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Abstract  Conifers comprise an ancient and widespread plant lineage of enormous commercial 

and ecological value.  However, compared to model woody angiosperms, such as Populus and 

Eucalyptus, our understanding of conifers remains quite limited at a genomic level.  Large 

genome sizes (10,000-40,000 Mbp) and large amounts of repetitive DNA have limited efforts to 

produce a conifer reference genome, and genomic resource development has focused primarily 

on characterization of expressed sequences.  Here we report the completion of a conifer 

transcriptome sequencing project undertaken in collaboration with the U.S. DOE Joint Genome 

Institute that resulted in production of almost 12 million sequence reads.  Five loblolly pine 

(Pinus taeda) cDNA libraries representing multiple tissues, treatments, and genotypes produced 

over 4 million sequence reads that, along with available Sanger expressed sequence tags (ESTs), 

were used to create contig assemblies using three different assembly algorithms: Newbler, 

miraEST, and NGen.  In addition, libraries from eleven other conifer species, as well as one 

member of the Gnetales (Gnetum gnemon), produced 0.4 to 1.2 million sequence reads each. 

Among the selected conifer species were representatives of each of the seven phylogenetic 

families in the Coniferales: Araucariaceae, Cephalotaxaceae, Cupressaceae, Pinaceae, 

Podocarpaceae, Sciadopityaceae, and Taxaceae.  Transcriptome builds for each species were 

generated using each of the three assemblers.  All contigs for every species generated using each 

assembler can be obtained from Conifer DBMagic, a public database for searching, viewing, and 

downloading contig sequences, the associated sequence reads, and their annotations.   
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Introduction 

Conifers (Division: Pinophyta) represent an ancient and diverse branch of the gymnosperms, and many 

conifer species are notable for their adaptations to extreme and highly stressful environments. Among the 

more than 500 extant species are conifers known for their great size and others for their extreme 

longevity. Some conifer species dominate modern ecosystems that are repositories for large amounts of 

terrestrial sequestered carbon, while others exist in small and fragmented populations – some threatened 

with extinction.  Conifer forests are among the most productive in terms of annual lignocellulosic 

biomass and coniferous trees are the preferred feedstock for much of the forest products industry, one of 

the most energy-intensive manufacturing sectors of the U.S. economy.  Breeding programs for conifer 

genetic improvement have been in existence for more than 50 years, but progress has been slow due to 

constraints of both time (slow growth to sexual and economic maturity) and space (large size of the trees). 

Over-exploitation, rapid climate change, and exotic forest pests are threatening many conifer populations, 

but a general dearth of genomic resources and tools limits our capacity to use advanced genetic 

approaches to mitigate some of these threats. 

 The advent of highly cost-effective sequencing technologies has led to rapid increases in 

available sequence data for model and non-model organisms alike.  Because of longer read 

lengths, Roche 454 pyrosequencing offers a particularly useful system for de novo transcriptome 

assembly and gene discovery in organisms that lack a complete reference genome.  Transcribed 

sequence (cDNA) resources assembled from deep sequence datasets generated using the 454 

pyrosequencing platform have been developed for a wide variety of plant species, including olive 

(Olea europaea) (Alagna et al. 2009), American chestnut (Castanea dentata) (Barakat et al. 

2009), buckwheat (Fagopyrum sp.)  (Logacheva et al. 2011), the stress-tolerant grain, 

Amaranthus tuberculatus (Delano-Frier et al. 2011), orchid (Phalenopsis sp.) (Hsiao et al. 2011), 

and sagebrush (Artemisia tridentata) (Bajgain et al. 2011).  Such transcriptome assemblies are 



 

valuable for gene annotation, whole-genome assembly, identification of structural genes, marker 

discovery, and comparative phylogenetic analyses (Varshney et al. 2009; 2012; McKain et al. 

2012). 

Assembled transcriptomes have been used to characterize gene content and identify SNPs 

in two model tree species, Eucalyptus grandis (Novaes et al. 2008) and Populus trichocarpa 

(Geraldes et al. 2011). In non-model tree species assembled transcriptomes have been used to 

identify fruit development genes in olive (Alagna et al. 2009) and to compare the transcriptomes 

of American and Chinese chestnut (C. dentata and C. mollissima, respectively) (Barakat et al. 

2009).  Because of their large genomes, conifer studies have mostly focused on transcriptome 

analyses, mostly on species in the Pinaceae, only one of seven (or eight) extant families in the 

Order Pinales. For example, lodgepole pine (Pinus contorta) sequences derived from a 

normalized, pyrosequenced library were used to assemble a transcriptome of ca. 64,000 contigs 

that contained a large number of retrotransposon-derived sequences (Parchman et al. 2010). 

Rigault et al. (2011) used more than 2.5 million reads from multiple sequencing platforms to 

create a gene catalog for white spruce (Picea glauca), while a pyrosequencing dataset of nearly 1 

million reads was assembled and annotated for maritime pine (Pinus maritima) laying the 

foundation for the EuroPineDB database (Fernandez-Pozo et al. 2011).  Mining of conifer 

transcriptome datasets  has led to important discoveries, such as the wide extent of 

diversification of the terpene synthase gene family in white and Stitka spruce (Picea sitchensis) 

(Keeling et al. 2011), as well as the identification of genes responsive to fungal elicitation in 

Scots pine (Pinus sylvestris) (Sun et al. 2011). 

Loblolly pine (Pinus taeda), another member of the Pinaceae, is the single most 

economically important crop species in the United States, and is the source of nearly 16% of the 



 

global annual timber harvest (Schultz 1999). We previously developed a variety of genomic 

resources for loblolly pine, including SAGE and EST datasets (Lorenz and Dean 2002; Lorenz et 

al. 2006), cDNA microarrays (Lorenz et al. 2011), and a variety of genetic maps and molecular 

markers (e.g. Eckert et al. 2009; Jermstad et al. 2011). However, these genomic resources remain 

insufficient for understanding gene expression associated with loblolly pine growth and 

development, and for constructing a reference genome sequence. 

  Through a collaboration with the US Department of Energy Joint Genome Institute, we 

substantially increased the number of transcript sequences available for loblolly pine, and 

developed the first transcriptome assemblies for species representing five conifer families: 

Araucariaceae (Araucaria); Podocarpaceae (Yellow-wood); Sciadopityaceae (Umbrella-pine); 

Cephalotaxaceae (Plum-yew); Taxaceae (Yew).  We used three different sequence assembly 

tools (Newbler, MiraEST, and NGen) to assemble the transcriptomes of thirteen gymnosperm 

species.  These transcriptome assemblies and associated annotations are available from the 

database reported here. 

 

Materials and methods 

 

Source tissues and treatments: P. taeda  

 

Five loblolly pine cDNA libraries were prepared using multiple tissues from multiple genotypes.  

Two libraries (CFCN and CFCP) were generated using elongating shoot tips (candles) collected 

from six 4-year-old trees representing three genotypes (CCLONES 40430, 41586, 43608) 

originally obtained from the Forest Biology Research Cooperative (FBRC) at the University of 



 

Florida.  Pooled RNA was used to synthesize one normalized (CFCN) and one non-normalized 

(CFCP) library, and these two libraries were sequenced using the Roche 454 GS-FLX platform.  

All other libraries characterized in this project were sequenced using the longer read GS-XLR 

platform. 

  One of the remaining loblolly pine libraries (MIXED) was prepared using a mixture 

tissues collected from a 40-year-old feral tree harvested at Whitehall Forest (Athens, GA).  The 

sampled tissues included mature basal secondary xylem, mature basal secondary phloem, 

juvenile crown xylem, branch compression (underside) xylem, branch opposite (topside) xylem, 

apical tips, first-year whole female cones, and second-year whole female cones.  Harvested 

tissues were flash-frozen in liquid N2, transported to the laboratory and stored at -80 °C until 

RNA preparation. Equal amounts of total RNA purified from each individual tissue were pooled 

and used as the template for cDNA synthesis.  

Another library (STEM) was prepared using similarly pooled RNA samples from stems 

and needles of 7-month-old seedlings subjected to ten treatments (10 seedlings/treatment).  In six 

of the treatments, stems were cut at soil level and the cut ends were submerged and incubated 24 

hr in 500 mL aqueous solutions of the following compounds (final concentration): 

cycloheximide (0.5 mg/mL), gibberellic acid (100uM), H2O2 (1% v:v), indole-3-acetic acid 

(100uM), methyl jasmonate (100uM), and  kinetin (100uM)  For a seventh treatment 

(desiccation) cut stems were left on an open bench for 24 hr. For the remaining three treatments, 

whole, uncut seedlings were incubated 24 hr at -20 °C (cold-shock), 45 °C (heat-shock), or after 

their stems had been extensively crushed with pliers (wounding).  After these incubations, stems 

were cut at soil level and tissues were flash-frozen until RNA preparation 



 

  The remaining loblolly pine library (CALLUS) was prepared using suspension-cultured 

needle cells grown in Eberhardt medium as described (Eberhardt et al. 1993; Bordeaux 2008).   

Freshly transferred cells were grown in shake culture (100 rpm) for 14 days at room temperature 

in the dark.  Fourteen separate cultures were incubated for 4 hr with the following compounds 

(final concentration): methyl jasmonate (100 uM), gibberellic acid (100 uM), kinetin (100 uM), 

cycloheximide (0.5mg/mL), indole-3-acetic acid (100 uM), nitrophenol (100 uM), sodium azide 

(100 uM), colchicine (100 uM), sodium (meta) vanadate (100 uM), H2O2 (0.01% v:v), chitin (1 

mg/mL), chitosan (100 ug/mL), Sirex noctilio venom gland extract (125 mg/mL), heat-

precipitated Sirex noctilio venom gland extract (125 mg/mL). After the incubations, cells were 

harvested by filtration, flash-frozen, and stored at -80 °C prior to RNA isolation   Equal amounts 

of total RNA isolated from these variously treated cells were pooled and used to prepare cDNAs 

as described above 

 

Source tissues and treatments: Other gymnosperm species  

 

To the extent possible, elongating shoot tips were used as source tissues for cDNA libraries 

prepared for the other gymnosperm species in this study (Table 1).  In most cases, tissues were 

collected from plants growing under ambient conditions in the greenhouse or in outdoor 

collections. In all cases, tissues were flash-frozen, transported to the laboratory and stored at 

-80 °C prior to RNA preparation. 

 Unless otherwise noted, RNA was extracted from trees and tissues that had not 

undergone experimental treatment.  For those samples that did receive specific treatments 

(Supplementary Table 1), brief details are as follows.  The sugar pine (P. lambertiana) sample 



 

contained shoot tip (candle) tissues from two parental genotypes (#5038 female and #5500 

male), as well as needles from known resistant and susceptible open-pollinated progeny from 

#5701. Needle samples from #5701 progeny were collected from seedlings pre- and post-

inoculation with Cronartium ribicola, the causative agent of white pine blister rust.  These sugar 

pine genotypes have been described in previous studies (e.g. Jermstad et al. 2011). The Douglas-

fir (P. menziesii) sample contained a mixture stem, lateral and terminal buds, shoot, needle, seed, 

and cambium tissues collected from a single genotype (#2650).  The Norway spruce (Picea 

abies) sample provided by Dr. Trevor Fenning (Forest Research, Midlothian, UK) contained 

aerial tissues from control and treated seedlings that had been sprayed with 100 uM methyl 

jasmonate in an aqueous solution of 0.05% (v:v) Tween-20.  Treated tissues were harvested at 2, 

7, and 30 days post-treatment.   

 

RNA Isolation, cDNA Synthesis and Sequencing 

 

Tissue samples were pulverized under liquid nitrogen using a SPEX model 6850 freezer mill 

(SPEX, Metuchen, NJ).  Total RNA was isolated as described previously (Lorenz et al. 2010) 

and RNA samples were DNase-treated using the Ambion TURBO DNA-free™ Kit (Applied 

Biosystems Inc., Foster City, CA).  RNA concentrations were determined spectrophotometrically 

and RNA quality and integrity was verified using an Agilent Bioanalyzer 2100 (Agilent 

Technologies, Santa Clara, CA).   

cDNA synthesis, library normalization (P. taeda CFCN library only), and sequencing 

were performed at the US DOE Joint Genome Institute (JGI) using standard in-house protocols 

(http://www.jgi.doe.gov/sequencing/protocols/ prots_production.html).  Two P. taeda libraries 

http://www.jgi.doe.gov/sequencing/protocols/%20prots_production.html


 

(CFCP and CFCN) were primed using oligo-dT, while all other libraries were primed with 

random hexamer oligonucleotides.  In most cases, libraries were sequenced at half-plate scale 

(400,000 read target).  Full-plate sequencing runs were performed for three P. taeda libraries 

(CGIT, CGIS and CGIU), as well as one P. lambertiana (CGIP) and one Douglas-fir (CGOH) 

library.   

 

Contig Assembly  

 

GS-FLX and GS-XLR reads for P. taeda libraries were initially filtered through the JGI 

bioinformatics pipeline to remove ribosomal and contaminating linker/adaptor sequences.  These 

reads were subsequently filtered and trimmed again to remove additional mitochondrial and 

chloroplastic sequences using an in-house pipeline based on SeqClean (Chen et al. 2007).  

Sanger ESTs (328,662) used in the P. taeda hybrid assemblies were also filtered using the 

SeqClean pipeline. Filtered sequences were assembled using Newbler Version 2.3 (454 Life 

Sciences, Branford, CT), miraEST Version 3.0.5 (Chevreux et al. 2004), and SeqMan NGen 

Version 3.0 (DNAStar, Madison, WI).  Newbler and NGen assemblies were performed using 

default settings for de novo transcriptome assembly.  MiraEST hybrid assemblies were 

performed at default settings recommended from de novo transcriptome using the following 

commands: -project=projectname -job=denovo,est,accurate,454,sanger -fasta -notraceinfo 

-AS:ugpf=no -SK:mnr=yes:nrr=10 -GE:not=4. 

Sequence reads for the other twelve species were screened through the SeqClean pipeline 

using adaptor/vector and generic trim files based on P. taeda and P. abies sequence data prior to 

assembly using the miraEST and NGen tools.  Prior to assembly using Newbler, builds were 



 

processed as sff files and the data were filtered using the same adaptor/vector and generic trim 

files. 

 

BLAST Analysis  

 

BLASTX analysis (Altschul et al. 1990) was used to assign putative gene function(s) to each 

separate contig assembly generated by the MiraEST, Newbler, and NGen tools. Separate queries 

were made against the NCBI non-redundant and TAIR databases.  Returned information was 

accepted where expect values (E-values) were <1x10
-5

, and a maximum of five high-scoring 

pairs (HSPs) returned for each contig were parsed into the database.  

 

Database access to sequences, assemblies and annotations 

 

Raw sequence datasets were deposited in the SRA database at NCBI under the accession 

numbers shown in Table 1.  Conifer_DBMagic is a publicly accessible database housing all 

sequence and assembly data, including contig consensus sequences (referred to in the database as 

unique transcripts or “uniscripts”), reads, alignments, and annotations 

(http://ancangio.uga.edu/ng-genediscovery/conifer_dbMagic.jnlp).   

 

Results 

 

Twelve species of conifer and one Gnetales were the source of 17 cDNA libraries from which 

11.95 million pyrosequencing reads were generated.  The conifer samples included 

http://ancangio.uga.edu/ng-genediscovery/conifer_dbMagic.jnlp


 

representative species for each of the seven existent conifer families (Table 1).  Gnetum gnemon 

(Division Gnetophyta) was included in the study to develop additional nuclear genome sequence 

resources that could be used to address conflicting phylogenetic hypotheses variously placing 

this unusual group of plants as a sister clade to the Pinales (e.g. Bowe et al. 2000; Chaw et al. 

2000), the Coniferophyta (Burleigh and Mathews 2004), or elsewhere in the seed plant lineage 

(Hilton and Bateman 2006).  Libraries were typically generated from mixed current year tissues 

(primarily shoots and needles) with most samples also being collected from juvenile trees (Table 

1).  However, the age of plants from which tissues were harvested ranged from less than one year 

(P. taeda) to over 100 years (T. baccata).  Details of the treatments applied to some tissues, 

genotype information (where available), and NCBI short read archive (SRA) accession numbers 

are listed in Supplementary File 1.  

 Six of the conifer species we sequenced are members of the Pinaceae, and yielded over 

7.9 million reads.  More than 4.2 million reads were generated for the remaining Pinophyta 

species.  More than 4 million reads were produced from P. taeda libraries. In the pilot phase of 

the project, two P. taeda shoot tip libraries were generated using oligo-dT priming and were 

either normalized (CFCN) or were non-normalized (CFCP). Because the difference in the rates 

of novel sequence discovery between these two libraries was only about 10%, subsequent 

libraries were not normalized.  The remaining libraries were primed using random hexamers to 

improve coverage when the sequencing pipeline shifted to the Titanium pyrosequencing 

chemistry.  Read length for the two pilot libraries (CFCP and CFCN) averaged 240 bases, while 

read lengths increased to near 400 bases for several libraries after the shift to Titanium chemistry 

(Table 1).  Mean read length across the entire project was 348 bases.  The highest number of 



 

reads per plate was seen for the P. taeda mixed tissue library (CGIT, ca. 1.25 million reads), 

while the lowest number of reads was seen for T. baccata (CGYP., ca. 410,000 reads). 

 

Assembly 

 

Prior to assembly, P. taeda sequence reads were converted from sff format to FASTA and 

FASTA/qual formats before being filtered and trimmed using both the JGI and in-house 

pipelines.  Reads for other species were similarly converted and filtered as described in the 

Methods.  Due to differences in results reported from the different assemblers, contigs less than 

100 bases in length were excluded from further analyses, as were singletons and any 

unassembled or “debris” data.  Six metrics were used to compare assembly results: total contigs, 

number of bases assembled, mean contig length, longest contig, large contigs (i.e. contigs ≥1kb 

or 2kb), and contigs containing ≥5 reads.  In general, assembly metrics for NGen and MiraEST 

assemblies were more similar to one another than either was to the Newbler assemblies (Figure 1 

and Supplementary File 2).  For example, the total number of contigs assembled was consistently 

about 60% greater using NGen and MiraEST (Figure 1A).  This was most evident in the hybrid 

P. taeda assembly that contained both Sanger and pyrosequencing data, and was by far the 

largest and most varied dataset with respect to multiple samples and genotypes.  In this case, the 

NGen (198,852 contigs) and MiraEST (187,374 contigs) counts were increased 3.8-fold and 4-

fold, respectively, over the Newbler (48,751 contigs) count.  NGen and MiraEST assemblies for 

all other species averaged 2.4-fold more contigs than Newbler with a range of 1.8 to 3.0-fold.  

With respect to the percentage of bases assembled, NGen performed better than either Newbler 

or MiraEST in all 13 datasets (Figure 1B).  Averaged across all datasets, the total percentage of 



 

bases assembled was 89.2%, 82.5%, and 73% for NGen, Newbler, and MiraEST, respectively 

(Supplementary File 2).  Unlike NGen and Newbler, which did not report singletons, MiraEST 

generated a large number of singletons that decreased the percentage of bases assembled into 

contigs.   

 Mean contig length was significantly greater in the Newbler assemblies across all 

libraries with the largest differences occurring in libraries having greater numbers of reads, e.g. 

P. menziesii and P. taeda (Figure 1C).  Averaged across all assemblies, the mean Newbler contig 

length was ca. 400 bp longer than average contig lengths returned from either MiraEST or NGen 

(Figure 1D).  Read alignments were inspected using the program Tablet {Milne, 2010 #817}, 

and the largest P. taeda contig (a 12 kb transcript generated by MiraEST), as well as many of the 

largest contigs produced by all three assemblers (e.g. those >10 kb), were found to be chimeras 

resulting from misassembly (data not shown).  Such chimeras were generally more prevalent in 

the Newbler assemblies, e.g. for S. sempervirens and T. baccata, as well as the P. taeda hybrid 

assemblies.  The number of large contigs that were either ≥1kb or ≥2kb was determined as an 

estimate for average-sized genes (Figure 1E).  With few exceptions the NGen assemblies, 

followed by MiraEST, contained a greater number of contigs ≥1 kb, whereas the Newbler 

assemblies contained more contigs ≥2 kb.  For most species, differences in the number of large 

contigs were slight among assemblers.  However, in those libraries having the deepest 

sequencing coverage, particularly P. lambertiana and P. menziesii, the Newbler assemblies 

contained almost twice the number of contigs ≥2 kb than were seen in the MiraEST assemblies.  

With respect to the final assembly metric, the MiraEST assembler generated more contigs with 

≥5 reads than did NGen or Newbler (Figure 1F). 

             



 

Annotation of Contigs 

 

BLASTX analysis was performed on each set of contigs generated for each species by each of 

the three assemblers.  Every contig set was used to query the NCBI non-redundant and TAIR 

protein databases, and the top five HSPs with E-values ≤ 1 x 10
-5

 were returned and parsed into 

the database.  For comparing annotation results, only the best hit having an E-value cutoff ≤ 1 x 

10
-15

 was used (Supplementary File 3).  As expected, a greater percentage of contig sequences 

returned annotations from the NCBI database than from TAIR.  However, the difference between 

the two was typically less than 10%, irrespective of the assembler used (Figure 2).   

For every species, the percentage of annotations returned was highest for contigs assembled 

using Newbler, and in 11 of the 13 species NGen assemblies returned a higher percentage of 

annotations than did those from MiraEST (Figure 2).  Across all assemblies, the percentage of 

Newbler contigs annotated was 81% and 73% for queries against the NCBI and TAIR databases, 

respectively.  It is important to note however, that while a higher percentage of Newbler contigs 

were annotated in every species, the total number contigs annotated from NGen and MiraEST 

assemblies exceeded the number from Newbler, because contig counts were typically 2- to 3-fold 

greater for NGen and MiraEST.  More than 87% of the C. atlantica Newbler contigs returned 

annotations, followed closely by P. abies and S. verticillata for which >85% of contigs were 

annotated.  The lowest percentage of contigs returning annotations occurred in the NGen 

assembly for P. lambertiana (39%); however, all P. lambertiana assemblies fared poorly (<60%) 

relative to other species.  Storage issues resulting in lower RNA quality may have contributed to 

the poor results for P. lambertiana.   

 



 

Database 

 

Conifer DBMagic (http://ancangio.uga.edu/ng-genediscovery/conifer_dbMagic.jnlp) is a 

relational database. The schema is modeled after the .ace file format for storing assembly 

alignments, and database access is through a Java front end.  It is based on NGMagic 

(http://sourceforge.net/apps/trac/ngmagic/), which, unlike its predecessor MAGIC-SSP (Liang et al. 

2006), is oriented towards handling of next-generation sequencing data and assemblies. Once a 

species and assembly is selected, transcriptome builds can be queried by assembly characteristics 

or by annotation key word searches. The contig consensus sequences identified through these 

queries can be downloaded in FASTA format, with or without the corresponding reads. 

 

Discussion and conclusions 

 

The nearly 12 million pyrosequencing reads generated in this study, along with accompanying 

transcriptome builds for each species, provide a robust new dataset to aid our understanding of 

conifer genomics.  Prior to this work, only P. taeda, P. abies, P. menziesii, and G. gnemon, 

among the species studied, had significant DNA sequence resources available in GenBank.  

These transcriptome assemblies are already providing a valuable resource for studies of genes 

and gene family evolution in the conifers (Bagal et al. 2012) and for improved interpretation of 

results from the PtGen2 microarray (Lorenz et al. 2011). 

De novo transcriptome assembly from short-read length sequence datasets can be difficult 

in the absence of a reference genome due to the many factors that contribute to misassembly of 

contigs.  Cloning and sequencing errors, sequence polymorphisms, sequence repeats including 

http://ancangio.uga.edu/ng-genediscovery/conifer_dbMagic.jnlp
http://sourceforge.net/apps/trac/ngmagic/


 

hompopolymers, contaminating sequences (e.g. transposons, mitochondrial, and rDNA 

sequences), variations in transcript abundance, splicing variants, allelic variation, and paralogous 

genes can all lead to erroneous joining (overassembly) or splitting (underassembly) of transcripts 

(Wall et al. 2009; Papanicolaou et al. 2009; Surget-Groba and Montoya-Burgos 2010).  A variety 

of assembly tools are available for de novo transcriptome assembly (e.g. Papanicolaou et al. 

2009; Weber et al. 2007), and all have strengths and weaknesses that reflect algorithmic 

tendencies to lump or split sequences. One recent study compared six of the most popular 

assemblers for their respective strengths and weaknesses and found that Newbler 2.5 generally 

returned longer contigs and better alignments, while SeqMan NGen did a better job of 

recapitulating known transcripts and identified more novel contigs (Kumar and Blaxter 2010).  

Our findings support their conclusions, and we echo their recommendation to use multiple 

assemblers because integration of complementarity output from different programs provided the 

most informative final product.  For example, we have used the combined MiraEST and Newbler 

assembly results to identify full-length members of the RecQ helicase gene family (F. Hartung, 

personal communication), as well as five full-length PAL genes in P. taeda (Bagal et al. 2012). 

In general, the more collapsed Newbler assemblies were a good place to start for 

associating specific read sequences with broad functional annotations. The more finely divided 

contigs produced by NGen and MiraEST could then be used to better separate gene family 

members.  None of the assemblers, however, was particularly good with transcripts over 10 kb as 

many large contigs were misassembled.  No doubt the default assembler settings used this study 

could be fine-tuned to return improved transcriptome assembly, as was demonstrated by Kumar 

and Blaxter (2010).  New assembly builds using later versions of Newbler and MiraEST, along 



 

with modified assembly parameters, are in progress and will be uploaded to Conifer DBMagic as 

they become available.     

 The Conifer DBMagic resource greatly expands the list of expressed genes in gymnosperms 

and should be of immediate use in development of new tools for functional genomics studies in 

conifers.  The new sequence information made available for previously unstudied conifer species 

will greatly facilitate phylogenetic analyses and improve our understanding of higher plant 

evolution.   
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    Table I: Species, Sample, Library Identification, and Sequence Metrics 

 

 

Species   Family      Tissue    Stage
a
    Age (yr.)     Library ID      Length

b
  Reads

c
    SRA

d
 

 
Pinus taeda Pinaceae first flush shoots IM 4 CFCP 236 469,478 SRA023533 

Pinus taeda Pinaceae first flush shoots IM 4 CFCN 239 415,646 SRA023533 

Pinus taeda Pinaceae mixed M 40 CGIT  356 1,255,033 SRA023533 

Pinus taeda Pinaceae stem, treated  JV 0.6 CGIS 340 1,178,375 SRA023533 

Pinus taeda Pinaceae callus, treated  N/A N/A CGIU  396 1,012,793 SRA023533 

Cedrus atlantica Pinaceae mixed shoot  JV 8 CGON 347 416,216 SRA023736 

Cephalotaxus harringtonia Cephalotaxaceae mixed shoot  JV 1 CGTS 393 695,559 SRA023613 

Gnetum gnemon Gnetaceae mixed shoot  JV 1 CGSA 367 432,598 SRA023615 

Picea abies Pinaceae mixed shoot  IM 3 CTGN 388 630,265 SRA023567 

Pinus lambertiana Pinaceae shoot,needles JV/M 1-30 CGIP  369 1,184,417 SRA023577 

Pinus palustris Pinaceae mixed shoot  IM 10 CGOI 317 552,384 SRA023739 

Podocarpus macrophyllus Podocarpaceae mixed shoot  JV 1 CGTO 370 594,502 SRA023741 

Pseudotsuga menziesii Pinaceae mixed M 22-24  CGOH  354 1,256,470 SRA023776 

Sciadopitys verticilliata Sciadopityaceae mixed shoot  JV 1 CGTP 399 484,806 SRA023758 

Sequoia sempervirens Cupressaceae needles M < 5 CGPX 343 480,130 SRA023765 

Taxus baccata Taxaceae mixed shoot  M > 100 CGPY 331 409,750 SRA023771 

Wollemia nobilis Araucariaceae mixed shoot  JV 1 CGPZ 373 481,506 SRA023774 
 

a Developmental Stage- Immature = IM, Mature = M, Juvenile = J, N/A = not applicable, UK = unknown.  
b Mean read length for each sequenced library 
c Total number of raw reads prior to filtering  
d NCBI Short Read Archive (SRA) accession number   
 

 

 

 



 

Figure Legends: 

Figure 1.  Assembly metrics for thirteen gymnosperms each assembled with three different 

assemblers.  (A) Total number of contigs assembled, (B) Percentage of bases assembled into 

contigs, (C) mean assembly contig length, (D) longest contig identified in assembly, (E) number 

of contigs that are either ≥2kb or ≥1kb in length, (F) number of contigs containing at least 5 

ESTs.  

 

Figure 2.  BLAST Hit Metrics.  Percent of contigs annotated in each species and for each 

assembler after BLASTX query against NCBI non-redundant and TAIR9 databases.  M = 

MiraEST, N = Newbler, and NG = NGen assembler.  E-value cutoff for returned HSPs was ≤ 1 x 

10
-15

. 
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Supplementary File 1 

Library and sequence metrics.  This Excel file contains detailed information on the species and 

tissues used for each sequenced library, including tissue type, age of individual, library ID, 

cDNA priming, sequencing platform, number of plates sequenced, total reads, mean read length, 

SRA accession number, and genotype.  Details of sample treatment and genotypes are prvided on 

separate worksheets for the P. taeda, P. abies, P. lambertiana, and P. menziesii samples.   

 

Supplementary File 2 

Assembly metrics.  This Excel file contains detailed assembly metrics for all species assemblies 

and includes the number of input reads, total contigs, mean contig length, largest contigs, contigs 

≥2kb, contigs  ≥1kb, contigs  ≥0.5kb, and contigs having ≥5 ESTs.  Metrics by Assembler are 

also shown on a second worksheet and include the percentage of bases assembled.    

 

Supplementary File 3 

BLAST metrics.  This Excel file contains BLASTX metrics for all species and all assemblies.  

The percentage of BLASTX hits determined after querying both the NCBI non-redundant and 

TAIR9 databases are shown for E-value cutoffs ≤1 x 10
-5

 and ≤1 x 10
-15

.  Comparison of NCBI 

and TAIR9 returns by assembler are provided on a separate worksheet.    

 


