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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 [3-6].

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
[10-12]. 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 [14-16]. 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 [19-27]. 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 [28-30].

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 [33-35]. 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 [38-40], highlighting evolutionary processes and enlarging the pool of
available markers for the entire genus [41-43].

As of now, several papers have been published describing EST-SSR markers for Scots
pine [41, 44-46], 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 Pinustaeda 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°. 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; 52-54] (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).

Pinus taeda ; |
Pinus tabuliformis T
Pinus koraiensis /1
Pinus sylvestris /X
Pinus pinaster O

0 20 40 60
Number of EST-SSRs

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.

Pinus taeda Pinus sylvestris
CDS, 3UTR 1
cDS CDS, 3UTR |
3UTR CDS = = = |
Inrergenic regions |
5'UTR, CDS 3UTR : )
CDS, Intron .
Various in different genes 5'UTR, CDS
Intron T
SUTR W SUTR [T]
0 5 10 15 20 25 0 5 10 15 20 25
Number of EST-SSRs Number of EST-SSRs

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 Redundant markers with the

same orientation reverse orientation

SsrPt_ctg2300 / SsrPt ctg64 PtTX2146 / RPtest9 /PtSIFG_3145

SsrPt_ctg4487a/SsrPt ctg4487b/ SsrPt ctg7141 SsrPt_ctg8064 / RPtest15

SsrPt_ctg4698 / Iw_isotig07383 SsrPt_ctg7024 / psyl36

SsrPt_ctg7444 / LOP3 SsrPt ctg7867 / Iw_isotig00080

SsrPt_ctg5167 / SsrPt ctg5333 psyl16 / psyl17

RPtestl /LOP6 psyl18 / psyl19

Iw_isotig00080 / Iw_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® 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 (G0:0044237), 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 (G0O:0003824), and Transcription
regulator activity (G0:0140110). At level 3, this category was subdivided into 9
subcategories, among which Heterocyclic compound binding (G0:1901363), Organic cyclic
compound binding (G0:0097159), and lon 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),

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

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

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

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

e 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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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 ctgl7601, 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

P Pinus taeda gene PG G Funﬁm@éfsgtiﬂagt(ix;nd “
Locus sylvestrisgene g according to Blast2GO L
D ID analysis category according to KEGG
pathway analysis
PtTX2146 NP PITA 000026471 | aspartyl protease APCB1
SsPp_cn524 PSY00010973 | PITA_000001867 gg'a"t“rO”OSV'”""”Sferase K20867, Glycosyltransferases
SsrPt_ AW010960 | NP NP NA
SsrPt_ AW225917 | NP NP NA
SstPt_AW981772 | NP PITA_000031044 ;;a;zf“p“m termination
SsrPt_BF049767 NP NP NA
3-isopropylmalate
SsrPt ctgl376 | NP PITA_000000887 | dehydratase large subunit, | 01703, Carbohydrate
- metabolism
chloroplastic
SsrPt_ctg1525 NP NP NA
SsrPt_ctg17601 PSY00008240 | PITA_000037826 | starch-binding domain
PITA_000025493
PITA_000086735
PITA_000047867
SsrPt_ctg18103 Egzggggiggé PITA_000047868 | oleel-like protein
PITA_000051460
PITA_000072543
PITA_ 000030491
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 GAl-like | K14494, Signaltransduction
SsrPt_ctg4363 NP PITA_ 000068716 | Protein FAM70A
putative 2,3-
bisphosphoglycerate-
SsrPt_ctg4487a PSY00005414 | PITA_000029961 | dependent
phosphoglycerate mutase-
like isoform 1
putative 2,3-
bisphosphoglycerate-
SsrPt_ctg4487b PSY00005414 | PITA_000029961 | dependent
phosphoglycerate mutase-
like isoform 1
SsrPt_ctg4698 PSY00006544 | PITA 000017622 | Protein RCC2 homolog
isoform X1
probable transcription
SstPt_ctg5167 PSY00010492 | NP factor PoSE21
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 | 1571 signaltransduction
kinase 15 isoform X1
SstPt_ctg7081 | PSY00020303 | NP tubulin beta chain K07375, Transport
andcatabolism
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. . . Functional ortholog (ko and k
Pinus . Potential function :
. Pinus taeda gene - numbers), Functional
Locus sylvestrisgene according to Blast2GO .
ID . category according to KEGG
ID analysis .
pathway analysis
putative 2,3-
bisphosphoglycerate-
SsrPt_ctg7141 PSY00005414 | PITA_000029961 | dependent
phosphoglycerate mutase-
like isoform 1
polyadenylate-binding
SsrPt_ctg7170 PSY00002648 | PITA_ 000027567 | protein RBP47-like
isoform X1
SSIPLclg7425 | PSY00000824 | PITA_000004120 | 5OF1-asS0ctated Protein 1 557 rranseription
SsrPt_ctg7444 PSY00000153 | PITA_ 000012096 | unknown
SsrPt_ctg7731 PSY00017742 | PITA 000091704 | 9lucan 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 Ill HD-Zip protein K09338, Transcriptionfactors
PITA_000070971 | putative histone-lysine N-
RPtestl PSY00008891 | PITA_000006918 | methyltransferase
SUVR2-like
RPtest5 PSY00003137 | PITA_000007179 | B2 protein
AT-hook motif nuclear-
RPtest6 PSY00019692 | NP localized protein 10-like
RPtest9 NP PITA_000026471 | aspartyl protease APCB1
N-terminal
PITA_000052634
RPtest11 PSY00011770 | PITA 000085253 | 2celyltransferase A | K20791, Chromosome and
complex catalytic subunit | associated proteins
PITA_000013530
NAA10
RP11lest13 PSY00025105 | PITA_ 000065673 | C3 Ubiquitin-protein K11982, Membrane trafficking
ligase Ubiquitin system
RPtest15 PSY00002483 | PITA 000008378 | RNA-binding protein K13195, Spliceosome
RPtest16 PSY00014450 | NP NA
PITA_000008107 | CBL-interacting protein . .
LOP1 PSY00018563 PITA 000008108 | Kinase 5 K07198, Signal transduction
LOP3 PSY00000153 | PITA_ 000012096 | unknown
LOP5 PSY00023395 | NP chaperone protein dnaJ
C76, chloroplastic
putative histone-lysine N-
LOP6 PSY00008891 | PITA_ 000070971 | methyltransferase
SUVR2-like
LOP8 PSY00004341 | PITA_ 000044661 | unknown
LOP9 NP PTA00066643 Chitinase-like protein 1
LOP11 PSY00023490 | PITA000023770 | Lactoylglutathione lyase | 01759, Carbohydrate
metabolism
LOP12 NP PITA 000035518 E‘r’éi‘;‘f TIR-NBS-LRR
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
PISIFG_6044 PSY00004353 | PITA_ 000008712 | Pléiotropicdrug
resistance protein 1-like
PISIFG_6065 PSY00027604 | NP (_R)-mandelonltnle lyase- K0_8248,_ Metabolism of other
like amino acids
oligouridylate-bindin K13201, Messenger RNA
psyl2 PSY00005261 | PITA 000017503 | ©1'90Urdyl 9 biogenesis;
protein 1-like :
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 g?gi’;?}?wat&bmdmg K 13126, Translation
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Functional ortholog (ko and k

PUATS Pinus taeda gene PO TE0e numbers), Functional
Locus sylvestrisgene 9 according to Blast2GO i
ID . category according to KEGG
ID analysis .
pathway analysis
PITA_ 000086838 | polyadenylate-binding .
psyl19 PSY00016934 PITA 000041571 | protein 3 K13126, Translation
psyl25 PSY00000191 | PITA 000008677 ribulose bisphosphate _ K01602z Carbohydrate
carboxylase small subunit | metabolism
psyl36 PSY00003770 | PITA 000023332 E:Itgg:r]]ﬁafstg]iztrﬁ PIOIEIN | k04371, Signaltransduction
psyl42 NP PITA_000007965 X\r/(I)Dteriere]ngt-contalnlng K15361, Replicationandrepair
psylda PSY00013146 | PITA 000017051 thiazole biosynthetic K03146, Metab_ollsr_n of
enzyme cofactors and vitamins
psyl57 NP PITA 000010946 dicarboxylate 'transporter
1, chloroplastic
. PITA_000007834 . . L
Iw_isotig00080 PSY00026757 PITA 000009956 cold shock protein 2-like | K09250, Transcriptionfactors
Ilw_isotig00081 PSY00026757 | PITA_ 000009956 | cold shock protein 2-like K09250, Transcriptionfactors
glycine dehydrogenase
lw_isotig00542 | PSY00008008 | PTA00082932 | (decarboxylating), D281, Carbohydrate
mitochondrial
lw_isotig01420 | PSY00020425 | PITA_000023899 | pimaradiene oxidase 1 | <02280, Biosynthesis of other
secondary metabolites
. E3 ubiquitin-protein
Iw_isotig02138 PSY00016229 | PITA_000020633 ligase At1g12760-like
transcriptional
Iw_isotig02347 PSY00016640 | NP corepressor SEUSS-like
isoform X1
lw_isotig02842 | PSY00012746 | PITA_000016857 rr’c'ié‘i‘r? Yepeat-containing | 10752, Cell growth and death
Iw_isotig03088 NP PTA00015290 Poly A polymerase K00974, Translation
. PITA_000001889 | Late embryogenesis
Iw_isotig04195 NP PITA_000034486 | abundant protein
lw_isotig04204 | PSY00005987 | PITA 000008362 gg%bab'e endopeptidase
I protein FATTY ACID
lw_isotig04306 PSY00011561 | PTA00014456 EXPORT 2, chloroplastic
L trihelix transcription
Iw_isotig04600 PSY00011465 | PTA00083895 factor ASIL2
lw_isotig04931 | PSY00018521 | PITA_000025726 | dihydropyrimidinase K01464, Nucleotide
metabolism
lw_isotig05123 | NP PTAOO083018 | DUF674 domain-
containing protein
lw_isotig06215 | PSY00022080 | PTA00008461 Iﬁéﬂpt'o” factor K09422, Transcription factors
lw_isotig06440 | PSY00018317 | PITA_000080433 Izi'Qg finger protein GIS3-
lw_isotig07383 | PSY00006544 | PITA_000017622 | Protein RCC2 homolog
isoform X1
L proline-rich receptor-like
Iw_isotig10603 PSY00011044 | PITA_000023436 protein kinase PERK1
lw_isotig11166 PSY00030466 | PITA_ 000059576 | basic blue protein-like
Iw_isotigl2667 | PSY00012407 | PTA00083219 ?sdoefrc‘){:g';;"fate kinase 3| 00860, Energy metabolism
Iw_isotigl7679 | NP PITA_000014378 ';’rDOte'” NETWORKED
lw_isotig20215 | PSY00031065 | PTA00083968 | ndole-3-acetaldehyde | K09842, Metabolism of
oxidase terpenoids and polyketides
Iw_isotig21953 | PSY00005415 | PTA00006979 E.mte'.” trichome
irefringence-like 6
Iw_isotig26230 PSY00034638 | PITA 000038492 | protein RSI-1
lw_isotig27940 | PSY00003211 | PITA_000016972 | 2uXIN-responsive protein | \ 14484 signaltransduction

1AA9 isoform X3

NP — not predicted, NA — not available
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DISCUSSION

Polymorphous EST-SSR markers are important tools in the various genetic studies
[56-62]. 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 [63-66]. 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/Iw_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, 82-84]. A large number of markers in our
study were located in the 5S’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 [93-97]. 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, 107-111].
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 [107-110, 112-114]. A large number of ESTs have been
sequenced and analyzed in pine to detect the genes associated with wood formation and
timber quality characteristics [115-120]. 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 [121-124]. 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 Iw_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 fh34 (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, 132-136]. It is also interesting to study the
member of Class Il HD-Zip TFs (marker SsrPt_ctg9249). Members of this family participate
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in secondary growth regulation in different woody plants [137, 138]. A correlation was shown
to exist between HD ZIP 11l 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,
Iw_isotig00080, Iw_isotig02842, lw_isotig04195, and others) and in defense against various
pathogens and herbivores (PtTX2146, SsrPt_ctg4698, SsrPt_ctg7731, LOP12, PtSIFG 6044,
Iw_isotig01420, Iw_isotigl1166). Functions of the genes associated with the indicated
markers have been experimentally demonstrated for several conifers. Thus, different LEA
proteins (marker Iw_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

NCBI Repeat T AIEE VISR el DN (150 Identification in pine species et
Locus . Primer sequences (5'-3") pe: o size (developmental stage, P P citation for
accession motif (°C) » (key reference) . .
(bp) species) Pinus sylvestris
(GCT), 181 Locus PtTX2146 derived from
. GCC a total gemonic library Pinus taeda, P. ponderosa, Pinus contorta
F:CCTGGGGATTTGGATTGGGTATTTG 193 o S : [71, 79, 85, 145—
PtTX2146 AF143963 RATATTTTCCTTGCCCCTTCCAGACA (GCT), 55 211 (needles) amplified the same ssp. latifolia, P. sylvestris 169]
GCC 220 marker as EST-SSR locus [45, 144]
(GCT)s RPtest9 [1] (Pinus taeda)
. Differentiating xylem wood Pinus pinaster, Pinus taeda, Pinus radiata,
SsPp_cn524 BX255732 F%G:g;?;;ggzee(é%g;gﬁég ¢ (AG)1a 50 156 (adult, Pinus pinaster) Pinus sylvestris, Pinus halepensis, Pinus [67]
' BioSample:SAMNO00172245 pinea [41]
. Shoot tips Pinus pinaster, Pinus taeda, Pinus radiata,
SsrP_AWO10960 | AW010960 fallecalipsrenisacalion (AT)s 49 | 225 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
) BioSample: SAMN00156911 pinea, Pinus canariensis [41]
. Shoot tips Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_AW225917 | AW225917 E Li%ﬁﬁgiﬁééﬁégégégggi (AT)o 49 198 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
) BioSample: SAMN00156911 pinea, Pinus canariensis [41]
. Pollen cone Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ AW981772 | AW981772 RFC((;:¢1G—CGC,:A\-FCT(;F C! Cﬁ T! ggé%%&i (CCT)a 49 266 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
) BioSample:SAMNO00156910 pinea, Pinus canariensis [41]
. Compression xylem wood Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_BF049767 BF049767 E‘_.H Tﬂ T"G%GGTGCGG'I'EAFC(;:?@??C? gg (AG)2, 51 227 (juvenile, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
' BioSample: SAMN00160033 pinea [41]
. Xylem root (primary) . . . . . [72,149-152,
CD024501 F: CGATATTATGGATTTTGCTTGTGA - ; Pinus pinaster, Pinus taeda, Pinus radiata
SsrPt_ctg1376 . (AT)20 60-50 145 (transitional, Pinus taeda) - N ' ’ 162. 163, 170—
CD024819 R:AAATGCATGCCAAACTTAAATAC BioSample: SAMN00170108 Pinus sylvestris [41] 175]
. AA A Xylem root (primary) Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg1525 BQ655604 F: ;{rTAGG G AC%C':I%EAG-I:I"X;\%%AAA(;—(BGE c (AGG); 60-50 173 (transitional, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus [67]
) BioSample: SAMN00170108 pinea, Pinus canariensis [41]
. Xylem normal wood Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg17601 AW985278 ;i$g$éggéég¢gg$$gﬁgg$ (AAG)y 54 225 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
) BioSample: SAMN00157372 pinea, Pinus canariensis [41]
. Xylem normal wood Pinus pinaster, Pinus taeda, Pinus
SsrPt_ctg18103 BE187051 FR%?EG%%%@JJJ‘ST?CC;‘C%%A (AT)1o 60 184 (Pinus taeda) sylvestris, Pinus halepensis, Pinuspinea, -
) BioSample: SAMN00157372 Pinus canariensis [41]
Pinus pinaster, Pinus taeda, Pinus radiata,
F: CACTTTGCGAGAGACTGCAC . Pl P
SsrPt_ctg2300 - R ACGCTGAAGGAAATCGAGAA (CCG)s 49 173 - Pinus s_ylvestr!s, Pinus hglepgnsm, Pinus -
pinea, Pinus canariensis [41]
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NCBI Repeat T AIEE VISR el DN (150 Identification in pine species et
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refersnce) P citation for
(bp) species) y Pinus sylvestris
Xylem normal wood . . . . .
F: ACGGAGATATATTGCTGGCG . Pinus pinaster, Pinus taeda, Pinus radiata
SsrPt_ctg275 AWB869955 . (AT)16 60-50 137 (Pinus taeda) . L ’ -
R:AAAGAATAACGTGAAACAAACCC BioSample: SAMNO0157372 Pinus sylvestris [41]
Pinus pinaster, Pinus taeda, Pinus radiata,
F: CTCAGATTCCTCCAAATGCG . P ’ LT
SsrPt_ctg3021 - R CATGCAACATATGCAAACCG (AGC)14 60-50 234 - Pinus s_ylvestr!s, Pinus he_ilep_enms, Pinus [67]
pinea, Pinus canariensis [41]
. Xylem root (primary) Pinus taeda, Pinus radiata, Pinus
SsrPt_ctg3089 BQ291150 Z?ﬁ;g%gg?gg;gig?ggl%? (AT)17 45 482 (transitional, Pinus taeda) sylvestris, Pinus halepensis, Pinus pinea, -
) BioSample:SAMNO00170108 Pinus canariensis [41]
. Xylem side wood Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg3754 BQ701798 ';Egﬁg-;?gg-{-gﬁigiﬁé?;g g (AGC)s 60-50 421 (juvenile, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
) BioSample: SAMN00161774 pinea, Pinus canariensis [41]
Differentiating xylem wood
AlB812743 (adult, Pinus taeda)
BioSample: SAMN00156479
. . . . . 67,72, 149-152
. Xylem normal wood Pinus pinaster, Pinus taeda, Pinus radiata, [67, 72, '
SsrPt_ctg4363 AW736917 RFAE%':E%AC‘EFAC:TAAGACC%S :CCC?C (AT)1wo 60-50 100 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus 162, 1682] 170~
’ BioSample: SAMN00157372 pinea, Pinus canariensis [41]
Xylem side wood
BQ702924 (juvenile, Pinus taeda)
BioSample: SAMNO00161774
BQ702547
BG040578
BG040033 Xylem side wood
BG039427 (juvenile, Pinus taeda)
BF517866 BioSample: SAMNO00161774
BF517086 ( d
BF060592 . Pinus pinaster, Pinus taeda, Pinus
F: TCTGCTGTGTGGACAAACCT N . L .
SsrPt_ctg4487a 50700683 RTTCTTGGCTCAAAATCTCGG (CCG)s 60-50 155 Xylem root (primary) radiata, Pinus sylviztlr]ls, Pinus halepensis -
BM492929 (transitional, Pinus taeda)
BioSample: SAMN00170108
Compression xylem wood
BE458136 (juvenile, Pinus taeda)
BioSample: SAMN00160033
Xylem side wood
BG039427 F:ATGACGCATTATCAGGGGAA (juvenile, Pinus taeda) Pinus pinaster, Pinus taeda, Pinus radiata,
SSIPLCIga487b | 5701415 R:.TTGCACAGAAAGCAGGTTTG (CCB)w 45 254 BioSample: SAMNO00161774 Pinus sylvestris, Pinus halepensis [41] [148, 154]
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NCBI Repeat T AIEE VISR el DN (150 Identification in pine species et
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refer(fnce) P citation for
(bp) species) y Pinus sylvestris
CCOAAAA Xylem side wood Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg4698 BG275886 IE%?’TTCCSSJSSXI‘?JE@JES (ATC)1o 49 246 (juvenile, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus [76, 167]
) BioSample: SAMN00161774 pinea, Pinus canariensis [41]
Pinus pinaster, Pinus taeda, Pinus radiata
F:-TGCAGAGAGATTCGATGGG 60— . J— ! SO '
SsrPt_ctg5167 - RATTTTGGTTTGTTTGCTGGE (AAC), 50 293 - Pinus s_ylvestr!s, Pinus he_ilep_enms, Pinus [67]
pinea, Pinus canariensis [41]
Xylem root (primary)
BQ700216 (transitional, Pinus taeda)
F:GAAGGAGTCGGCGATAACAG h ) . . . . .
SsPt_ctg5333 R:GGGAATTCGACCTGTGAAGA (AGC), 49 163 BioSample: SAMN00170108 Pinus pinaster, Pinus tae(_ia, Pinus radiata, ;
Xylem side wood Pinus sylvestris [41]
BF610405 (juvenile, Pinus taeda)
BioSample: SAMNO00161774
Pinus pinaster, Pinus taeda, Pinus radiata
F:GGAAGCTGTTACAAGTGCGG . i ' A
SsrPt_ctg64 - R ATCGAGAAGAGAGGAAGGGC (CCG), 60-50 284 - Pinus s_ylvestr!s, Pinus hglepgnsw, Pinus [148, 154, 165]
pinea, Pinus canariensis [41]
Xylem planings wood . - - - -
Pinus pinaster, Pinus taeda, Pinus radiata.
F:GGGAATTCTGAAAGACAAGGG (secondary) . it ' PR
SsrPt_ctg7024 BQ695936 R:AACTTACCCATCGAGAGCCCC (AAG); 60-50 277 (transitional, Pinus taeda) Pinus sylvestris, il;:er;u[sllll?lepensw, Pinus -
BioSample: SAMNO00163209 P
. Xylem normal wood Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg7081 | BE187193 sl olvsacelilivaliao (AAG), | 6050 | 442 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus ;
) BioSample: SAMN00157372 pinea [41]
Pinus taeda, Pinus radiata, Pinus
F:GAATGACGCATTATCAGGGG AN Lo -
SsrPt_ctg7141 - RTCACCTTTCTCACCTCTGCC (CCG)s 45 381 - sylvestris, Pinus halepens_ls, Pinus pinea, -
Pinus canariensis [41]
Xylem planings wood
BQ696574 _(secondary)
F:GGTTTTTCGATTTCTGAGGC (transitional, Pinus taeda) Pinus pinaster, Pinus taeda, Pinus
SSIPt_ctg7170 R:AACAGGTGTGCAAATAGCCC (AGC); | 6050 | 385 | BioSample: SAMNO0163209 | yjyesyris, Pinus halepensis, Pinus pinea -
i 41
BG039619 ~ Xylem side wood [41]
BF778892 (juvenile, Pinus taeda)
BioSample: SAMNO00161774
Roots
CF385379 (Pinus taeda)
SsrPt cta7425 F:AATAAGACCCCAGAGGAGCC (AAG) 60-50 384 BioSample:SAMNO00173690 Pinus pinaster, Pinus taeda, Pinus radiata, )
g R: GACGTCTTTCACCAAATCGC 6 Roots Pinus sylvestris [41]
CF394315 (Pinus taeda)
BioSample:SAMNO00173693
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NCBI Repeat T AIEE VISR el DN (150 Identification in pine species et
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refer(fnce) P citation for
(bp) species) y Pinus sylvestris
BQ196808 Primary xylem wood
BQ107124 (late wood, Pinus taeda)
BM367065 BioSample: SAMN00164483 ) . . . .
F:-TCTTCACCATCGGTTTCTCC Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg7444 R:TGGATCTGTCACCTCCTCATC (AT)10 58 285 Pinus sylvestris, Pinus halepensis, Pinus [67]
Xylem side wood pinea, Pinus canariensis [41]
BF518214 (juvenile, Pinus taeda)
BioSample: SAMNO00161774
Xylem side wood
BF517779 (juvenile, Pinus taeda)
_ BioSample: SAMNOO161774 | pjnys pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg7731 FAGTGGTGAAGGGTCCATCTG (AT) 51 217 Pinus sylvestris, Pinus halepensis, Pinus [67]
- R:GCATAACACAAAAGCCAGCA 12 ea. Pinus canariensis [41
Compression xylem wood pinea, Pinus canariensis [41]
BE451949 (juvenile, Pinus taeda)
BioSample: SAMN00160033
Xylem side wood . . . . .
F: TGACCTGTCTTGTGAGACGC . . . Pinus pinaster, Pinus taeda, Pinus radiata
SsrPt_ctg7824 BQ703132 : (AT)12 60-50 501 (juvenile, Pinus taeda) - L ' . ' -
R:TTTTGAAACAGATTGCAGCC BioSample: SAMNO0161774 Pinus sylvestris, Pinus halepensis [41]
BQ701488
BG275803 Xylem side wood
BG040533 (juvenile, Pinus taeda)
BG040463 BioSample: SAMNO00161774 pi inaster. Pinus taeda. Pi diat
BF777863 . inus pinaster, Pinus taeda, Pinus radiata,
SstPt_ctg7867 ;i%?%iﬁﬁ%i%@?ggﬁggg (CCG)s 45 154 Pinus sylvestris, Pinus halepensis, Pinus ;
: . pinea, Pinus canariensis [41]
Compression xylem wood
BE643974 (juvenile, Pinus taeda)
BioSample:SAMNO00160033
Pinus pinaster, Pinus taeda, Pinus radiata
F:GAACGTGGTTATGGCGGTAG . Al ’ ST e
SsrPt_ctg8064 - RTCGTGGCAACTATCTCCTCE (ACC)s 50 147 - Pinus s_ylvestr!s, Pinus hglepgngs, Pinus [67]
pinea, Pinus canariensis [41]
. Xylem root (primary) Pinus pinaster, Pinus taeda, Pinus radiata,
SsrPt_ctg865 gggggigg ALy L (AT)ss 45 | 232 (transitional, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus ;
) BioSample: SAMN00170108 pinea, Pinus canariensis [41]
. Compression xylem wood Pinus pinaster, Pinus taeda, Pinus
SsrPt_ctg9249 BE761900 RFA((:;TCCGT'I(':CC Eg.?ggg ;%T;ggc (AAG); 55 156 (juvenile, Pinus taeda) sylvestris, Pinus halepensis, Pinus pinea, [167]
’ BioSample: SAMN00160033 Pinus canariensis [41]
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NCBI Repeat T AIEE VISR el DN (150 Identification in pine species et
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refer(fnce) P citation for
(bp) species) y Pinus sylvestris
. Xylem side wood Pinus pinaster, Pinus taeda, Pinus radiata,
RPtestl giggggg ;?ﬁggi¥;¢g€ggg%ﬁg%§gé (AAT); 50 125 (juvenile, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus [67]
) BioSample: SAMN00161774 pinea, Pinus canariensis [41]
Xylem planings wood
(secondary)
BQ697205 (transitional, Pinus taeda)
- ACAACAATAATAACGGGGGE SA?/II(I)\IS(?(;QEEOE) Pinus pinaster, Pinus taeda, Pinus radiata,
RPtest5 R:ACGCTTTAGATCCTCCTGCA (AAC)s 55 197 Pinus s_ylvestr!s, Pinus hglepgnsw, Pinus [67]
) pinea, Pinus canariensis [41]
BE997187 Co_mpre_ssmn_xylem wood
BE643880 (juvenile, Pinus taeda)
BioSample: SAMN00160033
. Xylem side wood Pinus pinaster, Pinus taeda, Pinus radiata,
RPtest6 Eggfg%g ;é?gﬂgigéﬁiégg’é;%ﬁgﬁ (TGC)s 55 147 (juvenile, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus -
) BioSample: SAMNO00161774 pinea, Pinus canariensis [41]
. AN Roots Pinus pinaster, Pinus taeda, Pinus radiata,
RPtest9 CF393810 E%%’%ig%?ﬁggg AAngﬁéﬁS (AGC)1o 51 289 (Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus [185]
) BioSample: SAMN00173693 pinea, Pinus canariensis [41]
Roots
CF391802 (Pinus taeda)
BioSample: SAMN00173692 i i i i i
RPtest11 FAGGATGCCTATGATATGCGC (ATC) 56 | 213 i s syvtrl, Bt pinem, Pimls [67, 177, 185]
R:AACCATAACAAAAGCGGTCG 7 Xylem planings wood y canariensis [4?1] ' R
BI202760 (secondary)
(transitional, Pinus taeda)
BioSample: SAMN00163209
Xylem branches . . . . .
F:GATTTTTCAGGAAGACCCCC - Pinus pinaster, Pinus taeda, Pinus radiata,
RP11est13 AAT739656 . (CTG)s 51 277 (Pinus taeda) . L B -
R:TGTAAGGCACAAGCCCTCTT BioSample: SAMNO0155658 Pinus sylvestris, Pinus canariensis [41]
. Xylem side wood Pinus pinaster, Pinus taeda, Pinus radiata,
RPtest15 BG275136 ;géﬁgggﬁ%;gﬁ?i%%i%gﬁ? (ACC)s 56 246 (juvenile, Pinus taeda) Pinus sylvestris, Pinus halepensis, Pinus [185]
' BioSample: SAMNO00161774 pinea, Pinus canariensis [41]
. A A A Xylem branches Pinus pinaster, Pinus taeda, Pinus radiata,
RPtest16 AAT39818 'I;?A%céCCAE?’?AC?LC'gCCC;gg (AGT)s 56 132 (Pinus taeda) Pinus sylvestris, Pinus pinea, Pinus -
' BioSample: SAMN00155658 canariensis [41]
F:GGCTAATGGCCGGCCAGTGCT 158, leferentlatlpg xylem wood Pinus taeda, Pinus ponderosa, Pinus [71, 85, 148-152,
LOP1 AlB12473 R:GCGATTACAGGGTTGCAGCCT (TA)o I T (adult, Pinus taeda) contorta ssp. latifolia, Pinus sylvestris [45] | 124 155,157,
: BioSample: SAMNO00156479 P- ' y 162-166, 168]
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Lop3 AASE6662 F:GTCTCCAGCCAGTTCACCTGC TA) o | 2 'mm?;‘;r']i;‘{;ee’(‘j‘a‘)"’o"d Pinus taeda, Pinus ponderosa, Pinus [85, 148, 154,
. 9 , e : :
R:CAGTGGATCTGTCACCTCCTC 217 BioSample: SAMNO0155556 contorta ssp. latifolia, Pinus sylvestris [45] 166-168]
Xylem normal wood . . .
F:AGCCGTAAAAGCTATCTTGTG 166- - Pinus taeda, Pinus ponderosa, Pinus
LOP5 AW758812 . (TA)zs 45 (Pinus taeda) R L [71, 85]
R:GGCATACTTACATTTTAATAA 190 BioSample: SAMNO0157372 contorta ssp. latifolia, Pinus sylvestris [45]
. ) Immature xylem wood
LOP6 AA556221 RF 28(1;-[ T: A: 2%%%%%%@%’2& (AAT), 55 22%% (Pinus taeda) Pinus taeda [45] [171]
: BioSample: SAMN00155556
Xylem branches . . .
F: TATCCACCAGAAGGGCATC - Pinus taeda, Pinus ponderosa, Pinus
LOP8 Al725303 . (CCT)e 50 367 (Pinus taeda) P o -
R:CGGGAGCTTTAATGATCTTGA BioSample: SAMNO0155658 contorta ssp. latifolia, Pinus sylvestris [45]
LOP9 AlB13163 F:GGATTCTCGTTGTGGCTGG (GGC) 55 135 lef?argrlmatllj?r?u);ytgeg&;/;/ood Pinus taeda, Pinus ponderosa, Pinus
. 6 ) e i : -
R:TTGCCTTTGCACATAATATCT BioSample: SAMNO0156479 contorta ssp. latifolia, Pinus sylvestris [45]
LOP11 AA739689 F:CCAGAAGGCTATAGTACAC (TA),T 45 235 X{;?Rstigdc:)es Pinus taeda, Pinus ponderosa, Pinus )
R:CAACAATACAAGTAGCAATAC (TA)1 BioSample:SAMNO0155658 contorta ssp. latifolia, Pinus sylvestris [45]
LOP12 Awagale7 | FPAGGACAGTCCTTACTGCCCAAR:CAT R . 156, xy'f;?nrl‘;rt";;‘ggo"d Pinus taeda, Pinus ponderosa, Pinus )
GTTTTCCCATGGTTTTCC 160 BioSample: SAMNO0157372 contorta ssp. latifolia, Pinus sylvestris [45]
. Xylem root (primary)
F:ACGGAGATATATTGCAGGCG L ; .
PtSIFG_1102 BQ700433 A AR A AR (TA)16 60 119 (transitional, Pinus taeda) Pinus taeda [53] [71]
R: CAATAACCTG CAAACCC BioSample: SAMN00170108
Roots
F:GCAAGGGGAATTGCTTATGA (CAG)s . .
PtSIFG_0737 CF476612 ) 60 429 (Pinus taeda) Pinus taeda [53] [71]
R:GGGATCGCATCAGCTGTAAT (CAGCAT)s BioSample: SAMNO0173780
. (GAG)s Differenciating xylem wood
PpSIFG_3145 BX254108 RF ;?g A! T! A! IggigiiEGCGAEGGGCL (CAG)s 60 372 (adult, Pinus pinaster) Pinus taeda [53] [71]
) (GCA)s BioSample: SAMN00172245
. Methylation filtered library
F:AAGTCAAAGGTCAAATCATTATGC 388- . .
PtSIFG_5015 CZ894980 . (AAT)s 55 (Pinus taeda) Pinus taeda [52] [67]
RAAAACAAGCCACACAAACACG 405 | gigsample: SAMNO0183208
Roots of 1-year-old cuttings
F:-TGATGGGTGCCAGTAACAAA 235- that were rooted .
PtSIFG_6044 C0164176 R AATTGACCAATCGTGCGTCT (TA)s 55 248 (Pinus taeda) Pinus taeda [52] [67]
BioSample: SAMN00175137
Roots of 1-year-old cuttings
F: TATTCCGGTAGTCTGGCACC 204- that were rooted .
PtSIFG_6065 C0365046 R-GAAGGAAGCAGCTTTTGCAC (AT)s 55 299 (Pinus taeda) Pinus taeda [52] [67]
BioSample: SAMN00175162
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NCBI Repeat T el VHESUE a0 [BI (ST Identification in pine species AT
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refer(fnce) P citation for
(bp) species) y Pinus sylvestris
. Needles [73, 76, 79, 86,
psyl2 HQ113935 ; gggg&%%ﬁ%gﬁ T!T!CEI. (GCT)s 55 %291?[ (Pinus sylvestris) Pinus sylvestris [44] 157, 164, 169,
) Project EU-EVOLTREE 186-191]
. Needles [73-79, 86, 169,
psyl16 HQ113936 L st (AT), 55 | 0% (Pinus sylvestris) Pinus sylvestris [44] 178, 186189,
: Project EU-EVOLTREE 192]
Needles [73-78, 157, 168
F.-TGGTCTGCAAATCAATCGAA 219- . . . . P90 95
psyl17 HQ113937 R:GGGTAGGAATGCAAGTTAGGC (TA), 55 251 Proj(eiltnéfﬁ)él{//eoﬁ[!;)?EE Pinus sylvestris [44] 169, igi] 193,
. Needles [73, 79, 86, 164,
psyl18 HQ113938 Eég;ﬁ%gg%?%é;ﬁ??gggéﬁ (GCA), 55 23%76- (Pinus sylvestris) Pinus sylvestris [44] 169, 186-189,
: Project EU-EVOLTREE 192, 195]
syl19 HQ113939 F:GGCTCTAATTGGCACAGGTT (GCT) 55 | 315 (Pintlj\ie: dll/eesstris) Pinus sylvestris [44] [78-75, 79, 87,
Py R:CGAGGTGGTACACAGCAACA 7 324 Project EU-)I;VOLTREE Y 169, 196]
. Needles [73, 79, 86, 164,
psyl25 HQ113940 e LAl (GCA)s 55 | 2h (Pinus sylvestris) Pinus sylvestris [44] 169, 186191,
) Project EU-EVOLTREE 195]
) ) Needles [73-76, 79, 164,
psyl36 HQ113941 RF, 'GTATCéTGCC%AGA%CCCCCAAGAT% (GTC), 55 22‘;57 (Pinus sylvestris) Pinus sylvestris [44] 190, 191, 193,
i AR AR Project EU-EVOLTREE 195]
. ) Needles [73-79, 86, 164,
psyl42 HQ113942 E:‘ééﬁ‘ég‘éﬁ??%gi%ﬁgéﬁ (TC)s 55 117719 (Pinus sylvestris) Pinus sylvestris [44] 169, 178, 186-
: Project EU-EVOLTREE 191, 194, 195]
Needles [73,76, 78, 79,
F:-TCCAAGTTCGGTTCCTTGTC 166- . . : : 164, 169, 187,
psyl44 HQ113943 R:GACACGATGGATTCCCTGAT (CGG)s 5% | 175 Prog";ﬁf‘é‘{’/‘g{%EE Pinus sylvestris [44] 190, 191, 193
) 195]
Needles [73-76, 78, 79,
F:CCCCACATCTCTACAGTCCAA 187- . . . . 86, 87, 164, 169,
psylS? HQ113944 R:TGCTCTTGGATTTGTTGCTG (ACC) S Y Pro.(ez;”giﬁﬁ‘\’fg['i)REE Pinus sylvestris [44] 182, 186-192,
) 195, 196]
F-CGGGCAAAATGACCGAAG Needle and male cones (Sexual
Iw_isotig00080 KF501196 R:TGGAGGAGGTAGAGGGGG (CCG)s 55 177 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72, 169, 182]
) BioSample: SAMN10845670
Needle and male cones (Sexual
- F.TGCGGAAGGCGTGAGTAG mature, Pinus tabuliformis) : . .
Iw_isotig00081 KF501197 RTGGAGGAGGTAGAGGGGG (CCG)s 58 290 BioSample: SAMN10845670 Pinus sylvestris var. mongolica [46] [72]
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NCBI Repeat T AIEE VISR el DN (150 Identification in pine species et
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refer(fnce) P citation for
(bp) species) y Pinus sylvestris
. Needle and male cones (Sexual
Iw_isotig00542 KF501186 ;gﬁ%ﬁ%ﬁgﬁgﬁ;@;ﬁé@;ﬁﬁ (Mo 55 257 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
) BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig01420 KF501198 EE%%%E%@%?EE?¥E@%?¥ (CTG)s 50 174 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] (72, }gz] 182,
) BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig02138 KF501199 E?Iggfgg;;g;gﬁg?ggg (AG)s 42 124 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
) BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig02347 KF501200 ggg?gﬁg{:}%&;ﬁ;ﬁ%ﬁ% (TG), 50 198 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
: BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig02842 KF501203 E?gg?;?g;gggﬁgi??gglé (AGA)s 55 229 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [72] [72]
: BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig03088 KF501201 FE%AGTTTATS%ZEQ%H;GTEC (GA) 45 235 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
' BioSample: SAMN10845670
. AAA Needle and male cones (Sexual
Iw_isotig04195 KF501204 F'_GAGATCACCGAAACAAC A (GAG)s 55 189 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72, 169]
R:TACAAGTCCCAGCAAAACAAT . .
BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig04204 KF501187 Eg¥gg?¥gggggg£€;ﬁ?§gﬁ (CGGCT)s 55 230 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72,197]
) BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig04306 KF501205 Ff ggf@é&l}?é¥é;;%§?&%% (TCC); 55 196 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] (72, 871’912]9’ 194,
) BioSample: SAMN10845670
. AAAA A AN Needle and male cones (Sexual
Iw_isotig04600 KF501188 FRTA?:ECQF%TTGTJS:FFQSS ACTTA(;— f (CAG)1o 55 305 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
’ BioSample: SAMN10845670
. A AN Needle and male cones (Sexual
Iw_isotig04931 KF501202 ; _‘;—éG: A: C: C: T: %éLiATiC A A?ATI' (AC)s 40 132 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
’ BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig05123 KF501206 RF_'I?EG: C: G:EgTr%i(éA:G:G:E%%%i (GAG)e 55 166 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72, 123] 182,
’ BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig06215 KF501207 g¥g’égig€?;¥¢ggi§]}g¥?§r (CAA) 55 275 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
’ BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig06440 | KF501189 ;?ggﬁ%%??gggé;gg éﬁgggggs 55 208 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
. 6 BioSample: SAMN10845670
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NCBI Repeat T el VHESUE a0 [BI (ST Identification in pine species AT
Locus . Primer sequences (5'-3") mgti P (Oé) size (developmental stage, (ke refer(fnce) P citation for
(bp) species) y Pinus sylvestris
CAAACAAAAA A Needle and male cones (Sexual
Iw_isotig07383 KF501190 'E%TCGQFCATCATSQ'?JSJSAC? (GAT)s 55 191 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] (72, }gz] 182,
) BioSample: SAMN10845670
CCAAAA Needle and male cones (Sexual
Iw_isotig10603 KF501191 F,'C TCGTCTACTICTCCCCC (CAG), 55 196 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72, 169, 197]
R:CAAAGCAAAAGAACTCCAACGA . )
BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig11166 KF501208 F'_ACACACACTGAGCTCCAATTT (TA), 55 137 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72, 182, 197]
R:AGTCCCACCTCTGCTGATACA . )
BioSample: SAMN10845670
. AAAACCAAA Needle and male cones (Sexual
Iw_isotig12667 KF501209 E%ﬁéﬁgigieee AggG AC'ITg:\ (CA) 55 199 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
) BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig17679 KF501192 EJ Tﬂ Gﬂ Tﬂ zzi%%g%%zﬂgii (TTAA)s 55 277 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72]
) BioSample: SAMN10845670
. AAA Needle and male cones (Sexual
Iw_isotig20215 KF501210 F'_AGAGGTGATCGCAGTC GA (TA), 55 186 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72,197]
R:TTCAAAAAGACCAAACCGTAG . )
BioSample: SAMN10845670
. Needle and male cones (Sexual
Iw_isotig21953 KF501193 EQ\TF(?F%E,GATG%TC:TAT(:G'I%A(\;GTCGQF%?? (ATGGG), 55 208 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [712é f 7191: 91’;%2’
: BioSample: SAMN10845670 T
. A AN Needle and male cones (Sexual
Iw_isotig26230 KF501194 ’;i%%%ﬁ;;’éiéz ATT'CI':QX'(I?'? f (TA)10 55 260 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [72, 123] 182,
) BioSample: SAMN10845670
. AA A Needle and male cones (Sexual
Iw_isotig27940 KF501195 ;i%’%ii%%gi’éﬁ%ec A QG!-.II—.%.?.‘.?CA (TGGA)s 55 231 mature, Pinus tabuliformis) Pinus sylvestris var. mongolica [46] [87, 721’9166]9’ 194,
’ BioSample: SAMN10845670
Needles Pinus koraiensis, Pinus sibirica, Pinus
F-TCGCTCTCTTCTTGACCACA . . I pumila, Pinus wallichiana, Pinus
NFPK-40 - R:CCGCTACTTCATCAGGGTTC (TGA)s 60 196 (Seedling, Pinus koraiensis) parviflora, Pinus bungeana, Pinus -
BioSample: SAMN10617534 - S .
tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
F:AAATGGACGAAGTTGGATGG . . . pumila, Pinus wallichiana, Pinus
NFPK-32 ) R:CTCAGTGTCTTCAGGCAGGA (GCTs 59 197 (Seedling, .P|nus koraiensis) parviflora, Pinus bungeana, Pinus )
BioSample: SAMN10617534 - S .
tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
] ) F: TGGAGATGCAGCAGATTAGG (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus )
NFPK-53 R:CTGCACACAGGATGTCACAA (ATG)s 59 197 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
NEPK-117 ) F:GCCCAATGGATGTGTCTCTT (TC) 60 203 (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus )
R:TCGGCCTGCAATTAGTCTCT 12 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 sylvestris [54]
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Needles Pinus koraiensis, Pinus sibirica, Pinus
R ) F:ATCACCGCTGCCTTTCAGTA (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus }
NFPK-72 R:TCACTTCCCCAATCAATTCC (ATA)s 60 204 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
) ) F:ATGCAGGGTTTGCAATACAG (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus )
NFPK-43 R:AATACGAGCACCGCGTTATC (GAG)s 60 221 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
F: TGATGGTGTGGTGAGGGTTA (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus
NFPK-38 - R:AGCGTGGGAGGAGTGTGTAG (AAG)s 60 229 BioSample: parviflora, Pinus bungeana, Pinus -
SAMN10617534 tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
) ) F:AAATAACGGGGCTGTGTGTC (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus }
NFPK-150 R:ACGGATGTTGTAATCCCCAA (GA)s 60 241 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
NEPK-179 ) F: CCAAGCCAGGTAAGGCACTA CA) 60 246 (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus )
R:TGGACAAGGGAGATGAGACA 10 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 tabuliformis, Pinus sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
NEPK-175 ) F:AAGGTCACGGCGTTCATTAC (GA) 60 259 (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus )
R:CCTGTGACCTCAACTGGGAT 6 BioSample: parviflora, Pinus tabuliformis, Pinus
SAMN10617534 sylvestris [54]
Needles Pinus koraiensis, Pinus sibirica, Pinus
NEPK-184 ) F:AAGTCTCCACTGCATCAACCTT (1C) 60 275 (Seedling, Pinus koraiensis) pumila, Pinus wallichiana, Pinus )
R:TGTCTCCCAACTTCCTGCTT 8 BioSample: parviflora, Pinus bungeana, Pinus
SAMN10617534 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

GenBank _ Strand _ Start-end pos_itiqns of % identity of ma_rker
Locus accession number | Pinus sylvestris Genomic Sequence (gene) Gene region mark_er within _ and correspgndmg
gene ID corresponding gene region gene region
PtTX2146 AF143963 NP NP
SsPp_cn524 BX255732 PSY00010973 is0tig42993:269-973 + 5’UTR/CDS 929-972/973-1072 86.5
SsrPt_ AW010960 AWO010960 NP NP
SsrPt. AW?225917 AW?225917 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 is0tig38539:923-1720 + 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 AWB869955 NP NP
SsrPt_ctg3021 CVv135003 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 768-995 945
SsrPt_ctg3089 BQ291150 NP NP
SsrPt_ctg3754 BQ701798 NP NP
SsrPt_ctg4363 Al812743 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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GenBank

Start-end positions of

% identity of marker

Locus : Pinus sylvestris Genomic Sequence Gene region marker within and corresponding
EEEEEB IR (L T gene ID (o) corresponding gene region 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 785-940/784 975
SsrPt_ctg4487a BM492929 PSY00005414 isotig28724:320-784 - 5"UTR/CDS 785-940/784 96.8
SsrPt_ctg4487a BE458136 PSY00005414 is0tig28724:320-784 - 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 isotigh0849:90-527 + 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 785-786/403-784 917
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 is0tig06879:715-1842 + 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 is0tig58027:487-1944 + 5’UTR/CDS 331-486/487-543 924
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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% identity of marker

Locus accesGs?gr?ﬁEIr(nber Pinus sylvestris Genomic Sequence %;';2? Gene region mark_er within _ and correspgnding
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SsrPt_ctg7867 BG040533 PSY00001445 is0tig102325:78-566 + 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
RPtestl BF517869 PSY00008891 is0tig39897:766-3753 - 3’UTR 344-468 92.0
RPtestl BF517853 PSY00008891 is0tig39897:766-3753 - 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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RPtest6 BG040975 PSY00019692 i0tig59809:462-1625 + CDS 524-670 100.0
RPtest6 BF518209 PSY00019692 is0tig59809:462-1625 + 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 B1202760 PSY00011770 isotig4442:769-1344 - CDS/3’UTR 769-920/708-768 97.2
RPt1lest13 AA739656 PSY00025105 is0tig66460:506-1204 - 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 AlB812473 PSY00018563 isotigh8753:615-1898 + 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 is0tig63967:168-1271 + 3°UTR 1300-1534 59.3
LOP6 AAbB56221 PSY00008891 is0tig39897:766-3753 - 3°UTR 271-498 95.2
LOP8 Al725303 PSY00004341 isotig24276:3-350 + 3’UTR 453-659 65.7
LOP9 Al813163 NP NP

LOP11 AA739689 PSY00023490 isotig64088:321-1190 + 3°UTR 1194-1428 87.9
LOP12 AW888197 NP NP

PtSIFG_1102 BQ700433 PSY00008719 is0tig39566:335-640 + 5’UTR 180-311 55.6
PtSIFG_0737 CF476612 NP NP

PpSIFG_3145 BX254108 NP NP

PtSIFG_5015 CZ894980 NP NP

PtSIFG_6044 C0164176 PSY00004353 isotig24357:349-4695 - 3°UTR 51-299 85.2
PtSIFG_6065 C0365046 PSY00027604 isotig70975:361-1041 - CDS/3°’UTR 361-362/152-360 90.8
psyl2 HQ113935 PSY00005261 i50tig28291:1094-1984 + CDS/3’UTR 1875-1984/1985-2086 98.6
psyl16 HQ113936 PSY00018010 is0tig58249:576-1496 - 3°UTR 367-567 100.0
psyl17 HQ113937 PSY00018010 is0tig58249:576-1496 - 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

CI#29 1740 18:1095-

psyl25 HQ113940 PSY00000191 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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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
Iw_isotig00081 KF501197 PSY00026757 is0tig69313:87-539 + CDS/3’UTR 338-539/540-627 97.9
Iw_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 isotigh6763:1078-2463 + CDS/3’UTR 2348-2463/2464-2471 99.2
lw_isotig02347 KF501200 PSY00016640 isotigh7098:2-2437 + 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

Iw_isotig04195 KF501204 NP NP

Iw_isotig04204 KF501187 PSY00005987 is0tig30656:578-1024 + 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
Iw_isotig04931 KF501202 PSY00018521 is0tig58716:127-1716 + 3’UTR 1853-1986 97.8
Iw_isotig05123 KF501206 NP NP

Ilw_isotig06215 KF501207 PSY00022080 is0tig62302:472-1542 - CDS/3’UTR 472-700/432-471 98.9
Iw_isotig06440 KF501189 PSY00018317 is0tig58527:503-1960 + CDS/3’UTR 1615-1960/1961-1992 98.2
Iw_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
Iw_isotig17679 KF501192 NP NP

lw_isotig20215 KF501210 PSY00031065 is0tig80097:1-552 + 3"UTR 600-787 98.9
lw_isotig21953 KF501193 PSY00005415 isotig28727:318-971 - CDS/3’UTR 389-971/318-388 80.0
Iw_isotig26230 KF501194 PSY00034638 is0tig92892:2-403 + CDS/3’UTR 395-403/404-643 92.7
Iw_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

% identity of

Locus Scecr::?sailgrl: Pinus taeda gene Genomic Sequence Strand Gene _Sta_trt—end positio_ns of marke_r marker an_d
number ID (gene) region within corresponding gene region correspon_dmg
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_ctgl525 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 Al812743 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 aGcecrgsailng: Pinus taeda gene Genomic Sequence Strand Ge_ne _Sta_lrt-end positiqns of marke!' marker aqd
number ID (gene) region within corresponding gene region correspon_dlng
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 - ggS/lntron/C 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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% identity of

Locus aGcecrgsailng: Pinus taeda gene Genomic Sequence Strand Ge_ne _Sta_lrt-end positiqns of marke!' marker aqd
number ID (gene) region within corresponding gene region correspon_dlng
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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Locus aGcecrgsailng: Pinus taeda gene Genomic Sequence Strand Ge_ne _Sta_lrt-end positiqns of marke!' marker aqd
number ID (gene) region within corresponding gene region correspon_dlng
gene region
SsrPt_ctg865 B0Q699199 NP scaffold40707 92.7
SsrPt_ctg9249 BE761900 PITA_000010076 | tscaffold2087:94332-152939 - 5’UTR/CDS | 152940-153080/152925-152939 98.1
RPtestl BF517869 PITA_000070971 | scaffold863061:37061-41395 + CDS 40931-41055 96.0
CDS/Intron/C | 362987-363012/362954-362986/362890-
RPtestl BF517869 PITA 000006918 | tscaffold3252:353148-364676 - DS 362953 85.6
RPtestl BF517853 PITA_000070971 | scaffold863061:37061-41395 + CDS 40931-41055 90.4
CDS/Intron/C | 362987-363012/362954-362986/362890-
RPtest1 BF517853 PITA 000006918 | tscaffold3252:353148-364676 - DS 362953 80.8
RPtest5 BQ697205 PITA_ 000007179 | tscaffold1149:676817-682707 + CDS 677823-678019 714
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 B1202760 PITA 000052634 | scaffold59926.1:57681-58076 + CDS/3'UTR | 57925-58076/58077-58137 96.2
RPtest11 B1202760 PITA 000085253 | scaffold737600:2371-2766 - CDS/3°UTR | 2371-2522/2310-2370 96.2
RPtest11 B1202760 PITA_ 000013530 | tscaffold8323:496444-496839 + CDS/3’UTR | 496688-496839/496840-496900 97.7
RPt1lest13 AAT739656 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 Al812473 PITA_ 000008107 | tscaffold702:125040-162886 + CDS/3’UTR | 162153-162612/162613-162624 94.9
LOP1 Al812473 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 Al725303 PITA 000044661 | scaffold904057:80942-81535 + CDS/3°'UTR | 81401-81535/81536-81609 72.1
LOP9 Al813163 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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% identity of

Locus aGcecrgsailng: Pinus taeda gene Genomic Sequence Strand Ge_ne _Sta_lrt-end positiqns of marke!' marker aqd
number ID (gene) region within corresponding gene region correspon_dlng
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 C0164176 PITA 000008712 | tscaffold8432:288348-297321 - 3°'UTR 288387-288621 81.1
PtSIFG_6065 C0365046 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 811
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
Iw_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
Iw_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
Iw_isotig02347 KF501200 NP NP

Iw_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
Iw_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 713
Ilw_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 + LTﬁB%”’CDS“ 18150-18202/18203-18478/18479-18536 97.7
lw_isotig07383 KF501190 PITA_ 000017622 | tscaffold7099:63111-67113 - CDS 63545-63735 92.3
Iw_isotig10603 KF501191 PITA_000023436 | tscaffold3281:62057-67715 - CDS 67040-67226 89.4
Iw_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_isotigl7679 KF501192 PITA_000014378 | tscaffold7457:409736-461083 - Intron 457599-457875 96.0
lw_isotig20215 KF501210 PTA00083968 tscaffold6257:5961-365375 3'UTR 5728-5912 93.5
Iw_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
Ilw_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

Mathematical Biology and Bioinformatics. 2022. V. 17. Ne /. doi:

10.17537/2022.17.82

Locus Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value Biological Process Molecular Cellular Component
gene ID (Blast2GO) [organism], accession Ne (Blast2GO) | (CDD NCBI) (CDD NCB) 9 Function P
PtTX2146 NP NA - - NA - NA NA NA
pollen development Golai apparatus
(G0O:0009555); pollen polygalacturonate 4- g PP .
probable (G0O:0005794);
galacturonosyltrans | galacturonosyltransferase 14 PLN02870 tube growth alpha- membrane
SsPp_cn524 PSY00010973 ferase 13 isoform X2 [Durio 4.30e-75 super 8.73e-109 (G0:0009860); cell galacturonosyltransf (GO:0016020):
I family(cl30824) wall pectin erase activity . '
zibethinus], XP_022774547.1 - . ; . pollen tube
biosynthetic process (G0:0047262); (GO:0090406):
(G0O:0052325); ’ '
g(s)rPt_AW0109 NP NA - - NA - NA NA NA
SSPLAW2259 | Np NA - - NA - NA NA NA
?ert—AW%” NP NA - - NA - NA NA NA
SorPLBFOASTO | p NA - - NA - NA NA NA
SsrPt_ctg1376 NP NA - - NA - NA NA NA
SsrPt_ctg1525 NP NA - - NA - NA NA NA
unknown [Picea sitchensis],
SsrPt_ctgl7601 | PSY00008240 unknown ABK23821 1 1.39%-45 NA - NA NA NA
i P Pollen_Ole_e_|I
. . extensin-like protein [Pinus === extracellular space
PSY00026391 oleel-like protein taeda], QDZ06028.1 3.49e-106 (Scliggrlfgglly 2.26e-12 NA NA (GO:0005615):
SsrPt_ctg18103
PSY00024530 | oleel-like protein | SXtensin-like protein [Pinus 120001 | oty | 170014 | Na NA extracellular space
P taeda], QDZ06028.1 : P y : (GO:0005615);
(clo3128)
nucleic acid binding
cold shock protein putative glycine-rich protein ) CSP_CDS : (G0:0003676); zinc
SSrPLC1g2300 | PSY00014290 | [Picea glaucal, ABA54143.1 | 2767 | (cdoassg) 569%-26 | NA ion binding NA
(G0O:0008270);
SsrPt_ctg275 NP NA - - NA - NA NA NA
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value iVeref Molecular
Locus gene ID (Blast2GO) [organisml], accession Ne (Blast2GO) | (CDDNCBI) | (cDDNcCB) | Blological Process | ¢ otion Cellular Component
cell population
proliferation
(G0:0008283);
. . . . . ositive regulation of transcription
GRF1-interacting unknown [Picea sitchensis], ) SSXT ) P C . . nucleus
SsrPt_ctg3021 PSY00012130 factor 1 ABK22130.1 2.83e-109 (pfam05030) 3.83e-19 transcription by RNA coac.tlvator aCt!VIty (GO:0005634);
polymerase Il (G0:0003713);
(G0O:0045944); leaf
development
(G0O:0048366);
SstPt_ctg3089 NP NA - - NA - NA NA NA
SsrPt_ctg3754 NP NA - - NA - NA NA NA
SsrPt_ctg4363 NP NA - - NA - NA NA NA
putative 2,3-
bisphosphoglycerat
e-dependent unknown [Picea sitchensis], zf-FLZ
SsrPt_ctg4487a | PSY00005414 phosphoglycerate ADE77804.1 1.15e-50 (pfam04570) 9.44e-22 NA NA NA
mutase-like
isoform 1
putative 2,3-
bisphosphoglycerat
e-dependent unknown [Picea sitchensis], ) zf-FLZ :
SsrPt_ctg4487b | PSY00005414 phosphoglycerate ADE77804.1 1.15e-50 (pfam04570) 9.44e-22 NA NA NA
mutase-like
isoform 1
PREDICTED: PREDICTED: protein RCC2-
SsrPt_ctg4698 PSY00006544 rotein RCCZ.-Iike like [Nelumbo nucifera], 1.86e-10 NA - NA NA NA
P XP_010271434.1
probable regulation of DNA-binding
S unknown [Picea sitchensis], bZIP_plant_RF : transcription, DNA- transcription factor
SstPt_ctg5167 PSY00010492 gggégrllptlon factor ABR17748.1 0 2 (cd14703) 9.40e-24 templated activity NA
(G0O:0006355); (G0:0003700);
probable regulation of DNA-binding
S unknown [Picea sitchensis], bZIP_plant_RF : transcription, DNA- transcription factor
SsrPt_ctg5333 PSY00010492 gsg;;rllptlon factor ABR17748.1 0 2 (cd14703) 9.40e-24 templated activity NA
(GO:0006355); (G0O:0003700);
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value iVeref Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
nucleic acid binding
cold shock protein putative glycine-rich protein ) CSP_CDS } (G0:0003676); zinc
SsrPt_ctg64 PSY00014290 | 5 jie [Picea glauca], ABA54143.1 7.56e-67 | qoa458) 5.69-26 | NA ion binding NA
(G0:0008270);
SsrPt_ctg7024 | PSY00003770 | unknown unknown [Picea sitchensis], 442660 | NA - NA NA NA
- ABK?24150.1, ABK26366.1 '
GTPase activity
microtubule (G0:0003924);
. Lo cytoskeleton structural cytoplasm
tubulin beta chain-like o -
. . ) organization constituent of (GO:0005737);
SsrPt_ctg7081 PSY00020303 tubulin beta chain Qg%@ﬁ%ﬁ gggo;ata], 0 NA (GO:0000226); mitotic | cytoskeleton microtubule
- ' cell cycle (G0:0005200); GTP | (GO:0005874);
(G0:0000278); binding
(G0O:0005525);
putative 2,3-
bisphosphoglycerat
e-dependent unknown [Picea sitchensis], ) zf-FLZ :
SsrPt_ctg7141 | PSY00005414 phosphoglycerate ADE77804.1 1.15e-50 (pfam04570) 9.44e-22 NA NA NA
mutase-like
isoform 1
polyadenylate- RRM2_SECp43
binding protein unknown [Picea sitchensis], _like (cd12345) 1.70e-45 mRNA binding cytosol
SSIPL_ctg7170 | PSY00002648 | ppps7 ke ACN39849.1 0 RRM1 SECp43 | 953e-43 | VA (GO:0003729): (GO:0005829);
isoform X1 _like (cd12344)
nucleus
. . . . RRM_SF super o
UBP1-associated unknown [Picea sitchensis], ) o= : RNA binding (G0:0005634);
SsrPt_ctg7425 PSY00000824 protein 2C ABR18205.1 1.14e-128 1;2:111%69) 6.63e-22 NA (GO:0003723); membrane
(G0:0016020);
unknown [Picea sitchensis],
SsrPt_ctg7444 PSY00000153 unknown ABK21134.1 ABR16779.1 1.22e-45 NA - NA NA NA
1 2 hoata. Glyco_hydro glucan endo-1,3-
glucan endo-1,3- Glucar] endo 1’3. beta Superfamily (cl 1.11e-89 carbohygirate beta-D-glucosidase anchored component
SsrPt_ctg7731 PSY00017742 . glucosidase 7 [Pinus taeda], 0 metabolic process - of plasma membrane
beta-glucosidase AZAL4776.1 23725) X8 1.32e-42 (GO:0005975); activity (GO:0046658);
’ (smart00768) ’ ' (GO:0042973); ’ '
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value A{Frer Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
unknown [Picea sitchensis], DUF1218 integral component of
SsrPt_ctg7824 PSY00014046 Fiber protein h34 ABK21553.1, ABK22633.1, 9.82e-93 (pfam06749) 4.63e-25 NA NA membrane
ACN40982.1 P (G0:0016021);
cold shock protein unknown [Picea sitchensis], (C?aDm00313) 1.09e-25 ?(l;ge(l)%gggg;ngmg
SsrPt_ctg7867 PSY00001445 P ABK?22299.1, ABR17619.1, 4.80e-51 P ' NA NP ’ NA
2 ACN40273.1 zfCCHC 3.77e-05 ion binding
' (pfam00098) (G0O:0008270);
- lycine-rich RNA-binding Lo
RNA-binding glycine-rc RRM2_NsCP33 mRNA binding nucleus
SsrPt_ctg8064 PSY00002483 protein protein [Picea glauca], 5.26e-55 like (cd21608) 3.21e-37 NA (GO:0003729); (GO:0005634):
AAD28176.1
SsrPt_ctg865 NP NA - - NA - NA NA NA
. . DNA binding
e class Il HD-Zip protein . T
SsIPt_ctg9249 | PSY00009266 | CRSSWIHD-Zip 1 {57 [pinus taeda) 193e-79 | Homeobox 369-14 | NA (GO:0003677); lipid | nucleus
protein ABG73246 1 (pfam00046) binding (G0:0005634);
‘ (G0O:0008289);
pue e | VSt
RPtest1 psyoooosger | YSineN- curcas], XP 012077595.1 6.08¢-26 | Superfamily (| | 394e-54 | translation constituent of ribasome
methyltransferase XP 012’077§9 11 - ' 13476) ' (G0O:0006412); ribosome (G0:0005840);
SUVR2-like XP:020536692.1 (G0:0003735);
. unknown [Picea sitchensis], ) DCD R
RPtest5 PSY00003137 B2 protein ABK22365.1 2.16e-167 (smart00767) 2.10e-75 NA NA NA
DNA binding
. G0:0003677);
AT-hook motif - - . ( . !
ol unknown [Picea sitchensis], ] DUF296 } minor groove of nucleus
RPtests PSY00019692 | nuclear-jocallzed | ADE76363.1 186e-67 | (pfam03479) 29le-27 | NA adenine-thymine- | (GO:0005634)
P rich DNA binding
(G0O:0003680);
RPtest9 NP NA - - NA - NA NA NA
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value A{Frer Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
response to water
deprivation
(GO:0009414); mRNA binding
embryo development (G0:0003729);pepti
ending in seed de-serine-N-
N-terminal dormancy acetyltransferase cytosol
acetyltransferase A | unknown [Picea sitchensis], ) Riml : (G0:0009793); N- activity (G0:0005829); NatA
RPtestll PSY00011770 complex catalytic ABK23715.1 9.17e-117 (COG0456) 4.02e-30 terminal peptidyl- (G0:1990189); complex
subunit NAA10 serine acetylation peptide-glutamate- (GO:0031415);
(G0:0017198); N- N-acetyltransferase
terminal peptidyl- activity
glutamic acid (G0:1990190);
acetylation
(G0O:0018002);
T . . . RING-H2_PA-
RP1lest13 PSyooo25105 | E3ubiquitin- unknown [Picea sitchensis] 140e-134 | TM-RING 240e-18 | NA NA NA
protein ligase ADE77028.1
(cd16454)
L lycine-rich RNA-binding -
RNA-binding glycine-ric RRM2_NsCP33 mRNA binding nucleus
RPtest15 PSY00002483 protein protein [Picea glauca], 5.33e-55 like (cd21608) 3.21e-37 NA (GO:0003729): (GO:0005634):
AAD28176.1
RPtest16 PSY00014450 NA - - NA - NA NA NA
rotein ATP binding
Ehosphorylation (GO:0005524);
STKc_SnRK3 . i protein serine kinase | .
CBL-interacting unknown [Picea sitchensis], (cd14663); 2.26e-176 (GO'OOOE.MGS)’ signal activity integral component of
LOP1 PSY00018563 e 0 transduction . . membrane
protein kinase 5 ABK24914.1 CIPK_C 7.17e-55 i . (G0:0106310); . .
(cd12195); (GO:0007165); - protein threonine (GO:0016021);
' response to abscisic Kinase activity
acid (GO:0009737); (GO:0106311);
LOP3 PSY00000153 | unknown unknown [Picea sitchensis], 119e45 | NA - NA NA NA
ABK21134.1, ABR16779.1 '
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value iVeref Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
protein binding
(G0O:0005515);
chaperone protein DnaJ metal ion binding
unknown [Picea sitchensis] (pfam00226) 4.25e-20 . .= | chloroplast
LOP5 PSY00023395 dnal _ ABK23437 1 0 Ferd 13 2 146-17 NA (G0O:0046872); iron (GO:0009507):
C76,chloroplastic (pfam13370) sulfur cluster
P binding
(G0:0051536);
utative histone- uncharacterized protein structural
IF;/sine N- LOC105638411 [Jatropha DUF3527. translation constituent of ribosome
LOP6 PSY00008891 curcas] XP_012077593.1 6.05e-26 Superfamily 3.94e-54 i . . . .
methyltransferase XP 0120775941 113476 (G0:0006412); ribosome (G0:0005840);
SUVR2-like - : C ) (GO:0003735);
XP_020536692.1 ’
LOP8 PSY00004341 NA - - NA - NA NA NA
LOP9 NP NA - - NA - NA NA NA
lactoylglutathione
methylglyoxal lyase activity
. - . . catabolic process to D- | (G0O:0004462);
LOP11 PSY00023490 Lactoylglutathione unknown [Picea sitchensis] 0 PLN02300 000 lactate viapS-IactoyI- r(netal ion bind)ing cytoplasm
lyase ABK22263.1 (PLN02300) glutathione (GO:0046872); (G0O:0005737);
(G0:0019243); dioxygenase activity
(GO:0051213)
LOP12 NP NA - - NA - NA NA NA
unknown [Picea integral component of
PtSIFG_1102 PSY00008719 unknown - - 9.42e-8 NA - NA NA membrane(G0O:00160
sitchensis]ADE76399.1 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
ATP binding chloroplast
womenbne | (SO0 | (S sk
PtSIFG_6044 PSY00004353 resistance protein [Ne?umbo nucifgra] 0 super family 0,00 transport transmembrzfne integral component of
1-like XP_010273226.1 (GO:0055085); transporter activity Egegggalngoﬂ)_
(G0O:0042626); ’ '
oxidoreductase
PSIFG_6065 | PSY00027604 | (R)-mandelonitrile | unknown [Picea sitchensis] 1780157 | ':?grifl 121e-64 | NA Cron gs‘t’g]pg‘(’)fn NA
- lyase-like ABK22756.1 : (clg3566) Y : donors
(G0O:0016614);
flavin adenine
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value iVeref Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
dinucleotide binding
(G0O:0050660);
oligouridylate- . - . -
LI . unknown [Picea sitchensis] RRM3_PUBL1 ] mRNA binding
psyl2 PSY00005261 :Ji:(nedmg protein 1- ABR17996.1 2.72e-122 (cd12622) 1.63e-42 NA (GO:0003729); NA
patellin-3-like unknown [Picea sitchensis] _ SEC14 : lipid binding
psyl16 PSY00018010 | )/ otein ABR18053.1 ABR18173.1 5.24e-158 | (:400170) 4.95e-34 | NA (GO:0008289); NA
patellin-3-like unknown [Picea sitchensis] ) SEC14 § lipid binding
psyl17 PSY00018010 | )\ otein ABR18053.1 ABR18173.1 5.24e-158 | (:400170) 4.95e-34 | NA (G0O:0008289): NA
mMRNA 3'-UTR nucleus
nuclear-transcribed binding (GO:0005634):
polyadenylate- polyad_enylate-binding protein PABP-1234 g\E::IeAniﬁ(g)]ly(A) el éﬁg(%oslzfi?%g cytosol
psyl18 PSY00016934 SO - 2, partial [Amborella 0 0,00 . . ) A (G0:0005829);
binding protein 3 trichopoda] XP_006842170.2 (TIGR01628) (G0:0000289); (G0:0008143); ribonucleonrotein
P = ' translational initiation poly(U) RNA complex P
(GO:0006413); binding P ,
(GO:0008266): (G0:1990904);
mMRNA 3-UTR nucleus
nuclear-transcribed binding (GO:0005634):
polyadenylate- polyad_enylate-binding protein PABP-1234 g\EyeAniﬁgly(A) el EJ%S(OAO)O;Z\:Z?AQ cytosol
psyl19 PSY00016934 SO - 2, partial [Amborella 0 0,00 . . ) A (G0:0005829);
binding protein 3 trichopoda] XP_006842170.2 (TIGR01628) (G0:0000289); (G0:0008143); ribonucleonrotein
P = ' translational initiation poly(U) RNA complex P
(GO:0006413); binding P ,
(GO:0008266): (G0:1990904);
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value A{Frer Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
RecName: Full=Ribulose h - MONOOXygenase
ribulose bisphosphate carboxylase photorespiration activity
bisphosphate small chain, chloroplastic; RDCS super (GO:0009853); (GO:0004497); chloroplast
psyl25 PSY00000191 _ ! ’ 1.92e-112 family 4.18e-92 reductive pentose- ribulose- . .
carboxylase small Short=RuBisCO small . (G0:0009507);
- o . (cl29940) phosphate cycle bisphosphate
subunit subunit; Flags: Precursor ! . -
[Pinus thunbergii] P10053.1 (G0:0019253); ((:arboxylase a():thlty
' G0:0016984),
regulation of gene
expression
(G0:0010468); nucleus
unknown [Picea sitchensis] y ) phosphorylation MAP kinase activity | (GO:0005634);
psyl36 PSY00003770 | unknown ABK24150.1 ABK26366.1 4.48:-60 | NA (GO:0016310); (GO:0004707); cytoplasm
intracellular signal (G0:0005737);
transduction
(G0O:0035556);
psyl42 NP NA - - NA - NA NA NA
thiamine biosynthetic iron ion binding
thiazole process (G0:0005506); cytosol
b . unknown [Picea sitchensis] PLN02661 (G0:0009228); transferase activity, (G0:0005829);
psyla4 PSY00013146 lg;c;symn;hetlc ABK23376.1 0 (PLN02661) 0,00 thiazole biosynthetic transferring pentosyl | chloroplast stroma
Y process groups (G0:0009570);
(G0:0052837); (G0O:0016763);
psyl57 NP NA - - NA - NA NA NA
nucleic acid binding
A cold shock protein putative glycine-rich protein R CsD § (GO:0003676); zinc
Iw_isotig00080 | PSY00026757 2-like [Picea glauca] ABA54143.1 3.24e-70 (pfam00313) 2.79e-26 NA ion binding NA
(G0O:0008270)
nucleic acid binding
Lo cold shock protein putative glycine-rich protein R CsSD : (G0:0003676); zinc
Iw_isotig00081 | PSY00026757 2-like [Picea glauca] ABA54143.1 3.24e-70 (pfam00313) 2.79e-26 NA ion binding NA
(G0O:0008270)
122
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value A{Frer Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
glycine mitochondrion
dehydrogenase (GO:0005739):
(decarboxylating) glycine cleavaée
glycine glycine dehydrogenase glycine activity complex
Iw_isotig00542 | PSY00008008 dehydrogenas_e (d_ecarboxyl_atlng), ) 0 PLN02414 0,00 deca_rboxylatlon via (GO_:0004_137_5); (GO-0005960):
(decarboxylating), mitochondrial [Elaeis (PLNO02414) glycine cleavage glycine binding chlorolast envelope
mitochondrial guineensis] XP_010942763.1 system (GO:0019464); | (GO:0016594); (GO'0809941)' P
pyridoxalphosphate apop'last '
binding . .
(GO:0030170); (GO:0048046);
monooxygenase
activity
(G0:0004497); iron
ion binding
(GO:0005506);
- - - oxidoreductase
. . . . p450 super paclitaxel biosynthetic L .
Iw_isotigd1420 | PSY00020425 g:{%ﬁ;ﬁg'f”e %g;gg‘gg ETaX”S chinensis] 4.48e-43 | family 4.66e-25 | process agti'r‘égﬁoarfgrggv‘;ﬂh NA
: (c112078) (GO:0042617); P ars,
incorporation or
reduction of
molecular oxygen
(G0O:0016705);
heme binding
(G0:0020037);
E3 ubiquitin- i?lukélgr;t(l)r};grf%t%n;fase RING_Ubox integral component of
Iw_isotig02138 | PSY00016229 protein ligase [Selgginella moellendorffii] 8.40e-143 super family 1.06e-16 NA NA membrane
At1g12760-like XP_024531855.1 (cl17238) (G0:0016021);
negative regulation of nucleus
transcription by RNA ; .
transcriptional h hetical - polymerase Il RN.A p_olymerase I (GO'OQOE?GM)’
Lo corepressor ypot etica proteln . LIM_bind (G0:0000122); actlvatl_ng_ transcription
Iw_isotig02347 | PSY00016640 SEUSS.li [Adiantum capillus-veneris] 1.32e-162 - 1.25e-56 " L transcription factor regulator complex
-like (pfam01803) positive regulation of S . .
isoform X1 MBC9828157.1 transcriotion by RNA binding (GO:0005667);
ption Dy (G0:0001102); membrane
polymerase Il (GO:0016020):
(GO:0045944); ’ '
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value n - Molecular
Locus gene ID (Blast2GO) [organism], accession No (Blas2GO) | (CDDNCBI) | (cDDNcB) | Blological Process | b\ i CCINET LI
regulation of gene
expression by genetic
imprinting
(GO:0006349); pollen
development
(G0:0009555); embryo
development ending in
seed dormancy tein bindi
(GO:0009793); regulation | PrOteIN binding
WD-40 ¥VD_‘:0 super of flower development (GO3IO_OO5S_153_§ X o silenci
-40 repeat- . - . amily : (GO:0009909); trichome metal ion binding chromatin silencing
lw_isotig02842 | PSY00012746 containing protein ir:l)(g%vgngicea sitchensis] 0 (cl29593) igg:gz differentiation (G0:0046872); iron- | complex
MSI1 ‘ CAF1C_H4-bd i (GO:0010026); seed coat | sulfur cluster (GO:0005677);
(pfam12265) ?évc)e_'ggfg)ezTA)_ binding
heter‘ochromati’n assembly (G0:0051536);
(G0:0031507); positive
regulation of cell cycle
(G0:0045787); leaf
development
(G0:0048366); regulation
of genetic imprinting
(GO:2000653);
Iw_isotig03088 | NP NA - - NA - NA NA NA
Iw_isotig04195 | NP NA - - NA - NA NA NA
. . . integral component of
_ probable unknown [Picea sitchensis] ) LysM )
lw_isotig04204 | PSY00005987 endopeptidase p60 ABK21059.1 ABR17490 1 1.84e-68 (pfam01476) 1.37e-13 NA NA (née(r;ggaln:oﬂ).
protein FATTY - - . integral component of
Iw_isotig04306 | PSY00011561 | ACID EXPORT 2, | Yiknowt [Piceasitchensis] 1.83¢-80 (T”;:r?é’ggfn 101e-21 | NA NA membrane
chloroplastic : P (G0:0016021);
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value iVeref Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
. . transcription
trihelix gylcl?l_tgetégzloggngae?’s 10 Myb_DNA- regulatory region nucleus
Iw_isotig04600 | PSY00011465 transcription factor - P 5.78e-105 bind_4 7.88e-16 NA sequence-specific . .
[Amborella trichopoda] o (G0O:0005634);
ASIL2 ERNO7191.1 (pfam13837) DNA binding
' (G0O:0000976);
uracil catabolic endoplasmic
Lo dihydropyrimidinas | unknown [Picea sitchensis] PLN02942 ?(2%3%806212)' dihy(_jropyrimidinase reticulum .
Iw_isotig04931 | PSY00018521 e ABK24502.1 0 (PLN02942) 0,00 cellullar respon’se to activity (G0:0005783); Golgi
nitrogen levels (GO:0004157); ?glgrgéuossm 4):
(G0O:0043562); ) '
Iw_isotigd5123 | NP NA - - NA - NA NA NA
RNA polymerase |1
: cis-regulatory region
regulat_l on of sequence-specific
PLNO03091 transcription, DNA- DNA binding
- super family templated . .
e R2R3-MYB transcription . . (G0:0000978);
A Transcription factor - (cl33633) 5.14e-26 (G0O:0006355); R nucleus
Iw_isotig06215 | PSY00022080 MYB44 factor MYBS6 [Picea glauca] 0 PRK13850 2156-03 regulation of DNA. b_m_dlng (GO:0005634):
ABQ51222.1 . L transcription factor
super family transcription by RNA L
activity, RNA
(c129733) polymerase Il polymerase I-
(G0O:0006357) specific
(GO:0000981);
cytokinin-activated -
A transcription
signaling pathway regulatory region
hypothetical protein (?b?)é?'gﬁ?gjgi)é sequence-specific
L zinc finger protein PHAVU—OO7G0295009 gmediated signaling DNA binding nucleus
Iw_isotig06440 | PSY00018317 GIS3-like [Phaseolus vulgaris] 1.35e-10 NA - athwa (GO:0000976); (GO:0005634):
XP_007142933.1ESW14927. (pGO'00)69740)' DNA-binding : '
1 i ' transcription factor
trichome activity
differentiation . .
(GO:0010026); (G0:0003700);
lw_isotig07383 PSY00006544 NA - - NA - NA NA NA
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Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value A{Frer Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
ATP binding
(G0O:0005524);
proline-rich protein protein serine kinase integral component of
Iw_isotigl0603 | PSY00011044 | 'éceptor-like unknown [Picea sitchensis] 0 STKC_IRAK 2.09e-105 | phosphorylation activity membrane
protein kinase ACN40429.1 (cd14066) ! . (G0:0106310); . .
(GO:0006468); ; d (G0:0016021);
PERK1 protein threonine
kinase activity
(G0:0106311);
. . . . . . electron transfer anchored component
lw_isotigl1166 | PSY00030466 lbiakzlc blue protein- 2JP§ON62[§7|nlus tabuliformis] 4.99e-72 E’clggtlaocfg)n n 4.37e-46 i:}e{;tgo(gg"_"gégggoo)_ activity of plasma membrane
' ' ' (G0O:0009055); (G0O:0046658);
sulfate assimilation
(G0:0000103); adenylylsulfate cytosol
adenylyl-sulfate . . . phosphorylation kinase activity . .
Iw_isotig12667 | PSY00012407 | kinase 3 isoform | Unknown [Picea sitchensis] 0 CysC 117e-104 | (GO:0016310); (GO:0004020); ATp | (GO:0005829);
ABR16196.1 (COG0529) : - chloroplast
X1 hydrogen sulfide binding (GO:0009507);
biosynthetic process (G0:0005524); ’ '
(G0O:0070814);
lw_isotig17679 NP NA - - NA - NA NA NA
iron ion binding
(G0O:0005506);
electron transfer
indole-3- unnamed protein product PLN00192 electron transport ?(gt(i)v'ié)(;OQOSS)' 2
Ilw_isotig20215 | PSY00031065 acetaldehyde [Triticum turgidum subsp. 1.98e-79 super family 1.56e-106 chain (GO'OOBZQOO)' iron '2 sulfur ciuster NA
oxidase durum]VAH30502.1 (c133422) ’ ' binding
(G0O:0051537);
FAD binding
(G0O:0071949);
s . . . GNH_hydrolase .

A protein trichome unknown [Picea sitchensis] ] i R cellular anatomical
Iw_isotig21953 | PSY00005415 birefringence-like 6 | ADE76095.1 8.96e-87 ?tcjl%elroﬁglly 2.10e-70 NA NA entity (GO:0110165);
A . ) gasab like protein [Pinus R GASA : cellular anatomical
lw_isotig26230 PSY00034638 protein RSI-1 pinaster] CBL95259.1 2.33e-73 (pfam02704) 9.46e-35 NA NA entity (GO:0110165);
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

Pinus sylvestris | Potential function | Blast top hit description E-value Specific hits E-value A{Frer Molecular
e gene ID (Blast2GO) [organism], accession Na (Blast2GO) | (CDDNCBI) | (cDD Nce) | Biological Process Function CelllEr Campons:
regulation of
transcription, DNA-
auxin-responsive auxin-induced protein 2 templated R
L - . - AUX_IAA . . protein binding nucleus
lw_isotig27940 | PSY00003211 protein IAA9 [Pinus massoniana] 0 - 3.35e-101 (G0:0006355); auxin- ; ) . .
isoform X3 ALI16894.1 (pfam02309) activated signaling (GO:0005515); (GO:0005634);
pathway
(GO:0009734);
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
. . . . - e E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
SO 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI((::DBIID) Process e Component
hydrolase activity
aspartyl protease APCB1 - - . ) . -
aspartyl protease Pepsin_retropepsin_like ) proteolysis (G0:0016787); aspartic-
PITX2146 PITA_000026471 APCB1 E(Ng rggqi%azgggoiata], 0 Superfamily (cl11403) 2.31e-141 (G0:0006508); type endopeptidase NA
- ' activity (GO:0004190);
pectin Golai
: . ) gi membrane
probable biosynthetic polygalacturonate 4 (GO:0000139);
probable galacturonosyltransferase 14 PLN02870 process alpha- integral
SsPp_cn524 PITA_ 000001867 | galacturonosyltransf | : form X1 [Duri 0 Superfamil 130824 0 (G0:0045489); galacturonosyltransferas f
erase 13 isoform x1 | 'S0form (Durio uperfamily (c ) cell wall e activity component o
zibethinus], XP_022774546.1 P . X membrane
organization (G0:0047262); (GO:0016021);
(GO:0071555); : '
SsrPt_AWO010960 | NP NA - - NA - NA NA NA
SsrPt_AW225917 | NP NA - - NA - NA NA NA
SsrPt_AW981772 | PITA 000031044 | NA - - PRK12678 Superfamily | 4 110,05 | NA NA NA
(cl36163)
SsrPt_BF049767 NP NA - - NA - NA NA NA
3-isopropylmalate
. . dehydratase activity
3-isopropylmalate leucine . .
dehydratase large unknown [Picea sitchensis] Aconitase super family biosynthetic .(GO'QOQ?’BM)' metal
SsrPt_ctg1376 PITA_000000887 - ' 4.04e-129 1.07e-76 ion binding NA
subunit, ACN40409.1 (cl00285) process . -
. ; . (GO:0046872); 4 iron, 4
chloroplastic (G0:0009098); -
sulfur cluster binding
(G0O:0051539);
SsrPt_ctg1525 NP NA - - NA - NA NA NA
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
uncharacterized uncharacterized protein CBM20 Superfamil carbohydrate binding
SsrPt_ctg17601 PITA_000037826 | protein LOC109718409 [Ananas 4.01e-29 (€l15347) P y 3.83e-23 | NA (GO:0030246); starch NA
LOC109718409 comosus], XP_020100234.1 binding (G0:2001070);
Pollen Ole e | extracellular
PITA_ 000025493 | oleel-like protein 1.87e-114 o= 3.30e-14 NA NA space
Superfamily (cl03128) (GO:0005615);
pollen Ole e | extracellular
PITA_000086735 | oleel-like protein 5.96e-72 Superfﬁmily_/ (EIO3128) 5.33e-09 NA NA space
(GO:0005615);
pollen Ole e | extracellular
PITA_ 000047867 | oleel-like protein 3.77e-106 Superfﬁmily_/ (EIO3128) 7.39%-15 NA NA space
(GO:0005615);
SsIPt_ctg18103 | PITA 000047868 | oleel-like protein | SXtenSin-like protein [Pinus | 55, 44 | Pollen Ole e | 166e-14 | NA NA e
g - P taeda], QDZ06028.1 ' Superfamily (cl03128) ’ (80'0005615)'
pollen Ole e | extracellular
PITA_ 000051460 | oleel-like protein 5.51e-101 o= 2.08e-12 NA NA space
Superfamily (cl03128) (GO:0005615);
pollen Ole e | extracellular
PITA_ 000072543 | oleel-like protein 8.44e-108 o= 1.18e-14 NA NA space
Superfamily (cl03128) (GO:0005615);
) ) Pollen Ole e | extracellular
PITA_000030491 | oleel-like protein 7.52e-107 Superfgmily (EI03128) 3.96e-14 NA NA ?geg:_eooosmg)).
Ivcine-rich protein unknown [Picea sitchensis], nucleic acid binding
SsrPt_ctg2300 PTA00008090 g Y P ABK22299.1, ABR17619.1, 8.19e-63 CSD (pfam00313) 1.33e-25 NA (GO:0003676); zincion | NA
ACN40273.1 binding (G0:0008270);
SsrPt_ctg275 NP NA - - NA - NA NA NA
cell population
proliferation
(G0O:0008283);
positive
SsrPt cta3021 PITA 000031795 GRF1-interacting unknown [Picea sitchensis], 3686-110 | SSXT (pfam05030) 513e-19 ;reag#;s:iiogoonfb transcription coactivator | nucleus
_Cl9 - factor 1 ABK22130.1 : P : puon by ctivity (G0:0003713); | (GO:0005634);
RNA polymerase
1
(GO:0045944);
leaf development
(G0O:0048366);
SstPt_ctg3089 NP NA - - NA - NA NA NA
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

Locus

Pinus taeda gene
ID

Potential function
(Blast2GO)

Blast top hit description
[organism], accession Ne

E-value
(Blast2GO)

Specific hits (CDD
NCBI)

E-value
(CDD
NCBI)

Biological
Process

Molecular Function

Cellular
Component

SsrPt_ctg3754

PITA_000016257

DELLA protein
GAl-like

DPL [Pinus tabuliformis],
AHWA42471.1

GRAS (pfam03514),
DELLA (pfam12041)

1.09e-169,
8.20e-29

regulation of
transcription,
DNA-templated
(G0O:0006355);
response to
ethylene
(G0O:0009723);
response to
abscisic acid
(G0O:0009737);
salicylic acid
mediated
signaling
pathway
(GO:0009863);
jasmonic acid
mediated
signaling
pathway
(G0:0009867);
negative
regulation of
gibberellic acid
mediated
signaling
pathway
(G0O:0009938);
negative
regulation of
seed germination
(G0:0010187);
hyperosmotic
salinity response
(G0O:0042538);
regulation of
seed dormancy
process
(G0:2000033);
regulation of
reactive oxygen
species metabolic
process
(G0O:2000377);

DNA-binding
transcription factor
activity (GO:0003700);
transcription coregulator
activity (G0O:0003712);
sequence-specific DNA
binding (G0O:0043565);

nucleus
(GO:0005634);
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. . . . o - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
uncharacterized protein
SsrPt_ctg4363 PITA_000068716 | Protein FAM70A LOC109944079 [Zea mays], 1.88e-14 NA - NA NA NA
XP_020404174.1
putative 2,3-
bisphosphoglycerate
-dependent unknown [Picea sitchensis],
SsrPt_ctg4487a PITA_000029961 phosphoglycerate ADE77804.1 4.95e-48 zf-FLZ (pfam04570) 2.71e-20 NA NA NA
mutase-like isoform
1
putative 2,3-
bisphosphoglycerate
-dependent unknown [Picea sitchensis], . 3 :
SsrPt_ctg4487b PITA_ 000029961 phosphoglycerate ADE77804.1 4.95e-48 zf-FLZ (pfam04570) 2.71e-20 NA NA NA
mutase-like isoform
1
protein hypothetical protein DNA bindin
SsrPt_ctg4698 PITA_ 000017622 | RCC2homolog ZOSMA_1G02490 [Zostera 3.65e-10 NA - NA (GO'OOO367%)' NA
isoform X1 marina], KMZ70272.1 ' ’
SstPt_ctg5167 NP NA - - NA - NA NA NA
regulation of -
probable - - . L DNA-binding
SsrPt_ctg5333 PTAO00009525 transcription factor Xg‘gi‘;\l; 4%P:|Lcea sitchensis], 0 bZdIf I%gnt_RFZ 2.24e-24 g?\T;C”pt'oln y d transcription factor NA
PosF21 : (cd14703) “templated | i ity (GO:0003700);
(GO:0006355); '
Ivcine-rich protein unknown [Picea sitchensis], nucleic acid binding
SsrPt_ctg64 PTA00008090 g y P ABK22299.1, ABR17619.1, 8.19e-63 CSD (pfam00313) 1.33e-25 NA (GO:0003676); zincion | NA
ACN40273.1 binding (GO:0008270);
regulation of
gene expression
(G0O:0010468); |
mitogen-activated known [Picea sitchensis] PKc_like Superfamil phosphorylation |y b inase activit ?52)88805634)
L unknown [Picea sitchensis], } c_like Superfamily y ! . inase activity : ;
SsrPt_ctg7024 PITA_000023332 | protein kinase 15 ABK24488 1 9.03e-163 (cl21453) 2.04e-98 _(G0.0016310), (GO:0004707); cytoplasm
isoform X1 intracellular i .
- (G0:0005737);
signal
transduction
(G0O:0035556);
SsrPt_ctg7081 NP NA - - NA - NA NA NA
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
putative 2,3-
bisphosphoglycerate
-dependent unknown [Picea sitchensis], ) 3 }
SsrPt_ctg7141 PITA_000029961 phosphoglycerate ADE77804.1 4.95e-48 zf-FLZ (pfam04570) 2.71e-20 NA NA NA
mutase-like isoform
1
polyadenylate- RRM2_SECp43_like lipid metabolic nucleus
SO . Lipase 1 [Pinus (cd12345), 3.48e-44, mRNA binding (GO:0005634);
SsrPt_ctg7170 PITA_000027567 g‘g‘;ﬁ‘?_ﬁge'“ tabuliformis], AJP06316.1 0 RRM1_SECp43_like 3.57¢-41 Fcraotg?gts)osszg)- (GO:0003729): cytosol
(cd12344) ’ ' (G0:0005829);
nucleus
UBP1-associated unknown [Picea sitchensis], ) RRM2_NsCP33_like : RNA binding (G0O:0005634);
SsrPt_ctg7425 PITA_000004120 | iein 2C ABR18205.1 2.30e-130 | ¢ 121608) 44323 | NA (GO:0003723); membrane
(G0:0016020);
SsrPt_ctg7444 PITA_000012096 | Unknown unknown [Picea sitchensis], |y 74067 | N - NA NA NA
- - ABK21134.1, ABR16779.1 '
carbohydrate anchored
lucan endo-1.3- Glucan endo-1,3-beta- GlIveo hvdroSuperfamil metabo%ic glucan endo-1,3-beta-D- | component of
SsrPt_ctg7731 PITA_000091704 g L glucosidase 7 [Pinus taeda], 3.3%-65 yeo_ny! P 1.07e-18 glucosidase activity plasma
beta-glucosidase y (cl23725) process . .
AZA14776.1 (GO:0005975); (G0:0042973); membrane
) ' (G0O:0046658);
. . . integral
unknown [Picea sitchensis], .
SsrPt_ctg7824 PITA_ 000076250 | Fiber protein fh34 | ABK21553.1, ABK226331, | 18le-91 | DUFL218 Superfamily 20325 | NA NA component of
ACNA0982 1 (clo6009) membrane
) (GO:0016021);
Ivcine-rich protein unknown [Picea sitchensis], nucleic acid binding mitochondrion
SsrPt_ctg7867 PITA_000007834 g Y P ABK22299.1, ABR17619.1, 437e-73 | CSD (pfam00313) 2.62e-25 | NA (GO:0003676); zinc ion (GO:0005739).
ACN40273.1 binding (G0:0008270); ’ '
- glycine-rich RNA-binding . Lo
RNA-binding i RRM2_NsCP33_like : MRNA binding nucleus
SsrPt_ctg8064 PITA_000008378 protein g\rztteg [Picea glauca], 5.59e-55 (cd21608) 1.14e-36 NA (GO:0003729); (GO:0005634);
8176.1
SsrPt_ctg865 NP NA - - NA - NA NA NA
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
START_ArGLABRA2_|
. . ike (cd08875), 4.12e-79, A
- Homeobox-leucine zipper ] DNA binding
SsrPt_ctg9249 PITA_ 000010076 | 1358 IPHD-Zip proteinATHB-15 isoform D 0 MEKHLA (pfam08670), | 106e-64, | \ \ (GO:0003677); lipid nuclevs
protein [Glycine soja], RZC00893.1 Homeobox 2.35e-16, binding (GO:0008289); | (G0:0005634);
' ' (pfam00046), bZIP 4.46e-06 : '
(cd14686)
. . hypothetical protein
PITA_000070971 %E‘étzheéggégg’te'” F0562_000559 [Nyssa 5.91e-40 gf';‘:’fsazr;“ (©113476) 404672 | NA NA NA
_ sinensis], KAA8548875.1 P y
e PREDICTED: PREDICTED: structural constituent of
PITA 000006918 | Uncharacterized uncharacterized protein 437035 | DUF3527 135e.66 | translation ribosome ribosome
- proteinLOC1046009 | LOC104600962 [Nelumbo ' Superfamily (cl13476) ' (G0:0006412); (GO:0003735); (G0:0005840);
62 nucifera], XP_010262438.1 ’ ’
RPtest5 PITA_000007179 | B2 protein unknown[Piceasitchensisl, | g 106175 | DCD (smart00767) 7.72¢76 | NA NA NA
ABK22365.1
RPtest6 NP NA - - NA - NA NA NA
hydrolase activity
aspartyl protease APCB1 . - . ) . .
aspartyl protease Pepsin_retropepsin_like ) proteolysis (G0:0016787); aspartic-
RPtest9 PITA_000026471 APCB1 E(Ng n&gqi%azgggoiata], 0 Superfamily (cl11403) 2.31e-141 (G0:0006508); type endopeptidase NA
- ' activity (G0O:0004190);
response to water
deprivation
(G0O:0009414);
embryo
development -
NN mRNA binding
ending in seed | (G0:0003729); peptide-
N-terminal (GO'OOOg793)' serine-N- cytosol
acetyltransferase A unknown [Picea sitchensis], ] . i e ' acetyltransferase (G0O:0005829);
RPtest1l PITA_000052634 complex catalytic ABK23715.1 1.21e-58 Riml (COG0456) 6.09e-16 Netii?lli:l:elrine activity (G0:1990189); NatA complex
subunit NAA10-like gcstylgtion peptide-glutamate-N- (G0:0031415);
! . acetyltransferase
(N‘?tc;frﬁ%];lgs)' activity (GO:1990190):
peptidyl-
glutamic acid
acetylation
(G0O:0018002);
132
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FUNCTIONAL CHARACTERISTICS OF EST-SSR MARKERS AVAILABLE FOR SCOTS PINE

. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
response to water
deprivation
(GO:0009414);
embryo
development -
S mRNA binding
3’;?:]:‘:3”';‘ seed (GO:0003729); peptide-
N-terminal (60_00023793)_ serine-N- cytosol
acetyltransferase A unknown [Picea sitchensis], ) . ) P ' acetyltransferase (G0:0005829);
PITA_000085253 | (oplex catalytic | ABK23715.1 4.56e-51 | Riml (COG0456) 2.19-19 Netiircrlmlr-]s(!rine activity (GO:1990189); | NatA complex
subunit NAA10 gcstylgtion peptide-glutamate-N- (G0:0031415);
4 . acetyltransferase
f\?_g'r?r?iﬁ;lgs)' activity (GO:1990190);
peptidyl-
glutamic acid
acetylation
(G0:0018002);
response to water
deprivation
(GO:0009414);
embryo
development -
Co mRNA binding
g’;‘r’;‘;’ng‘ seed | (50:0003729): peptide-
N-terminal (GO'OOO)‘.;793)' serine-N- cytosol
acetyltransferase A unknown [Picea sitchensis], ) . ) P ’ acetyltransferase (G0:0005829);
PITA_000013530 complex catalytic ABK23715.1 1.97e-49 Riml (COG0456) 1.52e-17 Net?ircrimlr-]selrine activity (G0O:1990189); NatA complex
subunit NAALO gcstylg’tion peptide-glutamate-N- (GO:0031415);
4 ) acetyltransferase
(CO001798); | acrivity (G0:1990190);
peptidyl-
glutamic acid
acetylation
(G0O:0018002);
ubiquitin-
dependent
protein catabolic
E3 ubiquitin-protein | unknown [Picea sitchensis], ) RING-H2_PA-TM- ) process ubiquitin protein ligase
RP1lest13 PITA_000065673 | |;oase ADE77028.1 1.10e-126 | pING (cdT6454) 1.0%-17 | (Go:0006511); | activity (GO:0061630); | A
protein
ubiquitination
(GO:0016567);
133
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
- lycine-rich RNA-binding . Lo
RNA-binding glycine-ric RRM2_NsCP33_like mRNA binding nucleus
RPtest15 PITA_000008378 protein protein [Picea glauca], 5.67e-55 (cd21608) 1.14e-36 NA (GO:0003729); (GO:0005634):
AAD28176.1
RPtest16 NP NA - - NA - NA NA NA
protein
phos.phorylatlo.n ATP binding
(G0O:0006468); . . . .
- (G0:0005524); protein integral
PITA 000008107 CBL-interacting unknown [Picea sitchensis], 0 (SJjTZEgg)REfPK c 1.06e-177, frlg::clluction serine kinase activity component of
- protein Kinase 5 ABK24914.1 (cd12195)y - 2.23e-52 (GO:0007165); (G0:0106310); protein membrane
respc.Jnse to ' threonine kinase activity | (GO:0016021);
LOP1 abscisic acid (GO:0106311);
(G0O:0009737);
protein ATP binding
STKc_SnRK3 1.326-176 phosphorylation (G0O:0005524); protein integral
- unknown [Picea sitchensis], (cd14663), NAF Caneqa | (GO:0006468); serine kinase activity component of
PITA_000008108 | protein kinase C ABK24914.1 0 (pfam03822), CIPK_C 1233%‘;11‘; signal (GO:0106310); protein | membrane
(cd12195); ' transduction threonine kinase activity | (GO:0016021);
(G0O:0007165); (G0O:0106311);
LOP3 PITA_000012096 | unknown unknown [Piceasitchensis], |y 79051 | A - NA NA NA
- ABK21134.1, ABR16779.1 '
LOP5 NP NA - - NA - NA NA NA
. . hypothetical protein .
LOP6 PITA_000070971 %ggtzheéggégme'” F0562_000559 [Nyssa 5.88¢-40 (Eéﬁgi’% Superfamily 404e-72 | NA NA NA
- sinensis], KAA8548875.1
membrane
(G0:0016020);
unknown [Picea sitchensis], ] ) integral
LOP8 PITA_000044661 | unknown ABR17498.1 8.45e-5 NA NA NA component of
membrane
(G0:0016021);
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
carbohydrate
metabolic
process
(G0O:0005975);
. . . . - chitin catabolic . L
Chitinase-like class Il chitinase [Pinus chitinase_GH19 chitinase activity
LOP9 PTA00066643 - - 0 =~ 9.85e-80 process . . NA
protein 1 banksiana], QEL09515.1 (cd00325) (GO:0006032); (G0:0004568);
cell wall
macromolecule
catabolicprocess
(G0O:0016998);
lactoylglutathione
methylglyoxal lyaseactivity
lactoylglutathione unknown [Picea sitchensis] fgtg?gé?a‘tjer(ﬁgss .(GO:QOO.MGZ); metal cytoplasm
LOP11 PITA000023770 : ! 0 PLN02300 (PLN02300) 0 ion binding ' .
lyase-like ABK?22263.1 S-lactoyl- (GO:0046872); (G0:0005737);
glute%thlone . dioxygenase activity
(G0O:0019243); (GO:0051213);
ADP binding
(G0:0043531);
. . NAD(P)+ nucleosidase
. _ ) putative TIR-NBS-LRR . signal et . .
LOP12 PITA 000035518 E‘;{taR“"reO;'iE NBS- | hrotein [Pinus monticolal, 0 E’c'[g'?,%?égo super family | 7 746,62 | transduction ifﬂ‘giy[f&(?eg?gggﬁ)' NA
P ADW94527.1 (GO:0007165); ; X :
cyclic ADP-ribose
generating
(G0O:0061809);
integral
unknown [Picea sitchensis], component of
PtSIFG_1102 PTAO00050445 unknown ABK24072.1, ABK26657.1 9.42e-8 NA - NA NA membrane
(G0:0016021);
MRNA
transcription
. O unknown [Picea sitchensis], ) DUF640 Superfamily y (G0O:0009299); nucleus
PtSIFG_0737 PITA_ 000017323 | protein G1-like4 ABR18275.1 6.18e-110 (cl04800) 2.30e-86 response to light NA (GO:0005634),
stimulus
(GO:0009416);
aspartyl protease APCB1 hydrolase activity
aspartyl protease Pepsin_retropepsin_like ) proteolysis (G0:0016787); aspartic-
PPSIFG_3145 PITA_000026471 | Apcp1 Qg“&%ﬁg?gg’f‘ta‘]' 0 superfamily (cl11403) | 23141 | (G0:0006508); | type endopeptidase NA
- ' activity (GO:0004190);
PtSIFG_5015 NP NA - - NA - NA NA NA
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
- chloroplast
o . ATP binding . .
pleiotropic drug . ’ - . . transmembrane GO0:0005524); ATPase- | .~ ~° '
lei icd gﬁji?ﬁ!g;;iepgfggﬁplljlke PLNO03140 Superfamily b frﬁ%?ﬁogm?)
PtSIFG_6044 PITA_000008712 | resistance protein 1- [Nelumbo nucifera] 0 (c133646) 0 transport coupled transmembrane component of
like ' (G0:0055085); transporter activity P
XP_010273226.1 h . membrane
(GO:0042626); (G0:0016021);
PtSIFG_6065 NP NA - - NA - NA NA NA
oligouridylate- unknown [Picea sitchensis] I(?:ElMZEES;JBl 8.42e-53 mRNA binding
psyl2 PITA_000017503 ﬁ'k”ed'”g protein1- | ABR17996.1 0 RRM3_TIAL like 6.720-41 | NA (GO:0003729); NA
(cd12354)
. . . . . SEC14 (cd00170), R
patellin-3-like unknown [Picea sitchensis], 1.87e-34, lipid binding
psyl16 PITA_000010550 | 1 rein ABR18053.1, ABR18173.1 0 gﬁ?ﬁﬁgﬁ 12307 | NA (GO:0008289); NA
: : : - . SEC14 (cd00170), R
patellin-3-like unknown [Picea sitchensis], 1.87e-34, lipid binding
psylL7 PITA_000010550 | 1 irein ABR18053.1, ABR18173.1 0 (Csfn?#afﬁ)'o?—“ 12307 | NA (GO:0008289); NA
nuclear- nucleus
. . transcribed MRNA 3-UTR binding | (GO:0005634);
aderi hypothetlcil protein - mITNhA poly(A) (GO:0003730); poly(A) | cytosol
polyadenylate- RHSIM_Rhsim06G0093100 ] PABP-1234 Superfamily . tail shortening o o ’ . .
psyl18 PITA_000064129 | b1 ing protein 3 [Rhododendron simsi], 362e-61 | (0131107 45649 | (50:0000289); bg]dz’l‘f) (FS,\?AOS%?jlif)' fiﬁ’aﬂ?ﬁfzﬂ’ei
KAF7140837 translational ?63'0008266)' 9 n complexp
initiation ' ’ . .
(GO:0006413): (G0:1990904);
nuclear- nucleus
f]rqa’g,ffA”beodl () | MRNAS-UTR binding | (GO:0005634);
polyadenylate- hypothetical protein PABP-1234 super famil tail shorFt)en%/n (G0:0003730); poly(A) | cytosol
PITA_000086838 | binding protein 2- CISIN_1g006282mg [Citrus 5.81e-52 (cl31127) P y 1.35e-41 (GO'00002899)' binding (GO:0008143); | (G0:0005829);
like sinensis], KDO84108.1 m‘iz't?gg”a' (pélg/:((L)JgOIZZN(SAs)t;)lndlng :li?)rygllggprotel
o (GO:0006413): (G0:1990904);
S
psy nuclear- nucleus
transcribed , A . .
hypothetical protein mRNA poly(A) mRNA 3 'UTR, binding (GO:0005634);
polyadenylate- . . g (GO:0003730); poly(A) | cytosol
PITA 000041571 | binding protein3- | AMTR_S00078p00149860 | ¢ o) 156 | PABP-1234 superfamily | ) 7., 4o | tail shortening 1 o i 55:0008143), | (GO:0005829);
- like [Amborella trichopoda], ' (cl31127) ' (G0:0000289); poly(U) RNA binding ! riboﬁucleoprot’ei
ERNO03845.1 translational (GO:0008266); n complex
initiation ' ’ . .
(GO:0006413); (GO:1990904);
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. . . " A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
RecName: Full=Ribulose photorespiration monooxygenase activity
ribulose bisphosphate carboxylase (G0:0009853); (GO:0004497);
svI25 PITA 000008677 bisphosphate small chain, chloroplastic; 1.856-107 RbcS Superfamily 3.816-92 reductive ribullose-bis h(;s hate chloroplast
psy - carboxylase small Short=RuBisCO small ' (cl29940) ' pentose- carbox Iasepacti\rl)it (G0:0009507);
subunit subunit; Flags: Precursor phosphate cycle (GO'Og16984)' y
[Pinus thunbergii], P10053.1 (G0:0019253); ’ ’
regulation of
gene expression
(G0O:0010468); nucleus
mitogen-activated unknown [Picea sitchensis] PKc_like super famil phosphorylation MAP kinase activit (GO:0005634);
psyl36 PITA_ 000023332 | protein kinase 15 ABK2A488.1 © | 9.03e-163 s P y 2.04e-98 | (G0:0016310); 0004707 Y 0 ’
isoform X1 88. C 53) intracellular (G0O:0004707); CytOP asm .
signal (GO:0005737);
transduction
(G0O:0035556);
protein
phosphorylation
WD repeat-containing (G0:0006468);
protein 48 [Amborella lateral root myosin heavy chain
WD repeat- trichopoda], WDA40 super famil formation kinase activity
psyl42 PITA_000007965 | containing protein XP_006854552.1, 1.68e-145 (c|29593)p y 1.08e-27 (G0O:0010311); (G0O:0016905); NA
48 XP_011627121.1, positive ubiquitin binding
XP_020529314.1, regulation of (G0:0043130);
XP_020529315.1 protein
deubiquitination
(G0O:1903003);
thiamine
E'rgzirs‘;het'c iron ion binding cytosol
psylad PITA_000017051 thiazole biosynthetic | unknown [Picea sitchensis], 0 PLN02661 Superfamily 0 ((3_0:0009228); gggél%?gssggt)i'vity, gﬁg ;22?655?29) '
enzyme ABK23376.1 (c130472) thiazole -
biosynthetic transferring pentosyl stroma
process groups (G0O:0016763); (G0:0009570);
(G0O:0052837);
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. . . " A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
chloroplast inner
membrane
dicarboxylate unknown [Picea sitchensis] transmembrane transmembrane (G0O:0009706);
psyl57 PITA_000010946 | transporter 1, ABK24751.1 ! 0 Dass (TIGR00785) 2.90e-151 | transport transporter activity integral
chloroplastic ' (G0:0055085); (G0:0022857); component of
membrane
(G0:0016021);
oITA glycine-rich protein unknown [Picea sitchensis], nuclelzic acid bir.1di_ng ) mitochondrion
000007834 5 ABK22299.1, ABR17619.1, 4.37e-73 CSD (pfam00313) 2.62e-25 NA (G0O:0003676); zinc ion (GO:0005739):
ACN40273.1 binding (G0:0008270); ’ '
lw_isotig00080
glycine-rich protein unknown [Picea sitchensis], nucleic acid binding
PITA_000009956 5 ABK22299.1, ABR17619.1, 8.31e-63 CSD (pfam00313) 1.33e-25 NA (G0O:0003676); zincion | NA
ACN40273.1 binding (G0:0008270);
b icoti glycine-rich protein unknown [Picea sitchensis], nuclelzic acid bir.1di_ng )
w_isotig00081 PITA_000009956 5 ABK22299.1, ABR17619.1, 8.31e-63 CSD (pfam00313) 1.33e-25 NA (GO:0003676); zincion | NA
ACN40273.1 binding (G0O:0008270);
mitochondrion
PREDICTED: glycine glycine dehydrogenase é?ycgi-gg(ifgas:?gg’e
glycine dehydrogenase glycine (decarboxylating) complex
dehydrogenase (decarboxylating), decarboxylation activity (GO:0004375); (GO:0005960);
Iw_isotig00542 PTA00082932 (decarboxylating) mitochondrial-like [Musa 0 PLN02414 (cI31876) 0 via glycine glycine binding chlo;oplast '
mitochondrial ' acuminata subsp. cleavage system (G0:0016594); envelope
malaccensis], (G0O:0019464); pyridoxal phosphate (GO:0009941);
XP_009401914.1 binding (G0O:0030170); apop-last '
(G0:0048046);
monooxygenase
activity(G0:0004497);
iron ion binding
proliwxel | (o activiy, | e
A flavonoid 3'- CYP782B7 [Taxus cytochrome_P450 super biosynthetic - - ! component of
Iw_isotig01420 PITA_000023899 monooxygenase chinensis], ATG29936.1 9.14¢-136 family (cl41757) 5.06e-94 process ac_twg on palreo_l donors, membrane
(GO:0042617); | With Incorporation or (GO:0016021);
reduction of molecular
oxygen (GO:0016705);
heme binding
(G0:0020037);
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E-value

Locus Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD (CDD Biological Molecular Eunction Cellular
1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) NCBI) Process Component
Lo . E3 ubiquitin-protein ligase integral
E3 ubiquitin-protein -
Iw_isotig02138 | PITA 000020633 | ligase Atlg12760- | fed031TOISOTOMIXL | 576144 | RINGUBOX 124e-16 | NA NA companent of
like [Selaginella moellendorffii], Superfamily (cl17238) membrane
XP_024531855.1 (G0:0016021);
Iw_isotig02347 NP NA - - NA - NA NA NA
WD-40 repeat- - - . I
N L . unknown [Picea sitchensis], ) CAF1C_H4-bd : protein binding nucleus
lw_isotig02842 PITA_000016857 (li/(ljgtlimmg protein ADE76527.1 6.82e-49 (pfam12265) 1.18e-31 NA (GO:0005515); (GO:0005634);
uncharacterized protein RNA binding
N LOC18434369 [Amborella ) y RNA processing | (GO:0003723);
lw_isotig03088 PTA00015290 Poly A polymerase trichopoda], 1.62e-104 | PcnB (COG0617) 1.19e-60 (GO:0006396); nucleotidyltransferase NA
XP_006844503.1 activity (GO:0016779);
intrinsic
Late embryogenesis | unknown [Picea sitchensis], R y component of
PITA_000001889 abundant protein ABK21301.1 1.06e-78 LEA_2 (pfam03168) 3.39e-08 NA NA membrane
10031224
Iw_isotig04195 .(GO 003 )
integral
Late embryogenesis | unknown [Picea sitchensis], ] ] component of
PITA_000034486 | 't protein ABK21301.1 4.15e-84 | LEA_2 (pfam03168) 3.00e-07 | NA NA membrane
(G0:0016021);
Peptidoglycan- unknown [Picea sitchensis] Iciz)trilgprg:lent
Iw_isotig04204 PITA_000008362 ggnrglar:g lysin ABK21059.1, ABR17490.1 6.28e-68 LysM (pfam01476) 1.53e-13 NA NA ofmembrane
(GO:0016021);
protein FATTY unknown [Picea sitchensis] ::r:)t;gprgLent of
Iw_isotig04306 PTA00014456 ACID EXPORT 2, ABR17562.1 ! 1.97e-61 Tmemb_14 (pfam03647) 1.34e-20 NA NA membrane
chloroplastic (G0:0016021);
hypothetical protein transcription regulatory
L trihelix transcription | AMTR_s00019p00163540 ) Myb_DNA-bind_4 ) region sequence-specific | nucleus
lw_isotig04600 | PTA00083895 factor ASIL2 [Amborella trichopoda], 1.82e-101 | tam13837) 1.08e-15 | NA DNA binding (GO:0005634);
ERNO07191.1 (G0O:0000976);
uracil catabolic .
endoplasmic
. . . metallo- pmcfess 219)- dihvd imidi reticulum
lw_isotig04931 PITA_000025726 | dihydropyrimidinase unknown [Picea sitchensis], 0 dependent_hydrolases 0 (GO:0006212); ny _ropyrlr(n Inase . (G0O:0005783);
ABR16534.1 : cellular response | activity (GO:0004157); .
super family (cl00281) - Golgi apparatus
to nitrogen levels (GO:0005794);
(G0O:0043562); ’ '
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. . . " A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
N DUF674 domain- unknown [Picea sitchensis], . DUF674 super family )
Iw_isotig05123 PTA00083918 containing protein ABK24184 1 5.32e-133 (cl04913) 1.83e-40 NA NA NA
regulation of RNA polymerase I cis-
transcription, regulatory region
DNA-templated sequence-specific DNA
e R2R3-MYB transcription . (G0:0006355); binding (GO:0000978);
Iw_isotig06215 | PTA0000B461 | | AnSCrIPHON TaCIOr | gocyor My [Picea glaucal, 0 E’C'I-g’:g%%%?l super family | 5 66026 | regulation of DNA-binding ?c‘;‘(’)'?ggoses o
ABQ51222.1 transcription by transcription factor ’ '
RNA polymerase | activity, RNA
1 polymerase Il-specific
(G0O:0006357); (G0O:0000981);
regulation of
zinc finger protein 6 ?glgjgégc;ggijs
lw_isotig06440 PITA_000080433 | zinc finger protein 6 | [Amborella trichopoda], 2.31e-11 NA - - h. ' NA NA
XP_020521633.1 trichome
_ morphogenesis
(G0O:0010090);
- hypothetical protein -
lw_isotig07383 | PITA_000017622 EB?;%FORICSE]?O 1 | ZOSMA _1G02490 [Zostera | 36910 | NA - NA ?G%Aog'ggé’;g)_ NA
9 marina], KMZ70272.1 : '
Lo . protein serine/threonine | integral
proline-rich - : : : : protein - L
N " . unknown [Picea sitchensis], PKc_like Superfamily ) . kinase activity component
lw_isotig10603 PITA_ 000023436 rkei;:](;p;teo':r)élllq(f( Fl)roteln ACN40429.1 0 (cl21453) 2.29e-106 ?g((;s%%%rgzll%ggn (GO:0004674); ATP ofmembrane
) ' binding (GO:0005524); | (GO:0016021);
reproductive
process
. . . . . G0:0022414); L .
N basic blue protein- APRN [Pinus tabuliformis], . . ) ( B ’ electron transfer activity | cell periphery
lw_isotig11166 PITA_000059576 like AJPO6237 1 5.16e-39 Plantacyanin (cd11013) 2.62e-40 g;g:]cigmgllar (GO:0009055); (GO:0071944):
process
(G0O:0032501);
sulfate
assimilation
éﬁggggﬁgﬁgn adenylylsulfate cytosol
N adenylyl-sulfate unknown [Picea sitchensis], ) ! . kinaseactivity (G0O:0005829);
Iw_isotig12667 | PTAOD083219 | yinace 3 isoform X1 | ABR16196.1 0 CysC (COG0529) 1036103 | (GO0016310), | (G0:0004020); ATP | chloroplast
b?’osyr?thetic binding (GO:0005524); | (GO:0009507);
process
(G0O:0070814);
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. . . . A - E-value . .
Pinus taeda gene Potential function Blast top hit description E-value Specific hits (CDD Biological . Cellular
e 1D (Blast2GO) [organism], accession Ne (Blast2GO) NCBI) ISI%DB?) Process splealr [ o Component
endoplasmic cytoplasm
reticulum actin binding (G0:0005737);
Iw_isotigl7679 PITA_ 000014378 | Protein EEESJSE&%ST’S?‘.?M 233120 | KIP1 1.64e-39 ?éggnéé%t;ggg) 23%30%%6%335? ?gt?g&l:;mlc
1sotig = NETWORKED 1D | [Nelumbo nucifera], : : endoplasmic et f{lamen't binding | (G0:0005783);
XP_010256141.1 reticulum : INAINg 1 plasma
) (GO:0051015);
membrane fusion membrane
(G0O:0016320); (G0O:0005886);
oxidoreductase activity
(GO:0016491); metal
indole-3- indole-3-acetaldehyde ion binding
Iw_isotig20215 PTA00083968 acetaldehyde 0>§|dase [Amborella 0 PLN00192 super family 0 NA (GO:_OO46_872); flgvm NA
oxidase-like trichopoda], (cl33422) at_ien_me dinucleotide
XP_006841111.1 binding (GO:0050660);
iron-sulfur cluster
binding (GO:0051536);
protein trichome unknown [Picea sitchensis] PC-Esterase 5.95e-112 ;ﬁgtjolamrical
Iw_isotig21953 PTAO00006979 birefringence-like 6 ADE76095.1 1.79e-152 Ep;:mﬁi?g; PMR5N 144023 NA NA entity
P (GO:0110165);
extracellular
gibberellic acid region
gasab like protein [Pinus mediated (GO:0005576);
lw_isotig26230 PITA_000038492 | protein RSI-1 - 5.18e-45 GASA (pfam02704) 3.56e-22 signaling NA integral
pinaster], CBL95259.1
pathway component of
(G0:0009740); membrane
(G0:0016021);
regulation of
transcription,
. . DNA-templated
auxin-responsive . . ) . S
L - auxin-induced protein 2 ) (G0O:0006355); protein binding nucleus
w_isotig27940 PITA_000016972 E%’;g:&lﬁﬁg [Pinus taeda], AAP44405.1 0 AUX_IAA (pfam02309) 5.75e-103 auxin-activated (G0:0005515); (G0:0005634);
signaling
pathway
(GO:0009734);
141
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dyHkuMoHAJbHAs XapakTepucTuka EST-SSR mapkepos

BUOUH®OPMATUKA =========================

COCHBLI 00BIKHOBEHHOM
I'yasiesa E.H.}, Tapenxuna T.B.?, Faanonna H.A 2

LOmoen komnnexcuvix nayunvix uccneoosanuii, Kapenvcxuii nayunuiii yenmp PAH,

Ilempo3zasoock, Poccus
2HHcmumym neca, Kapenvckuii nayunwiii yenmp PAH, [lempozasodck, Poccus

Annoramus. [lorygennsie n3 6udnmmotexk EST m0KyCBI MPOCTHIX MOBTOPSIOIIMXCS
nocnenoBatenbHocTeld (EST-SSR) sBnstoTCs BaKHBIMH MHCTPYMEHTAMH  JUIS
W3yUYCHHS TEeHETHYECKOTO pa3zHoo0pasusi, GUIOTSHHUH, SBOIIOIUH, CPABHUTEIBHOM
reHoMukH, ananuza QTL u accoumaTrBHOrO KapTUpOBaHMsA. MBI POBEJH ITOKCK B
nutepatype u3BecTHbIX EST-SSR, wucmomp3yeMbix aiisi COCHbI OOBIKHOBEHHOMH
(Pinus sylvestris L.) — oaHOI M3 OCHOBHBIX JIECHBIX TOpoa B Mupe. 91 u3 102
m3BecTHbIXx EST-SSR  110KycOB 11t COCHBI OOBIKHOBEHHOM, OBUI BpPYUYHYIO
COTOCTABJIEH C JTaJOHHBIM reHoMoM Pinus taeda L., a takke ¢ IOCTYIHBIMH
renamu P. sylvestris. Jlns 83 EST-SSR 6buto ompeseneHO MeECTONOIOXKEHHE B
TeHOME M TpeanoyaraeMas (QYHKIUS CBA3aHHBIX C HHUMH T€HOB C TIOMOUIBIO
aHanu3a KoHcepBaTuBHBIX JoMeHOB (CDD), (QyHKIHMOHAIBLHOTO —aHaim3a
u3BecTHBIX romojoroB Gene Ontology u anamumsa nytu KEGG. Muoruwe wu3
MapKepoB pacloiaraiiCh B HETPAHCIUPYEMBIX OOJACTSIX (IMPEUMYIECTBEHHO B
3’UTR), a Takke B KOZUPYIOUIUX IIOCIEIOBATEILHOCTSIX TE€HOB COCHBI
OOBIKHOBEHHOW M COCHBI JlagaHHOW. JlJasi BOCBMH MapKepoB HE yIaJloch
OOHApYXWUTh TEHbBl HU y OJHOTO M3 BWAOB. M3 HHX ceMb MapKepoB OBbUIH
JIOKaJIM30BaHBl Ha ydacTkax ckaddonmo P.taeda, me comepkammux TeHBI B
TeKyleM BapuanTte coopku reroma (V.1.0). [lonmydeHHsie pe3yiabTaThl MOTYT OBITH
WCTIONB30BaHbl B JaJbHEHIIEM Ul MOMYJISUOHHO-TeHETHUECKUX MCCIIeIOBaHuMH,
a TaKke M3y4deHUs aJanTHBHBIX MPU3HAKOB U KapTupoBanus QTL P. sylvestris u
JOPYTHX BUIIOB COCHBI.

Knrouesvie cnoea:. EST-SSR, cocrha obviknogenHnas, mapkep-een — accoyuayus,
JIOKAMU3AYUSL MaApKepa 8 2eHe, (PYHKYUOHANbHAS AHHOMAYUSL.
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