ME  Bull. For. Tree Breed. Center No.18, 2002

—33~40—

Inheritance of Chloroplast and Mitochondrial DNA in
Interspecific Hybrid between Pinus thunbergii and

P.massoniana

Teiji Kondo®, Yoshihiko Tsumura® and Takayuki Kawahara®

Summary : Inheritance of chloroplast DNA (cpDNA) and mitochondrial DNA (mtDNA) was investigated in interspecific

hybrid of Pinus. Total DNAs of sixteen hybrid plants between P. thunbergii and P. massoniana were digested with EcoRI

and hybridized with tobacco cpDNA, pTB 8. Fifteen plants had the same Southern hybridization patterns as the male

parent species, P. massoniana but one plant showed a faint pattern. The DNAs of the hybrid were also digested with Apal

and hybridized with mtDNA, cox I. Fifteen plants had the same Southern hybridization patterns as the female parent

species, P. thungergii but one hybird showed a faint pattern. It was concluded that cpDNA is inherited paternally and

mtDNA is inherited maternally in this hybrid. There were more inter- and intra-specific polymorphisms in mtDNA than in

cpDNA. The partial sequences of cox I gene in P, thunbergii were clarified.

1 Introduction

Paternal inheritance of anomalous leaf color was firstly
reported in Cryptomeria japonica using crossed progeny
by Ohba et al. (1971) . As DNA analysis techniques have
been developed, paternal inheritane of chloroplast DNA
(cpDNA) was clarified firstly in Pseudotsuga menziesii
(Neale et al. 1986). Then several reports were released
concerning inheritance of organelle DNA in coniferous
species and cpDNA is showed to be inherited paternally
in Larix, (Szmidt et al. 1987) , Picea (Stine et al. 1989,
Stine and Keathley 1990, Sutton et al. 1991) , Pinus
(Wagner et al. 1987, 1989, Neale and Sederoff 1989, Dong
et al. 1992) , Sequoia (Neale et al. 1989) , Calocedrus
(Neale et al. 1991), Chamaecyparis (Kondo et al. 1998).

On the other hand, mitochondrial DNA (mtDNA) inher-
ited maternally in Larix (DeVerno et al. 1993) , Picea
(Sutton et al. 1991) , Pseudotsuga (Marshall and Neale
1992) and Pinus (Neale and Sederoff 1989, Wagner et al.
1991 ) and inherited paternally in Sequoia (Neale et al.
1989), Calocedrus(Neale et al. 1991)and Chamaecyparis
(Kondo et al. 1998). Most reports concerning the inherit-
ance of organelle DNA dealed with Pinaceae.

We investigated inheritance of cpDNA and mtDNA us-
ing interspecific hybrid between P. thunbergii and P.
massoniana. This hybrid is resistant to pine wood nema-
tode which has prevailed most parts of Japan except
Hokkaido. The leaf color of the female parent, P. thunbergii

was dark green and that of the male parent, P, massoniana
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was yellowish green. As the leaf color of the hybrid was
yellowish green, it was reported that the leaf color was
inherited paternally in this hybrid (Sasaki et al. 1981) .
It might be helpful for this phenomenon to understand

the inheritance mode of organelle DNA in this hybrid.

2 Materials and methods

2.1 Plant materials

Two interspecific hybrid families between two plus trees
of P. thunbergiiand P. massoniana were used; Kitasouma
2 X P. massoniana, and Mizunami 4 X P. massoniana.
The numbers of the progeny were 7 and 9 , respectively.
They were grown in Forest Tree Breeding Center situ-
ated in Ibaraki Prefecture. As the male parent plants were
not clear or absent in these interspecific crossing, differ-
ent individuals were used as the male parent species in
this experiment. Six individuals of P. massoniana were

used to examine intraspecific polymorphisms.

2.2 DNA isolation and Southern blot hybridization

Five g of leaves were frozen in liquid nitrogen and
ground with Twatani grinder (IFM-150). The ground
powder was added 20 ml of ice-cold acetone and filtered
through filterpaper (Toyo Rosi No. 2) using aspirator.
Then total DNA was isolated according to the CTAB pro-
cedure (Murray and Thompson 1980) .

DNAs were digested with restriction enzymes, and ap-
proximately 4 4 g of each sample was fractionated on 0.8
% agarose gel. DNAs were blotted to nylon membranes
and hybridized with probes using DIG system
(Boehringer Mannheim) according to the manufacture's
instruction. pTB 8 clone of tobacco was used for cpDNA
probe and cox I gene amplified by PCR was used for
mtDNA probe. Primers were designed based on the nucle-
otide sequence data from Kemmerer et al. (1989). Two

oligonucleotide primers, 5- CGATGGCTGTTCTCCACTAA
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-3' (forward) and 5- ATCTGGATAATCTGGAATGC -3'

(reverse) were used for coxI (Kondo et al. 1998) .

2.3 PCR amplification and sequencing of cox | gene

PCR amplification was performed as follows: reaction
mixtures (100 1) contained 10 mM Tris-HCI, pH 8.3,
50 mM KCl, 2 mM MgCl,, 0.1 % Triton X-100, 0.01 % gela-
tin, 0.1 mM dNTP, 100 pmol of each primer, 600 ng of
template DNAs of Kitasouma 2, and 5 unit of Taq poly-
merase (Boehringer Mannheim). Amplification was
carried out for 1 min of 94 °C, followed by 35 cycles of 1
min of 94 °C, 1 min at 55 °C, and 2 min at 72 °C, with final
1 min incubation at 72 °C with an air thermo-cycler 1605
(Idaho Technology) . The amplified DNAs were fraction-
ated on 0.85 % agarose gel and approximately 1300 bp prod-
uct was dissected and purified by Genepure (Nippon Gene
Co.) . This DNA was used as a template for the sequenc-
ing reaction which was performed using dye terminator
sequencing kit (Applied Biosystems) and then analysed
by a 373S automaic sequencer (Applied Biosystems) . As
the template was too long to sequence at one time, other
primers were designed using Oligo software (NBI/

Genovus, Inc.) .

3 Results

3.1 Paternal inheritance of cpDNAs

The DNAs of both parent species were digested with 16
restriction enzymes, Apal, BamHI, Bglll, EcoRI, EcoRV,
Haelll, Hindll, Hinfl, Kpnl, Mspl, Pst, Pvull, Scal, Smal,
Xbal and Xhol, and hybridized with each of two tobacco
cpDNA probes, pTB 8 and pTB 15. Only in the combina-
tion of EcoRI and pTB 8 there was a differnece between
parent species in Southern hybridization patterns and no
polymorphisms were detected among 6 individuals of P.
massonianain this combination. The DNA of each hybrid

individual was digested with EcoRI and hybridized with
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pTB 8. All 15 hybrid individuals showed the same South- massoniana but one individual of Mizunami 4 X P.

ern hybridization patterns as the male parent species, P. massoniana showed a faint pattern (Fig. 1A, B) .

Fig. 1. Southern hybridization pattern of cpDNA in Pinus.

A. EcoRI digests of Kitasouma 2 (P. thunbergii) X P. massoniana. Lane 1, Female parent, Kitasouma 2; Lanes 2-8,
Hybrid progeny; Lane 9, Male parent, P. massoniana.
B. EcoRI digests of Mizunami 4 (P. thunbergii) X P. massoniana. Lane 1, Female parent, Kitasouma 2; Lanes 2-10,
Hybrid progeny; Lane 9, Male parent, P. massoniana.

3.2 Maternal inheritance of mtDNA and Xhol, and hybridized with mtDNA probe, coxI. There

The DNASs of both parent species were digested with 15 were clear differences between parent species in South-
restriction enzymes, Apal, Bglll, Dral, EcoRI, EcoRV, ern hybridization patterns in two restriction enzymes, Apal,
Haelll, Hindlll, Hinflll, Kpnl, Mspl, Pstl, Pvull, Sall, Xbal Bgfll, and no polymorphisms were detected among 6 in-
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dividuals of P. massoniana in these combinations. There
were also some differences between parent species in 6
restriction enzymes, Dral, EcoRV, HindlIl, Kpnl, Pstl, and
Xhol. The DNA of each hybrid individual was digested
with Apal and then hybridized with cox I. All 15 hybrid

individuals showed the same Southern hybridization pat-
terns as female parent, P. thunbergii but one individual of
Mizunami 4 X P. massoniana showed a faint pattern (Fig.
2 A, B) . This individual was same one which had faint

pattern in the case of cpDNA.

Fig.2. Southern hybridization pattern of mtDNA in Pinus.

A. Apal digests of Kitasouma 2 (P. thunbergii) X P. massoniana. Lane 1, Hind III/Lambda DNA size marker;
Lane 2, Female parent, Kitasouma 2; Lanes 3-9, Hybrid progeny; Lane 10, Male parent, P. massoniana.

B. Apal digests of Mizunami 4 (P. thunbergii) X P. massoniana. Lane 1, Hindlll/Lambda DNA size marker;
Lane 2, Female parent, Kitasouma 2; Lanes 3-11, Hybrid progeny; Lane 12, Male parent, P. massoniana.
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3.3 Sequence of cox |

The partial sequences of cox I were 1325 bp long and
shown in Fig. 3. This sequence had 90 % identity with soy-
bean cytochrome oxidase subunit I gene, pea mitochon-
drial cox I gene for cytochrome oxidase subunit,

Lycopersicon esculentum mitochondrial cox 1 gene for

5' 50
CGTGGCTGTTCTCCACTAACCACAAGGATATAGGGACTCCACATTCAATC
100

TTCGGTGCCATTGCTGGAGTAATGGGCACATGCTTCTCAGTACCAATTCG
150
TATGGAATTAGCACAACCCGGCGATCAAATTCTTGGTGGGAATCATCAAC
200
CTCATAATGTGTTAATAACGGCTCACGCTTCTCCAATGATCCCTTTTATG
250
GTTATGCCGGCGGTGATAGGTGGATCTGGTAATTGGTCCGTTCCGATTCC
300
TATAGGTGCACCTGACATGGCATTTCCACGATTGAATAATATTCCATCCC
350
GGTTGTTGCCACCTTCGCTGTTGCTCCCATTAAGCCCAGCCTCGGTAGAA
400
GTGGGTAGCGGCACTGGGTGGACGGTCTATCCGCCCCTAAGTGGTATTAC
450
CAGTCATTCCGGAGGAGCTGCTGATCCAGCGATTTCTAGTCCTCATCTAT
500
CAGGTGTTTCATCCATTTCAGGTTCTATCAATCTCATAACTACTATCCCC
550
AACATGCGCGGGCCTGGAATGACTATGCATAGATCACCCCTATTTGTGCG
600
GTCCGTTCCAGTGACAGCATTCCTACTCTTATCATCACTTCCGGTACCGG
650
CAGGGGCAATTACCATGTTATCAACTGATCGAAGCTTTAATACAACCTTT
700
TTCGATCCTGCTGGAGGGGGAGACCCGATATTATACCAGCATCTCTTTCG
750
GTTCTCCGGTCATCCAGAGGTGTATATTCCCATTCTGCCCGGATTCGGTA
800
TCATTAGTCATATCGTATCGACTTTTTCGGGAAAACCGGTATTCGGGTAT

cytochrome oxidase subunit I, Solanum tuberosum mito-
chondrial cox1 gene, Raphanus sativus mitochondrial cox
I gene for cytochrome c oxidase subunit I, Oenothera
mitochonodrial cox I gene for cyotochorome on the data-

base GenBank by BILAST.

850
CCAGGCATGGTTTATGCCATGATCAGTATTGGTGTTCCTGGATTTCCTGT
900
TCGGGCTCATCATATGTTTACTGTGGGCTCAGACGTTGATACGCGTGCTC
950
ACTCTACCGCAGCTACCATGATCATAGCTGTCCCCACTGGAATCAAAATC
1000
TTTAGTCGGATCGCTACCATGTGGGGAGGTTCGATACGATACAAAACACC
1050
CATGTTACTTGCTGCAGGGTCCATCTTTCCGTCCACCATAGGAGGACTCA
1100
CTGGAATAGTCCTGGCAAATCCTGGGCTAGACATTGCTCTGCATGATACT
1150
CATTATGTGGTTGCACATTCCCATTATGTACTTTCTATGGGAGCCGTTTC
1200
TGCTTCATCTGCAGGATTTCACTTCCGGGTGGGTAAAATCCCTGGTCGAA
1250
CATACCCTGAAACTTTAGGTCAAATCCATCTTCGGATCACTCTTTTCGGG

1300
GTGAATTCGACCTTCTTTCCCATGCATTTCTTGGGGCTTTCGGGTATGCC
1325 bp
ACGTCGCATTCCAGATTATCCAGAT
3 '

Fig.3. Partial sequence of cox 1 gene in Pinus thunbergii.



4. Discussion

There were several reports concerning the inheritance
of organelle DNA in coniferous species and paternal in-
heritance of cpDNA is consistent. In the hybrid between
P. thunbergii and P. massoniana, we observed same mode
of inheritance, paternal inheritance of cpDNA. mtDNA was
inherited maternally in Pinus in two reports. Wagner et al.
(1991) detected paternal leakage of mtDNA in 6 out of
84 progeny in Pinus . We didn't detect such leakage but
perfect maternal inheritance of mtDNA. Paternal inherit-
ance of leaf color was reported by Sasaki et al. (1981)
using the hybrid between the same parent species, P.
thunbergii and P. massoniana. As they did not use recip-
rocal crossing families, it has been still ambiguous about
the inheritance mode of leaf color. There was the possibil-
ity that this phenomenon was affected by the dominant
nuclear gene, which controlled the leaf color of the male
parent, P. massoniana. Electron microscopy observations
also suggested maternal inheritance of mtDNA in Pinus
(Willemse1974, Chesnoy and Thomas 1971) .

cpDNA of the parent species was digested with 16 re-
striction enzymes and there was a difference between the
parent species only in one restriction enzyme. In mtDNA,
there were differences between the parent species in 8
out of 15 restriction enzymes. In Chamaecyparis, we also
observed higher degree of interspecific polymorphism in
mtDNA than in cpDNA (Kondo et al. 1998) . Neale and
Sederoff (1989) found no intraspecific polymorphism of
cpDNA in Pinus taeda using the combinations of 6 restric-
tion enzymes and 6 probes of petunia but found polymor-
phism in mtDNA. We checked 3 individuals of Pinus
thunbergii and 6 individuals of P. massoniana and found
same trend of intraspecific polymorphism. Although there
was no intraspecific polymorphism in cpDNA, polymor-
phism was found in mtDNA of both species. As there

are more polymorphisms in mtDNA, intraspecific polymor-
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phism will be available to clarify the inheritance of mtDNA

in other coniferous species.
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