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Analysis of Populus ¢cpDNA by Restriction Fragment
Length Polymorphism(RFLP) Technique!
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ABSTRACT

In woody species with a long life span, the studies on inheritance of any trait may be very time consuming
and laborious. Chloroplast DNA (cpDNA) has been a valuable tool in such studies since it has several unique
features such as limited genome size and cytoplasmic inheritance.

In the present study, cpDNAs from five different species of Populus (P . alba, P . glandulosa, P. albax P .
glandulosa, P . davidiana, and P. nigra). and Nicotiana tabacum were compared with regard to restriction
fragment length polymophism. The results showed that cpDNAs among the species were very conserved,
although some polymorphisms were observed when the DN As were digested with restriction enzyme EcoRI or
Kpnl. The other enzymes(Bg{II, and Pstl) tested produced identical restriction fragmentation pattern among
the species. However, cpDNAs from all the five Populus species showed different restriction fragmentation
pattern from that of tobacco with the four restriction enzymes tested. Southern hybridization with tobacco
rbcL gene fragment as a probe also produced identical pattern among Populus species. The results indicate
that cpDNAs in the genus are very well conserved during evolution.
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Introduction

Populus species are widely distributed throughout
the northern hemisphere. The Genus Populus con-
sists of 5 subgenera . Leuce, Eupopulus, Turanga,
Tacamahaca, and Aigeiros{Bogdanov 1965). It is
known that most of the species can be crossed with
each other. In addition to natural hybridization,
there has been so much artificial hybridization
between species and the hybrids have been distribut-
ed so widely that it is difficult to find a tree type of
a pure species throughout the world (Wright 1976) .
For the identification of each species or hybrid,
several techniques could be applied. Techniques such
as isozyme analysis, restriction fragment length
polymorphism (RFLP), and random amplified
polymorphic DNA (RAPD) might be the examples.

Chloroplasts are cytoplasmic organells which con-
tain their own DNAs. Chloroplasts DNA (cpDNA)
has been studied intensively with various plant
species. The ¢cpDNA in most land plants is known to
be circular and 140-170 kb in size. A typical cpDNA
in land plant contains about 120 genes(Sugiura
1987) . The complete nucleotide sequence of cpDNA
has recently been published in tobacco (Shinozaki ef
al. 1986, , rice(Hiratsuka et al. 1989), and liverwor-
t (Ohyama 1986) .
revealed that nucleotide sequence of ¢cpDNA among

Comparison of those works

land plants are very well conserved during evolu-
tion. The mode of its inheritance is also noteworthy.
While cpDNA is known to be strictly maternally
inherited in most plant taxa, in some other species it
is either paternally or bisexually inherited (Corriveau
and Coleman 1988).
examined so far have exhibited paternal inheritance
(Neale et al. 1986, Wagner et al. 1989) . The two
unique features(i.e. sequence stability and cytoplas-

Most coniferous species

mic inheritance) make the cpDNA very attractive in
phylogenetic studies as well as pedigree researches..

The purpose of the present study was to explore
the possibility of identifying Populus species by
cpDNA analysis.
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Materials and methods

Plant materials :

Following species and hybrids of Populus and a
Nicotiana tabacum were used in the experiment :
Populus davidiana Dode, P. glandulosa Uyeki, P.
albaX P . glandulosa, P. alba L., P.
italica Koehne, P . maximowiczii Henry, P. nigraXx

nigra var.

P . maximowiczii, and Nicotiana tabacum L.
Molecular technique :

Chloroplast DN As were isolated by the method of
Charbonnier ef al. (1987) . The extracted DNAs were
quantified by Flourometer according to the protocol
supplied by manufacturer (Hoefer Scientific Co.
USA) . Three hundred ng of DNA were digested with
20 units of restriction enzymes(EcoRI1, Kpnl, Pstl,
or Bglll) overnight and electrophoresed on 0.8%
agarose gel in TBE buffer(0.089M Tris, 0.089M
boric acid, 0.02mM EDTA, pH 8.0). All these
processes were done according to Ausubel ef al.
(1987). The gel was stained in ethidium bromide
solution(final conc. 5 ng/ml) for 5 min and washed
for 20 min in running tap water.

Southern hybridization | cpDNAs digested with
restriction enzyme(s) were run on agarose gel and
transferred to Nylon membrane by semi-capillary
transfer method(Nakano et a/. 1990) . The probe for
Southern hybridization was a fragment of 7b¢cL. gene
from tobacco cloned into pTZR19 vector. It was a
gift from Dr. K. Scott of Indiana University, USA.
The probe was prepared using commercial DIG
-labelling kit in which DIG-dUTP was added to
dANTP mixture (Boehringer Manheim Co.) . Frehy-
bridization and hybridization were done according to
the manual supplied by the manufacturer. Im-
munological detection using DIG-specific antibody
was also done according to the manual.

Results and discussion

Restriction digestion and Southern
hybridization
Restriction fragmentation patterns of cpDNA in
both Populus spp. and Nicotiana tabacum are shown
in Fig. 1-4. The fragmentation patterns appear to be
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Fig. 1. Restriction digestion pattern of cpDNA
from Nicotiana tabacum and Populus spp.
Three hundred ng of cpDNA were digested
with restriction enzyme Psfl.
Lanes 1 to 6 : DNA molecular marker ( Hind
[l cut lambda phage DNA), N. fabacum,
P. nigra, P. davidiana, P. albaxP. glan-
dulosa, and P. alba.

similar among Fopulus species. The restriction
enzyme Pst] digests produced identical fragmenta-
tion pattern among Popuius species(Fig. 1). How-
ever, it is quite different from that of tobacco. The
enzyme Fst]l has been known to produce simple
restriction fragmentation pattern(i.e. produces
fewer bands than does any other enzymes) when used
to cut cpDNA(Salts ef al. 1984) . In the case of
Populus, the pattern also looks simpler than that
produced by any other enzymes tested.

The restriction enzyme FEcoR1 digest reveals
almost identical pattern among Populus species (Fig.
2-a}. One exception was P. nigra that showed a
different band (in size of around 2.4 Kb) . However,
Southern hybridization with tobacco rbcL gene as a
probe again produced identical pattern among
Populus species suggesting conserved gene order
among Populus species(Fig. 2-b). As in the case of
Pst1 digestion, the difference between Nicotiana and
Populus was far greater than that between Populus

species.

Fig. 2. Restriction digestion and Southern hybridi-
zation of cpDN A from Popuius spp. and NV .
tabacum digested with EcoRI.

(a) Restriction digestion pattern of cpDNA
from Nicotiana tabacum and Populus
spp. Three hundred ng of cpDNA were

digested with restriction enzyme
FEcoRI.
Arrow indicates the band showing

polymorphism among species.
Southern hvbridization with tobacco
rbcl. gene probe. Lanes 1 to 7 0 Hindlll
cut lambda phage DNA, N . tabacum,
P. wnigra, P. davidiana, P. glan-
dulosa, P . albax P . glandulosa, and
P. alha.

E

The restriction fragmentation pattern produced by
the enzymes Bg/ Il and Kpnl and subsequent South-
ern hybridization with tobacco rbcL probe showed
almost the same results as the other enzymes
mentioned above (Fig. 3 and 4) . Chloroplast DNA in
higher plants has been known to be very stable in
evolutionary process(Palmer 1987). Comparisons
between species in the same genus show few differ-
ences often confined to one or two restriction site
This has been demonstrated in
Medicage (Rose et al. 1988), Nicotiana(Salts et al.
1984), Solanum Kawagce and Kikuta 1991}, and
Picea(White ef al. 1993).

Populus species also showed the similar tendency as

polymorphisms.

In the present study,

the other plant taxa mentioned above. However, a
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Fig. 3. Restriction digestion and Southern hybridi-
zation of cpDNA from Populus spp. and N .
tabacum digested with Bgl1l.

(a) Restriction digestion pattern of cpDNA
from Nicotiana tabacum and Populus
spp. Three hundred ng of cpDNA were
digested with restriction enzyme Bg{11.

(b) Southern hybridization with tobacco
rbel. gene probe. Lanes 1 to 71 N.
tabacum., P . nigra, P. davidiana, P.
glandulosa, P. albax P . glandulosa,
P . alba, and pGEM DNA marker.
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Fig. 4. Restriction digestion and Southern nybriai-
zation of cpDNA from Populus spp. and N .
tabacum digested with Kpnl.
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(a) Restriction digestion pattern of cpDNA
from Nicotiana tabacum and Populus
spp. Three hundred ng of cpDNA were
digested with restriction enzyme Kpnl.
Arrow indicates the DNA band show-
ing polymorphism among species.

(b) Southern hybridization with tobacco
rbcL gene probe. Lanes 1 to 7. N.
tabacum, P . nigra, P. davidiana, P.
glandulosa, P. albaX P . glandulosa,
P. alba, and pGEM DNA marxer.

minor difference was observed between P. alba and
other Populus species when the cpDNAs were digest-
ed with the enzyme Kpnl. It was a rather surprising
result since P. alba and P. albaxXP. glandulosa
were supposed to have the same cpDNA . The differ-
ence may be due to the fact that the P. alba clone
used for this study was not the parent of the hybrid
(P. albaxX P . glandulosa) . It may be therefore pos-
sible to observe polymorphism in cpDNA in the
species. Recently/ Rajora and Dancik (1992), study-
ing with two Populus species(P. deltoides and P.
nigra) and their F1 hybrid, observed that cpDNA of
the species showed uniparental maternal inheri-
tance. They used 13 different enzymes in combina-
tion with 4 different probes to detect polymcrphisms
between the two species. Therefore, the use of other
gene probes such as pshA, pséB, and afpB may also
be useful to illucidate the difference between the

species in the genus.
Literature cited

Ausbel F.M., R. Brent, R.E. Kingston, D.D.
Moore, J.G. Seidman, J.A. Smith, and K.
Struh!. 1987. Current protocols in molecular
biology (1st edition), John Wiley & Sons,
publ. co.

Bogdanov D.L. 1965. Poplars and their cultivation.
(Translated from Russian). Israel Program
for Translation. Jerusalem. 1968.

Charbonnier L., C. Primard, P. Leroy, and Y.
Chupeau. 1987. A miniscale method for the
simultaneous isolation of chloroplast and
mitochondrial DNA from tobacco, french

bean and rapeseed. Plant Mol. Biol. Rep. 4 :

213-218.



24 RFLPH S FIME TFe) M4k DNAS 41f

Corriveau J.L. and A.W. Coleman. 1988. Rapid
screening method to detect potential bipar-
ental inheritance of plastid DNA and results
for over 200 angiosperm species. Amer. J.
Bot. 75 . 1443-1458.

Hiratsuka J., H. Shimada, R.F. Whittier, T.
Ishibashi, M. Sakamoto, M. Mori, C.
Kondo, Y. Honji, C.R. Sun, B.Y. Meng, Y.
Li, A. Kanno, Y. Nishizawa, A. Hirai, K.
Shinozaki, and M. Sugiura. 1989. The com-
plete sequence of the rice{Oryza sativa) chloro-
plast genome : intermolecular recombination
between distinct tRNA genes accounts for a
major plastid DNA inversion during the evolu-
tion of the cereals. Mol. Gen. Genet. 217 .
185-194.

Kawagoe Y. and Y. Kikuta. 1991. Chloroplast
DNA evolution in potato(Solanum tuberosum
L.). Theor. Appl. Genet. 81 : 13-20.

Mejnartowicz M. 1991. Inheritance of Chloroplast
DNA in Populus. Theor. Appl. Genet. 82 .
477-480.

Nakano T., H. Tucker, K. Oka, and W.V.
Brown. 1990. A simple semi-dry capillary
transfer of DNA. Bio/techniques 8 : 173-174.

Neale D.B.,N.C. Wheeler, and R.W. Allard.
1986. Paternal inheritance of chloroplast DNA
in douglas-fir. Can. J. For. Res. 16:
1152-1154.

Ohyama K., H. Fukuzawa, T. Kohchi, H. Shirai,
T. Sano, K. Umesono, Y. Shiki, M. Takeh-
ch, Z. Chang, S. Aota, H. Inokuchi, and H.
Ozeki, 1986. Chloroplast gene organization
deduced from complete sequence of liverwort
Marchantia polymorpha chloroplast DNA.
Nature 322 © 572-574.

Palmer J.D. 1987. Chloroplast DNA evolution and
biosystematic uses of chloroplast DNA varia-
tion. Amer. Nat. 130 : 6-29.

Pollard-Knight D., A.C. Simmonds, A.P. Schaap,
H. Akhavan, and M.A.W. Brady. 1990.
Nonradioactive DNA detection on Southern

blots by enzymatically triggered
chemiluminescence. Anal. Biochem. 185 :
353-358.

Rajora O.P. and B.P. Dancik. 1992. Chloroplast
DNA inheritance in Populus. Theor. Appl.
Genet. 84 © 280-285.

Rose R.J. and S.E. Schlarbaum. 1988. Chloroplast
genomic variation and phylogeny in Medicago
section Intertextae. Can. J. Bot. 66 :
1352-1358.

Salts Y., R.G. Herrmann, N. Peleg, U. Lavi, S.
Izhar, R. Frankel, and J.S. Beckmann.
1984. Physical mapping of plastid DNA varia-
tion among eleven Nicotiana species. Theor.
Appl. Genet. 69 : 1-14.

Shinozaki K., M. Ohme, M. Tanaka, T. Wa-
kasugi, N. Hayashida, T. Matsubayashi, N.
Zaita, J. Obokata, K.
Yamaguchi-Shinozaki, C. Ohto, K. Toraz-
awa, B.Y. Meng, M. Sugita, H. Deno, T.
Kamogashira, K. Yamada, J. Kusuda, F.

A. Kato, N. Tohdoh, H.
Shimada, and M. Sugiura. 1986. The com-
plete nucleotide sequence of the tobacco chlor-
oplast genome : its gene organization and
expression. EMBO J. 5 2043-2049.

Sugiura M. 1987. Structure and function of the

Bot. Mag.

J. Chunwongse,

Takaiwa,

tobacco chloroplast genome.
Tokyo 100 : 407-436.

Wagner D.B., D.R. Govindaraju, C.W. Yeatmarn,
and J.A. Pitel. 1989. Paternal chloroplast
DNA inheritance in a diallel cross of jack pine
(Pinus banksiana Lamb.). J. Hered. 80 :
483-485.

White E.E., R.F. Watkins, and D.P. Fowler.
1993. Comparative restriction site maps of
chloroplast DNA of Picea abies, Picea glauca,
Picea mariana, and Picea sitchensis. Can. J.
For. Res. 23 : 427-435.

Wright J.W. 1976. Introduction to forest genetics.
academic Press. New York, pp.463.



