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Abstract – Genomes are structured by the sequences of nucleotides and their expression depend on 

various factors including chromatin condensation and methylation, repeated sequences, promotor 

structure and organization. Chloroplast and mitochondria genomes inherited from bacteria with their 

specific organization in circle shape and of small size making their analyze easier than that of nuclear 

genomes. Since the first complete sequence of chloroplast genome obtained for Nicotiana tabacum, 

many other chloroplasts genomes have been completely sequenced including in orchids. These 

genomes have been compared according their gene content and sequence but not really according to 

the distribution of short inverses repeats. In this study, we analyzed completely sequenced chloroplast 

genomes of 85 orchid species by counting the number of 2-, 4- and 6-bp short inverted repeats called 

palindromes. Their frequency is significantly lower than expected according to random association of 

nucleotides, this is particularly the situation for TA, CG, GC, ACGT, CGCG and TTAA while CCGG 

and especially GATC are significantly more frequent than expected. Species of Genus Cypripedium 

and Epipogium exhibited specific deviation from expectations, may be in Epipogium because of its 

small chloroplast genome size. Deviation of palindrome frequency within orchids fit only partly 

phylogeny. Palindrome sequences can be involved in interaction between DNA and proteins and 

consequently their frequency deviation can be related with gene expression, important cell process 

including relationships with foreign organisms. 

 

 

INTRODUCTION 

 

Chloroplast genomes are available for 

many plant species, including orchids. 

Mutations are supposed to be randomly 

distributed within genomes and shared point 

mutations are used to determine relationships 

among species and build phylogenies. Short 

inverted repeats consists of few DNA bases, 

like AACGTT able to form hairpins, whose 

DNA structure can be recognized and involved 

in expression control of genes. These 

sequences can be thus subjected to selection. 

The purpose of the present study is to 

determine if short inverted-repeats are 

randomly distributed in orchid chloroplast 

genomes. 

 

MATERIALS AND METHODS 

 

Analysis of 85 complete chloroplast 

sequences available in orchids: 

 - Counts for short-inverted repeats of 2, 4 

and six DNA bases using seqinr package for R; 

 - Detection of biased distribution 

according to AT/GC content; 

 - Multivariate analyses of observed 

/expected frequency using FactoMineR 

package for R. 

 

RESULTS 

 

- Inverted-repeats: in average 9.7% less 

frequent than expected. 

- Deviation in inverted-repeats 

distribution varies according to the species and 

sequence (Table 1). 

- Most species have similar patterns 

excepted mainly Epipogium and Rhizanthella 

(Figure 1) which have a very reduced 

chloroplast genome size. 

- Species cluster only partly according to 

phylogeny (Figure 2). 
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Table 1. Counts of some inverted-repeats in chloroplat genomes. 
 

 
 

 
 

Figure 1. Principal component analysis applied on inverted-repeats of chloroplast genomes. 
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CONCLUSION 

 

Some inverted-repeat sequences are 

significantly more frequent than expected 

while some other ones are less frequent in 

chloroplast genome, independently from 

phylogeny. Their frequency appeared thus 

under selection pressure and possibly related to 

adaptation. Epipogium and Rhizanthella, 

underground orchids, have a peculiar pattern of 

inverted-repeats in complement to their 

reduced chloroplast genome size. Deviation 

from expected distribution of inverted-repeats 

shows a signature for plant habitus according 

to their autotrophy pattern at adult stage. It 

may be related to their ability to contract 

relationships with other organisms (may be not 

only mycorrhizae). 

Such selective effetcs on short DNA 

sequences could introduce deviation in 

phylogeny building (reduced probability to get 

TA, CG and CG succession in DNA bases). 
 

 
 

Figure 2. Hierarchical cluster analysis applied on inverted-repeats of chloroplast genomes. 


