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Agricultural Characteristics of Inbred Korean Waxy Corn Lines and Relationships

Jun Young Ha', Young Sam Go?, Jae Han Son’, Beom Young Son®, Tae Wook Jung®, and Hwan Hee Bae?'

ABSTRACT Waxy corn (Zea mays L.), which contains homozygous mutant alleles for the waxyl (wxI) gene, is widely
consumed as a snack food in Asia. This study evaluated sixteen agronomic characteristics of inbred Korean waxy corn lines to aid
development of high-quality waxy corn cultivars. The plant materials studied were 177 inbred waxy corn lines developed by the
National Institute of Crop Science, Rural Development Administration, Republic of Korea. For the tested lines, days to tasseling
and silking averaged 77.69+2.22 days (with a range of 56-97 days), and 81.12+7.56 days (66-99 days), respectively. Plant length
ranged from 88 to 237 cm (averaged 164.88+22.67 cm), ear length averaged 11.75+2.52 ¢cm (5.0-18.5 cm), and ear width averaged
2.94+0.68 cm (1.4-4.5 cm). The number of rows on each ear of corn averaged 12.22+2.22 (7-32 rows) and the kernel number
averaged 24.30+4.22 (9-37 kernels) per row. The crude protein content was 12.05+1.53% (8.90-21.80%) and total starch content
was 69.27+5.74% (49.5-83.9%). Principal component analysis revealed that ear width, grain length, ear length, days to tasseling,
days to silking, percentage of ear setting height, and total starch are features that allow distinction between the 177 waxy inbred
corn lines. Hierarchical cluster analysis identified twelve waxy inbred lines that produce tall plants and have a short silking period.
These lines may improve yield among quickly growing corn varieties.

Keywords : agronomic trait, hierarchical cluster analysis, multivariate analysis, principal component analysis, waxy maize

B2 3 (Zea mays L., Waxy corn)= waxyl (wxl) 72 S0 §AA thoFAo] 9les HolERtHWu er al., 2022).
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2 243 R g el BA0R $ouE 3



Table 1. List of the Korean
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waxy corn inbred lines evaluated for agronomic characteristics.
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No. In!nred Origin No. In!)red Origin No. In!nred Origin No. In!)red Origin
line line line line
White waxy com 45 KW73 97_B100/KW7(1) 89 KYI10 BN65(99008) 133 KBW2  Landrace in Yanggu, Korea
1 KWl I&i‘;‘e’;a“e in Pycongchang. o ww7s 97 BIOOKWI(1) 90 KYIl  INZ-Y(99007.JNZ(HDH)) 134 KBWS  Landrace in Jechen, Korea
2 KW2  Unknown 47 KW75 97 CBW/KW2A/KW7 91 KYI2  SWI4(99009) 135 KBWI6 Landrace in Jumunjin, Korea
3 KW2nb Landrace in Hongcheon, Korea 48 KW76 97_CBW/KW2A//KW7 92 KYI3 SW20(99004) 136 KBW17 Unknown
4 KW3  Landrace in Goseong, Korea 49 KW77 97 CBW/KW2A/KW7 93 KYI4  Unknown 137 KBW20 ﬁi‘j)Bw(Tha‘ local black
5 KW6L I&i‘;‘e’;a“e in Pycongchang. 5, wyw7g 97 BR4/ICBW/KWT 94 KY17  Yanbian University, China 138 KBW21 iZS;BW(Th‘“ local black
6 Kwy  Landracein Pycongehang, g pwgo andrace in Yangyang, Korea 95 KYI8  Unknown 139 KBwzz 2>CTBW(Thai local black
Korea waxy)
7 KW23 Landrace in Anseong, Korea 52 KW80 Landrace in Yeongwol, Korea 96 KY21 Eunjeomchal male 140 KBW23 ?NZ(;YT)BW(Thal local black
Landrace in Pyeongchang, . Landrace in Pyeongchang, o
8 KW29 Korea 53 KW83 Landrace in Hongcheon, Korea 97 KY23 Korea 141 KBW24 Landrace in Cheongwon, Korea
9 KW33  95KSI, China 54 KWS4 96 CNUW/KW7 98 KY25  KS75/KW2A 142 KBW27 BS$4/CBW/KW7
10 KW34  90CNUWL 55 KW8S 96 KW2A/BT6 99 Ky  Landrace in Pycongchang, 3y Landrace in
- Korea Jechen/Cheongwon, Korea
11 KW35 90CNUWE 56 KWS$7 95 Chalok 1/KW3 100 Kyz7  Landrace in Pycongchang, ) ppyyyg  Landrace in
- Korea Cheorwon/Cheongwon, Korea
Landrace in
12 KW36 97 KS83/KW7 57 KWS$8 95 Chalok 1/KWS 101 KY29  BS4/KW7(1) 145 KBW30
= - Jechen/Cheongwon, Korea
13 KW37  Unknown 58 KW89 95 Dachakchal/KW14 102 KY30  KW7(1)/KS83-1 146 KBw3] Landrace in
Jechen/Cheongwon, Korea
14 KW38  oh43wx/w9043 59 KW90 95 Dachakchal /KW14 103 KY31  CNUW(1)/B97-1 147 KBW32 Unknown
15 KW39A Unknown 60 KWOI 99 CHI042 104 KY32  KW7/B84//B84/CNUW 148 KBW33 z‘)‘::m in Jumunjin/Danyang,
16 KW39B Unknown 61 KW92 99 CHI042 105 KY33  Unknown 149 KBW34 Unknown
17 KW40  84-9060/A632wx 62 KW93  W98-4072/Y8112 106 KY34  KW2A/B76 150 KBW35 Unknown
18 KW43  (KW7/KW3)KW3 63 KW94  W98-4072/Y8112 107 KY35A Unknown 151 KBW36 KW7/SBW2
19 KW44  94KC8804-1 64 KW95  W98-4072/Y8112 108 KY35B  Unknown 152 KBW38 KW7/SBW2
20 KW45  94KC88045 65 KW96  W98-4072/Y8112 109 KY36  KY303G/Y93019 153 KBW39  98-8006-4/CBW2
21 KW47  93Badaoguc(china) 66 KW97  W98-3032/KW25 110 KY37  KY303G/Y93019 154 KBW40 KY303G/CBW2
22 KW48  Chalok 1/57094 67 KW98  W98-3032/KW25 111 KY38  SBWI/Y17 155 KBW41 KY303G/CBW2
23 KW50 Landrace in Hwacheon, Korea 68 KW99 ‘W98-3032/KW25 112 KY39 SBWI1/Y17 156 KBW42 Landrace in Eumseong, Korea
24 KW51  93Y93019(L96429) 69 KWI00 99 YI7KWII 113 KY40  98YWS2071/98YWS9004 157 KBW43 Landrace in Eumseong, Korea
25 KW52  84-8027/A632wx 70 KWI0I  W98-4072/Y17 114 KY41  98S4072/Y8112 158 KBW44 KW23/CBW1
26 KW53  Unknown 71 KWI02 99 Y17/Y36-3 115 KY43  98S4072/Y8112 159 KBW45 Y17/SBWI
27 KW54 97 IT185830 72 KWI03 99 Y17/KW33E 116 KY44  98YWS3026/98YWS3013 160 KBW46 Y17/SBW1
28 KW55 97 ITI85834 73 KWI104 Landrace in Wonjui, Korea 117 KY45  KW3/KP2 161 KBW47 SBW2/Y17
29 KW56 97_1T185849 74 KWI105 Landrace in Zhejiang, China 118 KY47 Landrace in Yanbian, China 162 KBW48 SBW2/Y17
30 KWs7 Unknown 75 KWI106 Landrace in Dongyang, China 119 KY48 Unknown 163 KBW49 KW23/SBW1
31 KW5S8 97 KSTrg/KW7(1)-2 76 KWI07 Landrace in Dongyang, China 120 KY49  Unknown 164 KBW50 KW23/SBWI1
32 KW59 97 KSSI/KW2A(1) 77 KWI09 96G KW7/KWS F2& 121 KYS0  YWS3130/KY303 165 KBWSI KW23/SBWI1
33 KW60 Unknown 78 KWI110  98Yuluoyihao(China) 122 KYS51 YWS3130/KY303 166 KBWS52 Landrace in Chilgok, Korea
34 KW61 97 BIOO/KW7(1)-1 79 KWI11 KW23 / KW33 123 KY52  YWS3130/KY303 167 KBW53 fv‘;‘:;’“sm F2/Goyang puple
35 KW62  KW7/B84/B84/CNUW 80 KWII2 KW33/Y17 124 KYS3  YWS3130/KY303 168 KBW54 Landrace in Yeongwol, Korea
36 KW64 97 BT9/KWI(1) 81 KWI13 KW33/Y93019 125 KYS54  YWS4065/ Y971340 169 KBW55 Unknown
37 KW65 97 B100/CNUW(1)-1 82 KWI114 KW33/Y93019 126 KY55  YWS4022/Y17 170 KBW56 ;‘::g;ace in Pyeongchang,
38 KW66  Landrace in Jilin, China 83 KWIIS B‘;‘;g‘anlé Landrace in 127 KYS6  YWS4022/Y17 171 KBW57 Unknown
39 KW67 Landrace in Tonghua, China 84 KWI116 Jeolgang9821/Jeolgang9703 128 KYS7  YWS4022/Y17 172 KBW58 Y17/SBWI
40 KW68 Landrace in Tonghua, China Yellow waxy com 129 KY58 YWS04/KY303 173 KBW59 Y17/SBW1
41 KW69  Landrace in Tonghua, China 85 KY2 KY303,L96519(9701) 130 KY59  KY303G/KW25 174 KBW60 BW5083/SBW2
42 KW70  Landrace in Tonghua, China 86 KY3 Y1952(98058) 131 KY60  KY303G/KW25 175 KBW61 BW5083/SBW2
43 KW71 97 BI0O/KW7(1) 87 KY8 BN62(99006) Purple waxy com 176 KBW62 BW5083/SBW2
44 KW72 97 BI0O/KW7(1) 88 KY9 BN64(99005) 132 KBWI  Landrace in Yanggu, Korea 177 KBW63 KY303/CBW2
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Table 2. Agronomic characteristics analyzed in this study.

Abbreviation Traits Unit Measuring time
DT Days to tasseling days At Flowering stage
DS Days to silking days At Flowering stage
PL Plant length cm At maturing stage
SL Stem length cm At maturing stage
PE Percentage of ear setting height % At maturing stage
LW Leaf width cm At maturing stage
EL Ear length cm After harvest
EW Ear width cm After harvest
RE Row number of ear rows After harvest
GL Grain length mm After harvest
GW Grain width mm After harvest
GT Grain thickness mm After harvest
FE Filled ear length cm After harvest
KE Kernel number per ear row kernels After harvest
CP Crude protein % After harvest
TS Total starch % After harvest
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Fig. 1. Boxplots for 16 quantitative traits in inbred Korean white waxy corn (WWC), yellow waxy corn (YWC), and purple
waxy corn (PWC) lines. Significant differences are identified between samples as *p < 0.01, **p < 0.005, and ***p
< 0.001. Plots show: (A) days to tasseling; (B) days to silking; (C) plant length; (D) stem length; (E) percentage of
ear setting height; (F) leaf width; (G) ear length; (H) ear width; (I) number of rows per ear; (J) grain length; (K) grain
width; (L) grain thickness; (M) filled ear length; (N) number of kernels per row; (O) crude protein; and (P) total starch.
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Table 3. Correlation analysis among 16 agronomic traits of the Korean waxy corn inbred lines.

DT DS PL SL PE LW EL EW RE GL GW GT FE KE CP TS
DT  1.000

DS  0.896" 1.000

PL  0.163"" 0.182™" 1.000

SL 05477 0.510™ 0.740™" 1.000

PE 0468 05397 0.202"" 0.348"" 1.000

LW 03587 04017 0320 0.319™" 0478 1.000

EL  0.158™" 0202™" 0379 0273 0275 0437 1.000

EW 0.093" 01317 0226 01197 0.272"" 0262 0474 1.000

RE 02087 0238 0.134" 0226 02417 0.125" 0.178"" 0.458™" 1.000

GL  0216™ 02617 0363 0286 03697 0.447™ 0.505"" 0.545™" 0372 1.000

GW  0.183"" 0.195™ 0.268" 0205 0.183"" 0394 0.380"" 0.223™"
-0.136™ 0.053  0.085° -0.083
0.116™
0.181

GT -0.078 -0.077 -0.016 -0.078

whk *hk wxk wxk whk Hkk wxk

FE  0.193"" 0.174™ 0263 0238 0.158"" 0.245™" 0.444
KE 0.182"" 0215™ 02377 02277 02377 0210™" 0416
CP  -0.023 -0.007 -0.026 0.019  -0.091 -0.176"" -0.095" -0.117"

TS  0.049 0.004

-0.127" -0.065 -0.091" -0.202"" -0.295"" -0.215""

-0.192" 0.479™" 1.000
-0.1617" -0.043 0263 1.000

wxk

-0.041  0.151"" 0207 0.018  1.000
0.156"" 0.231"" 0.067  -0.297"" 0.675"" 1.000
0.144"  -0.086 -0.078  0.157"" -0.194"" -0.143" 1.000

-0.095"  -0.198"" -0.106" -0.084 0.024  0.060  -0.194"" 1.000

p < 0.05 “p < 0.01, p < 0.001
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Table 4. The eigenvalue estimated from principal component

Table 5. The eigenvector by the first to six principal com-

analysis. ponents.
Component Eigenvalue Cumulative variance Component
1 4.488 28.047 Traits 1 2 3 4 5 6
2 2.008 40.597 EW 0818 0.022 0.066 0.066 -0.118 -0.071
3 1.682 51.109 GL 0.787 0.197 0.078 0.169 0.107 -0.064
4 1.475 60.328 EL  0.605 0.064 0.531 0.149 0236 0.067
5 1.305 68.481 RE 0.550 0.187 -0.034 0.078 -0.531 0.301
6 1.008 74.780 TS -0.478 0.094 0.022 -0.028 -0.235 -0.447
7 0.850 80.090 LW 0456 0453 0.153 0.085 0.333 -0.164
8 0.662 84.231 DS 0.031 0929 0.086 0.125 -0.032 0.054
9 0.609 88.040 DT -0.044 0918 0.081 0.152 -0.039 0.038
10 0.468 90.966 PE 0350 0.671 0.064 0.022 0.000 -0.128
11 0.393 93.422 FE 0.019 0.087 0.894 0.119 0.112 -0.079
12 0.341 95.556 KE 0.124 0.126  0.883 0.084 -0.188 -0.085
13 0.265 97.211 PL 0245 -0.004 0.144 0919 0.061 -0.013
14 0.221 98.593 SL  0.044 0411 0.119 0.857 -0.045 0.066
15 0.144 99.494 GT -0.078 -0.125 -0.113 -0.060 0.709  0.298
16 0.081 100.00 GW 0.341 0.187 0.106 0.130 0.699 -0.144
CP -0.093 0.012 -0.101 0.025 -0.014 0.881
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Fig. 2. A score plot (A) and a loading plot (B) of principal component analysis for 16 quantitative traits of inbred lines of
white waxy corn (WWC), yellow waxy corn (YWC), and purple waxy corn (PWC).
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Fig. 3. Hierarchical cluster analysis heatmaps for 117 Korean inbred waxy corn lines based on 16 agricultural characteristics.
Hierarchical clustering of mean values was visualized using Pearson’s correlation distance and Ward clustering.
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