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Relationship with major physiological characters

and RAPD patterns of garlic (Allium sativum L.) germplasm.
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ABSTRACT

This study was conducted to clarify of relationship with major physiological characters
and RAPD patterns of garlic(Allium sativum L.) germplasm collected from the worldwide
using randomly amplified polymorphic DNA(RAPD) analysis. Eighty-four garlic accessions
were classified into ten varietal groups by physiological characters with the single linkage
clustering based on Q correlations. The majority was early maturing varieties collected from
East-Asia, late maturing varieties were Europe. RAPD marker, WE61.s:» was amplified with
late maturing varieties and high correlation have shown, though three accessions weren’ t
amplified. Clove undifferentiation and secondary growth had mainly occur accessions
collected from Europe, but hadn’ t shown perfect linkage to RAPD. RAPD marker, WF70:.4
appeared in bolting garlic and WF64..s appeared only in fertile garlic. Unknown garlic
amplified in WF64.40 might be fertile garlic, because of their collection site were from

Central-Asia.
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Table 1. List of 18 random primers used in this experiment.
No.  Primers Sequence Origin No. Primers Sequence Origin
1 WEOQ6 TCCCCTGAACGT Wako co. 10 WGO03 CCGCACATATAC Wako co.
2 WES6I GAGGACGTTAAA  Wako co. 11 WGI10 AAAGTCCTAAGC Wako co.
3 WES82 GATCGCATAGAT Wako co. 12 WG26 CTGATGCGCTAC Wako co.
4 WE92 CACAAGATGAGT  Wako co. 13 WwG32 AACAGTCAAGTC Wako co.
5 WF29 GCCGCTAATATG Wako co. 14 WG48 GCCATCCGTACA Wako co.
6 WF46 CTCCCTCAAAGT Wako co. 15 WG70 AACATCACAGGT Wako co.
7 WF64 GCCGCGCCAGTA  Wako co. 16 WG85 TCCGAGTATCTG Wako co.
8 WF70 GTCACTCGGATA  Wako co. 17 WG9l GCCATCCTACAC Wako co.
9 WE91 ACCTACACGGGA  Wako co. 18 OPC(9 CTCACCGTCC Espec co.
Table 2. Elementary statistics of physiological characters for 84 garlic accessions collected.
Divisi Days to emergence Secondary Bolting rate Clove
vision (days) growth rate (%) (%) undifferentiated rate(%)
Mean 3310 13+14 42448 3.1+8
Maximum 59 54 100 57.4
Minimum 19 0 0 0.0
Range 40 54 100 57.4
C.V 31 109 114 250
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Table 3. List and physiological characters of 84 garlic accessions
. Site of . Site of
No. Accession name collection DE” SGR» B* CUR"| No. Accession name collection DE SGR B CUR
1 Tgi. W Japan 230 150 B 00 | 43 Dogil2 Europe 460 70 NB 67
2 Sanghe China 217 12 B 0.0 | 44 Kuning Europe 357 00 NB 09
3 Wonju Japan 260 500 B 00 | 45 1724 Europe 357 268 NB 213
4  Bokdo Japan 370 75 NB 14 | 46 Poland 118 Poland 593 11 NB 82
5 Habuk China 260 142 NB 00 | 47 Poland 115 Poland 380 233 NB 00
6 Hanam China 260 104 B 0.0 | 48 Poland 117 Poland 380 509 NB 00
7 Bangjung China 260 24 B 0.8 | 49 Poland [ 14 Poland 483 55 NB 00
8 Sandong China 217 1.2 B 0.0 | 50 PII356110 Poland 427 70 NB 07
9  America America 220 33 NB 00 | 51 PII35693 Poland 467 437 NB 00
10 Chilchil Japan 220 267 NB 00 | 52 PII356121 Kirigiz 57 543 NB 0
11 New. W Japan 230 133 B 00 1 53 PIi35689 Kazahstan 27.3 469 NB 00
12 Jochi Japan 260 12 B 1.7 54 1BP119 Kirigiz 247 96 B 1.6
13 Sin. W Japan 230 202 NB 0.0 | 55 ITI36651 Kirigiz 31,0 152 B 152
14 Okinawa Japan 260 233 B 0.0 | 56 IT136643 Kirigiz 393 11.0 NB 00
15 Guroungdosek Japan 220 225 B 0.7 | 57 1IT136645 Kirigiz 377 31 NB 07
16 Chili China 220 00 B 0.0 | 58 PI136095 Kirigiz 497 394 NB 132
17 Nambhe Korea 290 36 B 0.0 59 CA64 Kazahstan 190 182 B 09
18 Seosan Korea 267 0.0 B 0.0 | 60 PI136097 Uzbekistan 49.7 464 NB 44
19 Naju Korea 213 250 B 0.0 61 CA Kazahstan 290 50 B 1.7
20 Janggi China 270 228 B 0.0 | 62 Namdo China 237 78 B 07
21 GW4 Nepal 220 00 B 0.0 | 63 Daeseo Spain 213 379 B 00
22 GWS Nepal 200 00 B 0.0 | 64 Jabong Indonesia 330 00 B 00
23 GW6 Nepal 230 00 B 0.0 | 65 Gohung Korea 310 21 B 00
24 GWS Nepal 220 0.0 B 0.0 | 66 Godang Korea 310 20 B 00
25 Hongkong Tailand 230 95 B 0.0 | 67 Changsan China 270 100 B 58
26 Italian P. Europe 513 00 NB 1.6 | 68 Gajung China 310 00 B 00
27 Gravel Europe 550 08 NB 07 |69 203 Europe 283 119 B 00
28 Lerg Europe 27 00 NB 00 | 70 Eusung Korea 513 98 B 26
29 TLC Europe 37 103 NB 62 | 71 Tean China 227 167 B 00
30 Arguni Europe 460 64 NB 1.5 | 72 Bukung China 287 36 B 00
31 Gomecari Europe 493 40 NB 152 | 73 Nepal A Nepal 363 00 B 00
32 Ukanapshavi Europe 483 23 NB 79 | 74 PI135689 Europe 310 56 B 00
33 Thermadrone Europe 35 00 NB 1.1 |75 IBPII9 Europe 260 247 NB 1.0
34 Walla Europe 220 92 NB 0.0 [ 76 Dogil Germany 41.7 63 NB 183
35 Monroe Europe 377 3.1 NB 0.7 | 77 Bori Ijept 293 97 NB 16
36 Henry Europe 220 1.8 NB 00 | 78 8614 Uzbekistan 29.0 7.0 B 0.0
37 Ozark Europe 357 167 NB 574 | 79 8901 Uzbekistan 31.0 200 B 08
38 Paris Europe 353 184 NB 4.1 | 80 Poland 112 Poland 497 32 NB 00
39 Italian W Europe 317 1.1 NB 00 | 81 Milyang Korea 440 31,1 NB 00
40 Swis Europe 383 11.7 NB 123 | 82 Danyang Korea 440 90 NB 10
41 Dogil 3 Europe 31.7 19.6 NB 5.8 | 83 Gapung Korea 420 329 NB 1.6
42 Castelian Europe 343 6.0 NB 11.1 | 84 Gangwado Korea 593 390 NB 222
‘DE : Days to emergence, *SGR : Secondary growth rate(%), *B : Bolting, *CUR : Clove undifferentiated rate(%)
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Fig 1. Dendrogram of 84 garlic accessions based on physiological characters.
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Table 4. Distribution of collection site in each physiological variety group

Variety group Varieties Collection site

Pc1(n=19) 1,2,6,7,8,11,12, 14, 15, 16, China(6), Japan(5), Nepal(4), Korea(3), Tideland(1)
17,18, 19, 20, 21, 22, 23, 24, 25

Pc2(n=7) 5,9, 10, 13, 28, 34, 36 Europe(3), Japan(2), China(1), USA(1)

Pc3(n=15) 54, 59, 61, 62, 64, 65, 66, 67, China(5), Korea(2), Uzbekistan(2),Kazakhstan(2),
68,71,72,73,74,78,79 Europe(1), Indonesia(l), Kirigis(1), Nepal(1)

Pc4(n=7) 26, 27, 30, 31, 32,43, 49 Europe(6), Poland(1)

Pc5(n=13) 29, 33, 35, 38, 39, 40, 41, 42, Europe(9), Poland(2), Kirigis(2)
44, 47, 50, 56, 57

Pc6(n=3) 69, 75,77 Europe(2), Lipt(1)

Pc7(n=3) 70, 80, 82 Korea(2), Poland(1)

Pc8(n=2) 81,83 Korea(2)

Pc9(n=2) 48,53 Kazakhstan(1), Poland(1)

Pc10(n=4) 51,52, 58, 60 Poland(1), Uzbekistan(1), Kirigis(1)

Others(n=9) 3,4,37,45,46,55, 63,76, 84

Japan(2), Europe(2), Poland(1), Korea(l) Kirigis(1),
Spain(1), Germany(1),

30 313241 44 49 X0

73 74 75 82 83 84

Fig 2. Electrophoretic pattern of PCR-amplified DNA products from genomic DNAs for confirmation of RAPD

marker, WE61 630
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Fig 3. Electrophoretic pattern of PCR-amplified DNA products from genomic DNAs for confirmation of RAPD
marker, WF70:.00. The RAPD marker, WF70,.0was amplified in bolting garlic.
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Fig 4. Electrophoretic pattern of PCR-amplified DNA products from genomic DNAs for fertile garlic accessions,
marker WF6440. The RAPD marker, WF64:.0 were amplified in fertile garlic and did not in the other type.

- 145 -



Zahim S(1997)0] 8 vl& & 0O
9] 1.15kbe]] W=7} VEbd % %
7 glE AL FYFoIUn S
Ao B AL ;a;ﬂ 5
o] Fol M5 e &
4) #&ftErk= o RAPD
80 %

0_>ﬂ

o] -

ﬂ%&ﬂMEQLMLSQR%ﬂ%%EwMH
B Eu}9} 7H0] WE64iwol] M =7} UEbt=d] 1 9
of o A WS LhEhE AFSL nhise) A4t
A2 Fel7 AR AT, e 2, $2H ) 20
$9 Fopotaio} daeald +UH shsolgch
AAZ 5 vhsEe] JHFHARE A4 wuj 2
o Holok AAA T 7| 29 Yok 2L W=}
2aRTE W, 7129 Q4o SR AT 2L
Aol £ 8 ohzol A W=s) Geske
S0z vRo] ¥ o5 hEEE 940 AL 7}

sthn 478

01 /H

o1&
AR 2

|

olf

el

He

AA ZAA N 78 vhz
g1 EA 3} RAPD #|El o] 7
ol BAG ABE e 2.
ﬂ%ﬂﬂ%ﬁ%ﬂ%ﬂdﬂ%ﬁ ﬂéﬂwﬂ
o FFFoz FRAAD o FERAR
|50 9N gL
dol S3E kg el 24 Fobsol
FRQae s AL A
RAPD 1}7] WE61607} A3t 2
e A e
Hgou B4
FE BA Lﬂ
9o o) 2ol

a5

A

m

Y

‘n’i%

2
OmHoh’,-

Moo o |

)
oo oot O T K

i ro
.
Yo

- 146 -

oA B 52 YA FAAAE 27

l/(g

= oy A e RA Dum WE701s009) A ¥l
=7 vehd vl 3 ohEolet vhe A4
3} ¥ ¥ RAPD v} & WF6diwol 2.0 ¢l nks
oA Wl =7k yebydnt.

eIEEs

Cato, S.A., G.E. Corbett, and T.E. Richardson. 1999.
Evaluation of AFLP for genetic mapping in Pinus
radiata D. Don. Mol. Breed.5:275-281.

Etoh, T. 1985. Studies on the sterility in garlic, A.
sativum L. Mem. Fac. Agr. Kagoshima Univ. 21:77-
132.

Gawel, N.J., and R.L. Jarret. 1991. A modified CTAB
DNA extraction procedure for Musa and Ipomoea.
Plant Mol. Bio. Rep. 9:262-266.

Guh, J.O., Y.M. Lee, and D.Y. Shin. 1983. Basic
studies on the native colored-soybean cultivars. Kor.
J. Crop Sci. 28:340-344

Hong, C.J., T. Etoh, B. Landry, and N. Matsuzoe, 1997.
RAPD markers related to pollen fertility in garlic(A.
sativum L.). Breed. Sci. 47:359-362.

Jeffrey, A.T., L.N. Randall, and O.V. Lila. 1998.
Identification of diverse soybean germplasm using
RAPD markers. Crop Sci. 38:1348-1355.

Karihaloo, J.L., S. Brauner, and L.D. Gottleb. 1995.
Random amplified polymorphic DNA variation in the
eggplant, Solanum melongena L.(Solanaceae). Theor.
Appl. Genet. 90:767-770.

Kazan, K., J.M. Manners, and D.F. Cameron. 1993.
Genetic variation in agronomically important species
of Stylosanthes determined using RAPD markers.
Theor. Appl.Genet. 85:882.

Keim, P., R.C. Shoemaker, and R.G. Palmer. 1989.
Restriction fragment length polymorphism diversity
in soybean. Theor. Appl. Genet. 77:786-792.

Lee, W.S. 1973. Physiological and ecological studies on
Korea local strains of garlic. J. Kor. Soc. Hort. Sci.
14:14-23.

Lin, Z.W., R.L. Jarret, R.R. Duncan, and S. Kresovich.
1994. Genetic relationships and variation among
ecotypes of seashore paspalum(Paspalum



vaginate)determined by RAPD markers. Genome.
37:1011-1017.

Maa B, H.I. and M. Klaas. 1995. Interspecific
differentiation of garlic by isozyme and RAPD
markers. Theor. Appl. Genet. 91: 89-97.

Ogawa, T., N. Mori, and N. Matsubara. 1975. The
studies on the ecological distribution and bulbing
habit of garlic plants. Res. Rept., Nagasaki, Japan. 3:
3-21.

Park, K.Y., and C.H. Lee. 1989. Mutation induction by
EMS, colchicine and gamma irration of in vitro
cultured shoot tips of A. sativum L. Res. Rept. RDA.
32:43-52.

Suh, S.K., and H.G. Park. 1986. Studies on the anther
culture of garlic(A. sativum L.). J. Kor. Soc. Hort. Sci.
27:89-95.

- 147 -

Williams, J.G.K., A.R. Kubelik, K.J. Livak, J.A.
Rafalski, and S.V. Tingey. 1990. DNA polymor-
phisms amplified by arbitrary primers are useful as
genetic markers. Nucleic Acids Res. 18:6531-6535.

Lee, W.S. 1994. Vegetables cultivation technique in
Liliaceae. Kyongbuk Univ. Taegu, Kor.

Song, Y.S., LH. Choi, A. Kojima, M. Hirai, and W.Y.
Choi. 2001. Classification of garlic(A. sativum L.)
germplasm by RAPD analysis. Kor. J. Breed. 33:7-14

Wu. J.K. 1998. Physio-ecological studies for stabilizing
garlic production. The Res. Rep. of NHRI. RDA. p5-
10

H

(=

o 2001.3.31)

A
Te
2] Y 2001.5.18)



