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Classification of Allium monanthum and A. grai by ISSR Markers
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Abstract. One hundred twenty two accessions of 6 species in genus Allium were collected throughout 5 regions
of Korea. Their genetic relationship was investigated by using inter simple sequence repeat (ISSR) markers. The
morphological analysis was measured for 6 quantitative and quantified for 1 qualitative trait. ISSR analysis
obtained a total of 370 polymorphic bands by using seventeen primers. The cluster analysis of genus Al/lium
based on morphological data could identify three groups. The accessions of Allium belonged to the Allium monanthum
clustered into five groups at genetic distance ranging from 0.94 on the base of ISSR analysis. Correlation analysis
between morphological and ISSR analysis showed low coefficient(r = 0.036). These markers are thought to be
used in research of molecular markers for classification and cross breeding of Allium monanthum and A. grai.
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Table 1. One hundred seventy six accessions of 6 species used to study genetic relationships in the genus Allium.

Number of the accession collected throughout 5 regions of Korea

Genus Allium

Gyeonggi (gg)* Chungcheong (cc) Jeolla (jl) Gyeongsang (gs) Jeju (jj) Total
grayi (gr) 0 0 7 18 1 26
monanthum (mo) 11 7 31 40 0 89
taquetii (ta) 0 0 0
thunbergii (th) 1 0 2 0 3
tuberosum (tu) 0 0 0
victorialis (vi) 0 0 0 0 1
Total 12 7 40 62 1 122

“gg: Gyeonggi, cc: Chungcheong, jl: Jeolla, gs: Gyeongsang, ji: Jeju, gr: A. grayi, mo: A. monanthum, ta: A. taquetii, th: A. thunbergii,

tu: A. tuberosum, vi: A. victorialis.
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Table 2. Seven traits of 6 species in the genus Allium.
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Traits
Quantitative Qualitative

Genus Allum Plant height Leaf width Leaf length Leaf sheath  Leaf sheath  No. of tillering Flower stalk

(cm) (cm) (cm) length diameter per plant (no. of present)

(cm) (cm) (no.)
grayi + 13.3% 34 +09 26.8 + 11.0 0.3 +0.2 37 22 0.3 +0.2 17
monanthum + 115 3414 26.8 + 8.9 04 +1.2 3969 0.3 + 0.1 30
taquetii + 438 3207 235+ 45 0.2 +0.0 15+ 0.7 0.3 £ 0.1 1
thunbergii + 175 41+ 09 230+ 45 04 +0.2 3127 0.5+ 0.2 3
tuberosum + 0.0 40+ 00 250+ 0.0 04 + 0.0 5.8 + 0.0 04 + 0.0 1
victorialis + 0.0 27 +£0.0 205+ 0.0 0.2 + 0.0 7.0 £ 0.0 0.3 £ 0.0 1
*Mean + Standard deviation.
Table 3. Seven traits of 122 lines in the genus Allium.
Traits
ltem? Plant height Leaf width Leaf length Lea|1f sheath Legf sheath No. of tillering Exis.tence and
(cm) (cm) (cm) ength diameter per plant  nothingness ?f
(cm) (cm) (no.) flower stalk

gr-gs-GBA168 21.0% 3.3 19.7 0.2 3.6 0.3 1
gr-gs-GBA171 20.7 3.0 16.0 0.2 3.3 0.2 0
gr-gs-GBA175 61.0 23 20.7 0.4 5.2 0.4 1
gr-gs-GBA180 38.3 3.3 34.2 0.3 4.2 0.4 0
gr-gs-GBA183 23.7 3.7 23.3 0.2 0.3 0.0 0
gr-gs-GBA185 22.0 3.3 20.0 0.3 2.0 0.3 1
gr-gs-GBA186 28.2 3.0 247 0.3 3.2 0.3 1
gr-gs-GBA187 17.0 37 14.3 0.1 27 0.2 0
gr-gs-GBA189 23.8 2.7 21.0 0.2 238 0.3 1
gr-gs-GBA193 40.3 4.0 27.0 0.4 5.8 0.5 1
gr-gs-GBA194 47.7 2.7 22.0 0.3 9.3 0.4 1
gr-gs-GBA196 34.0 3.7 24.0 0.4 5.3 0.4 1
gr-gs-GBA197 42.0 4.0 23.3 0.3 6.3 0.4 1
gr-gs-GBA222 42.3 3.0 20.8 0.3 6.8 0.3 1
gr-gs-GBA223 21.7 3.3 19.0 0.2 2.0 0.2 1
gr-gs-GBA291 46.4 5.7 44.7 0.5 1.9 0.5 0
gr-gs-GBA292 54.0 4.7 49.9 0.4 29 0.4 0
gr-gs-GBA293 53.7 47 52.2 0.5 1.0 0.5 0
gr-jj-GBA296 48.9 3.0 457 0.3 3.3 0.3 0
gr-jl-GBA191 15.0 23 12.7 0.3 27 0.3 1
gr-jl-GBA192 26.0 3.0 23.0 0.8 24 0.5 1
gr-jl-GBA203 18.5 2.7 17.2 0.2 1.0 0.1 1
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Table 3. Continued.

Traits
ltem? Plant height Leaf width Leaf length Leallf sheath Legf sheath  No. of tillering Exis.tence and
(cm) (cm) (cm) ength diameter per plant  nothingness yof
(cm) (cm) (no.) flower stalk
gr-jl-GBA206 41,3 5.0 20.7 0.3 6.0 0.4 1
gr-jl-GBA227 375 3.3 27.7 0.4 5.7 0.5 1
gr-jl-GBA230 49.7 4.0 38.8 0.7 6.3 0.7 1
gr-jl-GBA237 32.7 2.0 33.3 0.2 0.3 0.1 0
mo-cc-GBA158 17.7 2.0 15.4 0.1 1.7 0.2 0
mo-cc-GBA240 39.1 27 31.8 0.3 2.3 0.3 0
mo-cc-GBA241 30.8 3.7 31.5 0.4 1.0 0.4 0
mo-cc-GBA242 35.2 3.0 32.3 0.2 3.3 0.3 0
mo-cc-GBA243 17.5 1.0 15.8 0.4 4.1 0.2 0
mo-cc-GBA244 34.5 3.3 29.7 0.3 1.5 0.3 0
mo-cc-GBA245 327 3.0 28.7 0.2 2.1 0.2 0
mo-gg-GBA228 37.0 3.0 29.3 0.6 2.8 0.7 1
mo-gg-GBA255 41.3 3.7 35.2 0.3 1.7 0.3 0
mo-gg-GBA281 38.3 2.7 34.5 0.3 24 0.3 1
mo-gg-GBA282 41.1 3.3 325 0.2 3.8 0.2 0
mo-gg-GBA283 44.9 23 38.4 0.2 3.0 0.2 0
mo-gg-GBA284 411 2.7 32.8 0.2 5.1 0.2 0
mo-gg-GBA285 47.8 4.3 40.9 0.4 3.2 0.4 0
mo-gg-GBA287 17.0 1.3 14.8 0.1 1.2 0.1 1
mo-gg-GBA288 48.2 3.3 37.3 0.4 3.7 0.4 0
mo-gg-GBA289 47.3 23 34.8 0.4 23 0.4 0
mo-gg-GBA290 47.7 3.0 38.7 0.4 3.8 0.5 0
mo-gs-GBA159 16.8 2.0 15.0 0.1 1.2 0.1 0
mo-gs-GBA169 30.7 3.0 26.2 0.3 5.0 0.3 1
mo-gs-GBA170 22.3 27 18.0 0.1 3.3 0.2 1
mo-gs-GBA172 22.7 3.0 18.3 0.2 4.0 0.2 0
mo-gs-GBA177 47.3 4.3 30.0 0.4 7.8 0.5 1
mo-gs-GBA182 29.7 53 29.7 0.5 0.0 0.0 0
mo-gs-GBA184 20.7 27 18.7 0.2 2.0 0.2 1
mo-gs-GBA199 23.0 3.0 21.3 0.2 1.7 0.3 1
mo-gs-GBA201 26.7 27 23.3 0.4 3.0 0.3 0
mo-gs-GBA208 32.3 5.3 23.0 0.3 43 0.0 1
mo-gs-GBA209 40.0 5.3 18.0 0.3 3.3 0.0 1
mo-gs-GBA210 31.7 3.3 24.3 0.2 35 0.3 1
mo-gs-GBA211 40.3 6.0 33.3 0.4 5.3 0.5 1
mo-gs-GBA212 34.0 3.3 32.3 0.5 1.7 0.5 1
mo-gs-GBA213 26.7 3.0 14.0 0.3 5.0 0.3 1
mo-gs-GBA214 33.0 23 27.0 0.2 6.2 0.4 1
mo-gs-GBA215 25.7 3.3 21.3 0.3 2.3 0.3 1
mo-gs-GBA216 333 4.0 21.0 0.4 45 0.5 1
mo-gs-GBA217 24.3 3.3 21.3 0.4 22 0.2 0
mo-gs-GBA218 25.0 3.7 22.3 0.3 23 0.3 1
mo-gs-GBA219 63.0 23 24.0 0.3 6.3 0.4 1
mo-gs-GBA220 19.0 11.0 25 11.8 65.3 0.3 1
mo-gs-GBA221 20.7 3.0 19.0 0.2 1.5 0.2 1
mo-gs-GBA224 275 3.0 17.7 0.2 13.3 0.3. 1
mo-gs-GBA225 18.7 3.7 16.3 0.2 1.8 0.2 1
mo-gs-GBA226 62.2 4.7 32.5 0.4 8.2 0.5 1
mo-gs-GBA257 22.3 0.7 15.3 0.3 0.0 0.0 0
mo-gs-GBA266 34.3 23 27.7 0.2 1.7 0.2 0
mo-gs-GBA275 44.9 6.7 38.0 0.4 1.7 0.4 0
mo-gs-GBA276 43.0 5.0 39.8 0.3 3.9 0.4 0
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Table 3. Continued.

Traits
ltem? Plant height Leaf width Leaf length Leele sheath Lea_lf sheath No. of tillering Exis_tence and
(cm) (cm) (cm) ength diameter per plant  nothingness yof
(cm) (cm) (no.) flower stalk
mo-gs-GBA297 17.8" 3.0 16.3 0.1 1.2 0.1 0
mo-gs-GBA298 14.8 2.0 12.3 0.2 3.0 0.2 0
mo-gs-GBA299 31.0 4.0 28.5 0.2 2.5 0.4 0
mo-gs-GBA300 13.0 2.0 12.5 0.1 0.4 0.1 0
mo-gs-GBA301 14.3 2.0 13.3 0.2 1.0 0.2 0
mo-gs-GBA302 16.0 2.0 14.0 0.1 2.0 0.2 0
mo-gs-GBA304 295 2.0 23.7 0.3 6.7 0.2 0
mo-gs-GBA305 30.0 3.3 253 0.3 4.2 0.3 0
mo-gs-GBA306 18.3 4.3 11.7 0.3 6.4 0.4 0
mo-gs-GBA307 37.7 3.7 34.3 0.2 3.3 0.3 0
mo-jl-GBA160 21.8 2.7 19.0 0.1 1.7 0.2 0
mo-jl-GBA161 38.0 4.0 32.0 0.3 4.5 0.4 0
mo-jl-GBA162 31.0 4.7 26.5 0.3 4.5 0.5 0
mo-jl-GBA163 31.0 4.3 26.7 0.2 3.8 0.4 0
mo-jl-GBA167 16.3 2.3 13.2 0.2 1.2 0.2 1
mo-jl-GBA204 36.0 5.3 30.9 0.9 4.7 0.5 1
mo-jl-GBA205 49.7 5.7 27.3 0.6 5.3 0.0 1
mo-jl-GBA231 40.6 3.0 28.2 0.3 3.0 0.3 1
mo-jl-GBA232 19.7 1.3 18.0 0.1 1.7 0.1 1
mo-jl-GBA233 24.9 2.0 26.0 0.2 1.3 0.1 0
mo-jl-GBA234 36.0 3.0 27.7 0.3 3.3 0.3 0
mo-jl-GBA246 47.7 4.7 38.7 0.4 4.5 0.3 0
mo-jl-GBA247 42.5 3.3 33.3 0.3 5.8 0.3 0
mo-jl-GBA248 39.7 4.0 39.5 0.3 2.7 0.4 0
mo-jl-GBA249 39.0 3.7 34.3 0.3 4.2 0.4 0
mo-jl-GBA251 48.3 6.0 40.8 0.5 3.0 0.5 0
mo-jl-GBA252 37.3 3.3 38.7 0.3 1.8 0.2 0
mo-jl-GBA253 36.0 3.0 31.2 0.2 2.3 0.2 0
mo-jl-GBA254 41.0 3.3 38.0 0.2 1.8 0.2 0
mo-jl-GBA258 25.7 2.3 25.3 0.2 1.7 0.2 0
mo-jl-GBA259 14.3 1.7 13.0 0.1 2.0 0.1 0
mo-jl-GBA260 53.3 5.0 43.7 0.5 3.0 0.4 0
mo-jl-GBA261 42.0 3.7 36.3 0.2 23 0.3 0
mo-jl-GBA263 52.2 2.0 32.0 0.3 2.0 0.3 1
mo-jl-GBA264 52.8 2.0 27.3 0.3 10.5 0.4 0
mo-jl-GBA265 42.7 3.7 34.2 0.3 4.0 0.3 0
mo-jl-GBA269 35.2 3.3 31.7 0.2 1.2 0.3 0
mo-jl-GBA271 47.7 4.0 41.7 0.3 22 0.3 0
mo-jl-GBA272 33.5 3.3 29.3 0.2 2.2 0.2 0
mo-jl-GBA273 41.7 4.7 34.2 0.3 1.7 0.4 0
mo-jl-GBA274 35.2 3.3 28.4 0.4 3.3 0.3 0
ta-gs-GBA173 21.7 3.7 20.3 0.2 1.0 0.4 0
ta-jl-GBA165 21.0 6.0 21.0 0.1 2.0 0.3 1
th-gg-GBA229 57.7 3.7 27.3 0.6 6.2 0.7 1
th-gs-GBA181 37.8 5.3 26.3 0.5 4.3 0.6 0
th-gs-GBA195 19.0 3.3 18.0 0.2 1.0 0.4 1
tu-gs-GBA202 23.2 4.0 20.3 0.4 0.7 0.3 1
vi-jl-GBA164 19.5 2.7 20.5 0.2 7.0 0.3 1

“Name of genus-collected area-accession no. gr: A. grayi, mo: A. monanthum, ta: A .taquetii, th: A. thunbergii, tu: A. tuberosum,
vi: A. victorialis, gg: Gyeonggi, cc: Chungcheong, jl: Jeolla, gs: Gyeongsang, jj: Jeju.
YExistence and nothingness of flower stalk: 1 (existence), 0 (nothingness).

*Values of mean.
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Fig. 1. Dendrogrma obtained from morphological traits of 6 species in the genus Allium, based on UPGMA clustering analysis
and Euclidean distance coefficient using the NTSYS-pc program. Dotted line box are ta-gs-GBA173, th-gs-GBA161, vi-ji-GBA164,
ta-jl-GBA165, th-gs-GBA195, tu-gs-GBA202, and th-gg-GBA229 in order.Name of genus-collected area-accession no. gr: A. grayi,
mo: A. monanthum, ta: A. taquetii, th: A. thunbergii, tu: A. tuberosum, vi: A. victorialis, gg: Gyeonggi, cc: Chungcheong, jl: Jeolla,
gs: Gyeongsang, jj: Jeju.
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Table 4. The 17 primer used for ISSR analysis of 122 germplasm collections in the genus Allium.

Primer name Sequence(5—3")

GC content (%)

Annealing temp. (C)  Polymorphic bands

UBC 809 AGA GAG AGA GAG AGA GG 52.9 50 31
UBC 813 CTC TCT CTC TCT CTC TT 471 50 18
UBC 815 CTC TCT CTC TCT CTC TG 52.9 52 14
UBC 816 CAC ACA CAC ACA CAC AT 471 58 10
UBC 817 CAC ACA CAC ACA CAC AA 471 58 20
UBC 818 CAC ACA CAC ACA CAC AG 52.9 58 26
UBC 820 GTG TGT GTG TGT GTG TC 52.9 53 17
UBC 821 GTG TGT GTG TGT GTG TT 471 52 9
UBC 825 ACA CAC ACA CAC ACA CT 47 1 56 28
UBC 826 ACA CAC ACA CAC ACA cC 52.9 58 36
UBC 834 AGA GAG AGA GAG AGA GYT 44 4 53 30
UBC 842 GAG AGA GAG AGA GAG AYG 50.0 53 26
UBC 855 ACA CAC ACA CAC ACA CYT 44 .4 58 28
UBC 856 ACA CAC ACA CAC ACA CYA 44 .4 58 24
UBC 857 ACA CAC ACA CAC ACA CYG 50.0 55 24
UBC 858 TGT GTG TGT GTG TGT GRT 444 55 10
UBC 864 ATG ATGATGATGATGATG 33.3 50 19
Total 370
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Fig. 2. Dendrogram depicting the classification of 6 species Allium constructed using UPGMA and based on EST-SSR markers.
The major clusters are marked on the left side of the dendrogram. The scale at the bottom is Jaccard’s coefficient of similarity.
Dotted line box are vi-ji-GBA164, ta-j-GBA165, th-gs-GBA161, ta-gs-GBA173, th-gs-GBA195, th-gg-GBA229, and tu-gs-GBA202in
order. Line box are A. grayi. Name of genus-collected area-accession no. gr: A. grayi, mo: A .monanthum, ta: A. taquetii, th:
A. thunbergii, tu: A. tuberosum, vi: A. victorialis, gg: Gyeonggi, cc: Chungcheong, jl: Jeolla, gs: Gyeongsang, jj: Jeju.
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