
Mathematical Biology and Bioinformatics 
2022. V. 17. № 1. P. 82–155. doi: 10.17537/2022.17.82 

 

============================ BIOINFORMATICS =========================== 

Functional characteristics of EST-SSR markers 

available for Scots pine 

Gulyaeva E.N.1, Tarelkina T.V.2, Galibina N.A.2 
1Department of Multidisciplinary Scientific Research, Karelian Research Centre of the 

Russian Academy of Sciences, Petrozavodsk, Russia 
2Forest Research Institute of Karelian Research Centre Russian Academy of Sciences, 

Petrozavodsk, Russia 
 

Abstract. EST-derived simple sequence repeat markers (EST-SSRs) are important 

tools for studies on genetic diversity, phylogeny, evolution, comparative genomics, 

QTL analysis, and gene-based associations. We have searched the literature for 

known EST-SSRs used for Scots pine (Pinus sylvestris L.) – one of the world’s 

major forest species. Then, 91 of 102 EST-SSRs suggested for Scots pine studies 

were manually aligned against the reference genome of Pinus taeda L. as well as 

available genes of P. sylvestris. For 83 EST-SSRs, genome location and consensus 

putative functions of the associated genes were identified through conservative 

domain analysis (CDD), functional analysis of known homologs in terms of Gene 

Ontology annotations, and KEGG pathway analysis. Many of the markers were 

located in untranslated regions (mostly in 3’UTR), as well as in coding sequences 

of Scots and loblolly pine genes. For eight markers whose EST sequences were 

known no genes could be identified in any of the species. Seven of these markers 

were located in P. taeda scaffold regions carrying no genes in the current genome 

assembly (v.1.0). The results can be used in the future to improve the choice of 

markers for population genetic research, studies of adaptive traits, and QTL 

mapping of P. sylvestris, as well as other pine species. 
 

Key words: EST-SSR, Pinus sylvestris, marker-gene association, marker genome 

location, functional annotation. 

 

INTRODUCTION 

Scots pine Pinus sylvestris L. (Pinaceae) is one of the world’s key coniferous forest 

species, having high economical and ecological importance [1, 2]. Different Scots pine organs 

and tissues are used in sawmilling, wood processing, chemical and paper-making industries, 

medicine and cosmetology [2, 3]. The species also plays a major role in reforestation [36].  

Scots pine distribution range covers over 14000 km, spanning from 8°W in Spain to 141 E 

in Russia [3, 7], so the species grows under diverse soil and climate conditions. This diversity 

of ecotopes gives rise to a wide spectrum of phenotypic and genotypic variation in this 

species [1, 8, 9]. Knowledge of the characteristics of Scots pine intrazonal forms and ecotypes 

is the background for designing selective breeding programs to enhance economic values 

[1012]. Meanwhile, selection for superior P. sylvestris genotypes featuring high timber 

quality, high growth rates and/or resistance to abiotic and biotic stress impacts is commonly 

based on phenotype combined with biochemical markers, w ile identification of target traits 

using DNA markers is so far limited [10, 13]. 

Pine genomes are large (10000–40000 Mbp), with a lot of repetitive and noncoding DNA 

(introns, intergenic regions), making it difficult to implement whole-genome sequencing 

projects [1416]. Scots pine is a diploid species (2n = 24), with provisionally estimated 

genome size of 22520 Mbp [17]. In spite of the long history of P. sylvestris research, the 

reference genome for this species is so far missing [18]. That is why DNA genotyping of 
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Scots pine has long been primarily performed using RAPD and AFLP markers, for which no 

prior knowledge of the genome sequence is needed [1927]. These markers, however, have 

poor reproducibility and are not suitable for reliable identification of loci within species or 

orthologous loci between species, which could provide a reliable basis for finding genes 

associated with the variation of the investigated traits [2830].  

In view of the above, it would be interesting to perform transcriptome sequencing, 

compile expressed sequence tag (EST) libraries, and use them to produce molecular markers, 

such as SSRs (Simple Sequence Repeats; microsatellite) and SNPs (Single Nucleotide 

Polymorphism). The high polymorphism of these markers turns them into a reliable tool for 

estimating genetic similarity between individuals or closely related taxa [31, 32]. Besides, 

EST-SSRs and EST-SNPs can reveal changes in the coding and untranslated (5'UTR and 

3'UTR) regions of the genome, potentially contributing to the understanding of the genetic 

control of many important traits [3335]. Among them, SSR markers remain more efficient 

and resource-saving, especially in genetic diversity studies. They are neutral, multi-allelic and 

co-dominant in nature, and permit genetic relatedness to be determined with higher 

probability using fewer markers [36, 37]. SNP markers are predominantly biallelic, and their 

allele frequencies are often distorted, resulting in reduced heterozygosity compared to SSR 

markers [31, 37]. In addition, EST-SSR markers have a higher transferability among closely 

related species [3840], highlighting evolutionary processes and enlarging the pool of 

available markers for the entire genus [4143].  

As of now, several papers have been published describing EST-SSR markers for Scots 

pine [41, 4446], but information about their location and functions in the Scots pine genome 

is fragmentary and scarce. In this study, we searched the literature for all known EST-SSR 

markers available for Scots pine, and aligned them against the Pinus taeda L. reference 

genome and known P. sylvestris gene sequences, thus identifying their exact locations and 

functions for P. sylvestris. The results can be used for improving choice of EST-SSR markers 

and for in-depth data analysis in future studies. 

MATERIAL AND METHODS 

Having searched the literature, we identified EST-SSR markers specially developed or 

tested for P. sylvestris (Supplementary Table S1). Then, based on the NCBI accession 

numbers indicated by the authors of the articles, the EST nucleotide sequences, which were 

used to create the markers, were obtained. Where the NCBI accession number for an EST was 

not provided, we performed BLAST search against the EST database for the respective Pinus 

species using the nucleotide sequence containing the forward primer sequence, SSR, and the 

reverse complementary sequence of the reverse primer as the query. The selection criterion 

among BLAST search results was 100 % alignment of the forward- and reverse primer 

sequences, and coincidence between potential product length and the expected length 

indicated by the authors [41]. Where the EST sequence containing the EST-SSR marker had 

been entered in NCBI before publication of the research results, the DNA library used to 

create the EST-SSR was indicated in Supplementary Table S1.  

The search for EST-SSR-associated genes was based on published P. taeda (Congenie.org 

(https://congenie.org/)) [47] and P. sylvestris (GymnoPlaza 

(https://bioinformatics.psb.ugent.be/plaza/versions/gymno-plaza/)) genomes. The search for 

P. taeda genes was also done in GymnoPlaza if search against Congenie database yielded no 

matches. Further in the text, PITA in the gene IDs refers to the genes of P. taeda from the 

Congenie database, PTA and PSY refers to the genes of P. taeda and P. sylvestris from the 

GymnoPlaza database, respectively. The BLAST search query was the nucleotide sequence 

corresponding to the marker (i.e. located between primers). The test for filtering out false 

positives was 100 % alignment of the nucleotide sequences of the marker primers and the 
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gene. Although no NCBI accession number could be retrieved for SsrPt_ctg5167, we 

managed to align this marker onto Scots pine genome using forward and reverse primer. 

The marker’s location within the gene was determined through alignment of the sequences 

of the marker, the gene, and the corresponding scaffold/isotig in MEGAX program [48]. The 

percent identity of the nucleotide sequences of the marker and the corresponding gene region 

was determined using EMBOSS Needle tool 

(https://www.ebi.ac.uk/Tools/psa/emboss_needle/).  

The function of EST-SSR-associated genes were predicted using Blast2GO program [49] 

with E-value = 10-6. Where several nucleotide sequences were identified for an EST-SSR 

marker, identical GO results for several sequences were merged. The nucleotide sequences 

were also compared against the Kyoto Encyclopedia of Genes and Genomes (KEGG) 

database [50], where they were grouped into functional categories. Conserved domains in the 

putative proteins were predicted using the National Centre for Biotechnology Information 

(NCBI) resource (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) [51]. The percent 

identity of the amino acid sequences of the two pine species proteins was determined using 

EMBOSS Needle tool (https://www.ebi.ac.uk/Tools/psa/emboss_needle/). 

RESULTS 

Analysis of the literature, search for known Scots pine EST-SSR markers and their 

sequences 

We analyzed 74 sources published between 2000 and 2021. Analysis of the data available 

in the literature revealed 102 EST-SSR markers, of which ten were developed from libraries 

of P. sylvestris nucleotide sequences [44] and 92 markers were derived from cDNA libraries 

for other Pinus species and tested for P. sylvestris [41,45, 46; 5254] (fig. 1, Supplementary 

Table S1). EST-SSRs used in P. sylvestris studies were based on the libraries of DNA isolated 

from different tissues (Supplementary Table S1). Most of the markers were developed using 

libraries of DNA from xylem of different ages and states. Other sources of DNA libraries for 

EST-SSRs development were needles and male cones, root and branch xylem, roots, and stem 

apical meristem. A majority of known markers are widely used in populational and 

phylogenetic studies of P. sylvestris across Europe and Asia (see references in Supplementary 

Table S1). 
 

 
Fig. 1. Species used to create DNA libraries and develop EST-SSR markers for Pinus sylvestris. 

 

For 56 EST-SSR markers, NCBI accession numbers of the nucleotide sequences were 

indicated in the articles [41, 45, 46, 52, 53]. Yet, NCBI accession numbers of the nucleotide 

sequences were provided only for six of the 41 EST-SSRs customized for P. sylvestris by 

Chagné et al. [41]. Knowing that the markers suggested by Chagné et al. [41] are often used 

in P. sylvestris studies (Supplementary Table S1), we performed BLAST search against Pinus 

pinaster Aiton and P. taeda EST sequences deposited in NCBI and thus managed to identify 

the accession numbers for another 34 nucleotide sequences containing markers.  
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Eventually, we identified the NCBI accession numbers of 143 nucleotide sequences, 

which contained 90 markers, among which 72 markers were located in one nucleotide 

sequence and 18 markers were aligned with several nucleotide sequences (Supplementary 

Table S1). 

Identification of P. taeda and P. sylvestris genes associated with EST-SSRs 

Having aligned the sequences onto P. taeda genome, we link 126 nucleotide sequences 

containing 76 EST-SSR markers with 76 genes (Supplementary Table S3). The markers were 

located in different regions of P. taeda genes, mostly in the CDS and CDS/3’UTR regions 

(fig. 2). Another 14 sequences containing 12 EST-SSRs were aligned with 12 gene-free 

scaffold regions. 
 

Fig. 2. Location of markers in P. taeda and P. sylvestris genes. 
 

Alignment of the markers onto P. sylvestris contigs/isotigs deposited in the 

GymnoPLAZA database permitted matching 114 nucleotide sequences containing 67 EST-

SSR markers with 56 Scots pine genes (Supplementary Table S2). The location did not 

always coincide with the location of these markers in P. taeda genome, but the distribution of 

the markers among gene functional regions was generally the same (fig. 2). 
 

Table 1. List of Scots pine redundant EST-SSR markers  

Redundant markers with the 

same orientation 

Redundant markers with the 

reverse orientation 

SsrPt_ctg2300 / SsrPt_ctg64 PtTX2146 / RPtest9 /PtSIFG_3145 

SsrPt_ctg4487a/SsrPt_ctg4487b/ SsrPt_ctg7141 SsrPt_ctg8064 / RPtest15 

SsrPt_ctg4698 / lw_isotig07383 SsrPt_ctg7024 / psyl36 

SsrPt_ctg7444 / LOP3 SsrPt_ctg7867 / lw_isotig00080  

SsrPt_ctg5167 / SsrPt_ctg5333 psyl16 / psyl17 

RPtest1 /LOP6 psyl18 / psyl19 

lw_isotig00080 / lw_isotig00081  

 

Analysis of the sequences revealed that some of the markers produced by different 

research teams were redundant pairs, derived from the same gene (tab. 1). Some of these 

markers aligned with the same gene region but with the reverse orientation. 
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Identification of the functions of genes associated with EST-SSRs 

BLAST search against the NCBI nr database with E-value threshold at 10e-6 retrieved 

homologs with the predicted function for 65 P. taeda genes and 44 P. sylvestris genes 

containing EST-SSR markers (Supplementary Table S4, Supplementary Table S5). We also 

detected homologs with unknown function for five P. taeda genes and three P. sylvestris 

genes. For 6 P. taeda genes and 9 P. sylvestris genes no homologs were detected in the NCBI 

database (Supplementary Table S4, Supplementary Table S5). Functions of predicted 

homologs matched the results from the analysis of conserved domains in P. taeda and 

P. sylvestris genes. 

Functional classification using standardized GO terms enabled the establishment of 

associations between 69 P. taeda genes containing 66 markers and 150 GO annotations of 

different levels, belonging to one of the three functional categories: Biological process (61 

GO terms), Molecular function (64 GO terms), and Cellular component (25 GO terms) 

(Supplementary Table S5). The same analysis was performed to 48 P. sylvestris genes 

associated with 54 markers. As a result, 121 GO annotations of different levels were obtained. 

The terms were arranged in three functional categories as follows: Biological process (48 GO 

terms), Molecular function (50 GO terms), and Cellular component (23 GO terms) 

(Supplementary Table S4). The assigned GO terms were identical for genes containing the 

same marker in two pine species (tab. 2, Supplementary Table S4, Supplementary Table S5). 

For a number of markers, the GO terms coincided (Supplementary Table S4, Supplementary 

Table S5). 

Functions at level 3 in the Biological process category were grouped into 20 

subcategories, the most common ones being Organic substance biosynthetic process 

(GO:0071704), Cellular metabolic process (GO:0044237), Primary metabolic process 

(GO:0044238), and Nitrogen compound metabolic process (GO:0006807) (fig. 3). In the 

Molecular function category (level 2), the EST-SSR containing genes fell into three 

subcategories: Binding (GO:0005488), Catalytic activity (GO:0003824), and Transcription 

regulator activity (GO:0140110). At level 3, this category was subdivided into 9 

subcategories, among which Heterocyclic compound binding (GO:1901363), Organic cyclic 

compound binding (GO:0097159), and Ion binding (GO:0043167) were the most common 

(fig. 3). When grouped according to the Cellular component category (fig. 3c) at level 3, 

genes were placed into one of six subcategories, and 27 % and 25 % of them belonged to the 

subcategories Intracellular anatomical structure (GO:0005622) and Organelle (GO:0043226), 

respectively (fig. 3). GO terms at higher and lower levels for each of the three basic GO 

categories are given in supplementary3. 

KEGG pathway analysis allowed to associate 22 of the 91 EST-SSR markers with 15 

different pathways belonging to four major functional categories:  

Metabolism: Carbohydrate metabolism (9101), Biosynthesis of other secondary 

metabolites (9110), Nucleotide metabolism (9104), Energy metabolism (9102), 

 Metabolism of terpenoids and polyketides (9109), Metabolism of cofactors and 

vitamins (9108), Metabolism of other amino acids (9106); 

 Genetic Information Processing: Translation (9122), Replication and repair (9124); 

 Сellular process: Cell growth and death (9143), Transport and catabolism (9141);  

 Environmental information processing: Signal transduction (9132).  

Another 15 markers were assigned to the Brite Hierarchies group, in which 14 markers 

belonged to the category Protein families: genetic information processing: Transcription 

factors (3000), Spliceosome (3041), Chromosome and associated proteins (3036), Membrane 

trafficking (4131). One marker was assigned to the category Protein families: metabolism: 

Glycosyltransferases (1003). 
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Fig. 3 Distribution of 3rd level GO terms, associated with EST-SSR containing genes, in Biological 

process, Molecular function, and Cellular component categories. 

 

A comparative analysis of 65 protein sequences encoded by P. taeda and P. sylvesris 

genes associated with the same marker shown that protein pairs shared over 35 % of identical 

amino acids. According to the results of conserved domains analysis and prediction of 

functional homologs, gene pairs of two pine species associated with the same marker have 
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also been suggested to perform a similar function. We compared protein sequences for 

another 4 pairs of genes containing the markers LOP6, psyl36, SsrPt_ctg17601, and 

SsrPt_ctg7024, whose function in the genome was identified only for one of the studied pine 

species. Their protein sequences also shared more than 37 % of identical amino acids, 

suggesting they performed similar functions in P. taeda and P. sylvestris [55]. We can thus 

infer that the 20 markers detected only in P. taeda genome will occur in homologous 

sequences in P. sylvestris genome and, hence, perform a similar function there. Eventually, 

having compared the results from the analysis of the conservative domain, functions of 

predicted homologs, and KEGG pathway analysis of P. taeda and P. sylvestris genes 

containing EST-SSRs, we suggested a consensus function for 83 EST-SSRs (tab. 2). 
 

Table 2. Potential functions of the 91 EST-SSR-associated genes of P. sylvestris and P. taeda 

Locus 

Pinus 

sylvestrisgene 

ID 

Pinus taeda gene 

ID 

Potential function 

according to Blast2GO 

analysis 

Functional ortholog (ko and k 

numbers), Functional 

category according to KEGG 

pathway analysis 

PtTX2146 NP PITA_000026471 aspartyl protease APCB1  

SsPp_cn524 PSY00010973 PITA_000001867 
galacturonosyltransferase 

13 
K20867, Glycosyltransferases 

SsrPt_AW010960 NP NP NA  

SsrPt_AW225917 NP NP NA  

SsrPt_AW981772 NP PITA_000031044 
transcription termination 

factor 
 

SsrPt_BF049767 NP NP NA  

SsrPt_ctg1376 NP PITA_000000887 

3-isopropylmalate 

dehydratase large subunit, 

chloroplastic 

K01703, Carbohydrate 

metabolism 

SsrPt_ctg1525 NP NP NA  

SsrPt_ctg17601 PSY00008240 PITA_000037826 starch-binding domain  

SsrPt_ctg18103 
PSY00026391 

PSY00024530 

PITA_000025493 

PITA_000086735 

PITA_000047867 

PITA_000047868 

PITA_000051460 

PITA_000072543 

PITA_000030491 

olee1-like protein  

SsrPt_ctg2300 PSY00014290 PTA00008090 cold shock protein 2-like K09250, Transcriptionfactors 

SsrPt_ctg275 NP NP NA  

SsrPt_ctg3021 PSY00012130 PITA_000031795 GRF1-interacting factor 1  

SstPt_ctg3089 NP NP NA  

SsrPt_ctg3754 NP PITA_000016257 DELLA protein GAI-like K14494, Signaltransduction 

SsrPt_ctg4363 NP PITA_000068716 Protein FAM70A  

SsrPt_ctg4487a PSY00005414 PITA_000029961 

putative 2,3-

bisphosphoglycerate-

dependent 

phosphoglycerate mutase-

like isoform 1 

 

SsrPt_ctg4487b PSY00005414 PITA_000029961 

putative 2,3-

bisphosphoglycerate-

dependent 

phosphoglycerate mutase-

like isoform 1 

 

SsrPt_ctg4698 PSY00006544 PITA_000017622 
protein RCC2 homolog 

isoform X1 
 

SstPt_ctg5167 PSY00010492 NP 
probable transcription 

factor PosF21 
 

SsrPt_ctg5333 PSY00010492 PTA00009525 
probable transcription 

factor PosF21 
 

SsrPt_ctg64 PSY00014290 PTA00008090 cold shock protein 2-like K09250, Transcriptionfactors 

SsrPt_ctg7024 PSY00003770 PITA_000023332 
mitogen-activated protein 

kinase 15 isoform X1 
K04371, Signaltransduction 

SsrPt_ctg7081 PSY00020303 NP tubulin beta chain 
K07375, Transport 

andcatabolism 
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Locus 

Pinus 

sylvestrisgene 

ID 

Pinus taeda gene 

ID 

Potential function 

according to Blast2GO 

analysis 

Functional ortholog (ko and k 

numbers), Functional 

category according to KEGG 

pathway analysis 

SsrPt_ctg7141 PSY00005414 PITA_000029961 

putative 2,3-

bisphosphoglycerate-

dependent 

phosphoglycerate mutase-

like isoform 1 

 

SsrPt_ctg7170 PSY00002648 PITA_000027567 

polyadenylate-binding 

protein RBP47-like 

isoform X1 

 

SsrPt_ctg7425 PSY00000824 PITA_000004120 
UBP1-associated protein 

2C 
K1274, Transcription 

SsrPt_ctg7444 PSY00000153 PITA_000012096 unknown  

SsrPt_ctg7731 PSY00017742 PITA_000091704 
glucan endo-1,3-beta-

glucosidase 
 

SsrPt_ctg7824 PSY00014046  PITA_000076250 Fiber protein fb34  

SsrPt_ctg7867 PSY00001445 PITA_000007834 cold shock protein 2 K09250, Transcriptionfactors 

SsrPt_ctg8064 PSY00002483 PITA_000008378 RNA-binding protein K13195, Spliceosome 

SsrPt_ctg865 NP NP NA  

SsrPt_ctg9249 PSY00009266 PITA_000010076 class III HD-Zip protein K09338, Transcriptionfactors 

RPtest1 PSY00008891 

PITA_000070971 

PITA_000006918 

 

putative histone-lysine N-

methyltransferase 

SUVR2-like 

 

RPtest5 PSY00003137 PITA_000007179 B2 protein  

RPtest6 PSY00019692 NP 
AT-hook motif nuclear-

localized protein 10-like 
 

RPtest9 NP PITA_000026471 aspartyl protease APCB1  

RPtest11 PSY00011770 

PITA_000052634 

PITA_000085253 

PITA_000013530 

N-terminal 

acetyltransferase A 

complex catalytic subunit 

NAA10 

K20791, Chromosome and 

associated proteins  

RP11est13 PSY00025105 PITA_000065673 
E3 ubiquitin-protein 

ligase 

K11982, Membrane trafficking 

Ubiquitin system 

RPtest15 PSY00002483 PITA_000008378 RNA-binding protein K13195, Spliceosome 

RPtest16 PSY00014450 NP NA  

LOP1 PSY00018563 
PITA_000008107 

PITA_000008108 

CBL-interacting protein 

kinase 5 
K07198, Signal transduction 

LOP3 PSY00000153 PITA_000012096 unknown  

LOP5 PSY00023395 NP 
chaperone protein dnaJ 

C76, chloroplastic 
 

LOP6 PSY00008891 PITA_000070971 

putative histone-lysine N-

methyltransferase 

SUVR2-like 

 

LOP8 PSY00004341 PITA_000044661 unknown  

LOP9 NP PTA00066643 Chitinase-like protein 1  

LOP11 PSY00023490 PITA000023770 Lactoylglutathione lyase 
K01759, Carbohydrate 

metabolism 

LOP12 NP PITA_000035518 
putative TIR-NBS-LRR 

protein 
 

PtSIFG_1102  PSY00008719 PTA00050445 unknown  

PtSIFG_0737 NP PITA_000017323 protein G1-like4  

PpSIFG_3145 NP PITA_000026471 aspartyl protease APCB1  

PtSIFG_5015 NP NP NA  

PtSIFG_6044 PSY00004353 PITA_000008712 
pleiotropic drug 

resistance protein 1-like 
 

PtSIFG_6065 PSY00027604 NP 
(R)-mandelonitrile lyase-

like 

 K08248, Metabolism of other 

amino acids 

psyl2 PSY00005261 PITA_000017503 
oligouridylate-binding 

protein 1-like 

K13201, Messenger RNA 

biogenesis; 

Spliceosome  

psyl16 PSY00018010 PITA_000010550 patellin-3-like protein K19996, Membranetrafficking 

psyl17 PSY00018010 PITA_000010550 patellin-3-like protein 
K19996, Membranetrafficking 

 

psyl18 PSY00016934 PITA_000064129 
polyadenylate-binding 

protein 3 
K13126, Translation 
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Locus 

Pinus 

sylvestrisgene 

ID 

Pinus taeda gene 

ID 

Potential function 

according to Blast2GO 

analysis 

Functional ortholog (ko and k 

numbers), Functional 

category according to KEGG 

pathway analysis 

psyl19 PSY00016934 
PITA_000086838 

PITA_000041571 

polyadenylate-binding 

protein 3 
K13126, Translation  

psyl25 PSY00000191 PITA_000008677 
ribulose bisphosphate 

carboxylase small subunit 

K01602, Carbohydrate 

metabolism 

psyl36 PSY00003770 PITA_000023332 
mitogen-activated protein 

kinase 15 isoform X1 
K04371, Signaltransduction 

psyl42 NP PITA_000007965 
WD repeat-containing 

protein 48 
K15361, Replicationandrepair 

psyl44 PSY00013146 PITA_000017051 
thiazole biosynthetic 

enzyme 

K03146, Metabolism of 

cofactors and vitamins  

psyl57 NP PITA_000010946 
dicarboxylate transporter 

1, chloroplastic 
 

lw_isotig00080 PSY00026757 
PITA_000007834 

PITA_000009956 
cold shock protein 2-like K09250, Transcriptionfactors 

lw_isotig00081 PSY00026757 PITA_000009956 cold shock protein 2-like K09250, Transcriptionfactors 

lw_isotig00542 PSY00008008 PTA00082932 

glycine dehydrogenase 

(decarboxylating), 

mitochondrial 

K00281, Carbohydrate 

metabolism 

lw_isotig01420 PSY00020425 PITA_000023899 pimaradiene oxidase 1 
K05280, Biosynthesis of other 

secondary metabolites 

lw_isotig02138 PSY00016229 PITA_000020633 
E3 ubiquitin-protein 

ligase At1g12760-like 
 

lw_isotig02347 PSY00016640 NP 

transcriptional 

corepressor SEUSS-like 

isoform X1 

 

lw_isotig02842 PSY00012746 PITA_000016857 
WD-40 repeat-containing 

protein MSI1 
K10752, Cell growth and death  

lw_isotig03088 NP PTA00015290 Poly A polymerase K00974, Translation  

lw_isotig04195 NP 
PITA_000001889 

PITA_000034486 

Late embryogenesis 

abundant protein 
 

lw_isotig04204 PSY00005987 PITA_000008362 
probable endopeptidase 

p60 
 

lw_isotig04306 PSY00011561 PTA00014456 
protein FATTY ACID 

EXPORT 2, chloroplastic 
 

lw_isotig04600 PSY00011465 PTA00083895 
trihelix transcription 

factor ASIL2 
 

lw_isotig04931 PSY00018521 PITA_000025726 dihydropyrimidinase 
K01464, Nucleotide 

metabolism 

lw_isotig05123 NP PTA00083918 
DUF674 domain-

containing protein 
 

lw_isotig06215 PSY00022080 PTA00008461 
Transcription factor 

MYB44 
K09422, Transcription factors 

lw_isotig06440 PSY00018317 PITA_000080433 
zinc finger protein GIS3-

like 
 

lw_isotig07383 PSY00006544 PITA_000017622 
protein RCC2 homolog 

isoform X1 
 

lw_isotig10603 PSY00011044 PITA_000023436 
proline-rich receptor-like 

protein kinase PERK1 
 

lw_isotig11166 PSY00030466 PITA_000059576 basic blue protein-like  

lw_isotig12667 PSY00012407 PTA00083219 
adenylyl-sulfate kinase 3 

isoform X1 
K00860, Energy metabolism 

lw_isotig17679 NP PITA_000014378 
protein NETWORKED 

1D 
 

lw_isotig20215 PSY00031065 PTA00083968 
indole-3-acetaldehyde 

oxidase 

K09842, Metabolism of 

terpenoids and polyketides 

lw_isotig21953 PSY00005415 PTA00006979 
protein trichome 

birefringence-like 6 
 

lw_isotig26230 PSY00034638 PITA_000038492 protein RSI-1  

lw_isotig27940 PSY00003211 PITA_000016972 
auxin-responsive protein 

IAA9 isoform X3 
K14484, Signaltransduction 

NP – not predicted, NA – not available 
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DISCUSSION 

Polymorphous EST-SSR markers are important tools in the various genetic studies 

[5662]. As a rule, functional annotation of EST-SSR markers is based on the search of 

homologous sequences in genetic databases. This approach, however, is not always effective 

for markers of conifers because there exist specific genes and gene families for which there 

are no homologous sequences in angiosperms [6366]. In view of this, we manually aligned 

EST-SSR markers available for P. sylvestris onto P. taeda reference genome and onto Scots 

pine gene sequences deposited in the GymnoPLAZA database. Owing to this approach, we 

managed to align 83 EST-SSR markers onto P. taedaand P. sylvestris genes, and 23 of the 

markers were identified only for one of the species (tab. 2). For eight of the markers with 

known containing EST sequences, no gene matches were identified in either of the species. Of 

these, seven markers were located in P. taeda scaffold regions containing no genes in the 

current genome assembly version (v.1.0). Analysis of the literature showed that apart from the 

studies in which those 8 markers were developed, P. sylvestris studies have employed only 

two markers, SsrPt_ctg1525 and PtSIFG_5015 (Supplementary Table S1). In these studies, 

amplification for the marker SsrPt_ctg1525 was absent at all in 11 pine species, while the 

marker PtSIFG_5015 produced clear and reproducible results [67]. Markers SsrPt_ctg3089 

and SsrPt_ctg865 were successfully amplified in two other pine species, Pinus canariensis C. 

Sm. [68] and Pinus nigra Arn. [69]. Proceeding from the above, one of the possible reasons 

for the failure to align these markers onto genes is challenges with gene assembly and 

annotation which are known for conifer mega-genomes [18, 47] 

Since EST-SSR markers are developed using EST libraries produced by different 

experiments, one of the problems associated with this type of markers is the high proportion 

of redundant markers [39]. We identified 13 pairs/triplets of redundant markers among the 

102 EST-SSRs used in P. sylvestris studies. This is not surprising considering that available 

for Scots pine EST-SSRs were proposed relying on EST libraries developed for different 

tissues of 5 Pinus species (Supplementary Table S1). Researchers usually try to avoid using 

redundant markers, realizing this can give rise to redundant information in genetic maps, 

inadequate estimation of the genetic diversity, and issues during multiplex PCR [53, 70]. On 

the other hand, detection of redundant markers, especially ones reversely oriented relative to 

one another within the same gene region, by conventional methods can be problematic. E.g., 

among the redundant markers we have identified,4 EST-SSR pairs were used by research 

teams within the same study: PtTX2146/PtSIFG_3145 [71], lw_isotig00080/lw_isotig00081 

[72], psyl16/psyl17 [73-78], psyl18/psyl19 [73, 79]. 

Another major concern about using EST-SSRs is their level of polymorphism, which was 

reported to be lower in comparison with genomic SSRs [39, 80, 81]. Furthermore, 

microsatellite repeats can be located both in coding as well in non-coding gene regions, with 

higher polymorphism in the 5' and 3' ends [39, 8284]. A large number of markers in our 

study were located in the 5’UTR and 3’UTR in genes of Scots and loblolly pines. More 

specifically, the markers for which a greater number of alleles per locus has been previously 

demonstrated were usually located in the 3’UTR, whereas markers with fewer alleles per 

locus were located in CDS. Examples of marker pairs with high/low number of alleles per 

locus are LOP5 (3’UTR)/LOP3 (CDS) [45, 86], psyl16 (3’UTR)/psyl44 (CDS) [44,73, 87], 

lw_isotig21953 (CDS/3’UTR)/lw_isotig04306 (CDS) [46, 72, 88]. The lower polymorphism 

of the markers located in CDS has to do with the type of SSR. Among the microsatellites used 

for SSR genotyping, trinucleotide repeats prevail in the plant genome [88, 89], but 

dinucleotide repeats are more polymorphic, which improves the estimation accuracy [90]. We 

know from the literature that mutations in microsatellites with repeat length divisible by three 

(tri- and hexanucleotide repeats) do not shift the reading frame. Mutations in non-

trimericmicrosatellites (i.e. mono-, di-, tetra-, and pentanucleotide repeats) can shift the 

reading frame if they happen in the coding DNA, and selection against these mutations 
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reduces their chances of getting fixed [91, 92]. Hence, information about the marker’s 

location can be useful for the choice of markers with a potentially higher number of alleles 

per locus. 

Information about marker location can also be of interest in terms of the marker’s 

involvement in gene regulation [32, 38, 39]. E.g., markers located in the 5’UTR can influence 

gene expression [9397]. It has been demonstrated that in some cases the regulatory effect of 

SSRs was due to the coincidence of their sequences with sequences of cis-regulatory 

elements, such as TATA-box [98], GAGA-element [99], or regulatory elements involved in 

light and salicylic acid responses [100]. SSRs in the 3’UTR can cause transcription slippage 

[38, 39, 101].  

Alignment of EST-SSR markers used in Scots pine studies onto P. taeda and P. sylvestris 

genes helped reveal the putative functions of SSR-containing genes and the processes in 

which these genes are probably involved. Functional characterization of Scots pine EST-SSRs 

by means of GO annotation demonstrated the presence of all basic functional categories. This 

is in agreement with previous studies of EST sequences in conifers, such as Pinus taeda [64], 

Pinus sylvestris [102], Pinus pinaster [103], Pinus tabuliformis Carr.[104], Pinus koraiensis 

Siebold et Zucc. [105], and Pinus canariensis [106]. Comparative analysis of the studies 

mentioned above shows that ESTs in pine species were similarly distributed among GO 

categories, and not a single functional group was overrepresented, indicating there were no 

preferences in the location of microsatellites in terms of gene function. Hence, EST-SSRs 

appear to be a convenient and cheap gene mapping tool. 

Numerous studies for mapping commercially valuable traits have demonstrated the 

expediency of using associative mapping in Pinus species selection [20, 26, 107111]. 

However, mass-scope introduction of marker-assisted selection in the breeding of conifers, 

especially Pinaceae, is so far inhibited by a lack of molecular markers, specifically from 

coding regions of the genome, hindering identification of gene-trait associations. New data on 

the associations of Scots pine EST-SSRs with the functions of the containing genes can be 

useful when looking for candidate genes contributing to the expression of commercially 

valuable traits. 

E.g., in Pinus species such as Pinus radiata D.Don, P. sylvestris, P. taeda, P. pinaster, 

QTL mapping is now mainly focused on the genes that directly influence timber quality – one 

of the key criteria in forestry [107110, 112114]. A large number of ESTs have been 

sequenced and analyzed in pine to detect the genes associated with wood formation and 

timber quality characteristics [115120]. In this study, we identified several markers located 

in the genes potentially associated with timber quality in P. sylvestris. The marker LOP9 is 

located in the gene coding for chitinase-like protein 1, which belongs to the glycosyl 

hydrolases (GHs) family and has a role in cellulose synthesis in primary and secondary cell 

walls in both herbaceous and woody plants [121124]. Besides, chitinases constitute the 

largest group of enzymes with diverse roles in plant defense. Especially interesting is their 

activity during callus formation and growth in P. sylvestris. Because chitinases are activated 

in plant tissues primarily in response to microbial presence, they can be used as markers of 

culture infection [125]. The marker lw_isotig21953 is located in the gene coding for a 

member of the TRICHOME BIREFRINGENCE-like (TBL) family, which has been shown to 

impact cellulose biosynthesis as well as pathogen resistance and freezing tolerance [126, 127]. 

The gene encoding the fiber protein fb34 (associated with SsrPt_ctg7824 in the current study) 

was first identified as one of the genes up-regulated during secondary cell wall formation in 

cotton fibers [128]. Later, this gene was shown to be active in wood-forming tissues of poplar 

[129] and suggested to be potentially involved in monolignol transport [130]. Members of the 

MYB transcription factor (TF) family (marker lw_isotig06215) regulate multiple processes, 

including lignin biosynthesis in Arabidopsis Heynh [131]. In conifers, various MYB TF were 

shown to participate in wood formation [106, 132136]. It is also interesting to study the 

member of Class III HD-Zip TFs (marker SsrPt_ctg9249). Members of this family participate 

https://www.degruyter.com/view/journals/hfsg/71/12/article-p919.xml
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in secondary growth regulation in different woody plants [137, 138]. A correlation was shown 

to exist between HD ZIP III TFs and cellulose content in P. pinaster wood [109] as well as 

wood density in P. radiata [120]. 

We also found that some of the markers were associated with genes potentially involved 

in the adaptation of plants to abiotic stresses (SsrPt_ctg5333, LOP1, psyl2, psyl36, 

lw_isotig00080, lw_isotig02842, lw_isotig04195, and others) and in defense against various 

pathogens and herbivores (PtTX2146, SsrPt_ctg4698, SsrPt_ctg7731, LOP12, PtSIFG 6044, 

lw_isotig01420, lw_isotig11166). Functions of the genes associated with the indicated 

markers have been experimentally demonstrated for several conifers. Thus, different LEA 

proteins (marker lw_isotig04195) of P. tabuliformis expressed in Escherichia coli 

demonstrated a protective function under heat and salt stresses [139]. Genes of the family 

TIR-NBS-LRR (marker LOP12) were associated with resistance to different pathogens in 

several Pinus species [140]. Members of the pleiotropic drug resistance (PDR) family (marker 

PtSIFG_6044) were shown to play a key role in tree defense against spruce budworm [141] 

and spruce shoot weevil [142] in two spruce species, as well as against pitch canker disease in 

loblolly pine [143]. 

To conclude, 91 of 102 EST-SSRs available for P. sylvestris studies were manually 

aligned against the reference genome of P. taeda as well as available genes of P. sylvestris. 

For 83 EST-SSRs, genome location and putative functions of the associated genes were 

identified through different bioinformatics methods. The results can be useful for more 

adequate choice of markers for population genetics research, studies of adaptive traits, and 

QTL mapping of P. sylvestris, as well as other pine species. 
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SUPPLEMENTARY MATERIAL 

Table S1. Characteristics of 102 Pinus sylvestris EST-SSRs  

Locus 
NCBI 

accession  
Primer sequences (5′–3′) 

Repeat 

motif 

Ta 

(oC) 

Allele 

size 

(bp) 

Tissue for DNA library 

(developmental stage, 

species) 

Identification in pine species  

(key reference) 

Marker 

citation for 

Pinus sylvestris 

PtTX2146 AF143963 
F:CCTGGGGATTTGGATTGGGTATTTG 
R:ATATTTTCCTTGCCCCTTCCAGACA 

(GCT)4 
GCC 

(GCT)7 

GCC 
(GCT)8 

55 

181 

193 
211 

220 

Locus PtTX2146 derived from 
a total gemonic library 

(needles) amplified the same 

marker as EST-SSR locus 
RPtest9 [1] (Pinus taeda) 

Pinus taeda, P. ponderosa, Pinus contorta 

ssp. latifolia, P. sylvestris 

[45, 144] 

[71, 79, 85, 145–
169] 

SsPp_cn524 BX255732 
F:CGATTGTTTTTGCCTTTTAAGC 

R:AAATATGGCGGGGTGTGC 
(AG)14 50 156 

Differentiating xylem wood 

(adult, Pinus pinaster) 
BioSample:SAMN00172245 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea [41] 

[67] 

SsrPt_AW010960 AW010960 
F: ATCGACTAGGCATCAGGTGG 

R: TCCTCGTAGCCCAGCTTTTA 
(AT)9 49 225 

Shoot tips 

(Pinus taeda) 
BioSample: SAMN00156911 

Pinus pinaster, Pinus taeda, Pinus radiatа, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea, Pinus canariensis [41] 

- 

SsrPt_AW225917 AW225917 
F: TGCATTGAAAAATACAGCGG 
R: ATTATGTACGAGGCCCCACA 

(AT)9 49 198 

Shoot tips 

(Pinus taeda) 

BioSample: SAMN00156911 

Pinus pinaster, Pinus taeda, Pinus radiatа, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

- 

SsrPt_AW981772 AW981772 
F: GATCCTGTTCCTCCTCCTCC 

R:CCTGGACAGAAACAGCAACA 
(CCT)4 49 266 

Pollen cone 

(Pinus taeda)  

BioSample:SAMN00156910 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

- 

SsrPt_BF049767 BF049767 
F: TTTTGGGTCGTAGGAACCTG 

R:TAAAACGGGTGTCTCTTCGG 
(AG)22 51 227 

Compression xylem wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00160033 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea [41] 

- 

SsrPt_ctg1376 
CD024501 

CD024819 

F: CGATATTATGGATTTTGCTTGTGA 

R:AAATGCATGCCAAACTTAAATAC 
(AT)20 60-50 145 

Xylem root (primary) 
(transitional, Pinus taeda) 

BioSample: SAMN00170108 

Pinus pinaster, Pinus taeda, Pinus radiatа, 

Pinus sylvestris [41] 

[72, 149–152, 
162. 163, 170–

175] 

SsrPt_ctg1525 BQ655604 
F: TTGAAACCATATAAGCAATGCC 

R:AGGACCTGGGTAAGGAGGC 
(AGG)7 60-50 173 

Xylem root (primary) 
(transitional, Pinus taeda) 

BioSample: SAMN00170108 

Pinus pinaster, Pinus taeda, Pinus radiatа, 
Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

SsrPt_ctg17601 AW985278 
F: CGCCATTAATATGCCTACCG 

R:ATCTCTGCGCTGCTTGAAGT 
(AAG)9 54 225 

Xylem normal wood 

(Pinus taeda) 
BioSample: SAMN00157372 

Pinus pinaster, Pinus taeda, Pinus radiatа, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea, Pinus canariensis [41] 

- 

SsrPt_ctg18103 BE187051 
F: CCTGGATTCATTTGTGGCTAA 

R:CATGCCAACTTCTTGCATTG 
(AT)10 60 184 

Xylem normal wood 

(Pinus taeda) 
BioSample: SAMN00157372 

Pinus pinaster, Pinus taeda, Pinus 

sylvestris, Pinus halepensis, Рinuspinea, 
Pinus canariensis [41] 

- 

SsrPt_ctg2300 - 
F: CACTTTGCGAGAGACTGCAC 

R:ACGCTGAAGGAAATCGAGAA 
(CCG)6 49 173 - 

Pinus pinaster, Pinus taeda, Pinus radiatа, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea, Pinus canariensis [41] 

- 
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Locus 
NCBI 

accession  
Primer sequences (5′–3′) 

Repeat 

motif 

Ta 

(oC) 

Allele 

size 

(bp) 

Tissue for DNA library 

(developmental stage, 

species) 

Identification in pine species  

(key reference) 

Marker 

citation for 

Pinus sylvestris 

SsrPt_ctg275 AW869955 
F: ACGGAGATATATTGCTGGCG 

R:AAAGAATAACGTGAAACAAACCC 
(AT)16 60-50 137 

Xylem normal wood 

(Pinus taeda) 

BioSample: SAMN00157372 

Pinus pinaster, Pinus taeda, Pinus radiatа, 
Pinus sylvestris [41] 

- 

SsrPt_ctg3021 - 
F: CTCAGATTCCTCCAAATGCG 
R:CATGCAACATATGCAAACCG 

(AGC)14 60-50 234 - 

Pinus pinaster, Pinus taeda, Pinus radiatа, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

SsrPt_ctg3089 BQ291150 
F: CTTTCTTCACGTTGGACTTCTT 

R:TTAGCCATGGAGAGTGCAGA 
(AT)17 45 482 

Xylem root (primary) 

 (transitional, Pinus taeda) 

BioSample:SAMN00170108 

Pinus taeda, Pinus radiatа, Pinus 

sylvestris, Pinus halepensis, Pinus pinea, 

Pinus canariensis [41] 

- 

SsrPt_ctg3754 BQ701798 
F: TCTTTGGGTTTCTGGAGTGG 

R:GCTGTTGCTGTTGTTCTTGG 
(AGC)6 60-50 421 

Xylem side wood 
(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

Pinus pinaster, Pinus taeda, Pinus radiatа, 
Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

- 

SsrPt_ctg4363 

AI812743 

F: TAATAATTCAAGCCACCCCG 
R:AGCAGGCTAATAACAACACGC 

(AT)10 60-50 100 

Differentiating xylem wood 
 (adult, Pinus taeda) 

BioSample: SAMN00156479 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67, 72, 149–152, 

162, 163, 170–
184] 

 

AW736917 

Xylem normal wood 

 (Pinus taeda) 
BioSample: SAMN00157372 

BQ702924 
Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

SsrPt_ctg4487a 

BQ702547 

BG040578 
BG040033 

BG039427 

BF517866 
BF517086 

BF060592 F: TCTGCTGTGTGGACAAACCT 
R:TTCTTGGCTCAAAATCTCGG 

(CCG)5 60-50 155 

Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

(Pinus pinaster, Pinus taeda, Pinus 

radiata, Pinus sylvestris, Pinus halepensis 

[41] 

- 

BQ700883 

BM492929 

Xylem root (primary) 

 (transitional, Pinus taeda) 

BioSample: SAMN00170108 

BE458136 

Compression xylem wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00160033 

SsrPt_ctg4487b 
BG039427 

BQ701415 

F:ATGACGCATTATCAGGGGAA 

R:TTGCACAGAAAGCAGGTTTG 
(CCG)10 45 254 

 
Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 
 

 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis [41] 
[148, 154] 

https://www.ncbi.nlm.nih.gov/biosample/SAMN00170108
https://www.ncbi.nlm.nih.gov/biosample/SAMN00156479
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Locus 
NCBI 

accession  
Primer sequences (5′–3′) 

Repeat 

motif 

Ta 

(oC) 

Allele 

size 

(bp) 

Tissue for DNA library 

(developmental stage, 

species) 

Identification in pine species  

(key reference) 

Marker 

citation for 

Pinus sylvestris 

SsrPt_ctg4698 BG275886 
F:CGAAAAGGTGGTTCTGATGG 
R:TTTTCCGCTGGATTTACCAC 

(ATC)10 49 246 

Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[76, 167] 

SsrPt_ctg5167 - 
F:TGCAGAGAGATTCGATGGG 
R:ATTTTGGTTTGTTTGCTGGC 

(AAC)7 
60–
50 

293 - 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

SsrPt_ctg5333 

BQ700216 
F:GAAGGAGTCGGCGATAACAG 

R:GGGAATTCGACCTGTGAAGA 
 

(AGC)7 49 163 

Xylem root (primary) 

(transitional, Pinus taeda) 

BioSample: SAMN00170108 Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris [41] 
- 

BF610405 

Xylem side wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00161774 

SsrPt_ctg64 - 
F:GGAAGCTGTTACAAGTGCGG 

R:ATCGAGAAGAGAGGAAGGGC 
(CCG)7 60-50 284 - 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[148, 154, 165] 

SsrPt_ctg7024 BQ695936 
F:GGGAATTCTGAAAGACAAGGG 

R:AACTTACCCATCGAGAGCCCC 
(AAG)7 60-50 277 

Xylem planings wood 
(secondary) 

(transitional, Pinus taeda) 

BioSample: SAMN00163209 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea [41] 

- 

SsrPt_ctg7081 BE187193 
F:GTCATCCACGTTCATTGGC 

R:TCACAACTGACCAAACTGCC 
(AAG)7 60-50 442 

Xylem normal wood 

(Pinus taeda) 

BioSample: SAMN00157372 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea [41] 

- 

SsrPt_ctg7141 - 
F:GAATGACGCATTATCAGGGG 
R:TCACCTTTCTCACCTCTGCC 

(CCG)8 45 381 - 

Pinus taeda, Pinus radiata, Pinus 

sylvestris, Pinus halepensis, Pinus pinea, 

Pinus canariensis [41] 

- 

SsrPt_ctg7170 

BQ696574 
F:GGTTTTTCGATTTCTGAGGC 

R:AACAGGTGTGCAAATAGCCC 

 

(AGC)5 60-50 385 

Xylem planings wood 

(secondary) 

(transitional, Pinus taeda) 
BioSample: SAMN00163209 

Pinus pinaster, Pinus taeda, Pinus 
sylvestris, Pinus halepensis, Pinus pinea 

[41] 

- 

BG039619 
BF778892 

Xylem side wood 
(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

SsrPt_ctg7425 

CF385379 
 

F:AATAAGACCCCAGAGGAGCC 

R: GACGTCTTTCACCAAATCGC 

 

(AAG)6 60-50 384 

Roots 

(Pinus taeda) 

BioSample:SAMN00173690 
Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris [41] 
- 

CF394315 

Roots 

(Pinus taeda) 
BioSample:SAMN00173693 

https://www.ncbi.nlm.nih.gov/biosample/SAMN00173690
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Locus 
NCBI 

accession  
Primer sequences (5′–3′) 
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Pinus sylvestris 

SsrPt_ctg7444 

BQ196808 

BQ107124 
BM367065 

F:TCTTCACCATCGGTTTCTCC 
R:TGGATCTGTCACCTCCTCATC 

 

(AT)10 58 285 

Primary xylem wood 

(late wood, Pinus taeda) 
BioSample: SAMN00164483 

Pinus pinaster, Pinus taeda, Pinus radiata, 
Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

BF518214 

Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

SsrPt_ctg7731 

BF517779 

F:AGTGGTGAAGGGTCCATCTG 

R:GCATAACACAAAAGCCAGCA 
(AT)12 51 217 

Xylem side wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00161774 Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

BE451949 

Compression xylem wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00160033 

SsrPt_ctg7824 BQ703132 
F:TGACCTGTCTTGTGAGACGC 

R:TTTTGAAACAGATTGCAGCC 
(AT)12 60-50 501 

Xylem side wood 
(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis [41] 
- 

SsrPt_ctg7867 

BQ701488 

BG275803 
BG040533 

BG040463 

BF777863 F:GGTCGTGGAGGAGGTAGGG 

R:ACTGATAACAGCTGCCCCC 
(CCG)6 45 154 

Xylem side wood 
(juvenile, Pinus taeda) 

BioSample: SAMN00161774 
Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 
pinea, Pinus canariensis [41] 

- 

BE643974 

Compression xylem wood 

(juvenile, Pinus taeda) 
BioSample:SAMN00160033 

SsrPt_ctg8064 - 
F:GAACGTGGTTATGGCGGTAG 
R:TCGTGGCAACTATCTCCTCC 

(ACC)6 50 147 - 

Pinus pinaster, Pinus taeda, Pinus radiata,  

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

SsrPt_ctg865 
BQ699190
BQ699199 

F:TTTCAGAAGCTCCCGATTTG 
R:CTTGTGGACATGGTTAATGAAG 

(AT)15 45 232 

Xylem root (primary) 

(transitional, Pinus taeda) 

BioSample: SAMN00170108 

Pinus pinaster, Pinus taeda, Pinus radiata,  

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

- 

SsrPt_ctg9249 BE761900 
F:CTGCTCCCTCAGCTCTTCC 

R:AGACGTCACTGCCATTACCC 
(AAG)7 55 156 

Compression xylem wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00160033 

Pinus pinaster, Pinus taeda, Pinus 

sylvestris, Pinus halepensis, Pinus pinea, 
Pinus canariensis [41] 

[167] 
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(key reference) 
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citation for 

Pinus sylvestris 

RPtest1 
BF517869 
BF517853 

F:GATCGTTATTCCTCCTGCCA 
R:TTCGATATCCTCCCTGCTTG 

(AAT)7 50 125 

Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

Pinus pinaster, Pinus taeda, Pinus radiata,  

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

RPtest5 

BQ697205 

F:ACAACAATAATAACGGGGGC 

R:ACGCTTTAGATCCTCCTGCA 
(AAC)6 55 197 

Xylem planings wood 

(secondary) 
(transitional, Pinus taeda) 

BioSample: 

SAMN00163209 
Pinus pinaster, Pinus taeda, Pinus radiata,  
Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[67] 

BE997187 

BE643880 

Compression xylem wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00160033 

RPtest6 
BG040975 

BF518209 

F:AGGATTCCAACAGCATCACC 

R:CTGAACATGAAGCGCAGTGT 
(TGC)5 55 147 

Xylem side wood 

(juvenile, Pinus taeda) 
BioSample: SAMN00161774 

Pinus pinaster, Pinus taeda, Pinus radiata,  

Pinus sylvestris, Pinus halepensis, Pinus 
pinea, Pinus canariensis [41] 

- 

RPtest9 CF393810 
F:CCAGACAACCCAAATGAAGG 

R:GCCTGCTATCGAATCCAGAA 
(AGC)10 51 289 

Roots 

(Pinus taeda) 
BioSample: SAMN00173693 

Pinus pinaster, Pinus taeda, Pinus radiata,  

Pinus sylvestris, Pinus halepensis, Pinus 
pinea, Pinus canariensis [41] 

[185] 

RPtest11 

CF391802 

F:AGGATGCCTATGATATGCGC 

R:AACCATAACAAAAGCGGTCG 
(ATC)7 56 213 

Roots 

(Pinus taeda) 

BioSample: SAMN00173692 Pinus pinaster, Pinus taeda, Pinus radiata,  
Pinus sylvestris, Pinus pinea, Pinus 

canariensis [41] 

[67, 177, 185] 

BI202760 

Xylem planings wood 
(secondary) 

(transitional, Pinus taeda) 

BioSample: SAMN00163209 

RP11est13 AA739656 
F:GATTTTTCAGGAAGACCCCC 
R:TGTAAGGCACAAGCCCTCTT 

(CTG)5 51 277 

Xylem  branches 

(Pinus taeda) 

BioSample: SAMN00155658 

Pinus pinaster, Pinus taeda, Pinus radiatа, 
Pinus sylvestris, Pinus canariensis [41] 

- 

RPtest15 BG275136 
F:GAACGTGGTTATGGCGGTAG 

R:CCAGGGACAGTTACCAGCAT 
(ACC)6 56 246 

Xylem side wood 

(juvenile, Pinus taeda) 

BioSample: SAMN00161774 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus halepensis, Pinus 

pinea, Pinus canariensis [41] 

[185] 

RPtest16 AA739818 
F:CAGAAATGGCGTCCAAATTC 
R:ACCCCACTTATATCCCCAGC 

(AGT)5 56 132 

Xylem  branches 

(Pinus taeda) 

BioSample: SAMN00155658 

Pinus pinaster, Pinus taeda, Pinus radiata, 

Pinus sylvestris, Pinus  pinea, Pinus 

canariensis [41] 

- 

LOP1 AI812473 
F:GGCTAATGGCCGGCCAGTGCT 
R:GCGATTACAGGGTTGCAGCCT 

(TA)10 55 
158, 
162 

Differentiating xylem wood 

(adult, Pinus taeda) 

BioSample: SAMN00156479 

Pinus taeda, Pinus ponderosa, Pinus 
contorta ssp. latifolia, Pinus sylvestris [45] 

[71, 85, 148–152, 

154, 155, 157, 

162–166, 168] 

https://www.ncbi.nlm.nih.gov/biosample/SAMN00156479
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Pinus sylvestris 

LOP3 AA556662 
F:GTCTCCAGCCAGTTCACCTGC 

R:CAGTGGATCTGTCACCTCCTC 
(TA)9 48 

209, 

213, 
217 

Immature xylem wood 

(Pinus taeda) 
BioSample: SAMN00155556 

Pinus taeda, Pinus ponderosa, Pinus 

contorta ssp. latifolia, Pinus sylvestris [45] 

[85, 148, 154, 

166–168] 

LOP5 AW758812 
F:AGCCGTAAAAGCTATCTTGTG 

R:GGCATACTTACATTTTAATAA 
(TA)33 45 

166-

190 

Xylem normal wood 
(Pinus taeda) 

BioSample: SAMN00157372 

Pinus taeda, Pinus ponderosa, Pinus 

contorta ssp. latifolia, Pinus sylvestris [45] 
[71, 85] 

LOP6 AA556221 
F:AGTTTTATCCATGCTGCACAG 

R:ACCTAAAGCCCAATATCCACA 
(AAT)7 55 

220-

290 

Immature xylem wood 
(Pinus taeda) 

BioSample: SAMN00155556 

Pinus taeda [45] [171] 

LOP8 AI725303 
F:TATCCACCAGAAGGGCATC 

R:CGGGAGCTTTAATGATCTTGA 
(CCT)6 50 367 

Xylem  branches 
(Pinus taeda) 

BioSample: SAMN00155658 

Pinus taeda, Pinus ponderosa, Pinus 

contorta ssp. latifolia, Pinus sylvestris [45] 
- 

LOP9 AI813163 
F:GGATTCTCGTTGTGGCTGG 

R:TTGCCTTTGCACATAATATCT 
(GGC)6 55 135 

Differentiating xylem wood 

(adult, Pinus taeda) 
BioSample: SAMN00156479 

Pinus taeda, Pinus ponderosa, Pinus 

contorta ssp. latifolia, Pinus sylvestris [45] 
- 

LOP11 AA739689 
F:CCAGAAGGCTATAGTACAC 

R:CAACAATACAAGTAGCAATAC 

(TA)2T 

(TA)12 
45 235 

Xylem  branches 

(Pinus taeda) 
BioSample:SAMN00155658 

Pinus taeda, Pinus ponderosa, Pinus 

contorta ssp. latifolia, Pinus sylvestris [45] 
- 

LOP12 AW888197 
F:AGGACAGTCCTTACTGCCCAAR:CAT

GTTTTCCCATGGTTTTCC 
(TA)26 45 

156, 
160 

Xylem normal wood 

(Pinus taeda) 

BioSample: SAMN00157372 

Pinus taeda, Pinus ponderosa, Pinus 
contorta ssp. latifolia, Pinus sylvestris [45] 

- 

PtSIFG_1102 BQ700433 
F:ACGGAGATATATTGCAGGCG 

R:AAAGAATAACCTGAAACAAACCC 
(TA)16 60 119 

Xylem root (primary) 

(transitional, Pinus taeda) 

BioSample: SAMN00170108 

Pinus taeda [53] [71] 

PtSIFG_0737 CF476612 
F:GCAAGGGGAATTGCTTATGA 

R:GGGATCGCATCAGCTGTAAT 

(CAG)6 

(CAGCAT)6 
60 429 

Roots 
(Pinus taeda) 

BioSample: SAMN00173780 

Pinus taeda [53] [71] 

PpSIFG_3145 BX254108 
F:TGTATATTCGCCCTGGTGGT 

R:ATCAAATCCAGAATCAGGCG 

(GAG)5 

(CAG)5 

(GCA)6 

60 372 
Differenciating xylem wood 

(adult, Pinus pinaster) 

BioSample: SAMN00172245 

Pinus taeda [53] [71] 

PtSIFG_5015 CZ894980 
F:AAGTCAAAGGTCAAATCATTATGC 

R:AAACAAGCCACACAAACACG 
(AAT)8 55 

388–

405 

Methylation filtered library 

(Pinus taeda) 
BioSample: SAMN00183208 

Pinus taeda [52] [67] 

PtSIFG_6044 CO164176 
F:TGATGGGTGCCAGTAACAAA 
R:AATTGACCAATCGTGCGTCT 

(TA)8 55 
235–
248 

Roots of 1-year-old cuttings 

that were rooted 
(Pinus taeda) 

BioSample: SAMN00175137 

Pinus taeda [52] [67] 

PtSIFG_6065 CO365046 
F: TATTCCGGTAGTCTGGCACC 

R:GAAGGAAGCAGCTTTTGCAC 
(AT)8 55 

204–

222 

Roots of 1-year-old cuttings 
that were rooted 

(Pinus taeda) 

BioSample: SAMN00175162 

Pinus taeda [52] [67] 

https://www.ncbi.nlm.nih.gov/biosample/SAMN00156479
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Pinus sylvestris 

psyl2 HQ113935 
F:TTGCTTTTGCAGAACATTCG 

R:GTCCTGCAGGCAATCAAAAT 
(GCT)5 55 

199-
211 

Needles 

(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 

[73, 76, 79, 86, 

157, 164, 169, 

186–191] 

psyl16 HQ113936 
F:GCTCTGCCCATGCTATCACT 

R:TGATGCTACCCAATGAGGTG 
(AT)7 55 

202-

210 

Needles 
(Pinus sylvestris) 

Project  EU-EVOLTREE 

Pinus sylvestris [44] 
[73-79, 86, 169, 
178,  186–189, 

192] 

psyl17 HQ113937 
F:TGGTCTGCAAATCAATCGAA 

R:GGGTAGGAATGCAAGTTAGGC 
(TA)7 55 

219-
251 

Needles 

(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 

[73–78, 157, 168, 

169, 182, 193, 

194] 

psyl18 HQ113938 
F:ACTACCTGGCATTCGTCCTG 

R:GGATCTGGTCCATTTCGTGT 
(GCA)7 55 

297-

306 

Needles 
(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 
[73, 79, 86, 164, 
169, 186–189, 

192, 195] 

psyl19 HQ113939 
F:GGCTGTAATTGGCACAGGTT 

R:CGAGGTGGTACACAGCAACA 
(GCT)7 55 

315-

324 

Needles 

(Pinus sylvestris) 
Project EU-EVOLTREE 

Pinus sylvestris [44] 
[73–75, 79, 87, 

169, 196] 

psyl25 HQ113940 
F:CAGCACGCGTTCTTTGTATC 

R:ACCGTTGCTCGTTGTCTTCT 
(GCA)5 55 

214-

244 

Needles 

(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 

[73, 79, 86, 164, 

169, 186–191, 

195] 

psyl36 HQ113941 
F:TATCATCGAGAGCCCCAAAA 

R:GAAAGGCGAAAGCAAAAGTG 
(GTC)7 55 

245-

257 

Needles 
(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 
[73–76, 79, 164, 
190, 191, 193, 

195] 

psyl42 HQ113942 
F:CAACTTCAGCCTTGCAACAA 

R:CGACTTCATTTGGAACACCA 
(TC)9 55 

171-

179 

Needles 
(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 
[73–79, 86,  164, 
169, 178, 186-

191, 194, 195] 

psyl44 HQ113943 
F:TCCAAGTTCGGTTCCTTGTC 
R:GACACGATGGATTCCCTGAT 

(CGG)5 55 
166-
175 

Needles 

(Pinus sylvestris) 

Project EU-EVOLTREE 

Pinus sylvestris [44] 

[73, 76, 78, 79, 

164, 169, 187, 
190, 191, 193–

195] 

psyl57 HQ113944 
F:CCCCACATCTCTACAGTCCAA 

R:TGCTCTTGGATTTGTTGCTG 
(ACC)7 55 

187-

202 

Needles 

(Pinus sylvestris) 
Project  EU-EVOLTREE 

Pinus sylvestris [44] 

[73–76, 78, 79, 
86, 87, 164, 169, 

182, 186–192, 

195, 196] 

lw_isotig00080 KF501196 
F:CGGGCAAAATGACCGAAG 
R:TGGAGGAGGTAGAGGGGG 

(CCG)6 55 177 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72, 169, 182]  

lw_isotig00081 KF501197 
F:TGCGGAAGGCGTGAGTAG 

R:TGGAGGAGGTAGAGGGGG 
(CCG)6 58 290 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

 

Pinus sylvestris var. mongolica [46] [72] 
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Pinus sylvestris 

lw_isotig00542 KF501186 
F:AACAGGAGCATATCAATCAA 
R:GTGGCATTCTACAAGCAATT 

(T)40 55 257 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig01420 KF501198 
F:TCCGTGACCCTATTACGT 
R:CGATTAGTTGCTTGCCTT 

(CTG)5 50 174 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[72, 169, 182, 

197] 

lw_isotig02138 KF501199 
F:ATGCATCTTGTCCTCTCT 

R:TTCCTGATTCACACTCCC 
(AG)6 42 124 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig02347 KF501200 
F:CTCGTCCTTCTTGTCCGC 

R:GCTATTGCTCCACTTGCC 
(TG)7 50 198 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig02842 KF501203 
F:GTGATGGTGTGGTGGCTGTA 

R:TCCTTTGTGGGAGATTGGTG 
(AGA)5 55 229 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [72] [72] 

lw_isotig03088 KF501201 
F:CATTTGGTTGACTTTGTT 
R:TTGTAGTGAGATCTGTGC 

(GA)6 45 235 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig04195 KF501204 
F:GAGATCACCGAAACAACAAAA 

R:TACAAGTCCCAGCAAAACAAT 
(GAG)5 55 189 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72, 169] 

lw_isotig04204 KF501187 
F:CTCCGTTTGGGTTGTGTTTG 
R:ATCCTTGCCGCCAGATTTGT 

(CGGCT)5 55 230 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72, 197] 

lw_isotig04306 KF501205 
F:GCCATTTTTTTCTTCTCTCCT 

R:GGTCGGTTTCTGAATTTCTAA 
(TCC)7 55 196 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[72, 87, 169, 194, 

196] 

lw_isotig04600 KF501188 
F:TCAGGGAAAATGTAGGAAAATG 

R:AATCTGTTGTTGTGGGACTTGA 
(CAG)10 55 305 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig04931 KF501202 
F:TAGACCTCATCACAAACT 

R:ACAAAAACGAATACAAAT 
(AC)6 40 132 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig05123 KF501206 
F:TGTGCGTATAGGAGGTGGAG 

R:ATGAAAGGTGACAAAGCGGT 
(GAG)6 55 166 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[72, 169, 182, 

197] 

lw_isotig06215 KF501207 
F:TCAGGTGCTTACCCCTTTTC 

R:TGGCAGCTATTCCAGTCTTT 
(CAA)5 55 275 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig06440 KF501189 
F:GGGACAAGGGACATCG 

R:TGGAGACTTCGGGTGC 

(AGGTTG)5 

(AGGCTG)6 
55 298 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 
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Pinus sylvestris 

lw_isotig07383 KF501190 
F:CAAACAAAAAACAGTCTGCA 
R:ATCGTCATCATCATCGTCAC 

(GAT)8 55 191 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[72, 169, 182, 

197] 

lw_isotig10603 KF501191 
F:CAAAATCGTCTACTTCTCCCCC 

R:CAAAGCAAAAGAACTCCAACGA 
(CAG)7 55 196 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72, 169, 197] 

lw_isotig11166 KF501208 
F:ACACACACTGAGCTCCAATTT 

R:AGTCCCACCTCTGCTGATACA 
(TA)7 55 137 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72, 182, 197] 

lw_isotig12667 KF501209 
F:CCAAGGTGAAAAGGAAATGA 

R:TTCTGACAGGGAGCGACTGA 
(CA)6 55 199 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig17679 KF501192 
F: TTGTTTGCCACATTGTTGCC 

R:CAAACCACCGCTGCTTCTAA 
(TTAA)5 55 277 

Needle and male cones (Sexual 
mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72] 

lw_isotig20215 KF501210 
F:AGAGGTGATCGCAGTCAAAGA 
R:TTCAAAAAGACCAAACCGTAG 

(TA)7 55 186 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 

BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] [72, 197] 

lw_isotig21953 KF501193 
F:ATGGTGTGTTTGAAGCGGAA 

R:ATTGCAGCCACTGGTGTCTT 
(ATGGG)7 55 208 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[72, 87, 169, 182, 

194, 196, 197] 

lw_isotig26230 KF501194 
F:GGGCATTACATAAACACGGG 

R:TGCCCTTGAGCATTTGATTA 
(TA)10 55 260 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[72, 169, 182, 

197] 

lw_isotig27940 KF501195 
F:GCAGGCAACAACAAAAGTGACA 

R:AGCAATCGAGTGGCAAATCTTC 
(TGGA)5 55 231 

Needle and male cones (Sexual 

mature, Pinus tabuliformis) 
BioSample: SAMN10845670 

Pinus sylvestris var. mongolica [46] 
[87, 72, 169, 194, 

196] 

NFPK-40 - 
F:TCGCTCTCTTCTTGACCACA 
R:CCGCTACTTCATCAGGGTTC 

(TGA)6 60 196 

Needles 

(Seedling, Pinus koraiensis) 

BioSample: SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 
parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 

NFPK-32 - 
F:AAATGGACGAAGTTGGATGG 

R:CTCAGTGTCTTCAGGCAGGA 
(GCT)6 59 197 

Needles 

(Seedling, Pinus koraiensis) 
BioSample: SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 

NFPK-53 - 
F:TGGAGATGCAGCAGATTAGG 

R:CTGCACACAGGATGTCACAA 
(ATG)6 59 197 

Needles 
(Seedling, Pinus koraiensis) 

BioSample: 

SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 
pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 

NFPK-117 - 
F:GCCCAATGGATGTGTCTCTT 

R:TCGGCCTGCAATTAGTCTCT 
(TC)12 60 203 

Needles 

(Seedling, Pinus koraiensis) 

BioSample: 
SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 
sylvestris [54] 

- 
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Locus 
NCBI 

accession  
Primer sequences (5′–3′) 

Repeat 

motif 

Ta 

(oC) 

Allele 

size 

(bp) 

Tissue for DNA library 

(developmental stage, 

species) 

Identification in pine species  

(key reference) 

Marker 

citation for 

Pinus sylvestris 

NFPK-72 - 
F:ATCACCGCTGCCTTTCAGTA 

R:TCACTTCCCCAATCAATTCC 
(ATA)8 60 204 

Needles 

(Seedling, Pinus koraiensis) 

BioSample: 
SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 
tabuliformis, Pinus sylvestris [54] 

- 

NFPK-43 - 
F:ATGCAGGGTTTGCAATACAG 

R:AATACGAGCACCGCGTTATC 
(GAG)6 60 227 

Needles 

(Seedling, Pinus koraiensis) 

BioSample: 

SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 

NFPK-38 - 
F:TGATGGTGTGGTGAGGGTTA 

R:AGCGTGGGAGGAGTGTGTAG 
(AAG)6 60 229 

Needles 
(Seedling, Pinus koraiensis) 

BioSample: 

SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 
pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 

NFPK-150 - 
F:AAATAACGGGGCTGTGTGTC 

R:ACGGATGTTGTAATCCCCAA 
(GA)6 60 241 

Needles 

(Seedling, Pinus koraiensis) 

BioSample: 
SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 
tabuliformis, Pinus sylvestris [54] 

- 

NFPK-179 - 
F: CCAAGCCAGGTAAGGCACTA 
R:TGGACAAGGGAGATGAGACA 

(CA)10 60 246 

Needles 

(Seedling, Pinus koraiensis) 
BioSample: 

SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 
parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 

NFPK-175 - 
F:AAGGTCACGGCGTTCATTAC 
R:CCTGTGACCTCAACTGGGAT 

(GA)6 60 259 

Needles 

(Seedling, Pinus koraiensis) 
BioSample: 

SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 

pumila, Pinus wallichiana, Pinus 
parviflora, Pinus tabuliformis, Pinus 

sylvestris [54] 

- 

NFPK-184 - 
F:AAGTCTCCACTGCATCAACCTT 

R:TGTCTCCCAACTTCCTGCTT 
(TC)8 60 275 

Needles 
(Seedling, Pinus koraiensis) 

BioSample: 

SAMN10617534 

Pinus koraiensis, Pinus sibirica, Pinus 
pumila, Pinus wallichiana, Pinus 

parviflora, Pinus bungeana, Pinus 

tabuliformis, Pinus sylvestris [54] 

- 
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Table S2. List of Pinus sylvestris genes associated with EST-SSRs of P. sylvestris.  

NP - not predicted 

Locus  
GenBank 

accession number Pinus sylvestris 

gene ID 

Genomic Sequence 
Strand 

(gene) 
Gene region 

Start-end positions of 

marker within 

corresponding gene region 

% identity of marker 

and corresponding 

gene region 

PtTX2146 AF143963 NP NP         

SsPp_cn524 BX255732 PSY00010973 isotig42993:269-973 + 5’UTR/CDS 929-972/973-1072 86.5 

SsrPt_AW010960 AW010960 NP NP         

SsrPt_AW225917 AW225917 NP NP         

SsrPt_AW981772  AW981772 NP NP         

SsrPt_BF049767 BF049767 NP NP         

SsrPt_ctg1376 CD024501 NP NP         

SsrPt_ctg1376 CD024819 NP NP         

SsrPt_ctg1525 BQ655604 NP NP         

SsrPt_ctg17601 AW985278 PSY00008240 isotig38539:923-1720 + CDS 1285-1509 96.9 

SsrPt_ctg18103 BE187051 PSY00026391 isotig68644:261-740 + 3’UTR 937-1134 83.4 

SsrPt_ctg18103 BE187051 PSY00024530 isotig65588:160-639 + 3’UTR 836-1025 79.9 

SsrPt_ctg2300 JQ021072 PSY00014290 isotig50849:90-527 + CDS/3’UTR 405-527/528-574 93.6 

SsrPt_ctg275 AW869955 NP NP         

SsrPt_ctg3021 CV135003 PSY00012130 isotig45153:530-1255 + CDS 768-995 94.5 

SsrPt_ctg3021 DT625916 PSY00012130 isotig45153:530-1255 + CDS 768-995 94.5 

SsrPt_ctg3021 CF478541 PSY00012130 isotig45153:530-1255 + CDS 768-995 94.5 

SsrPt_ctg3089 BQ291150 NP NP         

SsrPt_ctg3754 BQ701798 NP NP         

SsrPt_ctg4363 AI812743 NP NP         

SsrPt_ctg4363 AW736917 NP NP         

SsrPt_ctg4363 BQ702924 NP NP         

SsrPt_ctg4487a BQ702547 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 96.8 

SsrPt_ctg4487a BG040578 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 97.5 

SsrPt_ctg4487a BG040033 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 97.5 

SsrPt_ctg4487a BG039427 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 97.5 

SsrPt_ctg4487a BF517866 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 96.8 
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Locus  
GenBank 

accession number Pinus sylvestris 

gene ID 

Genomic Sequence 
Strand 

(gene) 
Gene region 

Start-end positions of 

marker within 

corresponding gene region 

% identity of marker 

and corresponding 

gene region 

SsrPt_ctg4487a BF517086 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 96.8 

SsrPt_ctg4487a BF060592 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 94.9 

SsrPt_ctg4487a BQ700883 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 97.5 

SsrPt_ctg4487a BM492929 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 96.8 

SsrPt_ctg4487a BE458136 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-940/784 96.8 

SsrPt_ctg4487b BG039427 PSY00005414 isotig28724:320-784 - CDS 537-784 90.9 

SsrPt_ctg4487b BQ701415 PSY00005414 isotig28724:320-784 - CDS 537-784 89.0 

SsrPt_ctg4698 BG275886 PSY00006544 isotig33050:1465-1893 + CDS 1560-1809 93.6 

SsrPt_ctg5167 unknown PSY00010492 isotig42207:345-2087 + CDS 1687-1979 - 

SsrPt_ctg5333 BQ700216  PSY00010492 isotig42207:345-2087 + CDS 348-504 95.1 

SsrPt_ctg5333 BF610405 PSY00010492 isotig42207:345-2087 + CDS 348-504 95.1 

SsrPt_ctg64 CV147495 PSY00014290 isotig50849:90-527 + CDS/3’UTR 281-527/528-562 83.7 

SsrPt_ctg64 CV144063 PSY00014290 isotig50849:90-527 + CDS/3’UTR 281-527/528-562 84.4 

SsrPt_ctg64 DT625112 PSY00014290 isotig50849:90-527 + CDS/3’UTR 281-527/528-562 83.7 

SsrPt_ctg7024 BQ695936 PSY00003770 isotig21292:478-1161 + CDS/3’UTR 930-1161/1162-1207 96.6 

SsrPt_ctg7081 BE187193 PSY00020303 isotig60441:381-1721 - CDS/3’UTR 381-633/256-380 96.6 

SsrPt_ctg7141 BV728811 PSY00005414 isotig28724:320-784 - 5’UTR/CDS 785-786/403-784 91.7 

SsrPt_ctg7170 BQ696574 PSY00002648 isotig13512:534-1829 - 5’UTR/CDS 1830-1873/1490-1829 98.7 

SsrPt_ctg7170 BG039619 PSY00002648 isotig13512:534-1829 - 5’UTR/CDS 1830-1873/1490-1829 97.9 

SsrPt_ctg7170 BF778892 PSY00002648 isotig13512:534-1829 - 5’UTR/CDS 1830-1873/1490-1829 98.7 

SsrPt_ctg7425 CF385379 PSY00000824 isotig06879:715-1842 + CDS 736-1119 97.7 

SsrPt_ctg7425 CF394315 PSY00000824 isotig06879:715-1842 + CDS 736-1119 97.4 

SsrPt_ctg7444 BQ196808 PSY00000153 118-2-51-H01.r.1:1-648 + CDS 367-638 85.6 

SsrPt_ctg7444 BQ107124 PSY00000153 118-2-51-H01.r.1:1-648 + CDS 367-638 85.9 

SsrPt_ctg7444 BM367065 PSY00000153 118-2-51-H01.r.1:1-648 + CDS 367-638 85.6 

SsrPt_ctg7444 BF518214 PSY00000153 118-2-51-H01.r.1:1-648 + CDS 367-638 86.2 

SsrPt_ctg7731 BF517779 PSY00017742 isotig58027:487-1944 + 5’UTR/CDS 331-486/487-543 92.4 

SsrPt_ctg7731 BE451949 PSY00017742 isotig58027:487-1944 + 5’UTR/CDS 331-486/487-543 92.4 

SsrPt_ctg7824 BQ703132 PSY00014046 isotig50027:353-880 - CDS/3’UTR 353-494/1-352 90.9 

SsrPt_ctg7867 BQ701488 PSY00001445 isotig102325:78-566 + CDS/3’UTR 426-566/567-568 74.2 

SsrPt_ctg7867 BG275803 PSY00001445 isotig102325:78-566 + CDS/3’UTR 426-566/567-568 73.6 
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Locus  
GenBank 

accession number Pinus sylvestris 

gene ID 

Genomic Sequence 
Strand 

(gene) 
Gene region 

Start-end positions of 

marker within 

corresponding gene region 

% identity of marker 

and corresponding 

gene region 

SsrPt_ctg7867 BG040533 PSY00001445 isotig102325:78-566 + CDS/3’UTR 426-566/567-568 73.6 

SsrPt_ctg7867 BG040463 PSY00001445 isotig102325:78-566 + CDS/3’UTR 426-566/567-568 73.6 

SsrPt_ctg7867 BF777863 PSY00001445 isotig102325:78-566 + CDS/3’UTR 426-566/567-568 73.6 

SsrPt_ctg7867 BE643974 PSY00001445 isotig102325:78-566 + CDS/3’UTR 426-566/567-568 73.6 

SsrPt_ctg8064 CV148734 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV148725 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV148543 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV148254 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV148092 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV147527 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV146957 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV146737 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV146675 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV146556 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV146193 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV145664 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 CV145578 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 DR181307 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 DR092258 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 DR069750 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 DR068842 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg8064 DR048459 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-853 95.3 

SsrPt_ctg865 BQ699190 NP NP         

SsrPt_ctg865 BQ699199 NP NP         

SsrPt_ctg9249 BE761900 PSY00009266 isotig40387:2378-2830 - 5’UTR/CDS 2831-2973/2816-2830 95.6 

RPtest1 BF517869 PSY00008891 isotig39897:766-3753 - 3’UTR 344-468 92.0 

RPtest1 BF517853 PSY00008891 isotig39897:766-3753 - 3’UTR 344-468 86.4 

RPtest5 BQ697205 PSY00003137 isotig17309:594-1424 - CDS  942-1141 74.2 

RPtest5 BE997187 PSY00003137 isotig17309:594-1424 - CDS  942-1141 70.8 

RPtest5 BE643880 PSY00003137 isotig17309:594-1424 - CDS  942-1141 72.2 
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Locus  
GenBank 

accession number Pinus sylvestris 

gene ID 

Genomic Sequence 
Strand 

(gene) 
Gene region 

Start-end positions of 

marker within 

corresponding gene region 

% identity of marker 

and corresponding 

gene region 

RPtest6 BG040975 PSY00019692 isotig59809:462-1625 + CDS 524-670 100.0 

RPtest6 BF518209 PSY00019692 isotig59809:462-1625 + CDS 524-670 100.0 

RPtest9 CF393810 NP NP         
RPtest11 CF391802 PSY00011770 isotig4442:769-1344 - CDS/3’UTR 769-920/708-768 96.7 

RPtest11 BI202760 PSY00011770 isotig4442:769-1344 - CDS/3’UTR 769-920/708-768 97.2 

RPt11est13 AA739656 PSY00025105 isotig66460:506-1204 - CDS/3’UTR 506-640/364-505 96.4 

RPtest15 BG275136 PSY00002483 isotig11881:200-844 + CDS/3’UTR 707-844/845-951 95.6 

RPtest16 AA739818 PSY00014450 isotig51443:196-663 + CDS 281-414 94.0 

LOP1 AI812473 PSY00018563 isotig58753:615-1898 + CDS/3’UTR 1529-1898/1899-1910 95.5 

LOP3 AA556662 PSY00000153 118-2-51-H01.r.1:1-648 + CDS 435-642 81.9 

LOP5  AW758812 PSY00023395 isotig63967:168-1271 + 3’UTR 1300-1534 59.3 

LOP6 AA556221 PSY00008891 isotig39897:766-3753 - 3’UTR 271-498 95.2 

LOP8 AI725303 PSY00004341 isotig24276:3-350 + 3’UTR 453-659 65.7 

LOP9 AI813163 NP NP         

LOP11 AA739689 PSY00023490 isotig64088:321-1190 + 3’UTR 1194-1428 87.9 

LOP12 AW888197 NP NP         

PtSIFG_1102 BQ700433 PSY00008719 isotig39566:335-640 + 5’UTR 180-311 55.6 

PtSIFG_0737 CF476612 NP NP         

PpSIFG_3145  BX254108 NP NP         

PtSIFG_5015 CZ894980 NP NP         

PtSIFG_6044 CO164176  PSY00004353 isotig24357:349-4695 - 3’UTR 51-299 85.2 

PtSIFG_6065 CO365046 PSY00027604 isotig70975:361-1041 - CDS/3’UTR 361-362/152-360 90.8 

psyl2 HQ113935 PSY00005261 isotig28291:1094-1984 + CDS/3’UTR 1875-1984/1985-2086 98.6 

psyl16 HQ113936 PSY00018010 isotig58249:576-1496 - 3’UTR 367-567 100.0 

psyl17 HQ113937 PSY00018010 isotig58249:576-1496 - 3’UTR 247-468 100.0 

psyl18 HQ113938 PSY00016934 isotig57336:287-2248 + CDS 1636-1845 97.7 

psyl19 HQ113939 PSY00016934 isotig57336:287-2248 + CDS 1736-1960 100.0 

psyl25 HQ113940 PSY00000191 

Cl#29_1740_18:1095-

1670 - 5’UTR/CDS 1671-1692/1473-1670 98.6 

psyl36 HQ113941 PSY00003770 isotig21292:478-1161 + CDS/3’UTR  950-1161/1162-1202 100.0 
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Locus  
GenBank 

accession number Pinus sylvestris 

gene ID 

Genomic Sequence 
Strand 

(gene) 
Gene region 

Start-end positions of 

marker within 

corresponding gene region 

% identity of marker 

and corresponding 

gene region 

psyl42 HQ113942 NP NP         

psyl44 HQ113943 PSY00013146 isotig47431:360-1460 - CDS 1027-1379 100.0 

psyl57 HQ113944 NP NP         
lw_isotig00080  KF501196 PSY00026757 isotig69313:87-539 + CDS 338-514 99.4 

lw_isotig00081  KF501197 PSY00026757 isotig69313:87-539 + CDS/3’UTR 338-539/540-627 97.9 

lw_isotig00542  KF501186 PSY00008008 isotig38196:81-3197 + 3’UTR 3515-3820 80.4 

lw_isotig01420  KF501198 PSY00020425 isotig60567:1360-1923 - 5’UTR/CDS 1924-1925/1782-1923 82.8 

lw_isotig02138  KF501199 PSY00016229 isotig56763:1078-2463 + CDS/3’UTR 2348-2463/2464-2471 99.2 

lw_isotig02347  KF501200 PSY00016640 isotig57098:2-2437 + 3’UTR 2530-2781 99.6 

lw_isotig02842 KF501203 PSY00012746 isotig46483:455-1654 - 5’UTR/CDS 1655-1725/1500-1654 98.7 

lw_isotig03088  KF501201 NP NP         

lw_isotig04195 KF501204 NP NP         
lw_isotig04204 KF501187 PSY00005987 isotig30656:578-1024 + 5’UTR 299-534 70.7 

lw_isotig04306 KF501205 PSY00011561 isotig44019:976-1800 - CDS 1298-1496 92.2 

lw_isotig04600 KF501188 PSY00011465 isotig43845:480-1664 - 5’UTR/CDS 1665-1807/1512-1664 94.2 

lw_isotig04931  KF501202 PSY00018521 isotig58716:127-1716 + 3’UTR 1853-1986 97.8 

lw_isotig05123 KF501206 NP NP         
lw_isotig06215 KF501207 PSY00022080 isotig62302:472-1542 - CDS/3’UTR 472-709/432-471 98.9 

lw_isotig06440 KF501189 PSY00018317 isotig58527:503-1960 + CDS/3’UTR 1615-1960/1961-1992 98.2 

lw_isotig07383 KF501190 PSY00006544 isotig33050:1465-1893 + CDS 1522-1719 96.5 

lw_isotig10603 KF501191 PSY00011044 isotig43111:455-2419 - CDS 2028-2226 98.5 

lw_isotig11166 KF501208 PSY00030466 isotig78457:423-893 - CDS/3’UTR 423-424/292-422 56.1 

lw_isotig12667 KF501209 PSY00012407 isotig45721:725-1738 + 5’UTR 234-433 98.5 

lw_isotig17679 KF501192 NP NP         

lw_isotig20215 KF501210 PSY00031065 isotig80097:1-552 + 3’UTR 600-787 98.9 

lw_isotig21953 KF501193 PSY00005415 isotig28727:318-971 - CDS/3’UTR 389-971/318-388 80.0 

lw_isotig26230 KF501194 PSY00034638 isotig92892:2-403 + CDS/3’UTR 395-403/404-643 92.7 

lw_isotig27940 KF501195 PSY00003211 isotig17895:393-1301 + 3’UTR 1738-1984 92.3 
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Table S3. List of Pinus taeda genes associated with EST-SSRsavailable for Scots pine 

NP - not predicted 

Locus  

GenBank 

accession 

number 

Pinus taeda gene 

ID 
Genomic Sequence 

Strand 

(gene) 

Gene 

region 

Start-end positions of marker 

within corresponding gene region 

% identity of 

marker and 

corresponding 

gene region 

PtTX2146  AF143963 PITA_000026471 tscaffold2717: 130233-179614 + CDS 130428-130602 89.6 

SsPp_cn524 BX255732 PITA_000001867 tscaffold934:486337-504350 + 5’UTR/CDS 486529-486573/486574-486672 85.9 

SsrPt_AW010960 AW010960 NP scaffold652460.2:191756-192535   NP 156441-156669 95.2 

SsrPt_AW225917 AW225917 NP tscaffold2587:1-1003788   NP 666204-666397 97.5 

SsrPt_AW981772  AW981772 PITA_000031044 scaffold702685.2:82973-83909 + CDS/Intron 83171-83449/83450-83487 84.2 

SsrPt_BF049767 BF049767 NP NP         

SsrPt_ctg1376 CD024501 PITA_000000887 tscaffold1619:2204779-2299325 + 3’UTR 2299570-2299725 76.9 

SsrPt_ctg1376 CD024819 PITA_000000887 tscaffold1619:2204779-2299325 + 3’UTR 2299570-2299725 76.9 

SsrPt_ctg1525 BQ655604 NP tscaffold464:1-1643423   NP 55236-55705 97.7 

SsrPt_ctg17601 AW985278 PITA_000037826 scaffold605875:29557-33185 + CDS 30576-30800 97.8 

SsrPt_ctg18103 BE187051 PITA_000025493 tscaffold5146:241165-242512 - 3’UTR 241201-241369 91.3 

SsrPt_ctg18103 BE187051 PITA_000086735 scaffold572318:20221-21576 - 3’UTR 20257-20441 84.5 

SsrPt_ctg18103 BE187051 PITA_000047867 scaffold23967.1:25138-26414 + 3’UTR 26273-26414 85.1 

SsrPt_ctg18103 BE187051 PITA_000047868 scaffold23967.1:98370-99596 + 3’UTR 99446-99596 86.2 

SsrPt_ctg18103 BE187051 PITA_000051460 scaffold692212:69637-70852 + 3’UTR 70707-70852 85.8 

SsrPt_ctg18103 BE187051 PITA_000072543 scaffold93005:38194-39458 - 3’UTR 38194-38345 81.2 

SsrPt_ctg18103 BE187051 PITA_000030491 scaffold808138:10414-11725 + 3’UTR 11574-11725 83.1 

SsrPt_ctg2300 JQ021072 PTA00008090 scaffold501460.1:146871-147533 + CDS/3’UTR 147405-147533/147534-147580 98.3 

SsrPt_ctg275 AW869955 NP scaffold885361:1-63699       78.8 

SsrPt_ctg3021 CV135003 PITA_000031795 tscaffold9139:83281-146328 + Intron/CDS 145302-145306/ 145307-145538 99.2 

SsrPt_ctg3021 DT625916 PITA_000031795 tscaffold9139:83281-146328 + Intron/CDS 145302-145306/ 145307-145538 99.2 

SsrPt_ctg3021 CF478541 PITA_000031795 tscaffold9139:83281-146328 + Intron/CDS 145302-145306/ 145307-145538 99.2 

SsrPt_ctg3089 BQ291150 NP scaffold896629:1-46925       88.0 

SsrPt_ctg3754 BQ701798 PITA_000016257 tscaffold5544:46493-48634 - 5’UTR/CDS 48635-48900/48480-48634 98.6 

SsrPt_ctg4363 AI812743 PITA_000068716 scaffold56036:50303-51756 - 3’UTR 50538-50633 95.0 

SsrPt_ctg4363 AW736917 PITA_000068716 scaffold56036:50303-51756 - 3’UTR 50538-50633 94.1 

SsrPt_ctg4363 BQ702924 PITA_000068716 scaffold56036:50303-51756 - 3’UTR 50538-50633 95.0 
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Locus  

GenBank 

accession 

number 

Pinus taeda gene 

ID 
Genomic Sequence 

Strand 

(gene) 

Gene 

region 

Start-end positions of marker 

within corresponding gene region 

% identity of 

marker and 

corresponding 

gene region 

SsrPt_ctg4487a BQ702547 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 99.4 

SsrPt_ctg4487a BG040578 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 100.0 

SsrPt_ctg4487a BG040033 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 100.0 

SsrPt_ctg4487a BG039427 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 100.0 

SsrPt_ctg4487a BF517866 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 99.4 

SsrPt_ctg4487a BF517086 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 99.4 

SsrPt_ctg4487a BF060592 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 97.4 

SsrPt_ctg4487a BQ700883 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 100.0 

SsrPt_ctg4487a BM492929 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 99.4 

SsrPt_ctg4487a BE458136 PITA_000029961 scaffold463697:28233-34820 - Intron/CDS 29128-29243/29089-29127 99.4 

SsrPt_ctg4487b BG039427 PITA_000029961 scaffold463697:28233-34820 - CDS 28845-29089 95.7 

SsrPt_ctg4487b BQ701415 PITA_000029961 scaffold463697:28233-34820 - CDS 28845-29089 94.1 

SsrPt_ctg4698 BG275886 PITA_000017622 tscaffold7099:63111-67113 - CDS 63452-63697 98.0 

SsrPt_ctg5167 unknown NP NP         
SsrPt_ctg5333 BQ700216 PTA00009525 tscaffold8498:59439-61351 - CDS 61186-61348 100.0 

SsrPt_ctg5333 BF610405 PTA00009525 tscaffold8498:59439-61351 - CDS 61186-61348 100.0 

SsrPt_ctg64 CV147495 PTA00008090 scaffold501460.1:146871-147533 + CDS/3’UTR 147283-147533/147534-147569 98.6 

SsrPt_ctg64 CV144063 PTA00008090 scaffold501460.1:146871-147533 + CDS/3’UTR 147283-147533/147534-147569 98.6 

SsrPt_ctg64 DT625112 PTA00008090 scaffold501460.1:146871-147533 + CDS/3’UTR 147283-147533/147534-147569 98.6 

SsrPt_ctg7024 BQ695936 PITA_000023332 tscaffold3287:65555-104502 - CDS/3’UTR 65995-66226/65949-65994 99.3 

SsrPt_ctg7081 BE187193 NP scaffold398783:1-309391       84.4 

SsrPt_ctg7141 BV728811 PITA_000029961 scaffold463697:28233-34820 - 
CDS/Intron/C

DS 28806-29091/28705-28805/28610-28704 77.6 

SsrPt_ctg7170 BQ696574 PITA_000027567 tscaffold5297:152922-233184 + 5’UTR/CDS 153116-153160/153161-153500 100.0 

SsrPt_ctg7170 BG039619 PITA_000027567 tscaffold5297:152922-233184 + 5’UTR/CDS 153116-153160/153161-153500 99.2 

SsrPt_ctg7170 BF778892 PITA_000027567 tscaffold5297:152922-233184 + 5’UTR/CDS 153116-153160/153161-153500 100.0 

SsrPt_ctg7425 CF385379 PITA_000004120 tscaffold2162:112628-118544 + CDS 112887-113270 99.7 

SsrPt_ctg7425 CF394315 PITA_000004120 tscaffold2162:112628-118544 + CDS 112887-113270 99.5 

SsrPt_ctg7444 BQ196808 PITA_000012096 tscaffold7249:434167-436159 + CDS/3’UTR 435708-435890/435891-435993 97.9 

SsrPt_ctg7444 BQ107124 PITA_000012096 tscaffold7249:434167-436159 + CDS/3’UTR 435708-435890/435891-435993 98.3 
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Locus  

GenBank 

accession 

number 

Pinus taeda gene 

ID 
Genomic Sequence 

Strand 

(gene) 

Gene 

region 

Start-end positions of marker 

within corresponding gene region 

% identity of 

marker and 

corresponding 

gene region 

SsrPt_ctg7444 BM367065 PITA_000012096 tscaffold7249:434167-436159 + CDS/3’UTR 435708-435890/435891-435993 97.6 

SsrPt_ctg7444 BF518214 PITA_000012096 tscaffold7249:434167-436159 + CDS/3’UTR 435708-435890/435891-435993 97.9 

SsrPt_ctg7731 BF517779 PITA_000091704 scaffold886273.1:5846-11254 + 5’UTR/CDS 5942-6101/6102-6158 95.1 

SsrPt_ctg7731 BE451949 PITA_000091704 scaffold886273.1:5846-11254 + 5’UTR/CDS 5942-6101/6102-6158 95.1 

SsrPt_ctg7824 BQ703132 PITA_000076250 scaffold891409:6243-7852 + CDS/3’UTR 7359-7500/7501-7866 96.3 

SsrPt_ctg7867 BQ701488 PITA_000007834 tscaffold5017:299018-299620 + CDS 299417-299570 98.7 

SsrPt_ctg7867 BG275803 PITA_000007834 tscaffold5017:299018-299620 + CDS 299417-299570 100.0 

SsrPt_ctg7867 BG040533 PITA_000007834 tscaffold5017:299018-299620 + CDS 299417-299570 100.0 

SsrPt_ctg7867 BG040463 PITA_000007834 tscaffold5017:299018-299620 + CDS 299417-299570 100.0 

SsrPt_ctg7867 BF777863 PITA_000007834 tscaffold5017:299018-299620 + CDS 299417-299570 100.0 

SsrPt_ctg7867 BE643974 PITA_000007834 tscaffold5017:299018-299620 + CDS 299417-299570 100.0 

SsrPt_ctg8064 CV148734 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV148725 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV148543 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV148254 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV148092 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV147527 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV146957 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV146737 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV146675 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV146556 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV146193 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV145664 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 CV145578 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 DR181307 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 DR092258 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 DR069750 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 DR068842 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg8064 DR048459 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285387 100.0 

SsrPt_ctg865 BQ699190 NP scaffold40707       92.7 
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accession 

number 

Pinus taeda gene 
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(gene) 

Gene 
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Start-end positions of marker 

within corresponding gene region 
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SsrPt_ctg865 BQ699199 NP scaffold40707       92.7 

SsrPt_ctg9249 BE761900 PITA_000010076 tscaffold2087:94332-152939 - 5’UTR/CDS 152940-153080/152925-152939 98.1 

RPtest1 BF517869 PITA_000070971 scaffold863061:37061-41395 + CDS 40931-41055 96.0 

RPtest1 BF517869 PITA_000006918 tscaffold3252:353148-364676 - 
CDS/Intron/C
DS 

362987-363012/362954-362986/362890-
362953 85.6 

RPtest1 BF517853 PITA_000070971 scaffold863061:37061-41395 + CDS 40931-41055 90.4 

RPtest1 BF517853 PITA_000006918 tscaffold3252:353148-364676 - 
CDS/Intron/C
DS 

362987-363012/362954-362986/362890-
362953 80.8 

RPtest5 BQ697205 PITA_000007179 tscaffold1149:676817-682707 + CDS 677823-678019 71.4 

RPtest5 BE997187 PITA_000007179 tscaffold1149:676817-682707 + CDS 677823-678019 68.1 

RPtest5 BE643880 PITA_000007179 tscaffold1149:676817-682707 + CDS 677823-678019 69.5 

RPtest6 BG040975 NP scaffold489083: 1-299329       100.0 

RPtest6 BF518209 NP scaffold489083: 1-299329       100.0 

RPtest9 CF393810 PITA_000026471 tscaffold2717:130233-179614 + CDS 130447-130719 95.6 

RPtest11 CF391802 PITA_000052634 scaffold59926.1:57681-58076 + CDS/3’UTR 57925-58076/58077-58137 95.8 

RPtest11 CF391802 PITA_000085253 scaffold737600:2371-2766 - CDS/3’UTR 2371-2522/2310-2370 95.8 

RPtest11 CF391802 PITA_000013530 tscaffold8323:496444-496839 + CDS/3’UTR 496688-496839/496840-496900 97.2 

RPtest11 BI202760 PITA_000052634 scaffold59926.1:57681-58076 + CDS/3’UTR 57925-58076/58077-58137 96.2 

RPtest11 BI202760 PITA_000085253 scaffold737600:2371-2766 - CDS/3’UTR 2371-2522/2310-2370 96.2 

RPtest11 BI202760 PITA_000013530 tscaffold8323:496444-496839 + CDS/3’UTR 496688-496839/496840-496900 97.7 

RPt11est13 AA739656 PITA_000065673 scaffold7694:10422-12292 - CDS/3’UTR 10993-11127/10851-10992 94.9 

RPtest15 CF391220 PITA_000008378 tscaffold2564:284513-285787 + CDS/3’UTR 285241-285378/285379-285486 100.0 

RPtest16 AA739818 NP scaffold568940:1-356899       94.8 

LOP1 AI812473 PITA_000008107 tscaffold702:125040-162886 + CDS/3’UTR 162153-162612/162613-162624 94.9 

LOP1 AI812473 PITA_000008108 tscaffold702: 233620-234915 + CDS/3’UTR 234546-234915/234916-234927 91.6 

LOP3 AA556662 PITA_000012096 tscaffold7249:434167-436159 + CDS/3’UTR 435776-435890/435891-435996 96.4 

LOP5 AW758812 NP scaffold3633.2:1-185090       75.7 

LOP6 AA556221 PITA_000070971 scaffold863061:37061-41395 + CDS/3’UTR 40901-41066/41067-41128 97.4 

LOP8 AI725303 PITA_000044661 scaffold904057:80942-81535 + CDS/3’UTR 81401-81535/81536-81609 72.1 

LOP9 AI813163 PTA00066643 C32322558:2799-5248 + CDS 2821-2958 97.8 

LOP11 AA739689 PITA_000023770 tscaffold21:83186-167212 + 3’UTR 166917-167180 88.7 
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number 
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(gene) 

Gene 
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Start-end positions of marker 

within corresponding gene region 

% identity of 

marker and 
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gene region 

LOP12 AW888197 PITA_000035518 scaffold701498.2: 777-37567 + 3’UTR 37620-37778 80.1 

PtSIFG_1102 BQ700433 NP scaffold885361:1-63699       95.2 

PtSIFG_1102 BQ700433 PTA00050445 scaffold895022:14751-15418 - 5’UTR 15442-15573 61.6 

PtSIFG_0737 CF476612 PITA_000017323 scaffold225811:286750-287481 - CDS/3’UTR 286750-287007/286579-286749 100.0 

PpSIFG_3145  BX254108 PITA_000026471 tscaffold2717:130233-179614 + 5’UTR/CDS 130320-130385/130386-130712 93.6 

PtSIFG_5015 CZ894980 NP C27750010         

PtSIFG_6044 CO164176 PITA_000008712 tscaffold8432:288348-297321 - 3’UTR 288387-288621 81.1 

PtSIFG_6065 CO365046 NP tscaffold2414:1-223447       77.1 

psyl2 HQ113935 PITA_000017503 tscaffold4148:279914-285934 - CDS/3’UTR 280153-280262/280054-280152 95.3 

psyl16 HQ113936 PITA_000010550 tscaffold4278:587042-589507 + 3’UTR 588976-589181 95.6 

psyl17 HQ113937 PITA_000010550 tscaffold4278:587042-589507 + 3’UTR 589076-589301 94.7 

psyl18 HQ113938 PITA_000064129 scaffold847237:25-831 + CDS/Intron 297-403/404-497 92.6 

psyl19 HQ113939 PITA_000086838 scaffold835269:23558-24346 - Intron/CDS 23896-24001/23895-23777 97.8 

psyl19 HQ113939 PITA_000041571 scaffold458326:63544-64497 + CDS 63985-64209 96.4 

psyl25 HQ113940 PITA_000008677 tscaffold2670:368130-369520 + 5’UTR/CDS 368269-368290/368291-368491 81.1 

psyl36 HQ113941 PITA_000023332 tscaffold3287:65555-104502 - CDS/3’UTR 65995-66206/65954-64994 99.2 

psyl42 HQ113942 NP tscaffold1683:1-902503       87.9 

psyl42 HQ113942 PITA_000007965 tscaffold2193:111273-184939 + Intron 119217-119397 72.0 

psyl44 HQ113943 PITA_000017051 tscaffold8715:106632-110579 + CDS 106774-106946 97.1 

psyl57 HQ113944 PITA_000010946 tscaffold4287:302033-306896 + CDS 302090-302280 90.5 

lw_isotig00080 KF501196 PITA_000007834 tscaffold5017:299018-299620 + CDS 299422-299595 92.3 

lw_isotig00080 KF501196 PITA_000009956 scaffold501460.1:146871-147533 + CDS 147335-147508 88.4 

lw_isotig00081  KF501197 PITA_000009956 scaffold501460.1:146871-147533 + CDS/3’UTR 147335-147533/147534-147621 88.8 

lw_isotig00542  KF501186 PTA00082932 tscaffold16:105685-743656 - 3’UTR 105034-105312 82.4 

lw_isotig01420  KF501198 PITA_000023899 tscaffold6848:267284-268261 + 5’UTR/CDS 267249-267283/267284-267422 99.4 

lw_isotig02138  KF501199 PITA_000020633 tscaffold5747:199738-238934 - CDS/3’UTR 200393-200508/200385-200392 99.1 

lw_isotig02347  KF501200 NP NP         

lw_isotig02842 KF501203 PITA_000016857 tscaffold8246:70583-70978 + 5’UTR/CDS 70509-70582/70583-70737 99.1 

lw_isotig03088  KF501201 PTA00015290 scaffold609698:7916-209563 - Intron 86587-86827 94.2 

lw_isotig04195 KF501204 PITA_000001889 tscaffold2175:1756736-1757977 - 5’UTR/CDS 1757978-1758055/1757870-1757977 92.6 
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lw_isotig04195 KF501204 PITA_000034486 scaffold587116:88897-89798 + 5’UTR/CDS 88819-88896/88897-89004 84.7 

lw_isotig04204 KF501187 PITA_000008362 tscaffold2655:632355-636821 + 5’UTR 632531-632761 76.3 

lw_isotig04306 KF501205 PTA00014456 scaffold802134:180296-264396 - CDS 263930-264131 93.2 

lw_isotig04600 KF501188 PTA00083895 scaffold5983:39891-217039 + Intron/CDS 215709-215968/215969-216007 90.8 

lw_isotig04931  KF501202 PITA_000025726 tscaffold5404:18473-113604 + 3’UTR 113566-113732 71.3 

lw_isotig05123 KF501206 PTA00083918 tscaffold6082:163677-284369 - Intron 283934-284099 97.6 

lw_isotig06215 KF501207 PTA00008461 C32573268:542327-543394 + CDS/3’UTR 543160-543394/543395-543432 96.4 

lw_isotig06440 KF501189 PITA_000080433 scaffold63108.1:17038-19097 + 
Intron/CDS/I

ntron 18150-18202/18203-18478/18479-18536 97.7 

lw_isotig07383 KF501190 PITA_000017622 tscaffold7099:63111-67113 - CDS 63545-63735 92.3 

lw_isotig10603 KF501191 PITA_000023436 tscaffold3281:62057-67715 - CDS 67040-67226 89.4 

lw_isotig11166 KF501208 PITA_000059576 scaffold596801:49948-50602 + CDS/3’UTR 50494/50495-50629 94.9 

lw_isotig12667 KF501209 PTA00083219 tscaffold1096 :49329-249162 + 5’UTR 48834-49033 96.2 

lw_isotig17679 KF501192 PITA_000014378 tscaffold7457:409736-461083 - Intron 457599-457875 96.0 

lw_isotig20215 KF501210 PTA00083968 tscaffold6257:5961-365375 - 3’UTR 5728-5912 93.5 

lw_isotig21953 KF501193 PTA00006979 C32573532:675332-678188 - CDS/3’UTR 675332-675402/675204-675331 76.3 

lw_isotig26230 KF501194 PITA_000038492 tscaffold8841:72708-73953 + CDS/3’UTR 73512-73566/73567-73756 90.0 

lw_isotig27940 KF501195 PITA_000016972 tscaffold8713:402087-404324 - 3’UTR 402184-402378 78.5 
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Table S4.Results of Blast2GO analysis and analysis of conserved domains performed for the Pinus sylvestris genes associated with EST-SSRs 

NA - not available, NP - not predicted 

Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

PtTX2146 NP NA - - NA - NA NA NA 

SsPp_cn524 PSY00010973 
galacturonosyltrans

ferase 13 

probable 

galacturonosyltransferase 14 

isoform X2 [Durio 
zibethinus], XP_022774547.1 

4.30e-75 
PLN02870 
super 

family(cl30824) 

8.73e-109 

pollen development 

(GO:0009555); pollen 

tube growth 
(GO:0009860); cell 

wall pectin 

biosynthetic process 
(GO:0052325);  

polygalacturonate 4-

alpha-
galacturonosyltransf

erase activity 

(GO:0047262); 

Golgi apparatus 
(GO:0005794); 

membrane 

(GO:0016020); 
pollen tube 

(GO:0090406); 

SsrPt_AW0109

60 
NP NA - - NA - NA NA NA 

SsrPt_AW2259
17 

NP NA - - NA - NA NA NA 

SsrPt_AW9817

72 
NP NA - - NA - NA NA NA 

SsrPt_BF04976
7 

NP NA - - NA - NA NA NA 

SsrPt_ctg1376 NP NA - - NA - NA NA NA 

SsrPt_ctg1525 NP NA - - NA - NA NA NA 

SsrPt_ctg17601 PSY00008240 unknown 
unknown [Picea sitchensis], 
ABK23821.1 

1.39e-45 NA - NA NA NA 

SsrPt_ctg18103 

PSY00026391 olee1-like protein 
extensin-like protein [Pinus 

taeda], QDZ06028.1 
3.49e-106 

Pollen_Ole_e_I 

Superfamily 
(cl03128) 

2.26e-12 NA NA 
extracellular space 

(GO:0005615); 

PSY00024530 olee1-like protein 
extensin-like protein [Pinus 
taeda], QDZ06028.1 

1.29e-91 

Pollen_Ole_e_I 

Superfamily 

(cl03128) 

1.79e-14 NA NA 
extracellular space 
(GO:0005615); 

SsrPt_ctg2300 PSY00014290 
cold shock protein 

2-like 

putative glycine-rich protein 

[Picea glauca], ABA54143.1 
7.57e-67 

CSP_CDS 

(cd04458) 
5.69e-26 NA 

nucleic acid binding 

(GO:0003676); zinc 

ion binding 
(GO:0008270); 

NA 

SsrPt_ctg275 NP NA - - NA - NA NA NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

SsrPt_ctg3021 PSY00012130 
GRF1-interacting 

factor 1 

unknown [Picea  sitchensis], 

ABK22130.1 
2.83e-109 

SSXT 

(pfam05030) 
3.83e-19 

cell population 
proliferation 

(GO:0008283); 

positive regulation of 
transcription by RNA 

polymerase II 

(GO:0045944); leaf 

development 

(GO:0048366); 

transcription 
coactivator activity 

(GO:0003713);  

nucleus 

(GO:0005634); 

SstPt_ctg3089 NP NA - - NA - NA NA NA 

SsrPt_ctg3754 NP NA - - NA - NA NA NA 

SsrPt_ctg4363 NP NA - - NA - NA NA NA 

SsrPt_ctg4487a PSY00005414 

putative 2,3-

bisphosphoglycerat
e-dependent 

phosphoglycerate 

mutase-like 

isoform 1 

unknown [Picea sitchensis], 

ADE77804.1 
1.15e-50 

zf-FLZ 

(pfam04570) 
9.44e-22 NA NA NA 

SsrPt_ctg4487b PSY00005414 

putative 2,3-

bisphosphoglycerat

e-dependent 
phosphoglycerate 

mutase-like 

isoform 1 

unknown [Picea sitchensis], 
ADE77804.1 

1.15e-50 
zf-FLZ 
(pfam04570) 

9.44e-22 NA NA NA 

SsrPt_ctg4698 PSY00006544 
PREDICTED: 

protein RCC2-like 

PREDICTED: protein RCC2-
like [Nelumbo nucifera], 

XP_010271434.1 

1.86e-10 NA - NA NA NA 

SstPt_ctg5167 PSY00010492 
probable 
transcription factor 

PosF21 

unknown [Picea sitchensis], 

ABR17748.1 
0 

bZIP_plant_RF

2 (cd14703) 
9.40e-24 

regulation of 

transcription, DNA-

templated 
(GO:0006355); 

DNA-binding 

transcription factor 

activity 
(GO:0003700); 

NA 

SsrPt_ctg5333 PSY00010492 
probable 
transcription factor 

PosF21 

unknown [Picea sitchensis], 

ABR17748.1 
0 

bZIP_plant_RF

2 (cd14703) 
9.40e-24 

regulation of 

transcription, DNA-

templated 
(GO:0006355); 

DNA-binding 

transcription factor 

activity 
(GO:0003700);  

NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

SsrPt_ctg64 PSY00014290 
cold shock protein 

2-like 

putative glycine-rich protein 

[Picea glauca], ABA54143.1 
7.56e-67 

CSP_CDS 

(cd04458) 

5.69e-26 NA 

nucleic acid binding 
(GO:0003676); zinc 

ion binding 

(GO:0008270); 

NA 

SsrPt_ctg7024 PSY00003770 unknown 
unknown [Picea sitchensis], 
ABK24150.1, ABK26366.1 

4.42E-60 NA - NA NA NA 

SsrPt_ctg7081 PSY00020303 tubulin beta chain 

tubulin beta chain-like 

[Nymphaea colorata], 
XP_031494355.1 

0 NA - 

microtubule 

cytoskeleton 
organization 

(GO:0000226); mitotic 

cell cycle 
(GO:0000278);  

GTPase activity 

(GO:0003924); 

structural 
constituent of 

cytoskeleton 

(GO:0005200); GTP 
binding 

(GO:0005525);  

cytoplasm 
(GO:0005737); 

microtubule 

(GO:0005874); 

SsrPt_ctg7141 PSY00005414 

putative 2,3-

bisphosphoglycerat
e-dependent 

phosphoglycerate 

mutase-like 
isoform 1 

unknown [Picea sitchensis], 

ADE77804.1 
1.15e-50 

zf-FLZ 

(pfam04570) 
9.44e-22 NA NA NA 

SsrPt_ctg7170 PSY00002648 

polyadenylate-

binding protein 

RBP47-like 
isoform X1 

unknown [Picea sitchensis], 

ACN39849.1 
0 

RRM2_SECp43

_like (cd12345) 

RRM1_SECp43
_like (cd12344)  

1.70e-45 

9.53e-43 
NA 

mRNA binding 

(GO:0003729); 

cytosol 

(GO:0005829); 

SsrPt_ctg7425 PSY00000824 
UBP1-associated 

protein 2C 

unknown [Picea sitchensis], 

ABR18205.1 
1.14e-128 

RRM_SF super 
family 

(cl17169) 

6.63e-22 NA 
RNA binding 

(GO:0003723); 

nucleus 

(GO:0005634); 

membrane 
(GO:0016020); 

SsrPt_ctg7444 PSY00000153 unknown 
unknown [Picea sitchensis], 

ABK21134.1, ABR16779.1 
1.22e-45 NA - NA NA NA 

SsrPt_ctg7731 PSY00017742 
glucan endo-1,3-
beta-glucosidase 

Glucan endo-1,3-beta-

glucosidase 7 [Pinus taeda], 

AZA14776.1 

0 

Glyco_hydro 

Superfamily (cl
23725) X8 

(smart00768) 

1.11e-89 
1.32e-42 

carbohydrate 

metabolic process 

(GO:0005975); 

glucan endo-1,3-

beta-D-glucosidase 
activity 

(GO:0042973); 

anchored component 

of plasma membrane 

(GO:0046658); 

https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd04458
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd04458
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

SsrPt_ctg7824 PSY00014046  Fiber protein fb34 

unknown [Picea sitchensis], 

ABK21553.1, ABK22633.1, 
ACN40982.1 

9.82e-93 
DUF1218 

(pfam06749) 
4.63e-25 NA NA 

integral component of 

membrane 
(GO:0016021); 

SsrPt_ctg7867 PSY00001445 
cold shock protein 

2 

unknown [Picea sitchensis], 
ABK22299.1, ABR17619.1, 

ACN40273.1 

4.80e-51 

CSD 

(pfam00313) 

zfCCHC 

(pfam00098) 

1.09e-25 

3.77e-05 
NA 

nucleic acid binding 

(GO:0003676); zinc 

ion binding 

(GO:0008270); 

NA 

SsrPt_ctg8064 PSY00002483 
RNA-binding 

protein 

glycine-rich RNA-binding 

protein [Picea glauca], 
AAD28176.1 

5.26e-55 
RRM2_NsCP33

_like (cd21608) 
3.21e-37 NA 

mRNA binding 

(GO:0003729); 

nucleus 

(GO:0005634); 

SsrPt_ctg865 NP NA - - NA - NA NA NA 

SsrPt_ctg9249 PSY00009266 
class III HD-Zip 
protein 

class III HD-Zip protein 
HDZ32 [Pinus taeda], 

ABG73246.1 

1.93e-79 
Homeobox 
(pfam00046) 

3.69e-14 NA 

DNA binding 

(GO:0003677); lipid 
binding 

(GO:0008289); 

nucleus 
(GO:0005634); 

RPtest1 PSY00008891 

putative histone-
lysine N-

methyltransferase 

SUVR2-like 

uncharacterized protein 

LOC105638411 [Jatropha 

curcas], XP_012077593.1, 
XP_012077594.1, 

XP_020536692.1 

6.08e-26 

DUF3527 

Superfamily  (cl
13476) 

3.94e-54 
translation 

(GO:0006412); 

structural 
constituent of 

ribosome 

(GO:0003735); 

ribosome 

(GO:0005840); 

RPtest5 PSY00003137 B2 protein 
unknown [Picea sitchensis], 
ABK22365.1 

2.16e-167 
DCD 
(smart00767) 

2.10e-75 NA NA NA 

RPtest6 PSY00019692 
AT-hook motif 
nuclear-localized 

protein 10-like 

unknown [Picea sitchensis], 

ADE76363.1 
1.66e-67 

DUF296 

(pfam03479) 
2.91e-27 NA 

DNA binding 
(GO:0003677); 

minor groove of 

adenine-thymine-
rich DNA binding 

(GO:0003680);  

nucleus 

(GO:0005634) 

RPtest9 NP NA - - NA - NA NA NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

RPtest11 PSY00011770 

N-terminal 

acetyltransferase A 

complex catalytic 

subunit NAA10 

unknown [Picea sitchensis], 

ABK23715.1 
9.17e-117 

RimI 

(COG0456) 
4.02e-30 

response to water 
deprivation 

(GO:0009414); 

embryo development 
ending in seed 

dormancy 

(GO:0009793); N-

terminal peptidyl-

serine acetylation 

(GO:0017198); N-
terminal peptidyl-

glutamic acid 

acetylation 
(GO:0018002); 

mRNA binding 

(GO:0003729);pepti
de-serine-N-

acetyltransferase 

activity 

(GO:1990189); 

peptide-glutamate-

N-acetyltransferase 
activity 

(GO:1990190); 

cytosol 

(GO:0005829); NatA 

complex 

(GO:0031415); 

RP11est13 PSY00025105 
E3 ubiquitin-

protein ligase 

unknown [Picea sitchensis], 

ADE77028.1 
1.40e-134 

RING-H2_PA-

TM-RING 
(cd16454) 

2.40e-18 NA NA NA 

RPtest15 PSY00002483 
RNA-binding 

protein 

glycine-rich RNA-binding 
protein [Picea glauca], 

AAD28176.1 

5.33e-55 
RRM2_NsCP33

_like (cd21608) 
3.21e-37 NA 

mRNA binding 

(GO:0003729); 

nucleus 

(GO:0005634); 

RPtest16 PSY00014450 NA - - NA - NA NA NA 

LOP1 PSY00018563 
CBL-interacting 
protein kinase 5 

unknown [Picea sitchensis], 
ABK24914.1 

0 

STKc_SnRK3 

(cd14663); 
CIPK_C 

(cd12195); 

2.26e-176 
7.17e-55 

protein 

phosphorylation 
(GO:0006468); signal 

transduction 

(GO:0007165); 
response to abscisic 

acid (GO:0009737); 

ATP binding 
(GO:0005524); 

protein serine kinase 

activity 
(GO:0106310); 

protein threonine 

kinase activity 

(GO:0106311); 

integral component of 

membrane 

(GO:0016021); 

LOP3 PSY00000153 unknown 
unknown [Picea sitchensis], 

ABK21134.1, ABR16779.1 
1.19e-45 NA - NA NA NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

LOP5 PSY00023395 

chaperone protein 

dnaJ 
C76,chloroplastic 

unknown [Picea sitchensis] 

ABK23437.1 
0 

DnaJ 
(pfam00226) 

Fer4_13 

(pfam13370) 

4.25e-20 

2.14e-17 
NA 

protein binding 
(GO:0005515); 

metal ion binding 

(GO:0046872); iron-
sulfur cluster 

binding 

(GO:0051536); 

chloroplast 

(GO:0009507); 

LOP6 PSY00008891 

putative histone-
lysine N-

methyltransferase 

SUVR2-like 

uncharacterized protein 

LOC105638411 [Jatropha 

curcas] XP_012077593.1 
XP_012077594.1 

XP_020536692.1 

6.05e-26 

DUF3527 

Superfamily 
(cl13476) 

3.94e-54 
translation 

(GO:0006412); 

structural 
constituent of 

ribosome 

(GO:0003735);  

ribosome 

(GO:0005840); 

LOP8 PSY00004341 NA - - NA - NA NA NA 

LOP9 NP NA - - NA - NA NA NA 

LOP11 PSY00023490 
Lactoylglutathione 

lyase 

unknown [Picea sitchensis] 

ABK22263.1 
0 

PLN02300 

(PLN02300) 
0,00 

methylglyoxal 

catabolic process to D-
lactate via S-lactoyl-

glutathione 

(GO:0019243);  

lactoylglutathione 

lyase activity 

(GO:0004462); 
metal ion binding 

(GO:0046872); 

dioxygenase activity 
(GO:0051213) 

cytoplasm 

(GO:0005737); 

LOP12 NP NA - - NA - NA NA NA 

PtSIFG_1102  PSY00008719 unknown 
unknown [Picea 
sitchensis]ADE76399.1 

9.42e-8 NA - NA NA 

integral component of 

membrane(GO:00160

21); 

PtSIFG_0737 NP NA -- - NA - NA NA NA 

PpSIFG_3145 NP NA - - NA - NA NA NA 

PtSIFG_5015 NP NA - - NA - NA NA NA 

PtSIFG_6044 PSY00004353 

pleiotropic drug 

resistance protein 

1-like 

PREDICTED: pleiotropic 

drug resistance protein 1-like 
[Nelumbo nucifera] 

XP_010273226.1 

0 
PLN03140 
super family 

0,00 

transmembrane 

transport 

(GO:0055085); 

ATP binding 

(GO:0005524); 

ATPase-coupled 
transmembrane 

transporter activity 

(GO:0042626); 

chloroplast 

(GO:0009507); 

integral component of 

membrane 
(GO:0016021); 

PtSIFG_6065 PSY00027604 
(R)-mandelonitrile 
lyase-like 

unknown [Picea sitchensis] 
ABK22756.1 

1.78e-137 

PLN02785 

super family 

(cl33566) 

1.21e-64 NA 

oxidoreductase 

activity, acting on 

CH-OH group of 
donors 

(GO:0016614); 

flavin adenine 

NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

dinucleotide binding 
(GO:0050660); 

psyl2 PSY00005261 

oligouridylate-

binding protein 1-

like 

unknown [Picea sitchensis] 
ABR17996.1 

2.72e-122 
RRM3_PUB1 
(cd12622) 

1.63e-42 NA 
mRNA binding 
(GO:0003729); 

NA 

psyl16 PSY00018010 
patellin-3-like 

protein 

unknown [Picea sitchensis] 

ABR18053.1 ABR18173.1 
5.24e-158 

SEC14 

(cd00170) 
4.95e-34 NA 

lipid binding 

(GO:0008289); 
NA 

psyl17 PSY00018010 
patellin-3-like 

protein 

unknown [Picea sitchensis] 

ABR18053.1 ABR18173.1 
5.24e-158 

SEC14 

(cd00170) 
4.95e-34 NA 

lipid binding 

(GO:0008289); 
NA 

psyl18 PSY00016934 
polyadenylate-
binding protein 3 

polyadenylate-binding protein 

2, partial [Amborella 

trichopoda] XP_006842170.2 

0 
PABP-1234 
(TIGR01628) 

0,00 

nuclear-transcribed 

mRNA poly(A) tail 

shortening 
(GO:0000289); 

translational initiation 

(GO:0006413);  

mRNA 3'-UTR 
binding 

(GO:0003730); 

poly(A) binding 
(GO:0008143); 

poly(U) RNA 

binding 
(GO:0008266); 

nucleus 

(GO:0005634); 
cytosol 

(GO:0005829); 

ribonucleoprotein 
complex 

(GO:1990904); 

psyl19 PSY00016934 
polyadenylate-
binding protein 3 

polyadenylate-binding protein 

2, partial [Amborella 

trichopoda] XP_006842170.2 

0 
PABP-1234 
(TIGR01628) 

0,00 

nuclear-transcribed 

mRNA poly(A) tail 

shortening 
(GO:0000289); 

translational initiation 

(GO:0006413);  

mRNA 3'-UTR 
binding 

(GO:0003730); 

poly(A) binding 
(GO:0008143); 

poly(U) RNA 

binding 

(GO:0008266); 

nucleus 

(GO:0005634); 
cytosol 

(GO:0005829); 

ribonucleoprotein 
complex 

(GO:1990904); 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

psyl25 PSY00000191 

ribulose 
bisphosphate 

carboxylase small 

subunit 

RecName: Full=Ribulose 

bisphosphate carboxylase 
small chain, chloroplastic; 

Short=RuBisCO small 

subunit; Flags: Precursor 
[Pinus thunbergii] P10053.1 

1.92e-112 

RbcS super 

family 
(cl29940) 

4.18e-92 

photorespiration 

(GO:0009853); 

reductive pentose-
phosphate cycle 

(GO:0019253); 

monooxygenase 
activity 

(GO:0004497); 

ribulose-
bisphosphate 

carboxylase activity 

(GO:0016984); 

chloroplast 

(GO:0009507); 

psyl36 PSY00003770 unknown 
unknown [Picea sitchensis] 

ABK24150.1 ABK26366.1 
4.48e-60 NA - 

regulation of gene 

expression 

(GO:0010468); 
phosphorylation 

(GO:0016310); 
intracellular signal 

transduction 

(GO:0035556); 

MAP kinase activity 

(GO:0004707);  

nucleus 
(GO:0005634); 

cytoplasm 
(GO:0005737); 

psyl42 NP NA - - NA - NA NA NA 

psyl44 PSY00013146 

thiazole 

biosynthetic 
enzyme 

unknown [Picea sitchensis] 

ABK23376.1 
0 

PLN02661 

(PLN02661) 
0,00 

thiamine biosynthetic 

process 
(GO:0009228); 

thiazole biosynthetic 

process 
(GO:0052837); 

iron ion binding 

(GO:0005506); 
transferase activity, 

transferring pentosyl 

groups 
(GO:0016763);  

cytosol 
(GO:0005829); 

chloroplast stroma 

(GO:0009570); 

psyl57 NP NA - - NA - NA NA NA 

lw_isotig00080 PSY00026757 
cold shock protein 

2-like 

putative glycine-rich protein 

[Picea glauca] ABA54143.1 
3.24e-70 

CSD 

(pfam00313) 
2.79e-26 NA 

nucleic acid binding 

(GO:0003676);  zinc 

ion binding 

(GO:0008270) 

NA 

lw_isotig00081 PSY00026757 
cold shock protein 

2-like 

putative glycine-rich protein 

[Picea glauca] ABA54143.1 
3.24e-70 

CSD 

(pfam00313) 
2.79e-26 NA 

nucleic acid binding 
(GO:0003676); zinc 

ion binding 

(GO:0008270) 

NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

lw_isotig00542 PSY00008008 

glycine 
dehydrogenase 

(decarboxylating), 

mitochondrial 

glycine dehydrogenase 
(decarboxylating), 

mitochondrial [Elaeis 

guineensis] XP_010942763.1 

0 
PLN02414 

(PLN02414) 
0,00 

glycine 
decarboxylation via 

glycine cleavage 

system (GO:0019464);  

glycine 
dehydrogenase 

(decarboxylating) 

activity 
(GO:0004375); 

glycine binding 

(GO:0016594); 
pyridoxalphosphate 

binding 

(GO:0030170); 

mitochondrion 

(GO:0005739); 
glycine cleavage 

complex 

(GO:0005960); 
chloroplast envelope 

(GO:0009941); 

apoplast 

(GO:0048046); 

lw_isotig01420 PSY00020425 
pimaradiene 

oxidase 1 

CYP782B7 [Taxus chinensis] 

ATG29936.1 
4.48e-43 

p450 super 

family 
(cl12078) 

4.66e-25 

paclitaxel biosynthetic 

process 
(GO:0042617); 

monooxygenase 

activity 

(GO:0004497); iron 
ion binding 

(GO:0005506); 

oxidoreductase 
activity, acting on 

paired donors, with 

incorporation or 
reduction of 

molecular oxygen 

(GO:0016705); 

heme binding 

(GO:0020037); 

NA 

lw_isotig02138 PSY00016229 

E3 ubiquitin-

protein ligase 

At1g12760-like 

E3 ubiquitin-protein ligase 

At1g63170 isoform X1 
[Selaginella moellendorffii] 

XP_024531855.1 

8.40e-143 

RING_Ubox 

super family 

(cl17238) 

1.06e-16 NA NA 

integral component of 

membrane 

(GO:0016021); 

lw_isotig02347 PSY00016640 

transcriptional 

corepressor 
SEUSS-like 

isoform X1 

 hypothetical protein 

[Adiantum capillus-veneris] 

MBC9828157.1 

1.32e-162 
LIM_bind 
(pfam01803) 

1.25e-56 

negative regulation of 
transcription by RNA 

polymerase II 

(GO:0000122); 
positive regulation of 

transcription by RNA 
polymerase II 

(GO:0045944); 

RNA polymerase II 

activating 

transcription factor 

binding 
(GO:0001102); 

nucleus 

(GO:0005634); 

transcription 

regulator complex 

(GO:0005667); 
membrane 

(GO:0016020); 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

lw_isotig02842 PSY00012746 
WD-40 repeat-
containing protein 

MSI1 

unknown [Picea sitchensis] 

ADE76527.1 
0 

WD40 super 

family 
(cl29593) 

CAF1C_H4-bd 

(pfam12265) 

1.35e-37                                                             

1.65e-31 

regulation of gene 

expression by genetic 

imprinting 

(GO:0006349); pollen 

development 

(GO:0009555); embryo 

development ending in 

seed dormancy 

(GO:0009793); regulation 

of flower development 

(GO:0009909); trichome 

differentiation 

(GO:0010026); seed coat 

development 

(GO:0010214); 

heterochromatin assembly 

(GO:0031507); positive 

regulation of cell cycle 

(GO:0045787); leaf 

development 

(GO:0048366); regulation 

of genetic imprinting 

(GO:2000653); 

protein binding 

(GO:0005515); 

metal ion binding 
(GO:0046872); iron-

sulfur cluster 

binding 
(GO:0051536); 

chromatin silencing 
complex 

(GO:0005677);  

lw_isotig03088 NP NA - - NA - NA NA NA 

lw_isotig04195 NP NA - - NA - NA NA NA 

lw_isotig04204 PSY00005987 
probable 

endopeptidase p60 

 unknown [Picea sitchensis] 

ABK21059.1 ABR17490.1 
1.84e-68 

LysM 

(pfam01476) 
1.37e-13 NA NA 

integral component of 

membrane 
(GO:0016021); 

lw_isotig04306 PSY00011561 

protein FATTY 

ACID EXPORT 2, 

chloroplastic 

unknown [Picea sitchensis] 
ABR17562.1 

1.83e-80 
Tmemb_14 
(pfam03647) 

1.01e-21 NA NA 

integral component of 

membrane 

(GO:0016021); 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

lw_isotig04600 PSY00011465 

trihelix 

transcription factor 

ASIL2 

hypothetical protein 

AMTR_s00019p00163540 
[Amborella trichopoda] 

ERN07191.1 

5.78e-105 

Myb_DNA-

bind_4 

(pfam13837) 

7.88e-16 NA 

transcription 
regulatory region 

sequence-specific 

DNA binding 
(GO:0000976);  

nucleus 
(GO:0005634); 

lw_isotig04931 PSY00018521 
dihydropyrimidinas

e 

unknown [Picea sitchensis] 

ABK24502.1 
0 

PLN02942 

(PLN02942) 
0,00 

uracil catabolic 

process 

(GO:0006212); 

cellular response to 

nitrogen levels 
(GO:0043562); 

dihydropyrimidinase 

activity 
(GO:0004157); 

endoplasmic 

reticulum 

(GO:0005783); Golgi 
apparatus 

(GO:0005794); 

lw_isotig05123 NP NA - - NA - NA NA NA 

lw_isotig06215 PSY00022080 
Transcription factor 

MYB44 

R2R3-MYB transcription 
factor MYB6 [Picea glauca] 

ABQ51222.1 

0 

PLN03091 
super family 

(cl33633) 

PRK13850 

super family 

(cl29733) 

5.14e-26 

2.15e-03 

regulation of 

transcription, DNA-
templated 

(GO:0006355); 

regulation of 

transcription by RNA 

polymerase II 

(GO:0006357) 

RNA polymerase II 

cis-regulatory region 
sequence-specific 

DNA binding 

(GO:0000978); 
DNA-binding 

transcription factor 

activity, RNA 
polymerase II-

specific 

(GO:0000981); 

nucleus 

(GO:0005634); 

lw_isotig06440 PSY00018317 
zinc finger protein 

GIS3-like 

hypothetical protein 

PHAVU_007G029500g 

[Phaseolus vulgaris] 
XP_007142933.1ESW14927.

1 

1.35e-10 NA - 

cytokinin-activated 
signaling pathway 

(GO:0009736); 

gibberellic acid 
mediated signaling 

pathway 

(GO:0009740); 

trichome 

differentiation 

(GO:0010026); 

transcription 

regulatory region 
sequence-specific 

DNA binding 

(GO:0000976); 
DNA-binding 

transcription factor 

activity 
(GO:0003700); 

nucleus 

(GO:0005634); 

lw_isotig07383 PSY00006544 NA - - NA - NA NA NA 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

lw_isotig10603 PSY00011044 

proline-rich 

receptor-like 
protein kinase 

PERK1 

unknown [Picea sitchensis] 
ACN40429.1 

0 
STKc_IRAK 
(cd14066) 

2.09e-105 

protein 

phosphorylation 

(GO:0006468);  

ATP binding 
(GO:0005524); 

protein serine kinase 

activity 
(GO:0106310); 

protein threonine 

kinase activity 
(GO:0106311); 

integral component of 

membrane 

(GO:0016021); 

lw_isotig11166 PSY00030466 
basic blue protein-
like 

APRN [Pinus tabuliformis] 
AJP06237.1 

4.99e-72 
Plantacyanin 
(cd11013) 

4.37e-46 
electron transport 
chain (GO:0022900);  

electron transfer 

activity 

(GO:0009055); 

anchored component 

of plasma membrane 

(GO:0046658); 

lw_isotig12667 PSY00012407 
adenylyl-sulfate 
kinase 3 isoform 

X1 

unknown [Picea sitchensis] 

ABR16196.1 
0 

CysC 

(COG0529) 
1.17e-104 

sulfate assimilation 

(GO:0000103); 

phosphorylation 
(GO:0016310); 

hydrogen sulfide 

biosynthetic process 
(GO:0070814); 

adenylylsulfate 

kinase activity 
(GO:0004020); ATP 

binding 

(GO:0005524); 

cytosol 

(GO:0005829); 

chloroplast 
(GO:0009507); 

lw_isotig17679 NP NA - - NA - NA NA NA 

lw_isotig20215 PSY00031065 

indole-3-

acetaldehyde 

oxidase 

unnamed protein product 

[Triticum turgidum subsp. 

durum]VAH30502.1 

1.98e-79 

PLN00192 

super family 

(cl33422) 

1.56e-106 
electron transport 
chain (GO:0022900); 

iron ion binding 

(GO:0005506); 
electron transfer 

activity 

(GO:0009055); 2 
iron, 2 sulfur cluster 

binding 

(GO:0051537); 
FAD binding 

(GO:0071949); 

NA 

lw_isotig21953 PSY00005415 
protein trichome 

birefringence-like 6 

unknown [Picea sitchensis] 

ADE76095.1 
8.96e-87 

GNH_hydrolase 
super family 

(cl01053) 

2.10e-70 NA NA 
cellular anatomical 

entity (GO:0110165); 

lw_isotig26230 PSY00034638 protein RSI-1 
gasa5 like protein [Pinus 
pinaster] CBL95259.1 

2.33e-73 
GASA 
(pfam02704) 

9.46e-35 NA NA 
cellular anatomical 
entity (GO:0110165); 
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Locus  
Pinus sylvestris 

gene ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits  

(CDD NCBI) 

E-value 

(CDD NCB) 
Biological Process 

Molecular 

Function 
Cellular Component 

lw_isotig27940 PSY00003211 

auxin-responsive 

protein IAA9 

isoform X3 

 auxin-induced protein 2 

[Pinus massoniana] 

ALI16894.1 

0 
AUX_IAA 
(pfam02309) 

3.35e-101 

regulation of 

transcription, DNA-
templated 

(GO:0006355); auxin-

activated signaling 
pathway 

(GO:0009734); 

protein binding 
(GO:0005515); 

nucleus 
(GO:0005634); 

 

Table S5.Results of Blast2GO analysis and analysis of conserved domains performed for the Pinus taeda genes associated with EST-SSRs 

NA - not available, NP - not predicted 

Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

PtTX2146 PITA_000026471 
aspartyl protease 

APCB1 

aspartyl protease APCB1 

[Nymphaea colorata], 
XP_031492729.1 

0 
Pepsin_retropepsin_like 

Superfamily (cl11403) 
2.31e-141 

proteolysis 

(GO:0006508); 

hydrolase activity 
(GO:0016787); aspartic-

type endopeptidase 

activity (GO:0004190); 

NA 

SsPp_cn524 PITA_000001867 

probable 

galacturonosyltransf

erase 13 isoform X1 

probable 

galacturonosyltransferase 14 
isoform X1 [Durio 

zibethinus], XP_022774546.1 

0 
PLN02870 
Superfamily  (cl30824) 

0 

pectin 

biosynthetic 
process 

(GO:0045489); 

cell wall 
organization 

(GO:0071555); 

polygalacturonate 4-
alpha-

galacturonosyltransferas

e activity 
(GO:0047262); 

Golgi membrane 

(GO:0000139); 

integral 
component of 

membrane 

(GO:0016021); 

SsrPt_AW010960 NP NA - - NA - NA NA NA 

SsrPt_AW225917 NP NA - - NA - NA NA NA 

SsrPt_AW981772 PITA_000031044 NA - - 
PRK12678 Superfamily 

(cl36163) 
4.41e-05 NA NA NA 

SsrPt_BF049767 NP NA - - NA - NA NA NA 

SsrPt_ctg1376 PITA_000000887 

3-isopropylmalate 
dehydratase large 

subunit, 

chloroplastic 

unknown [Picea sitchensis], 

ACN40409.1 
4.04e-129 

Aconitase super family 

(cl00285) 
1.07e-76 

leucine 
biosynthetic 

process 

(GO:0009098); 

3-isopropylmalate 
dehydratase activity 

(GO:0003861); metal 

ion binding 
(GO:0046872); 4 iron, 4 

sulfur cluster binding 

(GO:0051539); 

NA 

SsrPt_ctg1525 NP NA - - NA - NA NA NA 
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Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

SsrPt_ctg17601 PITA_000037826 
uncharacterized 
protein 

LOC109718409 

uncharacterized protein 
LOC109718409 [Ananas 

comosus], XP_020100234.1 

4.01e-29 
CBM20 Superfamily 

(cl15347) 

3.83e-23 NA 
carbohydrate binding 
(GO:0030246); starch 

binding (GO:2001070); 

NA 

SsrPt_ctg18103 

PITA_000025493 olee1-like protein 

extensin-like protein [Pinus 
taeda], QDZ06028.1 

1.87e-114 
Pollen_Ole_e_I 

Superfamily (cl03128) 
3.30e-14 NA NA 

extracellular 

space 
(GO:0005615); 

PITA_000086735 olee1-like protein 5.96e-72 
Pollen_Ole_e_I 

Superfamily (cl03128) 
5.33e-09 NA NA 

extracellular 

space 

(GO:0005615); 

PITA_000047867 olee1-like protein 3.77e-106 
Pollen_Ole_e_I 
Superfamily (cl03128) 

7.39e-15 NA NA 

extracellular 

space 

(GO:0005615); 

PITA_000047868 olee1-like protein 2.28e-106 
Pollen_Ole_e_I 
Superfamily (cl03128) 

1.66e-14 NA NA 
extracellular 
space 

(GO:0005615); 

PITA_000051460 olee1-like protein 5.51e-101 
Pollen_Ole_e_I 

Superfamily (cl03128) 
2.08e-12 NA NA 

extracellular 
space 

(GO:0005615); 

PITA_000072543 olee1-like protein 8.44e-108 
Pollen_Ole_e_I 

Superfamily (cl03128) 
1.18e-14 NA NA 

extracellular 
space 

(GO:0005615); 

PITA_000030491 olee1-like protein 7.52e-107 
Pollen_Ole_e_I 

Superfamily (cl03128) 
3.96e-14 NA NA 

extracellular 

space 
(GO:0005615); 

SsrPt_ctg2300 PTA00008090 
glycine-rich protein 
2 

unknown [Picea sitchensis], 

ABK22299.1, ABR17619.1, 

ACN40273.1 

8.19e-63 CSD (pfam00313) 1.33e-25 NA 

nucleic acid binding 

(GO:0003676); zinc ion 

binding (GO:0008270); 

NA 

SsrPt_ctg275 NP NA - - NA - NA NA NA 

SsrPt_ctg3021 PITA_000031795 
GRF1-interacting 

factor 1 

unknown [Picea sitchensis], 

ABK22130.1 
3.68e-110 SSXT (pfam05030) 5.13e-19 

cell population 

proliferation 
(GO:0008283); 

positive 

regulation of 
transcription by 

RNA polymerase 

II 
(GO:0045944); 

leaf development 

(GO:0048366); 

transcription coactivator 

activity (GO:0003713); 

nucleus 

(GO:0005634); 

SstPt_ctg3089 NP NA - - NA - NA NA NA 

https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=cl15347
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=cl15347
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Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

SsrPt_ctg3754 PITA_000016257 
DELLA protein 

GAI-like 

DPL [Pinus tabuliformis], 

AHW42471.1 
0 

GRAS (pfam03514), 

DELLA (pfam12041) 

1.09e-169, 

8.20e-29 

regulation of 

transcription, 
DNA-templated 

(GO:0006355); 

response to 
ethylene 

(GO:0009723); 

response to 
abscisic acid 

(GO:0009737); 

salicylic acid 
mediated 

signaling 

pathway 
(GO:0009863); 

jasmonic acid 

mediated 
signaling 

pathway 

(GO:0009867); 
negative 

regulation of 

gibberellic acid 
mediated 

signaling 

pathway 
(GO:0009938); 

negative 

regulation of 
seed germination 

(GO:0010187); 

hyperosmotic 
salinity response 

(GO:0042538); 

regulation of 

seed dormancy 

process 

(GO:2000033); 
regulation of 

reactive oxygen 

species metabolic 
process 

(GO:2000377); 

DNA-binding 

transcription factor 
activity (GO:0003700); 

transcription coregulator 

activity (GO:0003712); 
sequence-specific DNA 

binding (GO:0043565); 

nucleus 

(GO:0005634); 
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Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

SsrPt_ctg4363 PITA_000068716 Protein FAM70A 
uncharacterized protein 
LOC109944079 [Zea mays], 

XP_020404174.1 

1.88e-14 NA - NA NA NA 

SsrPt_ctg4487a PITA_000029961 

putative 2,3-

bisphosphoglycerate
-dependent 

phosphoglycerate 

mutase-like isoform 
1 

unknown [Picea sitchensis], 

ADE77804.1 
4.95e-48 zf-FLZ (pfam04570) 2.71e-20 NA NA NA 

SsrPt_ctg4487b PITA_000029961 

putative 2,3-

bisphosphoglycerate

-dependent 
phosphoglycerate 

mutase-like isoform 
1 

unknown [Picea sitchensis], 
ADE77804.1 

4.95e-48 zf-FLZ (pfam04570) 2.71e-20 NA NA NA 

SsrPt_ctg4698 PITA_000017622 
protein 
RCC2homolog 

isoform X1 

hypothetical protein 
ZOSMA_1G02490 [Zostera 

marina], KMZ70272.1 

3.65e-10 NA - NA 
DNA binding 

(GO:0003677); 
NA 

SstPt_ctg5167 NP NA - - NA - NA NA NA 

SsrPt_ctg5333 PTA00009525 

probable 

transcription factor 
PosF21 

unknown [Picea sitchensis], 

ABR17748.1 
0 

bZIP_plant_RF2 

(cd14703) 
2.24e-24 

regulation of 
transcription, 

DNA-templated 

(GO:0006355); 

DNA-binding 

transcription factor 
activity (GO:0003700); 

NA 

SsrPt_ctg64 PTA00008090 
glycine-rich protein 

2 

unknown [Picea sitchensis], 

ABK22299.1, ABR17619.1, 
ACN40273.1 

8.19e-63 CSD (pfam00313) 1.33e-25 NA 

nucleic acid binding 

(GO:0003676); zinc ion 
binding (GO:0008270); 

NA 

SsrPt_ctg7024 PITA_000023332 

mitogen-activated 

protein kinase 15 

isoform X1 

unknown [Picea sitchensis], 
ABK24488.1 

9.03e-163 
PKc_like Superfamily 
(cl21453) 

2.04e-98 

regulation of 
gene expression 

(GO:0010468); 

phosphorylation 

(GO:0016310); 

intracellular 
signal 

transduction 

(GO:0035556); 

MAP kinase activity 
(GO:0004707); 

nucleus 

(GO:0005634); 
cytoplasm 

(GO:0005737); 

SsrPt_ctg7081 NP NA - - NA - NA NA NA 
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Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

SsrPt_ctg7141 PITA_000029961 

putative 2,3-

bisphosphoglycerate
-dependent 

phosphoglycerate 

mutase-like isoform 
1 

unknown [Picea sitchensis], 

ADE77804.1 
4.95e-48 zf-FLZ (pfam04570) 2.71e-20 NA NA NA 

SsrPt_ctg7170 PITA_000027567 

polyadenylate-

binding protein 

RBP47-like 

Lipase 1 [Pinus 

tabuliformis], AJP06316.1 
0 

RRM2_SECp43_like 

(cd12345), 

RRM1_SECp43_like 
(cd12344) 

3.48e-44, 

3.57e-41 

lipid metabolic 

process 

(GO:0006629); 

mRNA binding 

(GO:0003729); 

nucleus 

(GO:0005634); 

cytosol 
(GO:0005829); 

SsrPt_ctg7425 PITA_000004120 
UBP1-associated 

protein 2C 

unknown [Picea sitchensis], 

ABR18205.1 
2.30e-130 

RRM2_NsCP33_like 

(cd21608) 

4.43e-23 NA 
RNA binding 

(GO:0003723); 

nucleus 
(GO:0005634); 

membrane 

(GO:0016020); 

SsrPt_ctg7444 PITA_000012096 Unknown 
unknown [Picea sitchensis], 

ABK21134.1, ABR16779.1 
1.74e-51 NA - NA NA NA 

SsrPt_ctg7731 PITA_000091704 
glucan endo-1,3-
beta-glucosidase 

Glucan endo-1,3-beta-

glucosidase 7 [Pinus taeda], 

AZA14776.1 

3.39e-65 
Glyco_hydroSuperfamil
y (cl23725) 

1.07e-18 

carbohydrate 

metabolic 
process 

(GO:0005975); 

glucan endo-1,3-beta-D-

glucosidase activity 

(GO:0042973); 

anchored 
component of 

plasma 

membrane 
(GO:0046658); 

SsrPt_ctg7824 PITA_000076250 Fiber protein fb34 

unknown [Picea sitchensis], 

ABK21553.1, ABK22633.1, 

ACN40982.1 

1.81e-91 
DUF1218 Superfamily 
(cl06009) 

2.03e-25 NA NA 

integral 

component of 
membrane 

(GO:0016021); 

SsrPt_ctg7867 PITA_000007834 
glycine-rich protein 
2 

unknown [Picea sitchensis], 

ABK22299.1, ABR17619.1, 

ACN40273.1 

4.37e-73 CSD (pfam00313) 2.62e-25 NA 

nucleic acid binding 

(GO:0003676); zinc ion 

binding (GO:0008270); 

mitochondrion 
(GO:0005739); 

SsrPt_ctg8064 PITA_000008378 
RNA-binding 
protein 

glycine-rich RNA-binding 

protein [Picea glauca], 

AAD28176.1 

5.59e-55 
RRM2_NsCP33_like 
(cd21608) 

1.14e-36 NA 
mRNA binding 
(GO:0003729); 

nucleus 
(GO:0005634); 

SsrPt_ctg865 NP NA - - NA - NA NA NA 

https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd21608
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?ascbin=8&maxaln=10&seltype=2&uid=cd21608
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SsrPt_ctg9249 PITA_000010076 
class III HD-Zip 

protein 

Homeobox-leucine zipper 

proteinATHB-15 isoform D 
[Glycine soja], RZC00893.1 

0 

START_ArGLABRA2_l

ike (cd08875), 
MEKHLA (pfam08670), 

Homeobox 

(pfam00046), bZIP 
(cd14686) 

4.12e-79, 
1.06e-64, 

2.35e-16, 

4.46e-06 

NA 

DNA binding 

(GO:0003677); lipid 
binding (GO:0008289); 

nucleus 

(GO:0005634); 

RPtest1 

PITA_000070971 
hypothetical protein 

F0562_000559 

hypothetical protein 
F0562_000559 [Nyssa 

sinensis], KAA8548875.1 

5.91e-40 
DUF3527 

Superfamily  (cl13476) 
4.04e-72 NA NA NA 

PITA_000006918 

PREDICTED: 

uncharacterized 

proteinLOC1046009
62 

PREDICTED: 

uncharacterized protein 

LOC104600962 [Nelumbo 
nucifera], XP_010262438.1 

4.37e-36 
DUF3527 

Superfamily  (cl13476) 
1.35e-66 

translation 

(GO:0006412); 

structural constituent of 
ribosome 

(GO:0003735); 

ribosome 

(GO:0005840); 

RPtest5 PITA_000007179 B2 protein 
unknown[Picea sitchensis], 

ABK22365.1 
8.10e-172 DCD (smart00767) 7.72e-76 NA NA NA 

RPtest6 NP NA - - NA - NA NA NA 

RPtest9 PITA_000026471 
aspartyl protease 

APCB1 

aspartyl protease APCB1 

[Nymphaea colorata], 
XP_031492729.1 

0 
Pepsin_retropepsin_like 

Superfamily (cl11403) 
2.31e-141 

proteolysis 

(GO:0006508); 

hydrolase activity 

(GO:0016787); aspartic-

type endopeptidase 

activity (GO:0004190); 

NA 

RPtest11 PITA_000052634 

N-terminal 

acetyltransferase A 

complex catalytic 

subunit NAA10-like 

unknown [Picea sitchensis], 

ABK23715.1 
1.21e-58 RimI (COG0456) 6.09e-16 

response to water 
deprivation 

(GO:0009414); 

embryo 
development 

ending in seed 

dormancy 
(GO:0009793); 

N-terminal 

peptidyl-serine 
acetylation 

(GO:0017198); 

N-terminal 
peptidyl-

glutamic acid 

acetylation 
(GO:0018002); 

mRNA binding 
(GO:0003729); peptide-

serine-N-

acetyltransferase 

activity (GO:1990189); 

peptide-glutamate-N-

acetyltransferase 
activity (GO:1990190); 

cytosol 

(GO:0005829); 

NatA complex 

(GO:0031415); 
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PITA_000085253 

N-terminal 

acetyltransferase A 

complex catalytic 
subunit NAA10 

unknown [Picea sitchensis], 

ABK23715.1 
4.56e-51 RimI (COG0456) 2.19e-19 

response to water 

deprivation 
(GO:0009414); 

embryo 

development 
ending in seed 

dormancy 

(GO:0009793); 

N-terminal 

peptidyl-serine 

acetylation 
(GO:0017198); 

N-terminal 

peptidyl-
glutamic acid 

acetylation 

(GO:0018002); 

mRNA binding 

(GO:0003729); peptide-
serine-N-

acetyltransferase 

activity (GO:1990189); 
peptide-glutamate-N-

acetyltransferase 

activity (GO:1990190); 

cytosol 

(GO:0005829); 

NatA complex 
(GO:0031415); 

PITA_000013530 

N-terminal 

acetyltransferase A 
complex catalytic 

subunit NAA10 

unknown [Picea sitchensis], 
ABK23715.1 

1.97e-49 RimI (COG0456) 1.52e-17 

response to water 
deprivation 

(GO:0009414); 

embryo 
development 

ending in seed 

dormancy 
(GO:0009793); 

N-terminal 

peptidyl-serine 
acetylation 

(GO:0017198); 
N-terminal 

peptidyl-

glutamic acid 
acetylation 

(GO:0018002); 

mRNA binding 
(GO:0003729); peptide-

serine-N-

acetyltransferase 
activity (GO:1990189); 

peptide-glutamate-N-

acetyltransferase 
activity (GO:1990190); 

cytosol 

(GO:0005829); 
NatA complex 

(GO:0031415); 

RP11est13 PITA_000065673 
E3 ubiquitin-protein 

ligase 

unknown [Picea sitchensis], 

ADE77028.1 
1.10e-126 

RING-H2_PA-TM-

RING (cd16454) 
1.09e-17 

ubiquitin-

dependent 
protein catabolic 

process 

(GO:0006511); 
protein 

ubiquitination 

(GO:0016567); 

ubiquitin protein ligase 

activity (GO:0061630); 
NA 
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RPtest15 PITA_000008378 
RNA-binding 

protein 

glycine-rich RNA-binding 
protein [Picea glauca], 

AAD28176.1 

5.67e-55 
RRM2_NsCP33_like 

(cd21608) 
1.14e-36 NA 

mRNA binding 

(GO:0003729); 

nucleus 

(GO:0005634); 

RPtest16 NP NA - - NA - NA NA NA 

LOP1 

PITA_000008107 
CBL-interacting 
protein kinase 5 

unknown [Picea sitchensis], 
ABK24914.1 

0 

STKc_SnRK3 

(cd14663), CIPK_C 

(cd12195) 

1.06e-177, 
2.23e-52 

protein 

phosphorylation 

(GO:0006468); 

signal 

transduction 

(GO:0007165); 
response to 

abscisic acid 

(GO:0009737); 

ATP binding 

(GO:0005524); protein 

serine kinase activity 
(GO:0106310); protein 

threonine kinase activity 

(GO:0106311); 

integral 

component of 
membrane 

(GO:0016021); 

PITA_000008108 protein kinase C 
unknown [Picea sitchensis], 

ABK24914.1 
0 

STKc_SnRK3 
(cd14663), NAF 

(pfam03822), CIPK_C 

(cd12195); 

1.32e-176, 

1.30e-14, 
2.39e-17 

protein 

phosphorylation 
(GO:0006468); 

signal 

transduction 
(GO:0007165); 

ATP binding 

(GO:0005524); protein 
serine kinase activity 

(GO:0106310); protein 

threonine kinase activity 
(GO:0106311); 

integral 
component of 

membrane 

(GO:0016021); 

LOP3 PITA_000012096 unknown 
unknown [Picea sitchensis], 
ABK21134.1, ABR16779.1 

1.71e-51 NA - NA NA NA 

LOP5 NP NA - - NA - NA NA NA 

LOP6 PITA_000070971 
hypothetical protein 

F0562_000559 

hypothetical protein 
F0562_000559 [Nyssa 

sinensis], KAA8548875.1 

5.88e-40 
DUF3527 Superfamily 

(cl13476) 
4.04e-72 NA NA NA 

LOP8 PITA_000044661 unknown 
unknown [Picea sitchensis], 

ABR17498.1 
8.45e-5 NA - NA NA 

membrane 
(GO:0016020); 

integral 

component of 
membrane 

(GO:0016021); 
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LOP9 PTA00066643 
Chitinase-like 

protein 1 

class II chitinase [Pinus 

banksiana], QEL09515.1 
0 

chitinase_GH19 

(cd00325) 
9.85e-80 

carbohydrate 

metabolic 
process 

(GO:0005975); 

chitin catabolic 
process 

(GO:0006032); 

cell wall 
macromolecule 

catabolicprocess 

(GO:0016998); 

chitinase activity 

(GO:0004568); 
NA 

LOP11 PITA000023770 
lactoylglutathione 

lyase-like 

unknown [Picea sitchensis], 

ABK22263.1 
0 PLN02300 (PLN02300) 0 

methylglyoxal 

catabolic process 
to D-lactate via 

S-lactoyl-

glutathione 
(GO:0019243); 

lactoylglutathione 
lyaseactivity 

(GO:0004462); metal 

ion binding 
(GO:0046872); 

dioxygenase activity 

(GO:0051213); 

cytoplasm 

(GO:0005737); 

LOP12 PITA_000035518 
putative TIR-NBS-

LRR protein 

putative TIR-NBS-LRR 

protein [Pinus monticola], 
ADW94527.1 

0 
PLN03210 super family 

(cl33662) 
7.74e-62 

signal 

transduction 
(GO:0007165); 

ADP binding 

(GO:0043531); 

NAD(P)+ nucleosidase 

activity (GO:0050135); 

NAD+ nucleotidase, 

cyclic ADP-ribose 
generating 

(GO:0061809); 

NA 

PtSIFG_1102 PTA00050445 unknown 
unknown [Picea sitchensis], 
ABK24072.1, ABK26657.1 

9.42e-8 NA - NA NA 

integral 

component of 
membrane 

(GO:0016021); 

PtSIFG_0737 PITA_000017323 protein G1-like4 
unknown [Picea sitchensis], 

ABR18275.1 
6.18e-110 

DUF640 Superfamily 

(cl04800) 
2.30e-86 

mRNA 

transcription 
(GO:0009299); 

response to light 

stimulus 
(GO:0009416); 

NA 
nucleus 

(GO:0005634); 

PpSIFG_3145 PITA_000026471 
aspartyl protease 

APCB1 

aspartyl protease APCB1 
[Nymphaea colorata], 

XP_031492729.1 

0 
Pepsin_retropepsin_like

Superfamily (cl11403) 
2.31e-141 

proteolysis 

(GO:0006508); 

hydrolase activity 

(GO:0016787); aspartic-

type endopeptidase 
activity (GO:0004190); 

NA 

PtSIFG_5015 NP NA - - NA - NA NA NA 
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PtSIFG_6044 PITA_000008712 
pleiotropic drug 
resistance protein 1-

like 

PREDICTED: pleiotropic 

drug resistance protein 1-like 

[Nelumbo nucifera], 
XP_010273226.1 

0 
PLN03140 Superfamily 

(cl33646) 
0 

transmembrane 
transport 

(GO:0055085); 

ATP binding 

(GO:0005524); ATPase-
coupled transmembrane 

transporter activity 

(GO:0042626); 

chloroplast 
(GO:0009507); 

integral 

component of 
membrane 

(GO:0016021); 

PtSIFG_6065 NP NA - - NA - NA NA NA 

psyl2 PITA_000017503 

oligouridylate-

binding protein 1-

like 

unknown [Picea sitchensis], 
ABR17996.1 

0 

RRM2_PUB1 

(cd12619), 
RRM3_TIA1_like 

(cd12354) 

8.42e-53,  
6.72e-41 

NA 
mRNA binding 
(GO:0003729); 

NA 

psyl16 PITA_000010550 
patellin-3-like 
protein 

unknown [Picea sitchensis], 
ABR18053.1, ABR18173.1 

0 

SEC14 (cd00170), 

CRAL_TRIO_N 
(smart01100) 

1.87e-34,  
1.23e-07 

NA 
lipid binding 
(GO:0008289); 

NA 

psyl17 PITA_000010550 
patellin-3-like 

protein 

unknown [Picea sitchensis], 

ABR18053.1, ABR18173.1 
0 

SEC14 (cd00170), 

CRAL_TRIO_N 
(smart01100) 

1.87e-34,  

1.23e-07 
NA 

lipid binding 

(GO:0008289); 
NA 

psyl18 PITA_000064129 
polyadenylate-
binding protein 3 

hypothetical protein 

RHSIM_Rhsim06G0093100 
[Rhododendron simsii], 

KAF7140837 

3.62e-61 
PABP-1234 Superfamily 
(cl31127) 

4.56e-49 

nuclear-

transcribed 

mRNA poly(A) 

tail shortening 
(GO:0000289); 

translational 

initiation 
(GO:0006413); 

mRNA 3'-UTR binding 
(GO:0003730); poly(A) 

binding (GO:0008143); 

poly(U) RNA binding 
(GO:0008266); 

nucleus 

(GO:0005634); 
cytosol 

(GO:0005829); 

ribonucleoprotei
n complex 

(GO:1990904); 

psyl19 

PITA_000086838 

polyadenylate-

binding protein 2-
like 

hypothetical protein 

CISIN_1g006282mg [Citrus 
sinensis], KDO84108.1 

5.81e-52 
PABP-1234 super family 

(cl31127) 
1.35e-41 

nuclear-

transcribed 

mRNA poly(A) 
tail shortening 

(GO:0000289); 

translational 
initiation 

(GO:0006413); 

mRNA 3'-UTR binding 

(GO:0003730); poly(A) 

binding (GO:0008143); 
poly(U) RNA binding 

(GO:0008266); 

nucleus 
(GO:0005634); 

cytosol 

(GO:0005829); 
ribonucleoprotei

n complex 

(GO:1990904); 

PITA_000041571 
polyadenylate-
binding protein 3-

like 

hypothetical protein 

AMTR_s00078p00149860 

[Amborella trichopoda], 
ERN03845.1 

9.54e-136 
PABP-1234 super family 

(cl31127) 
1.71e-73 

nuclear-

transcribed 
mRNA poly(A) 

tail shortening 

(GO:0000289); 
translational 

initiation 

(GO:0006413); 

mRNA 3'-UTR binding 

(GO:0003730); poly(A) 
binding (GO:0008143); 

poly(U) RNA binding 

(GO:0008266); 

nucleus 

(GO:0005634); 

cytosol 
(GO:0005829); 

ribonucleoprotei

n complex 
(GO:1990904); 
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psyl25 PITA_000008677 

ribulose 
bisphosphate 

carboxylase small 

subunit 

RecName: Full=Ribulose 

bisphosphate carboxylase 
small chain, chloroplastic; 

Short=RuBisCO small 

subunit; Flags: Precursor 
[Pinus thunbergii], P10053.1 

1.85e-107 
RbcS Superfamily 

(cl29940) 
3.81e-92 

photorespiration 

(GO:0009853); 
reductive 

pentose-

phosphate cycle 
(GO:0019253); 

monooxygenase activity 

(GO:0004497); 

ribulose-bisphosphate 
carboxylase activity 

(GO:0016984); 

chloroplast 

(GO:0009507); 

psyl36 PITA_000023332 
mitogen-activated 
protein kinase 15 

isoform X1 

unknown [Picea sitchensis], 

ABK24488.1 
9.03e-163 

PKc_like super family 

(cl21453) 
2.04e-98 

regulation of 

gene expression 
(GO:0010468); 

phosphorylation 
(GO:0016310); 

intracellular 

signal 
transduction 

(GO:0035556); 

MAP kinase activity 

(GO:0004707); 

nucleus 

(GO:0005634); 

cytoplasm 
(GO:0005737); 

psyl42 PITA_000007965 

WD repeat-

containing protein 
48 

WD repeat-containing 
protein 48 [Amborella 

trichopoda], 

XP_006854552.1, 
XP_011627121.1, 

XP_020529314.1, 

XP_020529315.1 

1.68e-145 
WD40 super family 

(cl29593) 
1.08e-27 

protein 

phosphorylation 

(GO:0006468); 
lateral root 

formation 

(GO:0010311);  
positive 

regulation of 

protein 
deubiquitination 

(GO:1903003); 

myosin heavy chain 

kinase activity 

(GO:0016905); 
ubiquitin binding 

(GO:0043130); 

NA 

psyl44 PITA_000017051 
thiazole biosynthetic 

enzyme 

unknown [Picea sitchensis], 

ABK23376.1 
0 

PLN02661 Superfamily 

(cl30472) 
0 

thiamine 

biosynthetic 
process 

(GO:0009228); 

thiazole 
biosynthetic 

process 

(GO:0052837); 

iron ion binding 

(GO:0005506); 
transferase activity, 

transferring pentosyl 

groups (GO:0016763); 

cytosol 

(GO:0005829); 
chloroplast 

stroma 

(GO:0009570); 
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psyl57 PITA_000010946 

dicarboxylate 

transporter 1, 
chloroplastic 

unknown [Picea sitchensis], 

ABK24751.1 
0 Dass (TIGR00785) 2.90e-151 

transmembrane 

transport 
(GO:0055085); 

transmembrane 

transporter activity 
(GO:0022857); 

chloroplast inner 
membrane 

(GO:0009706); 

integral 
component of 

membrane 

(GO:0016021); 

lw_isotig00080 

PITA_000007834 
glycine-rich protein 
2 

unknown [Picea sitchensis], 

ABK22299.1, ABR17619.1, 

ACN40273.1 

4.37e-73 CSD (pfam00313) 2.62e-25 NA 

nucleic acid binding 

(GO:0003676); zinc ion 

binding (GO:0008270); 

mitochondrion 
(GO:0005739); 

PITA_000009956 
glycine-rich protein 

2 

unknown [Picea sitchensis], 

ABK22299.1, ABR17619.1, 
ACN40273.1 

8.31e-63 CSD (pfam00313) 1.33e-25 NA 

nucleic acid binding 

(GO:0003676); zinc ion 
binding (GO:0008270); 

NA 

lw_isotig00081 PITA_000009956 
glycine-rich protein 

2 

unknown [Picea sitchensis], 

ABK22299.1, ABR17619.1, 
ACN40273.1 

8.31e-63 CSD (pfam00313) 1.33e-25 NA 

nucleic acid binding 

(GO:0003676); zinc ion 
binding (GO:0008270); 

NA 

lw_isotig00542 PTA00082932 

glycine 

dehydrogenase 

(decarboxylating), 
mitochondrial 

PREDICTED: glycine 

dehydrogenase 

(decarboxylating), 
mitochondrial-like [Musa 

acuminata subsp. 

malaccensis], 
XP_009401914.1 

0 PLN02414 (cl31876) 0 

glycine 

decarboxylation 
via glycine 

cleavage system 

(GO:0019464); 

glycine dehydrogenase 

(decarboxylating) 

activity (GO:0004375); 
glycine binding 

(GO:0016594); 

pyridoxal phosphate 
binding (GO:0030170); 

mitochondrion 

(GO:0005739); 

glycine cleavage 
complex 

(GO:0005960); 

chloroplast 
envelope 

(GO:0009941); 

apoplast 
(GO:0048046); 

lw_isotig01420 PITA_000023899 
flavonoid 3'-

monooxygenase 

CYP782B7 [Taxus 

chinensis], ATG29936.1 
9.14e-136 

cytochrome_P450 super 

family (cl41757) 
5.06e-94 

paclitaxel 
biosynthetic 

process 

(GO:0042617); 

monooxygenase 

activity(GO:0004497); 

iron ion binding 
(GO:0005506); 

oxidoreductase activity, 

acting on paired donors, 
with incorporation or 

reduction of molecular 

oxygen (GO:0016705); 
heme binding 

(GO:0020037); 

integral 
component of 

membrane 

(GO:0016021); 
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Biological 

Process 
Molecular Function 

Cellular 

Component 

lw_isotig02138 PITA_000020633 
E3 ubiquitin-protein 
ligase At1g12760-

like 

E3 ubiquitin-protein ligase 

At1g63170 isoformX1 

[Selaginella moellendorffii], 
XP_024531855.1 

2.37e-144 
RING_Ubox 

Superfamily (cl17238) 
1.24e-16 NA NA 

integral 

component of 

membrane 
(GO:0016021); 

lw_isotig02347 NP NA - - NA - NA NA NA 

lw_isotig02842 PITA_000016857 
WD-40 repeat-
containing protein 

MSI1 

unknown [Picea sitchensis], 

ADE76527.1 
6.82e-49 

CAF1C_H4-bd 

(pfam12265) 
1.18e-31 NA 

protein binding 

(GO:0005515); 

nucleus 

(GO:0005634); 

lw_isotig03088 PTA00015290 Poly A polymerase 

uncharacterized protein 

LOC18434369 [Amborella 
trichopoda], 

XP_006844503.1 

1.62e-104 PcnB (COG0617) 1.19e-60 
RNA processing 
(GO:0006396); 

RNA binding 

(GO:0003723); 
nucleotidyltransferase 

activity (GO:0016779); 

NA 

lw_isotig04195 

PITA_000001889 
Late embryogenesis 
abundant protein 

unknown [Picea sitchensis], 
ABK21301.1 

1.06e-78 LEA_2 (pfam03168) 3.39e-08 NA NA 

intrinsic 

component of 
membrane 

(GO:0031224) 

PITA_000034486 
Late embryogenesis 

abundant protein 

unknown [Picea sitchensis], 

ABK21301.1 
4.15e-84 LEA_2 (pfam03168) 3.00e-07 NA NA 

integral 

component of 

membrane 

(GO:0016021); 

lw_isotig04204 PITA_000008362 

Peptidoglycan-

binding lysin 

domain 

unknown [Picea sitchensis], 
ABK21059.1, ABR17490.1 

6.28e-68 LysM (pfam01476) 1.53e-13 NA NA 

integral 

component 
ofmembrane 

(GO:0016021); 

lw_isotig04306 PTA00014456 

protein FATTY 

ACID EXPORT 2, 
chloroplastic 

unknown [Picea sitchensis], 
ABR17562.1 

1.97e-61 Tmemb_14 (pfam03647) 1.34e-20 NA NA 

integral 

component of 
membrane 

(GO:0016021); 

lw_isotig04600 PTA00083895 
trihelix transcription 
factor ASIL2 

hypothetical protein 

AMTR_s00019p00163540 
[Amborella trichopoda], 

ERN07191.1 

1.32e-101 
Myb_DNA-bind_4 
(pfam13837) 

1.08e-15 NA 

transcription regulatory 

region sequence-specific 
DNA binding 

(GO:0000976); 

nucleus 
(GO:0005634); 

lw_isotig04931 PITA_000025726 dihydropyrimidinase 
unknown [Picea sitchensis], 

ABR16534.1 
0 

metallo-
dependent_hydrolases 

super family (cl00281) 

0 

uracil catabolic 
process 

(GO:0006212); 

cellular response 
to nitrogen levels 

(GO:0043562); 

dihydropyrimidinase 

activity (GO:0004157); 

endoplasmic 

reticulum 
(GO:0005783); 

Golgi apparatus 
(GO:0005794); 
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Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

lw_isotig05123 PTA00083918 
DUF674 domain-
containing protein 

unknown [Picea sitchensis], 
ABK24184.1 

5.32e-133 
DUF674 super family 
(cl04913) 

1.83e-40 NA NA NA 

lw_isotig06215 PTA00008461 
Transcription factor 

MYB44 

R2R3-MYB transcription 
factor MYB6 [Picea glauca], 

ABQ51222.1 

0 
PLN03091 super family 

(cl33633) 
2.66e-26 

regulation of 
transcription, 

DNA-templated 

(GO:0006355); 
regulation of 

transcription by 

RNA polymerase 
II 

(GO:0006357); 

RNA polymerase II cis-
regulatory region 

sequence-specific DNA 

binding (GO:0000978); 
DNA-binding 

transcription factor 

activity, RNA 
polymerase II-specific 

(GO:0000981); 

nucleus 

(GO:0005634); 

lw_isotig06440 PITA_000080433 zinc finger protein 6 

zinc finger protein 6 

[Amborella trichopoda], 

XP_020521633.1 

2.31e-11 NA - 

regulation of 

cellular process 

(GO:0050794); 
trichome 

morphogenesis 

(GO:0010090); 

NA NA 

lw_isotig07383 PITA_000017622 
protein RCC2 

homolog isoform X1 

hypothetical protein 
ZOSMA_1G02490 [Zostera 

marina], KMZ70272.1 

3.69e-10 NA - NA 
DNA binding 

(GO:0003677); 
NA 

lw_isotig10603 PITA_000023436 

proline-rich 

receptor-like protein 

kinase PERK1 

unknown [Picea sitchensis], 
ACN40429.1 

0 
PKc_like Superfamily 
(cl21453) 

2.29e-106 

protein 

phosphorylation 

(GO:0006468); 

protein serine/threonine 

kinase activity 
(GO:0004674); ATP 

binding (GO:0005524); 

integral 

component 
ofmembrane 

(GO:0016021); 

lw_isotig11166 PITA_000059576 
basic blue protein-
like 

APRN [Pinus tabuliformis], 
AJP06237.1 

5.16e-39 Plantacyanin (cd11013) 2.62e-40 

reproductive 

process 
(GO:0022414); 

multicellular 

organismal 
process 

(GO:0032501); 

electron transfer activity 
(GO:0009055); 

cell periphery 
(GO:0071944); 

lw_isotig12667 PTA00083219 
adenylyl-sulfate 

kinase 3 isoform X1 

unknown [Picea sitchensis], 

ABR16196.1 
0 CysC (COG0529) 1.03e-103 

sulfate 
assimilation 

(GO:0000103); 

phosphorylation 
(GO:0016310); 

hydrogen sulfide 

biosynthetic 
process 

(GO:0070814); 

adenylylsulfate 

kinaseactivity 

(GO:0004020); ATP 
binding (GO:0005524); 

cytosol 

(GO:0005829); 

chloroplast 
(GO:0009507); 
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Locus  
Pinus taeda gene 

ID 

Potential function 

(Blast2GO) 

Blast top hit description 

[organism], accession № 

E-value 

(Blast2GO) 

Specific hits (CDD 

NCBI) 

E-value 

(CDD 

NCBI) 

Biological 

Process 
Molecular Function 

Cellular 

Component 

lw_isotig17679 PITA_000014378 
protein 

NETWORKED 1D 

PREDICTED: protein 
NETWORKED 1D-like 

[Nelumbo nucifera], 

XP_010256141.1 

2.33e-120 KIP1 1.64e-39 

endoplasmic 

reticulum 

organization 
(GO:0007029); 

endoplasmic 

reticulum 
membrane fusion 

(GO:0016320); 

actin binding 

(GO:0003779); GTPase 

activity (GO:0003924); 
actin filament binding 

(GO:0051015); 

cytoplasm 

(GO:0005737); 

endoplasmic 
reticulum 

(GO:0005783); 

plasma 
membrane 

(GO:0005886); 

lw_isotig20215 PTA00083968 
indole-3-
acetaldehyde 

oxidase-like 

indole-3-acetaldehyde 

oxidase [Amborella 

trichopoda], 
XP_006841111.1 

0 
PLN00192 super family 

(cl33422) 
0 NA 

oxidoreductase activity 

(GO:0016491); metal 
ion binding 

(GO:0046872); flavin 

adenine dinucleotide 
binding (GO:0050660); 

iron-sulfur cluster 

binding (GO:0051536); 

NA 

lw_isotig21953 PTA00006979 
protein trichome 

birefringence-like 6 

unknown [Picea sitchensis], 

ADE76095.1 
1.79e-152 

PC-Esterase 

(pfam13839)   PMR5N 
(pfam14416) 

5.95e-112  

1.44e-23 
NA NA 

cellular 
anatomical 

entity 

(GO:0110165); 

lw_isotig26230 PITA_000038492 protein RSI-1 
gasa5 like protein [Pinus 

pinaster], CBL95259.1 
5.18e-45 GASA (pfam02704) 3.56e-22 

gibberellic acid 

mediated 

signaling 
pathway 

(GO:0009740); 

NA 

extracellular 
region 

(GO:0005576); 

integral 
component of 

membrane 
(GO:0016021); 

lw_isotig27940 PITA_000016972 

auxin-responsive 

protein IAA9 
isoform X3 

auxin-induced protein 2 

[Pinus taeda], AAP44405.1 
0 AUX_IAA (pfam02309) 5.75e-103 

regulation of 

transcription, 

DNA-templated 
(GO:0006355); 

auxin-activated 

signaling 
pathway 

(GO:0009734); 

protein binding 

(GO:0005515); 

nucleus 

(GO:0005634); 
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Аннотация. Полученные из библиотек EST локусы простых повторяющихся 

последовательностей (EST-SSR) являются важными инструментами для 

изучения генетического разнообразия, филогении, эволюции, сравнительной 

геномики, анализа QTL и ассоциативного картирования. Мы провели поиск в 

литературе известных EST-SSR, используемых для сосны обыкновенной 

(Pinus sylvestris L.) – одной из основных лесных пород в мире. 91 из 102 

известных EST-SSR локусов для сосны обыкновенной, был вручную 

сопоставлен с эталонным геномом Pinus taeda L., а также с доступными 

генами P. sylvestris. Для 83 EST-SSR было определено местоположение в 

геноме и предполагаемая функция связанных с ними генов с помощью 

анализа консервативных доменов (CDD), функционального анализа 

известных гомологов Gene Ontology и анализа пути KEGG. Многие из 

маркеров располагались в нетранслируемых областях (преимущественно в 

3’UTR), а также в кодирующих последовательностях генов сосны 

обыкновенной и сосны ладанной. Для восьми маркеров не удалось 

обнаружить гены ни у одного из видов. Из них семь маркеров были 

локализованы на участках скаффолдов P. taeda, не содержащих гены в 

текущем варианте сборки генома (v.1.0). Полученные результаты могут быть 

использованы в дальнейшем для популяционно-генетических исследований, 

а также изучения адаптивных признаков и картирования QTL P. sylvestris и 

других видов сосны. 
 

Ключевые слова: EST-SSR, сосна обыкновенная, маркер-ген ассоциация, 

локализация маркера в гене, функциональная аннотация. 
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