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Growth Characteristics and Variation in Amino Acids Composition of Quality Protein
Maize Lines

Hwan-Hee Bae"', Beom-Young Son', Young-Sam Go', Hye-Young Park', Gibum Yi?, Jun Young Ha’, Mi-Jung Kim®,
Sun-Lim Kim*, and Seong-Bum Baek*

ABSTRACT Maize grain quality can be improved by raising lysine content, which is an essential amino acid present in
insufficient quantities in normal maize. Maize varieties with such modifications are known as quality protein maize (QPM). To
date, no Korean maize cultivars contain high amounts of lysine. To introduce quality protein maize to Korean cultivars, we crossed
QPM CIMMYT maize lines (CML) with KS140, an elite inbred line used as a parent of several cultivars such as ‘Gangdaok’ and
‘Pyeonganok’. We analyzed the phenotypic characteristics of F; plants as well as the protein contents, amino acids, and fatty acids
profiles of the self-pollinated seeds of the F, hybrids, and evaluated the feasibility of CML as a source of QPM. Days to anthesis of
the CML ranged from 78 to 90 days after planting (DAP), whereas a range of 81~87 was recorded for F; hybrids. The average days
to anthesis was 85 for KS140, CML, and the F, hybrids. The protein content of the CML was measured to be between 9.1 and 12.1%,
with the highest and lowest values being recorded in CML153 and 191, respectively. The F, hybrids had protein contents of
9.1~11.1%, and the highest content was observed in KS141/CML188. The fatty acids profiles were very similar across all analyzed
maize samples, and linoleic acid (C18:2) composed the greatest proportion. Glutamic acid made up the largest proportion of amino
acids in all maize samples. Lysine composition was highest in CML155 (6.92% of all amino acids), with an average composition
0f4.83% across the CML. In contrast, KS140 showed a lysine content 0f 2.51%. In F hybrids, the average lysine composition was
3.46%, and KS140/CML164 (4.18%) and KS140/CML163 (4.99%) contained more lysine than either parent. Taken together, these
results indicate that CML could become promising QPM sources to improve grain quality in Korean maize cultivars.
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alanine 10%= Z5-3}X|qtF B o 1Ak] lysine} tryptophan
o] ghgol Aol Ab 4 ©9]FE(monogastric animal)of| 7|
AgAoZ At Q9lo] Hrh(Leite et al., 1999; Huang et
al., 2004; Freitas et al., 2005). o]23t FFstA Agta <l
& ojol5e) 27] 43 R, Ty R g, g 9 A

EX oz 3t hulR A Z=0] Kwashiorkor &
e o QAL RITK(Vivek er al., 2008). whEbA] ATt
oz} @elsEe #F A2 T AFE oA lysinedt
tryptophan TS SAAZ L7t Qth(Prasanna et al.,
2001). CIMMYT (A&t a)= Yukseaet 2
o] %4 vlol¥AE lysined} tryptophan TS 28] A=
wel S50 A&Ho sl gt ELe A
o] quality protein maize (QPM)©]tiBabu & Pasanna, 2013).
QPMY| 7ihe &5 FA 0= o]§stal e AA o
2] U2te] RlIzSel Jdgstaer +y Sl A= Ay
o Qe A7I7F =Stk QPM e g o]fAlE HhEo] o
oo A AlFgt A Wso] FAEHI A|Fo] FHEE
aE doltta ®E dHF QItiGraham et al., 1990;
Gunaratna ef al., 2010). &Y= mjd ¢F 1,0009F E9
SerE Ykl lon o5 EF non-QPM &4
2] 9F 80%= AFREO R, oF 20%= A7tE-89 SE}
A8 Foll AHEE AL ATHMAFRA, 2018). 2+ F42k
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non-QPM A1E<1 KS1403} QPM AE91 CML153 = 117
&, KS1401} CML AF2t wuf= folxl 11 widA ek
(Table 1). =S4 non-QPM AE<] KS1402 A|FA =2
AT ol g RS s 995 SR F KS1400]
CML AlEd SA|7F 71 D253 7] ol

AlHZF = xHAIAH2

£ 22220] A|H|ZHN-P,05-K,0-E|H]))-& 14.5-3-6-1,500 kg/10a
2 Agstslen, daN)w= 7|89t 7~-897]9] FH|2 50:50
O Uptro] 29131, AAKP09), ZEl(K0) U Eu|i Az
S 7H)E A5ttt AAADE 60 x 25 cm (6,600/10a)
olglon] Rulm AE sielw, Jeh Auake) W A
o LEEY FANE ATEA BATIERDA,
2012)& wzieh

SEPC

QPM AFE 49 189 THEslel 89 W 431 F Aol
23] ABg B2 B 5 BAARE
7t AES 3 wEstel ARS Zulstelrt.
TruMac N Analyzers (Leco, Michigan, USA)Z
o} X|HRAF 2449 B2 X7 of methanol : heptane : benzene
: 2,2-dimethoxypropane : HySO4 (37 : 36 : 20 : 5 : 2, v/v)
22 mL 7lelT 80°CR 208 719 & 4SS 23 gas
chromatography (GC-2010 plus, Shimadzu, Japan)%} HP-
Innowax capillary column (30 m x 0.25 mm x 0.25 pm,
Agilent J&W, Wilmington, DE, USA)= EX3}3c} |7
A &5 2L2 Supelco (Bellefonte, PA, USA) FAME mix
(C14-C22) A|&& A3ttt Starch 3HF2 A]& 100 mg
2 A=F5}o] total starch assay kit (Megazyme, Wicklow,
Ireland) 2 A *]2]5}aL, UV/Vis spectrometer (U-3900, Hitach,
Japan)= 510 nmoj|4 &4 35}o] AT Amylose2}
amylopectin $F2 A& 25 mgS A =Fs}o] amylose/amy-
lopectin kit (Megazyme, Wicklow, Ireland)2 ©]-8-3}o] &
Z2]s}al, UV/Vis spectrometer (U-3900, Hitach, Japan)=
510 nmof|A ZAsko] G5l

ool At St

otn|i- o] kS A 5H] sk Al 0.2 gof 10 ml
9] 6N HCIZ 7132l Ny gas® Z|3HA]Z] & 110°Co| A 24
A7 HCIZ 7FpEd] 3 No.2 ofx 2 oj7ste] 100 ml
volume flasko]] &4 ¥l Milli-Q waterZ #8359t} o]
E 5 wAFel 2 =S AAANZN7] Slske 0.1% TFA
(solution I), methanol (80:20, solution II), methanol (70:30,
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solution IIM)© 2 Sep-pak C;s= SAZIAZ] & A|52ENS ca; Pang ef al., 2020). Z+Z}; ofu|=AFS] kL auto scaling
Z3}A)7] & EZfaast amino acid analysis kit (Phenomenex HRxl o 2 W3lsloe] 24z} oln| Al deEfo] FAJE HAdof 4]
Torrance, CA, USA)E ©]-83lo] HA2] 3+ A2+ Shimadzu 23 s YEE 5tk B4841-2 SAS 9.2 (Statistical
GC-2010 plusE o|g&3to] A BEASIcE EXAxALS analysis systems Inc., Raleigh, NC, USA)& o|-&3}o] FAt
spit mode=Z 2 ul FY3}4 1L, injector?] &= E 250°C, FID EAANOVA)E 51900 HAQ thH 9 AA(Duncan’s
detector= 320°C=2 z}Z} AA3}3l, oven =5 110°CofA] multiple range test) .2 5% -J-o|4Fo|A HAHA T
320°C71A] Bk 32°CR ARSAIZIEA ofu Al G B
H3hgiet, Za o o

SHEM MeEd

ZHE HMe ayu gk 24 2720 Metabo- Table 12 KS140, CML A% @ KS140%} CML 47
AnalystS ©]838}o] =33} ch(https://www.metaboanalyst. o] 8 K 54 vehd Aot CML Al59] SAHY

Table 1. Major growth and seed characteristics of quality protein maize and the crossed lines.

Inbred line/ Day to Day to Plant height = Ear height Grain color  Grain tvpe 100-seed
Hybrid anthesis silking (cm) (cm) yP Weight (g)
KS140 83 85 162" 77M Y Flint 19.9¢¢
CMLI153 85 89 212% 122bd W Flint 15.28h
CML155 81 88 168¢eh g4hi W Flint 19.19¢
CML157 85 90 206" 132% W Flint 23,07
CML164 87 90 2 58bede 139% Y Flint 19.9%¢
CML170 82 84 170¢2h 102f Y Flint 15.8¢tehi
CML177 79 81 187% 100° W Flint 15.7"%n
CML180 79 82 1881 97t W Flint 20.5
CML181 76 78 160" g5eh W Flint 19.19¢
CML188 80 86 178 98’ Y Flint 11.9'
CMLI191 81 83 155 72 Y Flint 19.2%fe
CML529 81 89 242%® 135%¢ W Flint 13.8"
KS140/CML153 84 87 236%° 1264 Y/W Flint 19.9¢¢
KS140/CML155 84 86 222bede 117¢ Y/W Flint 19.6%f
KS140/CML157 83 85 2278bed 1214 Y/W Flint 24.8%
KS140/CML164 83 85 23024 148° Y Flint Like 25.1°
KS140/CML170 81 83 219k 130 Y Flint 22.93bd
KS140/CML177 79 81 22gabed 124 W/Y Flint Like 23.9%¢
KS140/CML180 80 82 236%° 125%% Y/W Flint 26.2°
KS140/CML181 81 83 23230d 123%% W/Y Flint Like 25.5°
KS140/CML188 84 87 22gabed 120% Y Flint 16.1°%"
KS140/CML191 84 86 2 3bede 125¢d Y Flint 22 74bcd
KS140/CML529 83 86 245° 131° Y/W Flint Like 21.00
Mean 82 85 208 115 - - 20.0
SD - - 12.5 7.8 - - 4.49
Ccv - - 6.0 6.8 - - 12.4

*Numbers followed by the same letter within the same row are not significantly different according to DMR tests (p<0.05)
(note) Y: Yellow, W: White, Y/W: Yellow/White, W/Y: White/Yellow
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4 HO= 78904 o]¢lom CMLI1810] 78U = 714} -
11, CML1573F CML1647} 9022 714 =9lt}h. CM
AL Hit SAYe= 85Y o]Ylem EAbde |
81~87Yolqitt. KS1409] ALY} CML Al'&9 %
FAUS, CML TAAY] HF EAUSE BT 8592
Srot W9l Aol gl Aow ekt ojg 2
292 CML A% % 2AFU57H M2 AFo] KS140%

AN BAATTE ROIHT, B4 DL R A
sl ey 7] £l Ae2 weEnt. Vasal (2002)2
gielotr 2]z} 417 A9 ol4] CML141xCML144 535 A
Hjsl2 A3} CML 8w A 9] SAMY = 55~56Yolgtal
Hughl gl=d], olet Zo] 5 CML Alg ¥ ngA e}
oF 30d A= SAMLTE Aol HQl Y9l AARREet
o] Zfolof 7|t Ao = HHE QT CML AlF2 &
Y, S FHHoEE 3Y FE Aol AU
o1} CMLI188< 69, CMLIS5:= 7%, CML529%= 8¢9
lolE Btk =l AEY E8dUset e &
1~44d 919 2ol Heled, ddbygez fgr)7t 5
o]/4e] Zpol7} Q1O selfingo] o H{ YA FA} AAke] thas
7t EAZE AE AoR atEth CMLAE 5 CMLI191
o] 7HA4aF A= Z42E 155 em 2 72 emE 7P W9k o
], CML529¢] 7F&o] 242 em, CML1642] =317} 139
emE 7P =2 Aoz Uehgth KS1403 CMLAE
A7 % 7P KS140/CML5297} 245 cm& 7P =9ro.
], KS140/CML1700] 219 cm& 7}% Wit} 2hqil
KS140/CML1647} 148 em® 7P =9k1, KS140/CML155
7} 117 emZ 7} 2okt CML1649) 2H4-11= A&yt o
A HFA 7MY =2 AR XAESGIL Zaje
KS1400] 1=2h8l, CML A5-S 3143} wghajo]glom
AL CML AFo] AMQl Aol wakat 249] F1b
A ek CML A59] 100852 11.9-23.0 g #9)
2 CMLI1880] 11.9 g&.& 7} 7} %1, CML1579] 23.0
gOo & 714 RAY CML w7 KS140/CMLI188o]
16.1 go& 714 7193, KS140/CML180°] 26.2 gO &
A FAY WAFL e FE AR o] Yk
4], CML188 AlZ3 WA= 5 20 golst=2 A% F&
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Table 2= KS140, CML A3} w379 o, =5}
Ah, e obmlmalE, ofmms gk uehd Aoltk
CML #5o] gl Sere 0.1-12.0% WS ®eed),
o]5% CMLIS39| §hfo] 744 M9, CMLI919] Fe
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o] 7} W Ao x yEith CML witA 9 i 3
2k2 9 1~11.1% 9|2 A] KS140/CML1700] 7} 9]
KS140/CML1910] 7}&F wkokeh Aukal 2AJH]8-2 KS140,
CML A5 wgdA 25 C18:2 (linoleic acid)7} 714 &
QYA C18:1 (oleic acid), C16:0 (palmitic acid), C18:0 (stearic
acid), C18:3 (linolenic acid) < ©|¥th. Kim er al. (2006)
o W2 2449] X A ZAH|L8-L linoleic acid®} oleic
acid7} $3-& o|F11 palmitic acid, stearic acid E= linolenic
acid9] so]gkal 3}t) KS1409] 23R HRAF 182 18.5%
R, EAEIAHAL H]&-2 81.5% k. CML Al5-2] H4t
SESAAE BlEE 21.4%% o n SR Hla2 78.6%
2 KS140H} 323 HAF Hlo] Thas =it T1eju CML
181 EZ3FAHAE Bl&0] 16.9%, ELIFA| M4t HlEo] 83.1%
2 non-QPM 7|F <l KS140k t} I}A|HAE Hlgo] WSk
th. CML Wit A o] Bt EZSEAHAE Hl&2 19.8%, &3}
AHAE e 80.2% 2 ESIAHAR gheFo] KS140 K th=
=3A T CML A& Erh= W@kt Kim ef al. (2006)2
QPM 7|2 non-QPM A|gof H|sto] LIARPARS] &
0] 19.1% =2 tia =11 EEZIA| A H] S8 80.9%= non-
QPM £4:5:9] 81.6%¢] vlako] A7} Wrka she] =
Aol Avhe olSe Buet AXshe Ao etk
CML 722 A FHFS 61.1~65.8% M9 CML1910]
74 Woka, CMLIS0o] 714 =9roi}t KS1402] 68.5%
WEHE The B8-S o 4 otk CML xHAS) A8
T2 66.1~69.0% % CML #AE9 HYHtl= thh =ol3

& 4= QISIth CML AlE-9] opd 2o e FHke 16.5~27.0%
o] W92 Molig|, CML529 16.5%% 7F4 Wopil, CML
1700] 27.0%=2 7} =& Aoz veydth CML miHA
9] op 2 alE] slgF HO= 18.7~20.7%% .21 KS140/CML529
£ AlQet BE wggA oA I o] ik AeR
EptTh

=
al,

ofo|e4t =4

Table 32 KS140, CML A& 2 wgA 9 oju|Al %
AL v st Zlolth KS1409] ofu|i-Ab 2442 glutamic
acido| 13.03% 2 714 @3kl leucine-2 9.65%9¢]H aspartic
acid, valine, proline, alanine, serine, phenylalanine, isoleucine,
glycine, threonine, lysine, histidine, tyrosine, methionine
40191tk QPM AEe] Bt obu]ieAt FeE glutamic acid
0] 13.57%= 714 Wkal aspartic acid, valine, proline, leucine,
alanine, serine, lysine, phenylalanine, glycine, threonine,
histidine, isoleucine, tyrosine, methionine <=©]%itl, QPM
WA 9] Ht ofu| Al THFL glutamic acido] 14.48% =
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Table 2. Variation in the chemical compositions of quality protein maize and the crossed lines (Unit: %)

Line Protein Fatty acid composition (%) Starch  Amylose  Amylo
(%) Cl16:0 C18:0 Cl18:1 Cl182 Cl183 SFA" USF (%) (%) pectin (%)
KS140 10.0%%f 155! 3.0 26.0! 54.7¢ 0.79" 18.5 81.5° 68.6%  22.9bd 77.1%h
CMLI153 9.1 19.5¢ 2.8 19.3¢9  56.9° 1.50° 2234 77.7% 6448 2ppcde 77.8°%
CMLI155 9.8™ 18.6 1.8" 2377 54.5¢ 1.37° 204%  79.6" 65.1%" 238 76.2¢"
CML157 10.0%%" 1721 245 459° 3359 098" 19.6  80.4f 6231 pppcde 77.8°
CMLI164 10.3¢ 17.20 20" 36.7° 43.1° 1.02¢ 1927 80.8° 67.5%d 0. 9%l 79 qedef
CML170 9,31 19.7¢ 270 33.0°0  433° 1218 2254 7758 654 2700 73.0°
CML177 9.7¢"  14.9™  39°  243°  557° 1.25%  18.8¢ 812  61.9%  20.0%"  g0.0%%
CML180 10.3¢ 23.0° 3.5° 3409 38.5° 0.95" 26.5*  73.5" 65.8%8f 27 5%%f 78.5%1
CMLI181 10.9° 14.4° 2.5 31.7¢  50.11 1.28¢ 169"  83.I° 63.4" 22 .gb«d 77.1%h
CML188 11.7° 20.3¢ 245 243° 515" 1.46° 22.7° 773! 62.4%  250%® 75.0M
CMLI191 12.0° 19.0° 23! 25.4™  52.08 1.24% 213" 7870 61.1F 20.9% 79. 1%t
CML529 1024 22.0° 3.4%  34.6°  38.5° 1.47°  254° 746  63.0%  16.5 83.5°

KS140/CML153 9.9 17,0 33 248" 53.8° 1.02¢ 2048  79.6" 66.6°%"  18.9%h 81.1%
KS140/CML155  10.3° 16.8 3.1° 266 526 0.85%  19.9"  80.18 66.1%% 19 2% 80.8°

KS140/CML157 9.6 16.1% 28" 335 467 0.89" 19.0%  81.0%°  67.0™% 17.8" 82.2%

KS140/CML164 9.9%k 171! 28" 347° 446" 0.85% 19.8"  80.2¢ 672" 188N 81.2%
KS140/CML170 9.1 17.11 298 306" 485" 0.889  20.0"  80.028  69.6° 18.7¢0 81.3%*
KS140/CML177 9.4 15.1™ 3.9 254™ 5459 1.11° 19.0%  81.0*  69.0®  18.7%" 81.3%*
KS140/CML180 9.4 18.08 337 3010 478 077" 213° 787 69.0°  19.6%" 80.4%4

KS140/CML181  11.0° 147" 3.1° 26.8% 5449 1.02¢  17.8™ 822"  65.8%% 197t 80.3
KS140/CML188 9.9%k 176" 34 271 509 0.96" 21.0°  79.0' 67.9  20.0°"  80.0%
KS140/CML191  11.1° 17.01 3.0% 2360 55.6° 0.82% 199"  80.1*  66.3%® 195t 80.5
KS140/CML529  10.2°%¢  15.7! 3.9°  242°  552° 1.04¢ 195" 80.5"  66.6° 187" 81.3%

Mean 10.1 17.5 3.0 29.0 49.4 1.1 20.5 79.5 65.9 20.7 79.3
SD 0.21 0.14 0.06 0.21 0.21 0.02 0.17 0.17 1.30 1.43 1.43
Ccv 2.07 0.82 1.99 0.72 0.43 2.07 0.82 0.21 1.97 6.9 1.80

*Numbers followed by the same letter within the same row are not significantly different according to DMR tests (p<0.05)
'SFA: saturated fatty acid, *USFA: unsaturated fatty acid

7F4 @9k a1, leucine, aspartic acid, proline, alanine, valine, 0.74%9°] Bv|3}o] steFo] &=9F o™ non-QPM A& thH] <oF
phenylalanine, serine, glycine, isoleucine, lysine, threonine, 38% AX=7} Z71=EQttal 31t Vivek er al. (2008)2
histidine, tyrosine, methionine 4=°|¢lt}. Glutamic acido] L AA wjA o Wl oE 4= gl ]‘3} vl chaf oA

KS140, CML AlE 9 wgA oA 78 @Ak 1 99 HhL-=429] lysine 52 1.6~2.6% (H+ 2.0%), QPM
oha| Ak 2AB|OA 2ZA ol7t QIQITh Son ef al.  2.7~4.5% (B 4.0%)E B 13HIT} Shewry (2007)S QPM
(2012)= =W 4 S ARXAE, Fi, Fr $49] ofu|ieit 9] lysine &2 4.1%E 2.7%<2] non-QPM K.t} 69% =T}
24L& vt 23 4] Aledt Fi, FolA 25 glutamic I SRS 7 Atoll A 9] lysine 92 non-QPM$l KS140
acido] ZFz} 15.65%, 15.6% 2 7P =qtou) th2 ofuli o] 2.51%, QPMS] CML A% Hio| 4.83%%.0H CMLISS
Abe] zAJu|= 224 thEcha 19T Kim ef al. (2006) 7} 6.92% 7P =9kt) ook Anb Kim ef al. (2006)
2 QPM AF 9] lysine Z/JH|7} 1.02%E non-QPM A& o] QPM &= EA o] W lysine FFi ot 45| =%
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Table 3. Amino acid compositions of quality protein maize and the crossed lines.
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Lines Asp Thr Ser Glu Gly Ala Val Ile Leu Met Phe Lys His Tyr Pro
KS140 9.06° 2.97%" 5.23° 13.03% 3.11' 7.167 8.13¢ 4.03>* 9.65¢ 1.67 4.75' 2.51% 230 1.90% 7.79°%f
CMLI153 7.1 29780 4,610 12.53% 4.24% 549" 644" 245" 521° 1.24%% 394 4760 2727 1.59' 651
CMLI155 11.60° 3.35° 5.28° 13.32™ 4.80* 6.11% 7.417 2.72% 6.02' 1.44°¢% 587> 6.92° 434> 1.59' 7.96°*
CMLI157 8517 3.13°"T 4.79%% 11.08™ 4.36° 5.82' 6.73%" 2.71%" 5.74™ 135 377" 4617 2777 1.61¢ 6.77"
CMLI164 9.95° 2.80% 3.88 892" 4.10% 5.36° 7.55 2.70"" 5.65™ 1.06° 3.97™ 3.74" 281 1.59' 6.69Y
CML170 9.04° 3.09° 4.62" 13.86" 4.30% 5.65™ 5.968 2.52¢" 540" 035" 3.99™ 4.90% 291 157" 6.819
CML177 7.648 3.15%14.87° 11.26™ 4.23% 5.92! 14.95% 2.78%% 541" 1.45%% 4 ,05Km 502 2 401 1.60' 6.83"
CML180 8.88° 3.42° 583 17.05° 4.51° 6.41 451 3.06% 6.38% 1.49°¢f 4201 520% 297° 1769 7.44°%
CML181 6.58" 3.012 4.71%" 14.63% 4.21° 6.19° 5.85' 276 6.620 1.18% 411 4.178 2.829 1.82h 7.42°
CML188 6.53" 2.81% 4.81° 17.74* 2.90™ 7.35¢ 7.97¢ 2927 9.92¢ 1.68* 4.50®" 3.100 2.03" 2.11¢ 7.59%f
CMLI191 7.60" 3.24° 324" 15.99%4.07° 6.21% 8.67° 2.83T 6.600 1.38%R 4 13K 5717% 274" 178" 7.39°f%h
CML529 7.12" 337° 531° 12.84% 4.52° 6.15% 10.29° 2.72%" 562™ 1.09% 3.91™ 540° 2.92% 1.69% 6.47
KS140/CML153 6.531 3.23% 5.48° 15.94° 3721 7.85° 8.14% 3.07% 929° 1.91° 436" 3.69" 249" 1.99° 827
KS140/CML155 6.58" 2.89% 5.09¢ 1524 3.49 6.99¢ 535 2.83°% 844" 1.58%d 424 360" 2.18™ 1.91% 7.20%h
KS140/CML157 7.02" 2.68' 4321 13.147 3.39% 6.55° 6.20% 2.67%" 749" 126%% 5059 2.49% 2.18™ 1.46™ 6.93%
KS140/CML164 9.43¢ 3.22% 559° 16.32°¢ 4.04° 7.60° 8.98° 3.81° 898" 1.45® 461% 4188 2.54% 1.97° 8.06>
KS140/CML170 10.33% 3.46* 4.92° 15.56' 4.40° 8.75* 7.87% 4.72° 10.16° 2.39° 6.22° 4.99°*f 5.00*° 3.24* 8.98"
KS140/CML177 8.90° 2.93" 4.66% 12.84% 3.65° 7.32¢ 6.65% 4.16° 9.06" 1.41°°% 4.95% 3321 236 2.08! 8.09"¢
KS140/CML180 8317 2.84% 4311 11.83' 3.5 7.04% 6.66%" 3.99% 8.80° 1.64™¢ 478 224% 2214 197 7.85%%
KS140/CML181 9.19% 3.13%" 4.69" 11.94' 4.19°" 7.26% 6.47" 4.64° 9549 1.45%¢ 5084 3335 2628 2.19° 8.63%
KS140/CML188 7.898 2.78% 3.99 1331' 3.53% 7.24% 6329 328¢ 9.61¢ 1.54%% 461% 259 2.17™ 1.99° 7.89°%
KS140/CML191 7.89% 3.19°® 4.87° 16.66° 3.91" 7.80° 6.87% 4.57° 11.65° 1.56™% 5.14%¢ 347" 251" 2.37° 9.02°
KS140/CML529 7.16" 2.51™ 3.59% 16.54° 3.02' 6.80" 631 2.77°% 8.66% 031" 528 4.158 2.09™ 1.87%" 6.73V
Mean 821 3.05 473 1398 392 674 740 327 7.82 139 459 407 270 190 7.54
SD 021 0.05 0.08 019 0.06 0.07 020 0.19 011 024 0.12 024 0.06 0.05 035
Ccv 256 154 176 156 146 1.07 270 585 134 175 263 5.85 231 240 4.61

*Numbers followed by the same letter within the same row are not significantly different according to DMR tests (p<0.05)
(note) Asp: aspartic acid, Thr: threonine, Ser: serine, Glu: glutamic acid, Gly: glycine, Ala: alanine, Val: valine, Ile: isoleucine,
Leu: leucine, Met: methionine, Phe: phenylalanine, Lys: lysine, His: histidine, Tyr: tyrosine, Pro: proline
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Fig. 1. Amino acid profiles of the CIMMYT maize line, KS140, and their hybrids. Maize lines are indicated as a color code.
The amounts of amino acids were auto scaled and visualized as indicated on the right.

A

[]
Q
==
£e
5,
g

®
o)
£
mn
BEBEEISRIGS]

o LS.
@ ®KS140
4 .KSMH?CMUSC!

OKS140 ICML529

PC 2(24.5 %)
0
1
°
%
000009
R e 9
B D P P e
==
OOO000
ZEZZZ=
NN
100 00 =~ (N
23NRY

PC 1(44.3 %)

PC2

0.1 0.0 01 02 03
PC1

Fig. 2. Principal components analysis (PCA) of the CIMMYT maize lines and their hybrids with KS140, a Korean elite maize
line based on amino acid composition. Score plot (A) and loading plot (B) from the PCA.
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