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Analysis of Characteristics and Test of Combining
Ability in Leaf Mustard Allies
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Abstract - To examine taxonomic relationships among 24 leaf mustard allies (Brassica juncea) derived from domestic
collections and introduced species, principal component analysis (PCA) and cluster analysis on 16 morphological
characters were carried out. Of 16 characters, total fresh weight, total dry weight, shoot fresh weight and leaf length were
useful characters for the understanding of taxonomic relationships among them. Cluster analysis using scores of the
principal components indicated that 24 leaf mustards could be grouped into domestic collections and introduced species
at 1.0 of average distance in UPGMA. Moreover, in experiment of F; recombination test, heterosis appeared greatly in
Sanchiohbachirimen takana A X Akaohba takana, Goheung namyang X Sanchiohbachirimen takana B, and Goheung
namyang X Akaohba takana cross combinations. Sanchiohbachirimen takana A and Akaohba takana have a high parent
combining ability for breeding cultivars using cytoplasmic male sterility.
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ZHleaf mustard, Brassica juncea)S vjEmto] &31= ¢
AAERE A9 FHE e FAREN AMEEHT Qo]
FAE FAEEA AMGEIT Qitt, YRR E SFojn], FA=
=7t dE2oA g A= thEH, 1968). S3] $2u
gtoflie Ml ofpA] E4z]GolA o 2gte] Fom Eg
T o) 5% BARS AA) ARgo = Auska QlrHe],
1986; o]2} 7, 1987).

72+ A2 QRO 24 W3- U&= sinigrin A&
Rl Qlo} 23 AA AEAY B AAHE FH 23
Foll £A81= myrosinase &4:7F 2+2351 glucose, 343
23 I BHEEA, allylisothiocyanate(AIT)S AA3HA €1
of F AIT7} 553 fe5hE W & JEoz 4EA ot
(Ohta and Takatani, 1982; Kanemaru et al., 1990;
Kanemaru and Miyamoto, 1991), o] A& & Y7} 747
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28] 2t Tol nAE 2o dEE-g 27 g Axga
S AQA7IH, RS 27] AE WAt AL FAA)

Fe ALE 48A Aklim et al, 2000). E3F A, <l
e, 8 Y Tl got #7139 F39ol HI (Park et
al., 1993), 53] F4tEHo] o= ez <422 chlorophyll,
B —carotene, ascorbic acid 5= tFF 7312 UrHGupta
and Wagle, 1988). 2-2 A= F JArge] 98%F Ad<] 147)
AR oA AFSEAL 9lom, 53] AHRGE FHoz A
9] T AN E3tx]o] ez Qlct, o] KoM
9] 2k 2-3712t0] 7Rs3ka 17} 2,000ha A= AHHEH, 2
HA ] S 4an] 9 f=Z0] F78M= A0l

Iy AAARE 2t Ao} EAHeEN 1) dEREUS
Adzof g FAEYY] F71 2) ATHAE 2AF ARgol 2%t
A R FUA A3), 3) RAEA G AApE AR 9
T AR Y #E23} B, 49 AzFolo) 23t FambAY whe
50 AA L Qiet, o]2st EAHL As) Yol F T
F SAAAE Z5olof g}, 3] AEF A4S JME &
AL 3T BE g Yrpr WeH oz ool #fof i)
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ol o|fE AlA oz} et A= S XSk b
oo w3g 7]&o]x 3tHDemir, 1983; Moriguchi et al,
1994), fjuEte AAEe F24S stk FAHEEE
of FHUFHLE FARHAUL BeAE A - Algstn
Qoo BH7| T A= AFRE 5 T8 FEQA Y, B, T,
T oulE, 13 vl Al 5 B AHE o, BESt olF
7¥8kaL Qlth, vy 8 AE] HEEo] 3lon,
2 WA e He 32 =33 Hoph 8%
Ho 2 AU AEF |4 52t vXsich @A) sfiolA
sl 2t FFE R Atz Hol A ek 7k A
4A15o] FEE ek EF, 2hE A4

5 F7lolA A7EAESH] AuiE L QLo
ESHEE I3t 7I2E7 A olFojA) 2 91A] Yo, me}
A, & Q7= AZAZFEULE o83 FiEFT S4S 9%
FAXL] EAEEES At D) =W 23T 4 9= EYFY
FHF B4 AR E4 Yot E5FE EF8IA 8
R, 2) FFAEY] AFA I /5 A E Ry 255
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AP R= vt 3% 13453} o= BYF 1EFS

2 F 24A5/EFS 3AIsHHACe. no. 1 Goheung nok—
dong, 2! Goheung dodeck, 3: Goheung fungyang, 4:
Goheung namyang, 5! Goheung dongkang, 6: Goheung
dongil, 7: Goheung dongkang, 8: Goheung bonglae, 9:
Red leaf mustard, 10: Yeosu hwayang, 11: Jeonnam
ARES, 12! Jeonnam jindo, 13: Dolsan leaf mustard, 14:
Yanagawaohchirimen takana, 15: Sanchiohbachirimen
takana A, 16: Unzenketkyu takana, 17: Unzenkobu
takana, 18! Nagasaki takana, 19: Sanchiohbachirimen
takana B, 20: Akaohba takana, 21: Gaeryangkwangkyo—
ng takana, 22 Shinkokuseisai, 23: Hakarasina, 24:
Yamakataseisal). 3 £3F ¥ =94FS g F, 285
A8E 123-E& FAIBFATHACe. no. 25: Goheung namyang
X Unzenkobu takana, 26: Goheung namyang X Sanchi—
ohbachirimen takana A, 27: Goheung namyang X Naga—
saki takana, 28: Goheung namyang X Sanchiohbach—
irimen takana B, 29! Goheung namyang X Akaohba
takana, 30: Goheung namyangX Gaeryangkwangkyong
takana, 31! Goheung namyang X Yamakataseisai, 32:
Sanchiohbachirimen takana AXAkaohba takana, 33:

N

20 S 445 3 2030 $IEA LT 285 34

Sanchiohbachirimen takana AXGaeryangkwangkyong
takana, 34: Unzenkobu takanaXHakarasina, 35:
Nagasaki takana X Dolsan leaf mustard, 36: Sanchi-
ohbachirimen takana B Akachba takana).

% 36AIE/EEE A5l BlEI e SRR 135 50
T SH Egolof X8t AT T 20%, 7Y T 294 gt
5109(2004.9.6.) A4 Aulistict. e 2 AR 4
T TestQa, wol FA] fobA 13T 1F:4T 2l
(2004.9.10.). & ZAE= 20x20em7IH o2 A A8t
(2004.10.7)). Al¥l= AA1570] 10a A4 17kg, AT 8kg,
7te] 12kgZ 7|E02 dtof, Ao 2= a4 38kg, 83+ 40
kg, A371e] 20kg, TLEAIS] 120kg, BAF 1kg2 Al-8-51aL HH)
£ 2F 2,000kgB =5 A7 7IHI= A[-8313ict,

PEEVE TR

Zt A/ EE 7 S E Y 358 Al & 29%
ol &7, AHFAE 2RI, FHF A digt AR E 5
2383 TN AT RAP R (2T, 19959 E77lE
of wet FAER 7|Fof Yo FE3 T S /\}-8-3}9&‘4. i
T3l |z g5 B gES FHE B4
component analysis)S E3] FAHAEET #H
ofstaiom olygt Au g gty A, A2
Ehfo] 247 At 574 IAE Tttt

Sinigrin?d #42 AS/ETHE A9 FAE ST &
48t 2 ¥, methanol& o FAY 38 719k& ds}o
3A17t F<t WHSle Watman No.4 2 0.2um nylone ZE|2
A3AZ] & 20mM sodium phosphate buffer, pH7.0¢] 1
mg/mLe] FE2 &35}, thA] S-S FUS buffero]l
304l 3]4ste] Molecular/Pore Ultrafiltation Membrane
(Cellulose, MWCO 1kD, Spectrum Co., USA)LE oju}st &
HPLCol} #-43}9ictt, HPLC+ CLASS-LC10 MODEL
(Shimadzu, Japan)®] CLC-ODS(M)column(4.6 X 250mmn,
Shimadzu, Japan)& ARE-3tSth, Mobile phase= 80%2]
0.2mM TBA, pH7.0(Tetrabutylammonium dihydrogen
phosphate, Sigma Co., USA), 20% acetonitrile®] Z7A0=2
8193, flow rate 0.8mL/min, injection volume< 101,
oven temperatures= 80C¢ 2HL2 o] SPD-10AV
UV/VIS detector (Shimadzu, Japan)g ARSI 227mmo)| Al
739t Standardll ARE-H sinigring Sigmaite] A=
= ARESHETHY, 2002).

Anthocyan® 48242 Color and color difference meter
{(Super color sp—80, Tokyo Denshoku)Z ¥ o]z} &9
___*_X-] o]— I:]-
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47N A/ EEL2RE 167] A 2ASE
A oe% b BA-ol|A cheFet WolE vEelSict &
A FNA FIL 256g/3F, H4a 9Tg/F S2 oF 159g9] x}o]
(X165 YetNL, & dEFoIME 2L 46.5g/F, 4
16.6g/3 UEFHOl(x2.8) AR BAIFAAET B & B0
& Kol 75 27180 HFo] v|HFos WSS vEhy
UtHTable 1), E3H HolAle= 4 EHE EARF-ad)A -
256.08%= 7 @i, g oY JFEAIRI-b 60.54%ZE 7t
2 wodth & AT, 9%, 9%, 454 T, | 2y ¢
EARN-L, o|H o] SFEAI}I-LE 10~30%2] WolAl&E et
Helow FHES, AGEAAT, AU 3k 30~40%
9] HolAl+E Uety ot E3E e, $EF, 554, &
Hol RFEAIQ-b, oFH 9] RFEAIQF-b2 40~80%2] HolAl4>
E el itiTable 1).

247 A/ EZ) tigt 167 EA e 7122 8t Cluster
4L stk 2470 AlE/EEE T 1FLE ERE ey
289 AE/EE =120 Ul A% (Ace. no. 1), 1] 6
N AS/E%E (Ace. no. 4, 5, 8, 15, 18, 24), II°) 57 &5
(Ace. no. 14, 17, 19, 23, 16), V0] 371 AE/EE (Ace. no.
10, 12, 22), Vo] 37§ &% (Acc. no. 13, 20, 21), VIZ=o] 474

AE/E% (Ace. no. 2, 11, 3, 9), VIt 27§ A% (Acc. no. 6,
ez EREIHFig. D. 1 3 3749 1582 I #=3Fq
02 EFTE olF9L, Uz 25 SW 35 ==
YFol A et EF52 ol F ik

2470 Ag/EFC] FHIF AL WHojof 71z
@70 AALE ARG & AASE & AgFd AN
FAAZ 7oA o] A et dE2 d- 4 22
23 g o] ARE Uetligly, 252, SEFAYE %
o] A YRSt B3, does 5350 R S 22
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Table 1. Variation of the 16 characters in 24 allies of leaf mustard
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Fig. 1. By complete Linkage Cluster Analysis. The number was indicated
allies no. of tested leaf mustard allies as shown material and methods.
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A VER T Table 2).
2FABMNAE 59.1%, A 4FARANA=
80.5%, Al 7-;7‘— —“i— HR= 93.5%2] HRAHYEE dget 4= UA
tHTable 3). IZF-2]2 Lz47]°‘]'§°] 93.5%% A 7R3 E7A
o) 7t FAE éjb‘é A19) A9l e s BEISHe] 2F 4
T} 51T AAIGE Table 40 Uebfigich

F2719% (Cumulative Contribution) Q1AHEAo|A 7
E= (Commonality)®} 2o o}zl Z+ g2lo] 734 E71X]
o g /HEEQ 2 9\)\_‘: 7(-15—- L]-E}LH‘—
Ae 9, $55, | 2Ho AEAR-L, ¢ olH9 bt -
0.53848~-0.005842 Ho] ¥gto gz 1wz FAEL
0.01957~1,905522 <] W3ko 2 73} tHTable 4).

7 g %

=

X X2 X3 X¢ X5 X6 XI X8 X0 X0 Xl XI2Z X3 X4 XI5 X6
Mean 14094 2552 13050 3537 1736 1922 1875 437 325 3404 2761 -172 868 3436 505 1784
Stndard Deviaion 4139 862 3921 387 424 1075 815 197 103 421 618 440 69 566 397 1080
Minimum 9733 1664 8600 2773 1010 767 700 200 100 2700 1658 378 049 1773 907 014
Maximum 25600 4656 23800 4517 2827 4867 4500 1100 500 4537 4794 570 2408 4734 555 5788
Range 15867 2992 15200 1744 1817 4100 3800 900 400 1837 3136 1308 2457 2061 1462 5802
Coeflicientol 5 3340 3005 1096 2447 5593 4348 4512 3176 1237 2241 25608 972 1648 7862 6054
Variation(%)
X1: Total fresh weight, X2: Total dry weight, X3: Shoot fresh weight, X4: Leaf length, X5: Leaf diameter, X6: Number of leaf, X7: leafstalk diameter, X8: leafstalk

thickness, X9: Sinigrin content, X10: Chlorophyll content, X11: Face-anthocyan-L, X12: Face-anthocyan-a, X13: Face-anthocyan-b, X14: Back-anthocyan-L, X15:

Back-anthocyan-a, X16: Back-anthocyan-b.
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Table 2. Phenotypic correlation coefficient between of each character

2
=
zf
N
o
ol
oY,
o,

Xr X2 X3 X4 X5 X6 X7 X8 X9 X100 X1 X2 XI3 X4 XI5 Xl6
XI* 1000 0952%* 0997** 0087 0312 0279 0273 0109 0242 0330 0051 018 0170 0070 0163 0158
X2 1000 0939** 0048 0356 0428* 0354 -0104 0243 0437 0016 0140 0156 -00I15 O0.I51 0.102
X3 1000%* 0085 0286 0245 0248 0109 0243 0295 0061 018 -0.170 0088 0170 0194
X4 1000 0493* 0209 0236 0240 0032 0132 0053 0139 -0232 0397 0.116 0162
X5 1000 -0607%* Q7374+ 0569+ -0421* 0603** 0096 0400 0309 0045 0287 0121
X6 1000 -0651**-0126 0176 0713** 0095 0030 0022 0041 0155 0304
X7 1000 0557%*% 0229 0573** 0127 0294 0182 0177 0298 0011
X8 1000 0474* 0320 0150 0319 0279 0013 0101 0178
X9 1000 0413* 0418* 0590 -0659**0287 0411* 0499*
X10 1000 0160 0122 0.8 0110 0179 0079
X1 1000 -0709%* 0.791%* 0.834**-0561** 0598**
X12 1000 -0932%*-0587+* 0.722%* 0572%*
X13 1000 0579%*%-0641%*% 0587+*
X14 1000 0787** 0644+
X15 1000 -0644%*
X16 1000

*X1: Total fresh weight, X2: Total dry weight, X3: Shoot fresh weight, X4: Leaf length, X5: Leaf diameter, X6: Number of leaf, X7: leafstalk diameter, X8: leafstalk
thickness, X9: Sinigrin content, X10: Chlorophyll content, X11: Face-anthocyan-L, X12: Face-anthocyan-a, X13: Face-anthocyan-b, X14: Back-anthocyan-L, X15:
Back-anthocyan-a, X16: Back-anthocyan-b.

*,** Significant at P<0.05 or P<0.01, respectively.

Table 3. Eigen value and its contribution to total variation obtained from principal component analysis

Principal X1 X3 X4 X5 X6 X7 X8 X9 XI0 X1l XI2 XI3 X4 XI5 XI6

component

Eigenvalue 5688 3.772 2.130 1291 0874 0674 0538 0326 0241 0171 0.136 0031 0043 0013 0009 0000

Difference 1915 1.642 0838 0416 0200 0.135 0212 0084 0070 0035 0054 0037 0024 0008 0008 -

Proportion 0355 0235 0.133 0080 0054 0042 0033 0020 0015 0010 0008 0005 0002 0001 0000 0.000

Comulative 4 o 724 805 859 902 935 956 97. 981 990 995 998 999 1000 1000
contribution (%)

*X1: Total fresh weight, X2: Total dry weight, X3: Shoot fresh weight, X4: Leaf length, X5: Leaf diameter, X6: Number of leaf, X7: leafstalk diameter, X8: leafstalk
thickness, X9: Sinigrin content, X10: Chlorophyll content, X11: Face-anthocyan-L, X12: Face-anthocyan-a, X13: Face-anthocyan-b, X14: Back-anthocyan-L, X15:
Back-anthocyan-a, X16: Back-anthocyan-b.

Table 4. Eigen vector of the Principal component

Character

Principal component

VAT 72 Z3 Z4A Z5 Z6 77 CCr
X1- 0.51700 050213 0.67373 -0.11230 -0.00100 -0.05800 0.03504 1.51652
X2 0.51800 0.57574 0.60720 001343 0.04672 -0.01750 0.02368 1.90552
X3 0.51400 047204 0.69003 -0.13970 -0.01390 -0.07080 0.01499 142082
X4 0.05600 -0.56490 033148 049639 045346 -0.18270 0.02590 0.92024
X5 -0.62300 -0.52310 042799 0.10729 0.13338 0.00031 -0.09112 -0.53848
X6 0.34794 0.66181 -0.23190 0.51465 -0.06670 0.19455 0.03258 142249
X7 -0.56650 -0.49110 0.38735 -0.20598 0.11058 038215 -0.07708 -0.17545
X8 -0.45940 -0.23460 046975 041026 -0.31930 042625 0.08309 0.01957
X9 0.71222 -0.04570 -0.15850 -0.29491 033014 037523 -0.23324 0.78361
X10 0.52292 0.52543 -0.22110 0.37465 023121 0.18451 -0.27136 1.34000
X11 -0.67400 0.59521 -0.01580 -0.22720 -0.19439 0.11263 -0.02970 -0.00584
X12 0.81200 -0.36620 -0.11110 -0.13186 -0.02851 0.09345 0.38200 0.89077
X13 -0.79810 041972 0.05768 0.10634 -0.15600 -0.19000 -0.28750 -0.56268
X14 -0.63290 0.56355 -0.06390 -0.31450 0.23990 0.16005 0.18793 0.09889
X15 0.73765 -0.34540 -0.03340 0.13616 -045610 0.07062 -0.05150 0.56612
X16 -0.60530 0.50995 -0.13860 031742 0.19838 0.05853 0234370 099101

“X1: Total fresh weight, X2: Total dry weight, X3: Shoot fresh weight, X4: Leaf length, X5: Leaf diameter, X6: Number of leaf, X7: leafstalk diameter, X8: leafstalk
thickness, X9: Sinigrin content, X10: Chlorophyll content, X11: Face-anthocyan-L, X12: Face-anthocyan-a, X13: Face-anthocyan-b, X14: Back-anthocyan-L, X15:

Back-anthocyan-a, X16: Back-anthocyan-b,*Z1: Order of importance degree,*C.C.: Cumulative contribution.
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Table 5. Analysis of quantitative characters in 12 F| leaf mustard accessions

Ace:No o5 6 27 28 29 30 31 2 33 3 35 36
Character

Total fresh weight (2) 134 121 103 153 153 175 123 173 130 120 110 108
Dry weight (g) 2411 1841 1626 2064 2266 2656 2455 2930 245 239 224 1726
Shoot fresh weight (g) 126 112 95 145 143 163 115 165 120 130 125 99
Leaf length (cm) 392 386 475 399 416 387 434 421 415 466 455 359
Leaf diameter (cm) 211 186 218 208 206 210 220 269 242 206 234 217
Number of leaf (ca) 100 107 137 113 107 117 143 100 100 200 127 107
Leafstalk diameter () 25 26 27 28 29 30 31 32 33 3 35 36
Leafstalk thickness (mm) 2 21 2 25 24 25 26 28 24 2 25 02
Sinigrin content (mg/g) 2 2 2 2 3 3 3 3 3 3 3 3
Chlorophyll content (SPAD unit) 393 399 315 355 364 411 273 294 289 382 332 309
Face Anthocyan L 321 367 339 318 380 353 368 289 299 379 401 266
a 353 323 390 294 325 345 293 338 350 380 358 272

b 356 363 348 322 356 370 311 307 313 380 364 282
Back Anthocyan L 2684 2279 2178 2496 2051 2102 2701 3366 3076 3294 2746 2668
a 205 385 274 020 170 163 354 612 420 420 -332 592
b 1200 1021 968 633 412 449 980 1683 1682 1682 1054 1476

SAE 12789 Fy =
kS HtHTable 5). ZF FEHZ Hol& HE=d,
Sanchiohbachirimen takana AXAkaohba takanaz3tHe]
749 FREF A FH} 45% oJAF ¥k Goheung na-—
myang X Sanchiohbachirimen takana A 23} Goheung
namyang X Akaohba takanaZgto] %2 H RS- WYAZF
B} 52 FgS Bk, 93T GFAE o]ef FARRE Bk
& Hout A FEAASte BRAo] Al ol A2
32X E Sanchiohbachirimen takana A2} Akaochba tak—
ana’l 15HA] 72 B554S Y3 A5 (Parents ability)o]
e weRe R Aegn shAg et B AT/EES
e Alste Held 92 2o} gel ek WA B zﬂ
AL 2 3554900 % H-83 ARE ol8H ¢ Y A2
wesle Peia S4o) ME 25 A4S A0k 9T
RAPD, RFLP, AFLP 59 EAMIEeH 24HE §8 A
BER A g asiohar AztEh

¥ 2

2 AAE EF 4L Aot o= =% 2 S 23T

Z 2443 /EFl st A A4S AN, - A
9 AR A& AAESI AR EA0 1ol & B
A, & AEFAH2), A JAFHS3), dFFHHL=2
80.5%9] AAARE 4 4= Uit

Eigen value”}l 101441 FEE EXE 24415/ T
AFoR FREeH, A5YE Teelee] 15, 120 63,

Mol 5%, Vito] 3%, Vo] 3%, IEo] 4%, VIwo] 232

ERENH. B3 12719 F, 2%%F 338 wHzd F
Sanchiohbachirimen takana AXAkaohba takana,
Goheung namyang X Sanchiohbachirimen takana A %
Goheung namyang X Akachba takana Z3Hol| A ZHE73A7}
2A et

IR 2 AR FE53E A3 W54 (Parents ability)
o] =2 wWHRX S E Sanchiohbachirimen takana A%}
Akaohba takana7} A2= %]},

Ab AL

o] =E2 FHriedAlEL] XY oJste] =
Axte] R (HAHE: 204086032SR0O10).
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