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Abstract To investigate whether the rbcL-accD region from the chloroplast genome would be suitable for phylogenetic
studies of Moraceae, we determined 2 kb of the nucleotide sequence for this region in 10 species in the family Moraceae.
Genera examined included Morus, Artocarpus, Ficus, Broussonetia and Dorstenia. In the intergenic spacer and accD
region, 220 variable sites and 16 indels (insertions and deletions) were found. However, rbcL-accD was highly conserved
among Morus species. No difference was found among three Japanese mulberry species, M. alba cv. Minamisakari, M.
bombysis cv. Kenmochi and M. latifolia cv. Kokusou 21. Only one polymorphism was found in M. nigra, which is native to
West Asia. Possible transfer of the chloroplast genome between Morus species and potential use of the intergenic spacer and

accD regions to study phylogenetic relationships within Moraceae are discussed.
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The nucleotide sequence for the rbcL-aceD region of the
chloroplast genome is highly variable in the family
Polygonaceae at both the intrageneric (Yasui and Ohnishi
1998) and intraspecific (Inamura et al. 2000; Yamane et
al. 2003) levels. To investigate whether the rbcL-accD
region from the chloroplast genome would be suitable
for phylogenetic studies of Moraceae, which includes
economically important plants such as mulberry (Morus
species), fig (Ficus carica), kozo (Broussonetia
kazinoki), breadfruit (Artocarpus altilis) and jackfruit (4.
heterophyllus), we determined the nucleotide sequence
of this region, including the 3" portion of rbcL, the
intergenic spacer and the 5’ portion of accD of 10
species belonging to this family.

M. alba L. cv. Minamisakari, M. bombysis Koids. cv.
Kenmochi, M. latifolia Poir. cv. Kokusou 21 and M.
nigra L. were maintained at the Center for Bioresource
Field Science, Kyoto Institute of Technology. B. kazinoki
Sieb. and F carica L. were collected in Kouchi and
Kyoto Prefectures, respectively. A. altilis Fosb., A.
heterophyllus Lam. and Dorstenia asaroides Gardn. were
purchased from Exotic Plants (Chiba, Japan). F£
benjamina L. was purchased from a local flower shop.
The sequences of the primers used for PCR and the
location of their target binding sites are shown in Figure
1.

AceD, intergenic spacer, Moraceae, rbcL.

The DNA fragment obtained from total genomic DNA
by PCR using primer pair L1 and D3 contained 0.25 kb
of the 3’ portion of rbcL, 1kb of the 5" portion of accD
and the intergenic spacer (Figure 2). Among the plants
examined, the rbcL region was highly conserved and
only 10 variable sites were found. In contrast, the
intergenic spacer and accD regions were highly variable.
We found 110 variable sites in both the intergenic spacer
and accD region. In addition, 13 and 3 indels (insertions
and deletions), respectively, were found in the intergenic
spacer and accD region.

L1 DI D3 D2
> > -
E—
rbcL aceD

L1 5’ -TCACGTTTGGCATATGCCTGCTCTGACCG-3"
D1 5’ -TATTCAAACAGGTACAGGTCAATTAAA-3"
D2 5" -CGGAAGAACACACTAAAATAAGAGGTA-3"
D3 57 -CGTGTAATTTTCTCGCCCACTACAG-3"

Figure 1. Sequences of primers used in PCR, and location of their
target binding sites. Based on the Brassica napus accD sequence
(Z250868), accD-specific primers D1 and D2 were prepared. We
sequenced the PCR product obtained using these two primers and M.
alba DNA as template, and designed an accD-specific primer, D3. An
rbeL-specific primer, L1, was prepared based on the M. alba rbcL
nucleotide sequence (D86319).

Abbreviations: indel, insertion and deletion.

#The first two authors contributed equally to the report. The nucleotide sequence data reported in this paper appear in Genbank/EMBL/DDBJ nu-
cleotide sequence databases with the accession numbers, AB194397 to AB194402 and AB207916 to AB207919.
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Ma  AGATCTT' TC( 80
aa TA 80
Ah  AGATC T TTT TA 80
Bk AGAT( TACTACAAT TT TGGGGAAA 80
Da  AGATCTTTGGAGATGATTCCGTACTACAAT T A 80
Fa  AGATCTT T 80
Fb  AGATCTT’ TTAGGAC! 80

Ma TCTAGAAGCATGTGTAAR AATTAT 160
Aa GCTA ;CTCTAGAAGCATGTGTAAA TGC AATTAT 160
Ah GCTA 'GARATTAT 160
Bk  GCTA TGCTAT TAT 160
Da  GCT TAT 160
Fa TAT 160
Fb  GCTA TC TGCTC 160
Ma TGAACTAGCTGCTGCT ARATTTGAAT A 240
Ra TCCTGAACTAGCTGCTGCT ARATTTGAAT A 240
ah 'TTGAAT" 240
Bk TGA 240
Da TGA TGCTGC ARATTTGA 240
Fa TGCTGC ARATTTGA. 240
Fb TCGT TGCTGC 'TTGAATTCGAAGCAG 240
Ma TGGATACTTTGTAATCCAGCAATTA-CTTACTGTTC-~~=~=~ CTTTT-CTTAATTGAATTTTGACTTGAAATTAAACTCG 312
RAa TGGATACT "A-CTTACCGT TTTT-CTTAATTAAATT TAAACTCG 312
Ah TGGATACTTTGTAATCCAGCAATTA-CTTACTGTTC-————~ -CTTTT-CTTAATTAAATTTTGACTTGAAATTARACTCG 312
Bk ~ - ATTGAAATTAAACTCG 318
Da TCCTTTT-CTTAATT AATTAAACTCG 319
Fa TGGATACTTTGTAATCCAGCAATTA-CTTAACTGTTCCTTTTCTTAATTGA! SAATTTT AATTAAACTCG 319
Fb TGGATAC' ATTA-CTTAACTGTTCCTTTTCTTAATTGAAATTGAATTTTGAATTGARATTAAACTCG 319
Ma GARTAC-AAGGATAC' TTT T 385
Aa  GCCC TAC-AAGGATAC TTT T 391
Ah GCCCAATCTTT ATAC-AAGGATAC TACT 391
Bk GCCCAATCTTTTAC ATAC-] TTT T 397
Da  GCCCAATCTTTTAC ATACCARAGATACTATTGTA' TTTT TACT 393
Fa TTTAC ATAC- TGT: TTT 392
b T TTT 392
Ma  TAATATACAAGATC A~ 156
Aa ‘TAATATACAAGATCTTAAATACAAAATAT G TAAA-TATTTC 462
Ah TAATATACAAGATCTTAAATACAAAATAT 'GAl TTTAAA-TCTTTCTATTGTTGTGTT TTC 462
Bk AGATCTTAAATAC] GA TAAA-TCTTTCTATTGTTGTATTGGATTC 468
Da TAAA-TCTTTCTATTGTTGTGITGGATTC 472
Fa TAAAATCTTTCTATTGTTGTGITGGATTC 469
Fb \AGATC' AATAAAA-TA' 'TCTATTGTTGTGTTGGATTC 469
Ma ACAATTAATCC TGATGTATTCTGTATTGGTGTATTCTTTATTTTTTTTTTTTATTTAT'

Aa ACAATTAATCC TGATGTATTCTGTATTGGTGTATTCTTTTTTTTTATTTATTTATTTT

Ah ACAAT" TAGGATTGATGTATTCTGTATTGGTGTATTCTTTTTTTTTTTTTTACTTTTTTTTTTAT 542
Bk  ACAAT TTAGGATTGATGTATTCTGTATTGGTGTATTCTTTTTTATTTATT 535
Da ACAAT" TCTGTAT TTTTTATTTATT" 539
Fa TATGGATC

Fb ACAAT TATGGATC TGATGTATTCTGTATTGGT!

Ma -ATATTATTTCTATTTTTATTATTTC' T 'TT 609
Aa -ATATTATCTCTATTTTTATTATT T 'TT 612
ah "TATCTCTATTTTTATTATTT( TCGGA TT 622
Bk ATTATT GGATC 595
Da CTAC ATATCACAACTT 599
Fa TATTIC T AATCTCACAACTT 602
T AACCTCACAACTT 602
Ma CT TGICCTTTTCAT TT 689
Aa  cCT TATTGTCCTTTTCAT ACTGC! T 692
Ah  CIT TGICCTTTTCAT ACTGC’ ™ 702
Bk  CIT TGICCTTTTCAT ACTGC" T ARRRA 675
pa CT TGICCTTTTCATTCTGTGTT AACTGCTTAGT T ARARA 679
Fa CT 'TGTCCTTTTCATTCTGT! T AAAA 682
Fb CT 'TGTCCTTTTCATTCTGTGT TT" \AAA 682
Ma GTTCT" TATTTCTTTTTTCGATGC ~AAC - 767
Aa  GITCT! TATTTCTTTTTTCGATGC TTACTCTTICT 772
Ah GTTTTTAAGAT TATTTCTTTTT 'TTC- 781
Bk GTTCTTAAGAT 'TATTTTT" T \TAAGT 755
Da GTTCTTAAGAT" TATTCCTTTTT" T 757
Fa  GTTCTTAAGAT TATTTATTTTT T -~ 760
Fb GTTCT TATTT 760
Ma Ti TAATTATTTAAAAT TTTCATC 'TTA 811
Aa TAATTATTTAAAAT TTTCATCATATTTTA 825
Ah TAATTATTTAAATT TT TITA 826
Bk A TAAT T TTTAGCATATTT TITA 835
Da -] 'TAAT" TTTA 814
Fa TAATT TTC TTA 820
Fb 'TAATT TTTCATC TTA 820
Ma TTTT 'TGTTATTAGTTAATAAT 891
Aa TTTT 'TGTTATTAGTTAATAAT 905
Ah "GGGT T CTTTTT 'TGTTATTAGTTAATAAT 906
Bk 'GAAGCGATAC' TTT TAATAAATAAT 915
Da TTCC TTTTTCAGTATCCACTTATTATTAGTTAATAAT 894
Fa TACTCC TTTTTCAGTACC TAGITAATAAT 900
Fb GC TCCGGGT TTTTTTCAGTACCCAC 'TAGTTAATAAT 900
Ma  CTTAGCAATTGCATTTATATGCT TTCATC 963
Ra TGCATTTATATGCTTATTTCTGAT TTCATCARA-----~- 978
Ah  CCTAGCAATTGCATTTATATGCTTATTT A TT T 979
Bk  CCTAGCGATTGTATTTATATGCTTATT-CTGAT A TTCAT TGACTAT 987
Da  ACTAGCGATTACTTTTATATGCTTATT-CTGATTCGAATC! TTCATTATTCATTARATGACTAT 973
Fa TGCATTTATATGCTTATT-CTGAT TTTCAT ‘TGACTAT 972
Fb TGCATTTATATGCTTATT-CTGAT TTTCAT TAT 972
Ma 'TT 'CTATGGAAAAATGGCGGTTCGATTCAATGTTGTTTAGCG 1042
Aa TT AT TCGATTCAATGTTGTTTAGCG 1057
Ah  TCATC T TCGATTCAATGTTGTTTAGCG 1058
Bk  TCATCTATTGTATTT A “TCGATTC! TAACG 1067
Da TCAT( TT - Al 'TCGATTCAATGTTGTTTAACG 1052
Fa TCATCTATTGTATTT' -] 'TCGATTCAATATTCTTTAACG 1051
Fb  TCATCTATTGTATTT TCGATTCAATATTCTTTAACG 1051

Ma AGTAA 1122
Aa AGTAAATC] TC 1137
an TGAAAATAC 1138
Bk AATAAATAGT T 1147
Da AT TGAA 1132
Fa ATAT 1131
Fb  GGATAT' TGAA 1131

Ma  GATCCGATTAT: TTCC TTCTAGTTAC] 1202
Aa  GATCCGATTAT \AAGACATTC 1217
Ah  GATCCGAT' TC TGATCA 1218
Bk GATCC T TCTAGT TGATCA 1227
Da T TGATCA 1212
Fa T TGATCA 1211
Fb 1211
Ma  TIT TCGGAATTTCCTATC' TTTTAGT 1282
Aa  TTTAGT TCGGAATTTCCTATC TTTTTAGT TACT 1297
b TT TCGGAATT’ TTTTTAGT T 1298
Bk TT" TTTTAGT 1307
Da TC TTTTAGT T 1292
Fa TCTGATGAC! T 1291
Fb  TTTAGT TC T 1291
Ma  CCATATATTTTGATAT TTTTGARAT TCTTT ARAT 1356
Aa TTGATAT TTTGARAT AGAT 1371
A TTTGAAAT T T 1372
Bk CCAIC A TGAAATAGARAAT 1381
Da C AACGAAGATTC ARAC 1372
Fa C TTT T TGATTCTTTTAT. ARAT 1365
Fb  CCCTATATTTTGATATT TTTGARAT TCTTTT ARAT 1365
Ma TCAGAATTCTAGT GTTA 1430
Aa TCAGAATTCTAGT CGCTATGATCGTTA 1445
Ah TTCTAGT TATCTGAATAATGTAT TCGCTATGATCGTTA 1446
Bk TTTTTATAGTT. AGAATTCTAGTTATCTC CACTATGATCGTTA 1455
Da  TCTTTTTATTTTTATAGTTATCCGAATTCTAGTTATCTAAATAATGTATCGAAGAATGAGGATCCTCGCTATGATCGTTA 1452
Fa  TATTTTTATAGT AGAATTCTAGT 'TA 1439
Fb  TCTTTTTATAGT AGAATTCTAGT T TA 1439
Ma G A TTCGTTATCARATCTGTATTG 1510
Aa  C ACATTAATAGTTGCATTGGCAGTTATCTTCGTTATCAAATCTGTATTG 1525
Ah ACATTAATAGTTGCATTGGCAGTTATCTTCGTTATCAAATCTGTATTG 1526
Bk GATCA ATTGACGGTTATCT TG 1535
Da ACATTAATAGTTGCATTGACAGTTATCTTTGT TG 1532
Fa ACATTAATAGTTGCATTGACAGTTATCTTCAT TG 1519
Fb AATCA 1519
Ma TTTAAC ATTACAATGACAATTACATTTATAC TAGT 1590
Aa TTTAAC TAC] 1605
An TT TACTTT’ 1606
Bk TT ATA TACATTTATAGTTCCATT TAGT 1615
Da ATA TAGC 1612
Fa  ATAGTGACATTTTAACTAGTAATGACAATTACAATAACAGTTACATT 1599
Fb TACAATAACAGTTACATT 1599
Ma T A TT 1670
Aa T TT 1685
An AAC T 1686
Bk TAACTC---T; TC T 1692
Da ATTTAACTC---TAAGAAAAAGITATAATGATTT 1689
Fa C G TAACTC--~Ti TTCTAATGATTT 1676
Fb TCC « TAACTC: TCTAATGATTT 1676
Ma TTGTGGGT TTTGARAT 1750
Aa AR TTTGARAT 1765
Ah AA ATGTGAA TTTGAAAT 1766
Bk TTTTARAT 1772
Da ARATACAGGA: TTAT AATCTTTGARAT 1769
Fa AR TTATGGGT TGTTAT TTTTARAT 1756
Fb TTATGGGT TGTTAT TTTTAAAT 1756
Ma  CAA 7" 'CA 1830
Aa  CARRAATGAATATT \GATARRATCGAACTTTTGATTGATCCA 1845
Ah  Ci ATT T GAACTTTTGATTGATCCA 1846
Bk C ATT TG T GAACTTTTGATTGATCCA 1852
Da C T TATT GAACTTTTGATTGATCCA 1849
Fa T T 'TTTGATTGATCCA 1836
Fb ATCGAACTTT" 1836
Ma  GGTACT TCTCTGGATCCTATTGAATTTAAT CTTATARAGA 1910
Aa  GGTACT' TCTATGGATCCTATTGAATTTAAT CTTATARAGA 1925
Ah  GGTACT TATTGAATTTAAT TATAAAGA 1926
Bk  GGTACT TGAATTTAAT TATARAGA 1932
Da  GTACT TAARTTTAAT -2 1929
Fa  GGTACT TTGAATTTAAT TTATARAGA 1916
Fb  GGTACTTGGGATC TGAATTTAAT CTTATARAGA 1916
Ma  TCGTATTGATTCT TCCCG 1990
Aa  TCGTATTGATTICT A ACTAA TCCCG 2005
Ah  TCGTATTGATTCTTAT TCARAC; TCCCG 2006
Bk  TCGTAT' ARC AGACTAA! TCCCG 2012
Da  TCGTAT' AAC TCCTG 2009
Fa  TCGTAT' AAC TAAACAGCATTCCCG 1996
Fb  TCGTATT T TCAAACA \GACTAA TCCCG 1996
Ma  TAGCAATT: TTATGGATTTTCAGTT 2038
Aa  TAGCAATT! TTATGGATTTTCAGTT 2053
Ah  TAGCAAT' TTCAGT" 2054
Bk  TAGCAAT TTCAGT 2060
Da  TAGCAAT TTCAGT 2057
Fa  TAGCAAT’ TTCAGT 2044

T 2044

Fb  TAGCAAT’ TTCA(

Figure 2. Alignment of chloroplast DNA sequences of the 3’ portion of the rbcL gene, intergenic spacer and 5’ portion of the accD gene of M.
alba Minamisakari (Ma), 4. altilis (Aa), A. heterophyllus (Ah), B. kazinoki (Bk), D. asaroides (Da), F carica (Fc) and F benjamina (Fb). The primer
pair L1 and D3 was used to amplify a 2kb fragment of rbcL-accD from the chloroplast genome of each plant. Asterisks (*) and periods (.) mark
nucleic acids that are identical and conserved, respectively. The stop codon (TAA) of rbcL and initiation codon (ATG) of accD are underlined and

double-underlined, respectively.

The nucleotide sequences of M. bombysis cv.
Kenmochi and M. latifolia cv. Kokusou 21 were identical
to that of M. alba cv. Minamisakari (data not shown).
Only one polymorphism was found in M. nigra, which is
native to West Asia: bases 513-524, located within the
intergenic spacer, are T, in Minamisakari, Kokusou 21

and Kenmochi, while the corresponding site is T,; in M.
nigra (data not shown). Conservation of the chloroplast
genomic sequence among the Morus species may be due
to transfer of the chloroplast genome. While M.
bombysis is believed to be native to Japan, M. alba and
M. latifolia are considered to have been introduced from

Copyright © 2005 The Japanese Society for Plant Cell and Molecular Biology
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Figure 3. Phylogenetic tree generated based on the nucleotide
sequences of the rbcL-accD region. The indels were removed from the
sequence data set. Numbers above branches are genetic distances.
Numbers below branches are confidence levels (%) based on 10,000
bootstrap replicates. The tree was obtained by the neighbor-joining
method using Genetyx ver. 6.1.1 software (Genetyx, Tokyo, Japan).

China in the 7th century (Hotta 1951) and domesticated
in Japan. In addition to naturally occurring hybridization,
mulberry species have been commonly crossed by
breeders for the sericulture industry. The high level of
nucleotide sequence similarity between M. nigra and the
other mulberries might be due to the introduction of
Chinese mulberry to West Asia for sericultural purposes,
followed by domestication and/or crossing with other
species there.

A phylogenetic tree was generated based on the
nucleotide sequences determined in this study (Figure 3).
Based on these results, species of Ficus or Artocarpus
are more closely related to species in the same genus
than to samples from other genera, and Morus is more
closely related to Arfocarpus than to the other genera. In
a published phylogenetic tree based on the nucleotide
sequence of the nuclear-encoded 5S-rRNA gene spacer
region (Miyahara et al. 1998), species within the genera
of Ficus, Morus and Broussonetia, for unknown reasons,
were not grouped together, suggesting that such a tree
does not reflect the true relationships within the
Moraceae. Some of the recent phylogenetic studies on
Moraceae are based on nucleotide sequences from
chloroplast DNA, such as rbcL, trnL-F and ndhF

Y. Matsuda et al.

(Sytsma et al. 2002; Datwyler and Weiblen 2004). Our
results here indicate that the rbcL-aceD region is another
site informative for studies of phylogenetic relationships
in Moraceae.

The number of nucleotide sequences studied here is
limited. Since the primer pair L1 and D3 could be used
for all species of Moraceae tested in this study,
amplification of corresponding DNA fragments in other
species of Moraceae for detailed analyses should also be
possible.
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