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Morphological variation associated with the geographical distribution of 75 accessions of common
millet collected in Korea, Japan, and China (54, 12 and 9 accessions, respectively) was evaluated.
Morphological characteristics of the accessions were investigated using two quantitative traits
(plant height and days from seedling to flowering) and two qualitative traits (seed color and
inflorescence shape). Most traits did not show significant differences between accessions from the
three countries; however, in the case of plant height, the accessions from Korea and Japan were
similar in size whereas the accessions from China were shorter. The first and second principal
components of a principal components analysis of the four traits accounted for 76.6% of the total
variation (52.2% and 24.4%, respectively). Seed color, inflorescence shape, and days from
seedling to flowering characterized the first axis in the positive direction. Seed color characterized
the second axis in the positive direction whereas inflorescence shape, plant height, and days from
seedling to flowering characterized this axis in the negative direction. Principal components
analysis of morphological characteristics did not clearly distinguish between common millet
accessions from Korea, Japan, and China. This study provides useful information for
understanding the morphological variation associated with the geographical distribution of
common millet accessions in East Asia.
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7V (Panicum miliaceum L.)-& 1H QA= B SE0] floitol &= 2l/d AE= 3ol &3t 4147
AiEE SLotrlel A9, T 52 A HollA] AulEo] & 2oz A F N, AAE v, Ao}, nl=, 2¢
F7h U, T, W7 AE Fo] 2] 7150l Ee] AulE L Qlet = FobAlote] w7HE2 AlRFAE R o859
31, 9 2 ulEofAe AR89 2 o]- 851 tHGraybosh and Baltensperger, 2009; Kim et al., 2013; Oelke et al.,
1990; Salini et al., 2010). $F=oflA] =2 A= AL Q= 7132 G T o] Common millet (Panicum miliaceum L.)
B TR S, G, Ak SollA] gol A=Al ik B 22 Bl ste] @4-wFo] Wob 7hE A-3/do] =L, A7)
Zro] ZromA HF AlEo] A7 /= 7RI 2HlRt ebg ol e & A-3-5h S A 9 Al A7 whet 5
2] £/ Wol7h thefsHA| LRl Qi o AR e Fd2E 2 AliEo] ghoH, 2 5, o5 25 APt 7Fsskal
el 7] 7to] ot thefet ZHA| A 2§ 5712 AuiH A o] Eofutal QItk(Jeju Agricultural Research and Extension
Services, 2014; Park et al., 1999). F-4 2] Hllfr S0l whet 27143 fl7 17 0= W al, 4ol mpEsio] 7459
Z7] 8o] 7Fs3t 7143 shollA] 785 mhEste] 10975300 o] kst 717 5 Al A7 1ol whet of 2 AdES
O 2 Uiz 4 Qlth(Park et al., 2015). ¥ B F=1, Y+, QeoflA] Ho] Aulisl= 71782 2717F 242 oE =rwet
H|w5lo] chalzl gl 7|48 Slafo] tha srhyl B %3 Qth(Park et al., 1999). T35t 7|12 cholesterol 7t
phytateS 511, 54 oS Aok, AT 7 dehe ol 7715 oot Wi e e sh= ofeh4] o o]
ATkl B Y E|QIcK Saha et al., 2016; Zhang et al., 2014). &, &, L 531 QA0 A9} oS 71520 2 H] WSl
= 0] g=ro] AfobA T2 U 7S Hol ok Hiol W S50 Hlgo] o1, e IERFel Hlste] RulH,
Alod-t, HIEHIA B A1 50 efdo] =& Jdet4] 540 JIthal el (Amadou et al., 2013; Ha and Lee, 2001;
Oelke et al., 1990). ©]2]3t F- Aol E51L SHollA 713 52 A AiES S o2 A=), A=
2 FAO Tt o] Wot kbl A w2 7= Ats 17 St TR s Rt Al
FEol tiste] oA 28] B W 8E5 Soto] Aol B 715 B v ekl Sl et M1 B
o] gA4o] ero 2 F Q@ sHkKo et al., 2018).

P 59 A W AlE T 19417] o] % Atjio] WA F1A Q1 At elet e A|Shr T o] o #] 1,
HE/NIT} 2 = Q5] A& Fo] 4] thefdol ARtA| . G%0] 3
I} Hgof ofsto] F7of| A ol FE AufE] 1 QLA AeE-5o] 144
ARZ17] flolixe ThdRt At o] 2145491 e 34 5ol Bk Zo] F-asitt 4=t 5 skl 7]
APiHA 0] 1970 TH 2F 1,000 ha =& e O, Al Ak o] FA AR 2 sliQkR] Sofl i S5+ 7 ks =4]
& A=Al ITk(Yoon et al., 2008). o4 ® Al do] W 2a= e =2 AiH A o] M} A4Skl )i

2, Z2 =l it 71s/da dd o] vA] LERHA,

o
2010). TR =52 A4 gl A OJofE 5o 24
P

A 2
9%oto] 2 71 7PA1S pSo] B 4 Gl 22 ole b/ 28] 219 Z] ek(ung etal. 2016).
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2 9 FFNA 4101 SN T TR S YIS 54 A A BES T =75 AT 7 AR Eel
2 : ZHaE

AAISIAT: 2 S ATk o2 S 2ol Aget e
7

S, QB9 SR 3l 71 A Sl et e B4 2 ol e 2A1Sh] S8l S s4AE), &
B(1275), ZROAD I 43T % 15AFL SENEH UL 5 GG AA QAN oA BF wok,
o]5 2}41o]] tgh 71 = Table 19] AATSHRE
A B AP STl AE 308 A 1Es1e] 20109 E3A] el S xlek A UthelL K4
Aol 303 % Wokat 20112 15 2224 o] Alskeir. 712 /A 2k A2 25 om, 713 AE 2 AR 75 om 242
o BA|p,E, WEO 2 WA Aol A Ut vl A 5to] AstArk. Weld B4 24K 2 AE W 10
A

:Fﬁ
ne

= o Z200H 43t 714 HESL] e 0|

Aol A= Qe A AEEe] FEd 9 A Hols A= thE S0k o] 22 X154 wat
(microevolutionary changes)ll 2Jall4] Aoyl It Gould and Johnston, 1972; Wyatt and Antonovics, 1981). T+
2pA] 2pAd A 0 2 F QA FASE Q= of® Al 20| A[2 A o] uhE FEiA] B YA Hol= 11 AR
5} 9 Balug-S Ash=t] 9lo] w837t A WS Al 351 Ttk Schwanitz, 1966; Harlan, 1992). & A=
b2 IRtsto] Ui, F=roll A et Al 7178 75 A1 s =0l tiste] |24 2ol tE FHi 4] Ho & AR
th 2 ol e o, Gt FsolA 8 718 75 A7 54418, B2 1271S, 5 97A1%8)2 o18-5te] 270
O ¥4 it 27l0] AA FHof| gt EATARE AR 23k thaat ATi(Table 3).

1) ZFHQN1) — M2 718 ASE0] 7H-S Bt 143.4+£ 9.5 cm 2, 42 115.2 emFE ]l 166.4 cm 2] HY]
0.1+ 19.6 cm, 86.3 cm*E] 158.4 cm ko] 915 B et BhHC F=F
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Table 1. List of 75 common millet accessions of RDA-Genebank used in this study

No. IT No. Country Accessions name No. IT No. Country Accessions name
1 IT 103301 Korea Gangwonl 41 IT 100287 Korea Jeonnam1
2 IT 185521 Korea Gangwon2 42 IT 100294 Korea Jeonnam?2
3 IT 185524 Korea Gangwon3 43 IT 100304 Korea Jeonnam3
4 IT 105308 Korea Gangwon4 44 IT 100279 Korea Jeonbuk1
5 IT 108894 Korea Gangwon5 45 IT 100317 Korea Jeonbuk?2
6 IT 185523 Korea Gangwon6 46 IT 108938 Korea Jeonbuk3
7 IT 185526 Korea Gangwon7 47 IT 108939 Korea Jeonbuk4
8 IT 185545 Korea Gangwon8 48 IT 113300 Korea Jeonbuk5
9 IT 100290 Korea Gyeonggil 49 IT 113321 Korea Jeonbuk6
10 IT 100298 Korea Gyeonggi2 50 IT 100263 Korea Chungnam1
11 IT 103428 Korea Gyeonggi3 51 IT 100267 Korea Chungnam?
12 IT 100268 Korea Gyeongnaml 52 IT 100311 Korea Chungnam3
13 IT 100269 Korea Gyeongnam?2 53 IT 100264 Korea Chungbuk1
14 IT 100310 Korea Gyeongnam3 54 IT 100289 Korea Chungbuk2
15 IT 162900 Korea Gyeongnam4 55 IT 297380 Japan Japanl
16 IT 162902 Korea Gyeongnam5 56 IT 297381 Japan Japan2
17 IT 185531 Korea Gyeongnamb6 57 IT 297382 Japan Japan3
18 IT 100275 Korea Gyeongnam?7 58 IT 297383 Japan Japan4
19 IT 100288 Korea Gyeongnam§ 59 IT 297384 Japan Japan5
20 IT 103621 Korea Gyeongnam9 60 IT 297391 Japan Japan6
21 IT 181969 Korea Gyeongnam10 61 1T 297392 Japan Japan7
22 IT 185551 Korea Gyeongnaml 1 62 IT 297393 Japan Japan8
23 IT 194498 Korea Gyeongnam12 63 IT 297394 Japan Japan9
24 IT 100262 Korea Gyeongbuk1 64 IT 297395 Japan Japan10
25 IT 100274 Korea Gyeongbuk2 65 IT 297396 Japan Japanl1
26 IT 100297 Korea Gyeongbuk3 66 IT 297398 Japan Japan12
27 IT 100892 Korea Gyeongbuk4 67 IT 235823 China Chinal
28 IT 109200 Korea Gyeongbuk5 68 IT 236994 China China2
29 IT 115190 Korea Gyeongbuk6 69 IT 236995 China China3
30 IT 185528 Korea Gyeongbuk7 70 IT 237297 China China4
31 IT 100301 Korea Gyeongbuk8 71 IT 237298 China China5
32 IT 100313 Korea Gyeongbuk9 72 IT 237299 China China6
33 IT 103775 Korea Gyeongbuk10 73 IT 250268 China China7
34 IT 105470 Korea Gyeongbuk11 74 IT 250273 China China8
35 IT 108704 Korea Gyeongbuk12 75 IT 250277 China China9
36 IT 112797 Korea Gyeongbuk13

37 IT 112801 Korea Gyeongbuk 14

38 IT 113600 Korea Gyeongbuk15

39 IT 163725 Korea Gyeongbuk16

40 IT 185540 Korea Gyeongbuk17
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Table 2. Characteristics used in the morphological analysis for 75 common millet accessions

Abbreviation Characteristics When measured Unit
QN1 Plant height at maturing stage cm
QN2 Days from seedling to flowering  at flowering stage day
QLI Seed color after harvest Brown-1, White-2, DarkBrown-3,

StripeDarkBrown-4, YellowWhite-5, GreenBrown-6
Compactum — 1, Effusum-2, compact-contractum-3,

L2 Infl h: fl i
Q nflorescence shape at flowering stage effusum-contractum-4, Contractum:-5

Table 3. Mean, standard deviation, range and accession number for 2 quantitative and 2 qualitative characters among
75 common millet accessions

Morphological Korea China Japan
character (N=54) (N=9) (N=12)

QNI 143.4+9.5 953+15.8 140.1+£19.6
(Plant height) (115.2-166.4) (75.8 - 121.7) (86.3 - 158.4)
QN2 87.6+4.7 53.0+3.0 85.0+7.9
(Flowering time) (69 - 95) (49 - 35) (69 - 95)

QLI ;:;“Dﬁ&hxz g)l )Y]e)ltk\f\;(f)m“z 8‘3 Brown (3), White (2), Brown (6), White (3),
(Seed color) Gree nBr’own ) ’ DarkBrown (4) DarkBrown (1), YellowWhite (2)
QL2 Effusum (4), compact-contractum (3),  Compactum (3), Effusum (3),

(Inflorescence effusum-contractum (12), compact-contractum (1), compact-contractum (8),
shape) Contractum (35) Contractum (2) Contractum (4)

714 ASES Bt 953+ 15.8 emZ 75.8 emPE] 121.7 em @] FH& HERH I

2) ETYT(QN2) - = 7 ARS S0l S Lo Bl 87.6 47U R 24 69D E] 2t 9547172 4
UetfSict. Q7178 AlS-E2] Bt 85.0 + 7.9U R 694HH 954712 SIS R, F=tolA] 4
ASEL B 53.0 + 3.0Y R 4995 E 5599 HE e

3) STAQLL) — o= 71 ARE-5 2] -5 A (878, WAQ1ARS), AFAA(10718), EF-HUEHGAE),
WAHAIARS), SEA(1A1E) T2 HERAL, D2 718 A =2 2 (6AFS), AGARS), A(1A1E), %
WAH2AE) S HEH. = 71 Al a2 2AGAE), WAUCAE), FEArE) 5o UET.

4) FF(QL2) — = 71 AE=2] A AR (@AE), B BGANS), B (1271%), Br3G5AKS) 5
02 WAL, G2 71 AT ES HEFREANS), Brd@A®) o= Uelkdth S5 71 Als 2 443
GAFS), AR (3AE), BEFRF(1AFS), B3 (2A18) o= e

oL ju

T

ok

0!

Holls tiEe] T AlsSol A=Al glo, SRA ol - SAF AEEe] AMlEAL s Aer KB
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5T €HH Yoon et al. (2008)-2 $=10] 71 AlEEoll thet SAXALIA Bt 70] 181.4 cm, Bt 259
7173792 B st B ATolAE Bl5e AT LERY T Qloith £ AT AT 95 TR, dEE
=0 AfE 717 AT 52 A=A Zazol whE FEi4] HolE ofslsh=t -8t HE Alsd A o= Zdigitt

S, 2Tt ol Rt 71 AlE Sl tieh A2]4] atof b A HolE gRlstr] ffaiAl 7174 757
5 ] tiste] 2710 oF2] it 27)0] A2 PE-E o8] T/ BA(PCA =4)-& AAISHIT 143, 129 2
2} component= ZA] ¥0]2] 52.2%%} 24.4%S UERHO] HA] 76.6%2] HolE LJERHTK Table 4). AP 2=
FolA FA(QLI), 7~B(QL2), TFHQNT), E4LT(QN2)= Al 15-d2ollA] BT o] Heke & 7]ofs1lal, A
2573 20lM FEAQLE Fol 2R 71948t 3aL, $B(QL2), ZFHQNT), EFLHQN2)2 2] el 7]
ofgh .0 = YElsiTh

Table 4. Eigen vectors and cumulative variance of the first and second principal components

Eigen vectors

Morphological character

PC1 PC2
QL1 (Seed color) 0.257 0.950
QL2 (Inflorescence shape) 0.652 -0.267
QNI (Plant height) 0.863 -0.017
QN2 (Flowering time) 0.923 -0.060
Cumulative variance (%) 52.196 24416

71 715 A 520 thote] FA4E B4 AuLE ]85} scatter diagram 5492 AA|SFACHFig. 1). 2L A3 Al 15+
AHPCHI A 25HPC2)S 7|0 2 47)1 9 AREH O 2 LR EQITE gk 717 Als 52 thiio] Al 1AREH
T} A| 4AREH B 35) gl o), AR AE(IT 109200, IT 185528, IT 103775, IT 185540)5-2 A 2AREH YT} A 3
Aol 242t RSl S 71 Ale 52 B Al 2AREH Al 3ARE A RSl o, dE AlF e =
A SAHEHT} A| 4AREHO B ESFA AT Japan 9 (IT 297394) AFS-2 2AREH<Y|, Japan 1 (IT 297380) A5} Japan
10 (IT 297395) A5 Al 1AHEHA ZH2 BEs19Lt.

ol o] Aol A b=, Uit F=o] =7 PER 71 AlsE Alelo] Alio] HElekA] ot T, £, SrUS
o= o] BASIHE T 11 At E5A0] A AR o] HEekA] o, aEE 7o = §F
AWM= B4 ArsEol 3AREHC YIRS, TS 7|0 & Aol = At ZR A AlF S

o] 1AREHO 1RSSR 2 AollA g, Y 2 F=9 75Ale &= Z:_}’\H(Brown), ‘ﬂ.“—H(Whlt ) Az “—1(Dark
brown) 9] THAE 71 AlFo] BE EAfetE & =7 P Als £ 5]
=3 7 AE S iR 43 (Contractum) AlE0] @ol = 7107 1w ¢] a7, ?—JE—‘% %%‘Fﬁé
Zol Q=7 0 2 ZRIE|QL o, W43 (Compactum) Al &2 BT 5= Als-Sol AT et 2 Aok
S TR A Aol A T} S 7|E0 2 FolAofell A 't 71 Als S el Ao
710 2 ABZ}=]Q]e}. o]get A= Cho et al. (2010)2] H 119} Zro] Folr]o} x] <« o] H|Z=5H
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AT = QIR Ofjt FAF ol F 5ol ol gt Aoz A7 ik
ool Aol oot 4 A0l osf Fotrotell M st 15A1E ] 71 A2 A o= geksiA AEd o
+ |3l 2 Ao 240 ol 8 F= 71 Als 2 A= It FaL 1*7} wrEw, 7Ego] =3t A AlE
S| 24] efot 2ol 7Fe B o, b=t Ao R T AlF 2 A& BEs] A ekt o]
22 olg A qolM ARt 71 Als S0l A2 EEet Rl Jle Ao s “”HO*E} A 2 A8 54
= 5ol Forotell M ARt A 71 Als52] FHiA HolE olsls=tl f- 8t HHE AT Hlor

® JAPAN ®CHINA * KOREA

Fig. 1. Projection of 75 common millet accessions of Korea, China and Japan in the first and second principal

component.

2 o

B AT =S wsleto] AE, Fatoll 37t Al 717 75 A1 S thiote] A2 ko] wh2 efE A
o5 ZARIIE 2 Aol T, dEat Tl SHE 71 75A1E (= 5441, EE 1271, S 9A1S)
Eoll tiote] 2709] 4 Pt 2710] AA FAS o] 8sto] FeH EAS IRt 1 Az vepd R 434t
71 A RS AR FES AlLfokal iR A2 7 IR EAS U Rleh 282 A9 et =
of|A] 2t AFEL Hlseet 3719) TS YRR AL 9o F=toll A 37t AT B2 4R 1S Ve AL 9191
o}, AR BA(PCA E4)of| 4] 121 E 22} component= 4| HH0]9] 52,292} 24.4%5 LERH o] 4] 76.6%2] H
ol & Ut AR @85 FollA FA(QL1), 7F(QL2), THFHQN1), %#%I-ﬂQNz) Al 15750 A oFe]
WFo = Z]ofotaal, Al 25 doll A FA QL) ol ko &2 7]94st31al, +3(QL2), TFE(QND), E7¢4
(QN2)2 59] ko]l 7]ofet A o2 vepiith 47 24 AajellA] =, Eml 9] 71% A'SE Aol e

3] %L—Erﬁ}ll %’5}%‘1}. = ‘?'i—?”éﬂr% e ERt LR T AEF 718 AEE 2 A=A Exof| whE FEA
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