w4 B4 Fne ANHCR B4 ) BPe W, 54 genotyped
BolE A7t 2 At QA BTHE WA genotypeg HolE uww 2 At 29 5
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Held

Fig. IV-1-1. Score of chilling-tolerance. White number means sample’s chilling-tolerance score. The

chilling tolerance score is determined by the degree to which the sample is recovered after
chilling treatment.

Fig. IV-1-2. Application of Cs7G-POD-Rsa I marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with

S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Fig. IV-1-3. Application of Cs3G-AP2-Msp I marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.

HHHHHHH

Fig. IV-1-4. Application of Cs5G-GRX-MboI marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Fig. IV-1-5. Application of Cs5G-GRX-PstI marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.

SHHH HHHHHHS S

Ll _ B _ N_ N NN =N e N -

Fig. TV-1-6. Application of Cs3G-HSP-Alul marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Fig. TV-1-7. Application of Cs3G-HSP-Rsal marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Fig. IV-1-8. Application of Cs7G-APX-EcoR I marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Fig. IV-1-9. Application of Cs4G-CuZnSOD-Dral marker to 60 cucumber samples. Numbers on
the white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked
with S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.

2
SHHSHHHHHHHH

e e e g Rl

Fig. IV-1-10. Application of Cs7G-FAD-Hhal marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Fig. IV-1-11. Application of Cs6G-GRX-Sall marker to 60 cucumber samples. Numbers on the
white bar means their chilling-tolerant level (5- highest, 1-lowest). Their genotype is marked with
S, H, T alphabet. S means chilling-susceptible genotype. H means hetero genotype. T means
chilling-tolerant genotype.
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Table IV-1-1. Distribution of genotype of 10 molecular markers designed in this research.

Chilling-susceptible

Hetero-genotype

Chilling-tolerant

genotype genotype
Cs7G-POD-Rsa 1 12 40 8
Cs3G-AP2-Msp 1 10 38 12
CsbG-GRX-Mbo 1 41 10
CsbG-GRX-Pst | 42 10
Cs3G-HSP-Alu | 10 38 12
Cs3G-HSP-Rsa | 10 37 12
Cs7G-APX-EcoR 1 10 38 12
Cs4G-CuZnSOD-Dra 1 12 37 1
Cs7G-FAD-Hha 1 12 40 8
Cs6G-GRX-Sal 1 12 36 12
Table IV-1-2. Genotype and statistic analysis of marker application results.
Cs7G | Cs3G | CsbG | CsbG | Cs3G | Cs3G | G7G C(SiGZ Cs7G | Cs6G
Sample -PO -AP2 | -GRX | -GRX | -HSP | -HSP | -APX HSO -FAD | -GRX || Coun | Coun | Coun
D-Rs | -Msp | -Mbo | -Pst | -Alu | -Rsa | -Eco DDr -Hha | -Sal ts tH tT
al I I I I I RI al [ [
1 H H H H H H H H H H 0 10 0
2 H H H H H H H H H H 0 10 0
3 S H H H H H H S S S 4 6 0
4 S H H H H H H S S H 3 7 0
3 H T H H T T T H H H 0 6 4
6 H T H H T T T H H T 0 3 5
! 7 S H 5 5 H H H S S S 6 4 0
8 H T H H T T T H H T 0 3 5
9 H S 5 5 5 5 S H H S 7 3 0
10 H H T T H H H T H H 0 7 3
11 H H H H H H H H H H 0 10 0
12 H H H H H H H T H H 0 9 1
13 H H H H H H H H H H 0 10 0
14 H H H H H H H H H H 0 10 0
15 H S 5 5 5 5 S H H S 7 3 0
16 H S 5 5 5 5 S S H H 7 3 0
’ 17 T H T T H H H T T H 0 3 5
18 H H H H H H H H H T 0 9 1
19 H H H H H H H S H S 2 8 0
20 T T T T T T T T T H 0 1 9
21 S H H H H H H S S H 3 7 0
22 H H T T H H H T H T 0 6 4
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