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ABSTRACT 
 
Amplified fragment length polymorphism (AFLP) markers allow a rapid assessment of the level 

of genetic variation that would be difficult to evaluate using a limited number of morphological 

markers. AFLP was used to assess the level of genetic variation among 16 different 

Phalaenopsis species and hybrids. Ten AFLP primer combinations were used for genetic 

analysis of these Phalaenopsis and 95% of polymorphism in 16 Phalaenopsis species and 

hybrids was detected. The genetic similarity among Phalaenopsis species and hybrids ranged 

from 0.298 to 0.774 based on Dice coefficient. The dendrogram derived by UPGMA analysis 

clustered into two main groups. A significant linear relationship (r2 = 0.524, P < 0.0001) was 

observed between known pedigrees and AFLP-derived genetic similarity for 136 pairwise 

comparisons of Phalaenopsis species and hybrids. The results indicate that there is an abundance 

of genetic diversity among within Phalaenopsis and that AFLP can be used to distinguish 

morphologically similar genotypes. 

In a second study, the effect of gametophytic selection on genetic diversity in Phalaenopsis was 

examined by AFLP analysis. Sixteen F1 seedlings resulting from cross-pollination that occurred 

within high (30 ºC) and low (14ºC) temperature incubators between two hybrid Phalaenopsis [P. 

(Taisoco Windian × Sogo Yukidian) by P. hybrid unknown], were subjected to genetic analysis 

by AFLP. A total of 651 fragments ranging in size from 100 to 350 bp were detected using six 

primer combinations, of which 387 (59.4%) were polymorphic. Seedlings derived from different 

temperature treatments exhibited 25.5% to 35.9% polymorphism. The genetic similarity among 

16 F1 seedlings ranged from 0.825 to 0.946 based on the Dice coefficient. A dendrogram based 

on 387 polymorphic markers was derived by UPGMA analysis resulting in three major groups 

and one subgroup. The dendrogram analysis showed clear clustering in Phalaenopsis hybrids 

pollinated under different temperature treatments, suggesting that several loci may have been 
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selected during the divergent temperature stress treatments during pollination and early pollen 

tube growth.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 



 iv

 

ACKNOWLEDGEMENTS 
 

On the accomplishment of the present study I would like to take this opportunity to express my 
deepest sense of gratitude and words of appreciation towards those, who made this thesis 
possible. 
 
My utmost gratitude goes to my thesis advisors, Dr. Richard Veilleux and Dr. Javed Iqbal for 
allowing me to join Danville program, for their kindness, and most of all, for their patience. My 
advisors, whose support and guidance made my thesis work possible.  
  
Sincere thanks are extended to Dr. Greg Welbaum, for serving on my thesis committee, devoting 
his precious time and suggestions which indeed helped improve of this thesis.  
 
I wish to express my warm and sincere thanks to Dr. Barry Flinn, Director of the Institute for 
Sustainable and Renewable Resources (ISRR) at the Institute for Advanced Learning and 
Research (IALR), for providing an opportunity to work for the research. 
 
I am deeply indebted to Dr. Jerry Williams for his guidance and friendship. He has provided me 
unflinching encouragement and support in various ways during a difficult time of this thesis 
work.   
 
In addition, I would like to thank Suzanne Piovano and Rubina Ahsan for all of the help and 
technical advice and assistance. 
 
I am grateful to the Institute for Advanced Learning and Research (IALR) and the Institute for 
Sustainable and Renewable Resources (ISRR), which have supported me during my three years 
of research. They have provided an excellent work environment for the research.  

I wish to thank horticulture graduate students, forestry graduate students and friends for all the 
emotional support, camaraderie, entertainment and caring they provided.   

I cannot end without thanking my family, on whose constant encouragement and love I have 
relied throughout my time at Virginia Tech. Their courage and conviction will always inspire me. 
It is to them that I dedicate this work. 
 
 
 
 

 

 

 



 v

CONTENTS 
 
 
ABSTRACT................................................................................................................................... ii 
ACKNOWLEDGEMENTS ........................................................................................................ iv 
CONTENTS................................................................................................................................... v 
List of TABLES........................................................................................................................... vii 
List of FIGURES........................................................................................................................ viii 
 
Introduction..................................................................................................................................... 1 
References....................................................................................................................................... 3 
 
CHAPTER 1: Analysis of genetic variability among Phalaenopsis species and hybrids using AFLP.... 5 

Abstract ....................................................................................................................................... 5 
Introduction................................................................................................................................. 5 
Materials and methods ................................................................................................................ 7 

Plant materials......................................................................................................................... 7 
DNA extraction....................................................................................................................... 7 
AFLP analysis......................................................................................................................... 7 
Data analysis ........................................................................................................................... 8 

Results......................................................................................................................................... 9 
Discussion ................................................................................................................................. 10 
References................................................................................................................................. 23 

 
CHAPTER 2: Effect of temperature on gametophytic selection in a Phalaenopsis F1 population ....... 26 

Abstract ..................................................................................................................................... 26 
Introduction............................................................................................................................... 26 
Materials and methods .............................................................................................................. 28 

Plant materials....................................................................................................................... 28 
DNA extraction and AFLP analysis ..................................................................................... 28 
Data analysis ......................................................................................................................... 29 

Results....................................................................................................................................... 29 
Discussion ................................................................................................................................. 30 
References................................................................................................................................. 36 

 
Conclusion .................................................................................................................................... 39 
 
Appendix: Pedigree of Phalaenopsis germplasm used in the study............................................. 40 
 

 

 

 

 

 



 vi

 

TABLES 
 
 
CHAPTER 1 
 

Table 1: List of plant materials, their known pedigree, source and some salient features. .......... 14 

Table 2: Total number of AFLP loci examined using ten primer combinations as well as 

percentage of polymorphic loci per primer combination among 16 Phalaenopsis species and 

hybrids................................................................................................................................... 17 

Table 3: Similarity matrix for 16 Phalaenopsis species and hybrids based on the Nei and Li 

(1979) coefficient.................................................................................................................. 18 

Table 4: Coefficient of co-ancestry for all possible pairs of the 16 Phalaenopsis from pedigree 

data........................................................................................................................................ 19 

 

CHAPTER 2 

 

Table 5:  Pollination, germination, and incubation temperature by plant sample. ....................... 32 

Table 6: AFLP results generated by each primer set used in crossed clone between P. (Taisuco 

Windian  Sogo Yukidian) by P. hybrid unknown under different germination, pollination, 

and incubator temperature condition. ................................................................................... 33 

Table 7: Similarity matrix based on the Nei and Li (1979) coefficient for 16 Phalaenopsis 

population derived from different temperature condition..................................................... 34 

 

 
 
 
 
 
 
 
 
 
 
 



 vii

 

FIGURES 
 

 

CHAPTER 1 
 
Figure 1: Dendrogram for 16 Phalaenopsis species and hybrids generated by UPGMA analysis 

based on AFLP data using Nei and Li (1979) coefficient of genetic similarity estimates. .. 20 

Figure 2: Genetic relationships of 16 Phalaenopsis species and hybrids based on AFLP data. 

Dendrogram was generated using FreeTree program, the Dice index and UPGMA analysis. 

Numbers on the branches are Bootstrap values and range from 64% to 100%.................... 21 

Figure 3: Plot of AFLP-based genetic similarity ({Nei and Li (1979)} coefficient) and coefficient 

of co-ancestry for 136 pairs of Phalaenopsis species and hybrids (r = 0.724)..................... 22 

 

 

CHAPTER 2 

 

Figure 4: Dendrogram among 16 Phalaenopsis seedlings derived from different temperature 

conditions generated by UPGMA cluster analysis of AFLP-based genetic similarity ({Nei 

and Li (1979)} coefficient) estimates. .................................................................................. 35 

 

 
 

 

 

 

 

 

 

 

 

 



 1

Introduction 
Phalaenopsis is one of the most valued floriculture crops in the United States due to its exotic 

flower color and long flower longevity (2 to 3 months) (Griesbach, 2002; Laws, 2005). 

According the USDA floriculture crops 2005 survey, orchid production has increased 

tremendously every year (USDA, 2006). In spite of the economic importance of Phalaenopsis, 

little is known about the genetic potential of Phalaenopsis. 

Since the Royal Horticultural Society (RHS) Orchid Registration Program was founded in 1856, 

approximately 105,000 orchid hybrids in 910 genera have been registered (American-Orchid-

Society, 2000-2002). Orchids with favorable horticultural characteristics are selected from 

hybrid seedlings and cloned by tissue culture methods for commercialization. New hybrids are 

generated by interbreeding between different species or cultivars (Zamir et al., 1982). Due to 

intensive breeding activity, genetic relationships are difficult to evaluate. In addition, different 

cultivars cannot easily be distinguished morphologically by their leaves during early 

developmental stages before bloom.    

Genetic diversity is an important issue in terms of the conservation of Orchidaceae. Many wild 

species of orchids are endangered due to human activity and habitat destruction (Chung and 

Chung, 2007). The loss of genetic diversity within endangered populations can decrease 

adaptability to environmental changes and eliminate unique characteristics such as disease 

resistance and fruit set (Izawa et al., 2007). Therefore, assessment and maintenance of genetic 

diversity are important in endangered species. Knowledge of genetic diversity is useful not only 

for the preservation of genetic resources, but also for breeding. Selecting parents in orchid 

breeding program is generally based on favorable flower characteristics and breeders’ experience 

(Xiang et al., 2003). Genetic diversity information can support a breeder’s decision on the 

selection of cross combinations (Panguluri et al., 2006).   

Fast and cost-effective assessment of genetic diversity between individuals or population can be 

determined using phenotypic variation and/or molecular markers. Morphological characteristics 

are inadequate because interactions between the genotype and environmental factors influence 

their expression. The expression of such markers is also altered by epistatic and pleiotropic 

interactions. In contrast to morphological markers, molecular markers based on DNA 
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polymorphism are more reliable, independent of environmental conditions and unlimited in 

number (Agarwal et al., 2008).  

Molecular markers are useful for the assessment of genetic diversity and relatedness between or 

within different populations, species, and individuals (Weising et al., 2005). There are several 

types of molecular markers available. However, amplified fragment length polymorphism 

(AFLP) has distinct advantages with regard to a high degree of reproducibility and 

discriminatory power. It combines RAPD (Random amplified polymorphic DNA) and RFLP 

(Restriction fragment length polymorphism) by ligating primer recognition sequences (adaptors) 

to DNA digested with restriction endonucleases followed by selective PCR amplification of 

restriction fragments using a limited set of primers (Vos et al., 1995).  

PCR-based AFLP methods produce much polymorphism. Presence/absence of polymorphisms 

between two or more genotypes results from the following sources: (1) the gain or loss of a 

restriction site; (2) insertion, deletions or reversions within an amplified fragment; (3) non-

complementary nucleotide sequences adjacent to the restriction site (Weising et al., 2005). AFLP 

has proved to be a powerful marker technique to distinguish plant genotypes (Milbourne et al., 

1997; Muminovic et al., 2004; Zhang et al., 1999).  

Molecular markers have already been utilized in Phalaenopsis species. Goh et al. (2005) used 

RAPD markers to assess genetic distance and relationships of 149 accessions representing 46 

species in Phalaenopsis. However, they reported limitation of reproducibility associated with 

RAPDs. Another Phalaenopsis marker study has been reported using RFLP (Kao et al., 2001). 

Maternal inheritances of the chloroplast DNA in intergeneric hybrids of Phalaenopsis and 

Doritis were detected in their study. However, no AFLP analysis has been carried out for genetic 

diversity and its relationship with species and hybrids in Phalaenopsis. The goal of the research 

reported in this thesis was to evaluate genetic variation in Phalaenopsis using AFLP.  
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Chapter 1 
 

Analysis of genetic variability among Phalaenopsis species and 

hybrids using AFLP 
 

ABSTRACT 
Phalaenopsis is the second most valuable potted plant in the United States. Information on the 

genetic diversity and relationships among species and hybrids is important for breeding purposes 

and species conservation. In this study, genetic variability of sixteen Phalaenopsis species and 

hybrids was analyzed using amplified fragment length polymorphism (AFLP) markers. Ten 

AFLP primer combinations amplified 1353 DNA fragments ranging in size from 100 to 350 bp 

and 1285 (95%) of them were polymorphic. The genetic similarity among Phalaenopsis species 

and hybrids ranged from 0.298 to 0.774 based on Dice coefficient. The dendrogram derived by 

UPGMA analysis clustered into two main groups. Bootstrap values for the groups supported 

70% of the clustering. A significant linear relationship (r2 = 0.524, P < 0.0001) was observed 

between known pedigrees and AFLP-derived genetic similarity for 136 pairwise comparisons of 

Phalaenopsis species and hybrids. Genetic fingerprinting is useful for both clonal identification 

and orchid species conservation. 
 

Introduction 
 

Orchids are not only beautiful but also commercially important and occupy second place in the 

flowering plant market in the United States (Griesbach, 2002). According to the USDA 

floriculture crops 2005 survey, the potted orchid industry was valued at $144 million (USDA, 

2006). Among potted orchids, Phalaenopsis spp. constitute the majority (50 to 90%) in the 

United States due to their long-lasting flowers, easy care, and low cost (Griesbach, 2002; Laws, 

2005). 

The orchid family is unique because hybridization is possible not only between species, but also 

between members of related genera. Moreover, hybrids can interbreed with other species to 
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create novel combinations (Zamir et al., 1982). Due to these features, genetic relationships are 

difficult to evaluate. However, scientific conservation and utilization of breeding materials 

require accurate information on genetic relationships among species and hybrids.  

Through intensive breeding activity, 3500 Odontoglossum hybrids and intergenerics, 4300 

Cattleyas hybrids and intergenerics, and over 5000 Paphiopedilum crosses had been made by 

1945. However, only about 140 Phalaenopsis hybrids were registered through 1945 (Challis, 

1996). An average of 100 new Phalaenopsis hybrids has been registered in the Royal 

Horticulture Society every 2 months from 1976 through 2008, underscoring the importance of 

novelty Phalaenopsis hybrids for market demands. 

In spite of the economic importance of Phalaenopsis, the genetic potential of Phalaenopsis has 

not been fully exploited. An assessment of genetic variability is important for the utilization of 

genetic resources, and for determining the uniqueness of genotypes to protect breeder’s 

intellectual property rights and to exploit heterosis (Franco et al., 2001). Genetic diversity can be 

determined using phenotypic variation and/or molecular markers. Morphological characteristics 

have limitations because environmental factors and the developmental stage of the plant may 

influence their expression. In contrast to morphological markers, molecular markers based on 

DNA polymorphism are more informative, independent of environmental conditions and 

unlimited in number (Agarwal et al., 2008). 

Several types of molecular markers are available; however, amplified fragment length 

polymorphism (AFLP) has notable advantages, such as reproducibility, high levels of 

polymorphism that can be detected in a single reaction, genome-wide distribution of markers, 

and no need of prior DNA sequence information, compared to other DNA based markers (Vos et 

al., 1995). AFLP analysis uses selective amplification of a subset of restriction enzyme digested 

DNA fragments to generate a unique fingerprint of a particular genome (Mueller and 

Wolfenbarger, 1999). AFLP has been used in the assessment of genetic relationships of a wide 

range of species, including ornamentals such as Caladium (Loh et al., 1999), Calathea (Chao et 

al., 2005), Hemerocallus (Tomkins et al., 2001), Cornus (Smith et al., 2007) and New Guinea 

Impatiens (Carr, 2003). There are no published reports on AFLP analysis of genetic diversity and 

its relationship with species and hybrids in Phalaenopsis. The objectives of this study were to 

determine the level of genetic variability in Phalaenopsis species and hybrids using AFLP 
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fingerprinting and to estimate the correlation of genetic relatedness with the known pedigree in 

various hybrids. 

 

Materials and methods 
 

Plant materials 
Two commercially available Phalaenopsis species and 14 hybrids were used in this study (Table 

1). The germplasm represents a range of flower size and colors available in the US market. All 

the plants were maintained at 20-30°C in the greenhouse.  

 

DNA extraction 
Genomic DNA was extracted from fresh Phalaenopsis leaves according to Doyle and Doyle 

(1987) with some modifications. Plant tissue (0.5 g) was pulverized in liquid nitrogen and 

immediately transferred into a 50 ml tube containing 10 ml extraction buffer [2% CTAB, 100 

mM Tris (pH .8.0), 1.4 M NaCl, 20 mM EDTA, 0.2% 2-mercaptoethanol and 4% 

polyvinylpyrrolidine (PVP)]. The samples were incubated at 60°C for 1 h and 10 ml chloroform: 

isoamyl alcohol (24:1) were added and mixed. The mixture was centrifuged at 12,000 g for 10 

min. The aqueous phase was transferred to a clean tube. DNA was precipitated with 5 ml of ice-

cold isopropanol and stored at -20°C overnight. The samples were centrifuged at 5,000 g for 10 

min and the supernatant was discarded. The DNA pellet was resuspended in 20 ml wash buffer 

(10 mM NH4OAc, 75% ethanol) for 20 min and centrifuged at 12,000 g for 5 min. The DNA was 

dissolved in TE buffer (100 µl) containing 100 µg of RNase and incubated at 37°C for 1 h. DNA 

concentration was measured using a  NanoDrop (Thermo Fisher Scientific) and quality was 

checked by electrophoresis in 0.8% agarose gel in TBE buffer.  

 

AFLP analysis 
AFLP analysis was carried out according to Vos et al. (1995) with some modifications. Genomic 

DNA (500 ng) was restriction digested with EcoRI and MseI and EcoRI and MseI adapters were 

ligated in a final volume of 11 µl. The reaction contained 1  T4 ligase buffer [50 mM Tris-HCl 

(pH 7.5), 10 mM MgCl2, 10 mM dithiothreitol, 1 mM ATP] [New England Biolabs (NEB), 
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Ipswich, MA], 0.05 M NaCl, 0.045 mg/ml BSA, 1 µM EcoRI adapter, 5 µM MseI adapter, 5 U 

EcoRI (NEB), 5 U MseI (NEB) and 1 U T4 DNA ligase (NEB). The reactions were gently mixed 

and incubated at 37°C for 3 h. After restriction and ligation, the reaction mixture was diluted 10-

fold with 0.1  TE buffer (10 mM Tris-HCl (pH 8.0), 0.1 mM EDTA).  

Preselective amplification was carried out in a final volume of 13 µl consisting of 1  PCR 

buffer [100 mM Tris-HCl (pH 8.3), 500 mM KCl], 2.0 mM MgCl2, 0.2 mM dNTP, 10 µM 

EcoRI+A primer, 10 µM MseI+C primer and 3 µl of diluted restriction-ligation product. PCR 

was carried out in a MyCycler thermal cycler (Bio-Rad Laboratories, Hercules, CA) 

programmed for 72°C for 2 min followed by 20 cycles of 94°C for 20 sec, 56°C for 30 sec, and 

72°C for 2 min, and a final incubation of  72°C for 2 min and 60°C for 30 min.  

For selective amplification, the preselective amplification PCR products were diluted 10-fold in 

0.1  TE buffer and used as template for selective amplification. 8 µl reaction volume containing 

1  PCR buffer [100 mM Tris-HCl (pH 8.3), 500 mM KCl], 2.0 mM MgCl2, 0.2 mM dNTPs, 

0.625 µM of D4 WellRED dye labeled EcoRI primer (E+3), 0.625 µM MseI primer (M+3), 0.2 

Units of JumpStart Taq DNA polymerase (Sigma) and 2 µl of diluted preselective amplification 

product were used for selective amplification. The PCR amplification was carried out with an 

initial denaturation step of 94°C for 2 min, followed by the first cycle of 94°C for 20 sec, 66°C 

for 30 sec, 72°C for 2 min and one degree decrease in annealing temp in each of the next nine 

cycles. This was followed by 25 cycles of 94°C for 30 sec, 56°C for 30 sec, and 72°C for 3 min. 

The reactions were incubated at 60°C for 30 min before electrophoresis. PCR products were 

diluted 50-fold with sample loading solution (Beckman-Coulter Inc., Fullerton, CA) and 1.5 µl 

of diluted reaction products were added to 40 µl of sample loading solution (Beckman-Coulter 

Inc., Fullerton, CA). DNA size standard 600 (Beckman-Coulter Inc., Fullerton, CA) was also 

added to each sample. The samples were electrophoresed and detected using a Beckman-Coulter 

CEQ 8800 Genetic Analysis System (Beckman-Coulter, Fullerton, CA). The Frag-4 module of 

CEQ was used to size all the fragments using internal DNA size standard.  

  

Data analysis 
All AFLP fragments were scored as binary data (1, peak present; 0, peak absent) along with their 

sizes. The binary scores were manually compared with the electropherograms to re-confirm 
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presence or absence of peaks. The NTSYSpc software version 2.20 (Rohlf, 2005) was used to 

calculate the genetic distance or similarity between all samples. A cluster analysis was performed 

using unweighted pair group method with arithmetic mean (UPGMA) based on the Dice index 

(Nei and Li, 1979). This analysis was conducted using the FreeTree software package (Hampl et 

al., 2001). Bootstrap values (based on 1000 re-samplings) were used to estimate the reliability of 

the clustering pattern.  

Coefficient of co-ancestry for all possible pairs of Phalaenopsis species and hybrids was 

calculated according to Weir et al. (2006) based on pedigree information in the Royal 

Horticulture Society (RHS) orchid hybrid registration database information system (2002). 

Simple linear correlation analysis was conducted to determine the association between co-

ancestry coefficient and genetic similarity values using JMP software version 5.1 (SAS Institute, 

Cary, NC).  

 

Results  
 

A total of 1353 fragments ranging in size from 100 to 350 bp was scored using ten different 

primer combinations. The number of polymorphic fragments for each primer varied from 94 (E-

CAG/M-CCT) to 162 (E-CAG/M-CCA). The average number of polymorphic loci (DNA 

band/fragment) detected was 121 per primer combination. The average percentage of 

polymorphic loci (polymorphic loci/total loci) was 95% and the range among primer 

combinations was from 92% (E-CAG/M-CAG) to 97% (E-CAG/M-CCC, E-CAG/M-CAC, E-

CAC/M-CCG) (Table 2). The primer combination with the lowest number of fragments (E-

CAG/M-CGA) had too many ambiguous fragments for counting and was not used in the analysis.     

Genetic similarities among the 16 individual Phalaenopsis species and hybrids were estimated 

based on the number of common fragments (Table 3). Similarity values among individual 

samples ranged from 0.298 to 0.774 on the Dice index. Dtps. Newberry Parfait ‘Picotee’ (13) 

and Dtps. [Luchia Lady  City Girl (14)] were the most closely related whereas P. Sogo ‘Little 

Angel’ (4) and Dtps. Abed-Nego ‘Chadwick’ (15) were the most distantly related. Relationships 

among 16 Phalaenopsis species and hybrids are shown in a dendrogram using UPGMA (Fig. 1). 

Two groups (Group I and Group II) were obtained. Group I contains the Phalaenopsis hybrids 
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Taipei Gold ‘Golden Star’, Tropical Stripes ‘Carmela’, Neon Stripes ‘Red Avenger’ and 

Baldan's Kaleidoscope ‘Golden Treasure’. Group II was further partitioned into two subgroups 

(Subgroup A and Subgroup B). Subgroup A contains (Taisuco Windian  Sogo Yukidian), 

(Meller  Taisuco Kochdian), hybrid pink unknown and Luchia Pink. Two Doritaenopsis 

hybrids were closely associated in Subgroup B.  

The same analysis was carried out using the FreeTree program with the Dice index and UPGMA 

for comparison. Fig. 2 shows the dendrogram obtained from the FreeTree program. The result 

was similar for Groups I and II, which contained the same two subgroups as clustering using 

NTSYSpc software. Bootstrap values for Group I and Group II supported 70% of the clustering. 

Group I containing four Phalaenopsis hybrids had bootstrap values ranging from 84% to 100%. 

Two Doritaenopsis hybrids in subgroup II exhibited a bootstrap value of 100%. All other nodes 

had values greater than 64.  

For pedigree analysis, the ancestry of Phalaenopsis hybrids was traced through three generations. 

Coefficients of co-ancestry based on pedigree data ranged from zero to 0.320 with a mean of 

0.100 (Table 4). From a total of 136 pairs of Phalaenopsis species and hybrids, 73 pairs did not 

share a common parent until the third generation. The correlation between coefficient of co-

ancestry and AFLP-based genetic similarity was 0.724 (P < 0.0001), indicating a strong linear 

association between these two measures of genetic relationships within our Phalaenopsis 

germplasm (Fig. 3). 

 

Discussion 
 

In this study, the AFLP data revealed 95% polymorphic loci among 16 Phalaenopsis species and 

hybrids. This is not surprising considering the complex interspecific hybridization used to derive 

most modern Phalaenopsis and Doritaenopsis hybrids (Table 1). Xiang et al. (2003) found 83%  

polymorphism among 43 hybrids in AFLP analysis of Dendrobium, another orchid species. In 

our dendrogram, P. amabilis and P. lindenii was clustered distantly (0.417); this is consistent 

with known pedigrees of Phalaenopsis based on RAPD markers. P. amabilis is found within the 

pedigrees of nearly all Phalaenopsis hybrids used in this study whereas P. lindenii has not been 

used frequently in Phalaenopsis hybrid breeding and the dendrograms reflect these relationships. 
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In a RAPD study of 46 species of Phalaenopsis seven main groups emerged (Goh et al., 2005). P. 

amabilis and P. lindenii clustered together in their study, but were classified into two different 

sections/subgenus, Phalaenopsis and Stauroglottis, respectively. Classification in Phalaenopsis  

has been done differently depend on different workers (Goh et al., 2005). It might give different 

result with the result in this study. In another example, Tsai et al. (2005) reported that P. 

amabilis and P. lindenii were treated as different members of a subgenus of Phalaenopsis using 

the internal transcribed spacer (ITS) of nuclear ribosomal DNA.  

The relatively high bootstrap values (70%) support two major clades in Phalaenopsis hybrids 

(Fig. 2). Phalaenopsis hybrids Taipei Gold ‘Golden Star’, Tropical Stripes ‘Carmela’, Neon 

Stripes ‘Red Avenger’ and Baldan's Kaleidoscope ‘Golden Treasure’ were placed in Group I 

with 84% bootstrap value. All Phalaenopsis hybrids [excluding P. Neon Stripes ‘Red Avenger’ 

which did not bloom during the study] in Group I could be differentiated morphologically. In 

many plants, general morphological and horticultural characteristics mainly affect species and 

hybrid classification. However, classification based on morphology can vary with environmental 

conditions. In addition, phenotypically similar plants but different species or hybrids are difficult 

to identify accurately based on appearance. Therefore, genetic analysis methods are required for 

robust species and hybrid identification. In the present study, we had five white flowered hybrids 

(1, 3, 4, 13 and 14), four pink (2, 11, 12 and 16) and three yellow (5, 8, and 10). The 

dendrograms reveal that a simple classification based on flower color would not accurately 

reflect genetic relatedness. 

Phalaenopsis hybrids classified by AFLP clustering were found to reflect known pedigrees. 

Group I and Group II on the dendrogram cluster several complex Phalaenopsis hybrids together. 

Genetic relationships derived from our AFLP analysis was verified in the RHS orchid hybrid 

registration database information system (2002). The RHS parentage records reveal that 

clustered hybrids shared common ancestry. In our results, Tropical Stripes ‘Carmela’ clustered 

closely to Neon Stripes ‘Red Avenger’ at genetic distance 0.752. Tropical Stripes ‘Carmela’ and 

Neon Stripes ‘Red Avenger’ shared eight common parents: P. amabilis, P. aphrodite, P. 

equestris, P. lueddemanniana, P. rimestadiana, P. sanderiana, P. schilleriana, and P. stuartiana. 

Dtps. Newberry Parfait ‘Picotee’ clustered close to Dtps. (Luchia Lady  City Girl) and both 

had P. amabilis, P. aphrodite, P. equestris, P. rimestadiana, P. sanderiana, P. schilleriana, P. 

stuartiana, Doritis pulcherrima as common parents. P. Hybrid pink unknown was clustered 
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closely to P. Luchia Pink at genetic distance 0.732. Although the information for P. Hybrid pink 

unknown was unavailable due to a lost tag during shipping, the close relationship between P. 

Hybrid pink unknown and P. Luchia Pink reveal that they must have common parents. The 

complex origin of Phalaenopsis hybrids ensures considerable polymorphism even when 

individuals share several common parents, revealing AFLP as a powerful tool for DNA 

fingerprinting to verify clonal identity in this valuable crop.   

The correlation tests reveal that the AFLP-derived genetic similarity values show a statistically 

significant correlation with the coefficient of co-ancestry values based on known pedigree data 

(Fig. 3). Some of previous studies support this. In Austrian wheat, a close associations between 

coefficient of parentage and RFLP-based genetic similarity (r = 0.535), and between coefficient 

of parentage and SSR-based genetic similarity (r = 0.633) were found (Parker et al., 2002). Also, 

a highly significant relationship (r = 0.71 and 0.86) between coefficient of parentage and RFLP-

based genetic similarity in European maize inbred lines was reported by Messmer et al. (1993). 

Therefore, both the coefficient of co-ancestry based on pedigree data and DNA marker-based 

estimates of genetic similarity provide similar information about the genetic relationships among 

germplasm.  

The taxonomy of Phalaenopsis is complex. As mentioned, intensive breeding activity over many 

years has generated many commercial hybrids. Two of the most important hybrids, P. Gilles 

Gratiot (P. aphrodite  P. rimestadiana) and P. Elisabethae (P. amabilis  P. rimestadiana) 

were developed in 1920 and led to a major advance in Phalaenopsis breeding (Griesbach, 2002). 

Most of our 14 Phalaenopsis hybrids were also derived from P. Gilles Gratiot and P. Elisabethae. 

Commercial Phalaenopsis hybrids were developed through both inbreeding and outcrossing 

leading to high rates (95%) of polymorphism detected in our AFLP analysis.  

Previous Phalaenopsis genome studies (Kao et al., 2001; Lin et al., 2005) also provide the 

information about genetic variation through species relationships. Arends (1970) reported that 

Phalaenopsis can be separated into large and small chromosome groups. Phalaenopsis species 

with large chromosomes include P. amboinensis and Doritis pulcherrima. Phalaenopsis species 

with small chromosomes include P. amabilis, P. aphrodite, P. equestris, P. sanderiana, P. 

lueddemanniana and P. stuartiana. In their study, hybrids between species both with large 

chromosomes (e.g., P. amboinensis  Doritis pulcherrima) and between species both with small 
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chromosomes (e.g., P. amabilis  P. lueddemanniana) indicated high frequencies of bivalents. 

Kao et al. (2001) suggested that chromosome size was associated with repetitive genomic DNA 

content. Mixed genome size through inbreeding and outcrossing may lead to diversity in 

Phalaenopsis (Dover, 1982). Another source of genetic variation in Phalaenopsis is somaclones 

derived from tissue culture during cultivar development. Tissue culture has been widely used for 

mass propagation in Phalaenopsis (Tokuhara and Mii, 1993). However, mutations or somaclonal 

variation can frequently occur during the multiplication process. According to Tokuhara and Mii 

(1998), the percentage of variants derived from tissue culture ranges from 0% to100% depending 

on cultivar. If novel varieties generated from tissue culture are selected and released, they are 

likely to resemble the cultivar used as a source of explants at most genetic loci. 

In conclusion, this is the first study of genetic variability among Phalaenopsis species and 

hybrids based on AFLP analysis. Analyzing AFLP among Phalaenopsis species and hybrids 

demonstrated significant genetic diversity. Assessments of genetic variation and relationships 

using both the known pedigree data and genetic fingerprinting are useful in orchid breeding. This 

will allows breeders to select appropriate parents for future breeding and supply information for 

the conservation and utilization of genetic resources.  
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Table 1. List of plant materials, their known pedigree, source and some salient features. 

 

Sample name Known parentage* Flower characteristics Source 

1. P. amabilis NA 
White flower. Very spread 
out sepals. Very broad 
petals 

Orchid Station, 
Barboursville, VA 

2. P. lindenii NA Flowers are in pink tones 
with paler edges. NA 

3. P. Brother Heather ‘Nuclear’  

P. amabilis, P. amboinensis, P. 
aphrodite, P. equestris, P. fasciata, P. 
lueddemanniana, P. rimestadiana, P. 
sanderiana, P. schilleriana, P. 
stuartiana  

White flower, densely 
spotted purple and red lip  

Carmela Orchids, 
Hakalau, HI 

4. P. Sogo ‘Little Angel’ 
P. amabilis, P. aphrodite, P. equestris, 
P. rimestadiana, P. sanderiana, P. 
stuartiana 

White and faint pink flower 
with dark red lip 

Floradise orchids, 
Gordonsville, VA   

5. P. Taipei Gold ‘Golden Star’ P. amabilis, P. aphrodite, P. 
rimestadiana, P. venosa Yellow flower Floradise orchids, 

Gordonsville, VA   

6. P. Tropical Stripes ‘Carmela’ 

P. amabilis, P. aphrodite, P. equestris, 
P. lueddemanniana, P. rimestadiana, 
P. sanderiana, P. schilleriana, P. 
stuartiana 

Purple flower with dark 
purple veining 

Carmela Orchids, 
Hakalau, HI 

7. P. Neon Stripes ‘Red Avenger’ 

P. amabilis, P. aphrodite, P. equestris, 
P. lueddemanniana, P. rimestadiana  
P. sanderiana,  P. schilleriana, P. 
stuartiana  

NA Carmela Orchids, 
Hakalau, HI 

8. P. Baldan's Kaleidoscope ‘Golden 
Treasure’  

P. amabilis, P. aphrodite, , P. 
equestris, P. fasciata,  P. 
lueddemanniana, P. rimestadiana, P. 
sanderiana P. schilleriana, P. 
stuartiana  

Vivid golden yellow with 
dark red stripes and red 
blush 

Floradise orchids, 
Gordonsville, VA   
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9. P. (Taisuco windian  Sogo 
Yukidian) 

P. amabilis, P. aphrodite, P. 
rimestadiana, P. sanderiana, P. 
schilleriana, P. stuartiana  

NA Bedford Orchids, 
Montreal, Canada 

10. P. (Meller  Taisuco Kochdian) NA Yellow flower Floradise orchids, 
Gordonsville, VA   

11. P. Hybrid pink unknown NA Pink flower Bedford Orchids, 
Montreal, Canada 

12. P. Luchia Pink  

P. amabilis, P. aphrodite, , P. 
equestris, P. fasciata,  P. 
lueddemanniana, P. rimestadiana, P. 
sanderiana P. schilleriana, P. 
stuartiana 

Faint pink flower with red 
lip  

Orchid Station, 
Barboursville, VA   

13. Dtps. Newberry Parfait ‘Picotee’ 

P. amabilis, P. aphrodite, P. equestris, 
P. rimestadiana, P. sanderiana, P. 
schilleriana, P. stuartiana, Doritis 
pulcherrima 

White flower with pink 
veining 

Orchid Station, 
Barboursville, VA   

14. Dtps. (Luchia Lady  City Girl) 

P. amabilis, P. aphrodite, P. equestris, 
P. lueddemanniana, P. rimestadiana, 
P. sanderiana, P. schilleriana, P. 
stuartiana, Doritis pulcherrima  

White flower with dark 
purple lip 

Floradise orchids, 
Gordonsville, VA   

15. Dtps. Abed-Nego ‘Chadwick’ 
HCC/AOS 

P. ambionesis, P. fasciata, P. 
lueddemanniana, P. violacea, Doritis 
pulcherrima 

Red flower with purple lip Chadwick orchids, 
Richmond, VA 

16. P. Schilleriana ‘Pink Butterfly’ 

P. amabilis, P. aphrodite, P. equestris, 
P. lueddemanniana, P. rimestadiana, 
P. sanderiana, P. schilleriana, P. 
stuartiana  

 Pink and purple flower  NA 
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* Source: Royal Horticulture Society (http://www.rhs.org.uk/plants/registerpages/orchidsearch.asp) 

NA = not available 
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Table 2. Total number of AFLP loci examined using ten primer combinations as well as 

percentage of polymorphic loci per primer combination among 16 Phalaenopsis species and 

hybrids. 

 
Primer Sample number of 1-16 

Combination 

Number of 

total loci 

detected 

Number of 

polymorphic 

loci 

% of 

polymorphic 

loci 

E-CAG M-CCG 143 136 95.1 

E-CAG M-CCA 169 162 95.9 

E-CAG M-CCT 100 94 94.0 

E-CAG M-CCC 139 135 97.1 

E-CAG M-CGG 131 123 93.9 

E-CAG M-CGC 162 151 93.2 

E-CAG M-CGT 136 128 94.1 

E-CAG M-CAC 108 105 97.2 

E-CAG M-CAG 129 119 92.2 

E-CAC M-CCG 136 132 97.1 

Total 1353 1285 95.0 

Mean 135.3 128.5  
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Table 3. Similarity matrix for 16 Phalaenopsis species and hybrids based on the Nei and Li (1979) coefficient. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 1.000                
2 0.417 1.000               
3 0.504 0.458 1.000              
4 0.371 0.379 0.424* 1.000             
5 0.427 0.390 0.505 0.343* 1.000            
6 0.497 0.432* 0.533 0.369* 0.593 1.000           
7 0.492 0.418* 0.512 0.352* 0.562 0.752 1.000          
8 0.478 0.408* 0.571 0.376* 0.586 0.670 0.643 1.000         
9 0.488 0.404* 0.522 0.389* 0.484 0.573 0.575 0.577 1.000        

10 0.464 0.383* 0.568 0.349* 0.549 0.573 0.567 0.582 0.654 1.000       
11 0.460 0.387* 0.499 0.367* 0.468 0.572 0.563 0.521 0.629 0.622 1.000      
12 0.493 0.420* 0.533 0.389* 0.490 0.597 0.579 0.570 0.694 0.656 0.732 1.000     
13 0.480 0.387* 0.499 0.365* 0.492 0.573 0.557 0.545 0.567 0.539 0.588 0.623 1.000    
14 0.488 0.384* 0.490 0.384* 0.492 0.549 0.547 0.545 0.591 0.546 0.585 0.616 0.774 1.000   
15 0.336 0.298 0.398* 0.292 0.474 0.382* 0.376* 0.402* 0.350* 0.405* 0.367* 0.374* 0.419* 0.421* 1.000  
16 0.444 0.375 0.479 0.345 0.452 0.510 0.496 0.470 0.468 0.469 0.548 0.511 0.573 0.554 0.413 1.000 

 

* Coefficients followed by the star mark are significantly different at the α =0.05 level comparisonwise using t- test    
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Table 4. Coefficient of co-ancestry for all possible pairs of the 16 Phalaenopsis from pedigree data.   

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 0.5000                
2 0.0000 0.5000               
3 0.0000 0.0000 0.5000              
4 0.0000 0.0000 0.0000 0.5000             
5 0.0000 0.0000 0.0000 0.0938 0.5000            
6 0.0000 0.0000 0.0625 0.0000 0.0000 0.5000           
7 0.0000 0.0000 0.0000 0.0000 0.0000 0.3200 0.5000          
8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0313 0.5000         
9 0.0000 0.0000 0.0000 0.0313 0.0938 0.0000 0.0000 0.0000 0.5000        
10 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.5000       
11 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.5000      
12 0.0000 0.0000 0.0313 0.1250 0.0000 0.0000 0.0000 0.0000 0.0000 0.1250 0.1250 0.5000     
13 0.0000 0.0000 0.0625 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1250 0.1250 0.1875 0.5000    
14 0.0000 0.0000 0.0000 0.1250 0.0000 0.0000 0.0000 0.0313 0.0000 0.1250 0.1250 0.5000 0.0000 0.5000   
15 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0625 0.0000 0.1250 0.1250 0.0000 0.0000 0.0000 0.5000  
16 0.0000 0.0000 0.0000 0.0000 0.0938 0.0000 0.0000 0.0313 0.0000 0.1250 0.1250 0.0000 0.0625 0.0000 0.0313 0.5000 
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Fig. 1. Dendrogram for 16 Phalaenopsis species and hybrids generated by UPGMA 

analysis based on AFLP data using Nei and Li (1979) coefficient of genetic similarity 

estimates. 
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Fig. 2. Genetic relationships of 16 Phalaenopsis species and hybrids based on AFLP data. 

Dendrogram was generated using FreeTree program, the Dice index and UPGMA 

analysis. Numbers on the branches are Bootstrap values and range from 64% to 100%. 
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Fig. 3. Plot of AFLP-based genetic similarity ({Nei and Li (1979)} coefficient) and 

coefficient of co-ancestry for 136 pairs of Phalaenopsis species and hybrids (r = 0.724). 
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Chapter 2 
 

Effect of temperature on gametophytic selection in a 

Phalaenopsis F1 population 
 

ABSTRACT 
Gametophytic selection has the potential to increase the efficiency of breeding for 

temperature tolerance. Developing Phalaenopsis with greater tolerance to temperature 

fluctuations will have an economic benefit in greenhouse operations. In this study, 

amplified fragment length polymorphism (AFLP) markers were utilized to determine the 

genetic variability in orchid seedlings after application of cold and warm temperatures 

during gametophytic selection. Genomic variations among sixteen F1 seedlings for P. 

(Taisoco Windian × Sogo Yukidian)  P. hybrid unknown pollinated and fertilized 

under different temperature treatments were successfully determined by AFLP analysis. 

A total of 387 polymorphic markers were scored with an average of 64.5 markers per 

primer combination. The genetic similarity among sixteen Phalaenopsis hybrids F1 

seedlings ranged from 0.825 to 0.946 based on the Dice coefficient. A dendrogram based 

on 387 polymorphic markers resulted in three major groups and one subgroup. The 

groups and subgroup revealed common selection pressure during the gametophytic stage.  

 

Introduction 
 

Orchids occupy the second place in the flowering plant market in the United States 

(Griesbach, 2002). According to the 2005 USDA floriculture crops survey, the potted 

orchid industry was valued at $144 million (USDA, 2006). Among potted orchids, 

Phalaenopsis is the most important as it constitute 50-90% (Griesbach, 2002; Laws, 

2005). Phalaenopsis orchid is native to tropical and subtropical climates so commercial 

production of Phalaenopsis in temperate climates such as Virginia requires greenhouse 

facilities. Therefore, costs of heating in winter or cooling in summer of greenhouses 
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constrain orchid production. If Phalaenopsis with greater tolerance for temperature 

fluctuations is developed, greenhouse costs involving temperature control can be reduced.  

Gametophytic selection has been used as a tool for crop improvement (Hormaza and 

Herrero, 1992; Sacher et al., 1983). Gametophytic selection plays an important role in 

angiosperms because many pollen grains are produced. Pollen grains are exposed to 

environmental conditions and compete with each other in the same style. For this 

phenomenon, selection is expected to be more effective on the male gametophyte 

compared to the female gametophyte (Pfahler, 1975). Applying selective pressure at the 

gametophytic stage in plant life cycle provides unique opportunity to benefit from 

possible adaptive value of viable recombinants while avoiding the negative effects of 

poorly functioning recombinants in angiosperms (Mulcahy, 1979). Selection pressure for 

temperature has been enforced during the gametophytic generation in several studies (Chi 

et al., 1999; Clarke et al., 2004; Dominguez et al., 2005; Frova et al., 1995; Maisonneuve 

et al., 1986; Mandhu et al., 1992; Zamir et al., 1982) and proved successful for increasing 

the frequency of resistant progeny (Hormaza and Herrero, 1996; Ravikumar and Patil, 

2002). Therefore, gametophytic selection may be useful for increasing thermotolerance in 

a temperature sensitive crop. Early selection might also benefit plants that grow slowly 

and have a long developmental period, i.e., potted flowering orchids. 

Molecular marker analysis could validate gametophytic selection (Chandler et al., 2000; 

Fedoroff et al., 1989; Jorgensen, 1993). In plant species where little DNA sequence 

information is available, amplified fragment length polymorphism (AFLP) based markers 

has prominent advantages, such as reproducibility, high levels of polymorphism that can 

be detected in a single reaction and genome-wide distribution of markers compared to 

other DNA based markers (Vos et al., 1995). AFLP has potential application for 

screening DNA markers linked to genetic traits (Blears et al., 1998). AFLP analysis uses 

selective amplification of a subset of restriction enzyme digested DNA fragments to 

generate a unique fingerprint of a particular genome (Mueller and Wolfenbarger, 1999). 

Despite their advantages and potential applications, AFLP markers have not been utilized 

in Phalaenopsis research.  
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The main objective of this study was to evaluate genetic variation in Phalaenopsis 

derived from male gametophytic selection under different temperature regimes using 

AFLP analysis. 

 

Materials and methods 
 

Plant materials 
Hybrid Phalaenopsis (Taisoco Windian × Sogo Yukidian) and Phalaenopsis hybrid 

unknown (Bedford Orchids, Montreal, Canada) plants were used in this study. The tag of 

the unknown hybrid was lost during shipping; however, its AFLP fingerprint aligns it 

closely to Phalaenopsis ‘Luchia Pink’ (Chang, 2008). Sixteen F1 seedlings derived from 

four different treatments were selected randomly from 152 of Blischak’s seedlings 

(Blischak, 2005) (Table 5). All plants were maintained in a greenhouse at 15-20°C until 

inflorescences matured. 

 

DNA extraction and AFLP analysis 
Genomic DNA was extracted from fresh leaves according to the methods of Doyle and 

Doyle (1987) with some modifications. Fresh leaf (0.5g) was pulverized in liquid 

nitrogen. CTAB extraction buffer [2% CTAB, 100 mM Tris (pH .8.0), 1.4 M NaCl, 20 

mM EDTA, 0.2% 2-mercaptoethanol and 4% polyvinylpyrrolidine (PVP)] was added and 

incubated at 60°C for 1 h. The samples were extracted with 10 ml of chloroform: isoamyl 

alcohol (24:1) and centrifuged. DNA was precipitated and washed accordingly. The DNA 

was dissolved in 100 µl TE buffer containing 100 µg of RNase and incubated at 37°C for 

1 h. The concentration of DNA was measured using a NanoDrop (Thermo Fisher 

Scientific, Waltham, MA) and quality was checked by electrophoresis in 0.8% (w/v) 

agarose gel in TBE buffer.  

AFLP analysis was performed as AFLP manual A-2015A (Beckman-Coulter, Fullerton, 

CA) described by Hayashi et al. (2005). EcoRI and MseI enzymes were used for DNA 

digestion. Adapter ligation, preselective and selective amplification were performed 

according to the manufacturer’s protocols. Selective amplification was carried out using 



 29

six EcoRI+3 and MseI+3 primer combinations. The selective amplified PCR product was 

analyzed using a CEQ 8800 Genetic Analysis System (Beckman-Coulter, Fullerton, CA). 

The Frag-4 module of CEQ was used to size all the fragments using DNA size standard 

600 (Beckman-Coulter, Fullerton, CA) as an internal DNA standard. 

 

Data analysis 
All AFLP fragments from CEQ were scored as present or absent. The binary scores were 

manually compared with the electropherograms to re-confirm presence or absence of 

peaks. Calculations for the genetic similarity/dissimilarity between all samples were 

performed with the NTSYSpc software version 2.20 (Rohlf, 2005). A phylogenetic tree 

was constructed using the unweighted pair group method of arithmetic means (UPGMA) 

based on the Dice index (Nei and Li, 1979). 

 

Results 
 

A total of 651 loci ranging in size from 100 to 350 bp were detected using six primer 

combinations, of which 387 loci (59.4%) were polymorphic (Table 6). The number of 

polymorphic fragments for each primer combination ranged from 53 (E-CAG/M-CGT) to 

81 (E-CAT/M-CCG). The average number of polymorphic loci detected was 64.5 per 

primer combination. Percentages of polymorphic loci among primer combinations were 

ranged from 53.7% (E-CAT/M-CGC) to 64.6% (E-CAG/M-CGT). Seedlings derived 

from germination at 20°C, warm-pollination, and warm-incubation revealed 25.5% of 

polymorphism. The greatest polymorphism (35.9%) in different temperature treatments 

was found for seedlings derived from germination at 18°C, warm-pollination, and warm-

incubation. 

Genetic similarities among the 16 Phalaenopsis siblings derived from four different 

germination, pollination, and incubation temperature conditions were estimated based on 

the number of common fragments. Similarity values among individual samples ranged 

from 0.825 to 0.946 on the Dice index (Table 7). Two of Phalaenopsis seedlings (13 and 

14) derived from same condition (germination at 18°C and warm-pollination-derived 
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seedlings in the warm incubator) were the most closely related, whereas two of 

Phalaenopsis seedlings (7 and 16) derived from different germination and incubation 

temperature treatments were the most distantly related.  

Relationships among 16 Phalaenopsis seedlings are shown in a dendrogram generated by 

UPGMA analysis (Fig. 4). There are three major groups (Group I, Group II, and Group 

III), representing three different temperature sets. Group I includes all seedlings derived 

from germination at 20°C, warm pollination and warm incubation treatments. Group II 

includes almost all seedlings derived from germination at 20°C, warm pollination and 

cold incubation treatments. All seedlings from germination at 18°C, cold pollination and 

warm incubation conditions were placed in Group III. One subgroup in Group III was 

distinguished for two individual seedlings (13 and 14) from germination at 18°C, warm 

pollination and warm incubation conditions.   

 

Discussion 
 

The present study represents the first known use of AFLP markers to define genetic 

differentiation in gametophytic selection in Phalaenopsis. The AFLP data revealed 

relatively low polymorphism among different germination, pollination, and incubation 

temperature treatments. The similarity coefficient obtained from the AFLP analysis 

indicates that the amount of genetic diversity was low among the siblings within 

gametically selected populations. Chen et al. (1999) observed low genetic differences 

(11.6%) between intergenic hybrid clones of Vandaceous orchids. The parental clones 

and seedlings in this study were exposed to various temperature conditions for pollination, 

germination, and incubation. The results with Phalaenopsis F1 hybrids under various 

temperature treatments exhibited 13.9 to 24.3% more polymorphism than Vandaceous 

hybrid clones. The difference in polymorphism may be due to innate differences between 

the genera. Alternatively, it is possible that temperature affected pollen performance. 

The dendrogram shows clear clustering of Phalaenopsis hybrids pollinated under 

different temperature treatments. Only a few studies have been done on temperature-

based selection of populations using AFLP analysis. Kelly et al. (2003) found clear 
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genetic difference between Betula samples acclimated under different climatic conditions. 

In Lolium, Skot et al. (2002) identified markers that were associated with low 

temperature tolerance. Their cluster analyses showed that populations from cold regions 

distinguished clearly from the other populations. These results would indicate that genetic 

differentiation occurs within populations in response to selection pressure. However, the 

effort to identify markers associated with temperature tolerance trait was unsuccessful 

(results not shown). 

In conclusion, effect of gametophytic selection as an efficient plant breeding tool in 

Phalaenopsis was evaluated. Further research on marker analysis for seedlings derived 

from gametophytic selection is needed to improve thermotolerance in Phalaenopsis. 

Functional genomics tools such as expressed sequence tags (ESTs) analysis, gene 

expression analysis using microarray or proteome comparisons would help identify 

thermotolerance genes and understand their functions under stress conditions. 
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Table 5.  Pollination, germination, and incubation temperature by plant sample. 
 

Sample Phalaenopsis Pollination Germination Incubator 

No. Samples Temperature Temperature Temperature 

1 6AW -2 Warm 20°C Warm 

2 6AW -3 Warm 20°C Warm 

3 6AW-1 Warm 20°C Warm 

4 6A©-1 Warm 20°C Cold 

5 6A©-2 Warm 20°C Cold 

6 6A©-3 Warm 20°C Cold 

7 6A©-4 Warm 20°C Cold 

8 6A©-5 Warm 20°C Cold 

9 7AW -1 Cold 18°C Warm 

10 7AW -3 Cold 18°C Warm 

11 7AW -6 Cold 18°C Warm 

12 7AW -8 Cold 18°C Warm 

13 7C-W-1 Warm 18°C Warm 

14 7C-W-3 Warm 18°C Warm 

15 7CW -1 Warm 18°C Warm 

16 7CW -2 Warm 18°C Warm 
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Table 6. AFLP results generated by each primer set used in crossed clone between P. (Taisuco Windian  Sogo Yukidian) by P. 
hybrid unknown under different germination, pollination, and incubator temperature condition. 
 

Primer Sample No. 1-3 Sample No. 4-8 Sample No. 9-12 Sample No. 13-16 Sample No. 1-16 

Combination T* P % T* P % T* P % T* P % T* P % 

E-
CAG 

M-
CCG 109 19 17.4 109 42 38.5 109 44 40.4 109 42 38.5 109 70 64.2 

E-
CAG  

M-
CCA 104 32 30.8 104 30 28.8 104 33 31.7 104 31 29.8 104 58 55.8 

E-
CAG 

M-
CGT 82 20 24.4 82 20 24.4 82 23 28.0 82 40 48.8 82 53 64.6 

E-
CAC 

M-
CCG 96 26 27.1 96 41 42.7 96 25 26.0 96 23 24.0 96 60 62.5 

E-
CAT 

M-
CCG 139 36 25.9 139 59 42.4 139 42 30.2 139 51 36.7 139 81 58.3 

E-
CAT 

M-
CGC 121 33 27.3 121 32 26.4 121 33 27.3 121 47 38.8 121 65 53.7 

Total 651 166 25.5 651 224 34.4 651 200 30.7 651 234 35.9 651 387 59.4 
Mean 108.5 27.7  108.5 37.3  108.5 33.3  108.5 39.0  108.5 64.5  
 
*T: the number of total loci detected, P: the number of polymorphic loci and %: percentage of polymorphic loci 
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Table 7. Similarity matrix based on the Nei and Li (1979) coefficient for 16 Phalaenopsis population derived from different 
temperature condition. 
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 1.000                
2 0.908 1.000               
3 0.873 0.892 1.000              
4 0.863 0.882 0.877 1.000             
5 0.866 0.894 0.887 0.893 1.000            
6 0.879 0.897 0.892 0.869 0.940 1.000           
7 0.869 0.882 0.878 0.858 0.896 0.913 1.000          
8 0.865 0.878 0.864 0.854 0.921 0.943 0.903 1.000         
9 0.855 0.871 0.858 0.855 0.853 0.858 0.857 0.853 1.000        
10 0.856 0.886 0.882 0.862 0.893 0.890 0.878 0.868 0.893 1.000       
11 0.873 0.874 0.888 0.873 0.892 0.889 0.886 0.877 0.884 0.910 1.000      
12 0.842 0.871 0.864 0.852 0.884 0.870 0.868 0.862 0.889 0.898 0.895 1.000     
13 0.881 0.882 0.878 0.863 0.894 0.907 0.888 0.888 0.878 0.897 0.911 0.897 1.000    
14 0.883 0.881 0.876 0.864 0.889 0.897 0.878 0.874 0.881 0.894 0.899 0.885 0.946 1.000   
15 0.845 0.869 0.856 0.855 0.853 0.862 0.857 0.841 0.856 0.872 0.875 0.866 0.881 0.891 1.000  
16 0.830 0.854 0.832 0.835 0.851 0.843 0.825 0.835 0.859 0.860 0.873 0.862 0.868 0.862 0.845 1.000
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Fig. 4. Dendrogram among 16 Phalaenopsis seedlings derived from different temperature conditions, generated by UPGMA cluster 
analysis of AFLP-based genetic similarity ({Nei and Li (1979)} coefficient) estimates. 
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Conclusion 
 

The results of this study have implications for Phalaenopsis breeding. First, available 

Phalaenopsis species and hybrids in the US market have high genetic diversity. 

Therefore, the information of genetic relationships detected among species and hybrids 

can be used to select genetically different parents for future breeding. Second, 

Phalaenopsis seedlings derived from pollination temperature pressure at the 

gametophytic stage have the potential to result in selection with greater thermotolerance. 

This has commercial value to the floral and nursery industries.   
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Appendix: Pedigree of Phalaenopsis germplasm 
used in the study 
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