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Abstract, Dwiati M, Susanto AH, Prayoga L. 2020, Intergeneric hybrids of Phaduenopsis 2106 x Vanda Saon Valentine* showing

iternal (nheritance: Genetic analysis based on odhE partial gene . Biodiversitas 21 S138.5]45. Genetic characterization in the
intergenenc hybndization of orchids employing u particular moleculur marker, such as pdbE gene. is needed 1o avord phenotypic
plasticity, The hybridization between Phafaenopsis 2166 as a female parent and Vande *Sumt Valentinens  male parent has been
suceessfully made to produce various leal shapes and colon of the hybrid seedlings. which tend 1o resemble those of the female parent.
This study aims to assess whether the matermally phenotypic trants of the hybrids of Phatacnopsis 2166 X Vanda *Saint Valentine” are
congruent with the mheritimee pattern of ndhE partial sequences. The resull reveals that the adhiE pantial sequences of the hybrids are
seemingly sumlbar to that of Phataenopsis 2166 as the temale parent ruther thim o that of Vanda *Saint Valentine”, 1t is also found that
three hybrids, ie. FL9, FLLL and FL14 show slightly different ndhE pantial sequences from those of the other hybrids in that some
buse substitutions are observed. Tn generl, the ndirk partial sequences of the hybeids are matemally inherited. This finding provides u
fact that maternally phenotypic taits of the hybrids of Phaluenopsis 2166 x Vanda *Sant Valentine' have strong genctic buckground

rather than env ironme ntal involvement.

Keywords: Intergenenc hybridization., ndhE partial sequence, Phalaenopsis 2166, Vanda *Samt Valentine”

INTRODUCTION

Intergeneric hybridizations in orchids are carried out to
obtamn hybrids with flowers of better performance in
comparison to those of both parents. Orchid cultivars of
high economic values are usually hybrids of relatively
remote  genetic sources, such as those resulting from
intergeneric  hybridization. They are named after their
parental background despite the seemingly inconsistent
nomenclature, Therefore, it is sometimes ditﬁ@l to know
the origin of orchid hybrids, especially when some of the
parental information has been lost. This leads to the need
for hybrid characterization, both  phenotypically  and
genetically, in comparison to their parents once the hybrid
seedlings are produced (Hsiao etal. 2011).

Several intergeneric  hybridizations in orchids have
successfully produced hybrids of favorable phenotypic
traits. For instance. ot has been reported those between
Phalaenopsis sp. and Vanda tricolor (Hanati 2010},
Sedirea japonica and Neofinitea faleara (Been et al, 2014
Kim et ual. 2015b), Dactylorhiza practermissa  and
Gymnadenia borealis (Bateman et al. 2017), Oncidium
Sweet Sugar and Jonapsis urricularioides (Cardoso 2017).
Mostly, maternal inheritances of the flower traits of the
hybrids were observed.

The main problem with phenotypic traits, is however
the involvement of environmental factors that may result in
phenotypic plasticity. For instance, floral volatile emissions
to attract pollinators in some plant species are influenced

by soil moisture (Campbell et al. 2019), Thus, genetic
characterization of plant individuals should necessarily be
performed.  Appropriate  genetic markers need to be
developed for more accurate identification of plant species,
especially with respect to hybrids (Siew et al, 2018),

Genetic or molecular markers from chloroplast genome
(cpDNA) are widely used in plants, especially in
angiosperms, because they are relatively simple and stable
with respect to structure in comparison to those of nuclear
DNA (Dong et al. 2012; Ong e al. 2012). Another
advantage of using ¢pDNA markers in plant genetic
analysis 1s the absence of contamunation with DNAs of
other organisms having no cpDNA such as fungi and
bacterial (Singh et al. 2017).

To characterize orchid hybrids, several cpDNA markers
have been employed, such as ndhE encoding gene, which
proves to have a highly variable pattern among Oncidiinae,
a subtribe of the family Orchidaceae. The ndhE gene is
found to encode a functional protein in four Oncidium
cultivars, 1e. Oncidium Grower Ramsey. 0. Grower
Ramsey “Sunkist’, 0. Lemon Heant, and O. Sweet Sugar
*Million Coin’, On the other hand, this gene 1s tmncﬁd m
three Beallara cultivars, 1.¢. Beallara Euro Swr, B. Peggy
Ruth Carpenter “Morning Joy'. 8. Marfitch’ [hward
Dream’”, while no PCR product is obtained from B, Tahoma
Glacier ‘Sugar Sweet” and B. Smile Eri. Similarly, no PCR
product results from Zelenkoncidinm Little Angle *Black
Star”. The ndhE gene of Odontoglossum Margerette Holm
encodes a functional protein, but that of Q. Vieletta von
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Holm undergoes  frameshift  mutation, where  some
nucleotide deletion is observed. As well, deletion in ndhE
sequence occurs in Qdontocidium Golden Gate, €. Wildeat
“Garfield” and Degarmoara Flying High (Wu et al, 2010),
Several plant species, eg. Passiffora ciliata (accession
number JX664634.1). Pera bumeliifolia (accession number
IX664635.1), Phyllanthus  urinaria  (accession  number
IX664536.1), and Rhizophora mangle (accession number
IX664642.1), have ndhE genes of approximately 300 bp in
length,

In our previous study. we have been successfully
carrymg  out  amtergeneric hybridization  between
Phalaenopsis 2166 possessing a specific pattern of flowers
as the female parent and Vanda *Saint Valentine' of flashy
red flowers as the male parent resulting in several hybrid
seedlings, These hybrid seedlings show various shapes and
colors in leaves, which in gencral tend to resemble those of
Phalaenopsis 2166 assuming maternal inheritance 1o occur.
On the other hand. the partial ndhE sequences of both
Phalaenopsis 2166 (accession number MH646649: 187 bp
long) and Vanda ‘Saint Valentine® (accession number
MH646650; 161 bp long) have been aligned showing the
similarity of only 53%. To confirm the phenotypic traits
observed in the hybrids. molecular characterization by the
uscn ndhE partial sequence is necessarily performed.

This study aims to assess the congruency of phenatypic
trasity maffnally inherited in the intergencric hybridization
between Phalacnopsis 2166 and Vanda *Saint Valentine*
with the inheritance pattern of ndhE partial sequences. In
other words, we compare the ndhE partial sequences of the
intergeneric hybrids with those of both parents,

MATERIALS AND METHODS

Plant materials

Fourtcen  seedlings  resulting  from  intergeneric
hybridization  between  Phalaenopsis 2166 and  Vanda
*Saint Valentine’ were used as samples to study the
inheritance mode of ndhE partial sequences. The parent
plants were purchased from Taman Anggrek Indonesia
Permai (TAIP) Jukarta. All the hybrid seedlings and both
parent plants have been described regarding their leaf
morphology (Table 1), The leal morphological features can
also be seen in Figures 1 and 2.

Procedures

Gcnurtﬂ DNAs of the hybrid seedlings were extracted
following CTAB method (Abdel-Latil and Osman 2017).
The genomic DNAs were used as PCR templates 10
amplify ndhE pantial sequences of approximately 200 bp
cmploying  primers  we  have  designed, e, 5
GCTAGCCCAATAGCTGCTTC-3" (forward primer) and

3139

SUTCGAAGCATGGTTAGAGCAC-3" (reverse primer).
These primers were designed using Primer 3 software
based on conserved areas of ndhE sequences of some
orchid species of the Oncidinae subtribe available in the
NCBI database. The reaction was carried out in a total
volume of 10 gl containing 5 ;1 Gotag green master mix
(Promega). 2.25 pl nuclease-free water, 2.5 pl genomic
DNA, and @85 il primers. The PCR condition was as
follows: pre-denaturation at 94°C for 3 minutes, proceeded
by 35 reaction eycles consisting of densturation at 94°C for
30 seconds, primer annealing at S0°C for 30 seconds,
primer extension at 72°C for 90 seconds, and terminated by
a final extension at 72°C for .ﬂmnutcs. The reaction
mixture was then stored at 4°C. The PCR products were
visualized ina 1.5% aguwrose gel electrophoresis using TBE
butfer. The electrophoresis was run in 100 V and 400 mA
for 40 minutes, Fluorosave DNA stain was used to
visualize the PCR products on a UV transilluminator,

The PCR products of approximately 200 bp were
purified using the QIAquick Kit. These were then sent to
Firstbase Malaysia for sequencing using terminator dye
Sanger method,

Sequence edif@lly and analysis

The ndhE sequences were edited using Bioedit version
7040 and were checked  manually. Blasting  was
performed o see the sequence similarities with those
available in the NCBI database. Then, sequence alignment
was carried out using Clustal W, All sequences were
registered to NCRI GenBank for accession numbers.

Table 1. Some leal momphological traits of hybrid seedlings of
mtergenenc hybridization between Phalaenopsis 2166 md Vanda
‘Samt Valentine”

. Leaf morphology
Far Shape Color T
Phalaenopsts 2166 Owal Purplish green Obtuse
Vanda *Swnt Valenune' Lancar Yellowish green Retuse
Hybrid seedling
Fl Big oval Bright green Obtuse
F2 Round Yellowish green . Ohbtuse
F3 Oblong Purplish green Obtuse
F4 Oval Purplish green Obtuse
F6 Round Purplish green Obtuse
F7 Oval Purplish green Obtuse
Fr Oval Purplish green Retuse
F9 Oblong Purplish green Retuse
F1o Oblong Yellowish green Retuse
Fll Oblong Purplish green Obtuse
Fi12 Oblong Reddish green Retse
Fi3 Oblong Purplish green Obtuse
Fl4 Round Purplish green Retuse
F15 Oblong  Reddish spotied  Retuse
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1
Figure 2. Leat momphology of seedlings of the hybrids of Phalacnopsis 2166 x Vanda *Saint Videntine'

RESULTS AND DISCUSSION

Blasting of the sequences of all the PCR products
shows similarities ranging from 94% to 99% with ndhE
sequences available in the NCBI database. The highest
similarity is observed with those of Ravenea hildebrandrii
(Arecaceae,  accession number  HQIS1094.)  and

Chamaedorea  seifrizii  (Arecaceae, accession  number

HQI181067.1), while the lowest similarity is noticed with
those of aumerous plant species, none of which is of the
family Orchidaccae. Nevertheless, this indicates that all the
PCR products of 187 bp length are undoubtedly ndhE
partial sequences. The length of total ndhE sequences in
several plant species is about 300 bp.

Multiple sequence alignment among ndiE sequences of
the hybrids of Phalaenopsis 2166 x Vanda  *Ssimt
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Valentine” is depicted in Figure 3, while those including
Phalacnopsis 2166 and  Vanda *Saimt Valentine”  are
presented in Figure 4 and S respectively. Overall, it is
shown that higher homology is observed between hybrids
and Phalaenopsis 2166 in comparison to that between
hybrids and Vanda *Saint Valentine'. Relatively larger
deletions in Vanda ‘Saim Valentine' than those in
Phdgenopsis 2166 are observed (Figure $).

Some base substitutions are observed in the ndhE
partinl sequences of the hybrids F1.9, F1.11, and F1.14 in
comparison 1o those of the other cleven (Figure 3). In this
case, T and A are in replace of A and T in base numbers
135 and 136 respectively. As well, in base number 150
there is T instead of A. Though the substituffns are
seemingly too small concerning the percentage, the mdhis
partial sequences of the theee hybrids are registered with a
different accession number, i.c. MHO46651

Although no ndhE sequence of the hybrids shows
similarity with those of Orflldaceac species, a relatively
high  similarity  between that of  Phalacnopsis 2166
(MH646649) as the female parent and those of some
Orchiduceae  species is observed. For instance, 92%
similarities with ndhE sequences ol both Oncidium cultivar
Grower Ramscy ‘Sunkist' and ©O. cultivar Sweet Sugar
‘Million Coin’ are found. Likewise, a slightly lower
similarity - between  that of  Vanda  *Saint - Valentine'
(MHO646650) as the male parent and those of some
Orchidaceae species is observed, eg. 90% similarities are
found with ndhE sequences of O, cultivar Grower Ramsey
‘Sunkist” and O. cultivar Sweet Sugar *Milhon Coin®. This
mikes sense becuuse the primers used in this study are
based on the conserved areas of ndhE sequences of some
Orchidiceac species, especially those belonging to subtribe
Oncidiinae,

The higher similarity of ndhE sequences of the hybrids
with that of Phaluenopsis 2166 in comparison o that of
Vanda  *Saint Valentine’  apparently  indicates  the
occurrence of maternal inheritance in the intergeneric
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hybridization. This corresponds to what is observed in the
mtergencric crosses between Renanthera imschootiona as
the female parent and Vanda coerilea as the male parent,
The hybrids produced. ie. Renantanda Kebisana Shija,
showed an EcoRl restriction pattern of ral-F which
looked like that of R. imschootiana more than that of V.
coerulea. Conversely. the reciprocal crosses between V.
testacea as the female parent and R, imschootiana as the
male parent resulted in hybrds, e, Renantanda Prot GJ
Sharma, possessing an EcoR1 restriction pattern of tral-F
which resembles that of V. testacea i compare to that of R,

imschootiana.  Another  molecular  marker, ie. RAPD
employing  primer  OPAI, also revealed  maternal

inheritance in the intergeneric crosses, where the RAPD
profiles of the hybrids were likely to be similar to that of
the female parent regardless of the genera used in the
intergeneric crosses. Even based on o nuclear marker, ic,
nrl TS digested with Mspl, maternal inheritance seemed 1o
ocewr (Kishor and Sharma 2010),

Strong maternal dominance was also reported in the
naturally intergeneric hybridization between Dactvlorhizo
practermissa and - Gymnadenia  borealis. The  hybnid
produced, which was named as Dacnviodenia lacera.,
showed much higher homology in traLl-F partial sequence
to that of D, praetermissa as the female parent rather than
. thut of G. borealis as the male parent. In this case,
sequence alignment was performed by the use of ral-F
sequences of both parents from GenBank. A nuclear
marker, ie. ITS, was also employed revealing that D,
lacerta was truly an intergeneric hybrid between both
species (Bateman et al, 2017). Confirmation of intergeneric
hybrids should involve the use of nuclear markers, since
they are biparentally inherited. For instance, PCR-RFLP
analysis on ETS region has demonstrated the intergeneric
hybrids resulted from crosses between Aseocenda John De
Biase 'Blue' as female parent and Phalaenopsis Chih
Shang’s Stripe as male parent (Liu ctal. 2016).

El.} I TCAATCTT TG TATAGTAGAGCTT

£l TTCT TOTATAGTAGA T

Fl TICTCAATCTTTGTATAGTAGA

Fl TTCEC TCTTIGTATAGTAGA iBO
Fl TTCTCAATCTTTGTATAGTAGA TATAGCTGTTGLY TGARGCA 189
L3 TTCTCART GTATAGTAGA TATAGCTSTTG GRAGCAG! 180
Fl.4 GCTTGTTATAGCTSTTCCGGCTECTGAAGCAGCTATTS 160
£l.3 TAGAGCTT( GTTGCGGUTECTGAAGCAGCTATTS 180
¥l.2 AGAGTTTY CAGCTATTG 180
1.1 TTCTCARTCYT AGAGCTT AGCTRTTG
Fl.9 TTCTICAATCTT TAAGTAGAGCT ARGCAGCTATTS

E TAAGTAGRGCT AGCAGCTRTTG
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TAAGTRGAGT
TTTGTATAGTAGAGCTTGTTATA
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Figure 3. Multiple sequence alignment among ndhE sequences Stbe' hybrids of Phalaenopsiy 2166 X Vanda *‘Saint Valentine
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TTTCCAGCATGOT TAGAGCACTTATG TG TCTTGAGCTTCAGE TTAT ACTCAATTCGGTT
TTTCGAMGCATGGT TAGAGCAC TTATGTGTETTGAGET TGAGCTTATACTCARTTCGGTT
TTICRARGCATGGT TAGAGCACTTATGTGTCTTGAGE TTGAGCTTATACTCAATTCGUTT
T TCGARGCAT GG T TAGAGCAC TTATGTGT T TGRS T I GAGC TTATACTCARTTCGGTT
T T CGARLCAT GG T TAGAGCACT TATGTGTCTTGAGC TTGAGC TTAT A TCAATTUGGTY
TETCGARCCATGG T TAGAGCAL TTATGTGTCTTGAGE TTGAUCTTATACTCARTTUGGTT
TTTCGAAGCATOGT TAGAGCAC TTATGTOYCTTGAGCTTGAGC TTATACTCANTTCRGTT
TTTCGAAGTATGGT TAGAGCACTTATGTG I CTTGAGC T TGAG WTTATACTCAATTCGGTT
T CGAAGCAT GG TAGAGCAC TTATGTGT T TGAGC TTGAGC TTATAC TCAATTCGGTT
T CGARGCAT GG T TAGAGCAC T AT GT G L I T GAGC T T GAGC T TAT AL TCAAT TG T
PTG ARGCATGOT TAGAGCACTTATG TG TCT T UAGS TTGAGC TTATACTCAATTCGETT
TTTCGAAGCATGGTTAGAGCACTTATGTGT( TTGACLTTGAGCTTATACTICARTICGGTT
TTICGARGEATCOT TAGAGCAC TTATGT G CTTGATC I TGAGC TTATAC TCAA TTCAGTT
TTTCGARGCATOGT TAGAGC ACTTATGT GACTTOALE TTATAC T T ATAC TCART TEGETT
TTTCOARGCATGOTTAGAGCACTTATCGGTGT - - = ~CTTGAAC TTATAC TCAMITCGGTT

L T I T I I ] e EE A

ARTATCARTCTCOTAACAT T TTCTGATATAT I TGATAGTCOCCAAT T AR~ = - ANGGCGA
ARTATCARTCTCGTARCATTT TCTGATATAT T TCATACT COCCART T A - ==~ AAGGOGA
ARTATCART CTCGTAACATT T CTORTATAT TTGATAGTCOCCAATTAA - ===RAGGCGA
AATATCAATCTCGTAACATTTTCTGATATAT T TGATAGT CLCCAATTAA - - - RAGGLGA
ARTATCARTCTCOTAACATT T TCTGATATATT TGATAGT COCCARNTT AN ~ = ~ - ARGGCGA
AATATCARTCTCGTAACATTT T CTGATATATTTGATAGT L GOCAATTAR - -~ =RAGGCGR
AATATCARTCTCOTAACATTTICTGATATAT T TCATAGTCGCCART T AN == = ARGGCGA
ARTATCAATCTCOTRACATTT TCTRATATAT T TGATAGTCOCCAATTAR - == ~ARCGCGA
ARTATCAATCTCOTAACATTTTCTGATATATT T GATAGTCGCCART I AR - - ~ ARGGEG

ARTATCARTCTCGTAACATTTICIGATATAT TTGATAGTCHCCARTTAR - - ~AAGGCGRA
ATATCAATCTCGTARCATT T TCTGATATAT TTGATAGT COCOAATTAA - = - ~ AAGGCGA
AR AT AT CTC G TARCA T T Y C TGATATAT T TGATAGT COCCAAT TAN -~ ~ARGGCGA
ARTATCARTCTCGTANCATTTTCTGATAYATT TGATAGTCCCCAAT TAR- - - “AAGGCGA
ARTATCAATCTCOTAACATT TTCTGATATATTTGATAGTCGOCARTTAA - - -~ AAGGCGA
AATATCARTCTCOTARCAT T T T T GATATAT TTGATAGTCGCCAATTAAT TARRAGGCGA

e N L L L L L T T T T EEE R Y

AT T TCTCARTCT TTGT TAAG TAGAGE T TG P T T AGCTETTGOGECTGE TGAAGCAGCT

CATT I TC T CART C T T T G T T ARG TAGASCT TOTT T TAGC TG TIGCGGE TGCTRAAGCAGET
CATTTTCTCAATCT T GTTAAG TAGAGCTTGTTT TAGCTATTCCRGL TGO TERAGCAGET
CATTTTCTCRATCTT TG R NG TAGAGC TTEI TATAGST GITGUGGCTGUTGANGCAGCT
CATTTICTCAATC T TTGTATAG TAGAGCTTGTTATAGS TGTTUCEGCTGUTRAAGCAGET
CATTTTCTCAATCT TTOTATAGTAGAGC TT OT TATAGET GTTCCCUCTUCTGAAGUAGET
CATTTT CTCAAT CTTTGTATAGTAGAGCTTGTTATAGCTGTTGE GGETGCTGANGCAGET
CATTTTCTCAATCTTTGT ATAGTAGRGC T GTTATAGCTGTTGCGECTGCTGAAGCAGET
CATTITCTOAAT CT T TG T AT AG T AGAGC T TUT TATACC TGTTCCGGC TGO TGANGCAGET
CAT T T T CART T TTGTATAG TAGAGC TG T TATAGE TG T TGCGGET GCTSAAGCAGCT
CATTTTCTCAATCTTTGTATAGTAGAGC TTGTTAT AGETETTGCGOLTGCTEARGEAGET
CATTTTCTCARTC T T TG TATAG TAGAG T TG T TATAGE T T TUCGGaTR TEAAGCAGCT
CATTTTCTCAATCTTTGTATAGTAGAGCTTGTT ATAGCTETIGCGECTGCTGARGCAGET
CATTTTCTCART CT TG T AT AGTAGAGC TTCTTATAGC TG T TGCGGET GCTCARGCAGCT
ca'r'r'r'rcrcmrcrmnrmmacnmmmmccm&m&:mcT
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ATTGGGCTAGC 187
ATTGGGCTAGC 187
ATTGGGCTAGE 187
ATTGGGCTAGE 187
ATTGGGCTAGE 187
ATTGGGCTAGE 187
ATTGGGUTAGT 187
ATTGGGOTAGE 187
ATTGGECTAGE 187
ATTGGGCTAGE 187
RTTCGGCTAGE 187
ATTGGGCTAGS 187
ATTCCGCTAGC 187
ATTGCGCTAGC 187
ATTGGGCTAGL 187
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ncluding that of Phalaenopsis 2166 as female parent
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Fl1.9 T ARG AT TTAGAGCACTTAT G- ~ 1= Tr" TTGAGCT TORCCTTATASTCAA- -~
Fi.11 IO RAGCAT GOT TAGAGLACTTATG =16~ TTGAGCTTSAGLTTATAS TCAA - -~
Fi.14 TTTCSIAGCATGCTTﬁﬂhGCAHfTRTG"TG--T:T?GAGCT?i*ﬁﬂTTkTNJTCRR""'
FiL.? TTTCGAMCATGET TAGAGCALTTAT - T == A T TOAGC T AT AL P AT RO TEAA ~~ -
F2léa I CGAAGC AT GETTAGAGCAC T TALGLGTG -~ TCTTGA==~ = == ACTTATAL TCAR ===
ri.l TITCORAGCATG G I TAGAGC ACTTATG - ~ TG~ TP TOAGC T AGC TTATAC TEAR ~ - -
1.2 TTTCCARGCATGGT TAGAGTARTTATG- ~ TG~ TTRAGC TTGAGCTTATACTOAA =~
e TITOGARGCAT BT TAGAGCACTIALG - =16+ » 10T T GAGE TTGAGCTTATACT AR - — -
Fl.4 TTTCCAAGCATGGT TAGAGCACTTATG- ~TG== TETTEAGC I TEASCTTATACTCAR=~~
Fl.6 TTTCRAAGT ATGGT TAGAGS AL T TATG - - 16~ - TCTTGRGCTTEAGCTTATACTCAN- -~
Fi.13 TTTCOARGCATGUT TAGAGCACTTATG =~ =~ TC TTGRGC TTGAG LT ATALTE AR =~ =
Fl.t$% TTTCGAAGCATGS T TAGACCAL TTAT G » =TG- ~TCTTGAGCTTCAGC TTATACTCAR- -~
Fl.10 TTTCGAAGCATGGT TAGRGCACTTATG - TG~ TCTTGACCTYCACCTTATACTCAR===
Fl.2 TTTCOARGCATGGTTAGAGCALTTATG- - TG ~ TC T TGACC TTGAGETTATACT AR = =~
ri.12 TTTCCANGC ATGETTAGAGEAC TIAT Gom TG~ =20 TTRATCTTGAGCTTATACTCAN - ==
Vanda TTTCCARGCAT GO TTAGAGOACCAAT = = TRATLCOTGG - » == = ACTTTATAL TSGCAAT
l.l'.'..'l.‘l..."’.‘l e -w . e LR Y
Fi.9 T GOTTAATAT S~ AATC TOGT ARG = = = we AT T C T GATATAT - TTCATAGTCSCCART
Fi.11 TTCOUTTAATATCHARTCTCGTAR = e n =ATT T CTGATATAT - TTOATACTCGOCART
Fl.la TTCEOTTAATATE ~RATS TOGTAAS - =~ ==ATTTTOTGATATAT *TIGATAGTCOCCAAT
Fi.7 TTC GG TTARTATC - AATLTOGTARS - ~ === ATTTTC PGATATAY - LTCATAGTCOUCART
PLIGG TICCOTTAATATC~AATCTCGTARC - « == = ATTTTCTGATATAT ~TTOATACTCGCCART
Fl.1 TICGGTTANEATC - ANTCICHTARL - - == = ATTTTCIGATATAT - TTCGATAGTCGOCANY
Fl1,2 PTG TTAATATC - AATC T TAAC = = ~ - “ATITTCTGATATAT=-TTGATALYCGECAAT
Fl.3 TICGUTTARTATC - AATCICRTARC = ~ ==~ ATTTTCTGATATAT - TTGATAGTCGUCART
Fl.d TTCCUTIAATATC ~ANTCTCETAAL ~ = = =~ ATTTTL TGATATAT - TTGATAGTCGLUAAT
.6 TICGGTTAATATC - AATC IO GTARGS - - *~ATTTTCTGATATAT =T TGATAGTCGCCAAT
133 TICGGTTAATATC - AATC TCLTARC= - - = = AT T TOATATAT-TTGATAGTCGOTAAT
FL.Ab TRCGUTTAATATC = AATCTCGTARS = « = = ATPTHC TGATATAT T TGATAGTCGCLAAT
Fl1.10 TTCGOT T ARTATS - ARTCTCGTAAC - = = =~ ATTTTCTGATATAT - TTGATAGTCGCTART
Fi.8 PICGGTTAN R C- ARTCTCOT AR~~~ - ATTTTCTGATATAT - TTEATAGTLGCCAAT
Fl.12 TICGGT TAATATL - AATOTORTARL === == ATTTIC TGATATAT ~TTGATAGTECCCAAT
Vanda ‘I'TNRJW:GARTF:?J\MTTCG?CW.\CMTTTT{:CMTCT&TGT‘TI:RTAGTCWM?
trevs o =8 e abes MEFERS 4k AW wravesens ewew
Fl.9 TAR === = AAGGCGACATTTTCTCAATCY TTGT TAAG T AGAGC TTCT T T TAGCTGTTSCGC
Fl.11 TAA==~ 'MGGCW:R?TTTWMT‘:??TGTTWTM‘MCTPGTTTT%’?GT!‘GEEG
Fl.14 TAA=== =G A A T TP T AR TCT T T U T ARG T AGAG LT TG T P T T AGC T AT IGO0
7 TAA-~ =~ AAGGECACATT T T LT CAATCT TG TATAGTAGAGL T TG T TATAGC TG TIGOGG
2166 1'MHMMGGCG&CJ\'IT‘!‘TCTCMWGTATMTMCT?GT?&TM‘!‘TGC@
Fi.l ?M----MGCGM:kaCTCM?CTTTG?ﬂTMTMAGCm?AT&GC’? GITGCGE
.2 TAR== =+ RAGGCGACAT T TTCTCAATCT TIGTATAGT AGRGCTTGTTATAGCTATTGLGE
1.3 TAR =~~~ RAGCCGACATTTTUTCARTCT TTCTATAGTAGAGC T TS TTATAGCTOTTSO0S
l.4 TAA==== AAGGCGACAT T T I C T e AR CT T TG TATACTAGAGC T TS T TATAGCTOTTGEGE
Fl.6 “.‘M---«Mfmﬂ“l“rCTWTCTTTMATM?MTTGT?RTW?TWJ:GG
Fl.12 TM----MGGC‘.".RC&‘I‘TTTCTWTCTTTGTATAGTMTW?TATMGWFK;
2% L TAA=- === ARGLCGAC AT T TTCTCAATCT TTGTATAGTAGAGE T TETTATAGCTC I IGOGE
Fl.10 TR~ === ARG GACAT T TCT e AR T T TG TATAG TAGAGC TTETTATAGE TG TTOCGE
Fl.e TAMN- ---Msw&acamcrcmmrmmmmmmwnmcrmmc
Fl.12 TAA~ === ARGG COACATT TTC PO AATC T T T CTATAG TACAGCTTG TTATAGUTGTTGCGG
Vanda TAA- = =« AN AR GARATG TT AT CAATCTT TG  ~ == = et =TATAGCCATTLCTG
R - *® A FF smssweseeded * s awa - = &
Fi.9 CTOCTUAMGCAGCTATTGGGOTAGC 167
Fl.i1 CTGCTGARGCAGETATTGOGCTAGT 187
Fl514 CTGCTGAAGCAGCTATTGGGCTAGC 187
F1.? CTGCTCAAGCAGCTATTGGRETAGE 1R7
Plles CTGCTEAAGCAGCTATTGGSCTAGE 1R7
Fl:2 CTGCTGAAGCAGCTATTOGOCTAGE 187
FI.id CTCCTCAAGCAGCTATIGOGOTAGS 187
Fi.3 CTGCTGAAGCAGLTATTGHGOTAGS 167
Fl.4 CTRCTCARGCAGCTATTGGGCTAGC 167
Fi.6 CTGECTGAAGCAGCTATTGGGCTAGE 187
ri.13 CTGCTGAAGCAGCTATIGGHCTAGE 187
Fl.15% CTGCTGAAGCAGCTATTGGGCTASS 187
1.1 CTGCTGRAGCAGCTATTCGGCTAGE 187
Fi.8 CTGCTGAMGCAGCTATTCGRCTAGS 187
1.1 CTGCTGAMGCAGCTATTGSGCTAGE 187
Vanda oy e e’ 131

tee ww

Figure 5. Mulliple sequence alignment among ndhE sequences
including those of both parents
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In our previous study, we found that ntergeneric
hybridization  between  Phalaenopsis 2166 and  Vanda
‘Suint Vulentine' showed no barrier with respect 1o the
difference in flowering period oceurs. Yet, onl ¥ two hybrid
pods are formed among four crosses (509%). which then
produce a number of visble sceds, Such a low success was
also found m the intergeneric hyvbridization between some
lepidopteron — orchids — (Deoritis pulcherrima and
Phalaenopsis enstress) and wild wind orchids {Neofineria
falcata and Sedirea japonica), whereol one hundred and
sialy eross combinations carried out, only two selected
hybrid lines were successlully produced, ie. those resulted
from crosses between D. pulcherrima and S, Japonica,
Most fuilures in the hybridization were due 1o cross
incompatibility leading to the absence of pod formation and
premature pod dropping (Kim et al. 2019y, A slightly
higher percentage of pod formation was reported in the
mtergeneric crosses between Phalaenopsis alliances as the
female parent and 8. japorica as the male parent, where 34
pods bearing some viable seeds were produced from 65
crosses. The relatively low percentage of pod formation
causing less hybrid plants o develop in the orchid
intergencric hybridization is in general due to both pre-and
post-fertilization problems, e, morphological
incompatibifity between pollen and stigma, fatlure of
pollen germination and pollen tube growth, degencration or
abnormal development of embryo (Kim et al. 2015a), The
pollen-stigmu interaction may be  influenced by the
presence of the so-called allergens, which are proteins
collectively found in the pollen-grain surface. Pollen
viability in several genera of Mediterrancan  orchids
positively correlates with pollination systems which could,
in turn. have an influcnce on various types of reprocluctive
barriers (Bellusei et al. 2010). Other factors, such as
genetic incompatibilities in terms of the difference in
chromosome  number.  experimental mushandling,  and
reduced plant vigor, may also lead to the failure of
intergeneric  hybridization in orchids. Even in  the
interspecitic hybridizations among Phalaenopsis orchids,
breeding  barriers arise mainly due to difference in
chromosome number (Hsu et al. 2010), although this is not
apparently the case in the interspecific  hybridization
between Epidendrum fulgens and E. puniceolutewm, where
difference in chromosome number remains 1o enable
nterspecific  gene  flow  among  natwral  populations
(Pinheiro et al. 2010).

The low rate of success was also reported in the
intergeneric hybridization between Phalacnopsis sp, (three
cultivars, ic. "Joane Kileup June’, ‘Pinlong Cinderella’,
‘Fortune Budha x Princess Kaiulani') and Vanda ricolor.
Although pods were formed in all crossing combinations
showing an absolutely high level of compatibility between
both gencra, only a very small number of pods ready to
harvest was obtained in most crosses, As a whole, the
percentage of pods ready to harvest was relatively higher
when Phalaenopsis sp. was used as male parents rather
than in the case of their reciprocal combinations (Hartati
2010). In general, both intergeneric and  interspecific
hybridizations in orchids are known to occur readily due to
the relatively low genetic incompatibility related to recent
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radiations, Nevertheless, orchids often show considerably
specific habitaty and pollination systems which can in turn
restrict hybridization among species (Johnson 2018),

Regardless of the difficultics in the intergeneric
hybridization, intermediae phenotypic and cytogenctic
tails  were observed in the hybrids resulting  from
intergencric crosses  between moth orchids  and wind
orchids, The moth orchids which were hybrids between
Phalaenopsis  equestris and Daoriteanopsis pulcherrima
were originally tropical or thermaphilic flosul plants, while
the wind orchids were hybrids between N, falcara and 8.
japoricum were psychrophilic, so that they persisted duri ng
the winter season in nuture, Hence, the hybrids exhibited
both cold-tolerunt and summer- flowering traits (Been et al,
2014). Instead of imermediate truits. a combination of
female and  male  characteristics  was  observed  in
lonocidium, an intergeneric hybrid between  Oncidium
Sweet  Sugar as the  female  parent  and lonopyis
utricularioides as the male parent, The vegetative and
flower characteristics were similar 10 Oncidium, while the
number of branches in inflorescence and the number of
flowers resembled those of fonopsis (Cardoso 2017).

The maternal inheritance of partial adhE sequence in
the intergeneric hybridization between Phalaenopsis 2166
and Vandu *Suint Valentine' supports those of phenotypie
traits shown in the hybrid Jeaves (Figure 2 and Table 1),
Most of the leal morphological traits of the hybrids
resemble those of Phalacnopsis 2166 as the female parent
rather than those of Vanda *Saint Valentine” (Figure 1).

The ndhE gene i the only one thit encodes functional
protein among the other ten ndh genes in 15 varieties of
Oncidiinae. Even some of them can not be found in most of
the varieties, so that in comparison 1o the other ndh genes,
ndhE seems 1o be the most suitable molecular marker to be
used in analyzing orchid variability (Wu et al. 2010y,
Though ndh genes are required for encoding protein
complexes involved in photosynthetic functions, loss of
them has been reported in an  aguatic species of
angiosperm, i, Najas flevilis. shown adaptable o
submersed environment where limited light penetration
oceurs (Peredo et al. 2013). The complete loss of all
functional nefh genes from the chloroplast genomes of
Phalaenopsis equesiris, Dendrobium officinale. and D,
catenatum occurs, while only ndhB and ndhE remain intact
in both Dendrobium species (Lin et al. 2017). Relocated
adh genes from cpDNA into the nuclear penome, except
for ndhG and ndhE. were reported in some gymnosperm
species (Ranade et al. 2016). The loss of most ndh genes 1s
strongly assumed  as related to the conversion  of
photoautotrophic plants into carnivorous plants (Nevill et
al. 2019). It was speculated that either lost or impaired ndh
genes i ¢pDNA - had  interrclatiomship  to  sunlight-
intolerance in Allium paradoxiom (Omelchenko et al. 2019),

It can be concluded that adhE partial sequence is
maternallfff inherited in the intergeneric  hybridization
between Phalaenopsis 2166 as the female parent and
Vanda *Saint Valentine” as the male parent. This provides
evidence that maternal inheritance of some phenotypic
traits in the intergeneric hybrids has 4 strong genetic
background.,
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