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Summary

Several methods for the identification of chloroplast DNA (cpDNA) of the species in section
Cepa of Allium were compared. Different types of RFLP analyses of cpDNA were performed in
two cultivated species, A. fistulosum- and A. cepa, and in four wild species, A. altaicum, A.
galanthum, A. oschawinii, and A. vavilovii. RFLP analysis of purified cpDNA detected polymor-
phisms in all species combinations except for that of A. cepa and A. vavilovii. RFLP analysis of
total DNA by Southern hybridization with the probe(pF1) developed from cpDNA of A.
Jfistulosum detected polymorphisms in most of the species combinations. PCR-RFLP analysis of
the #bcL-ORF106 region of ¢cpDNA also detected polymorphisms in all species combinations
except for that of A. cepa and A. vavilovii. All the methods performed in this study were found
to be effective in the identification of cpDNA of reciprocal F, hybrids between A. fistulosum and
A. cepa, and it was confirmed that cpDNA was of maternal inheritance. Because of the speed of
detection, PCR-RFLP analysis of the »b¢cL-ORF106 region was considered to be the most efficient
method for identification of cpDNA of the species in section Cepa.

Introduction

Alliwm fistulosum L. and A. cepa L., economically important cultivated species, belong
to section Cepa of Allium ™. To improve these species, some researchers have attempted
to introduce useful nuclear genes of the wild species in section Cepa into these cultivated
specieghentanlnlngnsy - T ytilize the cytoplasm of the wild species, Yamashita and
Tashiro®® substituted cytoplasm of A. galanthum Kar. et Kir. for that of A. cepa by
continuous backcrossing and demonstrated that there was a possibility of developing a
male sterile line of A. cepa with cytoplasm of A. galanthum. Hereafter, the cytoplasms of
wild species will be utilized for breeding of cultivated Allimm species. To confirm the
cytoplasmic substitution, it is necessary to establish the method for identifying the cyto-
plasms of cultivated and wild species in advance. The cytoplasm of plant includes
chloroplasts and mitochondria which have their own DNAs. Chloroplast DNA (cpDNA)
is highly conserved for its nucleotide sequence®®, but its sequence diversity has been
observed among species in many plants 22279, Restriction fragment length polymorphisms
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(RFLPs) have been analyzed to detect the sequence diversity of cpDNA2»3»20:22,20.9, 10 Iy
this study, three types of RFLP analyses of ¢cpDNA were compared with each other to
evaluate the effectiveness of those methods in identifying cpDNA of cultivated and wild
species in section Cepa of Allium.

Materials and Methods

Materials

Two cultivated species, A. fistulosum and A. cepa, and four wild species, A. allaicum
Pall., A. galanthum, A. oschaninii O. Fedtsch., and A. vavilovii M. Pop. et Vved., and
reciprocal F, hybrids between A. fistulosum and A. cepa were used for cpDNA analysis
(Table 1).

Table 1. Plant materials used in this study.

Cultivar name, accession number

Species or cross combination
Allium fistulosum L. ‘Kujyo’

A. cepa L. Aggregatum group ‘Chiang mai’

A. altaicum  Pall. 85003*

A. galanthum Kar. et Kir. 65447¢

A. oschaninii O. Fedtsch. 782272

A. vavilovii M. Pop. et Vved. 83010%

F, hybrid A. fistulosum X A.cepa
F,; hybrid A. cepa X A. fistulosum

*Accessions from IVT (CPRO-DLO) in the Netherlands.

Methods
1. RFLP analysis of purified cpDNA

The methods reported by Katayama et al.'¥and Holford et al.®® were modified and
adopted to extract and purify cpDNA. About 20g of fresh leaves were homogenized in
160ml of extraction buffer (50mM Tris-HCI, 10mM EGTA, 0.35M sorbitol, 0.2% BSA,
0.05% cysteine, pH 8.0). The homogenate was filtered through four layers of gauze and one
layer of Miracloth, and the filtrate was centrifuged at 200 Xg for 10min. The supernatant
was then centrifuged at 1500 X g for 10min to pellet the chloroplasts. The chloroplasts were
resuspended in the extraction buffer, and the suspension was layered on the continuous
gradient of Percoll. To prepare the gradient, the extraction buffer with 40% Percoll was
centrifuged previously at 40000 Xg for 40min. After centrifugation of the layered suspen-
sion at 9000 X g for 15 min, intact chloroplasts were collected from the lower of two bands.
The chloroplasts were resuspended again in the extraction buffer and were centrifuged at
1500 X g for 10min. MgCl,, CaCl,, and DNase I were added to the resuspended chloroplasts
to final concentrations of 10mM, 2mM, and 200 x g/ml, respectively. The mixture was
incubated at 4°C for lhr and centrifuged at 1500 X g for 10 min. The chloroplast pellet was
resuspended in lysis buffer (50mM Tris-HCI, 10mM EDTA, 2% N-laurylsarcosine, 0.02%
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Proteinase K, pH 8.0) and incubated at 37°C for lhr. After RNase treatment (final
concentration, 25 g g/ml), the cpDNA was purified with two times of phenol-chloroform
treatments and collected by ethanol precipitation. The purified cpDNA was digested with
five restriction enzymes, Bgl/Il, Kpn 1, Poull, Sma I, and Xho 1, and electrophoresed on
0.7% (Bglll, Kpn1 and Xho1) or 0.4% (Smaland Pvull) agarose gel at 4hr. The
separated cpDNA was stained with ethidium bromide, and the pattern was observed on a
UV transilluminator.

2. RFLP analysis using the probe

Tashiro et al. ?® reported the effectiveness of the cpDNA probe (pF1, 3.3kbp) devel-
oped from cpDNA of A. fistulosum for the identification of paternal and maternal parents
of A. wakeg: Araki. In this study, the pF1 was applied to identification of cpDNA of the
species in section Cepa. Total DNA was extracted from 2g of fresh leaves using the method
reported by Murray and Thompson®”. The extracted total DNA was digested with BglII
and BamH 1. Digested total DNA was electrophoresed on 0.7% agarose gel and transfer-
red to a nylon membrane, Hybond-N+ (Amersham). Hybridization and detection of signal
were carried out according to the DIG user’s guide (Boehringer Mannheim).

3. PCR-RFLP analysis
The region between ribulose~1,5-bisphosphate carboxylase gene (rbcl)and open reading
frame 106 (ORF106) of cpDNA was analyzed. Total DNA was extracted from 0.04g of

4.1kbp
3.3kbp

Fig. 1  Restriction patterns of Bg/II digested cpDNA in  Fig. 2 Restriction patterns of BglIl
A. fistulosum, A. cepa, A. altaicum, A. galanthum, digested cpDNA in A. fistulosum, A.
A. oschaninii, and A. vavilovii. cepa, and their reciprocal F, hybrids.
Fihybrid 1. A, fistulosum X A. cepa,
Fihybrid 2: A. cepaxX A. fistulosum.



114 Bull. Fac. Agr., Saga Univ. No. 83 (1998)

Table 2. Presence or absence of polymorphic fragments in purified and
Bgldigested cpDNA in six species.

Species Polymorphic fragment (kbp)

8.2 6.6 5.2 41 4.0 3.3
A. fistulosum + - — — + +
A. cepa + - - + + —
A. altaicum + - - - + +
A. galanthum + - — + — +
A. oschaninii — + + 4 - +
A. vavilovii + - — + + —
+ : Present, — ! Absent.

Table 3. Types of restriction patterns of purified cpDNA in six species.

Species Bgi 11 Kpn 1 Poull Sma 1 Xho 1
A. fistulosum 1 1 1 1 1
A. cepa 2 2 2 2 2
A. altaicum 1 1 3 1 3
A. galanthum 3 1 4 3 4
A. oschaninii 4 3 2 4 5
A. vavilovii 2 2 2 2 2

fresh leaves using the method described by Hong et al*?. Sequences of the primers for
amplification were 5-ATGTCACCACAAACAGAAACTAAAGCAAGT-3 (rbcL) and 5'-
ACTACAGATCTCATACTACCCC-3 (ORF106) described by Arnold et al.. Polymerase
chain reaction (PCR) was carried out under the condition of Arnold et al.? with minor
modifications: reaction mixture (50xl) contained 10mM Tris-HCl (pH8.3), 50mM KCl,
1.5mM MgCl;, 0.1mM of each dNTP, 36pmol of each primer, 128%g of template DNA, and
1.25unit of Tag DNA polymerase (TAKARA). Amplification was carried out for 1 min at
92°C, 1min at 55°C, and 4 min at 70°C, with a final 7 min at 70°C on a thermal cycler PC800
(ASTEC). Amplified product was digested with five restriction enzymes, Al 1, Asel,
Hinf1, Taq1, and Pst 1, and electrophoresed on 1.5% agarose gel including ethidium
bromide. The digestion pattern was observed on a UV transilluminator.

Results

1. RFLP analysis of purified cpDNA

In digestion patterns of purified cpDNA with BglIl, Kpn 1, Poull, Sma 1, and Xho 1,
different types were observed among six species: four types with Bg/1l, three types with
Kpn 1, four types with PynIl, four types with Sma I, and five types with Xho I (Fig. 1,
Table 2, 3). In all enzymes used, Xho I detected polymorphisms in the most species
combinations in section Cepa (Table 8). This method detected polymorphisms in all species
combinations except for that of A. cepa and A. vavilovii. The reciprocal F, hybrids between
A. fistulosum and A. cepa had the restriction patterns identical to those of their seed
parents when their cpDNA were digested with BglII (Fig.2).
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e 4.1k DD
~——4.0kbp
— 3.3kbp
Fig. 4 Hybridization patterns of
Bgl 11 digested total DNA,
hybridized with the probe pFI1,
in A. fistulosum, A. cepa, and
Fig. 3 Hybridization patterns of Bg/Il digested total their reciprocal F, hybrids.
DNA, hybridized with the probe pFl, in A. fis- F, hybrid 1: A. fistulosum X A.
tulosum, A. cepa, A. altaicum, A. galanthum, A. cepa, Fy hybrid 2. A. cepax A.
oschaninii, and A. vavilovii. Fistulosum.

Table 4. Presence or absence of polymorphic Table 5. Types of hybridization patterns of
fragments in BglII digested total DNA, total DNA, hybridized with the probe pFl, in
hybridized with the probe pFl, in six six species.
species. '

s Species Bglll BamH 1
Species Polymorphic fragment (kbp) -
41 4.0 3.3 A. fistulosum 1 1
: : : 21 c?pa 2 1
A. fistulos — — + . altaicum 3 1
fistulosim A. galanthum 1 1

A. cepa + - - A. oschaninii 1 2

A. altaicum - + + A. vavilovii 2 1

A. galanthum — - +

A. oschaninii - - +

A. vavilovii + -

2. RELP analysis using the probe

In the hybridization patterns of Bgl/Il and BamH 1 digested total DNA with the probe
pF1, different types were observed among six species: three types with Bg/II and two types
with BamH 1 (Fig.3, Table 4, 5). The combination of pF1 and Bg/II was superior to that
of pF1 and BamH I for identification of cpDNA of the species in section Cepa (Table 8).
The pFl detected polymorphisms in all species combinations except for those of A.
Sfistulosum and A. galanthum and of A. cepa and A. wvavilovii. The reciprocal F, hybrids
between A. fistulosum and A. cepa showed the hybridization patterns identical to those of
their seed parents when their total DNA were digested with Bg/1I (Fig.4).

3. PCR-RFLP analysis
The size of the amplified region between rbcL. and ORF106 was about 3.2kbp. In
digestion patterns of the region with Alu 1, Asel, Hinf1, Pst 1, and Taqg 1, different
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—1200bp
— 850bp

350bp

Fig. 5 Restriction patterns of Alu1 digested
rbeL.-ORF106 region of cpDNA in

A. fistulosum, A. cepa, A. altaicum, A. ,

galanthum, A. oschawninii, and A.vavilovit. Fig. 6 Restriction patterns of Alul digested

rbcL - ORF106 region of cpDNA in A.

Jistulosum, A. cepa, and their reciprocal Fy

) . . hybrids.
types were 'observed among six s.pemes Fhybrid 1. A. fistulosum X A. cepa.
two types with Alu 1, two types with Ase T, Fihybrid 2: A. cepax A. fistulosum.

three types with Hinf 1, three types with

Pst 1, and four types with Tug I (Fig.h, Table 6, 7). In all enzymes used, Tag I detected
polymorphisms in the most species combinations in section Cepa (Table 8). In this method,
it was possible to detect polymorphisms in all species combinations except for that of A.
cepa and A. vavilovii. The reciprocal F, hybrids between A. fistulosum and A. cepa had the
restriction patterns identical to those of their seed parents when their amplified products
were digested with Alu I (Fig.6).

Table 6. Presence or absence of polymor- Table 7. Types of restriction patterns of »b¢L-ORF106
phic fragments in AluIdigested region of ¢cpDNA in six species.

rbeL-ORF106 region of cpDNA in T - Hinf1 7 o
six species. Species Alul Asel Hinfl Tagql Pstl

Species Polymorphic fragment (bp) A fistulosum 1 1 1 1 I

1200 850 350 A. cepa 2 2 2 2 1

A. fistulosum — + -+ A. altaicum 1 1 1 3 1

ﬁ Z?ZZ - _r ; _; A. galanthum 1 1 1 3 2

A. galanthum - + f A. oschaninit 1 1 3 4 3

ﬁ ZZ‘U]Z%ZZW ; t i A. vavilovii 2 2 2 2 1
-+ I Present, — : Absent
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Table 8. Distinguishability of ¢cpDNA between six species.

Method®
Combination 1 : 2 3
Belll Kpn1 Peull Smal Xhol Begli1l BumHI Alu1 Asel Hinfl Tauq1 Pst1

A. fistulosum-A. cepa + + + + + + - + + + + -
A. fistulosum~A. altaicum — - + — -+ + — — — + -
A. fistulosum-A. galanthum + + + + — — —- — — s +
A. fistulosum~A. oschaninii + - + - + — 4 — + + +
A. fistilosum-A. vavilovii + + + -+ - + — + - + + -
A. cepa- A, altaicum -+ -+ + + + + ~ + -+ + + -
A. cepa-A. galanthum + + + + + + - + + + + +
A. cepa-A. oschaninii + + - + + -+ + + + -+ - +
A. cepa-A. vavilovii — — — — — - - — — - _
A. altwicum~A. galanthum + ~ + -+ + + - — — — — +
A. altaicum~A. oschaninii -+ + + + + + — - + + +
A. altaicum-A. vavilovii + + -+ -+ + + - + + + + —
A. galanthum-A. oschaninii + -+ -+ -+ + — + - — + + -+
A. galanthum-A. vavilovii + + + + + -+ - 4 + + + +
A. oschaninii-A. vavilovii + + - + + +- -+ + + + + 4

“See text.

+ : Distinguishable.

— [ Indistinguishable.

Discussion

This study inclusively demonstrated that three types of RFLP analyses of cpDNA
using suitable enzyme, probe, and primer were so effective for identifying ¢cpDNA of six
species in section Cepa. All the methods performed successfully identified ¢cpDNA of
reciprocal F, hybrids between A. fistulosum and A. cepa and confirmed that cpDNA was
of maternal inheritance in Allium, corresponding to a previous report®. Therefore, these
methods are available for confirming cytoplasmic substitution between wild and cultivated
species. In a comparison of three methods performed, the first and second methods were
time~consuming in ¢cpDNA purification, hybridization or signal detection. On the other
hand, the third method allowed quick identification of cpDNA. Therefore, the third method
was considered to be the most efficient one for identification of ¢pDNA in section Cepa.

No polymorphism in ¢cpDNA was detected between A. cepa and A. vavilovii with any
of the methods used in this study. This indicates that the homology of cpDNA is remark-
ably high between these species. Morphological studies®*® ™% crossability tests®¥, nuclear
DNA®, and c¢pDNA and mitochondrial DNA analyses'™Vof A. cepa and A. vavilovii
showed a close phylogenetic relationship between these species. Therefore, detailed investi-
gations are essential to detect cpDNA polymorphism between these species. Polymor-
phisms observed in different specific regions of c¢cpDNA of several plants have been
successfully used for phylogenetic studies??97®19:29 " Mes et al. 19 reported that &K, truC
~trnD, psbA-trnS, and rbcL-ORF106 regions of cpDNA were most suited for phylogenetic
studies of Allium because these regions were easily amplified and exhibit a considerable
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level of sequence variation with a restricted degree of length variation in twenty nine
species of Alliwm (including A. cepa as a representative of the species in section Cepa) and
seven species of related genera. Our study demonstrates that the PCR-RFLP analysis of
the »bcL-ORF106 region is useful for identifying cpDNA. of the species in section Cepa.
Further investigations on the combinations of specific regions of cpDNA and restriction
enzymes seem to make possible to distinguish between cpDNA of A. cepa and A. vavilovii.
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3 FJE CepafiFEE B X OBF AR D
TELMARDN A D[R] E 173k D HstRETs

T Be—RE - Rl AR - BH VS -
HiF - B EX
(LW THEFREE)
FRIGEOR 7TH 2

F FJE Cepa IS L VBEBEOERMAEDNA (cpDNA) OEMZEE FikEe 57
O, FEEE L L TAlliwn fistulosumB L A, cepa, BHERBE UTA. altaicum, A. galanth-
wm, A. oschaniniiB & UA. vavilovii # 3 L T, BAX ORFLPOEDOHE 2{T- 72, B,
SEEEIL 72cpDNADORFLPAM T, A. cepa kb A. vavilovii DGR R BRI RTOEB B
WTHBEBSE SN, $72, Exo2DNARHH L, A, fistulosum DcpDNA X D ERFE L /2
Fu—7 (pFl) ZHWTHT o NA TV A ¥ - a VB DRFLPOWM 2T o R, %
oMW ITHSEIBE ANz, &5, cpDNAD rbcL-ORF106$E O PCR-RFLP 547
Tix, A. cepat A. vavilovii OISR RE L T RTOBBIIBLTEEMEHE N 2050
FiE#w A, fistulosum b A. cepa DIEWMBOpDNAOHEWIGE UER, WIhoFETYH
cpDNADFIENAEETH D, coDNAVYHEIE T 5 Z L ORI N, AU ORE» 5,
INeDEDDORFLPAHTED I b 3 Cepa HIOTEMOcpDNADFEICE R TH S Z L5
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