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Abstract: Boxwoods (B uxusL. ) are anong the most widely cultivated ornanental shrubs Longwood Gardens digplays and trials
many boxwood taxa from around theworld Cultivar identification and secies delineation in boxwoods is problenatic when based
wlely on morphological characteristics To verify identity of 20 boxwood accessions from the trial beds of L ongwood Gardens, their
morphological features (leaf characters, grow th habit, and landscape gppearance) w ere recorded T hese dataw ere validated later w ith
the analysis of AFLP markers The AFLP markers were generated separately without any know ledge of the mormphological
characteristics From the three-primer-pair combinations, a total of 212 useful markers betw een 75 and 500 bps fragnent sizesw ere
obtained The average number of markers for each accession was 74 and the total markers for each accession varied from 50 to 108
The unique bands, which can be the potential diagnosismarkers, were anong zero to 15 Genetic distances ranged from Q 028 to
Q0 439 Only oneU PGV A treew as generated using PAU P and the number of characters that changed unanbiguously on each branch
was recorded From molecular data, the 20 accessionsmight derive from four or five different gpecies and could be distinguishably
classified into 12 different cultivars Themorphological data fully supported the resultsfrom molecular data The combination of both
morphological and molecular data is a pow erful tool for detem ining genetic relations, cultivar discrimination, and targeted breeding
Key words boxwoods (B uxusL. ); gemplasn identification; molecular characters morphological characters Longwood Gardens
inUSA
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O Introduction

Buxus L. is amenber of boxwood family (Buxaceae). It consists of profusely branched evergreen
shrubs and trees with opposite and entire leaves The young branches are usually with angles and
exstipulate The genusw as naned by Carl L innaeus in 1753 and B uxus is theL atinword of boxwood The
plants naturally distribute throughout temperate (Eurasia), subtropical (A sia and North America) and
tropical regions (South A frica, Caribbean, and Central America). They arew ildly used asornamentals and
gecial wood production''’.

Taxonomically, the phylogenetic relationships within Buxus and the number of its gecies are
contradictory and confusing Some researchers”® indicated that therew ere approximately 30 gecies, w hile

otherg™**

included more than 70 pecies B uxus sanpervirensL. (Common Box) andB. micrgphylla Sieb
Et Zucc (L ittleleaf Box or Boxwood) are the most mportant taxa in ornanentals They are widely
cultivated for hedges, screens, borders, and topiary and for gpecimen plantings of pendulous or prostrate

form ™!

How ever, both ecies are extranely variablew hich has given rise to many cultivarsw ith overlapped
morphological characteristics “ Cultivars are amost indistinguishable and once they are put to the shears no
one can reliably separate them”'®. Obviously, the cultivar identification, the gpecies delineation, and the
genus circum scription, had created the problens T he differences anong the taxonom ists and horticulturists
could be not reswlved with Imited morphological characteristics and it is mportant to clarify this
contradictory information w ith modern molecular technologies

D eoxyribonucleic acid (DNA ) fingerprinting techniques (DNA markers) are the preferred methods for
identifying cultivars or genotypes and investigating the genetic variability w ithin gecies because the DNA
markers are not influenced by environmental or cultural factors, such asgeographical location, microclimate,

and nutrition'”®.

The rapid accurate inform ation derived from DNA can be used to distinguish closely related
plants, egpecially amorphologically homogenous group of plants®. Currently, several DNA fingerprinting
techniques are available Thew idely used techniques are restriction fragnent length polymorphisn (RFL P)
and the polymerase chain reaction (PCR)-based random amplified polymorphicDNA (RAPD). RFL Pshave
been used to investigate genetic diversity in cultivated plants®’and theirw ild relatives'*®*". Hubbard et al '**
successfully applied RFL P technigues to the identification of rose cultivars The RAPD assay is less
expensive and overcomes ome technical |imitationsof RFL Ps It can be used for cultivar discrim ination'”,
such as clonal identification of red maple (Krahl et al , 1993) and American em'®. M ichemore et al ™
reported that RA PD sw ere useful in the construction of geneticmapsand could be used as linkagem arkers to
dow ny mildew resistance in lettuce

Amplified fragnent length polymorphisn (A FL P) is an ingenious combination of RFL P analysis and
PCR that results in highly informative fingerprints Comparedw ith theRFL PsorRAPD s, A FL P isthemost
useful, reliable, and promising molecular marker technique for genotypic comparionsw ithin pecies™ '’
Zhang™® reported 92 9 % reproducibility anong three replications of 27 bem udagrass genotypes He alo
concluded that the A FL P technique not only had high reproducibility and revealed a high frequency of

[19, 20]

polymorphisn, but also could be used for cultivar and hybrid identification and protection . Obviously,



the AFL P assay offers more reproducible information and increased opportunities to research molecular
studies on ornanental taxa

Since no DNA work has been done for Buxus This study will conduct the preliminary exploration of
genetic diversity and clone discrim ination using B uxus collection from Longwood Gardens Further studies
can lead to screening of all available clones and identifying the best clones for our gardens

1 M aterials andM ethods

11 PlantM aterials

Fresh leaves of 20 B uxus accessionsw ere collected from the trial bedsof L ongwood Gardens in Kennett

Square, Pennsylvania, U SA. The surce information is listed in Table 1
Table 1 Plant Sourcesfor B uxus accessionsfram L ongwood Gardens

No Z Plant name Y Source X Suggested N aneW
1 B. sanpervirens A lbania A Ibania B. X' A lbania
2 B. s' Belleville E W. Seibert, 1956- 0368 B. 9.' Belleville'
3 B.' Glencoe Scarff’ sN ursery, OH; 1998- 0849 B. s' Glencoe
4  B.' GreenBeauty’ SaundersBrothers, VA; 1999- 0649 B. microphylla Green Beauty’
5 B. * Jensen’ SaundersBrothers, VA; 1999- 0653 B. s’ Jensen’
6 B. * JustinBrouwers SaundersBrothers, VA; 1999- 0652 B. s’ JustinBrouwers
7  B. ' Longwood Cemetery’ L ongwood Gardens, PA B. s ' Suffruticosa
8 B.‘ M ain Fountain Garden’ L ongwood Gardens, PA B. s ' Suffruticosa
9 B.' Martin’ L ongwood Gardens, PA B. s ' Suffruticosa
10 B.' MBG’ M issouri Botanical Garden, M O B. s ' M yrtifolia
11  B. ' Myrtifolia M issouriBotanical Garden, MO; 1961- 1294 B. s ‘' Myrtifolia
12 B.' RedL ion East’ L ongwood Gardens, PA B. s' RedL ion East’
13 B. ' Rteb0 W oodlanders, SC, 1998- 0686 B. ' Rte50’
14 B.' Suffruticosa Scarff’ sN ursery, OH; 1995- 0946 B. s ' Suffruticosa
15 B.' T45 L ongwood Gardens, PA B. s' Suffruticosa’
16 B.' VardarV alley’ Gulf Stream, 1985- 0964 B. s’ VardarV alley’
17 B.' VardarV alley’ U SM idwest, 1985- 0424 B. s‘ VardarV alley’
18 B.' VardarV alley’ W oodlanders, SC, 1992- 0076 B. s' VardarValley’
19 B.' Watkins U nknow n B. s ' Suffruticosa’
20 B. ' W.ntergreen’ SaundersBrothers, VA 1999- 0648 B. microphylla W intergreen’
Z: Plant materialsw ere provided by L ongvood Gardens, Kennett Square, PA 19348, U SA.
Y: Plant namnesw ere not verified or identified by authors and w ere listed as they w ere labeled
X: Based on the living collection record of L ongwood Gardens
Z: Suggested nane after A FL P analysisw ith reference of morphological data

1 2 DNA Extraction Table 2  Oligonucleotide adaptors and primers for ARLP
analysis of B uxus accessions

Total genomic DNA was isolated from
fresh leaves follow ing the procedures suggested

Adaptor or primer _ Oligonucleiotide (primer dye color)

M esl adaptors GACGATGAGTCCTGAG

by DNeasy Plant M ini Kit (QIAGEN Inc , TACTCAGGACTCAT

V alencia, lifornia, . The extr CTCGTA GACTGCGTACC

alencia, California, U SA ) e ext allwo EcoR | adaptors GTAGACTOCaTACe

stepsw ere centrifuging at 5 000 r- min -~ for AFLP Priners

one minute after incubation at 65 and at M esl+ 1 GATGAGTCCTGAG + TAA + C

12000 r- min' * for five minutes after ice BooR 1+ 1 AGACTGCGTACC + AATTC + A
M sel+ 3 GATGAGTCCTGAG + TAA + CTC

incubation Islated DNA was visualized on
] ) ) AGACTGCGTACC + AATTC + ACT (blue)
1% A garose gel w ith 312 nm V ariable Intensity EcoR I+ 3 AGACTGCGTACC + AATTC + ACG (green)
) . . AGACTGCGTACC + AATTC + AGC (yellow)
T ransilluminator ( FBT Vv -816, Fisher
Scientific, Pittsburgh, Pennsylvania, U SA) and the high yielded samplesw ere used for the follow ing A FL P

experiment




1 3 AR P Procedure

Perkin Eimer (Foster City, California, U SA) L arge Plant Genome K it w as purchased to conduct this
experiment Amplified fragnent length polymorphisn reactionsw ere conducted as the recommended by the
AFL P PlantM apping'®. Samplesw ere electrophoresed (2 500V ) for 4 hoursat 48 in 1( TBE buffer on
an automatic DNA sequencer (model AB 1377, Perkin-Elmer A pplied Biosystens) equipped w ith GeneScan
A nalysis ooftware (version 3 1, Perkin-Eimer Applied Biosystans). Fragment sizing were calculated
autom atically using the local Southern sizing algorithm s/

1 4 AR PData Analysis

D ata files containing sizing data for all samplesw ere created using Fragment Binner [N ancy Garnhart,
personal comm. ] for each primer combination The threshold value for fragnent detectionwas 50 A Il data
fileswere revienv ed by eyes, then exported into PAU P! Paimw ise distance comparisonsw ere generated and
unw eighted pair group method w ith arithmetic average (U PGM A ) treew as derived using PAUP. To show
the strength of each branch, we conducted 1 000 replicates of bootstrap analysis "
characters that changed unanbiguously on each branch

Table 3 AF. P markers generated fran six primer pairs of

and listed the number of

2 Results and D iscussion B uxus accession's
. . . . Primer Dye Color .
From the three-primer-pair combinationsof TaonNe z = ==~ 7 ow ot/ Bands  UniqueBands

20 Buxus accessions oollected from L ongwood 1 38 23 21 82 8
Gardens trial beds, a total of 212 useful bands 2 %6 29 z 108 14
3 37 11 25 73 7
(markers) between 75 and 500 bps fragment 4 6 13 16 65 )
sizes were generated Primer ocombinations 5 36 12 21 69 3
labeled w ith blue, green, and yellow dye colors 6 36 12 20 68 2
) 7 38 8 23 69 1
produced 90, 69, and 53 bands, reectively. 8 38 1 3 7 0
The average number of markers for each 9 38 10 22 70 1
accession w as 74 and the total markers for each 10 87 17 19 73 0
. ied 1 50 to 108 (Table 3). Th 11 35 14 20 69 0
accession varied from to Table 3). The 12 s 4 ” 50 1
unique bands, which can be the potential 13 44 40 18 102 15
diagnosis markers, were among zero to 15 14 33 12 28 73 1
Obviously. th tic di it these 20 15 36 9 22 67 0
viously, the genetic diversity anong these 16 as 14 o1 70 0
accessionsw ere very little, except the accession 17 38 17 21 76 0
# 1 (8 unique bands), # 2 (14), # 3 (7), # 13 18 41 21 21 83 1
(15), and # 20 (8) [Table 1, 3] It is 2 o= “ 0
20 34 15 14 63 8
mportant to indicate that the accession # 8, M ean 38 16 21 74 3
# 10, # 11, # 15, # 16, # 17, and # 19did not _UsefulBands 90 9 53 1477 64

have any unique band [TabIe 1, 3], w hich Z: The taxon number correpondsw ith the number in the first column
mplied that the genetic information of these of Table L
accessionsw as very similar to one or more taxa (included the above 7 accessions) in this study. It is not
necessary to keep some of these taxa for further evaluation

Based on all useful A FL Pmarkers, genetic distances (paimw ise distance comparisons) and total character
(band) differences betw een Buxus accessions were generated by PAU P (Table 4). Genetic distances
ranged from Q 028 to Q 439 Accession # 16, # 17, # 18 showed minimal genetic differences, while
accession # 2 and # 20 had the highest one Generally, high genetic distances anong the different gecies
and low genetic distances anong the clones were expected The values of genetic distances anong the
varieties and cultivarsw ere intem ediate to values anong the gecies and clones T he total character (band)



differences show ed the same trend as the genetic distance (T able 4).
Table 4 Genetic distancesand total character (band) differences between B uxus accessions (above diagonal:
total character differences below diagonal: genetic distances)

No 7 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 0378 - 67 69 75 60 73 67 68 39 41 74 58 71 69 74 74 75 58 93
3 033% 0316 - 44 54 41 60 54 59 40 42 43 69 58 52 51 57 64 55 62
4 0297 0326 Q208 - 48 43 60 56 55 40 40 43 71 56 50 49 53 60 55 40
5 0307 0354 0255 Q226 - 47 34 30 33 54 50 39 75 36 28 47 51 58 33 70
6 0283 028 0193 Q203 Q222 - 45 43 44 27 29 40 56 45 41 42 46 53 44 59
7 0307 0344 0283 0283 Q160 Q212 - 14 17 54 52 43 75 22 18 47 49 52 15 72
8 0297 0316 0255 Q264 Q142 Q203 Q066 - 9 52 48 41 67 12 8 47 49 52 9 68
9 0302 0321 0278 Q259 Q156 Q208 Q080 Q043 - 49 49 40 74 17 7 50 54 57 14 71
10 0288 0184 0189 Q0189 Q0255 Q127 Q255 Q245 Q231 - 8 37 41 48 48 43 47 52 47 62
11 0278 0193 0198 Q0189 0236 Q137 Q245 0226 0231 Q038 - 35 39 44 46 41 43 50 45 58
12 0302 0349 0203 0203 0184 0189 Q203 Q193 Q18 Q175 Q 165 - 70 37 35 46 52 59 42 53
13 Q0377 0274 0326 Q033 0354 0264 0354 0316 0349 0193 0184 Q330 - 71 67 66 70 69 70 89
14 Q0307 033 Q0274 0264 Q170 Q212 Q104 Q057 Q080 Q226 Q208 Q174 Q335 - 14 51 51 54 15 68
15 0307 0326 0245 023 0132 0193 Q08 Q038 Q0033 0226 0217 Q165 Q316 Q066 - 45 49 54 15 66
16 0274 0349 0241 Q0231 0222 0198 Q0222 0222 0236 0203 0193 0217 0311 0241 Q212 - 6 13 50 63
17 0264 0349 0269 Q250 0241 Q217 0231 0231 0255 Q0222 0203 Q245 0330 0241 Q231 Q028 - 7 50 63
18 0269 0354 0302 0283 Q0274 0250 Q0245 0245 0269 0245 Q236 Q278 0326 0255 Q255 QO61 Q033 - 51 70
19 0274 Q274 025 025 015 0208 Q071 Q043 Q066 Q222 Q212 0198 Q330 Q071 Q071 Q236 Q236 Q241 - 65

20 0316 0439 0293 Q189 Q0330 0278 0340 0321 0335 0293 Q274 Q250 Q420 Q321 Q311 Q297 Q297 Q330 Q 307

Z: The taxon number corregpondsw ith the number in the first column of Table 1

Only one UPGMA (urweighted 7 Buxus'Albanla'(1)
pair group method with arithmetic ] B.Glencoe'(2)
average) tree was generated using A* —7——— B.Justin Brouwers'(6)
PAU P (Fig 1). Based on 1 000 5 Z b [ BMBGUO)
replicates of bootstrgp analysis, the — 7 L BMyirifolia(11)
nunber of characters that changed % = B'Red Lion Bast(12)
unambiguously on each branch, and the . - BJensen'(s)
genetic distances (Table 4), the 20 0
B8] ——— B.'Longwood Cenmetery'(7)
accessions might derive from five
. . . 9 B.'Main Fountain Garden'(8)
different gecies or grex. A ccession # c
- * 9% B.'Martin'(9)
1, # 2 and # 13 should be originated 1
_ ) BIT45(15)
from three different gecies (maybe
grex), regectively. M orphologically, £ Watkans(19)
these three accessions have rounded or BSuffruticosa’(14)
lanceolate leaves, which can be — | 95[7 B-'Vardar Valley 19850946'(16)
L . 0 ; )
distinguished from the rest of plants 2 D p B-'Vardar Valley 19850424'(17)
A ccession # 4 and # 20 derived from the 100 g B'Vardar Valley 19920076'(18)
fourth distinguished 9ecies, B uxus _— B M B.'Green Beauty'(4)
microphylla The rest of then were 11 B.'Wintergreen'(20)
. . 23
from the fifth Joecies, B uxus 57 B.Belleville'(2)
sanpervirens M orphological  data t 8(;‘ = BRte50(13)

support these wo ecies

The taxa subordinate to gecies, iy 1 UPQV A tree of Buxus accessions fran theL ongwood Gardens

egecially cultivars and clones, are very based on AFL P data Number sabove and below the branchesare
mportant to  the  horticultural bootstrap per centages

(* the bootstrap percentage was less than 50 % and the branch clagped on the
bootstrap tree) and unambiguous character changes L ettersA through F mark
conservation Nomally, a group of clades discussed in the text The number in parenthesis is the taxon number,
individuals with one or more unique w hich corregpondsw ith the number in the first column of Table 1

industries, plant breeding, and natural

traits can be published as a nav cultivar (or clone) if the trait(s) can be reproduced asexually or sexually.



6 28

From Fig 1, Clad A had the low support of bootstrap values, except the accessions# 10 and # 11 The
accession # 10 and # 11were very smilarw ith only Q 038 genetic variations O ther three accessions in this
clad had relatively higher genetic distances (Q 189, Q 193, and Q 203). TheA FL P data supported that there
w ere four distinguished cultivars in this clad, the accession # 6w as closer to accessions # 10 and # 11 than
other wo accessions M orphologically, their habits were variable, but leaves were smilar, egecially
A ccession # 10 and A ccession # 11, w hich both should be called B. sampervirens M yrtifolia’.

Clad B included Clad C and A ccession # 5w ith high bootstrap value at 88%. T he genetic distances
betw een A ccession # 5 and each accession of Clad C w ere relatively high to recognize the A ccession # 5 as a
distinguished cultivar. W ithin Clad C, A ccessions # 9 and # 15 had very low genetic distance (at Q 08).
Other accessions in this clad were relatively close to these wo. The AFL P data supported these six
accessions in Clad C should be derived from a cultivar. M orphologically, leaf shapes anong these accessions
significantly overlgpped and ocould not be distinguished if mixing them. Both molecular and morphological
data support that these six accessions originated from a cultivar and could be called Buxus sampervirens
" Suffruticosa’.

Clad D included A ccessions # 16, # 17, and # 18 These three accessions formed a very strong clad
with 100% bootstrgp support The genetic distances and the number of characters that changed
unambiguously on each branchw ere very low. Obviously, these three accessionsw ere from a cultivar and the
accessions # 16 and # 17w ere aimost identical from A FL P data A Il three accessionshad elliptic to rounded,
dark green foliage andw e should call them Buxus sampervirens V ardar V alley’. Clad E only had A ccessions
# 4and # 20 These wo accessionsw ere grouped w ith high genetic distance (Q 189). How ever, the 96%
bootstrap value indicated that they w eremuch close than any other accession TheA FL P data concluded that
these wo accessionsw ere two distinguished cultivars even if they might derive from the smilar gene pool
long time ago

Clad F consisted of A ccessions # 2 and # 13w ith 84 % bootstrap support Genetically, they were not
close to each other with Q 274 genetic distance A ccession # 2 had 24 unambiguous character changesw hile
A ccession # 13 had 22 T hese data indicated they w ere wo different cultivars, which could be derived from
different eciesor grex or hybridizations How ever, they w ere relatively close to each other compared w ith
all other accessions Further studies should be conducted to clarify their relationships

A ccession # 1 was far avay from all other accessions The genetic distances w ith other accessions
ranged from Q 264 to Q 378 (average Q 303). The band pattern (total band differences, Table 4) w as very
different than all other accessions M orphologically, its leave had high variation on sizes, shapesand apexes
Both A FL P data and morphological descriptions supported that A ccession # 1 should be a distinguished
cultivar derived from Buxus grex or gecies

3 Conclusion

Both molecular and morphological traits supported that 20 Buxus accessions in the trails of L ongwood
Gardens should be derived from five gecies or grex Among thean, 12 distinguished cultivars could be
further evaluated for their landscepe performance O ther eight accessions should be ranoved to reduce
expenses For the future evaluation and conservation studies, A FL P data, together with morphological
characteristics, could be used for screening for closer related clones A FL P Besides the application for
cultivar detem ination, we could also apply A FL P technique to screen the ecific gene(s), such as' genes’
w hich control cold hardiness or disease-resistance
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