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ABSTRACT

Line development and hybrid selection are the main procedures for maize breeding. Line development
in South Korea is largely dependent on conventional breeding methods. This conventional line development
system is tedious, labor—intensive, and time—consuming procedure. Currently, doubled haploid technology
was introduced and settled in Korea by Maize Research Institute. Doubled haploid technology in maize
is a rapid line development system and many foreign maize research institutes have been actively using
this technology. In this study, we wanted to set up doubled haploid technology in South Korea. It is a
temperate area, so we can do only one breeding cycle in a year and the flowing time of maize is usually
overlapped with rainy season in South Korea. In order to overcome this weather condition, we settled a
special green house for doubled haploid breeding. Line development system by doubled haploid technology
considering domestic environmental conditions has three steps: haploid induction, chromosome doubling
and line production in the green house, and line assessment and seed multiplication. The number of
inbred lines developed by doubled haploid technology from 2018 to 2020 were 1,396 and 295 lines were
selected by the initial evaluation. Finally, 33 inbred lines were selected by the regional evaluation test.
Using the developed DH lines, we made various crosses then conducted combining ability test and regional
performance test. We have lastly picked out one superior hybrid and named Hwangkum—ok. This new
variety was applied for plant variety protection at the Korea Seed and Variety Service, When we compare
with foreign institutes, it was not the mass line production, but it can be a reasonable settlement of
doubled haploid technology in South Korea. We expect the number of annual developing lines will be
increased and our breeding efficiency will be greatly progressed by this technology.
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ELEOA HopX| 7]l oF 24710l HeEjoA 2] HFEE AASIL 0.07% F3]% &
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A" 1 Hi7iRkeA Z1ee o8 aHF 27154

M7k WA 1gol o8 a4 AERAS BE AT HES N nsor A waA 2
718 o T Ane] fA4 P e FaT adloln, olejst §44 kS 1Y o
F2 Aehs o]838k= Aol 7H a&/dol Eth(Bernardo, 2009). & ¢to &8 Hek2 F2 R
ohet FI A= Batgiin, o]t & mAo] S G4 8 SHBHS BEdtel 2gstes
222 73 FARG7] WRolth, 24, 29, WANA 5 BRI TP YHS T4
_]‘__]_X]. A} {]- J—]r_xl—, zx {]- jr_;é} \;v_l 5} =1 Q2
. -

71 A (inducer) & FHEH O 2 sto] QIFwulE AA|sto] =35t ALY M WAL= 3~52 FI 53T
RlI-nj o} §52 vrA] T8 A4 |4
3.0%, 1L §71&2 4 1543/P1894 koA 6.1%% 1L, 9T
Wttt 2 o] 85 = E¢X11 F71A12 F71&2 Bt 8% HLoltt, & Aol A9 vheA] {7182
AW Q] WA §7]&o) vg] W& Holt}, ol R/-p vupA7F Mk A v A& gHA} 24 A
of ¢ SolHor Agohgirtal werET)
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P1543/P1894 225 3 550 6.1
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]88 71~86%, 2019L%(2Ldi})ﬂ 370 Akl AAF HAHES 71~80%, 20208 (3¥EaH 2 371
o] AAF HAH R 64~88%= AATE &g ko] met AMFL v|go] Aolsttt, Q15 ilHy
2 Ed3lo] 4849 AE4E 2 JUEE 20184 31~ 15141%, 2019¥ 54~ 1447415, 20208 72~170
5 oolglon 347t F 875A1%S SAGHATh €8 Aol ¥ S4ATFE IR BRE
Ak

o 1004150l 2xsh= 734% AATt. A4 F din] S 2 AleHe2 2018 7.1~

et

13.5%, 20199 10.6~13.3%, 20209 8.4~15.8% = At ¥ H+ += AeHE&2 11.3%= Ve
34 rﬂﬂl SEAEN LS DT o 23 A5 /S AL BEH §718 o wol el 4
4 58 ;

S o Shusit YHoE AUL UL 4 AT,
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2 2. GMA Hi7t M2| = AV A¥F HE I |9 AST
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o151 et g8 2 o0 @A AME 84 A%/
) ) HIZ(%) & HIZ(%) Asz  FA(%)
P8521 841 130 15 711 85 96 13,5
1 32W86/P8521 1873 537 29 1336 71 151 11.3
HW9/162+- 507 72 14 435 86 31 7.1
175A/P7709 921 186 20 735 80 78 10.6
2 17%B Atk 1,536 452 29 1,084 71 144 13.3
17A-/HW3 576 141 24 435 76 54 12.4
P3156 &8 1286 211 16 1075 84 170 15.8
3 175A/P7709 975 114 12 861 88 72 8.4
Z12HW) 1322 476 36 846 64 79 9.3
WA G71ASh LS sl AN WAl FAbe] GAA] B AF BA] AEA JTFL
FE BAT Aol ATl 2 T 29 3 SN A Wt B4 RS Fokel
obE Huurh: fR A Yol AEAo] wrt ANE P00 394 ATFYNAE f1 3
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SHE B 33 2k 0194QAA): 2000464 2 $& LAY Aok A8 A A 55 zn%
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o SAAES T2 a8 fH WA do] S5, H
7b A A FAF Who] e @ A|7kS Hokdk 4 glomz = yhx] vhy m= zhzho] 7}
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HX} =y Hi 7 X2 gt A SHASS H| (%)
og 23 373 51 13.7
175 A/P7709
5 FE FA 362 27 7.5
9H A 259 34 13.1
17A-/HW3
GH FA 176 20 114
. FE HA 597 122 20.4
P3156 =37tk
, R 478 48 10.0
‘ 95 A 423 40 9.5
Z=Z2H(W)
GH FA 423 39 9.2
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s - MH - st - Me2 - ] - FHA
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47A5E Attt 20199 QAP o= A4S 3124152 H7ksto] ALo] EFFstal ywAdol oF
St 8841 F= TEjAIF O, o] 9-otal W E Aol o]At |7 FIF 54452 Aldst AT
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AL, 29574182 1A EAH 7L A -3 As o2 AUt At AlE2S Ao A94e4
B7HE §3 Ago g dgEglon dF AFS wijxg Y HE E= FEOZ S&ET

()]
Jlo
1>
>
re
-1
B>
A
o)
')
ol



B 4, H{7 gaA 7|s00 Qs SdE AS2 SHEIIE et AsdY ! AHE A

o 3 D1 AE4 HuAEL nj<ior 3 sAAES
saHEL
1 229 47 86 117
2 312 54 88 224
3 855 194 118 637

w7k BEEA SAAEL 13 SAEIEE Fotel AuE Agel oiste] ZUE U 34 A(EA,
B, AWM AE] AgAS Amsheleh. ok WAl 1ol o) SAHL AWE AL hd
52A15S B7Fetelal, 2018"9l 18DR13 5 12A41%, 2019€el 19DR32 -5 10A1%, 20204l
o)

q

20DR29 5 11415 5 317k % 3ASS Awsiilct 201890l M4 g% U o3 2o A S0l
Arelglon] 2019497 2020Ho 254 ABSo] Mgy AR HAAES gy A Hct
ZAM717F 104 o]AF wrstt) 19DR29, 20DR13 59 254 AS 52 B93-S L= FALST &
T9E A AN EEAL 1 0§/ S Ao worHth A HriolA AwE Fa
ASe £ 59 1Y 37 goo], wrk W Aol o8] S48 ASY Ao A o] sl
GaHE THRTS PG 8 mAoR BETs BAYS Ao kg
H 5 th7HAR SMAS0 XM BIlE E8t 2o MuS
s T = AAE  AAE o/AEd ]
gzt ABAS (E%/LE'L o (o) (t:Tm) me) |<°E='>T =
18DRO1 7/21 187 1.4 11.7 3.2 12.0 v (HF1)
18DR04 7/20 135 1.3 12.0 3.6 12.2 Llezei= e
18DRO7 7/20 115 1.0 12.0 3.2 12.5 Llezh= e
X 18DR13 7/18 130 1.0 12.3 34 13.3 Elied s
18DR22 7/20 156 1.3 10.9 3.5 13.0 Hhobz]
18DR24 7/16 169 1.0 16.2 34 11.2 Llezei=es
18DR28 7/21 145 1.0 12.0 3.5 11.1 Ll s
18DR33 7/22 132 1.0 13.2 3.4 12.2 AEE
19DRO1 7/20 185 1.0 14.3 4.0 12.0 tiu](HF1)
19DRO3 7/20 201 1.0 18.6 4.8 16.0 Ll s
19DR16 7/22 191 1.0 15.0 4.2 13.0 upx]E
) 19DR18 7/17 166 1.0 17.6 39 13.0 Elzh= s
19DR29 7/9 138 1.0 13.0 3.5 13.0 Zgs upA|E
19DR32 7/9 137 1.0 12.6 34 14.0 24 OMR|SE
19DR35 7/7 144 1.0 114 33 15.0 S A
19DR46 7/20 162 1.0 17.0 3.8 10.0 LlaaioAles

886 » 2020z AEHHATEDM



- EAH7 7 = Aed XALE olMES
L 7 S A S AN AR L

20DRO1 7/21 174 1.0 13.5 4.2 11.7 o= (HF1)
20DR10 7/8 149 1.0 12.9 3.1 12.3 S Ak
20DR13 7/8 168 1.0 13.2 35 113 24 kA E
20DR22  7/15 162 1.0 13.0 3.9 16.3 akx)E

. 20DR27  7/15 156 1.0 11.4 3.6 15.0 s
20DR29 7/14 175 1.0 11.5 3.4 15.3 apA]
20DR39  7/11 167 1.0 12.2 3.8 133 24 W E
20DR48  7/18 169 1.0 13.5 3.9 13.0 Hhapx] g
(18DRO1) (18DR13) (19DR46) (20DR29)

J8 3. XY MSEYIt 2 HY DHASS 0|42y

W7k WA 714 o8 S44 AE SAY AN K4E 44 A% F AVE TYHY
Hetee] FARAANE o] Festom Ay 9 JANEE E 63 2eh o]F BRE S AT
A 51 BOISlof 58 AT S ST SYRAALAEA AL ST AVl 20194

[€)
G SarE FRUE HRAH FAG] 17AF, 2950 dATol

# 6. Hi7} gt 4SS ZESUYRTXEME WEXE 7|8 WY
LN o b Lt ke UAHS sty A=Y ek H| 1
1 GB19022 K270688 Zea mays S5 17DHF001 TAAE
2 GB19022 K270689 Zea mays S 17DHF002 TAAE
3 GB19022 K270690  Zea mays S5 17DHF003 FAAE
4 GB19022 K270691 Zea mays g 17DHF005 AT
5 GB19022 K270692 Zea mays S 17DHF006 FTAAE
6 GB19022 K270693 Zea mays S 17DHF007 SAAE
7 GB19022 K270694 Zea mays QL 17DHF009 SHAAE
8 GB19022 K270695 Zea mays S 17DHF012 SAAE
9 GB19022 K270696 Zea mays S 17DHF013 TAAE




A XEysHs UAHS st A=Y XHEE H 1
10 GB19022 K270697 Zea mays S 17DHF014 TAAS
11 GB19022 K270698 Zea mays L 17DHFO015 A
12 GB19022 K270699 Zea mays S 17DHFO016 SAAE
13 GB19022 K270700  Zea mays %4 17DHF017 A%
14 GB19022 K270701 Zea mays ST 17DHF018 TAAE
15 GB19022 K270702 Zea mays S 17DHF020 SHAE
16 GB19022 K270703 Zea mays S 17DHF022 SAAS
17 GB19022 K270704 Zea mays S 17DHF023 TAAE
18 GB19022 K270705 Zea mays S 17DHF025 SAAE
19 GB19022 K270706 Zea mays & 17DHF026 SAAS
20 GB19022 K270707  Zea mays N 17DHF027 FAAE
21 GB19022 K270708 Zea mays S 17DHF028 SAAE
22 GB19022 K270709 Zea mays S 17DHF030 A
23 GB19022 K270710  Zea mays N 17DHF031 FAAE
24 GB19022 K270711 Zea mays S 17DHF032 SHAE
25 GB19022 K270712 Zea mays S 17DHF034 SAAS
2% GB19022 K270713  Zea mays oo 17DHF035 FAAE
27 GB19022 K270714 Zea mays S 17DHF036 A
28 GB19022 K270715 Zea mays S 17DHF037 SAAS
29 GB19022 K270716  Zea mays PN 17DHF038 AT
30 GB19022 K270717 Zea mays S 17DHF039 SHAE
31 GB19022 K270718 Zea mays S 17DHF041 SAAS
32 GB19022 K270719 Zea mays S 17DHF044 SAAS
33 GB19022 K270720 Zea mays S 17DHF045 TAAS
34 GB19022 K270721 Zea mays S 17DHF047 SAAS
35 GB19022 K270722 Zea mays S 17DHF048 SHAE
36 GB19022 K270723 Zea mays S5 17DHF049 SAAE
37 GB19022 K270724  Zea mays P 17DHF051 A%
38 GB19022 K270725 Zea mays i 17DHF052 SHAE
39 GB19022 K270726 Zea mays e 17DHFO055 SAAE
40 GB19022 K270727 Zea mays S 17DHF058 SAAS
41 GB19022 K270728 Zea mays S 17DHF059 TAAE
42 GB19022 K270729 Zea mays 44 17DHF061 SAAE
43 GB19022 K270730 Zea mays S 17DHF062 A
4 GB19022 K270731  Zea mays oo 17DHF064 A%
45 GB19022 K270732 Zea mays S5 17DHF065 SAAE
46 GB19022 K270733 Zea mays S 17DHF066 A
47 GB19022 K270734  Zea mays oo 17DHF067 FAAE
48 GB19022 K270735 Zea mays e 17DHF068 SAAE
49 GB19022 K270736 Zea mays S 17DHF069 SAAE
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50 GB19022 K270737 Zea mays PN 17DHF070 FAAE
51 GB19022 K270738 Zea mays S 17DHF072 TAAE
52 GB19022 K270739 Zea mays e 17DHF073 TAAE
53 GB19022 K270740  Zea mays ERO 17DHF075 ERPTY
54 GB19022 K270741 Zea mays S 17DHF079 TAAE
55 GB19022 K270742 Zea mays e 17DHF081 FTAAE
56 GB19022 K270743 Zea mays © s 17DHF082 AT
57 GB19022 K270744 Zea mays S 17DHF086 TAAT
58 GB19022 K270745 Zea mays e 17DHF095 FTAAE
59 GB19022 K270746 Zea mays g 17DHF098 SHAAE
60 GB19022 K270747  Zea mays o 2o 17DHF100 FAAE
61 GB19022 K270748 Zea mays S 17DHF101 TAAE
62 GB19022 K270749 Zea mays S 17DHF102 THAAE
63 GB19022 K270750 Zea mays S 17DHF103 THAE
64 GB19022 K270751 Zea mays S 17DHF104 TAAE
65 GB19022 K270752 Zea mays g 17DHF105 SHAAE
66 GB19022 K270753 Zea mays S 17DHF107 THAAE
67 GB19022 K270754  Zea mays 99 17DHF108 FAAE
68 GB19022 K270755 Zea mays S 17DHF109 SHAAE
69 GB19022 K270756 Zea mays S 17DHF110 AT
70 GB19022 K270757 Zea mays e 17DHF111 FTAAE
71 GB19022 K270758 Zea mays S44 17DHF112 STAAS
7 GB19022 K270759 Zea mays N 17DHF115 FAE
73 GB19022 K270760 Zea mays S 17DHF117 TAAGE
74 GB19022 K270761 Zea mays S5 17DHF119 SAAS
75 GB19022 K270762 Zea mays g 17DHF121 SAAE
76 GB19022 K270763 Zea mays S 17DHF123 TAAE
77 GB19022 K270764  Zea mays EPON 17DHF124 FAAE
78 GB19022 K270765 Zea mays 5 17DHF126 FAAE
79 GB19022 K270766 Zea mays S5 17DHF127 FTAAE
80 GB19022 K270767 Zea mays S 17DHF128 TAAE
81 GB19022 K270768 Zea mays S 17DHF129 TAAE
82 GB19022 K270769 Zea mays S 17DHF130 FTAAE
83 GB19022 K270770 Zea mays S 17DHF132 STAAE
84 GB19022 K270771 Zea mays o 2o 17DHF133 FAAE
85 GB19022 K270772 Zea mays L= 17DHF134 SHAAE
86 GB19022 K270773 Zea mays S 17DHF138 FTAAE
87 GB19022 K270774  Zea mays o 2o 17DHF139 FAAE
88 GB19022 K270775  Zea mays 99 17DHF140 FUAE
89 GB19022 K270776 Zea mays g 17DHF142 AT
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90 GB19022 K270777 Zea mays PN 17DHF143 A%
91 GB19022 K270778 Zea mays L 17DHF147 TAAE
92 GB19022 K270779 Zea mays L 17DHF148 TAAE
93 GB19022 K270780 Zea mays Sp 17DHF153 SHAAE
94 GB19022 K270781 Zea mays S 17DHF156 TAAE
95 GB19022 K270782 Zea mays S 17DHF159 TAAE
96 GB19022 K270783 Zea mays S 17DHF160 SAAS
97 GB19022 K270784 Zea mays S 17DHF163 TAAE
98 GB19022 K270785 Zea mays L 17DHF164 TAAE
99 GB19022 K270786 Zea mays S 17DHF165 SHAAE
100 GB19022 K270787 Zea mays S 17DHF166 A
101 GB19022 K270788 Zea mays L 17DHF167 TAAE
102 GB19022 K270789 Zea mays S 17DHF168 SAAS
103 GB19022 K270790 Zea mays S 17DHF169 A
104 GB19022 K270791 Zea mays L 17DHF170 TAAE
105 GB19022 K270792 Zea mays S 17DHF172 SAAS
106 GB19022 K270793 Zea mays S 17DHF174 SAAS
107 GB19022 K270794 Zea mays S 17DHF175 TAAE
108 GB19022 K270795 Zea mays S 17DHF176 SAAS
109 GB19022 K270796 Zea mays S 17DHF177 SAAS
110 GB19022 K270797 Zea mays S 17DHF179 TAAE
111 GB19022 K270798 Zea mays S 17DHF185 SAAS
112 GB19022 K270799 Zea mays S 17DHF187 SAAS
113 GB19022 K270800 Zea mays S 17DHF191 TAAS
114 GB19022 K270801 Zea mays S 17DHF192 SAAS
115 GB19022 K270802 Zea mays S 17DHF194 TAAE
116 GB19022 K270803 Zea mays S 17DHF195 SAAE
17 GB19022 K270804  Zea mays N 17DHF200 ERPTY
118 GB19022 K270805 Zea mays ESN 17DHF203 FAAE
119 GB19022 K270806 Zea mays S 17DHF204 TAAE
120 GB19022 K270807 Zea mays S 17DHF205 SAAS
121 GB19022 K270808 Zea mays S 17DHF206 TAAE
122 GB19022 K270809 Zea mays S 17DHF207 TAAE
123 GB19022 K270810 Zea mays S 17DHF208 SAAS
124 GB19022 K270811 Zea mays S 17DHF211 TAAS
125 GB19022 K270812 Zea mays S 17DHF215 TAAE
126 GB19022 K270813 Zea mays S 17DHF216 SAAS
127 GB19022 K270814  Zea mays N 17DHF219 ERPTY
128 GB19022 K270815 Zea mays e 17DHF222 TAAE
129 GB19022 K270816 Zea mays S5 17DHF225 SAAE
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GB19022 K270817  Zea mays PN 17DHF226 FAAE
GB19022 K270818 Zea mays S 17DHF230 TAAT
GB19022 K270819 Zea mays e 17DHF244 TAAE
GB19022 K270820 Zea mays © s 17DHF246 AT
GB19022 K270821 Zea mays S 17DHF248 TAAE
GB19022 K270822 Zea mays e 17DHF249 FTAAE
GB19022 K270823 Zea mays S 17DHF251 STAAE
GB19022 K270824 Zea mays S 17DHEF255 TAAT
GB19022 K270825 Zea mays S 17DHF258 TAAE
GB19022 K270826 Zea mays g 17DHF259 SHAAE
GB19022 K270827  Zea mays o 2o 17DHEF261 FAAE
GB19022 K270828 Zea mays S 17DHF262 TAAE
GB19022 K270829 Zea mays S 17DHF267 THAAE
GB19022 K270830 Zea mays S 17DHF268 TAAE
GB19022 K270831 Zea mays S 17DHF269 TAAE
GB19022 K270832 Zea mays g 17DHF270 SHAAE
GB19022 K270833 Zea mays 942 17DHF272 THAAE
GB19022 K270834  Zea mays 9o 17DHF275 FUAE
GB19022 K270835 Zea mays S 17DHF276 SHAAE
GB19022 K270836  Zea mays S5 17DHF278 FAAE
GB19022 K270837 Zea mays e 17DHF280 TAAE
GB19022 K270838 Zea mays S 17DHF285 SAAS
GB19022 K270839 Zea mays S 17DHF290 TAAE
GB19022 K270840 Zea mays S 17DHF291 SHAE
GB19022 K270841 Zea mays S 17DHF293 SAAS
GB19022 K270842 Zea mays S 17DHF295 TAAT
GB19022 K270843 Zea mays S 17DHF296 TAAE
GB19022 K270844  Zea mays EPON 17DHF297 FAAE
GB19022 K270845 Zea mays S 17DHW001 2EAF
GB19022 K270846 Zea mays S5 17DHWO003 2 AE
GB19022 K270847 Zea mays 9L 17DHWO006 FEAE
GB19022 K270848 Zea mays & 42 17DHW007 ZHEA1E
GB19022 K270849 Zea mays S 17DHW008 2 A1E
GB19022 K270850 Zea mays Q2 op 17DHWO011 FEAE
GB19022 K270851 Zea mays CEES 17DHW018 257
GB19022 K270852 Zea mays L2 17DHW023 &A%
GB19022 K270853 Zea mays S 17DHW029 EA1E
GB19022 K270854  Zea mays o 17DHWO031 BOAE
GB19022 K270855 Zea mays e 17DHW033 Z-EA1E
GB19022 K270856 Zea mays S 17DHW034 2575

5. 2449174 « 891



A XEELHS UAHS &y NEY ek Bl
170 GB19022 K270857 Zea mays P 17DHW043 2HEA1T
171 GB19022 K270858 Zea mays Ly 17DHW047 HEAT
172 GB19022 K270859 Zea mays U 17DHW049 HEAE
173 GB19022 K270860 Zea mays Qe 17DHW050 HEAT
174 GB19022 K270861 Zea mays S 17DHWO055 AEAIT
175 GB19022 K270862 Zea mays S 17DHW056 2HEA1T
176 GB19022 K270863 Zea mays S 17DHW057 2HEA1T
177 GB19022 K270864 Zea mays Q= 17DHW058 HEAT
178 GB19022 K270865 Zea mays U 17DHW059 HEAT
179 GB19022 K270866 Zea mays S 17DHW061 2575
180 GB19022 K270867 Zea mays S 17DHW063 AEAIT
181 GB19022 K270868 Zea mays R 17DHW064 LS
182 GB19022 K270869 Zea mays S 17DHW065 2HEA1T
183 GB19022 K270870 Zea mays G 17DHW068 HEAT
184 GB19022 K270871 Zea mays S 17DHW069 HEAT
185 GB19022 K270872 Zea mays S 17DHW070 HEAT
186 GB19022 K270873 Zea mays S 4e 17DHW071 AEAIT
187 GB19022 K270874 Zea mays CRS 17DHW072 HSAT
188 GB19022 K270875 Zea mays CR e 17DHW074 HEAE
189 GB19022 K270876 Zea mays G 17DHW075 FEAE
190 GB19022 K270877 Zea mays S 17DHW077 HEAT
191 GB19022 K270878 Zea mays S 17DHW078 HEA T
192 GB19022 K270879 Zea mays Sq242 17DHW079 AEA 1T
193 GB19022 K270880 Zea mays P 17DHW084 2EA1T
194 GB19022 K270881 Zea mays CR 17DHWO085 HSAE
195 GB19022 K270882 Zea mays Qe 17DHW086 HEAT
196 GB19022 K270883 Zea mays S 17DHW089 HEAE
197 GB19022 K270884 Zea mays S 17DHW096 27T
198 GB19022 K270885 Zea mays L 17DHW103 AEAIT
199 GB19022 K270886 Zea mays S 17DHW107 AT
200 GB19022 K270887 Zea mays P 17DHW109 2HEA1T
201 GB19022 K270888 Zea mays Qs 17DHW110 LA E
7} BhpA 7S o] 85t &A% DHAl S & &&35to] wHjx2gE #4593, o] & wggol
gt 235 H7HE AAISHT 2019990l 19CA456 5 1851ES Algste] 19CA460 5 171
FEe Adtetyon O Ay & 73 2l 19CAS96L Aol din] E5o vl S48k,
19CA493& %A}%}@} rﬂﬂ] FEEY 5Y wWE wFor ATET 20201 o= 20CA307 5 92

202
4 ¥ 87 2th 20CA372E 5%
"éol Iﬂ‘ﬂl = EE} ‘I‘TO]‘J_—’- SAtY R w2 g, 20CA353-2 ol4rd o]zt diu] FF Kot
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dof Aol w2 wF o2 AU, AT ws2 ANHAA A BEE o +FBIE AS
A ofgolct.
H 7.2019E Hi7} ghad 24 ASS 28% nEso xYsHYI Fo MY uyS
B S ZME BAYS TR H4ag 0lH{em)
(kg/10a) (&) (cm) (%) Zo| = Zo| =
& E(dul) 850 78 292 51 18.2 17.5 5.0
19CA460 921 74 249 55 18.6 174 4.6
19CA461 844 78 248 56 16.4 15.4 5.2
19CA469 836 74 235 52 18.4 16.4 47
19CA488 975 76 251 53 17.9 16.4 5.2
19CA493 866 73 241 45 17.4 16.3 4.5
19CA510 928 76 287 49 19.1 18.6 4.9
19CA584 820 78 270 50 18.3 17.7 5.1
19CA592 869 76 291 45 20.6 20.0 4.7
19CA593 821 75 272 47 18.3 15.3 4.8
19CA596 1001 77 286 52 20.0 19.3 5.1
19CA602 860 76 282 49 19.8 18.6 4.7
19CA604 825 75 258 49 18.7 17.1 5.0
19CA605 874 77 283 49 18.2 16.7 5.2
19CA606 831 75 282 59 19.3 18.0 4.7
19CA609 934 74 264 48 18.1 17.0 4.5
19CA610 878 77 272 50 17.0 16.2 5.0
19CA639 1060 74 220 41 19.1 18.3 4.9
H 820209 Hi7t Htadl Y ASS 28t uESo xY¥sHYI Fe MY uYS
AEHE s EMYs 2y Apng 0|4H(cm)
kg/10a) (&) (cm) (%) Zio] = Zo] =
&L= (dfE)) 782 71 247 43 16.4 14.4 4.8
20CA307 832 70 256 39 18.8 16.4 4.8
20CA310 863 68 263 40 18.8 17.4 5.0
20CA313 790 72 261 42 14.6 12.1 4.2
20CA320 795 68 280 43 16.7 12.6 4.5
20CA329 858 70 239 46 19.2 17.2 4.6
20CA330 845 71 247 46 17.2 15.0 5.1
20CA351 840 72 253 47 174 14.4 5.1
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Fich. 2019490

[

A

i

H 9. 2018 ti7}

0]AH(cm)

4.3 32.8

16.4 15.0

45

256
250
266
245
243
270
259
236

1.2
1.5
1.8
1.3
1.0
1.5
1.2
1.0

9

100
125
116

693
863
806
788
804
907
821
690

(chH])
21180

ofr

e

18.4 17.8 4.7 323

44
47

71

4.8 31.1

16.2

17.8

80

21181

17.6 17.3 4.2 325

45

7

114
116
131
118
99

£1182

4.3 36.2

16.5 15.6

48

81

23183

4.5 38.1

19.3 18.4

48

80

£3184

4.5 373

17.3 16.2

47

81

21185

16.7 15.9 4.3 39.7

49

78

£3186

10, 2019 Hi7} Bt

E

0[Af(cm)

39.6

5.0
5.3
4.8

17.8 17.4

47

276
278
274
253

1.0
1.0
1.0
1.0
1.0
1.0

79
83

100

1012

()
181

Z3182

ofr

o]
70P

36.4

18.4 17.1

45

105

1065
1057
1071

™

42.3

183 17.9

47

78

105

18.0 17.6 4.9 46.7

51

80

106
97

186
Z1193

™

272 40 17.8 16.7 5.0 373
263 5.0

77

986

37.5

16.1

16.6

44

102 77

1032

194

5
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11, 2020 Hi7} Bt |4 ASS 8% nfEe XIAX3H FIt
apze S8 Xe SMY =5 gdm Aed 0lH{em) 10085
(kg/10a) (%) =(&) (1-9) (cm) E(%) ol =2zol = (9)
AN G L) 799 100 80 269 47 17.4 16.2 50 362
21193 692 87 71 271 38 15.7 13.5 50 364

F1205 780 98 76 237 51 17.1 15.6 5.0 37.6
1206 810 101 79 255 51 16.9 14.7 5.2 28.5

1
1
Fu194 800 100 79 1 256 43 16.2 15.4 4.9 34.1
1
1

A=W 370 A oA Rt A A B7F A FAIE AUst] USR] HEFoR EF
SUSHATE 12, 2" 4). a5 #%“é(%Okg/lOa)Ol —‘% 5}1 Aar) o mi Aol
A B 7RIt SUUAE 20209 3 19¢ oY, FFET FUNSE S92020-227°I0 S
Wl A wiZE HhRA] Zlsel &) SA4EH AT 01%‘3 Hzo| FFYol 1 ofu7t A, EF
2014\ o] w7} WbA] 7lEmE Sulol =4sky] AlZkete] Alee wAdstal dEE st £52
SH7A Td ool B4 E‘Oi/ﬂ il 94 SRE ST 5 A w7t ‘i#‘ﬂ Nes N2E 5

T ™

Fwel S =T 4 1w 5

H 12,

N
Ho
0x

=5 529 +2d(kg/10a, X9, 2 ™) H|ul,

NE HI2(SYES) BUS(HHIES)

X4 18 19 A (X|2) 18 19 b

A 648 969 809(111) 470 991 731

B - 1,050 1,050(103) - 1,024 1,024

=R] 927 1,153 1,040(107) 917 1,020 969
AL  788(114) 1,057(105) 950(107) 693 1,012 884

FAT A7 A AT ARERNA BRI BE B SF AFS Austa ek 1
Uit BAFH BrHe @] 2 Wolrt 27 ekt A FAo| ofF Bk A7 A
HestAEr b el dhat Brhe wEAel B7kE Sueor st wale] Atk oledt EAYH



Hrhe] @S Hekstaar #xuiAE E-gsko] Aol o
Hi7t vk W o2 18DHWO021 5 574
(50K SNP)E Illumina infinium chip®® &4kt &4 dataw mawix FH= 435 SHEsE
AR Algol et A xgelA e 2dFA A A
FAR FA Yl AlE Aol 283 Aol

w7k BheA 7159 E8-2 Sl Ao Aol she WAl WAl X
T FAY RI-nj M4 mbA o3t BbpA| FAE 59 Al WS
AP 9 A 5ol Ma odl Fof o A 77t AeHA Yehdth
SHIY E= A2 Sof o|FF AATE wolklth, whpA] FA} A 3
= ol-&sto] WA FAE EstaLA shlvh AR Ay} 1y 59 o] £t
7t et M= S Hiofl Ao] gle Aoz SQlH oy FF7ivete &
© A ol Mol Sl wiAI(2n) AU &AL = AU o] 23
HbeA w7 s gAoR $EUTE 5 b
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OF 5. detFtmEHED e FE7IHEHR)0 2Bt Had X 2E. |etezE B4 i
RE A2 ME(n)EA2L, FF7IHEE 0| Al MM HO| FXt= 2ne

=

(AR 2) agad A8 WA §714 A

MaS4 §71A ALS ste] MALSset 4714 Wijste] Weke TASAL BEF Ak
844t wefol Mo Uehh A9E o 8310, Al AHE $I3] BA ol A Belo] Ao]
Sl AR Aske] AAlshelon Melo] A MEAEL 19 61t 2eh & 133 go] AR A
B4 201891 elE S3~S4AT 1484 B A@ste] A s 2go| S 8l0]4hS AW
sttt 20199 QAN s4~S6AIth 35AFS AFste] A SAo] 943 14601402 Aa
ek, 202093l S5~STAIT 61A%S Alste] A W W =EAGA o] 943 4440l A
Astgon] §71 B Balo] HEHoR ok AFS AU Aot
H 13, MAZes RIIA LS et E2AE MR
PPN MITH A" ASE =& 0|A HIO(EE)
| S3 38 13 '17/°18 BA
S4 110 68 19 FE Aa 291 FSAT
5 S4 6 66 20 At
S6 29 80 20 B Ma gl FHAd
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re
>

t MICcH

A As+

|:||_|—|_(§+9.

3 S5 35 286 21 Az
S7 26 158 21 Aja WhEA] f7]f 2
8 6. 22AS /A 2| SQlote] FAHER| JHH|TE M RIT(E), S50 FAHE2| ASD M
o YutE 25 WHISIH A0 WHH|IES H|WSIKH Bted R7IES FIHRN(R).
Mo G714 S % AF AdelA 7H $a% 24 /71419 dteAl #7718 g
oltt, ol {8l At AAF<Q ReAE FolA 94 540 ¢ AeS Adsto] Mol gAY
A7t Y=(liguleless AH) Motk wujE stlon] A WA g, & 149 Dk 4o Mol
gle m2e, s s ot AFY f71% Brhe 2 4 S wfolAe MY 57 B
ol & Majof o] Mol fR2 Wristitt, Liguleless AHY T wejst AF2] f71& H7te= =8 5
AE &7 ZEO| mpFsto] of 397]o] AA wpEa thu] 47 gle HAY Bl& R Brtskelen 1
A= 3 153 2 20199293 A AdE SA4AEY #7182 4.0~9.9%% 3L, 19IN0059)
71801 9.9%= 7 =th 20209 (392h ] 49 ATH SAAFY 7182 5.3~12.5%A .
53] 20INS7005& STAIh Age® BAE7L #31 §7]1&2 123%% $otsler w94 4%
Fuste] MaLpr RIUIAZ FE7HA7E w5 AoR HUHEHSAG
H 14, A RI1E R+ AS HYS et wbl UH4d
by A uii AS+ 7718 =t¢
oElD s 57 A A v, e FA R
! LigulelessA-4 38 A8 e A
e s 35 A A, B A B
2 AR 18 ”
Liguleless#H 183 A5 = A
23128 63 A A ), e FA R
’ A w30 28 ’
A 60 113 ”
3 A 175 41 ’
Liguleless#H 321 A48 gl 7HA




H 15, Liguleless X MAQI|H SHAS F1 X F7|18 43
A Xt H 5 oS F(F) Liguleless(Z) R71E(%)
19IN005 111 11 9.9
19IN006 88 6 6.8
2 19IN008 140 7 5.0
19IN012 30 2 6.7
19IN013 149 6 4.0
20INS5003 133 7 5.3
3 20INS5014 24 3 12.5
20INS7005 114 14 12.3

|

2 AL WA 7] 5L AEA Befol] Mo] Gk MASSSE 4 AL
SHiEk, mhebAl WAl 6718 BIHE Sastolof Shu] liguleless AU L o] gl e W)
ste] 2kt FA4E olg3tel 47142 BrRAT WS B3 4718 BUhe el Hxiu
o1 8% §71% BAE WARAL £71%0] & FAAT AT 93 SSR wHAS BEUL
WA §710] Tolahls %) QTLIS MTLEAAY @714 G2 oo 2 SR primerS 4123}
glou], ol o g7 B4 AL} 17 ToIH% 2ol §7IACIL 2L WES Holl AFS HAF
S 99onE of SR uhA ] BE sl B AOE BekHt

o

O 7. QTL REX 2E X0t 24, C1~C11 = 432 A8, C12 = |IIA

M 9

7 Hi7HERAl Ves ol8ste] S Ase 2710 S5k 343t 1.396AF = H7heko]
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