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Abstract This study was conducted to investigate a
morphological trait in 294 rice accessions including Korean
breeding lines. We also carried out a genome-wide association
study (GWAS) to detect significant single nucleotide poly-
morphism markers and candidate genes affecting major
agronomic traits. A Manhattan plot analysis of GWAS using
morphological traits showed that phenotypic and statistical
significance was associated with a chromosome in each
group. The significance of SNPs that were detected in this
study was investigated by comparing them with those found
previously studied QTL regions related to agronomic traits.
As a result, SNP (S8-19815442), which is significant with
regard to leaf angle, was located in the known QTL regions.
To observe gene mutations related to leaf angle in a candidate
gene, Os08g31950, its sequences were compared with
sequences in previously selected rice varieties. In Os08g31950,
a single nucleotide mutation occurred in one region. To
compare relative RNA expression levels of candidate gene
0508231950, obtained from GWAS analysis of 294 rice
accessions and related to lateral leaf angle, we investigated
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relative levels by selecting 10 erect leaf angle varieties and
10 horizontal leaf angle varieties and examining real-time
PCR. In Os08231950, a high level of expression and various
expression patterns were observed in all tissues. Also,
0508231950 showed higher expression levels in the erect
leaf angle variety group and higher expression rates in the
leaf than in the root. The candidate gene detected through
GWAS would be useful in developing new rice varieties
with improved yield potential through future molecular
breeding.
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de-Castro et al. 2012; Blawid et al. 2017). NGS #H] 9] diehe or
23R Aol e Alm AE ] a5 7FE3HA 7] AL 9l

o, thFet 25 o A A, oFAY S 5 resequencing 4]
©| 1} GBS (genotyping by sequencing)s-©] 4] ' & 2t 0]
HE O QAR ok £, B fHA A% meAs
Gmﬁmﬂﬂﬂﬂﬂﬂ%ﬂ%ﬂ%iﬁoiwEzmig

7]4k0 2 & GWASE 48 5}10] SNP, InDel & 7] 740 7
9kst 4= 91 A =] 9 h(Huang et al. 2009; Nicolae et al. 2010; Kim
etal. 2016). 3t of| 2, =L A= AT £ B S o] L3 wuj Y
tHof| o) &} resequencing £4]-2 E3]| o] 2F2] SNPE EHA 5}
GWASE o] &3t 147]19] =8 A dof doe 34
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£ H 115} th(Ma et al. 2016). 3+H, U= Iwate A 533
TAIE] of| Al = Twate & of] 2123t B F5 7HEst7] 918 4]
S0l A AFFT O] wulf FF2 oA AR o]
&S 712 7§ A& 2] DNA-bulkE resequencingd O = 4 3
3] Ul FHAE &2l 8t= MutMap = MutMap-Gap '
Ho] 75| A th(Abe et al. 2012; Takagi et al. 2013).
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ol & Hol= 99 ¥ A ahs U= Hol Al A Ao
x| BFA 1 Hl o] THAltshuler et al. 2008). GWAS7} 2=3 5]
7] 931 A = Z 4 30,0007 o A 2 off 1,000,0007] 2] SNP7}F &
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Table 1 List of 294 rice accessions used for GWAS analysis
No. Accession name Ecotype”  Origin =~ No. Accession name Ecotype  Origin ~ No. Accession name Ecotype  Origin
1 Namseon 52 Tel KOR 101 Sodujo TJ KOR 201 Heugkwang Byeo Tel KOR
2 Suweon 159 TeJ KOR 102 Sando TiJ KOR 202 Norinmochi 1 TiJ KOR
3 Suweon 255 I(D KOR 103 Bori Byeo Tel KOR 203 Sangnambat Byeo Trl KOR
4 Suwon 301 Tel KOR 104 Naengjo Tel KOR 204 Anda Byeo 1(T) KOR
5 Suweon 347 1(D KOR 105 Bikom Ad NGA 205 Taebaeg Byeo 1(D) KOR
6 CI9993-5-10-1-M I COL 106 British Honduras Creole TJ HND 206 Gaya Byeo 1(D KOR
7 Rathal Ad IKA 107 Cartuna Til IDN 207 Bacgyang Byeo 1(T) KOR
8  Tchampa Au IRN 108  Sahak Au PRI 208 Cheong Cheong Byeo I (T) KOR
9 Jejubukjeju-2002-99 TeJ KOR 109 Taichung-Woo-Tsan I TWN 209 Jungwon Byeo I(I)  KOR
10 Jejubukjeju-2002-171 I KOR 110 Zilanica Ar RUS 210 Nampung Byeo I(T)  KOR
11 Jejubukjeju-2002-340 TeJ KOR 111 Xao Bai Mang Sue Do Tel TWN 211 Hangangchal 1(D KOR
12 Jejubukjeju-2002-420 Te KOR 112 Di jiao wu jian I TWN 212 Goun TeJ KOR
13 Jejubukjeju-2002-521 I KOR 113 Spin Mere Au AFG 213 Pungmi TeJ KOR
14 Incheonkanghwasujip-16 Tel KOR 114 Norin 22 Tel JPN 214 Boseogchal Tel KOR
15 Muando Tel KOR 115 Ssalbyeo 16 Tel KOR 215 Hanmaeum Tel KOR
16  Dadajo TeJ KOR 116 Nian Chi Shi 1 CHN 216 Hwasin 1 TeJ KOR
17 Okcheong Tel KOR 117 Sung Pan Tao Tel CHN 217 Onnuri Tel KOR
18  Sando TrJ KOR 118  Tsong-Gan-Shun 1 CHN 218 Gangbaek Tel KOR
19 Batnarak TrJ KOR 119 San-Li-Shun 1 CHN 219 Hwangkeumnuri Tel KOR
20 Orido Tel KOR 120  Yang-Sha-Tsan 1 CHN 220 Dami Tel KOR
21 Saducho I KOR 121 Chungdo 23 I KOR 221 Hongjinju TeJ KOR
22 Seon I KOR 122 Chungdo Hwayang 12 1 KOR 222 Sinmyungheugchal Tel KOR
23 Hanyangjo Au KOR 123 Chungdo Hwayang 14 I KOR 223 Hoban TeJ KOR
24 Inbujido Tel KOR 124 Sungju 3 1 KOR 224 Heugseol Tel KOR
25  Beobpanhwa Tel KOR 125 Jangsung 1 1 KOR 225 Danmi Tel KOR
26 Janmochal Tel KOR 126 Soonchun 5 1 KOR 226 Nokwonchal Tel KOR
27 Pyodo Tel KOR 127 Daegu Damti 6-2 Tel KOR 227 Younghojinmi Tel KOR
2% Yuljojo TeJ KOR 128 Guechang 15 TeJ KOR 228 Honong TeJ KOR
29 Samgyeongjo TeJ KOR 129 Denyang 9 TeJ KOR 229 Joun TeJ KOR
30 Backgogna I KOR 130 Chungsongaengmi 4 TeJ KOR 230 Wolback TeJ KOR
31  Mondonchalbyeo Ad KOR 131 Suhyeonghando I CHN 231 Gangchan TeJ KOR
32 Agbede TiJ NGA 132 Xiao zao huang Tl CHN 232 Shinbaeg Tel KOR
33 Anbaw C7 TeJ MMR 133 Namseon 34 Tel KOR 233 Geongganghongmi Tel KOR
34 Bala I IND 134 Namseon 126 Tel KOR 234 Sodami Tel KOR
35 Bellardone TeJ FRA 135 Milyang 88 TeJ KOR 235 Sukwang TeJ KOR
36 Chiem Chank 1 VNM 136 Dudo TeJ KOR 236 Seonhyangheukmi TeJ KOR
37  Dharial Au NPL 137 1R40 1 PHL 237 Pungok Tel KOR
38 Dular Au IND 138 Jinbu Byeo Tel KOR 238 Wase Gingbouzu I UN
39 IR38 I PHL 139 Palgong Byeo TeJ KOR 239 Palgoeng TeJ KOR
40 Magnolia Tr] USA 140  Hopyung Tel KOR 240 Jinheung Tel KOR
41 Mela I BGD 141 Dongjin Chal Byeo TeJ KOR 241 Milseong TeJ KOR
42 Mushkan 41 Ar PHL 142 Gopum Tel KOR 242 Yusin I(D KOR
43 Pukhi Au PAK 143 Unkwang Tel KOR 243 Satbyeol Byeo 1(T) KOR
44 Red Rice I IRN 144 Haiami Tel KOR 244 Milyang 42 1(D) KOR
45 Tun Sart TJ VNM 145  Samgwang TeJ KOR 245 Dobong TeJ KOR
46  Victoria F.A Tel ARG 146 Hopum Tel KOR 246  Seolag Byeo Tel KOR
47 Bai Cyue Hwa Lue I TWN 147  Chilbo Tel KOR 247 Samnam Byeo Tel KOR
48 Yangmyeon I TWN 148 Ilpum Byeo TeJ KOR 248 Seomjin Byeo TeJ KOR
49 Belle Patna I USA 149  Chucheong Byeo Tel JPN 249  Youngdeok Tel KOR
50 Pyeongbuk 3 Tel PRK 150 Junam Byeo Tel KOR 250 Seohae TeJ KOR
51 Yupul TrJ LBR 151  Shindongjin Byeo TeJ KOR 251 Mimyeon I(D KOR
52 Liman Belozemij Tel RUS 152 Odae Byeo Tel KOR 252 MSI11 Tel KOR
53 Kagi Au IND 153 Nam II Tel KOR 253 Koshihikari Tel JPN
54 Hatadani I LKA 154 Hwaseong Byeo TeJ KOR 254 Sobaeg Byeo TeJ KOR
55 Tai Mochito Til THA 155 Boramchan Tel KOR 255 Sangju Byeo Tel KOR
56 Waikyakushi I TWN 156 Hwayeong Byeo TeJ KOR 256 Samcheon Byeo TeJ KOR
57 Upland i) NGA 157 Dongjin Byeo TeJ KOR 257 Mnjang Byeo TeJ KOR




20

J Plant Biotechnol (2018) 45:17-29

Table 1 Continued

No. Accession name Ecotype”  Origin ~ No. Accession name Ecotype  Origin ~ No. Accession name Ecotype  Origin
58  Newrex Tr) USA 158 Nakdong Byeo Tel KOR 258 Taebong Byeo Tel KOR
59 Doan Guang Hwa Lue Tel TWN 159 Giho Byeo Tel KOR 259 Dunnae Byeo Tel KOR
60  Wu Cyue I TWN 160 Hwacheong TeJ KOR 260 Saesangju TeJ KOR
61 Binato I PHL 161  Jopyeong Tel KOR 261 Manchu Byeo Tel KOR
62 Avangard Tel UzB 162 Chinnong Tel KOR 262 Nongan Byeo Tel KOR
63 Debzera Tel uzB 163 Hanareum 1(D) KOR 263 Sura Byeo Tel KOR
64 Hawm Supan I THA 164 Dasan Byeo 1(D KOR 264 Bonggwang Tel JPN

65 Ssal Byeo 22 Tel KOR 165 Milyang 23 1(D KOR 265 Hwaseonchal Byeo TeJ KOR
66 Urasan Tr) JPN 166 Samgang Byeo 1(T) KOR 266 Dongan Byeo Tel KOR
67 Xi Gua Bai I CHN 167 Nokyang Tr) KOR 267 Daesan Byeo Tel KOR
68  Yung Yuen Chuen Zim I CHN 168  Tongil 1(T) KOR 268 Nongho Byeo Tel KOR
69 Keng Chi Ju TeJ CHN 169 Unbong Byeo Tel KOR 269 Manguem Byeo Tel KOR
70 Qua 77 Wuan-Dau I CHN 170  Sinunbong Byeo Tel KOR 270  Saegyehwa Tel KOR
71 Chih-Tsao-He I CHN 171 Samback Byeo Tel KOR 271 Manweol Byeo Tel KOR
72 Hsiang-Ha-Tsan I CHN 172 Junghwa Byeo Tel KOR 272 Hyangmi Byeo 1 1(T) KOR
73 Cheongdo-donggok-4 I KOR 173 Geuru Byeo Tel KOR 273 Hwangkeumbora Tel KOR
74 Golyeong-2 TeJ KOR 174 Tnwol Byeo TeJ KOR 274 Cheonga TeJ KOR
75  Golyeong-6 Tel KOR 175  Sangmibyeo Tel KOR 275 Cheongdam Tel KOR
76  Danyang-7 Tel KOR 176 Geumo Byeo Tel KOR 276 Keunsecom 1(T) KOR
77  Danyang-38 Tel KOR 177 Jinbuol Byeo Tel KOR 277 Saenuri Tel KOR
78 Hwaseong-5 TeJ KOR 178 Jinmi Byeo TeJ KOR 278  Hwanggeumnodeul Tel KOR
79  Gou 405 TeJ JPN 179 Heugjinju Byeo Tel KOR 279 Cheongan Tel KOR
80 Backsami Tel CHN 180 Jeogjinju Byeo Tel KOR 280 Deuraechan Tel KOR
81  Akaine TrJ JPN 181 Naepung Byeo Tel KOR 281 Jinbaek Tel KOR
82 Syarebyeo-61-1-B Tel KOR 182 Donghae Byeo Tel KOR 282 Cheongnam Tel KOR
83  Syalebyeo-94-1-B Tel KOR 183 Seoan Byeo Tel KOR 283 Suan Tel KOR
84 Syalebyeo-163-1-B TeJ KOR 184  Gancheok Byeo TeJ KOR 284 Dongbo Tel KOR
85 Milyang 50 I(T) KOR 185 Juan Byeo Tel KOR 285 Seolemi Tel KOR
86  Yeongpung Byeo I(T) KOR 18 Yeonghae Byeo Tel KOR 286 Jungsaenggold Tel KOR
87 1Iri 336 TeJ KOR 187 Sobi Byeo Tel KOR 287 Sacilmi Tel KOR
88  Mihyang Byeo TeJ KOR 18 Haepyeong Byeo Tel KOR 288 Seokwang Tel KOR
89 Moroberekan TrJ GIN 189  Sinseonchal Byeo TeJ KOR 289 Saenara TeJ KOR
90  Jejubukjeju-2002-115 Trl KOR 190 Deelip Byeo 1 Tel KOR 290 Paldal Tel KOR
91  Jejubukjeju-2002-550 TeJ KOR 191 Seolhyangchal Byeo Tel KOR 291 Nongbaeg Tel KOR
92 Jejubukjeju-2002-561 Tel KOR 192 Ilmi Byeo Tel KOR 292 Chupung Byeo I(T) KOR
93 Huindadak TeJ KOR 193 Nampyeong Byeo Tel KOR 293 Kwanak Byeo Tel KOR
94 Jotajo Tel KOR 194 Gyehwa Byeo TeJ KOR 294 Seonam Byeo Tel KOR
95 Pocheon Jangmang Mebyeo  Tel KOR 195 Yeongnam Byeo Tel KOR

96 Dongo Byeo TeJ KOR 196 Yangjo Byeo Tel KOR

97  Seorianjeunbaengi TeJ KOR 197 Aranghangchal Byeo Tel KOR

98  Neul Byeo TiJ KOR 198  Heugnam Byeo TeJ KOR

99 Iwiippari Byeo TeJ KOR 199 Goamy Byeo TeJ KOR

100 Jeongjonghwa TeJ KOR 200 Manmi Tel KOR

“Ad: Admixture, Ar: Aromatic, Au: Aus, 1: Indica, 1 (T): Idica (Tongil type), J: Japonica, Tel: Temperate japonica, Tt): Tropical japonica,

"U/N: USDA/NGRL (Introduced)
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Table 2 Sequence information of primers used in RT-PCR for expressional analysis

Primer Candidate gene Orientation Sequence (5°-3”) Tm (°C)
Fw GAGGAGGAGGAGGATCAGG 59
LLALI 0s08g31950
Rv CTACGACGAGCTTCCACTCC 59
Fw CGCAAGCAATGATGAAAGAA 57
PL1 Os04g19540
Rv AAGTCAAATTCAAGGGCCCT 57
. Fw CCAGCAAGGTCGAGACGAA 56
Actin actin
Rv TGTATGCCAGTGGTCGTACCA 56

Table 3 Basic statistical values and number of lateral leaf angles with 294 rice accessions

Statistical focus Statistic Lateral leaf angle (°) No. of accession
Total 294 Erect
39
Maximum (°) 83.5 (0 - 10)
Minimum (°) 5 Semierect
188
Average (°) 22.61 (10 - 30)
Standard deviation 14.46 Horizontal
46
cv 0.64 Bl <x)
* Accession names are provided in Supplementary Table 1
RT-PCRE Ol&3H SHA Yal 24 e
RT-PCRE 5510] B3 §A410] ZLF2 31ol5h 5 mRNA
W S 245} 9)5}0] RT-PCRS S A3} ch(Table2). & ¥
o
PCR-2 SYBR® Green Realtime PCR Master Mix (Toyobo, Japan) £ R D
2} Bio-Rad CFX96 TouchTM Real-Time PCR Detection System °
(BiO'Rad9 USA)% }\}%3}(}3\1"]— E'E__‘ E%%% )\K_:']. 8\:l] 9’] ;ﬁ—)] §—:1]—}\é 2|0 4|0 6|0 SIO

3 3ol7] 9I3ko] 3 RO R F1WBHH O] PCR 3L
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7} denaturation, 55°CoJ| 4] 202 7} annealing, 72°C || 4] 3027t
extension} 17, scanning &= 742 503] HHE-5}14] © 1, melting
curve 412 65 ~ 95°Cof| A 0.5°CH] 5% 71 Al 3 5} 9 T}

Zm 9 oy
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Ao A5 )1 248 9ol RHPL BES| S o
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Fig. 1 Phenotypic distribution and statistics of lateral leaf angle (°)
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GWAS =40f °[et SNP 07 7HE
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Fig. 2 Manhattan plots and high associated peaks of lateral leaf angle using 294 rice accessions. The -logo(P) value from a
genome-wide scan are plotted against the position on each of 12 chromosomes
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Fig. 3 (A) Phenotypic distribution and statistics of lateral leaf angle (°), (B) Regions of the genome showing strong association signals
near previously lateral leaf angle-related genes. Top of each panel shows a chromosome region of the peak SNP (SNP with the lowest
P value), whose position is indicated by a vertical red line. Bottom of each panel shows a 5-kb region on each side of the peak

SNP, with annotated genes indicated by color boxes
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Table 4 SNP locations associated with lateral leaf angle in 294 rice accessions

Chr. SNP Location (bp) P-value MAF R2* R2' FDR adjusted P-values
8 S8_19830086 19,830,086 7.99x10°  0.152015 0.319690902 0.35982231 4.18x10"
8 S8 19815381 19,815,381 7.18x10°  0.172161 0.319690902 0.372092035 2.51x10"
8 S8 19815442 19,815,442 522x10°  0.12088 0.319690902 0.410768507 8.58x107
8 S8 19817220 19,817,220 1.11x10*  0.108059 0.319690902 0.358178076 4.54x10""
8 S8 19817228 19,817,228 4.90x10°  0.100733 0.319690902 0.362281852 4.10x10"
8 S8 19817814 19,817,814 2.96x10°  0.126374 0.319690902 0.364833449 3.89x10™
8 S8 19828553 19,828,553 1.93x10*  0.111722 0.319690902 0.355407434 4.89x10""
8 S8 19811866 19,811,866 1.70x10*  0.131868 0.319690902 0.356041467 4.73x10"
8 S8_19830240 19,830,240 3.16x10*  0.190476 0.319690902 0.352988153 5.35x10™
8 S8 19830510 19,830,510 3.68x10*  0.131868 0.319690902 0.352235208 5.57x10™
8 S8 19838535 19,838,535 1.19x10*  0.216117 0.319690902 0.357819034 4.59x10""
8 S8 19851668 19,851,668 3.35x10%  0.117216 0.319690902 0.352693654 5.41x10™"
8 S8 19879513 19,879,513 1.79x10°  0.124542 0.319690902 0.367383556 3.51x10™
8 S8 19899305 19,899,305 2.61x10"  0.437729 0.319690902 0.35393741 5.11x10"
8 S8_19899360 19,899,360 5.02x10°  0.437729 0.319690902 0.362163554 4.10x10"

Chr., Chromosome; MAF, minor allele frequency

*R square of model without SNP. 'R square of model with SNP.
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2 SNP S8 19879513 Alo] 9] oF 64 Kb L7+ A 137 2] 54
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(Table 5).
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Table 5 Candidate gene information included Os08g371950 gene between 19,815,381-19,879,513 (64 Kb) on chromosome 8

. Predi
No. Name Coor dirgz: (5°-3") II: Il:;tlﬁogj(;e) p::t:itfld Description
length
1 0s08g31950.1 19,814,562 19,814,816 255 85 Basic helix-loop-helix proteins (bHLHs)
2 0s08g31960.1 19,823,381 19,826,388 813 271 Uncharacterized protein
3 Os08g31970.1 19,826,775 19,829,675 1,263 421 NHL (Ncl-1, HT2A, Lin-41)-repeat-containing protein
4 0Os08g31970.2 19,826,775 19,829,675 828 276 NHL (Ncl-1, HT2A, Lin-41)-repeat-containing protein
5 0s08g31980.1 19,836,087 19,830,328 2,589 863 Trehalose-6-phosphate synthase
6 0s08g31990.1 19,843,586 19,842,034 249 83 Uncharacterized protein
7 0s08g32000.1 19,852,088 19,852,354 267 89 Uncharacterized protein
8 0s08g32010.1 19,859,453 19,858,390 333 111 Hypothetical protein
9 0s08g32020.1 19,862,754 19,865,795 2,346 782 Retrotransposon protein
10 0s08g32030.1 19,869,343 19,866,410 2,217 739 Retrotransposon protein
11 0s08g32040.1 19,870,464 19,869,598 867 289 Retrotransposon protein
12 0s08g32050.1 19,872,534 19,871,416 1,119 373 Retrotransposon protein
13 0s08g32060.1 19,875,266 19,877,699 2,073 691 Spotted leaf 11
0s08g31950.1
4
Exon 1
Chromosome 8 Exon 1
SNP position 19814759
Ref: Sequence < . Mean of lateral
Allele C/T No. of variety Ao F-value
g;{:;g?ﬁf;g Alanine — Valine
Codon Variant GCG — GTG
Hapl C 220 22.94
Hap2 72 215! 9.29E-14"""
Hap3 C 2 43.00

Fig. 4 Haplotype analysis of the sequence covering the candidate gene Os08g37/950 on chromosome 8 coding regions in 294 rice
accessions and phenotypic variation among different haplotype
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Fig. 5 Nucleotide sequence comparison of Os08g31950 gene in twenty different varieties. The conserved sequences are shown as
dots. Sequence variation is represented by corresponding nucleotides. The consensus sequence is indicated at the bottom of the
alignment. Group 1, erect lateral leaf angle (x < 5°) varieties; Group 2, horizontal lateral leaf angle (x > 60°) varieties
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Supplementary Table 1 Frequency distribution of flag leaf angle according to the measured value in 273 rice accessions

Flag leaf angle

No. of accession

Erect
(0°-10°)

Bonggwang, Daesan Byeo, Keunseom, Suweon 347, Sodami, Deuraechan, Taebaeg Byeo, Yusin,
Youngdeok, MS11, Saesangju, Hwaseonchal Byeo, Dongan Byeo, Saenuri, Honong, Jinheung, Munjang
Byeo, CT9993-5-10-1-M, Ilmi Byeo, Goamy Byeo, Joun, Geongganghongmi, Wase Gingbouzu, Milyang
42, Mimyeon, Sura Byeo, Cheongan, Xi Gua Bai, Milyang 88, IR40, Chinnong, Junghwa Byeo, Gancheok
Byeo, Anda Byeo, Gaya Byeo, Jungwon Byeo, Gangchan, Seokwang, Chupung Byeo (39)

Semierect
(10°-30°)

Cheongdo-donggok-4, Nongan Byeo, Mondonchalbyeo (Mongdonjaerae), IR38, Golyeong-2, Mihyang
Byeo, Shindongjin Byeo, Geuru Byeo, Cheong Cheong Byeo, Danmi, Shinbaeg, Satbyeol Byeo,
Koshihikari, Sobaeg Byeo, Samcheon Byeo, Manguem Byeo, Manchu Byeo, Hwangkeumbora, Hanareum,
Sangmibyeo, Suan, Wolbaek, Cheongdam, Cheongnam, Samnam Byeo, Nongho Byeo, Cheonga, Jinbaek,
Urasan, Syarebyeo-61-1-B, Syalebyeo-163-1-B, Gopum, Baegyang Byeo, Milseong, Dobong, Seomjin
Byeo, Saegyehwa, Muando, Sangju Byeo, Younghojinmi, Palgoeng, Dongbo, Huindadak, Yeongpung
Byeo, Chungdo Hwayang 14, Palgong Byeo, Chilbo, Junam Byeo, Hwacheong, Seolhyangchal Byeo,
Yangjo Byeo, Seonhyangheukmi, Jungsaenggold, Saeilmi, Neul Byeo, Donghae Byeo, Wu Cyue, Pocheon
Jangmang Mebyeo, Suweon 159, Tchampa, Dongjin Chal Byeo, Samgwang, Sambaek Byeo, Geumo Byeo,
Hwangkeumnuri, Pungok, Hwanggeumnodeul, Naengjo, Dular, Jejubukjeju-2002-550, Jangsung 1,
Boramchan, Jopyeong, Inwol Byeo, Haepyeong Byeo, Nampyeong Byeo, Hangangchal, Dunnae Byeo,
Hanmaeum, Syalebyeo-94-1-B, Bala, Mala, Chungsongaengmi 4, Haiami, Hopum, Hwaseong Byeo,
Nakdong Byeo, Dasan Byeo, Jinmi Byeo, Naepung Byeo, Seoan Byeo, Yeonghae Byeo, Gyehwa Byeo,
Manmi, Norinmochi 1, Seohae, Hyangmi Byeo 1, Kwanak Byeo, Sukwang, Seorianjeunbaengi, Seon,
Norin 22, Jejubukjeju-2002-171, Jejubukjeju-2002-420, Dharial, Danyang-7, Hwaseong-5, Gou 405,
Chungdo 23, Chucheong Byeo, Samgang Byeo, Jeogjinju Byeo, Juan Byeo, Sinseonchal Byeo, Nampung
Byeo, Dami, Yangmyeon, Jinbu Byeo, Hopyung, Heugkwang Byeo, Taecbong Byeo, Suweon 255, Sungju
3, Goun, Seolemi, Saenara, Paldal, Heugseol, Jeongjonghwa, Rathal, Jejubukjeju-2002-99, Jejubukjeju-
2002-521, Pyeongbuk 3, Hwayeong Byeo, Daelip Byeo 1, Sangnambat Byeo, Pungmi, Boseogchal,
Gangbaek, Hongjinju, Namseon 126, Manweol Byeo, Waikyakushi, Suhyeonghando, Ilpum Byeo, Milyang
23, Yeongnam Byeo, Seonam Byeo, Newrex, Binato, Yung Yuen Chuen Zim, Daegu Damti 6-2,
Guechang 15, Xiao zao huang, Dongjin Byeo, Sinunbong Byeo, Baeksami, Unkwang, Giho Byeo, Sobi
Byeo, Nokwonchal, Namseon 52, Jejubukjeju-2002-340, Chiem Chank, Red Rice, Hawm Supan,
Hsiang-Ha-Tsan, Jejubukjeju-2002-561, Sahak, Nian Chi Shi, Soonchun 5, Namseon 34, Odae Byeo,
Nokyang, Hoban, Agbede, Iri 336, Danyang 9, Heugnam Byeo, Onnuri, Sinmyungheugchal, Seolag Byeo,
Xao Bai Mang Sue Dao, Di jiao wu jian, Bellardone, Magnolia, Chih-Tsao-He, Nam Il (188)

Horizontal
(B1°<)

Pukhi, Zilanica, Unbong Byeo, Mushkan 41, Danyang-38, British Honduras Creale, Tongil, Dudo, Jinbuol
Byeo, Aranghangchal Byeo, Ssal Byeo 22, Belle Patna, Hatadani, Upland, Avangard, Qua 77 Wuan-Dau,
Golyeong-6, Jejubukjeju-2002-115, Yang-Sha-Tsan, Chungdo Hwayang 12, Hwasin 1, Doan Guang Hwa
Lue, Yupul, Moroberekan, Taichung-Woo-Tsan, Kagi, Nongbaeg, Heugjinju Byeo, Saducho, Tsong-
Gan-Shun, Spin Mere, Incheonkanghwasujip-16, Jwiippari Byeo, Anbaw C7, San-Li-Shun, Sung Pan Tao,
Ssalbyeo 16, Victoria F.A, Keng Chi Ju, Debzera, Bikom, Tai Mochito, Cartuna, Akaine, Okcheong, Tun
Sart (46)




