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RFLP and inheritance patterns of chloroplast DNA in
intergeneric hybrids of Phalaenopsis and Doritis
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Abstract. The mode of inheritance of chloroplasts was analyzed using restriction fragment length polymorphism
(RFLP) in both interspecific hybrids of Phalaenopsis and intergeneric hybrids of Phalaenopsis and Doritis. Chloro-
plast DNA digested with Dra I followed by hybridization with an rbcL probe revealed that Phalaenopsis amabilis,
Phalaenopsis aphrodite, and Phalaenopsis stuartiana, which belong to the taxonomic section PHALAENOPSIS, have
the same size 2.0-kb fragment. Both Phalaenopsis mannii and Phalaenopsis amboinensis have a 2.3-kb fragment,
while Doritis pulcherrima has a 3.5-kb fragment. In both interspecific and intergeneric hybrids, maternal inheritance
of the chloroplast genome was detected. The hybrids of both reciprocal crosses (A x B and B x A) are registered with
the same hybrid names in Sander’s List of Orchid Hybrids at the Royal Horticultural Society, despite harboring
chloroplast DNA from different parents. These results suggest that the chloroplast DNA can be used as a marker
for identification of parentship and for phylogenetic studies of taxonomy.
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Introduction

Phalaenopsis spp., and Doritis spp. belong to Tribes
Vandeae and Orchidaceae, respectively. About 45 wild
species of Phalaenopsis are distributed in Asia in a re-
gion 23° north and south of the equator (Sweet, 1980). A
large collection of various Phalaenopsis spp. is maintained
at the Taiwan Sugar Research Institute (TSRI) including
34 wild species and 1,239 superior hybrids (Chen and
Wang, 1996). The botanic and horticultural characteristics
of these plants have been analyzed for breeding purposes.

Unlike nuclear genes, the inheritance pattern of or-
ganelle genes varies greatly among different organisms
(Birky, 1995). So far, the inheritance of cytoplasmic or-
ganelles in Orchidaceae has been studied only cytoge-
netically using DNA fluorochrome 4°,
6’-diamidino-2-phenyl indole (DAPI) in conjunction with
epifluorescence microscopy (Corriveau and Coleman, 1988).
However, no molecular analyses have been carried out in
Phalaenopsis. Here we present that the maternal inherit-
ance pattern of chloroplast DNA (cpDNA) was detected
in hybrids of Phalaenopsis and Doritis by using RFLPs
visualized with a rbcL probe.
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Materials and Methods

Plant Materials

Intraspecific and interspecific crosses of Phalaenopsis
and intergeneric crosses between Phalaenopsis and
Doritis were performed and maintained in the greenhouse
of TSRI (Table 1). Six wild species of Phalaenopsis and
one wild species of Doritis were used in these
experiments, including P. amabilis (L.) Blume, P.
amboinensis J. J. Smith, P. aphrodite Rchb. F., P. equestris
(Schauer) Rchb. f., P. mannii Rchb. £, P. stuartiana Rchb.
f., and D. pulcherrima Lindl. Among them, P. amabilis
(L.) Blume, P. aphrodite Rchb. F., and P. stuartiana Rchb.
F. belong to the same taxonomic section PHALAENOPSIS
(Fu et al., 1997). One intraspecific hybrid between P.

Table 1. Plant materials used in crosses.

Intraspecific crosses
P. equestris “W9-55" x P. equestris “W9-57
P. equestris “W9-57" x P. equestris “W9-55’
Interspecific crosses
P. amabilis “W1-2’ x P. amboinensis ‘“W2-2’
P. amboinensis “W2-2’ x P. amabilis “W1-2’
P. mannii “W25-1" x P. stuartiana ‘“W40-5’
P. stuartiana ‘“W40-5" x P. mannii ‘“W25-1"
Intergeneric crosses
P. equestris “W9’ x D. pulcherrima ‘W46-26’
D. pulcherrima “W46-26’ x P. equestris ‘W9’
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equestris (Schauer) Rchb. f. W9-55 and W9-57, two inter-
specific crosses between P. amboinensis J. J. Smith and
P. amabilis (L.) Blume, and between P. mannii Rchb. f.
and P. stuartiana Rchb. f., and an intergeneric cross be-
tween P. equestris (Schauer) Rchb. f. and D. Pulcherrima
Lindl. were analyzed. The F1 progenies of the crosses and
the reciprocal crosses were also analyzed.

Extraction of DNA

cpDNA extractions were performed following the pro-
tocol of Lichtenstein and Draper (1985). Plants were
moved to a dark room for at least 3 days to reduce polysac-
charide content (Baum and Bailey, 1989). Thirty gram of
leaf tissues were cut to pieces and homogenized in chlo-
roplast extraction buffer (50 mM Tris, 25 mM EDTA, 0.3
M mannitol, 1% polyvinylpyrrolidone) using a polytron
(Kinematica AG, PT3000) at 10,000 rpm for 30 sec, and then
at 8,000 rpm for 1 min. After filtration by cheesecloth, the
filtrate was centrifuged at 3,500 rpm (Kokusan, H-251, type
B rotor) for 10 min at 4°C. The pellet was resuspended in
chloroplast suspension buffer (50 mM Tris, 25 mM EDTA,
0.3 M mannitol) and layered onto the top of a 30 to 52%
sucrose gradient, and centrifuged at 28,000 rpm (Beckman
L-8M, 55.2 Ti rotor) for 30 min at 4°C. The interface con-
taining chloroplasts was collected and incubated with chlo-
roplast suspension buffer supplemented with 2 M NaCl
for 15 min and then centrifuged at 4,500 rpm (Kokusan, H-
251, type B rotor) for 15 min at 4°C. This incubation and
centrifugation were repeated without adding NaCl. The
pellet was then resuspended with TE buffer (10 mM Tris,
1 mM EDTA, pH 8.0) and digested with proteinase K and
SDS for 1 h at 37°C, followed by phenol/chloroform ex-
traction and then ethanol precipitation.

For the extraction of genomic DNA, 1-2 g leaf tissues
were cut to pieces in the extraction buffer (100 mM Tris,
20 mM EDTA, 1.4 M NaCl, 2% CTAB and 1%
polyvinylpyrrolidone) preheated to 65°C. Cell lysates were
then incubated at 65°C with 1% of 2-mercaptoethanol for
45 min. Genomic DNAs were then extracted with phenol/
chloroform and then ethanol precipitated. The concentra-
tion of nucleic acid was determined by TKO 100 Mini-
Fluorometer.

Probe Preparation and PCR Reaction

The rbcL probe was labeled with digoxigenin (DIG) in
a capillary polymerase chain reaction machine (Air Thermo-
cycler, Idaho). For PCR, 6 ng of cpDNA was used as the
template DNA, along with 10 mM mixed DIG-dNTP, 0.5 mM
of two primers, 0.5 unit of 7ag DNA polymerase (DIG DNA
Labeling Kit, Boehringer Mannheim). The primer se-
quences were derived from Oryza sativa cpDNA, and pro-
vided by Dr. H. Dai (Institute of Botany, Academia Sinica,
Taiwan, ROC). cpDNA amplified with these primers is a
540-bp conserved fragment of the rbcL gene from nucle-
otide (nt) 301 to nt 840. The sequences of the 30-mer prim-
ers are: primer 1 (RBCL-301U)- TTGGA CTGAT GGACT
TACCA GTCTT GATCG; primer 2 (RBCL-840L)- TCTTC
GCATG TACCT GCAGT CGCAT TCAAG.
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RFLP Method and Southern Hybridization

The cpDNA (2 pg), genomic DNA samples (8 pg), and
amplified rbcL fragments (2 ug) were digested with 20 units
of restriction endonuclease according to the manufacturer’s
instructions (Boehringer Mannheim). Fourteen restriction
enzymes were used for detection of the polymorphism in-
cluding Aval, BamH]I, Bgll, Bglll, EcoRl, EcoRV, Hindlll,
Hpall, Kpnl, Mspl, Pstl, Xbal, and Xhol. Restricted frag-
ments were then separated in a 0.8% agarose gel. After
separation, agarose gels were depurinated with 0.25 N HCI
for 5 min, denatured in 1.5 M NaCl, 0.5 M NaOH for 30
min, neutralized in 3 M NaCl, 0.5 M Tris, and then blotted
onto nylon membrane (Boehringer Mannheim).

Prehybridization and hybridization reactions following
the recommendation of the manufacturer (DIG Lumines-
cent Detection Kit, Boehringer Mannheim) were performed
in a hybridization oven (Hybaid). Prehybridization was
carried out in 5 X SSC, 1 X blocking reagent, 0.1% N-
lauroylsarcosine, 0.02% SDS at 68°C for 1 h. For
hybridization, 5-25 ng of denatured DIG-labeled bcL probe
was added for a 68°C overnight incubation. Nylon mem-
branes were then washed with 2 X SSC, 0.01% SDS at room
temperature for 5 min twice, and then in 0.1 X SSC, 0.1%
SDS at 68°C for 15 min twice.

For detection, the washed nylon membrane was
incubated with 0.15 M NaCl, 0.1 M maleic acid (pH 7.5)
for 2 min, and then with 1 X blocking reagent for 30 min.
Antibody against DIG conjugated with alkaline
phosphatase (1:5000 diluted) was then allowed to interact
with membrane for 30 min with light rocking (DIG
Luminescent Detection Kit, Boehringer Mannheim). The
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Figure 1. Polymorphisms are detected among different wild
species. Total genomic DNAs of four wild type Phalaenopsis
were digested with restriction enzyme Dral, transferred onto
nylon membrane, and probed with a rbcL fragment. Lane 1,
DNA marker; lane 2, P. amabilis ‘W1-2’; lane 3, P. amboinensis
‘W2-2’; lane 4, P. amabilis “W1-8’; lane 5, P. aphordite “W3-
16°.
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unbound antibody was washed with 0.1 M NaCl, 0.1 M
Tris, pH 9.5, and detected with the alkaline phosphatase
substrate NTB/BCIP (20 pl/ml) overnight.

Results

RFLPs of Parental cpDNA

Several RFLP experiments were carried out to test the
polymorphism in the intraspecific, interspecific, and inter-
generic crosses and in the F1 progenies of both crosses
and reciprocal crosses. Restriction enzyme digestion of
cpDNA, PCR amplification of the rbcL fragment, and re-
striction digestion of the amplified rbcL fragments failed
to resolve any polymorphism among them. Finally, when
the amplified 540-bp rbcL fragment was used as a probe
in Southern blot analysis, a polymorphism was detected
between both P. amabilis and P. amboinensis, which be-
long to different taxonomic sections, PHALAENOPSIS and
AMBOINENSIS, respectively. Total genomic DNA was
digested with Dra I followed by hybridization with the 540-
bp rbcL probe. A 2.0-kb fragment was detected in P.
amabilis, while a 2.3-kb fragment was detected in P.
amboinensis (Figure 1, lanes 2 and 3). However, no poly-
morphisms existed when clones W1-2 and W1-8 of P.
amabilis were compared (Figure 1, lanes 2 and 4), nor be-
tween P. amabilis and P. aphrodite which belong to the
same taxonomic section PHALAENOPSIS (Figure 1, lanes
4 and 5). No polymorphism existed when clones W9-55
and W9-57 of P. equestris, section STAUROGLOTTIS and
their intraspecific hybrids were analyzed .
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cpDNA Inheritance in Interspecific Hybrids of
Phalaenopsis

In the analysis of the interspecific cross between P.
amboinensis (parent A) and P. amabilis (parent B), results
showed that parent A gave rise to a 2.3-kb fragment and
parent B gave rise to a 2.0-kb fragment. In the cross A x
B, all five individual F1 progenies showed a maternal in-
heritance pattern of the cpDNA by the presence of a 2.3-
kb fragment. In contrast, all five F1 progenies of the
reciprocal cross B x A, showed a 2.0-kb fragment derived
from their maternal parent (Figure 2A).

In another interspecific cross, P. mannii (parent A) and
P. stuartiana (parent B), a 2.3-kb fragment was obtained
for P. mannii, section POLY CHILOS and a 2.0-kb fragment
for P. Stuartiana, section PHALAENOPSIS. Both prog-
enies of cross A x B and reciprocal cross B x A showed a
maternal inheritance pattern of their cpDNA (Figure 2B).

cpDNA Inheritance in Intergeneric Hybrids of
Phalaenopsis and Doritis

In analyzing the intergeneric cross between P. equestris
(parent A) and D. pulcherrima (parent B), parent A gave
rise to a 2.0-kb fragment, while parent B resulted in a 3.5-
kb fragment. In all the five F1 progenies of cross A x B, a
2.0-kb fragment derived from parent A was detected; in
the reciprocal cross B x A, all five F1 progenies showed a
3.5-kb fragment derived from parent B (Figure 3). These
results suggest that a maternal inheritance pattern of chlo-
roplast DNA is present in the intergeneric hybrids between
Phalaenopsis and Doritis.
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Figure 2. Maternal inheritance pattern is observed in interspecific crosses. (A) Interspecific cross between P. amboinensis (parent
A) and P. amabilis (parent B); (B) Interspecific cross between P. mannii (parent A) and P. stuartiana (parent B). Lane 1, DNA
marker; lane 2, parent A; lane 3, parent B; lanes 4-8, progenies of cross A x B; lanes 9-13, progenies of reciprocal cross B x A.
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Figure 3. RFLP analysis of intergeneric hybrids of P. equestris (parent A) and D. pulcherrima (parent B). Lane 1, DNA marker;
lane 2, parent A; lane 3, parent B; lanes 4-8, progenies of cross A x B; lanes 9-13, progenies of reciprocal cross B x A.

Discussion

It has been reported that the rbcL probe shows
polymorphsim in bananas (Gawel and Jarret, 1991), Nic-
otiana (Kung et al., 1982), Oryza species (Kanno and Hirai,
1992), and cocoa (Laurent et al., 1993). Polymorphic pat-
terns were detected in both interspecific reciprocal hybrids
of Phalaenopsis and intergeneric reciprocal hybrids be-
tween Phalaenopsis and Doritis using RFLP and hybrid-
ized with the rbcL probe.

Since Phalaenopsis is monoecious, reciprocal crosses
are available for the study of the inheritance patterns of
cpDNA. Besides, there is no reproduction block withinin
Phalaenopsis or between Phalaenopsis and Doroitis.
Both interspecific and intergeneric crosses are accessible.
In this study, wild species of Phalaenopsis were used
rather than cultivars, which have gone through many gen-
erations of crossing. Their complicated genetic back-
ground could confuse the analysis and make interpretation
difficult. The generation time of Phalaenopsis is two to
three years, and the long duration from seedling to first
blooming makes it hard to design an experiment that in-
cludes all the crosses needed to complete the assay of in-
heritance patterns of Phalaenopsis cpDNA. Besides, only
those with both parental strains and F1 progenies main-
tained can be used for this study. Usually, hundreds to
thousands of F1 progenies are produced by each indi-
vidual pair of parental plants; however, only tens to hun-
dreds become mature and bloom. Natural selection may
have excluded other types of inheritance patterns. In
addition, the conclusion that cpDNA is inherited mater-
nally is based on 30 progenies, 5 from each of 6 crosses.
It may be possible to detect small numbers of biparental
or paternal progeny if hundreds of F1 progenies are
analyzed. On the other hand, the lack of paternal inherit-
ance pattern was not due to the sensitivity of the approach
used in this report. We found that both the 2.0- and 2.3-

kb fragments can be detected toward the one-hundred fold
dilution in a tenfold dilution series, suggesting that a one-
in-a-hundred chance of a paternal inheritance pattern can
be detected if it is there. Hence,it is indeed the maternal
inheritance pattern detected, rather than the lack of chance
to detect other inheritance patterns such as paternal or
beparental patterns.

In the Royal Horticultural Society (RHS) Sander’s List
of Orchid Hybrids, the hybrids from both cross A x B and
reciprocal cross B x A of Phalaenopsis have the same hy-
brid name (Greatwood et al., 1993). From our analysis, the
RFLP patterns of cpDNA in both cross A x B and recipro-
cal cross B x A were obviously different. It is possible
that the cytogenetic difference between cross A x B and
reciprocal cross B x A may be due to unique features of
the hybrids of either cross. Thus the RFLPs of cpDNA
using the rbcL probe may be useful in tracing the genetic
background.

In the phylogenetic studies of taxonomy and evolution
among wild species of Phalaenopsis by random amplified
polymorphic DNA (RAPD) markers, it has been shown
that P. amabilis, P. aphrodite, P. equestris, and P.
stuartiana have the same genetic background (Fu et al.,
1997). Interestingly, our results showed that these four
species of Phalaenopsis have the same size 2.0-kb frag-
ment in the RFLP analysis. Thus, the observation that P.
equestris, section STAUROGLOTTIS is taxonomically
close to P. amabilis, section PHALAENOPSIS was con-
firmed by both RAPD (Fu et al., 1997) and RFLP-Southern
hybridization analyses.
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