
Fragments from 17 different genes were successfully amplified and identified in this study (Table 2), after

testing 47 primer pairs and evaluating them for successful amplification and level of similarity (verified using

TBLASTSTX) with an E Value of 10-20. Upon sequencing the amplified genes, 10 genes showed SNPs and/or

insertions/deletions (indels) in C. brevifolia (Table 2).

However, further analysis using the whole samples size (320 trees) was carried out using the 6 most variable

genes (Table 3), as these were detected in pre-analysis step using a low amount of samples. In six different

genes, 2 indels (in gene 76451) and 53 SNPs (the total number from the six genes) were identified.

Analysis of gene diversity patterns based on these six genes reveled a mean nucleotide diversity of θw =

2.842 X 10-3 and an average pairwise difference between sequences of π = 2.052 X 10-3 (Table 4). However,

neutrality test showed evidence of positive selection in only one out of six candidate genes (2-9930).
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Cedrus brevifolia is an endemic tree of the Cyprus flora, with narrow distribution (~398 ha) in a unique

population in the Paphos forest. Its population is not uniform and is classified into five separate sites, most

likely as a result of the fragmentation of one previously common population (Eliades et al. 2011). Cyprus

cedar is included in the Red Data Book of the Flora of Cyprus as vulnerable (Tsintides et al. 2007), while its

habitat type (*9590) is of conservation priority according to the Habitats Directive (92/43/EC). Recent

studies have shown that the species is characterized by high genetic variation (Panetsos et al. 1992, Bou-

Dagher Kharrat et al. 2007, Eliades et al. 2011) and significant genetic differentiation between the five

patchy sites (Eliades et al. 2011).

However, the possibility of natural selection in different environments within the sole natural population of

C. brevifolia needs investigation. A basic argument in the study of adaptation of trees is that natural

selection in different environments generates genetic clines that correlate with the environment’s clines.

Thus, temporal changes in gene frequency resulting from climate change mirror spatial changes. The

present study aims to address these arguments in a narrowly distributed endemic species in the east part of

Mediterranean sea.

INTRODUCTION 

The Project (code:DIDAKTOR/0609/13) is co-financed by the European Regional Development Fund and the 
Republic of Cyprus through the Research Promotion Foundation.

PLOT SITE ELEVATION ORIENTATION TOPOGRAPHY

EM_1 Exo Milos 1232 West Ridge

EM_2 Exo Milos 1104 West – South Middle-Mountain

Tr_1 Tripylos 1331 West Ridge

Tr_2 Tripylos 1295 West Middle-Mountain

Tr_3 Tripylos 1192 North Middle-Mountain

Tr_4 Tripylos 1319 North – South Ridge

Tr_5 Tripylos 1400 West – South Ridge

Tr_6 Tripylos 1268 South Middle-Mountain

Tr_7 Tripylos 1294 North – West Middle-Mountain

Tr_8 Tripylos 1094 West River-bed

SE_1 Sellae tis Elias 1271 West Ridge

SE_2 Sellae tis Elias 1191 West – South Ridge

Ko_1 Konizi 1151 North Ridge

Ko_2 Konizi 1059 North - East Middle-Mountain

Th_1 Throni 1168 West Middle-Mountain

Th_2 Throni 991 North - East
Middle-Mountain (to 

River-bed)
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Project’s Beneficiaries:

MATERIALS AND METHODS

Sampling design: 16 sampling plots were

established within the five sites covering

the natural and ecological boundaries of

the species’ distribution (Map 1; Table 1).

In each plot, plant tissue was collected

from 20 adult trees (320 individuals in

total).

Map 1: Distribution of sampling plots within the natural
population of C. brevifolia.

Table 1: Description of sampling plots.
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Plot

Cedar forest

Pine & Cedar forest

Oak forest 

Roads

Pine forest

Rivers

Cedar’s plantations 

RESULTS

CONCLUSIONS

ΠΕΡΙΟΧΗ ΜΕΛΕΤΗΣ

Molecular markers: DNA was isolated from plant tissues (2n)

using DNeasy 96 plant kit’s protocol (Qiagen, Hilden, Germany).

Candidate genes have been chosen based on literature survey,

namely: Evoltree EST database (http://www.evoltree.org) and

the Dendrome – A forest tree genome database

(http://dendrome.ucdavis.edu/). Both databases were used to

find corresponding Cedrus spp. sequences, while alternative

transferability of Pinus spp. primer pairs was tested. The

selected sequences were verified by a TBLASTX search and for

primer design in order to amplify the corresponding genomic

region in Cedrus brevifolia was used.

Statistical analysis: The sequence coding was carried out using the software Condon Code, while the

sequence alignment for each candidate adaptive gene was done using the software BioEdit version

7.0.9.0. Finally, statistic analysis of sequences data was carried out using the software DnaSP v.5.0.

Table 2: Selected adaptive candidate genes tested in C. brevifolia.

SEQ GENE CODE AMPLIFICATION SNPS/INDEL SEQ GENE CODE AMPLIFICATION SNPS/INDEL

1 2_9930 √ √ 10 51194 √ X

2 0_8479 √ √ 11 50038 √ √

3 0_16009 √ √ 12 48310 √ √

4 2_2937 √ √ 13 33736 √ X

5 76451 √ √ 14 26402 √ X

6 68490 √ X 15 19557 √ X

7 66407 √ X 16 5873 √ √

8 65789 √ X 17 3830 √ √

9 62895 √ √ - - - -

Gene code: Corresponds to code as assigned in the project: Dendrome – A forest tree genome database
(http://dendrome.ucdavis.edu). The origan genes are orignt from species within Pinaceae family.

GENE CODE LOCUS PUTATIVE PROTEIN BLAST

2-9930 Transcription factor 
SHR (Short root) 

Root growth (root stem cell differentiation and development 
radial). 

NM_119928

0-8479 INT1 Inositol transporter involved in root growth NM_102761

0-16009 Argonaute 7 (AGO7) Micro RNAs involved in epigenetic mechanisms NM_105611

2-2937 ATP/ADP-antoporter Inhibits the palmitate-stimulated respiration in the controlled 
state and increases the membrane potential lowered by 

palmitate. 

NM_101419

76451 Transcription - -

3830 Transcription Picea sitchensis clone WS02744_K09 mRNA -

GENE CODE FRAGMENT SIZE IN C. BREVIOFLIA HAPLOTYPE DIVERSITY NUCLEOTIDE DIVERSITY NEUTRALITY TEST

(bps) Nh (signl.) He (SD) S θw (x10-3) Π (x10-3) Fu & Li 

2-9930 527 17 0,488 15 5,300 1,600 1,540*

0-8479 376 8 0,308 6 2,690 1,040 -2,112n.s.

0-16009 431 6 0,400 5 1,660 0,980 -0,360n.s.

2-2937 419 19 0,517 9 2,900 3,990 -1,185n.s.

76451 473 12 0,472 7 2,300 1,800 0,856n.s.

3830 403 15 0,642 6 2,200 2,900 0,156n.s.

Mean  value 12,83 0,471 8 2,842 2,052 --

Table 3: Selected adaptive candidate genes for studying of gene diversity in Cedrus brevifolia.

Table 4: Level of gene diversity in C. brevifolia. 

The present study showed interesting results, since *** the gene tranferability and gene diversity in narrow

endemic coniferous species. Gene transferability within the same family (Pinaceae family) seem to be more

effectiveness. Despite that the level of gene diversity in C. brevifolia seem to be low, it remains high when

compared with other narrow endemic tree species and/or widespread species (Pinus mugo - Mosca et al.

2012; Fagus sylvatica - Seifert et al. 2012). The six genes that showed variability in Cedrus bervifolia are

powerful tools for assessment gene structure within the narrowly distribution population of this species in

order to fingerprint/detecting a local adaptation at the different geographical sites.

http://dendrome.ucdavis.edu/



