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Abstract: Boxwoods (B ux us L. ) are among the mo st w idely cu ltivated o rnam ental sh rubs. L ongwood Gardens disp lays and trials

m any boxwood taxa from around the wo rld. Cu ltivar iden tification and species delineation in boxwoods is p rob lem atic w hen based

so lely on mo rpho logical characterist ics. To verify iden tity of 20 boxwood accessions from the trial beds of L ongwood Gardens, their

mo rpho logical featu res ( leaf characters, grow th hab it, and landscape appearance) w ere reco rded. T hese data w ere validated later w ith

the analysis of A FL P m arkers. T he A FL P m arkers w ere generated separately w ithou t any know ledge of the mo rpho logical

characterist ics. F rom the th ree2p rim er2pair com binations, a to tal of 212 usefu l m arkers betw een 75 and 500 bp s fragm ent sizes w ere

ob tained. T he average num ber of m arkers fo r each accession w as 74 and the to tal m arkers fo r each accession varied from 50 to 108.

T he un ique bands, w h ich can be the po ten tial d iagno sis m arkers, w ere among zero to 15. Genetic distances ranged from 0. 028 to

0. 439. O nly one U PGM A tree w as generated using PAU P and the num ber of characters that changed unam biguously on each branch

w as reco rded. F rom mo lecu lar data, the 20 accessions m igh t derive from four o r five differen t species and cou ld be distingu ishab ly

classified in to 12 differen t cu lt ivars. T he mo rpho logical data fu lly suppo rted the resu lts from mo lecu lar data. T he com bination of bo th

mo rpho logical and mo lecu lar data is a pow erfu l too l fo r determ in ing genetic relations, cu lt ivar discrim ination, and targeted breeding.

Key words: boxwoods (B ux us L. ) ; germp lasm iden tification; mo lecu lar characters; mo rpho logical characters; L ongwood Gardens
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从形态和分子特性来探讨美国长木植物园黄杨种质之间的关系
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摘　要:　黄杨是栽植很广的庭园观赏灌木,美国长木植物园从世界各地收集了许多优良品种. 仅从形态上来区别这些黄杨品种是

很困难的. 为鉴定20个黄杨优良品种,我们分别从形态特征 (叶、习性和长势)和分子标记 (A FL P 标记)两方面着手,综合分析它们的

亲缘关系. 三个A FL P 引物结合在75和500 bp DNA 片段间一共产生212个条带. 每一个黄杨品种平均有74个条带,最低者有50条,
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最高者有108条;通常可用于签定的特有条带在0到15条之间. 品种间的遗传距离介于0. 028和0. 439之间. 用PAU P 软件,我们得到

一个U PGM A 树状图,并将每一步有显著差异的标在图上. 从分子特性来讲,这20个黄杨优良品种可能起源于4到5个种,并可很清

楚地分为12个栽培变种. 形态特征也支持分子特性的结论. 由此可见,结合形态特征和分子标记是确定遗传关系、鉴定栽培变种和分

子辅助定性育种的一个很好的方法.

关键词:　黄杨;种质鉴定;形态特性;分子特性;美国长木植物园
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0　 In t roduct ion

B ux us L. is a m em ber of boxw ood fam ily (Buxaceae). It con sists of p rofu sely b ranched evergreen

sh rub s and trees w ith oppo site and en t ire leaves. T he young b ranches are u sually w ith angles and

ex st ipu la te. T he genu s w as nam ed by Carl L innaeu s in 1753 and B ux us is the L at in w o rd of boxw ood. T he

p lan ts natu ra lly d ist ribu te th roughou t tempera te (Eu rasia ) , sub trop ica l (A sia and N o rth Am erica ) and

trop ica l reg ion s (Sou th A frica, Caribbean, and Cen tra l Am erica). T hey are w ild ly u sed as o rnam en ta ls and

specia l w ood p roduct ion [1 ].

T axonom ically, the phylogenet ic rela t ion sh ip s w ith in B ux us and the num ber of its species are

con trad icto ry and confu sing. Som e researchers[2, 3 ] ind ica ted that there w ere app rox im ately 30 species, w h ile

o thers[1, 4, 5 ] included mo re than 70 species. B ux us sem p erv irens L. (Common Box) and B . m icrop hy lla Sieb.

E t Zucc. (L it t leleaf Box o r Boxw ood ) are the mo st impo rtan t taxa in o rnam en ta ls. T hey are w idely

cu lt iva ted fo r hedges, screen s, bo rders, and top iary and fo r specim en p lan t ings of pendu lou s o r p ro stra te

fo rm [5 ]. How ever, bo th species are ex trem ely variab le w h ich has given rise to m any cu lt ivars w ith overlapped

mo rpho logica l characterist ics. “Cu lt ivars are a lmo st indist ingu ishab le and once they are pu t to the shears no

one can reliab ly separa te them”[6 ]. O bviou sly, the cu lt ivar iden t if ica t ion, the species delineat ion, and the

genu s circum scrip t ion, had created the p rob lem s. T he differences among the taxonom ists and ho rt icu ltu rists

cou ld be no t reso lved w ith lim ited mo rpho logica l characterist ics and it is impo rtan t to clarify th is

con trad icto ry info rm at ion w ith modern mo lecu lar techno logies.

D eoxyribonucleic acid (DNA ) fingerp rin t ing techn iques (DNA m arkers) are the p referred m ethods fo r

iden t ifying cu lt ivars o r geno types and invest iga t ing the genet ic variab ility w ith in species becau se the DNA

m arkers are no t influenced by environm en ta l o r cu ltu ra l facto rs, such as geograph ica l locat ion, m icroclim ate,

and nu trit ion [7, 8 ]. T he rap id accu ra te info rm at ion derived from DNA can be u sed to dist ingu ish clo sely rela ted

p lan ts, especia lly a mo rpho logica lly homogenou s group of p lan ts[8 ]. Cu rren t ly, severa l DNA fingerp rin t ing

techn iques are availab le. T he w idely u sed techn iques are rest rict ion fragm en t length po lymo rph ism (R FL P)

and the po lym erase chain react ion (PCR ) 2based random amp lif ied po lymo rph ic DNA (RA PD ). R FL P s have

been u sed to invest iga te genet ic d iversity in cu lt iva ted p lan ts[9 ]and their w ild rela t ives [10, 11 ]. H ubbard et a l. [12 ]

successfu lly app lied R FL P techn iques to the iden t if ica t ion of ro se cu lt ivars. T he RA PD assay is less

expen sive and overcom es som e techn ica l lim ita t ion s of R FL P s. It can be u sed fo r cu lt ivar d iscrim inat ion [7 ] ,

such as clonal iden t if ica t ion of red m ap le (K rah l et a l. , 1993) and Am erican elm [13 ]. M ichelmo re et a l. [14 ]

repo rted that RA PD s w ere u sefu l in the con struct ion of genet ic m ap s and cou ld be u sed as linkage m arkers to

dow ny m ildew resistance in let tuce.

Amp lif ied fragm en t length po lymo rph ism (A FL P ) is an ingen iou s com b inat ion of R FL P analysis and

PCR that resu lts in h igh ly info rm at ive fingerp rin ts. Compared w ith the R FL P s o r RA PD s, A FL P is the mo st

u sefu l, reliab le, and p rom ising mo lecu lar m arker techn ique fo r geno typ ic comparison s w ith in species[15～ 17 ].

Zhang [18 ] repo rted 99. 9 % rep roducib ility among th ree rep lica t ion s of 27 berm udagrass geno types. H e also

concluded that the A FL P techn ique no t on ly had h igh rep roducib ility and revealed a h igh frequency of

po lymo rph ism , bu t a lso cou ld be u sed fo r cu lt ivar and hyb rid iden t if ica t ion and p ro tect ion [19, 20 ]. O bviou sly,
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the A FL P assay offers mo re rep roducib le info rm at ion and increased oppo rtun it ies to research mo lecu lar

studies on o rnam en ta l taxa.

Since no DNA w o rk has been done fo r B ux us. T h is study w ill conduct the p relim inary exp lo ra t ion of

genet ic d iversity and clone discrim inat ion u sing B ux us co llect ion from L ongw ood Garden s. Fu rther studies

can lead to screen ing of a ll availab le clones and iden t ifying the best clones fo r ou r garden s.

1　M ateria ls and M ethods

1. 1　Plan tM a ter ia ls

F resh leaves of 20 B ux us accession s w ere co llected from the tria l beds of L ongw ood Garden s in Kennet t

Square, Penn sylvan ia, U SA. T he sou rce info rm at ion is listed in T ab le 1.

Table 1　Plan t Sources for B uxus accession s from L ongwood Garden s

N o. Z P lan t nam e Y Source X Suggested N am e W

1 B . sempervirens‘A lban ia’ A lban ia B . ×‘A lban ia’

2 B . s.‘Belleville’ E. W. Seibert, 1956- 0368 B . sp.‘Belleville’

3 B . ‘Glencoe’ Scarff’s N ursery, OH; 1998- 0849 B . s. ‘Glencoe’

4 B . ‘Green Beau ty’ Saunders B ro thers, VA ; 1999- 0649 B . m icrophylla‘Green Beau ty’

5 B . ‘Jensen’ Saunders B ro thers, VA ; 1999- 0653 B . s. ‘Jensen’

6 B . ‘Justin B rouw ers’ Saunders B ro thers, VA ; 1999- 0652 B . s. ‘Justin B rouw ers’

7 B . ‘L ongwood Cem etery’ L ongwood Gardens, PA B . s. ‘Suffru tico sa’

8 B . ‘M ain Foun tain Garden’ L ongwood Gardens, PA B . s. ‘Suffru tico sa’

9 B . ‘M artin’ L ongwood Gardens, PA B . s. ‘Suffru tico sa’

10 B . ‘M BG’ M issouri Bo tan ical Garden, M O B . s. ‘M yrtifo lia’

11 B . ‘M yrtifo lia’ M issouri Bo tan ical Garden, M O; 1961- 1294 B . s. ‘M yrtifo lia’

12 B . ‘Red L ion East’ L ongwood Gardens, PA B . s. ‘Red L ion East’

13 B . ‘R te50’ W oodlanders, SC, 1998- 0686 B . ‘R te50’

14 B . ‘Suffru tico sa’ Scarff’s N ursery, OH; 1995- 0946 B . s. ‘Suffru tico sa’

15 B . ‘T 45’ L ongwood Gardens, PA B . s.‘Suffru tico sa’

16 B . ‘V ardar V alley’ Gulf Stream , 1985- 0964 B . s.‘V ardar V alley’

17 B . ‘V ardar V alley’ U S M idw est, 1985- 0424 B . s. ‘V ardar V alley’

18 B . ‘V ardar V alley’ W oodlanders, SC, 1992- 0076 B . s. ‘V ardar V alley’

19 B . ‘W atk ins’ U nknow n B . s. ‘Suffru tico sa’

20 B . ‘W intergreen’ Saunders B ro thers, VA 1999- 0648 B . m icrophylla‘W intergreen’

Z: P lan t m aterials w ere p rovided by L ongwood Gardens, Kennett Square, PA 19348, U SA.
Y: P lan t nam es w ere no t verified o r iden tified by au tho rs and w ere listed as they w ere labeled.
X: Based on the living co llection reco rd of L ongwood Gardens.
Z: Suggested nam e after A FL P analysis w ith reference of mo rpho logical data.

Table 2 　O ligonucleotide adaptors and pr imers for AFL P

analysis of B uxus accession s

A dap to r o r p rim er O ligonucleio tide (p rim er dye co lo r)

M es I adap to rs GA CGA T GA GTCCT GA G
TA CTCA GGA CTCA T

EcoR I adap to rs CTCGTA GA CT GCGTA CC
CA TCT GA CGCA T GGT TAA

A FL P P rim ers

M es I+ 1 GA T GA GTCCT GA G + TAA + C

EcoR I+ 1 A GA CT GCGTA CC + AA T TC + A

M se I+ 3 GA T GA GTCCT GA G + TAA + CTC

EcoR I + 3
A GA CT GCGTA CC + AA T TC + A CT (b lue)
A GA CT GCGTA CC + AA T TC + A CG (green)
A GA CT GCGTA CC + AA T TC + A GC (yellow )

1. 2　D NA Extraction

To tal genom ic DNA w as iso la ted from

fresh leaves fo llow ing the p rocedu res suggested

by DN easy P lan t M in i K it (Q IA GEN Inc. ,

V alencia, Califo rn ia, U SA ). T he ex tra tw o

step s w ere cen trifuging at 5 000 r·m in - 1 fo r

one m inu te after incubat ion at 65℃ and at

12 000 r·m in - 1 fo r f ive m inu tes after ice

incubat ion. Iso la ted DNA w as visualized on

1% A garo se gel w ith 312 nm V ariab le In ten sity

T ran sillum inato r ( FBT IV 2816, F isher

Scien t if ic, P it tsbu rgh, Penn sylvan ia, U SA ) and the h igh yielded samp les w ere u sed fo r the fo llow ing A FL P

experim en t.

3第 4期 张冬林等:从形态和分子特性来探讨美国长木植物园黄杨种质之间的关系



1. 3　AFL P Procedure

Perk in E lm er (Fo ster C ity, Califo rn ia, U SA ) L arge P lan t Genom e K it w as pu rchased to conduct th is

experim en t. Amp lif ied fragm en t length po lymo rph ism react ion s w ere conducted as the recomm ended by the

A FL P P lan t M app ing [21 ]. Samp les w ere electropho resed (2 500 V ) fo r 4 hou rs a t 48℃ in 1 ( TBE buffer on

an au tom atic DNA sequencer (model AB I377, Perk in2E lm er A pp lied B io system s) equ ipped w ith GeneScan

A nalysis softw are ( version 3. 1, Perk in2E lm er A pp lied B io system s ). F ragm en t sizing w ere calcu la ted

au tom at ica lly u sing the local Sou thern sizing algo rithm s[22 ].

1. 4　AFL P Da ta Ana lysis

D ata files con ta in ing sizing data fo r a ll samp les w ere created u sing F ragm en t B inner [N ancy Garnhart,

personal comm. ] fo r each p rim er com b inat ion. T he th resho ld value fo r fragm en t detect ion w as 50. A ll data

f iles w ere review ed by eyes, then expo rted in to PAU P [23 ]. Pa irw ise distance comparison s w ere genera ted and

unw eigh ted pair group m ethod w ith arithm et ic average (U PGM A ) tree w as derived u sing PAU P. To show

the strength of each b ranch, w e conducted 1 000 rep lica tes of boo tst rap analysis[24 ] and listed the num ber of

characters that changed unam b iguou sly on each b ranch.

Table 3　AFL P markers generated from six pr imer pa irs of

B uxus accession s

T axon N o. Z
P rim er D ye Co lo r

B lue Green Yellow
To tal Bands U nique Bands

1 38 23 21 82 8

2 56 29 23 108 14

3 37 11 25 73 7

4 36 13 16 65 2

5 36 12 21 69 3

6 36 12 20 68 2

7 38 8 23 69 1

8 38 12 23 73 0

9 38 10 22 70 1

10 37 17 19 73 0

11 35 14 20 69 0

12 25 4 21 50 1

13 44 40 18 102 15

14 33 12 28 73 1

15 36 9 22 67 0

16 35 14 21 70 0

17 38 17 21 76 0

18 41 21 21 83 1

19 39 12 23 74 0

20 34 15 14 63 8

M ean 38 16 21 74 3

U sefu l Bands 90 9 53 1 477 64

Z: T he taxon num ber co rresponds w ith the num ber in the first co lum n
of T ab le 1.

2　R esu lts and D iscu ssion

F rom the th ree2p rim er2pair com b inat ion s of

20 Buxu s accession s co llected from L ongw ood

Garden s tria l beds, a to ta l of 212 u sefu l bands

(m arkers ) betw een 75 and 500 bp s fragm en t

sizes w ere genera ted. P rim er com b inat ion s

labeled w ith b lue, green, and yellow dye co lo rs

p roduced 90, 69, and 53 bands, respect ively.

T he average num ber of m arkers fo r each

accession w as 74 and the to ta l m arkers fo r each

accession varied from 50 to 108 (T ab le 3). T he

un ique bands, w h ich can be the po ten t ia l

d iagno sis m arkers, w ere among zero to 15.

O bviou sly, the genet ic d iversity among these 20

accession s w ere very lit t le, excep t the accession

# 1 (8 un ique bands) , # 2 (14) , # 3 (7) , # 13

( 15 ) , and # 20 ( 8 ) [ T ab le 1, 3 ]. It is

impo rtan t to indica te that the accession # 8,

# 10, # 11, # 15, # 16, # 17, and # 19 did no t

have any un ique band [ T ab le 1, 3 ], w h ich

imp lied that the genet ic info rm at ion of these

accession s w as very sim ilar to one o r mo re taxa ( included the above 7 accession s) in th is study. It is no t

necessary to keep som e of these taxa fo r fu rther evaluat ion.

Based on all u sefu lA FL P m arkers, genet ic d istances (pairw ise distance comparison s) and to ta l character

( band ) d ifferences betw een Buxu s accession s w ere genera ted by PAU P [23 ] ( T ab le 4). Genet ic d istances

ranged from 0. 028 to 0. 439. A ccession # 16, # 17, # 18 show ed m in im al genet ic d ifferences, w h ile

accession # 2 and # 20 had the h ighest one. Genera lly, h igh genet ic d istances among the differen t species

and low genet ic d istances among the clones w ere expected. T he values of genet ic d istances among the

variet ies and cu lt ivars w ere in term edia te to values among the species and clones. T he to ta l character (band)
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differences show ed the sam e trend as the genet ic d istance (T ab le 4).

Table 4　Genetic d istances and tota l character (band) differences between B uxus accession s (above diagonal:

tota l character d ifferences; below diagonal: genetic d istances)

No. Z 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 - 80 71 63 65 60 65 63 64 61 59 64 80 65 65 58 56 57 58 67

2 0. 378 - 67 69 75 60 73 67 68 39 41 74 58 71 69 74 74 75 58 93

3 0. 335 0. 316 - 44 54 41 60 54 59 40 42 43 69 58 52 51 57 64 55 62

4 0. 297 0. 326 0. 208 - 48 43 60 56 55 40 40 43 71 56 50 49 53 60 55 40

5 0. 307 0. 354 0. 255 0. 226 - 47 34 30 33 54 50 39 75 36 28 47 51 58 33 70

6 0. 283 0. 283 0. 193 0. 203 0. 222 - 45 43 44 27 29 40 56 45 41 42 46 53 44 59

7 0. 307 0. 344 0. 283 0. 283 0. 160 0. 212 - 14 17 54 52 43 75 22 18 47 49 52 15 72

8 0. 297 0. 316 0. 255 0. 264 0. 142 0. 203 0. 066 - 9 52 48 41 67 12 8 47 49 52 9 68

9 0. 302 0. 321 0. 278 0. 259 0. 156 0. 208 0. 080 0. 043 - 49 49 40 74 17 7 50 54 57 14 71

10 0. 288 0. 184 0. 189 0. 189 0. 255 0. 127 0. 255 0. 245 0. 231 - 8 37 41 48 48 43 47 52 47 62

11 0. 278 0. 193 0. 198 0. 189 0. 236 0. 137 0. 245 0. 226 0. 231 0. 038 - 35 39 44 46 41 43 50 45 58

12 0. 302 0. 349 0. 203 0. 203 0. 184 0. 189 0. 203 0. 193 0. 189 0. 175 0. 165 - 70 37 35 46 52 59 42 53

13 0. 377 0. 274 0. 326 0. 335 0. 354 0. 264 0. 354 0. 316 0. 349 0. 193 0. 184 0. 330 - 71 67 66 70 69 70 89

14 0. 307 0. 335 0. 274 0. 264 0. 170 0. 212 0. 104 0. 057 0. 080 0. 226 0. 208 0. 174 0. 335 - 14 51 51 54 15 68

15 0. 307 0. 326 0. 245 0. 236 0. 132 0. 193 0. 085 0. 038 0. 033 0. 226 0. 217 0. 165 0. 316 0. 066 - 45 49 54 15 66

16 0. 274 0. 349 0. 241 0. 231 0. 222 0. 198 0. 222 0. 222 0. 236 0. 203 0. 193 0. 217 0. 311 0. 241 0. 212 - 6 13 50 63

17 0. 264 0. 349 0. 269 0. 250 0. 241 0. 217 0. 231 0. 231 0. 255 0. 222 0. 203 0. 245 0. 330 0. 241 0. 231 0. 028 - 7 50 63

18 0. 269 0. 354 0. 302 0. 283 0. 274 0. 250 0. 245 0. 245 0. 269 0. 245 0. 236 0. 278 0. 326 0. 255 0. 255 0. 061 0. 033 - 51 70

19 0. 274 0. 274 0. 259 0. 259 0. 156 0. 208 0. 071 0. 043 0. 066 0. 222 0. 212 0. 198 0. 330 0. 071 0. 071 0. 236 0. 236 0. 241 - 65

20 0. 316 0. 439 0. 293 0. 189 0. 330 0. 278 0. 340 0. 321 0. 335 0. 293 0. 274 0. 250 0. 420 0. 321 0. 311 0. 297 0. 297 0. 330 0. 307 -

Z: The taxon num ber co rresponds w ith the num ber in the first co lum n of Table 1.

F ig. 1　UPGM A tree of B uxus accession s from the L ongwood Garden s

based on AFL P data Numbers above and below the branches are

bootstrap percen tages
( 3 the boo tstrap percen tage w as less than 50 % and the branch clasped on the

boo tstrap tree) and unam biguous character changes. L etters A th rough F m ark

clades discussed in the tex t. T he num ber in paren thesis is the taxon num ber,

w h ich co rresponds w ith the num ber in the first co lum n of T ab le 1.

O n ly one U PGM A ( unw eigh ted

pair group m ethod w ith arithm et ic

average ) t ree w as genera ted u sing

PAU P [23 ] (F ig. 1). Based on 1 000

rep lica tes of boo tst rap analysis, the

num ber of characters that changed

unam b iguou sly on each b ranch, and the

genet ic d istances ( T ab le 4 ) , the 20

accession s m igh t derive from five

differen t species o r grex. A ccession #

1, # 2 and # 13 shou ld be o rig inated

from th ree differen t species ( m aybe

grex ) , respect ively. M o rpho logica lly,

these th ree accession s have rounded o r

lanceo la te leaves, w h ich can be

dist ingu ished from the rest of p lan ts.

A ccession # 4 and # 20 derived from the

fou rth dist ingu ished species, B ux us

m icrophylla. T he rest of them w ere

from the fif th species, B ux us

semperviren s. M o rpho logica l data

suppo rt these tw o species.

T he taxa subo rdinate to species,

especia lly cu lt ivars and clones, are very

impo rtan t to the ho rt icu ltu ra l

indu stries, p lan t b reeding, and natu ra l

con servat ion. N o rm ally, a group of

individuals w ith one o r mo re un ique

tra its can be pub lished as a new cu lt ivar (o r clone) if the tra it ( s) can be rep roduced asexually o r sexually.
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F rom F ig. 1, C lad A had the low suppo rt of boo tst rap values, excep t the accession s # 10 and # 11. T he

accession # 10 and # 11 w ere very sim ilar w ith on ly 0. 038 genet ic varia t ion s. O ther th ree accession s in th is

clad had rela t ively h igher genet ic d istances (0. 189, 0. 193, and 0. 203). T he A FL P data suppo rted that there

w ere fou r d ist ingu ished cu lt ivars in th is clad, the accession # 6 w as clo ser to accession s # 10 and # 11 than

o ther tw o accession s. M o rpho logica lly, their hab its w ere variab le, bu t leaves w ere sim ilar, especia lly

A ccession # 10 and A ccession # 11, w h ich bo th shou ld be called B. semperviren s‘M yrt ifo lia’.

C lad B included C lad C and A ccession # 5 w ith h igh boo tst rap value at 88%. T he genet ic d istances

betw een A ccession # 5 and each accession of C lad C w ere rela t ively h igh to recogn ize the A ccession # 5 as a

dist ingu ished cu lt ivar. W ith in C lad C, A ccession s # 9 and # 15 had very low genet ic d istance (a t 0. 08).

O ther accession s in th is clad w ere rela t ively clo se to these tw o. T he A FL P data suppo rted these six

accession s in C lad C shou ld be derived from a cu lt ivar. M o rpho logica lly, leaf shapes among these accession s

sign if ican t ly overlapped and cou ld no t be dist ingu ished if m ix ing them. Bo th mo lecu lar and mo rpho logica l

data suppo rt tha t these six accession s o rig inated from a cu lt ivar and cou ld be called Buxu s semperviren s

‘Suffru t ico sa’.

C lad D included A ccession s # 16, # 17, and # 18. T hese th ree accession s fo rm ed a very strong clad

w ith 100% boo tst rap suppo rt. T he genet ic d istances and the num ber of characters that changed

unam b iguou sly on each b ranch w ere very low. O bviou sly, these th ree accession s w ere from a cu lt ivar and the

accession s # 16 and # 17 w ere almo st iden t ica l from A FL P data. A ll th ree accession s had ellip t ic to rounded,

dark green fo liage and w e shou ld call them Buxu s semperviren s‘V ardar V alley’. C lad E on ly had A ccession s

# 4 and # 20. T hese tw o accession s w ere grouped w ith h igh genet ic d istance (0. 189). How ever, the 96%

boo tst rap value indica ted that they w ere m uch clo se than any o ther accession. T he A FL P data concluded that

these tw o accession s w ere tw o dist ingu ished cu lt ivars even if they m igh t derive from the sim ilar gene poo l

long t im e ago.

C lad F con sisted of A ccession s # 2 and # 13 w ith 84 % boo tst rap suppo rt. Genet ica lly, they w ere no t

clo se to each o ther w ith 0. 274 genet ic d istance. A ccession # 2 had 24 unam b iguou s character changes w h ile

A ccession # 13 had 22. T hese data indica ted they w ere tw o differen t cu lt ivars, w h ich cou ld be derived from

differen t species o r grex o r hyb rid iza t ion s. How ever, they w ere rela t ively clo se to each o ther compared w ith

all o ther accession s. Fu rther studies shou ld be conducted to clarify their rela t ion sh ip s.

A ccession # 1 w as far aw ay from all o ther accession s. T he genet ic d istances w ith o ther accession s

ranged from 0. 264 to 0. 378 (average 0. 303). T he band pat tern (to ta l band differences, T ab le 4) w as very

differen t than all o ther accession s. M o rpho logica lly, it s leave had h igh varia t ion on sizes, shapes and apexes.

Bo th A FL P data and mo rpho logica l descrip t ion s suppo rted that A ccession # 1 shou ld be a dist ingu ished

cu lt ivar derived from Buxu s grex o r species.

3　Conclu sion

Bo th mo lecu lar and mo rpho logica l t ra its suppo rted that 20 Buxu s accession s in the tra ils of L ongw ood

Garden s shou ld be derived from five species o r grex. Among them , 12 dist ingu ished cu lt ivars cou ld be

fu rther evaluated fo r their landscape perfo rm ance. O ther eigh t accession s shou ld be removed to reduce

expen ses. Fo r the fu tu re evaluat ion and con servat ion studies, A FL P data, together w ith mo rpho logica l

characterist ics, cou ld be u sed fo r screen ing fo r clo ser rela ted clones. A FL P Besides the app lica t ion fo r

cu lt ivar determ inat ion, w e cou ld also app ly A FL P techn ique to screen the specif ic gene (s) , such as“genes”

w h ich con tro l co ld hard iness o r d isease2resistance.
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