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Abstract

This study was conducted to characterize mulberry varieties by the analysis of morphological
characters as well as biochemical and molecular biological markers. As for the budding stage
Geumsang, Chosang 1 and Yeongbyeonchuwoo were early, but Dangsang 6, Hwangchuwoo
were late, The lowest varietiy in rate of death atop was Dangsang 8(0.0%). Suncheonppong was
the highest leaf yields in spring and autumn rearing season. In biochemical isozyme analysis,
peroxidase gave good zymogram patterns in isoelectric focusing electrophoresis. There were high
variations in RAPD analysis among the mulberry trees. From the obtained peroxidase and
RAPD variations, cluster phylogenetic analysis was carried out using NT-SYS PC program.
There were no clear grouping patterns between native varieties and leading varieties. The
highest similarity was observed between Suwonsang 1 and Suwonsang 2 at about 90% similarity
level.

Key words : Mulberry varieties, RAPD, isoelectric focusing electrophoresis.
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1) 5T2 TRCKE(isoelectric focusing electro-
phoresis)
A A7|A (B, 1980)  Polyacrylamide
gelS AF8-3}od peroxidase, acid phosphatase, malate
dehydrogenase, glutamate dehydrogenase isozymee])
CECIRE L

Slab gel& stock solution-2 3 29} 7rol A3}

2~ . w =
T Ricins

deom 1)-3) £ F degasE TF22ZH FIHE
o wral EAlel AFAE AAs}. degasd B
gel mixture S 2] FAF71E AF2-31o] air bubble
o] M7|A| ¢FxE cassette assemblyel] F A%
1:}" Zalulo o] A o} E 3].0:} 2171 3) gel& o
Z3et.

Sample-2 A Aol Bl 1g3 Z2FF 10mlE
ol Al5E Jﬂiﬁ % 12,000 rpm, 4'C, 10:+7F 4]
Bola ¥ Sl 2e0) ol gaklc).

Sample loading¥ 22 30%7+2 100~300 volt2]
2 Agkew AztEte] loading F-92) o2 £ 4
7ZeE 500~1,000 volt2 AHE &8 1347 %
oF Ar)ed Z(&5F3, 1993)8- Al Al slked .

A 7)edEo] Byl gelS positive staining™ o AL
3}o] peroxidase, acid phosphatase, malate dehydro-
genase, glutamate dehydrogenaseol] sl <3 4-2- 3}
ot

Peroxidaseol] thsfA]= 3-amino-9-ethylcarbazole
100 mg& Dimethyl foramide 2 mlol] gejr] =l &
Na-acetate buffer (1M, pH 5.0) 50 m/, Magnesium
chloride 1 ml, 3% H,0, 100 w, H,0 50 mi-& =41}
2 glo] Akt

Acid phosphataseol] &4+ 0.05M sodium ace-
tate buffer(pH 5.5) 100 miel] 1 M MgCl. 0.5 m/E-

Table 2. Mixture rate of stock solution for slab gel

stock solution gel mixture
1) Acry-Bis (30% T, 3% C) 5 m/
2) Distilled watr 20 m/
3) Ampholyte 2.5~5, Ampholyte 4~6.5 1 ml
4) TEMED 0.9 m/
5) Ammonium persulfate 0.38 m/

Table 1. Mulberry varieties(native and feading varieties) tested in this study.

Native variety

Leading variety

1. Euncheokppong  11. Cheongseonppong  21. Dangsang 4 31. Kaeryangppong  41. Hongolppong
2. Yongcheonppong 12. Yeongbyeonchuwo 22. Suwonsang 3 32. Cheongilppong 42. Daeroukppong
3. Suwonppong 13. Yeongbyeongio 23. Suwonsang 2 33. Shingwangppong  43. Sugeppong
4. Jeonwon 1 14. Kangwon 3 24. Suwonsang | 34. Cheongunppong  44. Keomseolppong
5. Suwon-nosang 15. Chuncheon 1 25. Sugeppong 35. Suseongppong 45. Suwonppong
6. Dangsang 7 16. Dangsang 3 26. Deokcheonppong 36. Sangilppong
7. Hwangchuwoo  17. Suncheonppong 27. Choseonsang 37. Subongppong
8. Geumsang 18. Dangsang 8 28. Dangsang 2 38. Sinilppong
9. Chosang 1 19. Dangsang 6 29. Dangsang 1 39. Yongcheonppong
10. Jasan 20. Dangsang 5 30. Daedangsang 40. Cheongolppong
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2 % B-naphthyl phosphate 3 m/=} Fast Garnet GBC
salt-g go] <d skt

Malate dehydrogenase$} glutamate dehydrogenaseoﬂ
1A+ malic acid 0.45 g3} glutamic acid 0.75 g-&

2
Fd A | &5}04 0.2 M Trizma baseol] <o pHE 7.52
uhd & (02 M Tris-HCI(pH 7.5y o] a2 100
m/e] El T2 grgich. 2] vha NAD 0.005 g,
MTT 2 ml, PMS 0.5 m/E 42 o] o Hsisic).
2) PCRE 0|28 RAPD
(1) DNA extraction
A EAe] 424(20-30 mg)E AAALE F

)—7%75 3, & v}l Ele] 400 u/ Extraction buffer
(200 mM Tris-Cl, 250 mM NaCl, 25 mM EDTA,
0.5% SDS)Y& #H7}3F v}L- oF 587} wHlelo] F+77
1A]7bo] 2wt 3 4°Ceofl A1 13,000 rpm 52 1058
7 dAl Rl Eke] 300 wie] AF5dS A tubeol] &
7122 300 wl/2] Chloroform& #7}&le] 2087k A
E3ak o8 10,000 rpm 522 1087 AR
slod 250 il AFE N g A A=A 23}e] A tube
ol &715L, H&(-200C)ellA HF3}eiwd  isopro-
panol 250 pl-& A7}gk F YAk ael oF 147k A3
shodTh. e}l 4 221 (10,000 rpm, 53, 4°C)3F &
AF=ol S plg] 31 tube & 9] = Pellet= 2087}
ﬁiﬂﬁd.

200 ulo] HHEFFr5 M vhg 64°Cell 3087k
DNAE ZFf-ol ol Quick spin(5,000 rpm, 2F
252)8F & A5lS ohA] A tubeol] %7 HAbIre
BabalbuA B8R ARS-sld o).

(2) PCREZ 0|E% RAPD S4f

DNAZZ2 1X Buffer(10 mM KCl, 10 mM Tris-
Cl, pH8.3), 4mM dNTP, 4mM MgCl,, lunit®]
Amplitag DNA Polymerase stoeffel fragment(Perkin
Elmer), 0.2 uM Primer(10 mer) % 50 ng DNA7} &
&gl 25 ule) wk-2E & E-oll 18 p/el Mineral oil S #
7}8ke1 DNA Thermo cycler(Perkin Elmer)el|2] 94°C
18, 35°C 13-, 72°C 2%, 45 cycle& wFE3F 5 72°C
o] 2] 1057} last exten-  sion A]Fr}. "Wh2o] T}
v}e 8BS AAIE- 25 plofl 3 uie] DNA tracking dye
solutiong 713 ¥ o}F 18 we 33le] Ethidium
bromide7} 715l 1.5% Agarose gel(1 X TAE buffer, 0.
04M Tris-Acetate, 0.001M EDTA)ll Loadingso] 2%
%l DNAE E2jgledct. 27]95-2 150VE oF 247
A% shgen, WIRE F UV box Slolla] 23

DNAE- #Ha3isict.
57}%] Primer& ©o]-£3}o] genomic DNA<S] Poly-
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Table 3. Oligonucieotide primers used for generafing
RAPD markers.

Primer number Sequence (5' to 3')

12 CCT GGG TCC A
13 CCT GGG TGG A
15 CCT GGG TIT G
20 TCC GGG TIT G
24 ACA GGG GTG A

morphic amplified DNAE &q13}ith(: 3).

(3) & SBZI0| kSR

7y AlEH A4 9 RAPDGEH S| §. 75
1,002 z+7F % A]s}e] data matrixE AHAJEE X o
Z  NTSYS(Numerical
Analysis  System)-PC  program ©. 2
(Roholf 1989).
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Table 4. Development of winter buds in spring and death atop rate.(1995)

Opening stage

The rate of nonbudding

Varieties Budding Height of the part at bottom to the total Rate of death
stage 1st leaf 5th leaf longest branch(cm) length of branch(%) atop(%)

Euncheokppong Apr. 29 May 6 May 10 236 16.4 13.7
Yongcheonppong Apr. 27 May 3 May 6 252 9.7 22
Suwonppong Apr. 27  May 6 May 10 217 14.0 72
Jeonwon 1 Apr. 28 May 4 May 8 187 19.3 142
Suwon-nosang Apr. 27  May 6 May 10 228 18.4 15.0
Dangsang 7 Apr. 288 May 5 May 9 225 21.1 5.1
Hwangchuwoo Apr. 30 May 8 May 12 241 4.6 10.9
Geumsang Apr. 200 May 1 May 5 133 6.8 1.1
Chosang 1 Apr. 24 May 1 May 5 168 194 3.0
Jasan Apr. 29  May 4 May 8 280 10.7 10.7
Cheongseonppong Apr. 30 May 5 May 9 221 16.5 32
Yeongbyeonchuwoo  Apr. 24 May 1 May 5 235 134 2.6
Yeongbyeongio Apr. 27 May 7 May 11 204 14.2 13.5
Kangwon 3 Apr. 27 May 3 May 7 289 17.4 35
Chuncheon 1 Apr. 25 May 4 May 38 225 229 6.8
Dangsang 3 Apr. 24 May 1 May 5 255 13.2 13.7
Suncheonppong Apr. 200 May 1 May 5 205 21.0 4.9
Dangsang 8 Apr. 26 May 3 May 7 192 12.0 0.0
Dangsang 6 Apr. 28 May 8 May 12 208 30.0 10.7
Dangsang 5 Apr. 27 May 7 May 11 204 4.7 255
Dangsang 4 Apr. 28 May 7 May 11 214 15.9 6.8
Suwonsang 3 Apr. 28 May 5 May 9 243 22.9 27.9
Suwonsang 2 Apr. 27 May 3 May 7 253 235 8.3
Suwonsang 1 Apr. 27 May 4 May § 251 18.4 13.2
Sugeppong Apr. 27 May 6 May 10 198 23.9 22
Deokcheonppong Apr. 27 May 4 May 8§ 261 2.9 1.0
Choseonsang Apr. 27 May 4 May 8 162 14.4 2.7
Dangsang 2 Apr. 26 May 3 May 7 213 20.5 11.3
Dangsang 1 Apr. 26 May 3 May 7 222 12.0 13.7
Daedangsang Apr. 24 Apr. 30 May 4 241 2.2 59
B, A, B35, 2hsela i, s, Al HAE, ASE, g 3 A AL
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Table 5. Constitution of branch.(1994)
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No. of branch

Average branch

Internode length No. of lateral Branch diameter

Varicties per bush length(cm) (cm) branch per bush (mm)
Euncheckppong 21.0 153 3.9 17.1 21.5
Yongcheonppong 275 170 43 34.0 16.3
Suwonppong 16.5 145 24 38 19.1
Jeonwon 1 19.0 153 34 10.0 17.1
Suwon-nosang 17.8 157 4.4 6.7 18.3
Dangsang 7 21.0 169 35 21.0 18.4
Hwangchuwoo 19.8 173 38 16.4 18.5
Geumsang 36.5 134 4.0 19.5 17.2
Chosang 1 14.2 117 4.2 328 133
Jasan 23.0 215 4.5 46.0 21.4
Cheongseonppong 332 153 32 33.2 13.8
Yeongbyeonchuwoo 10.1 161 53 12.7 17.9
Yeongbyeongio 9.4 165 2.5 31 16.9
Kangwon 3 7.7 224 39 5.3 19.4
Chuncheon 1 9.7 174 3.7 233 19.3
Dangsang 3 11.6 166 3.6 8.0 19.7
Suncheonppong 31.0 137 32 2.0 15.6
Dangsang 8 8.3 139 39 16.5 15.6
Dangsang 6 12.8 141 33 0.5 18.1
Dangsang 5 9.0 141 2.8 0.6 153
Dangsang 4 11.0 160 32 3.0 15.8
Suwonsang 3 133 165 33 1.7 19.2
Suwonsang 2 8.4 176 3.9 7.3 20.6
Suwonsang 1 6.7 183 39 9.7 19.3
Sugeppong 16.3 140 3.4 43 17.2
Deokcheonppong 17.5 167 4.9 4.5 20.3
Choseonsang 24.2 128 3.0 4.9 15.2
Dangsang 2 6.0 166 38 0.6 17.8
Dangsang 1 8.0 169 4.0 0.4 17.8
Daedangsang 8.9 164 39 7.0 19.0
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Table 6. Size of leaf and petiole.(1994)

Varieties Leaf length(A)(cm) Leaf width(B)(cm) Petiole length(cm) A X B (cm’)
Euncheokppong 22.5 213 6.6 4793
Yongcheonppong 19.7 17.0 5.8 3349
Suwonppong 19.8 19.2 59 380.2
Jeonwon 1 211 20.3 52 4283
Suwon-nosang 23.1 21.2 6.9 489.7
Dangsang 7 254 25.0 7.1 635.0
Hwangchuwoo 24.2 20.6 5.4 498.5
Geumsang 20.7 17.5 4.7 362.5
Chosang 1 21.1 16.3 5.5 343.9
Jasan 20.1 17.9 6.0 359.8
Cheongseonppong 171 12.0 34 205.2
Yeongbyeonchuwoo 253 20.0 4.0 506.0
Yeongbyeongio 24.6 22.1 6.6 543.7
Kangwon 3 21.8 19.9 6.1 4338
Chuncheon 1 16.0 11.7 35 187.2
Dangsang 3 19.6 16.5 5.1 3234
Suncheonppong 17.5 16.2 38 283.5
Dangsang 8 16.1 13.7 6.2 220.6
Dangsang 6 234 19.2 5.9 4493
Dangsang 5 18.8 15.8 4.2 297.0
Dangsang 4 19.8 18.2 6.8 360.4
Suwonsang 3 233 19.5 45 454.4
Suwonsang 2 26.9 24.5 4.6 659.1
Suwonsang 1 26.6 231 4.4 614.5
Sugeppong 22.6 221 6.8 499.5
Deokcheonppong 214 18.4 6.5 393.8
Choseonsang 21.2 19.2 4.3 407.0
Dangsang 2 22.8 225 6.1 513.0
Dangsang 1 20.4 17.9 5.8 365.2
Daedangsang 238 16.8 49 399.8
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Table 7. Leaf thickness, phyllotaxy and feature of leaf surface.

Varieties Leaf thickness Leaf shape Leaf color Leaf texture Leaf wrinkle Phyllotaxy
Euncheokppong thin integral dark green smooth many 3/8
Yongcheonppong  thin elliptical dark green coarse medium 2/5, 3/8
Suwonppong medium to thick 5-lobed dark green smooth medium 2/5
Jeonwon 1 thin S-lobed dark green scabrous many 2/5,3/8
Suwon-nosang medium integral light green smooth medium to many 2/5
Dangsang 7 thin S-lobed green very coarse medium to many 3/8
Hwangchuwoo medium integral dark green scabrous many 3/8
Geumsang medium to thick integral dark green scabrous very many 3/8
Chosang 1 medium integral~3-lobed light green coarse medium 3/8
Jasan medium integral~5-lobed green scabrous medium to many 2/5
Cheongseonppong  thin elliptical~5-lobed green coarse few 513
Yeongbyeonchuwoo medium integral light green smooth very many 3/8
Yeongbyeongio medium to thick integral light green smooth very many 5/13
Kangwon 3 medium integral light green scabrous medium to many 3/8
Chuncheon 1 thin elliptical green smooth medium to many 513
Dangsang 3 thin integral~5-lobed green smooth medium 3/8
Suncheonppong medium 3-lobed~7-lobed light green smooth medium 2/5
Dangsang 8 medium integral dark green coarse medium 5/13
Dangsang 6 medium integral light green very corse  medium to many 3/8
Dangsang 5 thick integral green scabrous many 3/8
Dangsang 4 medium integral light green smooth many 2/5
Suwonsang 3 thick integral~3-lobed green smooth medium to many 513
Suwonsang 2 thick integral green scabrous very many 2/5, 3/8
Suwonsang 1 thick integral light green smooth very many 2/5
Sugeppong medium integral~5-lobed dark green smooth many 2/5, 3/8
Deokcheonppong  thin integral~3-lobed dark green scabrous many 3/8
Choseonsang medium integral~5-lobed green coarse medium to many 3/8
Dangsang 2 thin integral dark green smooth many 3/8
Dangsang 1 thick integral yellowish green smooth medium 2/5
Daedangsang thin elliptical green coarse medium 2/5
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Table 8. Leaf yields in spring and autumn rearing seasons. (unit 1 kg/10 @)
o Spring Autumn Year
Varieties
Young shoots Leaves Leaves Leaves Index
Euncheokppong 2,154 1,635 1,601 3,236 103
Yongcheonppong 2,156 1,684 1,456 3,140 100
Suwonppong 1,601 1,319 1,593 2912 93
Jeonwon 1 2,012 1,678 1,630 3,308 105
Suwon-nosang 1,794 1,394 1,513 2,907 93
Dangsang 7 2,882 2,208 1,612 3,820 122
Hwangchuwoo 2,484 1,923 1,924 3,847 123
Geumsang 1,445 1,023 1,853 2,876 92
Chosang 1 871 626 622 1,248 40
Cheongseonppong 1,664 1,343 1,363 2,706 86
Yeongbyeonchuwoo 1,505 1,165 1,377 2,542 81
Yeongbyeongio 1,242 963 815 1,778 57
Kangwon 3 1,560 1,179 948 2,127 68
Chuncheon 1 938 719 657 1,376 44
Dangsang 3 1,698 1,345 937 2,282 73
Suncheonppong 3,186 2,380 1,689 4,069 130
Dangsang 8 791 646 519 1,165 37
Dangsang 6 1,612 1,319 1,195 2,514 80
Dangsang 5 834 691 756 1,447 46
Dangsang 4 1,538 1,283 1,556 2,839 90
Suwonsang 3 1,862 1,493 1,419 2,912 93
Suwonsang 2 1,380 1,179 1,260 2,439 78
Suwonsang 1 1,583 1,320 1,686 3,006 96
Sugeppong 1,927 1,569 1,625 3,194 102
Deokcheonppong 2,397 1,882 1,371 3,253 104
Choseonsang 2,124 1,761 1,293 3,054 97
Dangsang 2 944 731 794 1,525 49
Dangsang 1 1,169 978 794 1,772 56
Daedangsang 1,226 1,007 604 1,611 51
*Spring's yields were reserched in 1995 and autumn's yields were reserched in 1994.
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Fig. 1. Sixteen types of peroxidase zymogram
patterns. In this study, 45 mulberry varieties(native
and leading varieties) tested.

*Roman is the fype of isozyme patterns.
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Table 9. Rate of young shoot to branch and leaf to young shoot in spring(1995). (unit : %)
Varicties Ratio of leaf to Ratio of young Varieties Ratio of leaf to Ratio of young
young shoot shoot to branch young shoot shoot to branch
Euncheokppong 571 75.9 Dangsang 3 57.3 79.2
Yongcheonppong 58.8 781 Suncheonppong 61.0 74.7
Suwonppong 55.1 82.4 Dangsang 8 60.9 81.7
Jeonwon 1 75.9 834 Dangsang 6 58.1 81.8
Suwon-nosang 56.2 7.7 Dangsang 5 57.6 82.8
Dangsang 7 58.9 76.6 Dangsang 4 53.2 83.4
Hwangchuwoo 55.2 77.4 Suwonsang 3 60.0 80.2
Geumsang 66.7 70.8 Suwonsang 2 46.3 85.4
Chosang 1 68.1 71.9 Suwonsang 1 50.9 83.4
Jesan 499 79.6 Sugeppong 543 814
Cheongseonppong 52.0 80.7 Deokcheonppong 56.4 78.5
Yeongbyeonchuwoo 55.6 77.5 Choseonsang 62.5 829
Yeongbyeongio 58.2 77.4 Dangsang 2 52.4 80.0
Kangwon 3 533 75.6 Dangsang 1 52.8 83.7
Chuncheon 1 46.7 76.7 Daedangsang 55.9 82.1
Table 10. Occurance rate of desease(1995). unit : %)
- Twi Die Bacterial - Twi Die Bacterial
Varieties blig}%t _back Dwarf blight Varieties blig hgt back Dwarf blight
Euncheokppong 0.0 4.0 0.0 0.0 Dangsang 3 1.4 1.4 0.0 0.4
Yongcheonppong 0.0 49 0.0 0.0 Suncheonppong 0.0 0.0 0.0 0.0
Suwonppong 0.0 0.0 0.0 0.0 Dangsang 8 0.0 0.0 0.0 0.8
Jeonwon 1 0.0 0.0 0.0 0.0 Dangsang 6 0.0 0.0 200 0.0
Suwon-nosang 0.0 15.7 14.3 0.0 Dangsang 5 0.0 18.8 0.0 0.0
Dangsang 7 0.0 0.0 50.0 0.0 Dangsang 4 0.0 0.0 0.0 0.0
Hwangchuwoo 0.0 0.0 16.7 0.0 Suwonsang 3 0.0 29 0.0 0.9
Geumsang 0.0 0.0 333 0.0 Suwonsang 2 0.0 0.0 0.0 0.8
Chosang 1 0.0 0.0 0.0 0.0 Suwonsang 1 6.3 3.1 16.7 0.0
Jesan 3.0 6.1 333 0.0 Sugeppong 0.0 6.8 40.0 0.0
Cheongseonppong 0.0 0.0 0.0 0.0 Deokcheonppong 0.0 10.7 0.0 0.0
Yeongbyeonchuwoo 0.0 0.0 0.0 3.0 Choseonsang 0.0 0.0 28.6 0.0
Yeongbyeongio 0.0 0.0 0.0 0.9 Dangsang 2 0.0 0.0 0.0 0.0
Kangwon 3 4.0 4.1 0.0 0.2 Dangsang 1 0.0 3.6 0.0 0.0
Chuncheon 1 0.0 0.0 0.0 0.0 Daedangsang 0.0 0.0 0.0 0.0
Table 11. Frequency of peroxidase isozyme bands(leaf blades)
Band A6 A5 A4 A8 A7 A10 All A2 A3 A9  Al2 AlI3 Al4 Al
Frequency (%) 208 146 104 83 63 63 63 42 42 42 42 42 42 21
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Fig. 2. Diagram of peroxidase zymogram. In this
study, 45 mulberry varieties(native and leading
varieties) tested.

*Number is the name of mulberry varieties(native
and leading varieties) tested in this study.

Table 12. Varieties occupancy rate according to peroxidase isozyme pattern's types(leaf blades)

Type of isozyme patterns X

IX

Occupancy rate(%) 429

21.4

Dangsang 1, Dangsang 5, Hwangchuwoo,
Suwon-nosang, Chosang 1, Cheongseonppong,
Suwonsang 1, Choseonsang, Kangwon 3,

Yeongbyeonchuwoo, Dangsang 2,
Dangsang 3, Dangsang 6,
Dangsang 8, Suwonsang 2,

Varieties Sugeppong, Daeroukppong, Cheongolppong, Suwonsang 3, Kaeryangppong,
Yongcheonppong, Sinilppong, Suwonppong, Hongolppong
Sangilppong, Suseongppong, Cheongilppong
Type of isozyme patterns v I I v Al VII
Occupancy rate(%) 4.8 24 2.4 24 24 2.4
. Geumsang, Euncheok- Yeong-
Varieties Dangsang 4  ppong Jeonwon 1 Dangsang 7 Jasan byeongio Chuncheon 1
Type of isozyme patterns VIII XI X111 XIv XV XVI
Occupancy rate(%) 2.4 24 24 24 24 24
Varieties Suncheon-  Deokcheon- Daedang-  Shingwang- Cheongun-  Subong-  Keomseol-
) ppong ppong sang ppong ppong ppong pong
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Fig. 3. RAPD profiles of mulberrys.
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Fig. 4. Phylogenic phenogram of 45 mulberry geno-
fypes.
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