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hereinafter can be written as R oryzae I.J}.CC 524. Using trivial name should be
avoidd otherwise generating confusion. Biochemical snd chemical
nomenclature should follow the order of the IUPAC - IUB. For DNA
sequence, it is better used Courier New font. Symbols of stantfard chemical
and abbreviation of chemistry name can be applied for common and clear
used, for example, completely written butilic hydroryl toluene @HT) to be
BIIT hereinafter. Metric messurement use IS denomination, usage otler
system should follow the value ofequivalent with the denomination ofIS first
mentioning. Abbreviations set of, like g, mg, mL, etc. do not follow by dot.
Minus index (m-2, 1-t, h-1) suggested to be used exc€pt in things like "per-
planf' or "per-plot", Equation of mathematics does not always can be written

down in one column with texq in that case can be written separately. Number
one to ten are expressed with words, except ifit relates to measurernent, while
values above them written in number, except in early sentence. The fraction
should be expressed in decimal. In the text, it should be used'7'rather than
"percent". Avoid expressing ideas with complicated sentence and verbiage,
and used efficient and effective sentence.

Title of the article should be written in compact, clear, and informative
sentence, preferably not more than 20 wordg Name of author(s) should be
completely written. Name and institution address should also be completely
ri/ritt€n with street name and numbsr (location), po$al code, tel@rone number,
ficsimile number, and email address. Manuscript writta by a group, author for
correspondence along with address is required. First page ofthe manuscript is
used for writing above information.

Abstract should not be more than 200 words. Keywords is about five
words, covering scientific and local name (ifany), research theme, and special
methods which used; and sotted ftom A to Z. All impmtant ebbrcviations
must be defined at their first mention. Running tlde is about five words.
Introduction is about 400{00 words, covering the background and aims of
the research. Materials and Methods should enphasize on the procedwes and
data analysis. Results and Discussion should be written as a series of
connecting sentenc€s, howwer, for manuscript with long discussion should be
divided into subtitles. Thorough discussion represents the causal effect mainly
explains for why and how the results ofthe research were taken placg and do
not only re-express the mentioned results in the form of sentences.
Concluding sentence should be given at tbe end of the discussion.
Aclnowledgments are expressed in a brief; all sources ofinstitutional, private
and corporate financial support for the work must be fully acknowledged, and
any potential conflicts ofinterest are noted-

Figures end Tebles of maximum of three pages should be clearly
presented- Title ofa picture is written down below the picture, while title ofa
fatrle is written above the table. Colored figures can only be accepted if the
information in the manusctipt can lose without those images; chart is preferred
to use black and white images. Author coulil consign any picture orphoto for
the front cover, although it does not print in the manuscrip. All images
property ofothers should be mentioned sowce. Thcre is no appendir, all data
or data analysis are incorporated into Results and Discrssions. For broad data,
it can be displayed on the website as a supplement.

References Author-year citations are required In the text give the authors
nams f6ll6r'sd by the year ofpublication and arrange from oldest to newest
and from A to Z. In citing an article vritten by two authorg both of them
should be mentioned, however, for three andmore authors only the first author
is mentioned followed by et al., for example: Saharjo and Nurhayati (2006) or
(Boonkerd 2003a, b, c; Sugiyarto 2004; El-Bana and Nijs 2005; Balagadde et
al. 2008; Webb et al. 2008). Extent €itation as shown with word
be avoided. Reference to unpublished data and personal communication
should not appear in the list but should be cited in the text only (e.g., Rifai MA
2007, pers. com. (personal communication); Setyawan AD 2007, unpublished
data)- h the reference list, the references should be listed in an alphabetical
order (better, if only 20 for research papers). Names ofjournals should be
abbreviated. Always use the standard abbreviation of a journal's name
according to the ISSN List of Tide Word Abbreviations (www.issnoryl2-
22661-LTWA-online.pb). The fcllowing examples are for gujrlancs.
Journal:
Saharjo BH, Nurhayati AD. 2006. Domination and cornposition strucrure

change at hemic peat natural regen€r?tion following burning a case study
in Pelalawan, Riau Province. Biodiversitas 7: 154-158.

Book:
Rai MK, Cmpinella C. 20M. Nanrally Occurring Bioastive Compounds.

Elsevier, Amsterdam.
Chapter in book:
Webb CO, Cannon CH, Davies SJ. 2008. Ecological organization,

biogeography, and the phylogenetic s&uchrre of rainforest tree
communities. In: Carson W, Schnitzer S (eds) Tropical Forest Community
Ecology. Wiley-Blackwell, New York.

Abstract:
Assaeed AM. 2007. Seed pro&rction and dispersal of Rhazya stricta. 50h

annual symposium of the International Association for Vegetation
Sciencg Swansea, UK,23-27 July 2007 .

p.osssding:
Alikodra HS. 2000. Biodiversity for development of local autonomous

government. In: Sefyawan AD, Sutamo (eds.) Toward Mount Lawu
Natioml Park; Proceeding of National Seminary and Workshop on
Biodiversity Conservation to Protect and Save Germplasm in Java Island.
Universitas Sebelas Mare! Surakaxta, 17-20 July 2000. findonesian]

Thesir, Ilissertation:
Sugiyarto. 2004. Soil Macro-invertebrates Diversity and Inter-Cropping Plants

Productivity in Agroforestry System based on Sengon. [Dissertation].
Universitas Brawijaya, Malang. [Indonesian]

Information from internet:
Balagadde FII Song H, Ozaki J, Collins CH, Bamet M, Amold FH, Quake

SR You L. 2008. A synthetic Escherichia coli predalot-prey ecosystem,
Mol Syst Biol 4: I 87. www.molecularsystemsbiology-com



27t1112A20 Vol. 21 No. 11 (2020) | Biodiversitas Joumal of Biological Divetsity

Home (https://smujo.idlbiodiv/index) / Archives (https://smujo.idlbiodiv/issue/archive)

'/ Vol.21No. 1t{2O2Al

(https://sm uj o. idlbi od iv lissue/view / 27 8)

Vol.21No. 11 (2O2Ol

Full lssue

FrontCoverthttps:/lsmujo.id/biodiv/issue/viewl278/133}

Articles

Genetic diversity and morphological characteristics of native seashore
pas pa I u m i n I ndonesi a ( https : / /smuja.idlbiod ivlart icle/vie w / 6423'l
RAHAYU, FATIMAH, EUN JI BAE, YANG GEUN MO, JOON SOO CHOI

; pOf (https://smujo.idlbiodiv/article/viewl64231432L),

Documentation of ritual plants used among the Aceh tribe in Peureulak,
East Aceh District, lndonesia (https://smujo.idlbiodiv/article/vieM6783l
IMAM HADI SUTRISNO, BACHTIAR AKOB, ZIDNI ILMAN NAVIA, NURAINI, ADI BEJO

SUWARDI

https:l/smujo.id/biodiv/issuelvied2TS 1t13



7
2711'll2Q2A Vol. 21 No. 11 (2020) | Biodiversitas Joumal of Biological Diversity

PDF(https://smujo.id/biodiv/article/view/6783/4322|

Effects of fertilizer type and harvesting age on species composition, yield
and chemical composition of natural pasture in the highlands of Ethiopia
(https://sm uj o. idlbiod ivla rticl e/vi ew/ 65 46)
BIMREWASMARE

P D F { htips J / smujo.i d lbi od ivla rti c I e/viewl6 5 4 6 / 43231

The effect of slope level and hydroseeding formula on the growth of
Cyperus brevifolius and Pueraria javanica seedlings
( h tt ps ://s m u j o. i d /b i od i v/a rt i c I e/v i ew/ 6 67 tl
ANISA ZAtRINA, YAN! QUARTA MONDIANA

P DF (https :/ /smujo.id /biod ivlarticle/view / 6 67 7/ 4324|

Root colonization by arbuscular mycorrhizal fungi (AMF) in various age
classes of revegetation post-coal mine
(https://sm ujo. idlbiod ivla rticl e/view/ 6697)
MOHAMMAD AGUS SALIM, SRI WILARSO BUDI R., LULUK SETYANINGSIH, ISKANDAR,
IMAM WAHYUDI, HIFZIL KIRMI

PDF {https :/ /smujo.id/biod iv/article/view/66 97 / 4349t

The Euphorbiaceae (Spurge Family) in Bogor Botanic Gardens, lndonesia:
Diversity, conservation and uti I ization
(https://s m ujo. idlbiod ivla rticle/view/ 54141
ESTI MUNAWAROH, YUZAMMI, Y. PURWANTO

PDF (https :/ /smujo.id lbiodiv/article/view / 54t4/ 43291

The fabrication of the complex bio-fertilizer for wheat cultivation based
on collection bacteria of the PGPR group
(https://sm ujo. id/biod ivla rticle/vieM 66431
RAKHILYA AIPOVA, AIZHAN ABDYKADYROVA, DMITRY SILAYEV ERKIN TAZABEKOVA,
I RI NA OSHERGI NA, EVGFNIY TENI ASKAR KU RMAN BAYEV

PDF(https://smujo.id/biodiv/article/view/6643/4328l

Review: The conservation of Tengger indigenous people's traditional
knowledge of biological natural resource-based disease treatments
(https://smujo. idlbiod iv/articl e/view/ 5 57 7\
EMILDA KUSPRANINGRUM, THOHIR LUTH, YULIATI, RACHMAD SAFAAI HARLINDA
KUSPRADINI

https:l/smujo. id/biodiv/issuelvi ew I 27 I 2t13



ZTtlll2OZO Vol. 21 No. 11 (2020) | Biodiversitas Joumal of Biological Diversity

PDFthttps://smujo.id/biodiv/article/view/5577/4o7t|

lsolation and characterization of chalcone synthase (CHS) gene from
Phalaenopsis and Doritaenopsis orchids
(https ://sm ujo.idlbiod ivla rticle/vieM 66891

DEWI SUKMA, ALINE SISI HANDINI, SUDARSONO

PDF(https:lAmujo.id/biodiv/article/view/6689l433I|

Effect of mare's milk prebiotic supplementation on the gut microbiome
and the immune system following antibiotic therapy
(https://smujo.idlbiod ivla rticl e/vieM 63251

MADIYAR NURGAZIYEV YERMEK AITENOV ZHANAGUL KHASSENBEKOVA, SANIYA

AKPANOVA, KAIRAT RYSBEKOV SAMAT KOZHAKHMETOV AYAULYM NURGOZHINA'

SHYNGGYS SERGAZY LAURA CHULENBAYEVA, ZHANNA OSPANOVA, ALTYNAI

TUYAKOVA, N U RI S LAM M U K HAM B ETGAN OV, RAS H I DA SATTYBAY EVA, SALTAN AT

URAZOVA, NAZYM GALYMGOZHINA, ANARA ZHUMADILOVA, ALEXANDR GULYAEV

ALMAGUL KUSHUGULOVA

PDF thttps :/ lsmuio.id/biodiv/articlelvieM63 25 / 4332)

Short Commu nication: Cross-species amplifi cation of microsatel I ite
markers developed for Jatropha curcas within five species of Jatropha
(https://smujo,i d/biodiv/a rticle/view/ 67 39l'
DARMAWAN SAPTADI, BAlvl BAN G H ELIYANTO, SU DARSONO

P D F ( https://s mu j oidlb iod ivlarti c le lview / 67 79 I 4333J 
.

lndigenous copper resistant bacteria isolated from activated sludge of
water treatment plant in Surabaya, lndonesia
(https://sm ujo.i d/biod ivla rticle/view/6554)
WAHYU I RAWATI, RE I N HARD PI NONTOAN, TRIWI BOWO YUWO N O

PDF (https:/Amujo.idlbiodiv/article/view I 6554/ 43341

Effects of ship-breaking activities on the abundance and diversity of
macrobenthos in Sitakundu Coast, Bangladesh
(https://smujo.i d/biod ivla rticle/view/ 66471

M. BELAL HOSSAIN, MD. ABU NOMAN, JAHANARA AKHTER LIPI, ABU HENA MUSTAFA

KAMA! MOHD HANAFI IDRIS 
:

P D F thttos 
fismujo.i 

d/bi od ivlarticle/v iew / 6 647 / 4335),

Morphological Study of the Heart of the lndonesian Short-Nosed Fruit
Bat (Cynopterus titthaechei lus)

, https:l/smuio.id/biodivlissue/view/278 3/13



7
27t11t2020 Vol. 21 No. 11 (2020) | Biodiversitas Joumal of Brological Diversity

(https://smujo. idlbiod ivla rticle/view/6288)
ANISA RAHMA, DESRAYNI HANADHITA, ANDHIKAYUDHA PRAWIRA, SUPRATIKNO
KASMONq HERA MAHESHWARI, ARYANI SISMIN SATYANINGTIJAS, SRIHADI
AGUNGPRIYONO

P DF (https :/ lsmujo.idlbiod ivlartic le/view / 6288/4340)

New enlerging entomopathogenic fungi isolated from soil in South
Sumatra (lndonesia) and theirfiltrate and conidial insecticidal activity
a ga i nst S pod opte ra I itu ra ( htt ps ://s m uj o. idlbi od ivla rti c I e/vied6S 1 5 )

SITI HERLINDA, RISKI ANWAR EFENDI, RADIX SUHARJO, HASBI, ARUM SETIAWAN,
E LFITA, MAR IES KA VE RAWATY

PDF (https:/lsmujo.idlbiod ivlarticl elview / 68LS / 434L1

Short Communication: The phenomenon of nipah (Nypa fruticans)
invasion in the Air Telang Protected Forest, Banyuasin District, South
Su m a t ra, I n d o nes i a ( h tt ps ://s m uj o. i d / biodiv I art i c I e/v i e w / 68 52')
SYAIFUL EDDY MOHAMMAD BA5YUNI

PDF(https:/km$o.id/biodiv/article/view/6852/4342|

Diversity of butterfl ies (Lepidoptera) across ra i nforest tra nsformation
systems in Jambi, Sumatra, lndonesia
(https://smujo. idlbiod ivla rticle/view/ 6152)
RAWATI PANJAITAN, JOCHEN DRESCHER, DAMAYANTI BUCHORI, DJUNIJANTI PEGGIE,
IDHAM SAKTI HARAHAB STEFAN SCHEU, PURNAMA HIDAYAT

PDF (https://smujo.id/biod iv/article/view / 6152/ 43441

Phenotypic diversity characterization of Kalang and Thale Noi Buffalo
(Bubalus bubalis) in lndonesia and Thailand: Peispectives for the buffalo
b reed i n g d eve I o p me nt ( htt ps ://s m uj o .i d / bi odiv / art i c I e/vi e w / 6 67 8l
SUHARDI, PIJUG SUMMPUNN, MONCHAI DUANGJINDA, SUWIT
WUTHISUTHIMETHAVEE

P D F ( htt ps J / smujo.i d lb i od ivla rt i c I e / vi ew / 6 67 8 / 43 431

neric hybrids of Phalaenopsis 2!66 x Vanda'saint Valentine
ffins maternal inheritance: Genetic analysis based on ndhE partial
n e ( htt ps : / / smujo.i d /b i od ivla rt i c I e/vi e w / 6 5 35l,

MURNI DWIATI1AGUS HERY SVSANTO; LUCKY PRAYOGA

P DF {htt ps ://s m uj o. idlbiod ivla rti cl e/v iew / 65 35 / 4345) 
:

4t13https:/lsmuio. id/biodiv/issue/view/278



7
2711112020 Vol. 21 No. 11 (2020) | Biodiversitas Joumal of Brological Diversity

Salinity-induced changes in the morphology, physiology, and anatomy of
geeds and seedlings of smooth narra (Pterocarpus indicus Willd. f. indicus)
(https://smujo. idlbiod ivla rticle/viewl65B 9)
MARJORIE M. MANIPOL, CRUSW E, TINIO, LERMA SJ. MALDIA, MARILYN S.

COMBALICER

PDF thttps I lsmujo.id/biodiv/article/view / 6589 / 4346)

Habitat suitability of Proboscis monkey (Nasalis larvatus) in Berau Delta,
E ast Ka I i ma nta n, I nd on es i a ( https ://s m uj o "id / biodiv / art i cl e/vie w / 687 3l
TRI ATMOKO, ANI MARDIASTUTI, M, BISMARK, LILIK BUDI PRASETYO, ENTANG
ISKANDAR

PDF (https J lsmujo.id/biodiv/article/vieM687 3/ 4347')

Molecular characteristics of two phenotypically identical species of
Asteraceae based on the intergenic spacer trnT(UGU)-trnL(UAA)
(https://smuj o. idlbiod ivla rticle/vied 6258')
AGUS HERY SUSANTOT MURNT DWtATt, SALSABTLA pRATtWt

PDF (https J lsmujo.id lbiodiv/a rticle/view / 6258/4350)

The contribution of phytoplankton in the carbon adsorption and stock
during shrimp culture in brackishwater ponds
(https://smujo.idlbiod ivlarticle/view/ 67 t}l
BAMBANG WIDIGDO, MUHAMMAD RIFQI, ALI MASHAR, FITRINA NAZAR, YUSLI
WARDIATNO

, P DF (https://sm ujo.id/biod iv/article/v iew / 67 10 / 435 L\

The chlorophyll contents and growth performances of west Java
(lndonesia)jobtears (Coix lacryma-jobi) accessions under low light
i nte ns i ty co n d i ti o n s ( htt ps ://s m uj o. i d/b i od i v/a rt i c I e/v i ew/ 6 62al
TITI JUHAETI, NINIK SETYOWATI, FAUZIA SYARIF

PDF (https : I /smujo.id lbiodiv/article lview I 6 62A / 43521

Screening of plant collection of Cibodas Botanic Gardens, lndonesia with
a nt i ca nce r p ro pe rt i es ( htt ps ://s m uj o. i d/b i od ivla rt i c I e/v i ew/ 6 6 67 |
RISHA AMI LIA PRATIWI, YATI NURLAEN!

.PDF(https://smujo.id/biodiv/article/view/6667/4355}

Chemical composition and rumen fermentation profile of mangrove
leaves (Avicennia marina)from West Sumatra, lndonesia

. hftps://smujo.idlbiodiv/issue/vieM278 5/13



BIODIVERSITAS  ISSN: 1412-033X 

Volume 21, Number 11, November 2020 E-ISSN: 2085-4722  

Pages: 5138-5145 DOI: 10.13057/biodiv/d211119 

Intergeneric hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ 

showing maternal inheritance: Genetic analysis based on ndhE partial 

gene 

MURNI DWIATI♥, AGUS HERY SUSANTO♥♥, LUCKY PRAYOGA 
Department of Botany, Faculty of Biology, Universitas Jenderal Soedirman. Jl. Dr. Suparno 63, Purwokerto Utara, Banyumas 53122, Central Java, 

Indonesia. Tel.: +62-281-638794, Fax.: +62-281-638794-631700, ♥email: murnidwi14@gmail.com, ♥♥email: susanto1408@gmail.com 

Manuscript received: 1 August 2020. Revision accepted: 13 October 2020.  

Abstract. Dwiati M, Susanto AH, Prayoga L. 2020. Intergeneric hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ showing 

maternal inheritance: Genetic analysis based on ndhE partial gene. Biodiversitas 21: 5138-5145. Genetic characterization in the 

intergeneric hybridization of orchids employing a particular molecular marker, such as ndhE gene, is needed to avoid phenotypic 

plasticity. The hybridization between Phalaenopsis 2166 as a female parent and Vanda ‘Saint Valentine'as a male parent has been 

successfully made to produce various leaf shapes and colors of the hybrid seedlings, which tend to resemble those of the female parent. 

This study aims to assess whether the maternally phenotypic traits of the hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ are 

congruent with the inheritance pattern of ndhE partial sequences. The result reveals that the ndhE partial sequences of the hybrids are 

seemingly similar to that of Phalaenopsis 2166 as the female parent rather than to that of Vanda ‘Saint Valentine’. It is also found that 

three hybrids, i.e. F1.9, F1.11, and F1.14 show slightly different ndhE partial sequences from those of the other hybrids in that some 

base substitutions are observed. In general, the ndhE partial sequences of the hybrids are maternally inherited. This finding provides a 

fact that maternally phenotypic traits of the hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ have strong genetic background 

rather than environmental involvement.  

Keywords: Intergeneric hybridization, ndhE partial sequence, Phalaenopsis 2166, Vanda ‘Saint Valentine’ 

INTRODUCTION 

Intergeneric hybridizations in orchids are carried out to 

obtain 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 difficult 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 et al. 2011).  

Several intergeneric hybridizations in orchids have 

successfully produced hybrids of favorable phenotypic 

traits. For instance, it has been reported those between 

Phalaenopsis sp. and Vanda tricolor (Hartati 2010), 

Sedirea japonica and Neofinitea falcata (Been et al. 2014; 

Kim et al. 2015b), Dactylorhiza praetermissa and 

Gymnadenia borealis (Bateman et al. 2017), Oncidium 

Sweet Sugar and Ionopsis utricularioides (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 et al. 2012). Another 

advantage of using cpDNA markers in plant genetic 

analysis is the absence of contamination 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, i.e. Oncidium Grower Ramsey, O. Grower 

Ramsey ‘Sunkist’, O. Lemon Heart, and O. Sweet Sugar 

‘Million Coin’. On the other hand, this gene is truncated in 

three Beallara cultivars, i.e. Beallara Euro Star, B. Peggy 

Ruth Carpenter ‘Morning Joy’, B. Marfitch’ Howard 

Dream’, while no PCR product is obtained from B. Tahoma 

Glacier ‘Sugar Sweet’ and B. Smile Eri. Similarly, no PCR 

product results from Zelenkoncidium Little Angle ‘Black 

Star’. The ndhE gene of Odontoglossum Margerette Holm 

encodes a functional protein, but that of O. Violetta von 

mailto:murnidwi14@gmail.com
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Holm undergoes frameshift mutation, where some 

nucleotide deletion is observed. As well, deletion in ndhE 

sequence occurs in Odontocidium Golden Gate, O. Wildcat 

‘Garfield’ and Degarmoara Flying High (Wu et al. 2010). 

Several plant species, e.g. Passiflora ciliata (accession 

number JX664634.1), Pera bumeliifolia (accession number 

JX664635.1), Phyllanthus urinaria (accession number 

JX664536.1), and Rhizophora mangle (accession number 

JX664642.1), have ndhE genes of approximately 300 bp in 

length.  

In our previous study, we have been successfully 

carrying out intergeneric 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 general tend to resemble those of 

Phalaenopsis 2166 assuming maternal inheritance to 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 

use of ndhE partial sequence is necessarily performed. 

This study aims to assess the congruency of phenotypic 

traits maternally inherited in the intergeneric hybridization 

between Phalaenopsis 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 

Fourteen 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) Jakarta. All the hybrid seedlings and both 

parent plants have been described regarding their leaf 

morphology (Table 1). The leaf morphological features can 

also be seen in Figures 1 and 2.
 

Procedures  

Genomic DNAs of the hybrid seedlings were extracted 

following CTAB method (Abdel-Latif and Osman 2017). 

The genomic DNAs were used as PCR templates to 

amplify ndhE partial sequences of approximately 200 bp 

employing primers we have designed, i.e. 5’-

GCTAGCCCAATAGCTGCTTC-3’ (forward primer) and 

5’-TCGAAGCATGGTTAGAGCAC-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 µl containing 5 µl Gotaq green master mix 

(Promega), 2.25 µl nuclease-free water, 2.5 µl genomic 

DNA, and 0.25 µl primers. The PCR condition was as 

follows: pre-denaturation at 94oC for 3 minutes, proceeded 

by 35 reaction cycles consisting of denaturation at 94oC for 

30 seconds, primer annealing at 50oC for 30 seconds, 

primer extension at 72oC for 90 seconds, and terminated by 

a final extension at 72oC for 3 minutes. The reaction 

mixture was then stored at 4oC. The PCR products were 

visualized in a 1.5% agarose gel electrophoresis using TBE 

buffer. 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 editing and analysis  

The ndhE sequences were edited using Bioedit version 

7.0.4.1 and were checked manually. Blasting was 

performed to 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 NCBI GenBank for accession numbers.  

 

 
Table 1. Some leaf morphological traits of hybrid seedlings of 

intergeneric hybridization between Phalaenopsis 2166 and Vanda 

‘Saint Valentine’ 

 

Parent 
Leaf morphology 

Shape Color Tip 

Phalaenopsis 2166 Oval Purplish green Obtuse 

Vanda ‘Saint Valentine’ Linear Yellowish green Retuse 

Hybrid seedling  

F1 Big oval Bright green Obtuse 

F2 Round Yellowish green Obtuse 

F3 Oblong Purplish green Obtuse 

F4 Oval Purplish green Obtuse 

F6 Round Purplish green Obtuse 

F7 Oval Purplish green Obtuse 

F8 Oval Purplish green Retuse 

F9 Oblong Purplish green Retuse 

F10 Oblong Yellowish green Retuse 

F11 Oblong Purplish green Obtuse 

F12 Oblong Reddish green Retuse 

F13 Oblong Purplish green Obtuse 

F14 Round Purplish green Retuse 

F15 Oblong Reddish spotted Retuse 
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Figure 1. Leaf morphology of Phalaenopsis 2166 (left) and Vanda ‘Saint Valentine’ (right) 

 

 

 
 

Figure 2. Leaf morphology of seedlings of the hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ 

 

 

 

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 hildebrandtii 

(Arecaceae, accession number HQ181094.1) and 

Chamaedorea seifrizii (Arecaceae, accession number 

HQ181067.1), while the lowest similarity is noticed with 

those of numerous plant species, none of which is of the 

family Orchidaceae. 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 ndhE sequences of 

the hybrids of Phalaenopsis 2166 x Vanda ‘Saint 
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Valentine’ is depicted in Figure 3, while those including 

Phalaenopsis 2166 and Vanda ‘Saint Valentine’ are 

presented in Figure 4 and 5 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 ‘Saint Valentine’ than those in 

Phalaenopsis 2166 are observed (Figure 5).  

Some base substitutions are observed in the ndhE 

partial sequences of the hybrids F1.9, F1.11, and F1.14 in 

comparison to those of the other eleven (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 substitutions are 

seemingly too small concerning the percentage, the ndhE 

partial sequences of the three hybrids are registered with a 

different accession number, i.e. MH646651. 

Although no ndhE sequence of the hybrids shows 

similarity with those of Orchidaceae species, a relatively 

high similarity between that of Phalaenopsis 2166 

(MH646649) as the female parent and those of some 

Orchidaceae species is observed. For instance, 92% 

similarities with ndhE sequences of both Oncidium cultivar 

Grower Ramsey ‘Sunkist’ and O. cultivar Sweet Sugar 

‘Million Coin’ are found. Likewise, a slightly lower 

similarity between that of Vanda ‘Saint Valentine’ 

(MH646650) as the male parent and those of some 

Orchidaceae species is observed, e.g. 90% similarities are 

found with ndhE sequences of O. cultivar Grower Ramsey 

‘Sunkist’ and O. cultivar Sweet Sugar ‘Million Coin’. This 

makes sense because the primers used in this study are 

based on the conserved areas of ndhE sequences of some 

Orchidaceae species, especially those belonging to subtribe 

Oncidiinae.   

The higher similarity of ndhE sequences of the hybrids 

with that of Phalaenopsis 2166 in comparison to that of 

Vanda ‘Saint Valentine’ apparently indicates the 

occurrence of maternal inheritance in the intergeneric 

hybridization. This corresponds to what is observed in the 

intergeneric crosses between Renanthera imschootiana as 

the female parent and Vanda coerulea as the male parent. 

The hybrids produced, i.e. Renantanda Kebisana Shija, 

showed an EcoRI restriction pattern of trnL-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 hybrids, i.e. Renantanda Prof GJ 

Sharma, possessing an EcoRI restriction pattern of trnL-F 

which resembles that of V. testacea in compare to that of R. 

imschootiana. Another molecular marker, i.e. RAPD 

employing primer OPA1, 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 a nuclear marker, i.e. 

nrITS digested with MspI, maternal inheritance seemed to 

occur (Kishor and Sharma 2010).  

Strong maternal dominance was also reported in the 

naturally intergeneric hybridization between Dactylorhiza 

praetermissa and Gymnadenia borealis. The hybrid 

produced, which was named as Dactylodenia lacerta, 

showed much higher homology in trnL-F partial sequence 

to that of D. praetermissa as the female parent rather than 

to that of G. borealis as the male parent. In this case, 

sequence alignment was performed by the use of trnL-F 

sequences of both parents from GenBank. A nuclear 

marker, i.e. 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 Ascocenda John De 

Biase ‘Blue’ as female parent and Phalaenopsis Chih 

Shang’s Stripe as male parent (Liu et al. 2016).  

 

 

 

 

 
 

Figure 3. Multiple sequence alignment among ndhE sequences of the hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ 
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Figure 4. Multiple sequence alignment among ndhE sequences of the hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ 

including that of Phalaenopsis 2166 as female parent 
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Figure 5. Multiple sequence alignment among ndhE sequences of the hybrids of Phalaenopsis 2166 x Vanda ‘Saint Valentine’ 

including those of both parents 
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In our previous study, we found that intergeneric 

hybridization between Phalaenopsis 2166 and Vanda 

‘Saint Valentine’ showed no barrier with respect to the 

difference in flowering period occurs. Yet, only two hybrid 

pods are formed among four crosses (50%), which then 

produce a number of viable seeds. Such a low success was 

also found in the intergeneric hybridization between some 

lepidopteron orchids (Doritis pulcherrima and 

Phalaenopsis eustress) and wild wind orchids (Neofinetia 

falcata and Sedirea japonica), whereof one hundred and 

sixty cross combinations carried out, only two selected 

hybrid lines were successfully produced, i.e. those resulted 

from crosses between D. pulcherrima and S. japonica. 

Most failures in the hybridization were due to cross 

incompatibility leading to the absence of pod formation and 

premature pod dropping (Kim et al. 2019). A slightly 

higher percentage of pod formation was reported in the 

intergeneric crosses between Phalaenopsis alliances as the 

female parent and S. japonica 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 to develop in the orchid 

intergeneric hybridization is in general due to both pre-and 

post-fertilization problems, e.g. morphological 

incompatibility between pollen and stigma, failure of 

pollen germination and pollen tube growth, degeneration or 

abnormal development of embryo (Kim et al. 2015a). The 

pollen-stigma 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 Mediterranean orchids 

positively correlates with pollination systems which could, 

in turn, have an influence on various types of reproductive 

barriers (Bellusci et al. 2010). Other factors, such as 

genetic incompatibilities in terms of the difference in 

chromosome number, experimental mishandling, and 

reduced plant vigor, may also lead to the failure of 

intergeneric hybridization in orchids. Even in the 

interspecific 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. puniceoluteum, where 

difference in chromosome number remains to enable 

interspecific gene flow among natural populations 

(Pinheiro et al. 2010).  

The low rate of success was also reported in the 

intergeneric hybridization between Phalaenopsis sp. (three 

cultivars, i.e. ‘Joane Kileup June’, ‘Pinlong Cinderella’, 

‘Fortune Budha x Princess Kaiulani’) and Vanda tricolor. 

Although pods were formed in all crossing combinations 

showing an absolutely high level of compatibility between 

both genera, 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 

radiations. Nevertheless, orchids often show considerably 

specific habitats and pollination systems which can in turn 

restrict hybridization among species (Johnson 2018).    

Regardless of the difficulties in the intergeneric 

hybridization, intermediate phenotypic and cytogenetic 

traits were observed in the hybrids resulting from 

intergeneric crosses between moth orchids and wind 

orchids. The moth orchids which were hybrids between 

Phalaenopsis equestris and Doriteanopsis pulcherrima 

were originally tropical or thermophilic floral plants, while 

the wind orchids were hybrids between N. falcata and S. 

japonicum were psychrophilic, so that they persisted during 

the winter season in nature. Hence, the hybrids exhibited 

both cold-tolerant and summer-flowering traits (Been et al. 

2014). Instead of intermediate traits, a combination of 

female and male characteristics was observed in 

Ionocidium, an intergeneric hybrid between Oncidium 

Sweet Sugar as the female parent and Ionopsis 

utricularioides as the male parent. The vegetative and 

flower characteristics were similar to Oncidium, while the 

number of branches in inflorescence and the number of 

flowers resembled those of Ionopsis (Cardoso 2017).  

The maternal inheritance of partial ndhE sequence in 

the intergeneric hybridization between Phalaenopsis 2166 

and Vanda ‘Saint Valentine’ supports those of phenotypic 

traits shown in the hybrid leaves (Figure 2 and Table 1). 

Most of the leaf morphological traits of the hybrids 

resemble those of Phalaenopsis 2166 as the female parent 

rather than those of Vanda ‘Saint Valentine’ (Figure 1). 

The ndhE gene is the only one that 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 to the other ndh genes, 

ndhE seems to be the most suitable molecular marker to be 

used in analyzing orchid variability (Wu et al. 2010). 

Though ndh genes are required for encoding protein 

complexes involved in photosynthetic functions, loss of 

them has been reported in an aquatic species of 

angiosperm, i.e. Najas flexilis, shown adaptable to a 

submersed environment where limited light penetration 

occurs (Peredo et al. 2013). The complete loss of all 

functional ndh genes from the chloroplast genomes of 

Phalaenopsis equestris, Dendrobium officinale, and D. 

catenatum occurs, while only ndhB and ndhE remain intact 

in both Dendrobium species (Lin et al. 2017). Relocated 

ndh genes from cpDNA into the nuclear genome, except 

for ndhG and ndhE, were reported in some gymnosperm 

species (Ranade et al. 2016). The loss of most ndh genes is 

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 in cpDNA had interrelationship to sunlight-

intolerance in Allium paradoxum (Omelchenko et al. 2019).   

It can be concluded that ndhE partial sequence is 

maternally 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 a strong genetic 

background. 
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