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Abstract
Gencordadahofpla:idg:nmuwu:oouu'ld To spexify which gene is presem
MWhhhthmnhmmmgpMmmMﬁdnme
soquence Jevel, Feruchpﬁcfpluﬁdgmﬂmu,ﬁ)cmunhuqummm
i.c., inversioas, transposiliomlndinvutnduanspomions,wmwmpumd It was shown
mnﬂwrﬁnofmwwlhcmbaofmcompmhdzmmmm
foc the phylogeny of land plant plasids. We aiso cxploced the contribution of the
numbe(ofgmudckwd(orhmumd)mﬁmevoluﬁono(n]gnlphsﬁdm

Introdiction

Wom&m!yﬁsofmmkkndqumﬂxﬁﬁmxﬂymhomnb@u
vuukmsufainglcgmcindiﬁautugxnism.mmmﬂas&omm:nguuc
nnmpﬁxmﬂm:mluﬁonofxsimkgmembmmmcvnlukmuﬂh:ml:
genome  (Gray, l%ﬂ.Mlmuﬂmmwwmmﬂvcpbylopdic
rduionsﬁpa,webzvc;xq)osednmnhamﬁulmodchngofcmhximumcm
leved (Sankoff, Leduc e al, 1992; Blanchetre, Kunisawa et al, 1996). Phylograetic
ﬁmnbmunpwmskmmw;mmdammbnedmh
mmmmufhmmw&mmmmdd:ﬁmmymm
mcmmhmmmmmwﬂwm.mmmwmmmmwﬁed
© 2 very limited case, ic., mitochondrial genome evolutian, simply becamse of the
unvﬁhﬁ&yofmnﬂu:pc«d:rdﬁ&hmmbwm,am-mbadpludd
mnwymmmmmmemwfm
smdyingcmlmiondncmgcmmcmnnwﬂacwcwimd:nﬁxﬁxymd
uscﬁdnmoldrmmdamnlysufmtbcmluﬁmofphsﬁdm
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A nearly oniform nurnber of genes (ca 35) is found in animal mitochondnal penomes,
and their phylogeay has beeo accounted for by the optimal mumber of maves, ie,
inversions, transpositions and inverted transpositions, that are responsible for the
difference in gene order between genomes (Sankoff, Leduc o al., 1992). In contrast, the
number of genes present in plastid gemomes differs coasiderably; the plastid of
nanphatosynthetic parasitic flowering plant Spifapus virgoviana, in an casc,
Iack nealy 70 genes for photosynthesis and chlororegpiration. hi genexal the algal
plastid genomes contain 1.5 to 2 times higher number of genes than land plant plastid
genames. We explore  phylogenetic distance suitable for the evolutionary analysis of
such genomes with nonmiform namber of genes.

Data and Methods

Using the World Wide Web, gene order data wexe compiked from the cdsting majoc
DNA databases GenBaak/EMBL/DDBJ (for DDBJ, URL: hitp://www.ddbj nig ac.jp).
As listed in Table [, currently 11 plastid penomes are compietely seqoenced. We have
also compiled the pene arder for a cyanabacterium Symechocystis sp. PC6803 (Kancko,
Sato et al., 1996), which was treated as an outgroup in constructing phylogeoetic trees
for plastids. Homalogous genes were identified by the computer program FASTA
(Lipmnan and Peacson, 1985). The minmmal number of inversions, traaspositions and
inverted transpositions necossaty (o canvert the gene order in one geoome to that in the
other was computed by the DERANGE2 program with the weight 2.0 of transpasitions
and inverted tanspositions to inversi (Blancheue, K o al, 1996) The
PHYLIP package (Felsenstein, 1989) was also used in constructing ptrylogenctic trees.

Results and Discussion

Cumrently, complete pucleotide sequence data are available for five lineages of
plastids, which show distinctive pigment campositions and ultrastructures (Table [). The
first is a chlorophytic (green) lineage characterized by chlaraphyils a and b, and stacked
thylakaids. This lineage consists of the plastid from a greea alga, Chlorelia vwlgaris (M
Sugiura, unpublished dam) and of plastids from land plants including Onea sativa
(Hiratuka, Shimada et al., 1989). Zea mays (Maier, Neckermann et al., 1995), Nicotiana
tabacum (Shinozaki, Ohme et al, 1986), Pimes thunbergii (Wakasugi, Tsudsuki ct al,
1994) and Marchantia polymorpha (Ohyama, Fukoeawa et al., 1986) (scc Table I). This
lincage also includes a nonphotosynthetic plastid from Epifagus virgimiana (Wolfe,
Maccdden ct sl, 1992a), in which ncarly 70 genes (or ORFs) are lost in evalntion (see also
Table I). The second lincage is a chloroplast from Euglena gracilis (Hallick, Hang o
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Fig. 1 Phylogenetic tree detived from the distance fppoye between plastid genomes in
Tmmmmhﬂmm;mmsmyﬁ:m.mm
An arow indicates the phylogenctic position of the C. wdgaris-&. gracitis dusterfoc the
case Where ngfuteion distance i3 taken into acconnt (see text),
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al., 1993), which is also characterized by chloruphylls 2 and b but is surrounded by three
membranes. This feature of three covelope membraoes has been interpeeted as an
indimmofa:quisiﬁmofankryoﬁ:plns&d(swunduymhsymb&nsisLmdﬁrdix
aphsﬁdﬁomahmwdgn,ahnuﬂam(xomﬂiqsmud.l995),whk.hi.s
mmtodbychluv;irylkamdcmdeumpivufowmvdcpemnhm?luﬁdsﬁom
red algac (rbodoplasts) are the fourth lineage characterized by chlocopliyll @ and
Mrmmwmwm&.mwmmrmm
(Reith and Munholland, l”ﬂ,fmdﬁchﬂmplmﬁdm:hmmpkm]qulmd.
lhclstﬁm)isacynncﬂcﬁumC)mmplnmpwé:hm(Sﬁmmh,Michlowxﬁad,
1995). This arganetle shows chlorophyll a and phycobilin, and vastacked thylskoids but
retains a peptidoglycan wall as do cyanobacteria.

To quantitatively compare the genome structures, we first identified homologous
genes between plastids on the basis of sequence dats not of gene labels. The number
Nshared(1d) ol homologous geocs that are found both in gename i #nd f is listed in the
lower Jefl of Table H. Here, we bave also compiled the geme arder dats of a
cyanobacterinm Symechocysiis sp. PCC6803 (Kaocko, Sato et al, 1996), which is
bdicvedlosbarcmcmh:ﬁmnyamwﬂhﬁcphﬂidslndhtmﬂymplﬂdy
sequenced. Among a total of 3217 genes in Symechocysiis, 246 gencs have homologous
mwnapwuinmcpluﬁdgcm.Fwammmhlwﬁm(l%gm),hombgom
genes can be found ia the red algal plastid P. pwprorea, whereas a uach smaller gumber
of homologous genes (roughly 100) 2re present in the plastids from land plancs. The
upper right of Table [ lists the mumber ngpjeriom(if) of geacs that are not present n
dd:aoocoﬁbcgcnumimdj.lnd\emmpcinnbuwemriumdmaiz:pluﬁm,
unly:izgmumdc&cwdﬁomon:of&nmmdlhnummcmplmfmml
cbscevolnﬁonmyrdaﬁv:.lnl}mmpmimbdmmdccmdwbweoplsdds,
however, 27 genes (mastly unidentified ORFs) are oot found in either ooe of the
grnomes. This higher value would come from the monocot-dicot comparison

Rcmovinggmcslbscmﬁomlbecilhumunbuofﬂmg:mncpmr,wh-w
computed the optimal number mg, ;e of moves (inversions, transpositions and imverted
transpositions) neoessary to convert the gene ander in ane genome into the other with the
DERANGE? program. The value of #pgye is listed in the upper right of Table I and
the lower left indicates the fraction of nguve 0 Rghared. 16 fmove = Mave / Rhared -
It is clear in Table Il the (and plant plastids show very similur gene armmgements (at
most 13 moves io the compacison betwoen the black pine P. thumbergii end maize 2
mays). In contrast, 51 to 63 moves mre necessary to acoount for the diffexences between
the noogreen plastids. The conversions between the nongreen and grecn plastids are
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-a;lmulbyrudn}ymrmmhn:ﬁom.Aphylmmbmdmlh:[m

distance is shown in Fig. |. Here, the tree was constructed with the acighbor-joining
methodlmimmmihymdingé)mdux:;crixmmm
ﬁgldmamﬂmdthﬁngmﬁﬂﬁnhndmwm
m&mﬂ:@ﬂm@wﬂggwﬁhm@vﬂymm&yhm
mginlpams.tb:omifmmdlh:mom.hpluﬁdmnfumphowsymﬁc
flowering plamt E. virginiana shases the most recent sncestor with the common tobacoo

N mbmm,bdngoonsinanwim&maaqmuvelmkyxﬁ(vmlfc.Mndmdnl,

IM}M&:pbyhmﬁmhhndplmmbcmmhdfubydx
mﬂdiﬂme/m.FuﬂxﬂMnmynfdplplnﬁ&,ﬂnp(uunmlﬁl
ahowsacbwrdaiomhipbawcmthemddphpwpwuamihvwnalgaam.
mggudmdmpn:n’bﬂhyofmdmdmymhinﬁtfmthzwduﬁmadginuﬂhc
brown alga (Gray, 1992). In the derived tree topology. a cluster of C. vadgaris aal £
graciis fost diverge and then e divergence between nongreen plastids aod kad
plastids occurs. Our preliminary analysis at the sequence [evel, bowever, shows that the
ammmmmmammmmmmm
divap:ﬁnmthcgumnlp.“ﬁsimomimycanhcmmedbymﬁngmmnﬂh
deketion di X Rideletion > the mrow in Fig. 1 illostrates the evohdionary position of
the C vulgaraw aod E. gracilis cluster for a terdative case where the distance is defined
S fmove + 0.3 ndoletion/ (Mdeletian + Mshared) -

In conclusion, we have illustrated that the £, distance is the saitsble measure for
the phylogeny of land plant plastids, but we need more empirical stodics for the
dﬁmﬁmdmﬁlmﬁmwgmbdtﬂlyhmyd&mﬂyldmﬂm
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Adenovirus-2 virion pmn'nsmmmdmby two-dimensicnal polyscrylenide gel
clectrophoresis. Onc nmdred aod forty three pratein spots weee characterized by both
molocular masses and isoelectric points. Proteins were salyned for their aming-terrinsd
modified ones,
Introduction

Adumvimlych(Ad-Z)isdmﬁﬁ:dmﬂ:rmoooogmicgwwofadmvim
HxVirioucan'mofminnahminlmdennwnuhmpid,ndtheDNA-pmﬁn
core camplex (Nermxt, 1984). The capsid is compased of two kinds of capsomaers, hexon
mdpmtnn.nnmdinaS:J:Zcuhicmumnxy(NleQ“). A fibex projects from
essociation with the hexons end pentoas. The care complex coatains a lincar doohle-
stranded DNA malecule with 35,937 basc prics (Roberts, O"Neill ez af, 1984), with two
terminal peoteins linked covalently to both §*-ends (Rekosh, Russell, ef af,, 1977), aad
fhree- kinds of basic core proteins. The DNA encodes an endopeptidase that piays
essential role foc the virioa matwation and infectivity (Webcr, 1976).

Two-dimensianal electropharesis (2-DE), originally developed by O Farrell (1975),
hsbeenhmndnmdsmof!h:dmolmmdnhufmmhgpmﬁudmly&m
oganisms.  Bjeligvist, Ek ef ol (1952) developed immobilized pH grudients (IPG)
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