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Breeding of CMS(cytoplasmic male sterility)
Female Parent and High Yield F1 Cultivars
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SUMMARY

I. Title
Breeding of CMS(cytoplasmic male sterility) Female Parent and High Yield
F1 Cultivars in Dolsan Leaf Mustard

II. Goal and necessity of the study

Brassica juncea is a major oilseed crop of the Indian subcontinent covering
more than five million hectares during the winter growing season. It is also
grown in Australia, China, Canada, Japan and Korea. Due to its ability to
grow well under low moisture conditions, B. juncea is being developed as a
replacement crop for B. rapa in the South region of Korea. B. juncea is
cross—fertilization. Cultivar improvement in B. juncea has been mostly done by
breeding methodologies for self-fertilized grain crops. There are many Japanese
cultivars such as Yanagawaohchirimen takana, Sanchiohbachirimen takana,
Unzenketkyu takana, Unzenkobu takana, Nagasaki takana, Akaohba takana,
Gaeryangkwangkyong takana, Shinkokuseisai, Hakarasina, Yamakataseisai. It
was called "Takana” in Japan. "Takana” was introduced from Japan to Korea
in 1950’. And it's leaf and stem were used Kimchi materials from now.
Heterosis breeding could be used enhancing crop productivity in Brassica
juncea, a major oilseed crop of the Indian subcontinent. Divergent gene pools
and their possible potential for heterosis breeding has already been shown in
B. juncea. However, beside the identification of suitable combiners, a pollination
control mechanism for the production of hybrid seed on a large scale is also
required. Cytoplasmic male sterility (CMS), a phenotypic manifestation of
incompatibility between nuclear and cytoplasmic genomes, i1s a maternally
inherited trait that has been successfully exploited as an effective pollination
control mechanism for the production of hybrid seed in many crop plants.
However, it has not been possible to exploit these alloplasmic CMS systems
effectively for heterosis breeding, either due to chlorosis and floral
abnormalities in the CMS lines or due to lack lines within B. juncea which
could restore male fertility of the CMS lines. For many of the alloplasmic

CMS systems, which were corrected for floral abnormalities and chlorosis by



somatic hybridization, attempts have also been species which have been the

cytoplasm-donors. Most of the attempts to transfer restorer functions from the

cytoplasm donor species have been beset with the problem of linkage drag.

In this paper we present the result of three years of experiments on leaf

mustard(B. juncea) designed to study.

1.

®© N e oA W

collection of genetic resources for F1 using CMS system.
analysis of quantitative and qualitative characters.

extent of diversity amongst some selected leaf mustard.
selection of late-bolting type for spring cultivation type.
analysis of Photo.synthesis efficiency in recurrent parent.
. analysis of genetic relationship among various species.
analysis of molecular characteristics in two CMS lines.

heterosis for yield with a major emphasis on discerning the contribution

of different component characters that are contributing towards yield.

. performance of some of the selected hybrids at the field level.

III. Content of research & development and its range

Years

Sub-subject

Content of research & development

and its range

2004

o Collection of CMS line

o Matainer collection of CMS

female parent for backcross

o Selection of excellent line and
breeding of inbreeding line for B
line(male fertility)

o Analyses of some characters

and cultivation characteristics

o Breeding of BC3F1 by backcross

- devide of CMS leaf mustard lines

- Itroduction of high-yield cultivars
- Itroduction of late-bolting type

cultivars

- Obtaining of selfing seeds in 77
line/cultivars
- Selection of excellent line and

estimation for purpose adaptation

- Investigation of leaf type,

chemical component, yielding etc.

- Sowing and selection of BC2F1
- Obtaining of BC3F1 seeds

_10_



2005

o Selection of excellent line and
breeding of inbreeding line in B

line

o Analyses of some characters
and cultivation characteristics in
B line

o Breeding of BC3F1 and BC4F1
by backcross

o Cross and combination test for

F1 production

Selection of excellent line and

estimation for purpose adaptation

Investigation of leaf type,
chemical component, yielding etc.
Analysis of Photo.synthesis

efficiency

Sowing and selection of BC3F1
and BC4F1

Selection of lines(high-yield,
late-bolting type)

Cross of 38 combinations among

B lines

2006

o Selection and breeding of BC5F1
by backcross

o Test of combining ability for F1

seed harvesting

o Developing of F1 seed

harvesting system

Obtaining of BC5F1 seeds and

selection of excellent plants

Crossing of combinations

Test of combining ability

Developing of F1 seed harvesting
system
Test of seed harvest yielding and
puriety

IV. Results of research & development and suggestions for utilization

Through analysis of some characters and molecular information of the
recurrent parent and CMS lines in leaf mustard, we wish to secure F1 hybrids.
And, this research performed using the CMS system development for F1
hybrid production. The results were as follows.

1. The characteristics of 24 leaf mustard (Brassia juncea) accessions were

_11_



analyzed using quantitative characters and principal component analysis.
Cumulative contribution of fresh weight, dry weight, leaf length and
number of leaf showed high volume by the principal component analysis.
The genetic relationship among 24 accessions can be analized by these
four characters. And the GoheungDongil was selected for best excellent
accessions in only yield side. RAPD analysis was used to determine the
DNA polymorphism and genectic relationship among 24 accessions. Four
random primers were selected by which 12 polymorphic bands showed
polymorphism. By using UPGMA cluster analysis 24 accessions were
separated into five groups. However, the results that showed very close
relationship in quantitative character analysis were not constantly agreed
with RAPD analysis. The results of quantitative analysis and application
of the 12 RAPD markers are available for the F1 hybrid production by
using cytoplasmic male sterility of leaf mustard.

. Sanchi takana, Aka takana, Akaoba takana, Sanchiohbachirimen takana,
Jangheung Anyang and dolsangat were selected for late—bolting type leaf
mustard in spring cultivation season. And, Yangpyong youngmun,
Pyongchang jinbu, 85-39-7(Jejugat), 85-39-20(Jinbugat), PI 173857, PI
180417, Stalingrad, S-300, KEOTALIA LOCAL, BIRGUN]J LOCAL, Raya
prakash, Mustard Karanti, Mustard Varuva, Leth 22A, Domo and Rayo
were selected for early-bolting type line/cultivars in autumn season.

. To examine taxonomic relationships among 24 leaf mustard allies 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 understanding of
taxonomic relationships among them. Results of 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 Fl1
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recombination test, heterosis appeared greatly in Sanchiohbachirimen
takana AxAkaohba takana, Goheung namyangxSanchiohbachirimen takana
B, and Goheung namyangxAkaohba takana cross combinations.
Sanchiohbachirimen takana A and Akaohba takana have a high parent
combining ability for breeding of cultivar using cytoplasmic male sterility.
. The variation of gross Photo.synthetic ratio that net Photo.synthetic ratio
plus respiratory quotient, was all much the same net Photo.synthetic
ratio, rosette was exposed sparsely and thinly go on increasing in leaf
length, plant height. The growth increment of aerial part was affected on
respiratory quotient caused by leaf respiration, stem respiration. The
growth of aerial part was good on strains of leaf sparsely, this means
selection of thinly leaf was advantageous caused by SLA.

CMS research and hybrid breeding have not been so much done in
Brassica juncea. We have developed stable CMS lines in leaf mustard,
and studied on CMS characterization. As the results, the CMS stability
and the applicability were hopeful for our new materials for F1 hybrid
production. In this study, we focused on the molecular characterization
and application to hybrid breeding using the new line with maintainer.
AtpA and orf220, orf222, orf224 were specific for CMS line, not for
maintainer and fertile cultivars markers are found as convenient and
sure molecular markers with morphological characteristics, especially
petaliod type of CMS flower organ even in the F1 hybrid with leafy
mustard. Furthermore, to know more precise polima type, PCR
amplification and the sequencing were conducted in MF and CMS. The
indicator orf220 is lost of 6 bases (2 amino acids) from orf222. And
normal fertile and leafy mustard have about 300bp deficient showing the
high homology in each other with other species. From this part we are
extending the sequences to make clear the full genome analysis. At the
same time, introduction the stable and complete CMS character to leafy

mustard and/or hybrid vigor expression has been studied for the
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7.

application.

Twenty two BCF1 resultants were developed in each Jasai CMS and
Donshaja CMS. And, the flowers and pods were compared between
recurrent parent and CMS BCF1. As a results, the plant type and leaf
morphology were similar to recurrent parent and CMS resultants in
BC3F1. However, the morphology of flowers and pods in CMS BCF1
resultants was different from following recurrent parents.

To select and evaluate F1 hybrids utilizing inbred lines of Jasai CMS
and Donshaja CMS. F1 hybrids between CMS lines and normal inbred
of paternal plant showed uniform growth and characteristics. There were
significant correlations between fresh weight per plant and fresh weight,
dry weght, leaf area, leaf height, leaf diameter, nember of leaves of
parents plants. Both Jasai CMS and Donshaja CMS was superiority leaf
diameter of hybrid and their parents, and heterosis of the hybrid
containing CMS and stansdard cultivars. There were significant
differences in plant F1 hybrid Jasai CMS and Donshaja. Generally Jasai
CMS was superiority more than Donshaja CMS of F1 hybrid. These F1
hybrid could be recommended for saving labor in producing seed having

uniform growth and characteristics.
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Table 1. The list of leaf mustard genetic resources used in this study.

Acc. No. Name Origin
1 Goheung Nokdong Korea
2 Goheung Dodeok Korea
3 Goheung Fungyang Korea
4 Goheung Namyang Korea
5 Goheung Dongkang Korea
6 Goheung Dongil Korea
7 Goheung Dongkang Cheongsongri Korea
8 Goheung Bonglae Korea
9 Nongwoo Red Leaf Mustard Korea
10 Yeosu Hwayang Korea
11 Jeonnam Agricultural Research & Extension Services Korea
12 Jeonnam Jindo Korea
13 Nongwoo Dolsan Leaf Mustard Korea
14 Yanagawaohchirimen takana Japan
15 Sanchiohbachirimen takana A Japan
16 Unzenketkyu takana Japan
17 Unzenkobu takana Japan
18 Nagasaki takana Japan
19 Sanchiohbachirimen takana Japan
20 Akaohba takana Japan
21 Gaeryangkwangkyong takana Japan
22 Shinkokuseisai Japan
23 Hakarasina Japan
24 Yamakataseisai Japan
t. Total DNAFZ 2 A A
DNAFZ& cetyltrimethyl ammonium bromide (CTAB) "% (Murray 2t

Thompson, 1980)& $ &3t FE33h A9 0283 A A Ao W vhafse],
extraction buffer 15ml [2%(w/v) CTAB, 100 mM Tris (pH 8.0), 500 mM NaCl,
50 mM EDTAJ®} 2-mercaptoethanol 750u0, 20% SDS 1mlES A 7F3F & 65T A

1027 Wk A #Hth 5M potassium acetate 5mlE 713 & dLo 2087 HHX

sk 2 4TolA 15000rpmo.2 1023F ARt FH S A= FEA &
71 & isoprophanol& 10ml#E7}8ta -207TCo) 2087 W2 dtt. F82 A v}



Al

e

AN g s weElal xAZ1 § IxTE buffer 500w ® =Ath &
Zo] phenol?} chloroforme *7Fste] DNAES A A3+ isoprophanol 500402}
3M sodium-acetate 75ulE H il AHAA DNAE HAAZHT 70% EtOH 500440
= pellet & AAT o A3 FHAlA A2AIZ T 100409 1xTE Buffer® DNA
2 &A1 A 2, spectroPhoto.meterE ©]&3Fo] DNAZS A3ttt o] DNAE

PCR #2419 template® A}-83F T}

RAPD &A1& 93] Perkin—elmer A% PE-97005 o]&3lo] PCR 4L 43
st99em™, PCR wHg
buffer, 25mM dNTP, 1U Ex Taqg (TaKaRa, Japan)E &3tslo] HZ =S 2500 =

2

2 template DNA 10ng, 50pmol random primer, 10x Ex

3} . Random primer®+ 21 mer] URP primer (Seoulin, Korea) 113 10~
20 mer®] UBC primer (University of British Columbia, Canada) 66%< Al-&3}
ATHIE 2). PCR ZZ4&2 94T A 5%7F pre-denaturationd Th& 94T o A
30%3%} denaturation, 50 ColA 1%t annealing, 72ColA 1%+ extensions 45
3 whE3 & 72ToA 108%F post-extensionS st =ZF PCR AE
15% agarose gelol A7]9E3ste] Hgld e UV transilluminatorZ ©] &3}

=35 ¥ DNA @3S glstal polaroid filmo &2 #FstAvh A3 Aol st

rlo

2 9

A4S Slall 23] vk A3 sto] S3E DNA @S &<lsisitt. RAPD #4742

_Y‘_I‘

el o8 e 1, FE 022 FAE HAFA
2 F 7245 PES AAAAT. FAB#A 42 Nei and Li®l % (Nei and
Li 1979)0] &3] A= A4+E AE 3 NYSYS Complete Programs o] &
o] FAE S TFlon, UPGMA clusterring o2 7t 245 749 FA @A

g A
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Table 2. 77 primers used for RAPD analysis in

this study.

Primers Suquences(5'-3") Primers Suquences(5'-3")

URP1  ATC CAA GGT G0G AGA CAA (C | UBC873 GAC AGA CAG ACA GAC A
URP2 GIGTGC GAT CAG TIGCIGGG | UBC830 GGA GAG GAG AGG AGA
URP3  (0C AGC AAC TGA TUG CAC AC UBC881 GGG TGG GGT GGG GTG
URP4  AGG ACT CGA TAACAGGCT CC | UBC885 BHB GAG AGA GAG AGA GA
URP5 GCT AGG TTGCOG AAACACGG | UBC88 VDV CTC TCT CTC TCT CT
URP6  ATG TGT Q0G ATC AGT TQC TG | UBC887 DVD TCT CTC TCT CTC TC
URP7  TAC ATC GCA AGT GAC ACAGG | UBC888 BDB CAC ACA CAC ACA CA
URP8  AAT GIG GGC AAG CTG GIGGT | UBC839 DBD ACA CAC ACA CAC AC
URP9 GATGIGTIC TIGGAGCCT GT | UBC890 VHV GTG TGT GTG TGT GT
URP10 GGA CAA GAA GAGGAT GIGGA | UBC891 HVH TGT GTG TGT GTG TG
URP11 TAC ACG TCT CGA TCT ACAGG | UBC895 AGA GTT GGT AGC TCT TGA TC
UBC807 AGA GAG AGA GAG AGA GT| UBC702 GGG AGA AGG G

UBC808 AGA GAG AGA GAG AGA GC| UBC703 CCA ACC ACC C

UBC809 AGA GAG AGA GAG AGA GG| UBC704 GGA AGG AGG G

UBC810 GAG AGA GAG AGA GAG AT| UBC705 GGA GGA AGG G

UBC811 GAG AGA GAG AGA GAG AC| UBC706 GGT GGT TGG G

UBC812 GAG AGA GAG AGA GAG AA| UBC707 CCC AAC ACC C

UBC813 CTC TCT CTC TCT CTC TT| UBC708 GGG TTG TGG G

UBC815 CTC TCT CTC TCT CTC TG| UBC709 CCT CCT CCC T

UBC822 TCT CTC TCT CTC TCT CA| UBC717 CCC ACA CCC A

UBC823 TCT CTC TCT CTC TCT CC| UBC718 GGG AGA GGG A

UBC824 TCT CTC TCT CTC TCT CG| UBC719 CCC ACC CAC A

UBC825 ACA CAC ACA CAC ACA CT| UBC720 GGG AGG GAG A

UBC826 ACA CAC ACA CAC ACA CC| UBC725 GGG TTG GGT G

UBC827 ACA CAC ACA CAC ACA CG| UBC727 GGG TGT GGT G

UBC834 AGA GAG AGA GAG AGA GYT| UBC728 GTG GGT GGT G

UBC835 AGA GAG AGA GAG AGA GYC| UBC730 CCA CAC CCA C

UBCR36 AGA GAG AGA GAG AGA GYA| UBC732 CAC CCA CCA C

UBC840 GAG AGA GAG AGA GAG AYT| UBC734 GGA GAG GGA G

UBC842 GAG AGA GAG AGA GAG AYG| UBC737 GGT GGG TGT G

UBC843 CTC TCT CTC TCT CTC TRA | UBC740 GGA GGG AGG A

UBC844 CTC TCT CTC TCT CTC TRC | UBC743 CCA CCC ACA C

UBC845 CTC TCT CTC TCT CTC TRG | UBC744 CCA CCC ACC A

UBC852 TCT CTC TCT CTC TCT CRA | UBC765 AGG GAG GAG G

UBC853 TCT CTC TCT CTC TCT CRT | UBC767 ACC CAC CAC C

UBC854 TCT CTC TCT CTC TCT CRG | UBC775 GGT TTG GTG G

UBC855 ACA CAC ACA CAC ACA CYT | UBC778 CCA CAC CAC A

UBC856 ACA CAC ACA CAC ACA CYA | UBC784 GTG GGT GTT G

UBC864

ATG ATG ATG ATG ATG ATG
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Table 3. Analysis of quantitative characters in 24 leaf mustard accessions.

Acc. No”
2 3 4 5 6 7 8 9 10 11 12
Character

Total fresh weight (g) 133 189 172 110 98 256 225 98 188 145 179 133
Total dry weight (g) 275 405 30.7 186 166 465 396 178 386 28.0 341 253
Shoot fresh weight (g) 115 174 160 103 91 238 214 8 172 136 166 122
Leaf length (cm) 363 357 281 345 343 353 373 379 352 399 316 33.7
Leaf diameter (cm) 152 140 101 155 130 144 174 171 147 148 133 133
Number of leaf (ea) 487 31.3 333 137 137 11.0 223 150 223 26.7 387 25.7
leafstalk diameter (mm) 7 7 8 20 18 16 18 18 15 16 12 12
leafstalk thickness (mm) 5 5 2 3 2 3 2 3 3 4 5 6
Sinigrin content (mg/g) 269 348 414 314 381 367 386 438 386 4.00 3.73 3.42

Chlorophyll
content(SPAD) 40.8 370 454 298 31.3 333 378 352 37.3 348 34.1 387
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Acc. No”
13 14 15 16 17 18 19 20 21 22 23 24
Charater

Total fresh weight (g) 134 113 101 130 127 102 123 137 150 126 117 102

Total dry weight() 241 194 171 198 224 191 193 198 272 175 %57 190

Shoot fresh weight (g) 127 106 91 121 117 91 115 127 141 121 107 93
Leaf length (cm) 395 363 310 279 315 452 334 386 39.0 37.7 344 36.0
Leaf diameter (cm) 283 223 195 180 167 212 188 182 253 196 14.0 22.0
Number of leaf (ea) 7777 107 127 130 143 11.0 107 143 14.0 30.3 127

leafstalk diameter (mm) 25 21 21 24 17 22 280 22 45 13 15 24

leafstalk thickness (mm) 6 5 4 6 5 6 5 4 11 5 2 3

Sinigrin content(mg/g) 264 2.07 383 2.8 268 319 282 339 3.14 353 3.30 3.63

Chlorophyll content 995 979 335 970 334 357 335 336 306 297 355 325
(SPAD)
? See Table 1.

Table 4. Cumulative contribution between characters and principal components
by correlation analysis.

Principal component

Character 71 7 73 74 75 76 77 C. C.
To‘;aeligfﬁsh 051700 050213 067373 -0.11230 -0.00100 -0.05800  0.03504 1.51652
T‘())Vtglgg{y 051800 057574 060720  0.01343  0.04672 -0.01750  0.02368 1.90552
Sh%cécig’fgttesh 051400 047204 069003 -0.13970 -0.01390 -0.07080  0.01499  1.42082

Leaf length 005600 -0.56490 033148 049639 045346 -018270  0.02590 0.92024
Leaf diameter -062300 -052310 042799 010729 013338 0.00031 -0.09112 -0.53848
Number of leaf 034794 066181 -023190 051465 -0.06670 019455 003258 1.42249

leafstalk

leafstalk 05650 049110 038735 020598 011058 035 00778 01754

leafstalk -

Jealstalk 04500 023460 046975 041025 031930 042655 008309 00197
Sinigrin content 071222 004570 015850 020491 033014 037523 -023324 07831
Chiorophyll 5000 052543 -022110 037465 023121 018451 027136 134000

“71~7T7: Significance order, YC.C: Cumulative contribution
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Fig. 1. Genetic similarity dendropram among 24 leaf mustard accessions based
on 10 quantitative character and principal component analysis. Number
see Table 1.
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Table 4. List of 13 morphological status and values in 24 leaf mustard

accessions.

Acc. No
Charactor® 1 2 3 4 5 6 7 8 9 10 11 12
Plant posture 3 2 3 2 2 2 2 1 1 1 1 1
Leaf type 3 3 3 3 3 3 3 3 3 3 3 3
Leaf lobe 2 4 3 5 5 5 4 5 4 4 3 3
Leaf saw tooth 1 1 1 1 1 3 1 2 2 2 3 2
Leaf serrates 2 2 2 1 2 2 2 2 2 3 3 3
Phylloplane hair 1 3 3 1 3 3 1 3 3 3 3 3
Midrib transection 2 2 2 1 2 2 2 2 2 3 3 3
Leaf stalksheath 7 7 5 5 3 3 3 3 3 3 5 5
Leaf stalk color 1 1 1 1 1 1 1 1 1 1 1 1
Leaf stalk length 1 1 1 1 1 1 1 1 1 1 1 1
Root portliness 1 1 1 1 1 1 1 1 1 1 1 1
waxy substance 1 1 1 1 1 1 1 2 2 2 2 1

Acc. No’
m\ 13 14 15 16 17 18 19 20 21 22 23 24
Plant posture 1 1 2 1 1 1 1 1 2 1 2 1
Leaf type 3 3 3 3 3 3 3 3 3 3 2 3
Leaf lobe 2 2 4 2 3 2 4 5 2 1 3 1
Leaf saw tooth 2 2 2 2 3 2 2 1 2 2 5 2
Leaf serrates 2 2 2 2 2 2 1 1 2 3 3 2
Phylloplane hair 3 3 3 3 3 3 3 3 3 3 3 3
Midrib transection 2 2 2 2 2 2 1 1 2 3 3 2
Leaf stalk sheath 3 3 3 3 5 3 3 3 3 5 3 3
Leaf stalk color 1 1 1 2 1 1 1 1 1 1 1 1
Leaf stalk length 1 1 1 1 1 1 1 1 1 1 1 1
Root portliness 1 1 1 1 1 1 1 1 1 1 1 1
waxy substance 2 2 1 1 1 1 1 2 1 1 1 1

¥ Plant posture: 1; straight; 2; middle, 3; open. Leaf type: 1; lanceolate, 2; oblanceolate, 3;
opatulate, 4;ovate, 5; obovate, 6; long elliptic, 7; broad elliptic, 8; circular, 9; broad
circular. Leaf lobe: lientire, 2 ; lobed, 3; cleft, 4;parted, 5; sect. Leaf saw tooth: 3. small,
5, middle 7;large. Leaf serrates 1;lost, 3weak, 5middle, 7; strong. 9; very strong
Phylloplane hair 1;lost, 3;weak, 5rmddle 7;many,9; severe. Midrib transection: 3;
horizontal, 5; middle, 7; semicircle. Leaf stalk sheath: 1; lost,2; exist. Leaf stalk color: 3;
pale, 5; rmddle 7; dark. Leaf stalk length: 1; Very short, 3; Short 5; rmddle 7 long. Root
portliness: 1; lost 9 ; exist. waxy substance: 1; weak, 2; rruddle 3; dark. ” See Table 1.
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o] 3t indexd& o] EAANES o] &3}¢] dendrograme ZAl st th(data 7 A AD).
o Ay, FH¥de BF A¥et €8] Dolsan  leaf  mustard 9

Yanagawaohchirimen takana 2] %14 Aggke] 7Fg 77k AS & = AU

1. RAPD &4 2 fA8A &4

.

1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

!ggggu-nnnwnggl!

3 4 s 6 T 8 O 10 11 1213 14 1S 16 17 18 19 20 21 22 23 24

Fig. 2. RAPD patterns of 24 accessions using URP2 (A), URP10 (B), UBC843
(C), UBC881 (D) primers. Specific DNA markers are idicated by arrows.
M: 1kbp DNA Ladder. Number see Table 1.

FHPA 2 GUAd 5HL olgF BFA Ame 4@ Austr] 9l

o ZF 24F S 2 HE total DNAE F=, AASte] RAPDEA S AA &AL 77F
AdAA o] FAsHAA wHo] FEo] HFEdt 4% 9 primer(URP2: GTG TGC

GAT CAG TTG CTG GG, URP10: GGA CAA GAA GAG GAT GTG GA,
UBC834: AGA GAG AGA GAG AGA GYT, UBC88l: GGG TGG GGT GGG
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GTGE sttt 459 primerell o3 M7 53 M=o s 17 29
Etlon], ol5elA 12719 vE4 dHs HET 5 Utk EF RAPD £4]
HE o]gstod Zt 24F3He FAWAE AL flst] dEAS v dds
o] &8ty HAIE FHE T °olE LAY UPGMA  clusterring &2

dendrograms 2} tH 19 3).

X

0.6+

w
B
& l
Z
4]
=
[
=
[ab]
% 0.4+
g |
£ 1
€L
&)
5
&2 g2
=
=
E
= 0.0
i 1 9 11 10 5 8 2 3 12 a4 5 T 13 14 21 22 24 1¥ 23 15 19 20 16 18

Fig. 3. UPGMA dendrogram of genetic relationships among 24 leaf mustard

accessions based on RAPD analysis. Number see Table 1.

o A3, b 24FL AA MY o= FEHSTY.  Sanchiohbachirimen
takanaA ¢} Sanchiohbachirimen takanaztel]l 44 Aglgte]l 718 77 o=
Hestth o] 7 F52 FuddA sd3 FFHoR AnE L gloy 4 B
FAo] wn g zpo]E WA 9 BE ®7ISALE ol ofntE LU Be A
£ 7471 Fdadd, =4 5 A7FAE B8 9ol HAdvar Az Sl
FAFEA BMAA FA1H A= 7HgA YERE Dolsan  leaf  mustard<}
Yanagawaohchirimen takanat™ RAPD #4143 Al F314 Aglgke] 7H4A o
EbWlth ey AP A fFAMI el =9k® Goheung dongkang¥} Goheung
bonglae + #38 T wom 7" S & F ST ozl Axntow 9

el FA dHEo FAM=ZE RAPDEA ZA3tsl dAsh= AL 7IdE F= 1A
(<3
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ot bR Fuid A8 20059 7€ 239 AA 14em, ol 14me] AP EEC]

FEE AL 3 (FFTE, oA E 13) 7 AS/FE 3 519 £EC 584

WE T AU frElSAdel A AGAF AL, el 104 F o AR skt
El

AT 20051 109 99 ot FUiA S FAFSAH

=
S
rﬂ
LY
)
%
td
n
d
O

Table 1. Seventy seven lines/cultivars used for bolting test in spring and

autumn cultivation period.

Acc. No. Line/Cultivar Acc. No. Line/Cultivar Acc. No. Line/Cultivar
1 FEELND B WL W EsE 28 dea 4E5 B 55 AT ols
2 =F 7 7 KIEGF 29 FET x4 56 2465
3 LI 5% 30 Rl ] 57 7t
4 LAZKHE 31 FEa Haw 58 PI 173857
5 FELEEnLLLY 32 RS 59 PI 180417
6 TED R T WEZho & 33 +E& A9 60 PI 208734
7 IFL k93 05437 34 A7 (ES) 61 Stalingrad
8 L x93 2050 35 =42 E) 62 S-300
9 BN 36 b7t (A &) 63 KEOTALIA LOCAL
10 17 1B 77 5 37 E27H (A4 64 BIRGUN] LOCAL
11 HRFELEHE A 38 EA2HE) 65 Yuanchia
12 L0 DAHED»L LE 39 MegE A2 7t 66 Raya prakash
13 w3}t 40 NP e 67 Mustard Karanti
14 QEZH (7 A1) 41 IRIRF 558 68 Mustard Varuva
15 2 A A} 42 TANAEER S 69 FRisEAS FHE
16 WRELK N B 43 AN Z S 70 Leth 22A
17 b L 44 R I 71 Domo
18 MRKIEE S 45 B AR 72 (Rayo)
19 =t K A A S 46 84-39-10-M 73 KA
20 AT FAME A 47 85-39-7(A F=7%) 74 % ol4k
21 oda =449 B 48 85-39-9(A 5=7%) 75 =7
22 oAHdat 54 C 49 85-39-17 76 Thanh Mai
23 oda E4E 24 A 50 85-39-18(A F=7%t) 77 vl 322k
24 AT 54 =4 B b1 85-39-19(A =7%F)
25 AT B4 2 52 85-39-20(1 F-3h)
26 AT FA4HH sk 53 85-39-21
27 FEw FEE A 54 = 7t

FAAEE Jasai 2 Donshaja®t wuj£3 71 XS Qo8& SEAE (55
T3 503 SH Egold 2006 1149 11¥€ IFFskA iz, 200610 19 9¢ =4
st frelede gAstgioh. 4 F 349 209, 39 304, 49 109 47 Foi4
& ZAbsE T
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EAR(FD) AF A3 BUIK ZERERR B SR Firr =3

AR ELIREY

Photo. 1. Bolting status of seventy seven lines/cultivars. Sowing: 30, March.

Photo.graphing: 1, June.
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5700 85-39-T(AF2h)", “85-39-20(x1F-2)", “PI 173857",  "PI
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fs
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85-39-17

AF ols 2465

PI 173857 PI 180417 PI 208734
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Stalingrad S-300

Yuanchia Raya prakash Mustard Karanti

Thanh Mai



Photo. 2. Bolting status of seventy seven lines/cultivars. Sowing: 23, July.

Photo.graphing: 9, October.

lo
A
=
o,

o CMS wHjE 9 43
29 CMS Fl 3 £42 9alA: shobsl L A7) msste] s,
Fl $%9 w54 £52 $42 712 A8 283 BH0=2 CMS wiF 2 &
A0 FUAL 2AF A, A TEFD, ARG EE A7,
KRS BT, “LA G, KIS, “=go] 49 1092 Fu54

%/AE I ATHE 2.

E 29 Jasai CMS wWlFS] FwFY EFL WelBCD', WKL
ESEBCA), "R AT ABCAY, " AR BBCA), "Rk
i B EBCAY, "R HHBCY), "LA Z HHBCIE THS Adea
(% 3.
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Table 2. Bolting date of twenty five lines/cultivars used for male fertile

parents.
Acc. No AE/FE FAE/Y) wEA A

1 JI(a% 55) /20

2 J2(agat =Y) 3/20

3 35T FY) 3/20

4 JAL g F) 4/10 i
5 J6(&E 54) 3/20

6 JI(ga 5744 AEE) 3/20

7 J13C& % A7) 3/20

8 JlA(A A 31%F) 3/20

9 JI5(de 5714) 3/20

10 Jie(d 2 %) 3/20

11 7G5 E47%) 3/30 W
12 JISHN K HE R e 5 51%) 3/30 biaes
13 JIOC= M K HEfE AR = A) 4/10 ERiss
14 J21 AN B 5557%) 3/20

15 J22(F2Al = 3e ) 3/20

16 J23(RI 5372 3/20

17 J24(= b K BERE M 5 B) 4/10 Sk
18 J25CIR K BER AR S 282) 4/10 ERie
19 J2O( S 5 7 5) 3/30 Elas
20 J30(L A Z < #3%) 4/10 ERies
21 J31CEA & L) 3/20
22 IR0 53%) 3/30 7k
23 J33(¥E3h) 3/30 Ll
24 J34GR K SE S 5 4/10 Ehies
25 J35(=F7h) 4/10 Sk
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Table 3. Bolting date of twenty two BCF1 resultants introduced Jasai CMS.

_53_

AL B
FHA(L/Y) w34 A
female male
x J 1(2F =%, BCA) 3/20
x J2(1% =4, BC4) 3/20
x J 3(1% T, BC4) 3/20
x J 4% ek, BC4) 3/20
x J 4 x J 3332z, BC1) 4/10 Bk
x J1(3& 54 A%, BC4) 3/20
x J 13(&% A7t , BC4) 3/20
x J 14(l 5= 3¢k, BC3) 3/20
x J 15(:Ad 5714, BC2) 3/20
x J 16(:d 7%=, BC4) 3/20
1% x J 17(5 % S5, BC4) 3/30

(B. juncea  Jasai CMS)| o 1 1g(p1)1| k disifissi 33, BCA) 4/10 oz
x J 19(=h K BEw AR s s A, BC4) 4/10 Bkl
x J 215k &S, BC3) 3/20
x J 22(EAl = 353, BC4) 3/30 W
x J 23(EIR 53, BC4) 3/30 Gl
x ] 24(= i K F S B, BC4) 4/10 Rk
x ] 2504 K GEMAE =%, BC4) 4/10 =Rk
x J 29( LR, BC3) 4/10 Rk
x J30(L A = < #3¥, BC3) 4/10 IRk
x J 31(%E» 5 L3, BC3) 3/20
x J 3204753, BC3) 3/30 s

zke]l  Donshaja CMS HlFe] =RESFA EFFTO02 "= K EME/R &5
A(BC3)", "AAREERAG S (BCA)”, "ok EmsE, BClY & A8kt 4).



Table 4. Bolting date of twenty two BCF1 resultants introduced Donshaja

CMS.
vl 2% ) )
ol e Fod(d/Y) | Fudaa

x J (3% 5%, BC4) 3/20
x J 6(& 5Y, BCY) 3/20
x J 7% 7% A%, BCY 3/20
x J 13(&F A7, BC4) 3/20
x J 14(e15+ 3%, BC3) 3/20
x J15(: F719, BC2) 3/20
x J16(d 2=, BC4) 3/20
x J 17055 E2k%, BC4) 3/20
x ] 18WIIK BERA# i, BCA4) 3/20

B juncga% onshaia x J 19(= o K BEfifR e A, BC3) 4/10 =Rk
x J 19 x J 35(=%7F, BCl) 3/20
x J 21(ZAlkEEkE 52, BC3) 3/20
x J 22024l = &, BC3) 3/20
x J 23(RiikE S, BC4) 3/20
x ] 24 KSR S B, BC4) 3/20
x ] 250 K YEMi A S, BC4) 4/10 ERies
x J 25x J 34U KEESSE, BCD 4/10 ERiss
x J 29( BT, BC3) 3/20
x J 31(3EA 5 L3, BC3) 3/20
x ] 32073, BC3) 3/20
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1. A&
Zt(leaf mustard, Brassica juncea) W FIo| %3l FA AL Folw A9
FARE e FAREAN AFEHI o, T FAERA AFREIL vk WAt
SoolH, ARl gt dEeA dy Al Avk (FIFREE, 1968),
3 v e debdE oAFA SR Ao A ufg-ute] A om Ef3 I
T NS AA Ax&ow Awistal vk (o], 1986; ©] 5, 1987).

7t Aggda AEoZA wl&uts WE sinigrin AES o dHtar 9o

A=

Jm

oj

ZAE BA AE2AY e AAE FH 2F Fo £A48= myrosinase 427}
28314 glucose, I3 EF} 2 #HEA, allylisothiocyanate(AIT)E A4 3} A

Ha o] F AIT7F 553 w&sts We F A8z 4dA stk (Ohta

H
©
o)
S
>~
S
]
o)
=t
job)
=
oj
—
©
o)
S
>~
S
5
o)
=t
Q
=
oj
©
o)
=
-
i
ox
S
oy
©
T
N
)
N
)
o 1o o

ojft
—
©
©
@
Jm
ol
ot
r)t
ot
oX,
o
%2
rr
S,
o
fru
(7

& Z chlorophyll, B-carotene, ascorbic
acid 55 u=F &3t Ut} (Gupta 5, 1983). 722 A= F AiksFe] 98%E
Aol 1470 AlA el Ao glow, 53] AidAgds FHez dAde &
WA bAoA 53] A E Al vk o] A el Ae] ke 2-37]F o] The
gkal dzb 2000ha A= AulE ™, Zbd o] sl &H] B FEo] FhskeE FA

o

=

al
o,
2o RAAZE 2 Ae] BAReRH ) YREYE Hsol e BAT
Gl F7h, 2) AAAT FA gl % PR W TAY Ak 3) 1A
de ANE Agol o el HEs B, 4) Agolel g FAukAY
wel Fol AHHm girk ol @ BARE AAY] AskelE Fl £F KAAA

g ZFolol @k 53 AEF F4L AAAE FAA S wE L P
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A

7F A4A o o]Fojxof gttt o]yt o] {2 AMA oY YA FHAALE
S 7]&ola vt (Demir, 1983; Moriguchi %, 1994). $-2]
AxA e FoAds AAstn FAAERY FEEHoR TP FHAAY

[e)
o
of #eEarE S ARZ-AlPsta low ARV HAAE HFSE T T8 FAEQ

o
‘1:',"
stk @Al FUlelA AIFQ R FES RO AU o] 94 Lahn Az,

k1
A
of\
ftlo
off
N
NS
=2
o
x
N
NS
2
o
s
2
=
i
R
%0,
2
=
ofN
Ho
oX,
o

O
e
N

b AEAE 2 A
AARE U 85 13AS o5 29F 1155 o2 F 4A%/F

S FAEA T (Acc. no. 1@ Goheung nokdong, 2: Goheung dodeok, 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 takanaB, 20: Akaohba takana, 21: Gaeryangkwangkyong
takana, 22! Shinkokuseisai, 23: Hakarasina, 24: Yamakataseisai). =3 Q=
2 EES s F1 285 #AAE 1255 T2 (Ace. no. 250 Goheung
namyang xUnzenkobu takana, 26: Goheung namyangXxSanchiohbachirimen takana
A, 27 Goheung namyangxNagasaki takana, 28: Goheung namyang

xSanchiohbachirimen takana B, 29: Goheung namyangxAkaohba takana, 30:
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Goheung namyang xGaeryangkwangkyong takana, 31: Goheung
namyang x Yamakataseisai, 32! Sanchiohbachirimen takana AxAkaohba takana,
33: Sanchiohbachirimen takana AxGaeryangkwangkyong takana, 34: Unzenkobu
takanaxHakarasina, 35° Nagasaki takanaxDolsan leaf mustard, 36:
Sanchiohbachirimen takana BxAkaohba takana).
T BAE/FETE Aol AEIL e FHAEE 155 508 8 Edo]d
etol AT F 20%, 78 7T 298 HasiA o

o
=
13289 J 7},

™ A

rPE
8
o

=

T #FEEA A, ol FA] FHFokA 139 2ol = 20x20cm7F

Aoz AAE AT AH g JEZo R 10ad DA 17ke, 914 8kg, 7He] 12keS
279 40kg, F3t7te] 20kg, ILEAIS] 120

kg, B-A} lkgs Al €3lal EHlE= ok 2000kg =S A 7|02 A&t}

wekek s Abgsidld mE=std 4 2AAES FA4E 24 (Principal
component analysis)& &3 FATEIN #dE FAES Fotstgon ol &
25 WEste] Al A2FAEE Aol vUEtdo] 2470 Jde E74 #AE wet
ST

Sinigrin¥t & 412 Alg/FTEE A9 FAE 38T & Eside 2 5
Methanols & 719 3v] 7F&& tlske] 343F &<2F uwkele] Watman Nod %
0.2um Nylone ZH=Z o 3A]71 ¥ 20 mM sodium phosphate buffer, pH7.0°l 1
mg/mLe TEE &dsAt. gAl & AS A3 buffero] 30W) 34 3H
Molecular/Pore Ultrafiltation Membrane (Cellulose, MWCO 1kD, Spectrum Co.,
USA)e & oA#g F HPLCO #E&stitt. HPLC= CLASS-LC1I0 MODEL
(Shimadzu, Japan)e] CLC-ODS(M)column (4.6x250 mm, Shimadzu, Japan)& A}
2399 th. Mobile phase: 80%¢ 02mM TBA, pH7.0 (Tetrabutylammonium
dihydrogen phosphate, Sigma Co., USA), 20% acetonitrile®] ZHo = &%,
flow rate> 0.8mL/min, injection volume< 10uL, oven temperature= 80C<% =

o2 st SPD-10AV UV/VIS detector (Shimadzu, Japan)Z AF&3dle] 227nm
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ol =A3sttt Standardol]l AFEE sinigring® SigmaAle AES AL T
(d, 2002). Anthocyan 42L& Color and color difference meter (Super

color sp-80, Tokyo Denshoku)Z 2] o3 H¥HS A3 A

3. A% 4 a3z

7h FA JHAERA 2 FAAE E4

TEXNEH FAANFEAT A 7Y 2t AFERA B35S Fxete TAE 24
N AE/FECLETH 167 S ZASAT. 3A TE2 24 FAoA vdd

=

HolE Yl S A FoNA Ha 256g/F, A 97g/F &2 oF 159g9] Ao
(x1.61)8& YEMNR L, FAEFAAME HI 465g/F, HAA 166g/F HERNC
(x2.8) AFFABAZFANM By o & WolE & Ho ZhF Fy|Ee HHo] HldH
o2 wokeS YEhHY (F 1. E3, WHolAFrE @ ®We HEASHaclA
-256.08% %2 7} wral, ¢ ool StEACHbE 6054%% 7HY =kt F AT,
A AE, AE5R T, o 29U PEAIRKL, o] e] FEAIR-LE 10~30%<] W
ol AFE UEhlIRl o FAES, AIFAAF, AU TS 30~40%2] Wol A
2 Jehigieh £33, A5, F2E 25, 51 ¢tEAS-b, o] o] StEAISHD
& 40~80%<] WolAFE YERIATH (G 1).

Table 1. Variation of the 16 characters in 24 leaf mustard allies.

X1 X2 X3 X4 X5 X6 X7 X8

Mean 14094 2552 13050 3637 1736 1922 1875 437
Standard Deviation 4139 862 3921 3.87 424 1075 815 197
Minimum 9733 1664 8600 2773 1010 767 700 200
Maximum 206.00 4656 23800 4517 2827 4867 4500 11.00
Range 15867 2992 15200 1744 1817 41.00 3800 9.00

Coefficient of Variation(%) 2937 3380 3005 1096 2447 5593 4348 4512
X9 X10  Xl11 X12 X13 X4 X15 X16

Mean 325 3404 2761 -172 868 3436 505 1734
Standard Deviation 1.03 421 6.18 440 690 5.66 397 1080
Minimum 100 2700 1658 -378 -049 1773  -907 -014
Maximu 500 4537 4794 570 2408 4734 555 5788
Range 400 1837 3136 1308 2457 2961 1462 5802

Coefficient of Variation(%) 3176 1237 2241 -256.08 7972 1648 -7862 6054

? 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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2470 AlE/FZ dg 1670 F4A s 712 =E 5t cluster 45 st 24
N AS/[FSS T AFeE EFEde a5l AS/EET s ldol 14 A
% (Acc. no. 1), I°] 67 AlE/EFF (Acc. no. 4, 5, 8 15, 18 24), <] 5
N #% (Acc. no. 14, 17, 19, 23, 16), Vo] 370 A%E/F%F (Acc. no. 10, 12,
22), Vol 371 &% (Acc. no. 13, 20, 21), VI¢o| 47 Al%/#ZF (Acc. no. 2,
11, 3, 9), ViI*e] 270 A% (Acc. no. 6, NoZ EFHATHLHL. = F 3749
AFS T FHIUNORE FFLS o FAUAL, YA IFS T FHISI o=

|
=gFol EAG] FFTS ol E Uk

[p*]
o
— |

o
(=]}
L

~J
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1
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(=}
1

[aed
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1
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Table 2. Phenotypic correlation coefficient between of each character.

X1* X2 X3 X4 X5 X6 X7 X8
X1* 1.000  0.952sx  0.997:x -0.087 -0.312 0279  -0273  -0.109
X2 1.000 0.939s: -0.048 -0.356 0428+« -0354  -0.104
X3 1.000 -0.085 -0.286 0.245  -0.248  -0.109
X4 1.000 0493« -0.209 0.236 0.240
X5 1.000  -0.607+%  0.737+x  0.569*:
X6 1.000  -0.651=#* -0.126
X7 1.000 0.5573
X8 1.000
X9
X10
X11
X12
X13
X14
X15
X16

X9 X10 X11 X12 X13 X14 X15 X16

X1 0.242 0.330 -0.051 0.185 -0.170  -0.070 0.163 -0.158
X2 0.243 0.437 -0.016 0.140 -0.156  -0.015 0.151 -0.102
X3 0.243 0.295 -0.061 0.189 -0.170  -0.088 0.170 -0.194
X4 -0032 -0132  -0.053 0.139 -0.232  -0.397 0.116 -0.162
X5  -0.421x  -0.603**x  0.096 -0.400 0.309 0.045 -0.287 0.121
X6 0.176 0.713%*  0.095 0.030 0.022 0.041 0.155 0.304
X7 -0229  -0573%x 0.127 -0.294 0.182 0.177 -0.298 0.011
X8  -0474« -0.329 0.150 -0.319 0.279 0.013 -0.101 0.178
X9 1.000 0413«  -0.418+«  0.590 —0.659*x -0.287 0.411%  -0.499%

X10 1.000 -0.160 0.122 -0.189  -0.110 0.179 0.079

X11 1.000 =0.709%  0.791%x  0.834%x -0.561%%  0.598%x*
X12 1.000 —0.932:% 0587k 0.722%% —0.572%x
X13 1.000 0.579%  -0.641%%  (0.587:
X14 1.000 =0.787xx  0.644%
X15 1.000 —0.644s>
X16 1.000

Z)Xl, Fresh weight; X2, Dry weight; X3, Total 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, Anthocyan-face-L, X12, Anthocyan-face-a; X13,
Anthocyan-face-b; X14, Anthocyan-back-L; X15, Anthocyan-back-a; X16, Anthocyan-back-b.
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HEAAE 501%, Al 4FHEAAE 805%, A 1FAHE7

_Z,_
A= 935%9 AAEE AT 5 A}y (GF 3).

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

principal component analysis.

Principal ,
X1 X2 X3 X4 X5 X6 X7 X8
component

Eigen value 5688 3772 2130 1291 0874 0674 0538  0.326
Difference 1915 1642 0838 0416 0.200 0135 0212  0.084
Proportion 0355 0235 0133 0030 0054 0042 0.033  0.020

Cumulative

o 355 59.1 72.4 80.5 85.9 90.2 935 95.6
contribution(%)
Principal

X9 X10 X11 X12 X13 X14 X15 X16

component
Eigen value 0.241 0.171 0.136 0.081 0.043 0.018 0.009 0.000
Difference 0.070 0.035  0.054 0.037 0.024 0.008 0.008 -
Proportion 0.015 0.010  0.008 0.005 0.002 0.001 0.000 0.000
Cumulative

o 97.1 98.1 99.0 99.5 99.8 99.9 100.0 100.0
contribution(%)

“X1, Fresh weight; X2, Dry weight; X3, Total 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, Anthocyan—face-L; X12, Anthocyan—face-a; X13,
Anthocyan—face-b; X14, Anthocyan-back-L; X15, Anthocyan—back-a; X16, Anthocyan—back-b.

AR AT E o] 935%8 Al TFAEAAY] 2 FAHAE AdGAY A
FHEE FEstete] 4 A FAEHY] AHAFE F 4o dUERATH
2 7] o] =(Cumulative Contribution)= SIAFEA A &% % (Commonality)s} 2o
W ol AL Z} o] TFAHE/A vter dAuE F e AxRE UEdE Ao
d EWe] QFEACKL, 9 oWl brt
-0.53848~-0.00584% 7o WaFom uymA] FASL 0.01957~1.90552% Ao W
Foz 71953

_61_



Table 4. Correlation coefficient between character and principal component and

cumulative contribution of each character to the 16 principal component.

Principal component

Character

717 72 73 74 Z5 76 Z1 ccr
X1* 051700 050213 067373 -0.11230 -0.00100 -0.05800  0.03504  1.51652
X2 051800 057574 060720 001343 004672 -0.01750  0.02368  1.90552
X3 051400 047204 069003 -0.13970 -0.01390 -0.07080  0.01499  1.42082
X4 0.05600 -056490 033148 049639 045346 -0.18270  0.02590  0.92024
X5 -0.62300 -052310 042799 010729 013338 000031 -0.09112 -0.53848
X6 034794 066181 -0.23190 051465 -0.06670 019455  0.03258  1.42249
X7 -0.56650 -049110 038735 -0.20598 011068 038215 -0.07708 -0.17545
X8 -045940 -0.23460 046975 041026 -031930 042625  0.08309  0.01957
X9 071222 -004570 -0.15850 -0.29491 033014 037523 -0.23324  0.78361
X10 052292 052643 -0.22110 037465 023121 018451 -0.27136  1.34000
X11 -067400 05921 -0.01580 -0.22720 -019439 011263 -0.02970 -0.00584
X12 081200 -036620 -0.11110 -0.13186 -0.02851  0.09345 038200  0.89077
X13 -0.79810 041972 005768 010634 -0.15600 -0.19000 -0.28750 -0.56268
X14 -063290 056355 -0.06390 -0.31450 023990 016005 018793  0.09839
X15 0.73765 -0.34540 -0.03340  0.13616 -045610  0.07062 -0.05150  0.56612
X16 -0.60630  0509% -0.13860 031742 019838  0.05853  0.34370  0.99101

“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. y)Z, Order of importance degree. X)C.C.,

Cumulative contribution.

1
SAE 12709 F 2% AAE wul el JEAA A4S B (F
5. 2 g5 E ksl MolE H =4, Sanchiohbachirimen takana AxAkaohba
takanaZ3$te] A% IXHT AATHY 45% oA =%ow, Goheung
namyang xSanchiohbachirimen takana A Z%3%3 Goheung namyangxAkaohba
TR =2 AFgS 2o g4 FFedA
ol ¢} ARG AES HAou e AT E #HEAde] AUk o]

Ay} Z 2 E Sanchiohbachirimen takana A$} Akaohba takana’} I+#A 7t =

takanaZ=3ro] &3 Har AGHE AA

H

N



$4e A% Aol Ee wiNow WAk AW nn we AR/ES

& ZTA AZstE e FE 2ARel stoll did WA} ERAA= At EFT
=

&
el AEde Alasty] 919 RAPD, RFLP, AFLP 59 #A48&3H4 4%

Table 5. Eigen value and its contribution to total variation obtained from

principal component analysis.

Acc. No” _
% 2% 27 28 29 30 31 32 33 34 3 36
Character
Total fresh 134 121 103 153 153 175 123 173 130 129 110 108
weight(s) 51313 I 1 T :

Dry weight(g) 2411 1841 1626 2064 2266 2656 2455 2930 245 2839 24 176

Shoot fresh . - = N = o=
weight (g) 126 112 95 145 143 163 115 165 120 130 125 99

Leaf length(em)  39.2 386 475 399 416 387 434 421 415 466 455 359
Leaf diameter(em) 21.1 186 21.8 208 206 21.0 220 269 242 206 234 217

Nmbf;;’f leaf 400 107 137 113 107 117 143 100 100 200 127 107

LeafStal(kmm‘}iameter % 26 27 28 29 30 31 32 33 34 35 36

Leafstalk

thickness(mm) 22 21 22 25 24 25 26 28 24 22 25 22

Sinigrin content

(mg/g)
Chlorophyll
content 393 399 315 355 364 411 273 294 289 382 332 309
(SPAD)
L 321 367 339 318 380 353 368 289 299 379 401 266
F
ace 353 323 390 204 325 345 293 338 350 380 358 272
Anthocyan
b 356 363 348 322 356 370 311 307 313 380 364 282
L %81 279 2078 4% 2051 2002 2701 3366 076 294 2746 2668
Back
a“ a 206 3% 274 020 170 16 354 612 420 420 33 5P
Anthocyan

b 1200 1021 968 633 412 449 980 1683 1682 1682 104 1476

? See Table 1.
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Table 1. At this experimentation using name of variety - genealogy.

NO NO

40
41
42
43
44
45
46
47
48
49
50
ol
52
53
54
55
56
57
58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

4

5

76

7

Name of Variety - Genealogy

NS ([ P
Rl 55
ANKEER =
Bl Z 3 EmsE
Yangpyeong Yongmun collection
Pyeongchang Jinbu collection
84-39-10-m
85-39-7(Jeju leaf mustard)
85-39-9(Jeju leaf mustard)
85-39-17
85-39-18(Jeju leaf mustard)
85-39-19(Jeju leaf mustard)
85-39-20(Jeju leaf mustard)
85-39-21
Red leaf mustard
Jeju itho collection
2465
Fall leaf mustard
PI 173857
PI 180417

PI 208734

Stalingrad

S-300

Keotalla Local

Birgunj Local

Yuanchia

Raya prakash

Mustard Karanti

Mustard Varuva

—gE-)l

Leth 22A

Domo

Rayo

Sancheong leaf mustard

Gochang Asan collection

Dol leaf mustard

Thanh Mai

Chinese cabbage leaf mustard

Name of Variety - Genealogy
e LN B WL WESE
=F 77 KIESSE

PP
LR 75 5

LAZLTER
FrEErL LY
EN T v 72homE
Ly o 32 06437
L 92 2050
T 4 Eﬁi%?-?fé
R T
LN®OA LY
Nohoa leaf mustard
An leaf mustard
Red mustard

R i T

E NP

IRKIE S F

Dolsan(A)

Dolsan(B)

Dolsan(C)

Dolsan(Dosil A)

Dolsan(Dosil B)

Dolsan(Mojang)

Dolsan(Hoayang)

Jangheung-eup(A)

Jangheung-eup(B)

Yuchi

Anyang

Byeongyeong

Red leaf mustard

Tamjin-river side(wild)

Red leaf mustard(Nongu)

Dolsan leaf mustard(Nongu)

Cham leaf mustard (Seoul)

Dolsan leaf mustard(Gyeong)

Dolsan leaf mustard(Jungang)

Improve purple leaf mustard

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39
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Table 2. Mean, Standard deviation, minimum value and maximun valuein

investigated characters.

Variable Mean Std Min Max

Plant height (cm) 23505 4868 12500  37.000
Standing height (cm) 16737 4652 6300 33.500
Number of leave 8.779 1.964 4.000  13.000
Rosetteness (cm) 2002 0713 0573 5167
Dry weight of leave (g) 1.967 1.005 0422 5277
Leaf area (cr) 573.346 161.559 214.000 1060.000
Dry weight of shoot (g) 2124 1050 0599 5727
Average area of individual leaf (cnf) 66.493 16693 32540 112.730
Specific leaf area (cn - g/10) 342208 133.288 156.600 793.000
Leaf weight ratio (g - g/10) 0919 0077 0598  0.968
Net Photo.synthetic rate (gmol CO: + mn * s/10) 10543 2723 3.085 19.469
Respiration rate (gmol COs + mm - s/10) 0.033 0.015 0.005 0.102
Gross Photo.synthetic rate (gmol COz + mm - s/10)  11.700 2.908 3.866  20.589
Respiration rate / Photo.synthetic rate (%) 10110 3106 3211 22713

A AEFTNAHE 042gol A 528gAkele] WolE Mol AlEI AFHdME &
zto] 2 BTh 4 HEFo] 7 2 AELS 53H(85-39-21) 0.7 H#42gS HQl

Hhd 71 e Al L 64 (Birgunj Local) 22 H 056go]l At 72t A AE

AA
102.14er = 7HE W2 48 7Hla 63% 7%E (Keotalia Local)2 358crf= 7+ 2t
= ds 7K Az yEEt Al A 156.6~793.0cr - g/102] WMol S H o

FAE dellA g2 dS Hole ATt B2 AolE BAAth
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Table 3. Mean value for investigated characters in tested lines/cultivars.

No X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
1 211 141 60 23 105 5126 1.08 841 4901 096 964 .048 10.70 103
2 196 144 70 21 216 6486 226 924 3090 095 814 .037 944 137
3 225 145 67 22 125 6135 128 915 4874 098 881 042 974 96
4 252 163 77 21 126 5818 130 756 4621 097 11.13 050 1229 96
5 251 211 110 19 334 7456 366 683 2242 091 9.09 015 989 81
6 224 156 113 14 297 6708 323 895 2275 092 684 026 814 163
7 226 166 80 20 192 6893 199 866 3394 096 901 .032 998 97
8 251 178 93 19 129 6439 134 689 25022 097 1048 .046 1145 86
9 217 144 87 17 228 6104 239 703 2720 095 11.95 029 1323 96
10 257 177 80 22 090 493 093 615 5483 096 1006 .052 11.08 93
11 251 186 70 27 081 5073 084 723 6285 096 1221 .08 1318 75
12220 176 67 27 256 6836 274 1021 2765 093 768 .026 911 159
13 243 167 80 21 188 6481 193 815 3592 097 932 .034 1036 10.1
14 262 176 83 21 096 6071 099 728 6348 097 11.13 048 1192 66
15 219 164 103 16 28 5806 3.01 562 2060 095 766 .006 802 45
16 224 163 87 19 290 7729 303 895 2695 096 671 .019 747 100
17 231 173 90 19 282 6063 3.05 673 2151 093 803 .019 910 11.7
18 231 170 75 23 266 6646 284 836 2496 094 1192 .031 1350 11.7
19 205 151 77 20 208 4748 253 618 2280 0.86 1021 .017 1122 9.0
20 234 176 80 22 161 6442 166 80.7 4054 097 938 033 1031 9.1
21 265 197 90 22 132 38.7 137 650 4424 096 1215 048 1336 90
22 247 177 73 24 136 6039 140 825 4454 097 1445 040 1541 6.3
23 244 164 90 18 225 7346 235 873 3508 096 950 030 1046 9.2
24 215 183 93 17 261 5108 273 532 1992 096 483 015 0566 156
25 244 173 73 24 239 4489 280 605 1743 092 715 019 833 144
26 168 118 103 11 220 4719 231 451 2241 095 1268 034 1431 116
27 175 107 103 10 260 5425 274 505 2211 095 1115 029 1262 117
28 161 86 113 08 228 5510 241 4834 2421 094 1016 .033 1169 134
29 203 128 103 1.3 340 6167 365 999 1831 093 1345 029 1531 122
30 208 134 90 15 241 6600 247 724 2815 098 747 021 824 96
31 172 98 113 09 229 5887 238 519 2570 096 1348 .033 1494 99
32 235 160 70 23 124 490 129 692 3979 096 947 033 1036 86
33 178 122 100 12 251 5868 263 587 2534 095 1191 .035 1337 11.0
34 149 96 83 12 142 3887 150 467 2759 095 1376 032 1500 82
35 204 141 53 27 188 3776 198 716 2022 095 641 019 746 14.2
36 191 145 50 30 198 4808 219 954 2844 087 996 .023 1093 84
37 167 119 63 19 150 4800 158 759 321.9 095 1257 038 1384 9.3
38 185 136 63 21 232 5191 241 833 2277 096 1233 .027 1363 96
39 149 98 87 11 199 499.0 207 578 2520 096 1446 .037 1621 10.7
40 199 157 67 23 153 5319 159 784 3485 096 848 .027 930 89
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Table 3. Continue

No X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14

41 248 191 57 34 199 5026 246 886 2523 083 1278 .031 1441 114
42 185 147 77 19 181 6050 2.00 488 336.0 090 769 .035 889 136
43 180 143 87 1.7 138 5397 142 608 383.7 097 619 040 732 153
44 231 172 87 20 073 3762 083 433 5159 088 973 .038 1065 87
45 243 199 90 22 139 4972 1.79 550 3953 0.78 894 034 1030 135
46 194 132 117 11 332 7870 348 670 2393 095 11.70 .031 1322 116
47 205 149 90 16 113 5219 125 580 4625 091 883 030 963 82
48 186 106 103 1.0 322 6627 353 641 2059 091 1229 .024 1377 108
49 184 92 100 09 325 8526 344 847 2627 094 1016 .036 11.76 13.6
50 212 142 110 13 342 7465 374 679 2196 092 1340 .031 1518 116
51 248 172 83 21 180 6827 191 79.7 369.0 094 1027 .031 1122 84
52 263 187 83 23 106 5086 120 61.0 4795 088 969 .046 1085 109
53 225 153 11.0 14 419 8762 447 793 2095 094 1079 022 1208 10.3
o4 224 144 85 1.7 153 5467 156 643 357.0 098 1258 .030 1347 6.7
55 238 180 115 16 357 7619 3.77 66.7 2134 095 773 015 85 9.7
o6 247 210 107 20 359 7656 3.78 715 2134 095 1232 026 1380 10.8
57 241 187 107 18 374 8601 398 803 2396 094 1088 .037 12.70 144
58 299 207 107 20 138 4763 174 441 3417 0.9 11.79 031 1315 104
99 273 2007 127 16 145 6184 1.57 488 4299 092 1029 .018 10.77 45
60 288 214 11.0 19 331 6275 345 563 1947 095 768 .014 851 9.7
61 303 220 93 24 128 5141 135 551 404.0 095 1222 030 1312 68
62 324 254 93 28 118 5055 1.39 541 4288 085 1352 .044 1494 96
63 256 158 100 16 084 3577 1.08 358 4350 0.78 1484 .048 1647 99
64 217 155 60 26 056 2608 089 450 4802 063 1093 .024 1180 7.5
65 291 134 57 24 135 4442 143 779 3278 094 1138 .033 1259 9.7
66 299 235 93 25 127 4361 156 461 3409 081 981 .021 1064 7.7
67 288 206 63 33 090 3475 1.12 547 390.6 080 1033 .018 1095 5.9
68 336 254 110 23 092 4548 110 416 4984 083 1418 .038 1521 638
69 281 208 100 21 169 3640 214 362 2195 080 679 016 7.78 126
70 328 252 87 31 161 5121 185 583 3187 086 1213 .027 1317 7.7
71 295 232 103 22 087 4296 099 414 5093 088 14.04 057 1545 9.3
72 320 313 63 49 064 3561 093 563 5528 0.69 1676 .045 1817 79
73 249 187 113 16 406 6884 423 608 1703 096 802 013 883 9.2
74 301 183 90 20 098 6279 1.00 698 6782 098 1154 .084 1286 104
75 305 184 90 20 101 6087 1.06 676 6448 095 1193 .065 1301 83
76 295 185 85 22 111 6236 120 70.7 5712 093 1380 .042 1460 55
77261 177 0 90 20 249 7425 259 821 2959 096 980 036 1127 132

X1 : plant height, X2 : standing height, X3 : number of leave, X4 : rosetteness, X5 : dry
weight, X6 : leaf area, X7 @ dry weight of shoot, X8 : average area of individual leaf, X9 :
specific leaf area, X10 : leaf weight ratio, X11 : net Photo.synthetic rate, X12 : respiration
rate, X13 : gross Photo.synthetic rate, X14 : respiration rate/Photo.synthetic rate(%4)
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+ r is significant at the significant level of 0.05 if r > 0.138 and highly

significant at the of 0.01 if r > 0.181.

Table 4. Corrleration relationship among characters.
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o5} Cresp =
0.9436)¢ %= &3 AXNBAI UTh

Table 5. Minimum value, maximum value, mean value and standard deviation

of seventy seven lines/cultivars for net Photo.synthesis ratio,

respiration ratio, gross Photo.synthesis ratio.

Variable Mean Std. Min. Max.
Dry weight of shoot (g) 2.12 1.05 0.60 5.73
Canopy net Photo.synthetic rate
(umol COs - plant - 1/10s) 160.57 53.46 43.08 370.18
Canopy respiration rate (A)
(umol CO; - plant - 1/10s) 17.88 7.74 2.63 46.24
Canopy gross Photo.synthetic rate (B)
(umol COs - plant - 1/10s) 178.45 59.04 50.90 395.46
A/B 0.10 0.03 0.03 0.23

Thornley(1970)°l  2]3}H  Cresp Grxdw/dt + mxW<el A7 o

McCree?] 283} vlws] 2 uw Gr = o/(1-0)2 A7} IS 835

IE%E& 1931 mS

FAZEEol Aot & A7 ZAd G
ez}

0.07702/(1-0.07702) = 0.08345 (umol COq - 1/10plant - 1/10s)¢] #t-& DAt
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U5, ezt RAIESSE, =92, Jasai CMS, Donshaja CMS o] gt} w3
2 CMSA % (Jasai ¥ Donshaja)?d] §ZF o 28E CTABWHA 93} total DNA
= FEog oy, nEZEg ol Eo]4 primert orf220, orf222, orf224 % atpA
FRAAZFEE FAEBATHGEE 1). PCR $%& Perkin- elmerAte] PE-9700< ©] &
S, 287 94C oA pre-denaturation 4171 ¥ denaturation= 94ColA 18,
annealing& 50ColA 1%, extensione 72TColA 287 353 WA #HT
Post-extension  72ColA 2&3F Fd3sArt. PCR % ®ESEHS 10 x
reaction buffer(500mM KCl, 100mM Tris-HCl, PH 8.3, 15mM MgCl:) 2.5u0,
25mM dNTP 240, Genomic DNA 50ng, 100pM Primer 0.1xf, 0.5unit 7Tag
polymerase 0.25ul(TaKaRa, Japan) % "o+ E ©]&3lo] Total Vol. 25ul= =
A et whge 1.0% agarose gel 17195 o % #2 § UV transilluminator
el A Fletdth $%E PCRAMES A& 4?0 Hinf I, Hae I, Hap 11, Afa
9] At a4&2 A3 o bvbsxAo R 2409 10xbuffer(750mM  KCl,
150mM tris-HCl, pH 7.5, 92.56mM MgCl2, 10mM dithiothreitol) & % 7}slx PCR
AHE 4yl restriction endonuclease 8Sunits, & T3 TS FHF volumes 20 =
st Whg-A2 37Tl A 10A1ZF incubationA]Zl & 1X TBE buffers &3}l
9lE 15% agarose geldlA 100VelA 3087 #H7|gd%ow EeEd ¥ UV

transilluminator’d-oll 4] &2l s} 93t}
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Table 1.

Mitochondrial genes, primers and product size for PCR analysis.

Gene Gene product PCR primer sequence(5’ — 3) (S;IZS
atp ] ATP synthase subunit alpha F: gaaagcatctggttccattt R agagctgcggaactaacgaa 1,479
atp6  ATP synthase subunit 6 F: actaaaaagggaggaggaaa R: atctcattcatacatagcatagt 485
apfg ATP synthase subunit 9 F: ccgagatgttagaaggtgcaa R: atcaaaaaggccatcattgg 214
a[‘pA ATPase alpha subunit F: gctgcttacaggagttagee R: gtccaatcgctacatagaca
coxl Cytochrome ¢ oxidase sub 1 F: ttegtctecttgatagetgga R: atctggttcgatggctgttc 1,561
cox?  Cytochrome ¢ oxidase sub 2 F: cgtaaaggcatgattagttcca R tcacaatttctccttgtgatge 674
cox3  Cytochrome ¢ oxidase sub 3 F: caagtccatggcctatttcg R tcatatacctccccaccaat 758
ccb203 Cytochrome ¢ biogenesis orf203  F: gagccgagtgacgtagatge  R: cgtgtegttcgtaatggaaa 547
ccb206 Cytochrome ¢ biogenesis orf206  F: tgatcttctectccacacca R: cgagaccgaaattggaaaaa 569
ccb256 Cytochrome c biogenesis orf256  F: gttgggcgctttaaccatt R: agctacgcgcaaattctcat 719
ccb382 Cytochrome ¢ biogenesis orf382  F: ctgeccagaacgaagagaag R ttegttatttccgggtettt 1,149
cchb452 Cytochrome ¢ biogenesis orfd52  F: cgacagaagaacacccaaca R ttttatggtcgtgecttgtg 745
COb Apocytochrome B F: aaggaaccaacgattctctcttc R: tgtgatcagtctcatccgtgt 1,169
nadl NADH dehydrogenase sub 1 F: ccgacccgctataataattce R: tgttccagctgaaatacttgga 367
nad? NADH dehydrogenase sub 2 F: ccgaaaccaaggggatacta  R: ggaaggttgccacgaataag 1,626
nad3 NADH dehydrogenase sub 3 F: gcaccccttttecattcata R: gatgtcagaatttgcaccaa 342
nad4 NADH dehydrogenase sub 4 F: acagggaattggaggtagca R: tgccatttgaatcggagaat 380
nad4l. NADH dehydrogenase sub 4L F: tacctcggactcggaagtt R: ttcggggaatcctecttaat 213
nad5 NADH dehydrogenase sub 5 F: caatcgtcggaatgtgtacg R: ccaatttttgggccaattce 359
nadb NADH dehydrogenase sub 6 F: gtgagtgggtcagtcgtect R: cctgctttggtetetggttt 584
nad7 NADH dehydrogenase sub 7 F: tctatgatggcccaagaaca  R: acaccactgaatccccaatce 446
nad9 NADH dehydrogenase sub 9 F: ttatccgtcgcetacgetgtt R: cccaagaaatgggtcaaaaa 531
matR Maturase F: gcttcccaagetcetatgetgt R: actgcttgccacctacge 751
orfB ATP synthase subunit 8 F: tgcctcaactggataaattcac  R: ttecttggecatgtacaaca 465
0rf]38 ATPase alpha subunit F: cgaaacgggaagtgacaata R: cgtcacttcatcgttaggta 304
0;3‘224 Unknown protein F: gaaccaactgctttcacacc R: cttggctetctgegaatete 514
0rf240 Unknown protein F: cttctgacctcccagtecag R tgaggggaaggttggtcata 570
0rf220 Membrane associated protein F: atgcctcaactggataaattc R: tcatcgaaatagatcgaggat 660
07]‘222 Cytoplasmic male sterility protein F: atgcctcaactggataaatt R: tcatcgaaatagatcragkatytcg 666
rpl2 Ribosomal protein L2 F: tgctgcgaagaattgatctg R: acattgcttaggaccaacgg 27
rpl5  Ribosomal protein L5 F: atgtttccactcaattttca R: ctgagtttcceecteatett 558
rpl ']6  Ribosomal protein L16 F: tgacataagattctcggcce R: gggagacgtgctatatccga 486
rps3  Ribosomal protein S3 F: tcggatatagcacgtcteee R: tacgcgactcaccttegget 1,593
rps4 Ribosomal protein S4 F: ccgaagaggaaggtttggat R: ccgaagattgaggaacagga 934
rp57 Ribosomal protein S7 F: ttaccaccatctgaaatgcg R: atggggggcttggatggtgag 447
ps ]2 Ribosomal protein S12 F: atgcctacgtttaatcaatt R: tcatatcgatttgggtttttc 378
rrn5  5S ribosomal RNA protein F: ttatttcttcaccgggcttg R: gagacgtgaaaacacccgat 108
rrnl8  18S ribosomal RNA protein F: gattcaatccagecacaggt — R: catgcaagtcgaacgttgtt 1,795
r1rn26  26S ribosomal RNA protein F: tctecctttaacaccaacgg R: atgacttgtggctaggggtg 1,890
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t}, PCR AHE9 F293 749 24

7} A9 PCR AHES AA3 3 pGEM-T Easy WE (Promega, USA)S
A}8-38Fo] ligationAl A th. Ligation 2 2& E. coli DH 5ael d@ASA#H oW, IPTG
9} X-gals X383t LB agar WAl wjdstdtl. Plasmid %2 Plamid Miniprep
Kit(TaKaRa, Japan)E AH&atiorm, 47149 A4S PRISM™ 377(Perkin-
Elmer, USA)E A}&38te] 335t PCR 2FE9l 7|4 ELS MacDNAsis
(Hitachi software, Calif, USA)2} BLASTN Z 2 18 (NCBD<E o] &3t 24 2

7k CMS Sol4 W=

orfl38 Wl EAst= orfBel 9stel= CMS$F normalztel zko] 7 1At
atpAEx 4% CMS(Jasai, Donshaja, Anand % Komatsuna)”’} normalX.t} &
sizeZ FZFHATE Ogura CMSS wiF el orfl38e] 23] Komatsuna CMSol|A
PCRAME©] & ¥ oW, Polima CMS 5ol# wARD orf220, orf222, orf224 | ©13}
o] Jasai, Donshaja @ Anand CMSel|A PCRAHE o] ZZFHJAGKAH 1) & & 2

ol A A&7 CMS 2% B polima g1 A& &+ AT
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orfB atpA

orf138 orf220F, orf222R

Photo. 1. Amplified CMS specific bands in mitochondria region. M: 100bp marker,
Lane 1! normal, 2: Jasai CMS, 3: Donshaja CMS, 4 Anand CMS, 5
Komatsuna CMS

atpA°o] 93] ZFZ3 PCRAES cloningdte] 4714 dS 24 3 nomal($43 7}
Q] RN CMSZEe] ofm kS Hlw ettt 2 A} orfd S Aot gl ot

5-UTRell #Fo]7} At

B Normal atpA2| ¥7| U ofoj=it MY

gctgcttacaggagttagecagetcacttecctegttcgaatggggagatagataaaagacacgaaactctatca
aatatcattaagagaagaagattctcattccagctcagcaaggtagttgtaggaatctcttttggaagtggaatt
cctactctcatctetttttactaaatataaggcacaacacccttatgatgacattccgtectetaacgggtataaa
tatacctaaagtttgaaatctttttttttattattgttgatactcctgecagagaatectettaggagecgaacggtt
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ctatttagacctgatctatcagggcacgaatagtcgctactttgcccaagctctggagttagtgetttcgttcag
ttcataaggttgactttttttttctaaagecggtattectecttgectetgaattcaaaaatggaattatggaatt
atctcccagagetgeggaactaacgaatctattcgaaagtcgaattaggaacttttacgegaattttcaagtgga
tgagatcggtcgagtggtetcagttggagatgggattgecacaagtttatggattgaacgagattcaagetgggga
aatggttctttttgccaacggtgtgaaaggaatggecttgaatcttgagaatgagaatgtegggattgttgtett
tggtggtgataccgctataaaagaaggagatcttgtcaagegecactggatetattgtggatgttececgegggaaa
ggctatgctagggegtgtggtcgacgegatgggagtacctattgatggaagaggggetetaagegatcacgagea
aagacgtgtcgaagtgaaagcccctgggattettgaacgtaaatcagtgcacgagectatgcaaacagggttaaa
agcggtagatagectggttectataggecgtggtcaacgagaacttctaatcggggaccgacaaactggaaaaac
gactattgctatcgataccatattaaaccaaaagcaaataaactcaagggccacctctgagagtgagacaatgta
ttgtgtctatgtagcgattggacagaaacgectecgactgtgggacaattaattcaaactecttgaagaagegaatge
tttggaatattccattettgtagcageccacecgetteggatectgetectetgeaatttttggececcatatteegg
gtgtgccatgggggaatatttccgegataatggaatgcacgcattaataatctatgatgatcttagtaaacagge
ggtggcatatcgacaaatgtcattattgttacgeccgaccaccaggecgtgaggettecccaggtgatgtttteta
tttacattcccgtctcttagaaagagecggctaaacgatcggaccagacaggtgcaggtagettgacegecttace
cgttattgaaacacaagctggagacgtatcggectatatteccaccaatgtgatetecattactgatggacaaat
ctgtttggaaacagagctcttttatcgeggaattagacctgetattaacgteggettatetgtecagtegegtegg
gtctgccgetcagttgaaagetatgaaacaagtatgeggtagttcaaaactggaattggcacaatatecgegaagt
ggccgectttgetcaatttggetcagacecttgatgetgegactcaggcattactcaatagaggtgcaaggetgac
agaagtaccgaaacaaccacaatatgcaccacttccaattgaaaaacaaatactagtcatttatgcagectgtcaa
tggattctgtgatcgaatgccactagacagaatctctcaatatgagaaageccattccaaatagtgtcaaacctga
attactacaagcccttaaaggtggattaactaacgaaagaaaaatggaaccagatgctttcttaaaagaaagage
tttagctttaatttag

atggaattatctcccagagctgcggaactaacgaatctattcgaaagtcgaattaggaac 60
M ELSPRAAETLTNLTFES ST RTIT RN
ttttacgcgaattttcaagtggatgagateggtecgagtggtetecagttggagatgggatt 120
FYANTFQVDETIG GRVVSVGDGI
gcacaagtttatggattgaacgagattcaagctggggaaatggttetttttgeccaacggt 180
A QVYGLNETIA QAGEMVLT FANSG
gtgaaaggaatggccttgaatcttgagaatgagaatgtcgggattgttgtetttggtggt 240
VXKGMALNLENENVGEGIVVFEFGSGEG
gataccgctataaaagaaggagatcttgtcaagegecactggatctattgtggatgttcce 300
DTAIIZXEGDLV VI KRTO®GSTIUVDUVEP
gcgggaaaggctatgectagggegtgtggtcgacgegatgggagtacctattgatggaaga 360
A GKAMLGRVVDAMGV VUPTIDSGTR
ggggctctaagcgatcacgagcaaagacgtgtcgaagtgaaageccctgggattettgaa 420
G ALSDHER QRRVEVI KA APSGTITLE
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cgtaaatcagtgcacgagcctatgcaaacagggttaaaagcggtagatagecctggttcct
RKSVHEPMAQTGLI XA AVDSILVEP
ataggccgtggtcaacgagaacttctaatcggggaccgacaaactggaaaaacgactatt
I G RG6GQRELTULTIGDIRQTG GI KTTTI
gctatcgataccatattaaaccaaaagcaaataaactcaagggccacctetgagagtgag
A'I DTITULNOQZXQINS SR RATS SESE
acaatgtattgtgtctatgtagcgattggacagaaacgctcgactgtgggacaattaatt
TMYCVYVAIGQE X RSTUVG QLTI
caaactcttgaagaagcgaatgctttggaatattccattecttgtagcagecaccgetteg
Q TLEEANATLEYSTITLVAATAS
gatcctgetectetgeaatttttggecccatatteegggtgtgecatgggggaatattte
DPAPLAOQFULAPYSGCAMGTETYTF
cgcgataatggaatgcacgcattaataatctatgatgatcttagtaaacaggeggtggea
RDNGMHALTITIYDIDLSI KQAVA
tatcgacaaatgtcattattgttacgccgaccaccaggeecgtgaggettecccaggtgat
YRQMSLLLIZRRPZPGREASUPGTDSD
gttttctatttacattceccgtetettagaaagageggetaaacgatecggaccagacaggt
VFYLHS ST RLTLETRAAKTRSDA QTG
gcaggtagcettgaccgecttaccegttattgaaacacaagetggagacgtateggectat
A GSLTALUPVIETA QAGDVSAY
attcccaccaatgtgatctccattactgatggacaaatctgtttggaaacagagetettt
I PTNVISTITDGA QTITCLETTETLTF
tatcgeggaattagacctgctattaacgteggettatetgtecagtegegtegggtetgee
YRGIRPAINVGLSVSRVG S A
gctcagttgaaagctatgaaacaagtatgeggtagttcaaaactggaattggcacaatat
A QLKAMIKQVCGSSI KT LTETLAAQQY
cgcgaagtggecgectttgctcaatttggetcagaccttgatgetgegactcaggeatta
REVAAFAQPFGSDULUDAATA QAL
ctcaatagaggtgcaaggctgacagaagtaccgaaacaaccacaatatgcaccactteca
LNRGARTLTEVPI KAQPQYAPTLT?P
attgaaaaacaaatactagtcatttatgcagctgtcaatggattctgtgategaatgeca
I EXQILVIYAAVNGTPFUCIDTRMEP
ctagacagaatctctcaatatgagaaagccattccaaatagtgtcaaacctgaattacta
LDRISQYEZ XA ATIUZPNSVIKZPETLTL
caagcccttaaaggtggattaactaacgaaagaaaaatggaaccagatgetttcttaaaa
Q ALKGOGTLTNETRI KMMETPTDATFILIK
gaaagagctttagctttaatttag

ERALALTI =
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B CMS atpAl| H7| X ofoj=4F ME
gctgcttacaggagttageccagetcacttecctettegaatggggagatagataaaagaaacgaaactctataaa
atatcattaagagaagaagattctcattccagcttaaataagtaagacttgactctttgttcactttgttttcte
gctccttgctggcgaagaagcggcatatcaaaaataaagaaagaagcaaaatctcattcaatttgaaatataaga
gatctctatgececcctgttettggttttcteccatgettttgttggtcaacaaccaaccacaactttctatagtt
cttcactactcctagaggcttgacggagtgaagetgtectggagggaattgttgaaatcaattaatctaategtga
aacccgaaaatcaacttctacttatgaatactatcaaatcactttcccaagacatcgaagagttaaaaaaaaatg
gaaatctcttecgatgtectecgatcagttgtataacaacgegettgttagegtaactgaagcactgaccgggacgg
tccaacgccttttacagcaccataatgttettttgeccgaaaattggacccacgcacaaatagtacaagatatac
ttggagatgatatgaccttgggaaatgttgettetgtattgagcaacatcactcagttgggactegecaagtgacg
agtttcatcaaatcttcaatattatcaatttaacgggcgggggggtttagttaaggtactatatccgaaggtata
cttttttttctaaagecggtattecctecttgectetgaattcaaaaatggaattatggaattatectecccagagetyg
cggaactaacgaatctattcgaaagtcgaattaggaacttttacgegaattttcaagtggatgagateggtegag
tggtctcagttggagatgggattgcacaagtttatggattgaacgagattcaagetggggaaatggttetttitg
ccaacggtgtgaaaggaatggcecttgaatcttgagaatgagaatgtcgggattgttgtetttggtggtgataceg
ctataaaagaaggagatcttgtcaagecgcactggatctattgtggatgttecegegggaaaggetatgetaggge
gtgtggtcgacgegatgggagtacctattgatggaagaggggetetaagegatcacgagcaaagacgtgtecgaag
tgaaagcccetgggattettgaacgtaaatcagtgcacgagectatgcaaacagggttaaaagecggtagatagece
tggttcctataggecgtggtcaacgagaacttectaatecggggaccgacaaactggaaaaacgactattgetateg
ataccatattaaaccaaaagcaaataaactcaagggccacctctgagagtgagacaatgtattgtgtctatgtag
cgattggacagaaacgctcgactgtgggacaattaattcaaactcttgaagaagcgaatgectttggaatatteca
ttettgtagecagecacegetteggatectgetectetgeaatttttggecccatatteegggtgtgecatogagg
aatatttccgcgataatggaatgcacgcattaataatctatgatgatcttagtaaacaggeggtggecatategac
aaatgtcattattgttacgccgaccaccaggecgtgaggettteccaggtgatgttttctatttacattecegte
tcttagaaagagcggctaaacgatcggaccagacaggtgcaggtagettgacegecttaccegtecattgaaacac
aagctggagacgtatcggcctatattcccaccaatgtgatctecattactgatggacaaatetgtttggaaacag
agctcttttatcgeggaattagacctgetattaacgteggettatetgtecagtegegtegggtetgecgeteagt
tgaaagctatgaaacaagtatgcggtagttcaaaactggaattggcacaatatcgegaagtggeegectttgete
aatttggctcagaccttgatgetgegactcaggeattactcaatagaggtgcaaggectgacagaagtaccgaaac
aaccacaatatgcaccacttccaattgaaaaacaaatactagtcatttatgcagctgtcaatggattctgtgate
gaatgccactagacagaatctctcaatatgagaaagccattccaaatagtgtcaaacctgaattactacaagece
ttaaaggtggattaactaacgaaagaaaaatggaaccagatgctttcttaaaagaaagagctttagetttaattt
ag

atggaattatctcccagagctgcggaactaacgaatctattcgaaagtcgaattaggaac 60

M ELSZPIRAAELTNILVFEZ ST RTIT RN
ttttacgcgaattttcaagtggatgagatcggtegagtggtetecagttggagatgggatt 120
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FYANTPFQVDETIGRUVV S VGDGTI
gcacaagtttatggattgaacgagattcaagctggggaaatggttetttttgecaacggt
AQVYGLNETI QAGEMVLT FANSGEG
gtgaaaggaatggccttgaatcttgagaatgagaatgtcgggattgttgtctttggtggt
VKG6GMALNTLTENENVGTIVVF FGSG
gataccgctataaaagaaggagatcttgtcaagegcactggatctattgtggatgttece
DTAII KEGDTVLVI KRTG G STIUVDVEP
gcgggaaaggetatgetagggegtgtggtegacgegatgggagtacctattgatggaaga
A G KAMLGRVVDAMGVYVPTIU DGR
ggggctctaagecgatcacgagcaaagacgtgtcgaagtgaaageccectgggattettgaa
G ALSDHEU QRRVEVI KA APSGTITLE
cgtaaatcagtgcacgagcctatgcaaacagggttaaaagcggtagatagectggttect
RKSVHEPMAQTGLI XA AVDSTLVFP
ataggccgtggtcaacgagaacttctaateggggaccgacaaactggaaaaacgactatt
I 6GRGQRELTVLTIGDIRQTG GI KTTTI
gctatcgataccatattaaaccaaaagcaaataaactcaagggccacctetgagagtgag
A'I DTTITULNQIXAOQINU SR RATS SESE
acaatgtattgtgtctatgtagcgattggacagaaacgctcgactgtgggacaattaatt
TMYCVYVAIGQIXT RSTUVG QLTI
caaactcttgaagaagcgaatgctttggaatattccattettgtagcagecaccgetteg
Q TLEEA ANALEYSTIILVAATAS
gatcctgetcctetgeaatttttggecccatatteecgggtgtgecatgggggaatattte
DPAPLQFLAPYSGC CAMGETYTF
cgcgataatggaatgcacgcattaataatctatgatgatcttagtaaacaggeggtggea
RDNGMHALTITIVYDUDLSI KAQAVA
tatcgacaaatgtcattattgttacgccgaccaccaggecgtgaggettteccaggtgat
Y RQMSU LT LILU RRPZPGREATFUPGTI?D
gttttctatttacattceccgtetettagaaagageggetaaacgatcggaccagacaggt
VFYLHS RLTLETRAAKRSUDA QTG
gcaggtagcttgaccgeccttaccegtcattgaaacacaagectggagacgtateggectat
A GSLTALUPVIETA QAGDVSAY
attcccaccaatgtgatctccattactgatggacaaatctgtttggaaacagagetettt
I PTNVI SITDGOQTIOCLETETLTF
tatcgcggaattagacctgctattaacgteggettatetgtecagtegegtegggtetgee
YRGIRPAINVGLSVSRVG S A
gctcagttgaaagctatgaaacaagtatgeggtagttcaaaactggaattggcacaatat
A QLKAMIKQVCGSSI KT LETLA AAQY
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480
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600

660
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cgcgaagtggccgectttgectcaatttggectcagaccttgatgetgegactcaggecatta 1260
REVAAFAQFGSDULUDAATA QAL
ctcaatagaggtgcaaggctgacagaagtaccgaaacaaccacaatatgcaccacttcca 1320
LNRGARLTEVPI KQPQYAPTLTFP
attgaaaaacaaatactagtcatttatgcagctgtcaatggattctgtgatcgaatgeca 1380
I EXQILVIYAAVNSGTPFTCDTRMEP
ctagacagaatctctcaatatgagaaagccattccaaatagtgtcaaacctgaattacta 1440
LDRISQYETZ XA ATIUZPNSVIKZPETLTL
caagcccttaaaggtggattaactaacgaaagaaaaatggaaccagatgctttcttaaaa 1500
Q ALKGGLTNETRIEKMETPDATFTLHIEK
gaaagagctttagctttaatttag 1521
ERALA ALTI =

Bl Normal 2 CMS atphzte| ¥7| AF=A(80%)

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

GCTGCTTACAGGAGTTAGCCAGCTCACTTCCCTCTTCGAATGGGGAGATAGATAAAAGAA

ACGAAACTCTATAAAATATCATTAAGAGAAGAAGATTCTCATTCCAGCTTAAATAAGTAA

GACTTGACTCTTTGTTCACTTTGTTTTCTCGCTCCTTGCTGGCGAAGAAGCGGCATATCA

AAAATAAAGAAAGAAGCAAAATCTCATTCAATTTGAAATATAAGAGATCTCTATGCCCCC

TGTTCTTGGTTTTCTCCCATGCTTTTGTTGGTCAACAACCAACCACAACTTTCTATAGTT
GCTGCTTACAGG-AGTTAGCCAGCTCAC
CTTCACTACTCCTAGAGGCTTGACGGAGTGAAGCTGTCTGGAGGGAATTGTTGAAATCAA
XXX X XXX X XX X xxx
TTCCCTCGTTCG—-AATGGGGAGATAGA————————— TAAAAGACACGAAA-—CTCT
TTAATCTAATCGTGAAACCCGAAAATCAACTTCTACTTATGAATACTATCAAATCACTTT
%X XXX XX X X %% X % xx X XXX XX X

_84_

60

120

180

240

300

27

360

71
420



normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

ATCAA-ATATCA——- TTAAGAGAAGAAGATTCTCATTCCAGCTCAGCAAGGTAGTTGT
CCCAAGACATCGAAGAGTTAAAAAAAAATGGAAATCTCTTCGATGTCTCCGATCAGTTGT

Www w www W w W ww W oW W w w w  wwwwww
X R XXX RERXX X XX X X XX X X X XNXIXEXXR

AGGA-ATCTCTTTTGGAAGTGGAATTCCTACTCT————————————— CATCTCTTTTTAC
ATAACAACGCGCTTGTTAGCGTAACTGAAGCACTGACCGGGACGGTCCAACGCCTTTTAC
X X K %X X OKXX KX X ¥k X % xx TN TIITT]

TAAAT-ATAAGGCACAACACCCTTATGATGACATTCCGTCTCTAACGGGTATAAATATAC
AGCACCATAATGTTCTTTTGCCCGAAAATTGGACCCACGCACAAATAGTACAAGATATAC

X OR%XXX X X X% X XX x % X % XX X X ORURKEKX

CTAAAGTTTGAAATCTTTTTTTTTATTATTGTTGATACTCCTGCAGAGAATCTCTTAGGA
TTGGAGAT-GATATGACCTTGGGAAATGTTGCTTCTG-TATTGAGCAACATCACTCAGTT

w W W ww  wewr e W W www w w w e w W ww ww
X XX R XX XX X XX XXX X X X XX X XXX XX XX

GCGAACGGTTCTATTTAGACCTGATCTATCAGGGCACGAATAGTCGCTACTTTGCCCAAG
GGGACTCG——CAAGT-—GACGAGTTTCATCAAATCTTCAATATTATCAATTTAA—CGGG

X XX X % % X o%xXX% X X kXXX x XX%XX X X %X XX x %

CTCTGGAGTTAGTGCTTTCGTTCAGTTCATAAGGTTGACTTTTTTTTTCTAAAGCGGTAT
CGGGGGGGTTTA-GTTAAGGTACTATATCCGAAGGTATACTTTTTTTTCTAAAGCGGTAT

X XX RXKX X X X% X X X X X 2222222228222 222222

TCCTCCTTGCCTCTGAATTCAAAAATGGAATTATGGAATTATCTCCCAGAGCTGCGGAAC
TCCTCCTTGCCTCTGAATTCAAAAATGGAATTATGGAATTATCTCCCAGAGCTGCGGAAC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

TAACGAATCTATTCGAAAGTCGAATTAGGAACTTTTACGCGAATTTTCAAGTGGATGAGA
TAACGAATCTATTCGAAAGTCGAATTAGGAACTTTTACGCGAATTTTCAAGTGGATGAGA

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

TCGGTCGAGTGGTCTCAGTTGGAGATGGGATTGCACAAGTTTATGGATTGAACGAGATTC
TCGGTCGAGTGGTCTCAGTTGGAGATGGGATTGCACAAGTTTATGGATTGAACGAGATTC

k2222222222322 222222222222 222222222222 22220222222 222
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normal
CMS

normal
CMS

normal

normal

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

AAGCTGGGGAAATGGTTCTTTTTGCCAACGGTGTGAAAGGAATGGCCTTGAATCTTGAGA
AAGCTGGGGAAATGGTTCTTTTTGCCAACGGTGTGAAAGGAATGGCCTTGAATCTTGAGA

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

650
1011

ATGAGAATGTCGGGATTGTTGTCTTTGGTGGTGATACCGCTATAAAAGAAGGAGATCTTG 710

ATGAGAATGTCGGGATTGTTGTCTTTGGTGGTGATACCGCTATAAAAGAAGGAGATCTTG

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

TCAAGCGCACTGGATCTATTGTGGATGTTCCCGCGGGAAAGGCTATGCTAGGGCGTGTGE
TCAAGCGCACTGGATCTATTGTGGATGTTCCCGCGGGAAAGGCTATGCTAGGGCGTGTGG

k2222222222322 222222222222 222222222222 22220222222 222

TCGACGCGATGGGAGTACCTATTGATGGAAGAGGGGCTCTAAGCGATCACGAGCAAAGAC
TCGACGCGATGGGAGTACCTATTGATGGAAGAGGGGCTCTAAGCGATCACGAGCAAAGAC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

GTGTCGAAGTGAAAGCCCCTGGGATTCTTGAACGTAAATCAGTGCACGAGCCTATGCAAA
GTGTCGAAGTGAAAGCCCCTGGGATTCTTGAACGTAAATCAGTGCACGAGCCTATGCAAA

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

CAGGGTTAAAAGCGGTAGATAGCCTGGTTCCTATAGGCCGTGGTCAACGAGAACTTCTAA
CAGGGTTAAAAGCGGTAGATAGCCTGGTTCCTATAGGCCGTGGTCAACGAGAACTTCTAA

k2222222222322 222222222222 222222222222 22220222222 222

TCGGGGACCGACAAACTGGAAAAACGACTATTGCTATCGATACCATATTAAACCAAAAGC
TCGGGGACCGACAAACTGGAAAAACGACTATTGCTATCGATACCATATTAAACCAAAAGC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

AAATAAACTCAAGGGCCACCTCTGAGAGTGAGACAATGTATTGTGTCTATGTAGCGATTG
AAATAAACTCAAGGGCCACCTCTGAGAGTGAGACAATGTATTGTGTCTATGTAGCGATTG

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

GACAGAAACGCTCGACTGTGGGACAATTAATTCAAACTCTTGAAGAAGCGAATGCTTTGG
GACAGAAACGCTCGACTGTGGGACAATTAATTCAAACTCTTGAAGAAGCGAATGCTTTGG

k2222222222322 222222222222 222222222222 22220222222 222
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normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

ormal
CMS

normal
CMS

normal
CMS

AATATTCCATTCTTGTAGCAGCCACCGCTTCGGATCCTGCTCCTCTGCAATTTTTGGCCC
AATATTCCATTCTTGTAGCAGCCACCGCTTCGGATCCTGCTCCTCTGCAATTTTTGGCCC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

CATATTCCGGGTGTGCCATGGGGGAATATTTCCGCGATAATGGAATGCACGCATTAATAA
CATATTCCGGGTGTGCCATGGGGGAATATTTCCGCGATAATGGAATGCACGCATTAATAA

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

TCTATGATGATCTTAGTAAACAGGCGGTGGCATATCGACAAATGTCATTATTGTTACGCC
TCTATGATGATCTTAGTAAACAGGCGGTGGCATATCGACAAATGTCATTATTGTTACGCC

k2222222222322 222222222222 222222222222 22220222222 222

GACCACCAGGCCGTGAGGCTTCCCCAGGTGATGTTTTCTATTTACATTCCCGTCTCTTAG
GACCACCAGGCCGTGAGGCTTTCCCAGGTGATGTTTTCTATTTACATTCCCGTCTCTTAG

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

AAAGAGCGGCTAAACGATCGGACCAGACAGGTGCAGGTAGCTTGACCGCCTTACCCGTTA
AAAGAGCGGCTAAACGATCGGACCAGACAGGTGCAGGTAGCTTGACCGCCTTACCCGTCA

RERKKRBARERKKRARKRRERKRKRRRARERKEURRKRRKKRRARXRRERAKKRRARAKEX X

TTGAAACACAAGCTGGAGACGTATCGGCCTATATTCCCACCAATGTGATCTCCATTACTG
TTGAAACACAAGCTGGAGACGTATCGGCCTATATTCCCACCAATGTGATCTCCATTACTG

k2222222222322 222222222222 222222222222 22220222222 222

ATGGACAAATCTGTTTGGAAACAGAGCTCTTTTATCGCGGAATTAGACCTGCTATTAACG
ATGGACAAATCTGTTTGGAAACAGAGCTCTTTTATCGCGGAATTAGACCTGCTATTAACG

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

TCGGCTTATCTGTCAGTCGCGTCGGGTCTGCCGCTCAGTTGAAAGCTATGAAACAAGTAT
TCGGCTTATCTGTCAGTCGCGTCGGGTCTGCCGCTCAGTTGAAAGCTATGAAACAAGTAT

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

GCGGTAGTTCAAAACTGGAATTGGCACAATATCGCGAAGTGGCCGCCTTTGCTCAATTIG
GCGGTAGTTCAAAACTGGAATTGGCACAATATCGCGAAGTGGCCGCCTTTGCTCAATTTG

k2222222222322 222222222222 222222222222 22220222222 222
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normal
CMS

normal
CMS

normal
CMS

normal
CMS

normal
CMS

GCTCAGACCTTGATGCTGCGACTCAGGCATTACTCAATAGAGGTGCAAGGCTGACAGAAG
GCTCAGACCTTGATGCTGCGACTCAGGCATTACTCAATAGAGGTGCAAGGCTGACAGAAG

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

TACCGAAACAACCACAATATGCACCACTTCCAATTGAAAAACAAATACTAGTCATTTATG
TACCGAAACAACCACAATATGCACCACTTCCAATTGAAAAACAAATACTAGTCATTTATG

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

CAGCTGTCAATGGATTCTGTGATCGAATGCCACTAGACAGAATCTCTCAATATGAGAAAG
CAGCTGTCAATGGATTCTGTGATCGAATGCCACTAGACAGAATCTCTCAATATGAGAAAG

k2222222222322 222222222222 222222222222 22220222222 222

CCATTCCAAATAGTGTCAAACCTGAATTACTACAAGCCCTTAAAGGTGGATTAACTAACG
CCATTCCAAATAGTGTCAAACCTGAATTACTACAAGCCCTTAAAGGTGGATTAACTAACG

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

AAAGAAAAATGGAACCAGATGCTTTCTTAAAAGAAAGAGCTTTAGCTTTAATTTAG
AAAGAAAAATGGAACCAGATGCTTTCTTAAAAGAAAGAGCTTTAGCTTTAATTTAG

KRR RKKRARERKKARRKERRRERXEARRKRIKKRRARARKRRIORKRRRRK

B OMS orf1382] 7| U ofo|=At MY

cgaaacgggaagtgacaataccgcttttettcagcatataaatgcaatgattacctttttcgaaaaattgtccac
tttttgtcataatctcactcctactgaatgtaaagttagtgtaataagtttetttettttagettttttactaat
ggcccatatttggetaagetggttttctaacaaccaacattgtttacgaaccatgagacatctagagaagttaaa
aattccatatgaatttcagtatgggtggctaggtgtcaaaattacaataaaatcaaatgtacctaacgatgaagt
gacgaaaaaagtctcacctatcattaaaggggaaatagaggggaaagaggaaaaaaaagaggggaaaggggaaat
agaggggaaagaggaaaaaaaagaggggaaaggggaaatagaggggaaagaggaaaaaaaagaggtggaaaatgg

1730
2091

1790
2151

1850
2211

1910
2271

1966
2327

accgagaaaataa

atgattacctttttcgaaaaattgtccactttttgtcataatctcactectactgaatgt 60
MITVPFZFEIZ XKTLS STT FCHNVLTU®PTESZC
aaagttagtgtaataagtttctttcttttagettttttactaatggeccatatttggeta 120
KvVvsSVvVIST FVFLVLAFVLILMAHTIW®WL
agctggttttctaacaaccaacattgtttacgaaccatgagacatctagagaagttaaaa 180
S WFSNNQHCLIRTMRIUHLETI KTLK
attccatatgaatttcagtatgggtggctaggtgtcaaaattacaataaaatcaaatgta 240
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I PYEFQYG WLGVXKTITTIZ KT SNV
cctaacgatgaagtgacgaaaaaagtctcacctatcattaaaggggaaatagaggggaaa 300
PNDEVTI X KVSPITII KSGETITESGHK
gaggaaaaaaaagaggggaaaggggaaatagaggggaaagaggaaaaaaaagaggggaaa 360
EEKZKEGI KT GETIEG GI XETETI KTI KTEGHK
gggoaaatagaggggaaagaggaaaaaaaagaggtggaaaatggaccgagaaaataa 414
G EI EGKEEZEKTZ KEVENSGPRIK *

B COMS orf2202] 7| U ofo|=At MY
atgcctcaactggataaattcacttatttttcacaattcttetggttatgecttttettetttactttetatatt

ttcatatgcaatgatggagatggagtacttgggatcagcagaattctaaaactacgaaaccaactgetttcacac
cgggggaagaccatccagagcaaggtcagaaaaaatcgtagttcagattcaagtcggttggaggtcttggegttc
gctattaattatttectetttttegtgattccaagattatggecatatatatatattggatacggtttgaaattt
ttgttagggttgaaatatggaatattccaaaatgaaatcttgactttaggggtecggaccagatggegtegegece
ccggatataaacgaacgggegecgetgeatetettgtacgeggatgttgagagttecgactetcaacaagetega
aataatgcgatgctagecgcaccttaatcgcatagaatatataacccatgacctagagggtgagegtgatategtyg
cggcgtcaagccttaatcgatatcatgaagtgggagattcgaagectacagcagecactttegggtettteggeac
ctagaccgtgtgcgagatgcgcagagagecaggatgaacgagatcctegatectatttegatga

atgcctcaactggataaattcacttatttttcacaattettetggttatgecttttette 60
M PQLDI KT FTVYVPFSQFTFH@WLTCLTFTF
tttactttctatattttcatatgcaatgatggagatggagtacttgggatcagcagaatt 120
FTFYTIVFTICNDGDSGV VLS GTISTZ RI
ctaaaactacgaaaccaactgctttcacaccgggggaagaccatccagagcaaggtcaga 180
LXKLRNQQLTILI SHIRGI XTTIAOQSI KV VR
aaaaatcgtagttcagattcaagtcggttggaggtcttggegttcgetattaattattte 240
K NRSSDSSRLEVLATFAINYT
ctctttttegtgattccaagattatggecatatatatatattggatacggtttgaaattt 300
LFFVIPRLWPYTIVYTIOGYGLIKTF
ttgttagggttgaaatatggaatattccaaaatgaaatcttgactttaggggtcggacca 360
LL6LI XKYGIFQNETITLTIULTGVSG?P
gatggcgtegegecceceggatataaacgaacgggegecgetgcatetettgtacgeggat 420
DGVAPPIDINERAPLIHLTLYA AD
gttgagagttccgactctcaacaagctcgaaataatgegatgectagegecaccttaatege 480
VESSDSQQARNNAMLAHTLNR R
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atagaatatataacccatgacctagagggtgagecgtgatatcgtgeggegtcaagecetta 540
I EYITHTDILEGETRTDTIV VR RRAQAL
atcgatatcatgaagtgggagattcgaagectacagcagecactttegggtettteggecac 600
I DI MKWETIURSTLA QQHTFRVFEFRH
ctagaccgtgtgcgagatgcgcagagagccaggatgaacgagatcctegatctatttecga 660
LDRVRDAQRARMNETITLUDTLTFR
tga

X

B CMS orf2z2e| ¥7| 4 ofo|wAt MY
atgcctcaactggataaattcacttatttttcacaattcttctggttatgccttttcttctttactttctatatt

ttcatatgcaatgatggagatggagtacttgggatcagcagaattctaaaactacggaaccaactgetttcacac
tggggtaagaccatccagagcaagctaaagettggtggaaaagatcegtacaagtaagtteggggtettagegtte
gccacgegetatttecteatgttegtggtcccaaaaatgeggetagetatatatetaatatatggtttgaatttt
atttttgggattaaatgggggttgctaggaaatgagatatttcagttcggegtecggaccagatggegtegegece
ccagctctagatctcaacgagegcccgecactgeatettttgtacgeggatgttgagagttecgactctcaacaa
gcgcggaatgetgatatgctagegeatattagecgagtgcaagagataacccgtgacctagagggtgagecatgat
atcgcgeggegtcaageectegtegatatcatgaagtgggaggtcaggagettggatcaccacttecgggtettt
cggtacctagaccgtctgegagattcgaagagagccaaggtgaacgaaatcectegatetatttegatga

atgcctcaactggataaattcacttatttttcacaattcttetggttatgecttttette 60
MPQLDI KT FTYVFSQFTFWILT CLTFF
tttactttctatattttcatatgcaatgatggagatggagtacttgggatcagcagaatt 120
FTFYIVFTICNDGDG GV VLG GTISTZ RI
ctaaaactacggaaccaactgctttcacactggggtaagaccatccagagcaagctaaag 180
LXLRNOQLTLS SHWGXTTIAOQSZI KTLHEK
cttggtggaaaagatcgtacaagtaagttcggggtcttagegttcegecacgegetattte 240
L6 6 KDRTS S XV FGVLAFATT RYTF
ctcatgttcegtggtcccaaaaatgeggetagetatatatctaatatatggtttgaatttt 300
LMFVVPXMPRLAIVYLTIVYGLNTF
atttttgggattaaatgggogttgctaggaaatgagatatttcagttecggegteggacca 360
I F6IXKWG6ULILGNETIFQTFGVSG?P
gatggcgtegegeccccagetetagatetcaacgagegecegecactgecatettttgtac 420
DGVAPPALUIDLNETRPZPILUHILILY
gcgoatgttgagagttecgactctcaacaagegeggaatgetgatatgetagegeatatt 480
ADVESSDSQQARNADMLAUHI
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agccgagtgcaagagataacccgtgacctagagggtgagcatgatatcgegeggegtcaa 540
S RVQETITA RIDLEGEUHTDTIARTERDAQ
gccctegtegatatcatgaagtgggaggtcaggagettggatcaccactteegggtettt 600
A LVDIMI KW®WETVR RSLUDUHHTFTRYVTF
cggtacctagaccgtetgecgagattcgaagagagccaaggtgaacgaaatcctegatcta 660
RYLDURLU RD SI KX RAIKVVNETITLTDTL
tttcgatga 666
F R =x

B CMS orf2242] €7| 4 ofo|=At MY
atgcctcaactggataaattcacttatttttcacaattettetggttatgecttttettetttactttetatatt
ttcatatgcaatgatggagatggagtacttgggatcagcagaattctaaaactatggaaccaactgetttcacac

cgggggaagaccctcctgagcaagggaaggcttggaaaaaatcgtagttcagattcaagtcggttcgaggtatca
gegttggeegeccattattttatcattttegtggteccaaaattgggaccagttttctacattatatataatttt
ttttgtttgttggggttgaaatggggggtattaggaaatgaaatttgtcattteggegtecggaccagatggegte
gcgeccccagegetggatetcaacgagegecegectetgecatettttgtacgeggatgt tgagagttecgactet
caacaagcgcgaaataatgacatgtacgecgcatcettaggegegtacaggagatcacccaaaaactagagggtgag
cgcgatatcgtgeggegtcaageectectggatataatgaaatgggaggtcagaagecttcaggagecactttegg
atcttteggeaccttgategtetgegagattegcagagageccaaggtgaacgagatecttgatetetttegetga

atgcctcaactggataaattcacttatttttcacaattettetggttatgecttttette 60
M PQLIDI KT FTVYTFSQFTFH@WLTCLTFTF
tttactttctatattttcatatgcaatgatggagatggagtacttgggatcagcagaatt 120
FTFYTIUVFTICNDSGDSGVILSGTISTZ RTI
ctaaaactatggaaccaactgctttcacaccgggggaagaccctcctgagcaagggaagg 180
L XLWNQLILS SHRGI XTIV LTLSTI KTGHTR
cttggaaaaaatcgtagttcagattcaagtceggttcgaggtatcagegttggecgeccat 240
LG KNZRSSDSSRTFEVSA AL AARAH
tattttatcattttcgtggtcccaaaattgggaccagttttctacattatatataatttt 300
Yy FITIVFVVPXLGPV FYTITIYNTF
ttttgtttgttggggttgaaatggggggtattaggaaatgaaatttgtcattteggegte 360
FCLLGLI XWGV VU LGNETIT CHTEFTGUV
ggaccagatggcgtcgegeccccagegetggatetcaacgagegecegectetgeatett 420
G PDGVAPPALTIDLNETRPZPLUHIL
ttgtacgcggatgttgagagttccgactctcaacaagegegaaataatgacatgtacgeg 480
LYADVESSDSQQARNNIDMYA
catcttaggcgecgtacaggagatcacccaaaaactagagggtgagegegatategtgegg 540
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HLRRVQETIT QI XU LEG GET RDTIUVR R
cgtcaagccctectggatataatgaaatgggaggtcagaagecttcaggagcactttegg 600
RQALULDTIMIXXWEV VRS STILAQEHTFTR
atcttteggeaccttgategtetgegagattegcagagageccaaggtgaacgagatectt 660
I FRHLDIRLU RDS S QRAIXVVNETITL
gatctctttcgetga 672
DLF R %

orf220, orf222 R orf224°] QA G717 AeAAS BAS A o220
orf2227 ol = 82%, orf2203} orf2247kol = 84%, orf2229} orf2247tol = 85%°] A%
A& YEeRY

B orf220, orf222 2 orf2247tef H7| AFEA 4 allignment

SeqA Name Len(nt) SegB Name Len(nt) Score

1 orf220 663 2 orf222 669 82
1 orf220 663 3 orf224 675 84
2 orf222 669 3 orf224 675 85

orf222 ATGCCTCAACTGGATAAATTCACTTATTTTTCACAATTCTTCTGGTTATGCCTTTICTTIC 60
orf224 ATGCCTCAACTGGATAAATTCACTTATTTTTCACAATTCTTCTGGTTATGCCTITICTTC 60
orf220 ATGCCTCAACTGGATAAATTCACTTATTTTTCACAATTCTTCTGGTTATGCCTTTICTTC 60

k2222222222322 222222222222 222222222222 22220222222 222

orf222 TTTACTTICTATATTTTCATATGCAATGATGGAGATGGAGTACTTGGGATCAGCAGAATT 120
orf224 TTTACTTICTATATTTTCATATGCAATGATGGAGATGGAGTACTTGGGATCAGCAGAATT 120
orf220 TTTACTTTCTATATTTTCATATGCAATGATGGAGATGGAGTACTTGGGATCAGCAGAATT 120

KRR KRR ERARE KA RKERRRERREURRKRRAKRRERNRRERAIKKRRARARKEKRK

orf222 CTAAAACTACGGAACCAACTGCTTTCACACTGGGGTAAGACCATCCAGAGCAAGCTAAAG 180
orf224 CTAAAACTATGGAACCAACTGCTTTCACACCGGGGGAAGACCCTCCTGAGCAAGGGAAGG 180
orf220 CTAAAACTACGAAACCAACTGCTTTCACACCGGGGGAAGACCATCCAGAGCAAGG———-- 175

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢
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orf222
orf224
orf220

orf222
orf224
orf220

orf222
orf224
orf220

orf222
orf224
orf220

orf222
orf224
orf220

orf222
orf224
orf220

orf222
orf224
orf220

orf222
orf224
orf220

CTTGGTGGAAA-—-AGATCG—TACAAGTAAGTTCGGGGTCTTAGCGTTCGCCACGCGC
CTTGGAAAAAATCGTAGTTCAGATTCAAGTCGGTTCGAGGTATCAGCGTTGGCCGCCCAT
-TCAGAAAAAATCGTAGTTCAGATTCAAGTCGGTTGGAGGTCTTGGCGTTCGCTATTAAT

% % XXX XX XX X ORRRXX XXX X XXX % RRRXX XX

TATTTCCTCATGTTCGTGGTCCCAAAAATGCGGCTAGCTATATATCTAATATATGGTTIG
TATTTTATCATTTTCGTGGTCCCAAAATTGGGACCAGTTTTCTACATTATATATAATTTIT
TATTTCCTCTTTTTCGTGATTCCAAGATTATGGCCATATATATATATTGGATACGGTTIG

REXKX XX X RRXEKRX KX XXX X X X X X X X %X X XXX XXX

AATTTTATTTTTGGGATTAAATGGGGGTTGCTAGGAAATGAGATATTTCAGTTCGGCGTC
TTTTGTTIGTTGGGGTTGAAATGGGGGGTATTAGGAAATGAAATTTGTCATTTCGGCGTC
AAATTTTTGTTAGGGTTGAAATATGGAATATTCCAAAATGAAATCTTGACTTTAGGGGTC

w oW W oww ww W wwww e w W wwwwww ww w W ww W
XX X XX XXX X EXXX X XX XX XXX

GGACCAGATGGCGTCGCGCCCCCAGCTCTAGATCTCAACGAGCGCCCGCCACTGCATCTT
GGACCAGATGGCGTCGCGCCCCCAGCGCTGGATCTCAACGAGCGCCCGCCTCTGCATCTT
GGACCAGATGGCGTCGCGCCCCC————- GGATATAAACGAACGGGCGCCGCTGCATCTC

RERKKRARERKKRARKRRARKKEK XX X ORRERK KK RREK ORKRRKKEKX

TTGTACGCGGATGTTGAGAGTTCCGACTCTCAACAAGCGCGGAATGCTGATATGCTAGCG
TTGTACGCGGATGTTGAGAGTTCCGACTCTCAACAAGCGCGAAATAATGACATGTACGCG
TTGTACGCGGATGTTGAGAGTTCCGACTCTCAACAAGCTCGAAATAATGCGATGCTAGCG

RERKKRKRKKKKRAKRKRKKRKKKRRRKRKRKKARKKRKK XX RKX XX XXX XXX

CATATTAGCCGAGTGCAAGAGATAACCCGTGACCTAGAGGGTGAGCATGATATCGCGCGG
CATCTTAGGCGCGTACAGGAGATCACCCAAAAACTAGAGGGTGAGCGCGATATCGTGCGG
CACCTTAATCGCATAGAATATATAACCCATGACCTAGAGGGTGAGCGTGATATCGTGCGG

1% 4 e W . w o Ww wwww P L e T T T T T T EETTTY
XX XXX XX X X XXX XRXX

CGTCAAGCCCTCGTCGATATCATGAAGTGGGAGGTCAGGAGCTTGGATCACCACTTCCGG
CGTCAAGCCCTCCTGGATATAATGAAATGGGAGGTCAGAAGCCTTCAGGAGCACTTTCGG
CGTCAAGCCTTAATCGATATCATGAAGTGGGAGATTCGAAGCCTACAGCAGCACTTTCGG

RERKXRHREK X % KRR RKRRR XK K X XX X XK X RRKERK XXX

GTCTTTCGGTACCTAGACCGTCTGCGAGATTCGAAGAGAGCCAAGGTGAACGAAATCCTC
ATCTTTCGGCACCTTGATCGTCTGCGAGATTCGCAGAGAGCCAAGGTGAACGAGATCCTT
GTCTTTCGGCACCTAGACCGTGTGCGAGATGCGCAGAGAGCCAGGATGAACGAGATCCTC

HEEKKKKRK KRKX XX RAK KRKRKRKEK KX XRKRKKKKK X RRRKKKK RKKXKX

— 93 —

234
240
234

294
300
294

354
360
354

414
420
408

474
480
468

534
540
528

594
600
588

654
660
648



orf222 GATCTATTTCGATGA 669
orf224 GATCTCTTTCGCTGA 675
orf220 GATCTATTTCGATGA 663

RERKEK RHRKXXK REKX

orf220, orf222 B orf224°l $le1A opn|eqkite] Aeds AR A, orf2207
orf2223}ell = 4%, orf2203% orf2243k0l = T1%, orf2228h orf2243kell = 77%°] s
& et

B orf220, orf222 2/ orf2247f2/ ofo| At AFSA Gl allignment

SegA Name Len(aa) SegB Name Len(aa) Score
1 orf220 221 2 orf222 223 74
1 orf220 221 3 orf224 225 77
2 orf222 223 3 orf224 225 77

orf222 MPQLDKFTYFSQFFWLCLFFFTFYIFICNDGDGVLGISRILKLRNQLLSHWGKTIQSKLK 60
orf224 MPQLDKFTYFSQFFWLCLFFFTFYIFICNDGDGVLGISRILKLWNQLLSHRGKTLLSKGR 60
orf220 MPQLDKFTYFSQFFWLCLFFFTFYIFICNDGDGVLGISRILKLRNQLLSHRGKTIQSKVR 60

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢

orf222 LGGKDR-—-TSKFGVLAFATRYFLMFVVPKMRLAIYLIYGLNFIFGIKWGLLGNEIFQFG 117
orf224 LG-KNRSSDSSRFEVSALAAHYFIIFVVPKLGPVFYIIYNFFCLLGLKWGVLGNEICHFG 119
orf220 KN-—-RSSDSSRLEVLAFAINYFLFFVIPRLWPYIYIGYGLKFLLGLKYGIFQNEILTLG 117

% TERILOX XI% XKD IRXIN! RDOX CIRIRINDD ORXRX X

orf222 VGPDGVAPPALDLNERPPLHLLYADVESSDSQQARNADMLAHISRVQEITRDLEGEHDIA 177
orf224 VGPDGVAPPALDLNERPPLHLLYADVESSDSQQARNNDMYAHLRRVQEITQKLEGERDIV 179
orf220 VGPDGVAPP—-DINERAPLHLLYADVESSDSQQARNNAMLAHLNRIEYITHDLEGERDIV 175

REXREKKREK R IRKK | RARXKKRRERKKKRRKKKKR X XX XD XKD R IXX|
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orf222 RRQALVDIMKWEVRSLDHHFRVFRYLDRLRDSKRAKVNEILDLFR- 222
orf224 RROALLDIMKWEVRSLQEHFRIFRHLDRLRDSQRAKVNEILDLFR- 224
orf220 RRQALIDIMKWEIRSLQQHFRVFRHLDRVRDAQRARMNEILDLFR- 220

KRR D RRKRRK IRKK ] KRR IR IRKKIRK] DRK ] IRRKKKRKXK

. A7 AE/EZEY Jasai CMSY Donshaja CMS7Ee] AEA F-42F xjo] £4

A7 el AE/EZF(ace. no. 1-26) ¥ Jasai CMS(ace. no. 27) % Donshaja CMS(acc.
no. 28)3ke] AlZxd FAAe] ApolE A ekaA}t 3259 primers ©]&-3to] PCR-RFLP#
25 SFATHARRL 2~33). ARES Aldtaats 6971 129 Hinf T ¥ 497] <12419] Hae
M, Hap T, Afalelleh =1 Ax}, 497k 7hAleh 282 CMS3tel Abol& Yehfi=
primer % AFEALT nad2-Haelll 1o, 2% CMSZte zkelE zold uehlis
primer 2 A& A= atpl-Hap 1, atpb-Hae 1, atp6-Hap 1, coxI-Hinf 1, coxIl-Hae
I, ccb203-Afa |, mpl2-Hap 1, mpl2-Afa 1, m26-Hap 1, mpsl2-Hap T ©]AT}
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atpl-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

atpl Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

atpl Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

atpl Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

atpl Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 2. PCR-RFLP analysis using atpA primer. PCR products were restricted
with Hinf I, Hae I, Hap 1O and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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atp6-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

atpb Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

atp6 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

atp6 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

atpb Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 3. PCR-RFLP analysis using atp?2 primer. PCR products were restricted
with Hinf I, Hae 1, Hap 1 and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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atp9—uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

atp9 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

atp9 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

atp9 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

atp9 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 4. PCR-RFLP analysis using atp9 primer. PCR products were restricted
with Hinf I, Hae 1, Hap 1 and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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cox1-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

— - e ) e e ) S S —

coxl Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

cox]l Haelll
M1 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

coxl Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

coxl Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 5. PCR-RFLP analysis using coxl primer. PCR products were restricted
with Hinf I, Hae I, Hap U and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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cox2-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

cox2 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

cox2 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

cox2 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

cox2 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 6. PCR-RFLP analysis using cox? primer. PCR products were restricted
with Hinf I, Hae I, Hap U and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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cox3-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

— e T ey e e ) ) ) ) ) ) ) ) e ey e e e

cox3 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

cox3 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

——————————————— — — — — — — — — — — — —

cox3 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

cox3 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 7. PCR-RFLP analysis using cox3 primer. PCR products were restricted
with Hinf I, Hae I, Hap U and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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ccb203-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

ccb203 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

ccb203 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

ccb203 Afal
M1 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 8 PCR-RFLP analysis using ccbZ203 primer. PCR products were
restricted with Hinf I, Hae I, Hap I and Afa 1. Fragments were

electrophoresed on 1.5 % agarose gels.
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ccb206-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

ccb206 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

ccb206 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

ccb206 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 9. PCR-RFLP analysis using c¢cb206 primer. PCR products were
restricted with Hinf I, Hae I, Hap I and Afa 1. Fragments were

electrophoresed on 1.5 % agarose gels.
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ccb256-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

ccb256 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

ccb256 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

- e e el e e e s ) el B e e e b
- -] -1

ccb256 Hap Il
1 23 456 7 8 910111213141516 17 18 19 20 21 22 23 24 2526 2728 M

cchb256 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 10. PCR-RFLP analysis using ccb256 primer. PCR products were
restricted with Hinf I, Hae Ill, Hap I and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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ccb382-uncutted
M1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

ccb382 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

ccb382 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

ccb382 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 11. PCR-RFLP analysis using ccb382 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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ccb452-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

ccb452 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

ccb452 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

cchb452 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 12. PCR-RFLP analysis using ccb452 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.

- 106 -



cob-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

cob Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

LA A Bl B R AR NN R Ry b e -

cob Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

cob Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

cob Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 13. PCR-RFLP analysis using cob primer. PCR products were restricted
with Hinf 1, Hae 1, Hap 1 and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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nadl-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nadl Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nadl Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nadl Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

PR — R ——————————

nadl Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 14. PCR-RFLP analysis using nadl primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nad2-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

B Y L o T RS Ty Ty ryRy T

nad2 Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad2 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad2 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad2 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 15. PCR-RFLP analysis using nad? primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nad3-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

e . F R T T R R R N R R R R YR NN

nad3 Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad3 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad3 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad3 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 16. PCR-RFLP analysis using nad3 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nad4-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad4 Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad4 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad4 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad4 Afa 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 17. PCR-RFLP analysis using nad4 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nadAL-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad4l. Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad4l. Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad4l. Hapll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad4l. Afa 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 18. PCR-RFLP analysis using nad4l primer. PCR products were
restricted with Hinf I, Hae 1, Hap 11 and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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nadb—-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad5 Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nadb Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad5 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad5 Afal
1 23 456 7 8 910 11 12 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 19. PCR-RFLP analysis using nad5 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nad6-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad6 Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad6 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad6 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad6 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 20. PCR-RFLP analysis using nad6 primer. PCR products were
restricted with Hinf I, Hae W, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nad7-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad? Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad? Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

nad? Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 21. PCR-RFLP analysis using nad7 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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nad9-uncutted
1 23 456 78 9 10 11 1213141516 17 18 19 20 21 22 23 24 25 26 27 28

nad9 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad9 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

nad9 Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

nad9 Afal
1 23 456 7 8 9 10111213141516 17 18 19 20 21 22 23 24 25 26 27 28 M

Photo. 22. PCR-RFLP analysis using nad9 primer. PCR products were
restricted with Hinf I, Hae IlI, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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matR-uncutted
1 23 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

matR Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

matR Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

matR Hapll
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

matR Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

T —————— — N W W e W . W W w— ) W S w— et w—

Photo. 23. PCR-RFLP analysis using matR primer. PCR products were
restricted with Hinf I, Hae 1, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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orfB-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

orfB Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 24. PCR-RFLP analysis using orfB primer. PCR products were restricted
with Hinf I, Hae 1, Hap 0O and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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rpl2-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

rpl2 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpl2 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

rpl2 Afal
M1 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 25. PCR-RFLP analysis using rpl2 primer. PCR products were restricted
with Hinf I, Hae 1, Hap 0O and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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rpl5-uncutted
1 23 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

rpl5 Hinf 1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpl5 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

rplb Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 26. PCR-RFLP analysis using rp/5 primer. PCR products were restricted
with Hinf I, Hae 1, Hap 0O and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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rpll6—uncutted
1 2 3 45 6 7 8 9101112 13141516 17 18 19 20 21 22 23 24 25 26 27 28

4 IR Y § 1m It-hisl . (B B N R RN RN A A

rpll6 Hinfl
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpll6 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpll6 Hapll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpll6 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 27. PCR-RFLP analysis using rpll6 primer. PCR products were
restricted with Hinf I, Hae M, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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rps4—uncutted
1 23 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

rps4 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rps4 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rps4 Hapll
1 23 456 7 8 910111213141516 17 18 19 20 21 22 23 24 2526 2728 M

rpsd Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

dn

- e ay ey o gy = - -
; - ey oy e - o L e

Photo. 28. PCR-RFLP analysis wusing rps4 primer. PCR products were
restricted with Hinf I, Hae I, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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rps7-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

rps7 Hinf1
1 23 456 7 8 91011121314 151617 18 19 20 21 22 23 24 25 26 27 28 M

rps7 Haelll
M1 2 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rps7 Hapll
M1 2 3 45 6 7 8 91011121314 151617 18 19 20 21 22 23 24 25 26 27 28

rps7T Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 29. PCR-RFLP analysis wusing rps7 primer. PCR products were
restricted with Hinf I, Hae M, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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rpsl2-uncutted
M1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

rpsl2 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpsl2 Haelll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpsl2 Hapll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rpsl2 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 30. PCR-RFLP analysis using rpsl2 primer. PCR products were
restricted with Hinf I, Hae I, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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rrn5-uncutted
1 23 456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

rrn5 Hinf'1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 9101112 13 141516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 31. PCR-RFLP analysis using rrn5 primer. PCR products were restricted
with Hinf I, Hae 1, Hap 1O and Afal. Fragments were

electrophoresed on 1.5 % agarose gels.
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rrnl8-uncutted
1 23 456 7 8 9101112 13141516 17 18 19 20 21 22 23 24 25 26 27 28

rrnl8 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

M1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28

rrnl8 Hapll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rrnl8 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 32. PCR-RFLP analysis using rrnl8 primer. PCR products were
restricted with Hinf I, Hae I, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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rrn26-uncutted
1 23 456 7 8 9101112 13141516 17 18 19 20 21 22 23 24 25 26 27 28

rrn26 Hinf1
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rrn26 Haelll
M1 2 3 45 6 7 8 9 1011 121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rrn26 Hapll
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

rrn26 Afal
M1 2 3 45 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28

Photo. 33. PCR-RFLP analysis using rrn26 primer. PCR products were
restricted with Hinf I, Hae 1, Hap I and Afal. Fragments

were electrophoresed on 1.5 % agarose gels.
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Table 1. BCF1 resultants using Jasai CMS and Donshaja CMS.

CMS line Recurrent line CMS line Recurrent line
L3355 (BC6) aL8-355(BC6)
& =Y(BC6) 13 =Y(BCH)
aL3-F 4 (BCO) L3 FBCS)
L3 FBCO) 1135 A (BCO)
135 7%H(BC6) L85 7+ (BCO)
24 (BC6) ] ZE(BC6)
o] 5= 3} F(BC4) o] =3} F(BC4)
571 4(BCY) 571 4(BC6)
A2 =(BC6) A2 =(BC6)
=4H5HBC6) E4R2HBC6)
Jasai B K BEf i =23 (BC6) Donshaja I K BE i i 52 (BCB)
CMS 1 = kasmamise ABCe) | OMS | Swoksggs e ABCS)
TAl KRR =32 (BCS) TANFKEER =52 (BCA)
LAl Z 3 (BC6) Al Z 3 (BCB)
1Rk 5352 (BC6) Fli 555 (BC6)
b K TERE R = B(BC6) it K EERE G S B(BC6)
RO e i 5552 (BC6) AR KGR A 521 (BC6)
R 4 32 (BCA) R 4 32 (BCB)
LA Z < #H%(BCH) x5 L3 (BC5H)
HEn 5 L (BCS) HIE 753 (BC5)
i #5 5(BCS) MRS (BC3)
e ZH(BC3) F2HBC3)
w3 A 2 FY degE FAEY] YFFe] flower boxoll HFE-XI I} CMS

BCF1& 43t
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AdE7149 BC3F1
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Tz 3% BOSFL RWEsE  BCSFL

AR K BERE AR =% BCBF1 R BC3F1L LA Z<H¥E BC4F1

A

#7003  BCAFL 55 BCAFL W@z BC2FI

Photo. 1. Photo.graph of recurrent parents(left) and resultants(CMS BCF1, right) in
Jasai cytoplasmic male sterility.
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BIER SEfifn =52 BCOFL =it KEEif s A BCSF1  SEflifi Bk BC3F1L
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(- 3% BCAFL AR ESEB BOSF

AR EERA = BCSFL

WK #3%  BC4F1 RAKTERSE  BC2F1 =2t BC2F1

Photo. 2. Photo.graph of recurrents(left) and resultant parents(CMS BCF1, right) in
Donshaja cytoplasmic male sterility.
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uFdeF  BCSFI 1EE7 BCSF1 7t BCSF1

PN SRR =% BCOF1 i iEifn s A BCOF1L  SEAKSER &2 BC4F1
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Tl 2 &mx BCSFL Kl BCSF1 R =B BCOFL

AN RIERMEf = BCOF1 RS2 BC3F1 LAZCHE  BC4F1

b L3 BC4F1 w2 BCAF1 walzr BC2F1

Photo. 3. Photo.graph of leaf morphology in Jasai recurrent parents(left) and
resultants(CMS BCF1, right).
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13557 BCSF1 27+ BC5F1 43t  BCHF1

PN S me BCOF1 il KEEMiAT = A BCSFL  SEflifiEke2  BC3F1L
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Efllz 2% BCBFL Flri  BCSF1 —b K EERi#RT =B BCSFL

SR HE  BC4AF1 B b L3 BCAFL

U/ BCAF1 MRS BC2F1 "2t BCZF1

Photo. 4. Photo.graph of leaf morphology in Donshaja recurrent parents(left) and
resultants(CMS BCF1, right).

. REE 3 BCFLE] shrvlal B ate] 24

N2 3 BCIFLe lolAl shete] o], ste 4=, o] do], Fes #
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of R W RIS wuid nFge] JuE vHEFI vlaste] AbxlS #dst
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b8 I Ru A Fokrt. mek mFee Av] W 2SR FA @50l d4EHSd
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Table 2.

Comparison of Jasai CMS, Donshaja CMS and recurrent parent in leaf

mustard.

Xl X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
(mm) (ea) (mm) (mm) (ea) (mm) (mm) (ea) (mm) (ea) (mm) (mm)

6.26 400 717 060 4.00 566 041 200 3883 4.00 995 494
10.38 £0.00 £0.01 £0.02 £0.00 £0.28 £0.05 £0.00 +0.50 +0.00 +0.21 +0.25
534 400 025 044 058 481 045 200 7.08 4.00 498 3.08
+0.14 £0.00 £5.69 £0.60 +4.00 +0.44 +0.14 £0.00 +0.50 +0.00 +1.67 +0.42

345 400 569 060 400 481 045 200 7.08 400 498 3.08
+0.72 £0.00 £0.58 £0.07 £0.00 +0.44 +0.14 £0.00 +0.50 +0.00 £1.67 +0.42
435 367 494 052 4.00 389 052 200 731 367 450 262
+1.08 £0.58 £0.32 £0.07 £0.00 £0.56 +0.43 £0.00 +1.04 +0.58 +0.73 +0.23
497 400 465 036 433 3.08 040 167 838 4.00 681 3.05
+0.21 £0.00 £0.28 £0.13 +0.58 +0.37 £0.05 £0.58 +0.21 +0.00 £0.30 +0.32

598 400 728 060 4.00 551 048 200 753 4.00 805 4.07
+0.49 +0.00 £0.42 +0.18 £0.00 £0.18 +£0.05 +0.00 +0.47 +0.00 +0.39 +0.70
432 433 490 049 333 329 0338 167 639 467 629 291
+0.94 £0.58 £0.49 £0.08 £0.58 +0.34 +0.06 £0.58 +0.67 +0.58 +1.02 +1.69

6.65 400 696 0.74 4.00 578 046 2.00 0.67 4.00 913 7.07
+0.85 £0.00 £0.42 +0.24 £0.00 £0.79 +0.05 +0.00 £0.00 +1.90 £0.48
553 400 570 036 4.00 471 045 200 831 4.00 822 3.02
+0.18 £0.00 £0.37 £0.06 +0.00 +0.10 £0.09 £0.00 +0.65 +0.00 +0.05 +0.32
6.02 400 572 046 3.00 388 045 167 930 433 803 3.16%

+0.10 £0.00 £0.52 £0.20 £1.00 £2.01 +0.06 £0.58 +1.10 +0.58 £1.12 0.40

524 400 775 038 433 583 035 200 815 4.00 823 5.00
+0.95 £0.00 £0.22 +0.03 £0.58 +0.36 +0.02 +0.00 *1.84 +0.00 +1.95 +0.29
457 400 531 061 233 442 052 200 738 4.00 683 1.77
+0.41 £0.00 £0.28 £0.23 £0.58 +0.44 +0.20 £0.00 +0.18 +0.00 +0.14 +0.27

6.75 400 862 057 4.00 6.77 059 200 1259 4.00 11.54 5.28
10.22 £0.00 £0.44 £0.17 £0.00 £0.58 +0.16 £0.00 +0.64 +0.00 +0.44 +0.09
6.67 400 7.71 059 2.50 993 4.00 921 311

+0.14 £0.00 £1.34 +0.13 +£1.00 648 0.74 2.00 +1.67 +0.00 £1.73 £1.59

692 400 853 042 400 593 042 200 949 400 965 569
+0.29 £0.00 £0.63 £0.04 £0.00 £1.24 +0.13 £0.00 +0.69 +0.00 +1.13 +0.24
467 400 638 063 4.00 474 045 200 801 4.00 632 3.28
+0.20 £0.00 £0.35 £0.27 £0.00 +0.29 +0.20 £0.00 +0.42 +0.00 +0.12 +0.29
526 433 567 063 333 452 031 133 7.77 400 664 263
+0.59 £0.58 £0.23 £0.47 £0.58 +0.29 +0.17 £0.58 +0.35 +0.00 +0.66 +0.57

535 367 749 044 367 550 020 200 734 467 802 3.83
10.13 £0.58 £0.14 £0.09 £0.58 +0.11 +0.04 £0.00 +0.36 +0.58 +0.67 +0.86
3.82 400 499 025 400 293 012 167 611 433 450 2.26
£0.71 £0.00 £0.95 £0.08 £1.00 +0.86 +0.07 £0.58 +0.64 +0.58 +0.70 +0.19
363 433 569 038 367 428 031 167 689 367 523 193
+0.71 £0.58 £0.30 £0.22 £0.58 +0.37 £0.05 £0.58 +1.74 +0.58 +0.34 +0.51
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EA

J-CMS
BCSF1
D-CMS
BCSF1

590 400 750 0.74 4.00 592 066 200 867 4.00

+0.27 £0.00 £0.34 £0.16 +0.00 +0.27 +0.12
6.09 367 271 268 4.00 472 121
+0.49 £0.58 £4.15 £1.66 +0.00 +1.36 +0.37
6.83 400 7.00 432 3.00 492 137
+0.55 £0.00 £0.75 £4.48 +0.00 +0.85 +1.00

+0.00
1.67
+0.58
2.50
+2.12

+0.62
10.46
+0.97
11.7
6+1.34

+0.00
4.00
+0.00
5.33
+0.58

10.23
+0.11
8.98
+1.40
8.14
1047

5.38
+0.53
3.58
+0.28
2.72
1040

B
R
J-CMS
BC5F1
D-CMS
BC4F1

6.57 400 819 0.74 4.00 6.43 0.59
+0.65 £0.00 £0.18 £0.05 +£0.00 +0.21 +0.07

567 400 625 .035 4.00 517 0.26

714 3.67
£0.09 +058 893 0.35 1.00

2.00
+0.00

2.00

8.67
+0.81
7.48

9.78
+0.55

4.00
+0.00
4.00

5.00
£1.00

10.18
+0.81
9.30

9.73
+0.63

5.70
+0.34
4.16

3.48
+1.10

Tl
B
D-CMS
BC3F1

590 400 716 056 3.67 4.78 0.30
+0.22 £0.00 £0.31 £0.16 +0.47 +0.91 +0.09
461 400 664 042 400 526 0.34
+0.41 +0.00 £0.75 +0.06 £0.00 +0.36 +0.12

2.33
+0.47
2.00
+0.00

7.03
+0.52
6.49
+0.77

4.00
+0.00
4.33
+0.58

6.32
+0.93
6.54
+0.60

4.22
£0.94
2.81
+0.22

Efliz
SR
D-CMS
BC4F1

6.85 4.00 893 0.57 4.00 7.05 0.63
+0.24 £0.00 £0.19 £0.23 +0.00 +0.61 +0.12

6.79 4.00
£0.48 +0.00 764 1.87 200 - -

2.00
+0.00

8.71
+0.10
9.07
+0.11

4.00
+0.00
5.00
+£1.00

12.08
025
8.62

+0.49

4.96
£0.20
3.38
10.13

Ky
J-CMS
BC5F1

D-CMS
BC5F1

6.04 400 750 038 4.00 529 0.26
+0.49 £0.00 £0.22 £0.03 +0.00 +0.32 +0.03
6.03 400 519 060 433 443 0.55
+0.19 £0.00 £0.34 £0.28 +0.58 +0.82 +0.28
585 400 571 040 367 247 0.26
+0.62 £0.00 £0.79 £0.04 +0.58 +1.97 £0.07

2.00
+0.00
1.67
+0.58
2.00
+0.00

8.13
+0.75
7.69
+1.27
8.65
+0.99

4.00
+0.00
4.00
+0.00
4.00
+0.00

10.15
+0.68
7.85
+1.05
9.45
+1.35

5.56
+0.60
3.39
+0.30
4.26
+0.68

E=NEVN
HEi
J-CMS
BC5F1

829 4.00 852 064 4.00 557 0.60
+0.49 £0.00 £0.23 £0.12 +£0.00 +0.48 +0.09

553 400 472 056 267 449 030
+0.18 £0.00 £0.92 £0.18 +0.58 +0.75 +0.18

2.00
+0.00

2.00
+0.00

8.97
+1.91

7.30
+0.34

4.00
+0.00

4.00
+0.00

12.33
+0.36

7.50
+0.95

6.08+
0.10

2.57
+0.38

CAgRY)

6.36 400 747 081 4.00 581 0.64
+0.74 £0.00 £0.60 £0.04 +0.00 +£0.67 +0.06
493 400 659 1.03 3.67
+0.66 £0.00 £1.00 £0.57 +0.58

6.68 4.00
£0.65 +0.00 6.18 166 4.00 478 1.16

2.00
+0.00

3.00

9.33
+0.68
8.96
+0.56
8.85
10.92

4.00
+0.00
4.00
+0.00
5.33
£1.15

9.63
+1.48
7.67
+0.31
8.37
+0.41

5.24
+0.34
294
1042
3.16
+1.10

745 4.00 690 222 400 459 0.38
+0.53 £0.00 £0.99 £0.56 +0.00 +0.49 +0.20
767 267 841 203 2.00 592 067
+0.75 £1.53 £0.64 £0.48 £1.41 +0.08 +0.11

1.50
+0.71
1.50
+0.71

10.30
+3.43
13.12
+1.09

5.00
+0.00
8.33
12.08

9.64
+0.84
8.36
+0.31

443
£0.91
4.02
+1.16

462 400 641 036 4.00 5.05 0.37
+1.08 £0.63 £0.87 £0.07 +£0.00 +0.61 +0.05
447 400 651 054 3.00 49 0.36
+0.22 £0.00 £0.78 £0.15 +£0.00 +0.41 +0.20

2.00
+0.00
2.33
+0.58

7.88
+0.53
6.73
+0.53

3.83
+0.41
4.00
+1.00

0.7
+1.36
6.15
+0.97

3.32
+0.40
2.28
+0.27

- 140 -



L/ 571 400 556 051 400 436 054 200 695 400 805 500
H3 4044 £0.00 £0.19 £0.13 £0.00 £0.79 +0.31 +0.00 +0.81 +0.00 +1.19 +0.39
J-CMS 635 4.00 854 967 835+ 275

BC4F1 +0.54 +0.00 +0.61 £0.58 1.24 +0.42
D-CMS 571 4.00 521 051 367 395 200 953 400 727 276 0.46
BC4F1 +0.99 £0.00 £0.61 £0.19 £0.58 +£0.56 £0.00 £0.75 +0.00 =0.12 £0.34 £0.01
6.64 400 863 050 4.00 652 045 200 872 4.00 756 537
+0.10 £0.00 £0.46 £0.07 £0.00 +0.51 +0.04 £0.00 +0.60 +0.00 +5.61 +0.59
D-CMS 574 400 561 080 267 467 045 233 742 367 674 245
BC2F1 £0.66 +0.00 £0.76 +0.27 +0.58 +0.68 £0.03 +0.58 +1.19 £0.58 +1.64 +0.71

X1: Length of sepal, X2: No. of sepals, X3: Length of long stamen, X4: Width
of long stamen, X5: No. long stamen, X6: Length of short stamen, X7: Width
of short stamen, X8: No. of short stamen, X9: Length of pistil, X10: No. of
petals, X11: Length of petal, X12: Width of petal.

st

- 141 -



13Ey BCb5F1 135y BC5F1 13=Y BC5F1

1%3FY¥ BC5F1 1%&¥F¢ BCBFI

BC5F1

1% %7 BC5F1 1% %7 BC5F1

Ad%5714 BC3F1 AdE714 BC3F1 A4 BC3F1

BC5F1
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AYA = BC5F1

£33t BC5F1
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¥E» 5 LR BC4F1 ¥E» 5 LR BC4F1 ErbLE BC4F1

I %% BC4F1 1% % BC4F1 LI 7 3% BC4F1

Photo. 5. Photo.graph of flower morphology in Jasai recurrent parents and
resultants(CMS BCF1).
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o4 34 BC5F1 o4 3% BC5F1 g5 g BC5F1

AdE714 BC5F1 A4 BC5F1

B KRZERERRRSE BCAFL M1 RZEEMERTSSE BCAFL  MIIREMMIRSE BC4F1

ZEARRER BC3F1  FEIHEREIR BC3F1 TR R BC3F1
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ZllZ »E¥ BCAF1  ZfllZ &»E3% BC4F1 BC4F1

HREFEFHE BCAF1 HBEFFHF BCAF1 HBERH R BC4F1

#» 5 LR BCAF1 ErbLE BC4F1

=37 BC2F1

Photo. 6. Photo.graph of flower morphology in Donshaja recurrent parents and
resultants(CMS BCF1).
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it REERRRRSE BCAFL L A 2 ¢ 3 BC3F1 ## 5 L ¢ BC3F1

Photo. 7. Photo.graph of pod morphology in Jasai BCF1 resultants.
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AdF7149 BC3F1 A7 = BC5F1 MRS BCARL

Rig&EX BCAF1 HEEEHR BC2F1

¥, b5 LXE BC3F1 IE#HX BC3F1

Photo. 8 Photo.graph of pod morphology in Donshaja BCF1 resultants.
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Z¥(Braccica juncea, Leaf mustard, n=19)2 wF3o| &3t wWF(B. rapa,
n=10)¢} S A B. nigra, n=9)7+2] B2 A #}7}3} A (self-compatibility) €3 A
ZFHEOFE Q2Eol Ayt Qe Fo, 7 B vt Qe ey
o=l A, 22 FE AALLRE o]&ety] ol HAAEGow AuiEE ¢
gte} x}o] 7} 9lth(Akashay &, 1993).

S-Evetel A F2 v AujE s stells 2t F2b kA A 19 A

AR 5 deAmEFe govl, FEol wel Fe wi AR ohe Fob %
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- FGE AP FHEoR A3 HZ(em)
-G s Aol lem o3l e T (ea)

AHA Aol lem o] 299 FHA (ar)

AYAAE A 3t ow o EAAYE 73 9FH XA
sto] 3k WA E o] &3t FE A (Heterosis, %)+ ZF2be] J2H 2 F1A

o |
oA W E = &R Ho s FHEE, =357 A (Heterobeltiosis, %)= 24
)

o] F1 E£FoA ol Ut =78, T=%57A(Standard heterosis, %)=

AAH o R FAEIANE o83t Fl1EAE AFsr] fsiAeE &2 (male
sterile line: AZ$)¥ 1 FAELS FA3d v A X (maintainer: B7A§), 1
il 2 AELY dAE IB/AAFE 3 E X (restorer: CAE) 5 Al AlE<]
dostth AAES =dolm® Ao o8 dIAUE ol FaE YT 5
itk BAlG S Axdel /ATt 7] wEel Ao AGA) T &
et weba AAlEA T BAEY S st AU @AM, 1 A
Wolato] oAl AEAR HAT FAENIH olFHA FAHE AAEY &
oot CAES wulste] F1E4E A$std, 2L F1 F52 3ol A3 &
S

TS ZHA AL 7] wiiel Ao FAE 4T

rlo
i

rr

=
7

=l

7h AT

Jasai CMS®| it 3 &9 BATE =AM A3 17709 23 FollA 3t
%74+  Yanagawaohchirimen takana CMS/Gaeryangkwangkyong takana,
Gaeryangkwangkyong takana CMS/Akaohba takana, Gaeryangkwangkyong ta-
kana CMS/Akaohbachirimen takana % ©°l%13, Z=FF3AE  Yanagawao
hchirimen takana CMS/Gaeryangkwangkyong takana, Shinkokuseisai takana
CMS/Sanchiohbachirimen  takana, Gaeryangkwangkyong takana ~ CMS/
Akaohbachirimen takana 2.2 UEISTH 37 FSAAE G2, s, 125k
A e AlEer A4 A3 HS w, Yanagawaohchirimen takana CMS
/Gaeryangkwangkyong takana, Gaeryangkwangkyong takana CMS/
Sanchiohbachirimen takana, Gaeryangkwangkyong takana CMS/ Akaohbachirimen

takanaw &= tH|Foll Hl&] FHFAA ddo] 3 Flzgoz el THE 1).
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Table 1. Fresh weight of the hybrid and their parents, and heterosis of the

hybrid containing Jasai CMS and standard cultivars.

. L Standard heterosis(%)”
Heterosis Heterobeltiosis

Combinations Female Male Hybrid (06" 00" Namyang Hwayang Jindo
gat gat gat
Yanagawaohchirimen takana CMS . ) )
178.9b” 189.2ab  235.0a 27.6 24.2 250.1 63.4 110.6
/Gaeryangkwangkyong takana
Yanagawaohchirimen takana CMS N
. . 1789a 1925a 156.9a -155 -185 134.2 9.1 40.6
/Sanchiohbachirimen takana)
Yanagawaohchirimen takana CMS _
. 1789a 172.2a 206.7a 17.7 155 208.5 43.7 85.2
/Akaohbachirimen takana
Yanagawaohchirimen takana CMS _ _
. L. 1789a 2155a 173.8a -11.9 -194 1594 20.9 55.7
/Shinkokuseisai takana
Yanagawaohchirimen takana CMS
1789ab 150.5b 198.3a 20.4 10.8 196 37.9 717
/Akaohba takana
Sanchiohbachirimen takana CMS
. 192.5a 1722a 193.2a 59 0.4 1884 34.4 73.1
/Akaohbachirimen takana
Sanchiohbachirimen takana CMS
. L 192.5a 2155a 190.1a -6.8 -11.8 183.7 32.2 70.3
/Shinkokuseisai takana
Sanchiohbachirimen takana CMS _ _
192.5a 150.5b  165.0b -3.8 -14.3 146 14.8 47.8
/Akaohba takana
Akaohbachirimen takana CMS _
172.2a 150.5a 137.6a -14.7 -20.1 105.4 -4.3 233
/Akaohba takana
Gaeryangkwangkyong takana CMS _ _ .
. . 189.2b 1925b  221.5a 16 15 230.6 54 98.4
/Sanchiohbachirimen takana
Gaeryangkwangkyong takana CMS
o 189.2ab 172.2b 219.9a 21.7 16.2 228.2 52.9 97
/Akaohbachirimen takana
Gaeryangkwangkyong takana CMS
. L 189.2b 215.5ab 218.7a 8.1 15 226.4 52.1 95.9
/Shinkokuseisai takana
Gaeryangkwangkyong takana CMS _ )
189.2a 150.5b 211.9a 24.7 12 216.3 47.4 89.9
/Akaohba takana
Shinkokuseisai takana CMS
i . 2155a 1925a 159.7b -21.7 25.9 1384 11.1 43.1
/Sanchiohbachirimen takana
Shinkokuseisai takana CMS o .
. 2155a 172.2b  145.2b -25.1 -32.6 116.7 1.0 30.1
/Akaohbachirimen takana
Shinkokuseisai takana CMS _
. 2155a 2155a 195.8a -9.1 -9.1 192.2 36.2 75.5
/Gaeryangkwangkyong takana
Shinkokuseisai takana CMS - N
2155a 150.5¢ 181.5b 0.8 -15.8 170.9 26.3 62.6

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid—-midparent/midparentx100.
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Donghaja CMS9] dulxtsd 9 & AAFTS As 2y 49 =3 o
A= ool yElA] gskoy xEFET A AE A
7Z+9]  Sanchiohbachirimen takana CMS/Akaohbachirimen

A FEGAG 25

ol-N

As = FFztd

=
r

takana, Sanchiohbachirimen takana CMS/Akaohba takana®l* 3% F1Z3o
2 YESTHGE 2).

Table 2. Fresh weight of the hybrid and their parents, and heterosis of the
hybrid containing Donshaja CMS and standard cultivars

. . Standard heterosis(%)"
Heterosis Heterobeltiosis

Combinations Female Male Hybrid ()" (06)" Namyang Hwayang Jindo
gat gat gat
Sanchiohbachirimen takana CMS o) o v 170 001 14605 12,0 242 1179 15 308
/Akaohbachirimen takana
hiohbachiri kana CMS
Sanchiohbachirimen takana CMS ) o 15050 1377, 197 285 1055 42 234
/Akaohba takana
Akaohbachirimen takana CMS 20 o 1g90. 1106, 388 415 65 231 -09
/Gaeryangkwangkyong takana
Akaohbachirimen takana CMS 0 o 5050 1140 294 -338 70.1 207 21

/Akaohba takana

“Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid-midparent/midparentx100.

U AEF

Jasai CMS® duizE 2 439 AT A 23 1749 =27 FollA
#HE7HA+= Gaeryangkwangkyong takana CMS/Akaohba takana, Gaeryangkw-—
angkyong takan CMS/Sanchiohbachirimen takana =2 2 YEsI, 23574+
Gaeryangkwangkyong takana CMS/Sanchiohbachirimen takana, Shinkokuseisai

takana CMS/Sanchiohbachirimen takana%© & vEbwtth =3 32%

o
ol
=,
=2
X

Gaeryangkwangkyong takana CMS/Sanchiohbachirimen takana
Gaeryangkwangkyong takana CMS/Akaohba takana< 93 Ax = ey}
(% 3).
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Table 3. Dry weight of hybrid and their parents, and heterosis of the hybrid

containing Jasai CMS and standard cultivars.

Standard heterosis(%)”

~ S . o Heterqsis Heterobeltiosis -
Combinations Female Male Hybrid (%)Q\ (9%)* Namyang Hwayang Jindo
gat gat gat
Yanagawaohchirimen takana CMS 60 146, 1560 638 6.8 714 357 468
/Gaeryangkwangkyong takana
Yanagawaohchirimen takana CMS - B - .
/Sanchiohbachirimen takana) 146a  146a 145 0.7 0.7 993 26.1 38.1
Yanagawaohchirimen takana CMS ’ co.
/Akaohbachirimen takana 14.6a 126a 15.2a 11.8 4.1 67 32.2 44.8
Yanagawaohchirimen takana CMS 6 1671, 1331 -136 174 462 157 267
/Shinkokuseisai takana
Yanagawaohchirimen takana CMS - B -
/Akaohba takana 14.6a 10.5b 14.0a 11.1 4.1 53.9 21.7 33.3
Sanchiohbachirimen takana CMS _ ) ; _ N -
/Akaohbachirimen takana 145a 126a 14.4a 5.9 0.7 58.2 25.2 37.1
Sanchiohbachirimen takana CMS ) 500 161, 1135 -26.1 30 242 -17 76
/Shinkokuseisai
Sanchiohbachirimen takana CMS _ - A » - B
/Akaohba takana 14.5a 10.5b 10.4b 16.8 28.3 11.8 9.6 1
Akaohbachirimen takana CMS ; B B
/Akaohba takana 126a 105a 9.5a -18.1 -24.6 4.4 174 1
Gaeryangkwangkyong takana CMS ) o 15, 177, 212 212 945 539 636
/Sanchiohbachirimen takana
Gaeryangkwangkyong takana CMS ’ . _
/Akaohbachirimen takana 14.6a 126a 14.7a 8.1 0.7 51 27.8 40
Gaeryangkwangkyong takana CMS 6 161, 194p 195 -23 30 78 181
/Shinkokuseisai takana
Gaeryangkwangkyong takana CMS _ _ _
/Akaohba takana 14.6a 105b 15.7a 24.6 75 725 36.5 495
Shinkokuseisai takana CMS -
/Sanchiohbachirimen takana 16.1a 145a 13.5a 11.8 16.2 48.4 174 28.6
Shinkokuseisai takana CMS - B .
/Akaohbachirimen takana 16.1a 12.6ab 11.5b 20.1 28.6 26.4 0 9.5
Shinkokuseisai takana CMS 161a 16la 1492 75 75 52.8 296 419
/Gaeryangkwangkyong takana
Shinkokuscisai takana CMS 161a 105b 144a 83 106 582 252 371

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid—-midparent/midparentx100.
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Donshaja CMS®] duiztd B ¢ deaTs AR A, 419 =8 Tl
A At 2T dAE AT TR Fod o]l vEhA &gkt 8t

A EFHEFANN PIF F feldel R BYke Adsy, dgse

R

H
N

Sanchiohbachirimen takana CMS/Akaohbachirimen takana, Sanchiohbachirimen
takana CMS/Akaohba takanas=©. %, Z %% Sanchiohbachirimen takana CMS
/Akaohbachirimen takana®l A $3F F1x3go] YeEWtH(E 4).

Table 4. Dry weight of the hybrid and their parents, and heterosis of the
hybrid containing Donshaja CMS and standard cultivars

. . Standard heterosis(%)”
Heterosis Heterobeltiosis

Combinations Female Male Hybrid ()" (06) Namyang Hwayang Jindo
gat gat gat

Sanchiohbachirimen takana CMS . i i B B
/Akaohbachirimen takana 1452 126a  12.0a 11.8 17.2 32 4.3 14.3
Sanchiohbachirimen takana CMS - - - .
/Akaohba takana 145a 105 b 1l.4ab 8.8 214 25.3 0.9 8.6
Akaohbachirimen takana CMS ) 01 60 g7, _agg7 -336 66 157 16

/Gaeryangkwangkyong takana

Akaohbachirimen takana CMS 1, 0 105 g1, 261 278 0 209 133

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.

“Heterosis(%)=hybrid—-midparent/midparentx100.

o gw

Jasai CMSe] i = 3o Adds A A3 17709 3 FollA
HEAAY 275771 Shinkokuseisai takana CMS/Akaohba takana, Shinko-
kuseisai takana CMS/Gaeryangkwangkyong takana, Gaeryangkwangkyong
takana CMS/Akaohba takana 0.2 -3 F123d%5<S Bt =g 74A4<
Nl Ale T sdzd A=z FoAdel uEuA eka, ddste
Shinkokuseisai takana CMS/Akaohba takana, Shinkokuseisai takana CMS/Gae-
ryangkwangkyong takana, Shinkokuseisai takana CMS/Akaohbachirimen takana
To® 478 Fl2des BATHE 5).
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Table 5. Leaf area of hybrid and their parents, and heterosis of the hybrid

containing Jasai CMS and standard cultivars.

Standard heterosis(%)”
.. Heterosis Heterobeltiosis
Hybrid YAY

Combinations Female Male (%) (%)

Namyang Hwayang Jindo
gat gat gat

Yanagawaohchirimen takana CMS ;
. 6885.6a" 5262.2c 6065.6b  -0.1 -11.9 42.2 -36.3 -295
/Gaeryangkwangkyong takana

Yanagawaohchirimen takana CMS

. . 6885.6a 6426.7a 5703.3a  -14.3 -17.2 33.7 -40.1  -23.7
/Sanchiohbachirimen takana)
Yanagawaohchirimen takana CMS N N
. 6885.6a 5697.8a 608l.1a  -3.3 -11.7 42.6 -36.1  -29.3
/Akaohbachirimen takana
Yanagawaohchirimen takana CMS _
o - 6885.6a 5550.0b 5045.6b  -18.8 -26.7 18.3 -47 -41.3
/Shinkokuseisai takana
Yanagawaohchirimen takana CMS
6885.6a 4993.3b 5538.9b 6.7 -19.6 29.9 -41.8 -35.6
/Akaohba takana
Sanchiohbachirimen takana CMS
. 6426.7a 5697.8a 5121.1a -14 -20.3 20.1 -46.2  -40.5
/Akaohbachirimen takana
Sanchiohbachirimen takana CMS _
o . 6426.7a 5550.0ab 4692.2b  -21.6 =27 10 -50.7  -455
/Shinkokuseisai
Sanchiohbachirimen takana CMS N _ N
6426.7a 4993.3b 4141.1b  -275 -35.6 -2.9 -565 -51.9
/Akaohba takana
Akaohbachirimen takana CMS _
5697.8a 4993.3a 3881.1b  -27.4 -31.9 -9 -59.2 -54.9

/Akaohba takana
Gaeryangkwangkyong takana CMS 5262.2a

. . 6426.7a 5094.4b  -12.8 -20.7 194 -46.5 -40.8
/Sanchiohbachirimen takana b
Gaeryangkwangkyong takana CMS
. 5262.2a 5697.8a 5357.8a -2.2 -6 25.6 -43.7 377
/Akaohbachirimen takana
Gaeryangkwangkyong takana CMS
. L. 5262.2a 5550.0a 5403.3a -0.1 26 26.7 -432  -37.2
/Shinkokuseisai
Gaeryangkwangkyong takana CMS 5262.2a
4993.3b 5858.3a 14.2 11.3 37.3 -394 -31.9
/Akaohba takana b
Shinkokuseisai takana CMS
. . 5550.0a 6426.7a 5914.2a  -1.2 6.6 38.7 -37.8 -31.2
/Sanchiohbachirimen takana
Shinkokuseisai takana CMS
L. 5550.0a 5697.8a 6679.8a 18.8 2.7 56.6 -29.8 -22.3
/Akaohbachirimen takana
Shinkokuseisai takana CMS _ N N
5550.0b  5550.0b 7030.0a  26.7 26.7 64.8 -26.1 -183
/Gaeryangkwangkyong takana
Shinkokuseisai takana CMS
5550.0b  4993.3b 7079.3a 34.3 276 66 -256 177

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.

“Heterosis(% )=hybrid—-midparent/midparentx100.
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Table 6. Leaf area of the hybrid and their parents, and heterosis of the hybrid

containing Donshaja CMS and standard cultivars

. o Standard heterosis(%)”
Heterosis Heterobeltiosis

Combinations Female Male Hybrid (%)™ (96" Namyang Hwayang Jindo
gat gat gat
Sanchiohbachirimen takana CMS o0 712 5607 91, 760760 27 198 805 “191  -105
/Akaohbachirimen takana
hiohbachiri kana CMS
Sanchiohbachirimen takana CMS )07 1905 9, 757560 327 179 776 204  -119

/Akaohba takana

Akaohbachirimen takana CMS = o) o cos o 914440 486 429 90.9 -144 53
/Gaeryangkwangkyong takana

Alaohbachirimen takana CMS 507 o1, jo03 31, 815332 525 43.1 911 143 52
/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid—-midparent/midparentx100.

et JF

Jasai CMS¢] doj#

ofN
e

FRe] JFE A AR 171 27 FolA JF
A =7Z=7FAlE=  Yanagawaohchirimen takana CMS /Gaeryangkwangkyong
takana, Yanagawaohchirimen takana CMS/Akaohba takana, Yanagawaohch-
irimen takana CMS/Akaohbachirimen takana 9= %¢3%3t F1Z35S HATh &
EREAAE 3 AEo] EF Yanagawaohchirimen takana CMS/Akaohbachirimen
takana, Yanagawaohchirimen takana CMS/Akaohba takana, Yanagawaochirimen
takana CMS/Gaeryangkwangkyong takana 0.2 43 F1Z¥¢sS HIATHE

7).
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Table 7. Leaf height of hybrid and their parents, and heterosis of the hybrid

containing Jasai CMS and standard cultivars

Standard heterosis(%)*

— Femal ., Heterosis Heterobeltiosis
Combinations Male Hybrid (9" (%) Namyang Hwayang Jindo
gat gat gat
Yanagawaohchirimen takana CMS ,
36.3b" 35.3b  40.8a 14 12.4 82.1 20 26.3
/Gaeryangkwangkyong takana
Yanagawaohchirimen takana CMS N
. . 36.3a 39.6a 32.3a -15 -184 44.2 -5 0
/Sanchiohbachirimen takana)
Yanagawaohchirimen takana CMS
. 36.3b 39.3ab 42.2a 11.6 74 88.4 24.1 30.7
/Akaohbachirimen takana
Yanagawaohchirimen takana CMS _
. L 36.3b 36.3b  38.7a 6.6 6.6 72.8 138 19.8
/Shinkokuseisai takana
Yanagawaohchirimen takana CMS
36.3c 37.9b 42.0a 13.2 10.8 875 235 30
/Akaohba takana
Sanchiohbachirimen takana CMS _
. 39.6a 39.3a 19.4b -50.9 =51 -134 -42.9 -40
/Akaohbachirimen takana
Sanchiohbachirimen takana CMS N N N
. o 39.6a 36.3a 39.7b 45 0.3 77.2 16.8 229
/Shinkokuseisai
Sanchiohbachirimen takana CMS
39.6a 37.9a 21.3b -45.1 -46.2 -4.9 -374 -34.1
/Akaohba takana
Akaohbachirimen takana CMS . _ .
39.3a" 37.9a 17.3b -55.2 -56 -22.8 -49.1 -46.4
/Akaohba takana
G k k tak CMS
ACTVANREWANEEYONg fakana 353b 396a 313 -165 21 397 79 31
/Sanchiohbachirimen takana
G k k tak CMS
ACTYANREWANEEYONE fafana 353b 393a 219c  -413 443 22 -3%6  -322
/Akaohbachirimen takana
G k k tak CMS
ACTyanREWANEIYOng takana 3532 363a 2426 324 -333 8 288 -251
/Shinkokuseisai takana
G k k tak CMS
ACTyANREWANEIYONE fakana 353b 379 29c  -374 396 22 326 -201
/Akaohba takana
Shinkokuseisai takana CMS
. . 36.3a 39.6a 22.5b -40.8 -432 0.4 -33.8 -30.3
/Sanchiohbachirimen takana
Shinkokuseisai takana CMS
. 363b 393a 193¢ -49 -509 -14 432 -402
/Akaohbachirimen takana
Shinkokuseisai takana CMS N N
. 36.3a 36.3a 23.6b -35.8 -35.8 5.4 -30.6 -26.9
/Gaeryangkwangkyong takana
Shinkokuseisai takana CMS ) )
36.3b 37.9a 21.0c -434 -44.6 -6.3 -38.2 -35

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.

“Heterosis(% )=hybrid—-midparent/midparentx100.
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Table 8. Leaf height of the hybrid and their parents, and heterosis of the
hybrid containing Donshaja CMS and standard cultivars

. . Standard heterosis(%)”
Heterosis Heterobeltiosis

Combinations Female Male Hybrid ()" (06) Namyang Hwayang Jindo
gat gat gat
Sanchiohbachirimen takana CMS . _ - L B
/Akaohbachirimen takana 39.6a” 39.3a 19.4b 50.8 51 134 429 39.9
Sanchiohbachirimen takana CMS _ _ B B B
/Akaohba takana 39.6a 37.9a 18.1b 53.4 20.5 19.2 46.8 44
Akaohbachirimen takana CMS g5 = a50 159, 599 613 -32.1 553 529
/Gaeryangkwangkyong takana
Akaohbachirimen takana CMS g5 379, 161, 53 59 -28.1 527 502

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.

“Heterosis(%)=hybrid—-midparent/midparentx100.

I

Jasai CMS®| ddigs 31 FX o d&Fs AR A3 17719 = 5 3 7
E AQstae dAH R $FAY F5ek F1xgsS UeErlT JFEAE
Gaeryangkwangkyong takana CMS/Akaohba takana, Gaeryangkwangkyong
takana CMS/Akaohbachirimen takana, Shinkokuseisai takana CMS/Akaohba
takana <22, ZFF7AM+T  Gaeryangkwangkyong takana CMS/Akaohba

e

takana, Gaeryangkwangkyong takana CMS/Akaohbachirimen takana,
Gaeryangkwangkyong takana CMS/Shinkokuseisai takana 2% $53}A 2%
< ol FY. VAR RE/ET A 1708 ZjtelA 3 AE EF7F g
F1x%%<S vtk 9943 &=X4% Gaeryangkwangkyong takana CMS/Akachba
takana, Gaeryangkwangkyong takana CMS/Akaohbachirimen takana,
Gaeryangkwangkyong takana CMS/Shinkokuseisai takana <= ©| A tHE 9).

- 161 -



Table 9. Leaf diameter of hybrid and their parents, and heterosis of the hybrid

containing Jasai CMS and standard cultivars

Standard heterosis(%)”

\ S . : . . Heterosis Heterobeltiosis
Combinations Female Male Hybrid (%)" (%) Namyang Hwayang Jindo
gat gat gat
Yanagawaohchirimen takana CMS ,
22.4a" 21b5a 23.0a 45 2.7 109.1 67.9 87
/Gaeryangkwangkyong takana
Yanagawaohchirimen takana CMS
. . 224a  204b  21.1ab -1.4 -5.8 91.8 54 715
/Sanchiohbachirimen takana
Yanagawaohchirimen takana CMS N
. 22.4a 188ab 21.3a 34 -4.9 93.6 55.5 732
/Akaohbachirimen takana
Yanagawaohchirimen takana CMS
. . 22.4a 21.5ab 20.2b -8.2 -9.8 83.6 475 64.2
/Shinkokuseisai takana
Yanagawaohchirimen takana CMS
22.4a  181b  20.9a 4 -6.7 90 52.6 69.9
/Akaohba takana
Sanchiohbachirimen takana CMS
. 20.4b 190 36.4a 84.8 78.4 230.9 165.7 195.9
/Akaohbachirimen takana
Sanchiohbachirimen takana CMS
. . 20.4a  215a  31.0a 47.6 44.2 181.8 126.3 152
/Shinkokuseisai takana
Sanchiohbachirimen takana CMS
20.4b  181c 38.0a 89.1 86.3 2455 1774 208.9
/Akaohba takana
Akaohbachirimen takana CMS N
19.0b 181b  36.9a 98.4 94.2 235.5 169.3 200
/Akaohba takana
Gaeryangkwangkyong takana CMS -204.
. . 21.5b  20.4b  37.5a 78.6 74.4 240.9 173.7
/Sanchiohbachirimen takana 9
Gaeryangkwangkyong takana CMS
o 21.5b  19.0c  43.0a 111.8 100 290.9 213.9 249.6
/Akaohbachirimen takana
Gaeryangkwangkyong takana CMS _ _ _
. L 215b  215b  42.1a 95.8 95.8 282.7 207.3 242.3
/Shinkokuseisai takana
Gaeryangkwangkyong takana CMS
215b  181c 44.3a 123.7 106.1 302.7 2234 260.2
/Akaohba takana
Shinkokuseisai takana CMS
) . . 21.5b  20.4b  36.2a 72.4 68.4 229.1 164.2 194.3
/Sanchiohbachirimen takana
Shinkokuseisai takana CMS _
. 21.5b  19.0c  37.5a 84.7 74.4 240.9 1737 204.9
/Akaohbachirimen takana
Shinkokuseisai takana CMS . _
21.5b  215b  34.9a 61.2 61.2 217.3 154.7 183.7
/Gaeryangkwangkyong takana
Shinkokuseisai takana CMS _
21.5b  181c  40.5a 104.5 88.4 268.2 1956  229.3

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid-midparent/midparentx100.
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7 A9t =5=7FA7F Akaohbachirimen takana CMS/Akaohba takana, Sanch-

|

iohbachirimen takana CMS/Akaohba takana, Sanchiohbachirimen takana CMS/
Akaohbachirimen takana, Akaohbachirimen takana CMS/Gaeryangkwangkyong
takanaws &2 5% F1235S 2t 23T 44 = 3% 257 Sanchio-
hbachirimen takana CMS/Akaohba takana, Sanchiohbachirimen takana
CMS/Akaohbachirimen takana, Akaohbachirimen takana CMS/ Akaohba takana,
Sanchiohbachirimen takana CMS/Akaohbachirimen takanas-2.2 $-43 F1 %3

e HWERIUGE 10).

Table 10. Leaf diameter of the hybrid and their parents, and heterosis of the
hybrid containing Donshaja CMS and standard cultivars

. . Standard heterosis(%)"
Heterosis Heterobeltiosis

Combinations Female Male Hybrid ()" (9" Namyang Hwayang _Jindo

gat gat gat

Sanchiohbachirimen takana CMS o, 2 140 a56, 59 89.2 2509 1818 2138

/Akaohbachirimen takana
Sanchiohbachirimen takana CMS o) /- yoy 0 95, 047 936 259.1 1883 2211
/Akaohba takana

Akaohbachirimen takana CMS 0 o) 5 gy 68 586 210 1489 1772
/Gaeryangkwangkyong takana
Akaohbachiri K M

aohbachirimen takana CMS g 0 yg 1 959, 106 1016 248.2 1796 2114

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid-midparent/midparentx100.

vl A4
Jasai CMSe] dfzE 2 FHe] A5E A A3 g4 1709 =

s T 4ol xge] $FsAY dIsgen, x#FE7A+=  Shinkokuseisai

A= 3 AE 5 freldS HolA skt 11).



Table 11. Number of leaves of hybrid and their parents, and heterosis of the

hybrid containing Jasai CMS and standard cultivars

Standard heterosis(%)”

Combinations Female Male Hybrid He(t()zr)(e‘sis Heterg;ﬁltiosis Namyang Hwayang Jindo
gat gat gat
Yanagawaohchirimen takana CMS ,
19.7a” 154b 14.5b -176 -26.4 -49.5 -64 -64.4
/Gaeryangkwangkyong takana
Yanagawaohchirimen takana CMS
] . .. 19.7a 184ab 14.6b -23.6 -25.9 -49.1 -63.8  -64.1
/Sanchiohbachirimen takana
Yanagawaohchirimen takana CMS
. 19.7a 179a 16.6a -11.7 -11.7 -42.2 -585  -59.2
/Akaohbachirimen takana
Yanagawaohchirimen takana CMS .
. . 19.7a 15.3ab 12.8b -26.9 -35.0 -55.4 -682  -68.6
/Shinkokuseisai takana
Yanagawaohchirimen takana CMS
19.7a 165a 16.0a -11.6 -18.8 -44.3 -60.3  -60.7
/Akaohba takana
Sanchiohbachirimen takana CMS .
. 184a 179a 14.8a -18.7 -19.6 -48.4 -63.3  -63.6
/Akaohbachirimen takana
Sanchiohbachirimen takana CMS
. L. 184a 153a 14.5a -14.2 -21.2 -49.5 -64 -64.4
/Shinkokuseisai takana
Sanchiohbachirimen takana CMS
184a 16.5ab 13.8b -21.1 -25 -51.9 -65.8  -66.1
/Akaohba takana
Akaohbachirimen takana CMS _
179a 165a 16.8a -2.3 -6.1 -45.1 -583  -HB8.7
/Akaohba takana
Gaeryangkwangkyong takana CMS _ _
. . 154a 184a 19.1a 13 71 -335 -52.6  -53.1
/Sanchiohbachirimen takana
Gaeryangkwangky takana CMS
ACTyANRERWANEKYOng takana 1542 179a 187a 12 45 348 536 541
/Akaohbachirimen takana
Gaeryangkwangkyong takana CMS _ _ _
. L 154a 153a 16.8a 2.4 9.1 -41.5 -58.3  -B8.7
/Shinkokuseisai takana
Ge kwangky: takana CMS
acryangiavangryong fakana 154a 165a 17.3a 81 48 -397  -57.1 515
/Akaohba takana
Shinkokuseisai takana CMS _ _ .
. . .. 15.3a 184a 153a -9.5 -16.8 -46.7 -62 -62.4
/Sanchiohbachirimen takana
Shinkokuseisai takana CMS
. 153a 179a 19.3a 16.3 7.8 -32.8 -52.1  -52.6
/Akaohbachirimen takana
Shinkokuseisai takana CMS -
. 153b 153b 19.2a 255 255 -33.1 -52.4  -52.8
/Gaeryangkwangkyong takana
Shinkokuseisai takana CMS _
153a 165a 15.8a 0.6 4.2 -45 -60.8 612

/Akaohba takana

"Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid—-midparent/midparentx100.

Donshaja CMS<9| dui#s 2 o A5 A 23 409 =% F
Akaohbachirimen takana CMS/Gaeryangkwangkyong takana® ol 4wk 3273 A)

b 2ZTAAE oA desow, R E 3AEANA ool U
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Table 12. Number of leaves of the hybrid and their parents, and heterosis of
the hybrid containing Donshaja CMS and standard cultivars

Standard heterosis(%)"
Heterosis Heterobeltiosis anda ’

Combinations Female Male Hybrid ()" (96)" Namyang Hwayang Jindo
gat gat gat
Sanchiohbachirimen takana D-CMS
184a" 179 18.6 2.2 1.1 -35.2 -54 -54.3
/Akaohbachirimen takana a a @ ° ° ”
Sanchiohbachiri tak: D-CMS
anciiohbachiniiiery takana 184a 165a 163a 69 114 -43.2 596 60
/Akaohba takana
Akaoh hiri k M
kaohbachirimen takana CMS 2o 10 1500 006, 234 15.1 -982 ~49  -494
/Gaeryangkwangkyong takana
Akaohbachiri tak CMS
aofibacturimen takana 1792 165a 191a 111 6.7 -335 526 -53.1

/Akaohba takana

“Means followed by the different letters within the row are significantly different at 5%
level by Duncan’s Multiple Range Test.

YStandard heterosis(%)= hybrid-Standard cultivar/Standard cultivarx100.
*Heterobeltiosis(%)=hybrid-better parent/better parentx100.
“Heterosis(%)=hybrid-midparent/midparentx100.
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