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Terpenoid Biosynthetic Pathway in Ferula persica Using 
Transcriptome Analysis and Metabolome Data 

J. Nasiri1, A. Soorni2, A. D. J. van Dijk3, and M. R. Naghavi4* 

ABSTRACT 

An effort was made to analyze metabolome and transcriptome profiles of Ferula persica 
via GC-MS and RNA-seq data. The analysis of the essential oils extracted from both 
flower and root tissues demonstrated the prominence of monoterpene constituents, while 
sesquiterpene compounds were present in the lower magnitudes. Considering 
transcriptome analysis, 2127 differentially expressed genes were found between root and 
flower: 396 transcripts were up-regulated in root, while 1731 exhibited an up-regulation 
pattern in flower. Out of 2127 transcripts, 86 were annotated as Terpene Synthases 
(TPSs), of which 83 TPSs were classified subsequently into five individual sub-families of 
TPS-a (33), TPS-b (42), TPS-c (2), TPSe-f (3), and TPS-g (3). Several transcription factor 
families were recognized among the differentially expressed genes, suggesting their direct 
or indirect regulatory roles for the biosynthesis of terpenoids in F. persica. Finally, 
according to our phylogenetic results, both F. assa-foetida and F. gummosa were placed in 
the same clade, while F. persica was lonely settled in one monophyletic clade, with the 
estimated divergence time of 2.99 Million Years Ago (MYA) between F. gummosa and F. 
assa-foetida, and 3.87 MYA between F. persica and two other Ferula species. 
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INTRODUCTION 

Among various medicinal plants, the 
genus Ferula has been utilized as an 
herbaceous perennial plant species. The 
genus Ferula comprises ~172 species, 
distributed geographically from central Asia 
westward throughout the Mediterranean 
region to northern Africa (Kavoosi and 
Rowshan, 2013). In Iran, ~30 species of 
Ferula spp. have been recorded, some of 
which, including F. tabasensis, F. gummosa, 
and F. persica, are argued to be endemic of 
Iran, followed by F. assa-foetida which 
grows as a native plant in Kashmir, Iran and 
Afghanistan (Asili et al., 2009). The genera 
of F. gummosa, F. persica and F. assa-

foetida are generally able to generate an 
invaluable mixture known as “oleo-gum–
resin”, which is commonly extracted from 
the exudates of the rhizome or taproot of the 
plants (Kavoosi and Rowshan, 2013). In the 
traditional and official markets, the 
following two types of oleo-gum-resin of 
asafoetida and sagapenum are available, 
collected normally from F. assa-foetida, F. 
persica, F. foetida and F. alliacea. Iran, 
followed by India and Afghanistan, is 
assumed as a major producer of Asafoetida, 
as its total production value has been 
estimated as 172,590 kg in 2018, with the 
market value of 3,701,447 $US (Barzegar et 
al., 2020). 

Despite diverse investigations focusing on 
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the simultaneous analyses of both 
transcriptome and metabolome data in other 
plant species (Barzegar et al., 2020), 
followed by various studies related to the 
chemical composition, pharmacological 
effect, and green chemistry (Nasiri et al., 
2019; Nasiri et al., 2018), little genomic and 
transcriptomic information are available for 
the genus Ferula, including F. gummosa 
(Najafabadi et al., 2017) and F. assa-foetida 
(Amini et al., 2019). However, no relevant 
investigation has been reported on the 
subject of F. persica. Therefore, an endeavor 
was made to analyze transcriptome and 
metabolome data set of F. persica, aiming to 
acquire more insights about different 
regulatory mechanisms governing the plant 
concerning various metabolic pathways.  

MATERIALS AND METHODS  

Plant Materials 

Three individual plant samples of F. 
persica were collected in May 24, 2017 
from the mountainous region of Mowrud 
Village, Pol-e Khab with an altitude of 2,365 
M Above Sea Level (MASL; 36° 00′ 06″ N 
and 51° 12′ 06″ E), Karaj, Alborz Province, 
Iran. The formal identification of the plant 
material was undertaken by the Herbarium 
of Agricultural and Natural Resources 
College, University of Tehran. Two parts of 
the harvested plants including roots and 
flowers were gathered and frozen 
immediately in liquid nitrogen and kept at -
80°C.  

Preparation of Plant Extracts 

Upon air dying, for each tissue, three 
replicates were pooled, and ~20 g of the fine 
powder were weighed and utilized for 
essential oil isolation through hydro 
distillation for 5 hours, using a Clevenger 
type apparatus. The resultant essential oils of 
both tissues were kept at 4°C until injected 
into GC-MS (Amini et al., 2019).. 

GC-MS Analysis 

GC-MS analysis was performed via an 
Agilent GC, equipped with mass selective 
detector with quadrupole analyzer MD800. 
The electron ionization energy was 70eV, 
ion-source at 200°C and the interface 
temperature of 280°C. A split-split less 
injection (split ratio 1: 10) at 280°C injector 
temperature was employed. A fused silica 
column 5% phenyl-poly-dimethyl-siloxane 
(Chrompak CP-Sil 8 CB 50 m×250 
µm×0.12 µm) was utilized. The oven 
temperature was programmed as follows: 
from 50°C (2 minutes hold) raised at 4°C 
min-1 to 120°C, then, raised at 2°C min-1 to 
200°C, then, raised at 25°C min-1 to 280°C 
(8 minutes hold). A sample of 1.0 μL was 
injected. Data acquisition was performed 
with Mass Lab software for the mass ranges 
30-600 u with a scan speed of 1.0 
scan/second. The identification of 
compounds was also based on the Kovats 
retention indices. The components were 
identified by comparison of their mass 
spectra with data from Adams, US National 
Institute of Standards and Technology 
(NIST, USA), WILEY 1996 Ed. Mass 
Spectra Library (Amini et al., 2019).  

RNA Extraction 

One hundred mg of both tissues (two 
biological replications) were first 
homogenized in a mortar with liquid 
nitrogen, and, subsequently, RNA isolation 
was carried out using a pBIOZOL reagent 
(Invitrogen) according to manufacturer's 
instructions. Putative genomic DNA 
contamination was removed through 
treatment with DNase I (RNase- Free DNase 
Set, Fermentase). The quality and quantity 
of isolated RNAs were determined first 
using a NanoDrop® ND-1000 
spectrophotometer. Furthermore, RNA 
Integrity (RIN) of the samples were 
validated at Macrogen Company (Korea), 
and those with RIN more than 8.0 were 
selected for RNA sequencing. The cDNA 



Terpenoid Biosynthetic Pathway in Ferula persica _________________________________  

179 

libraries were constructed according to the 
instructions given in TruSeq Stranded 
mRNA LT Sample Prep Kit and then were 
subjected to sequencing on an Illumina 
HiSeq 2000 paired-end 151bp system. 

Data Filtering and de novo Assembly  

Following sequencing of libraries, the 
quality of reads was evaluated by using 
FastQC (v.0.11.8; 
https://www.bioinformatics.babraham.ac.uk/
projects/fastqc/), then, adapter fragments 
and poor quality reads were removed using 
Trimmomatic v0.30 (Bolger et al., 2014). 
Parameters included Illumina clip with seed 
mismatches 2, palindrome clip threshold 30, 
simple clip threshold 10, leading quality and 
trailing quality 3, sliding window trimming 
with a window size 4, required quality 20, 
and minimum read length of 50 bp. 
Subsequently, de novo transcriptome 
assembly of clean reads was performed 
using the Trinity Program (Grabherr et al., 
2011). The transcriptome assembly was 
further subject to the EvidentialGene 
tr2aacds pipeline 
(http://eugenes.org/EvidentialGene/) to 
remove redundant transcripts and obtain an 
‘optimal’ set of de novo assembled 
transcripts. Finally, assembly was assessed 
using the script TrinityStats.pl contained in 
Trinity package and BUSCO v.3 
(Benchmarking Universal Single-Copy 
Orthologs) (Simão et al., 2015) to acquire 
the percentage of single-copy orthologs 
represented in Eukaryota dataset. 

Expression Profile Analysis and TPSs 
Identification 

The RNA-Seq by Expectation 
Maximization (RSEM) method (Li and 
Dewey, 2011) with the default parameters 
was used to quantify gene expression level. 
Clean reads of each library were mapped 
back onto the assembled transcriptome, then, 
read count from all samples were combined 

into a matrix using script 
abundance_estimates_to_matrix.pl. After 
producing reads count matrix, Pearson’s 
correlation coefficient between each pair of 
biological replicates was evaluated by 
comparing log10 of FPKM values. Finally, 
the Differentially Expressed Genes (DEGs) 
were analyzed through the IDEAMEX 
website (Jimenez-Jacinto et al., 2019), using 
the DESeq2 (Love et al., 2014), EdgeR 
(Robinson et al., 2010), NOISeq (Tarazona 
et al., 2011) and limma-Voom (Ritchie et 
al., 2015). The threshold to judge the 
signific`ance of gene expression differences 
was False Discovery Rate ‘‘FDR≤ 0.01, 
Counts per million CPM= 3 and the absolute 
value of Log fold change logFC>= 2”. 
Furthermore, TPS unigenes were identified 
from the transcriptome assembly using 
sequence homology (Priya et al., 2018). To 
compare TPS genes identified in F. persica 
against other Ferula species, transcriptome 
data for F. gummosa (BioPoject: 
PRJNA328267) and F. asafoetida 
(BioPoject: PRJNA476150) were obtained 
from the NCBI database and investigated to 
discover TPS genes. In addition, regular 
conserved motifs of TPSs were obtained 
using MEME tools. 

TFs Identification and GO 
Classification of DEGs 

Transcription Factors (TFs) were 
identified and classified using iTAK 
(http://bioinfo.bti.cornell.edu/cgi-
bin/itak/index.cgi). The Gene Group 
Enrichment Analysis (GSEA) was 
performed using the GO terms in the agriGO 
v2.0 (Tian et al., 2017) software. 
TransDecoder and Trinotate software suites 
were used for functional annotation of each 
assembly following the method outlined at 
(http://trinotate.github.io/). For GO and gene 
set enrichment analysis, transcripts were 
mapped to the protein sequences source of 
Arabidopsis 
(Araport11_genes.201606.pep.fasta) using 
the BLAST search. This is because of the 
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well-maintained and annotated Arabidopsis 
genome. Finally, the Gene Group 
Enrichment Analysis (GSEA) was 
performed using the GO terms in the agriGO 
v2.0 software. 

Single-Copy Orthogroups Identification 
for Comparative Phylogenetic Analysis 

To find orthogroups among all the 
predicted protein sequences acquired from 
GeneMarkS-T v2.0.1, the program called 
OrthoFinder was employed (Emms and 
Kelly, 2015) in terms of default parameters. 
Meanwhile, in precisely rooting the resultant 
phylogenetic tree, the sequence assembly 
data of Thapsia garganica (SRP008179) and 
Daucus carota (Iorizzo et al., 2016) were 
utilized as outgroups. The orthogroups 
possessing just single copy genes were 
maintained for further analysis. The 
nucleotide sequences for each group were 
multiply aligned using MUSCLE v3.8.31. 
Subsequently, poorly aligned regions were 
filtered out via the trimAl v1.4 (Capella-
Gutiérrez et al., 2009) on the basis of the 
parameter “-gt 0.9 -st 0.001”. Then, a 
Bayesian model through BEAST v.2.5.2 was 
employed according to previous research 
(Soorni et al., 2019). 

Primer Design and Quantitative Real 
Time PCR (qPCR) 

To validate the expression pattern of genes 
involved in the terpenes biosynthetic 
pathway, qRT-PCR was applied. Gene-
specific primers (Table S1) were designed 
using the IDTdna tools 
(http://www.idtdna.com), and a real-time 
PCR system (ABI ViiA 7 Real-time PCR) 
was employed, in a total reaction volume of 
15 μL containing 7.5 µL SYBR Green 
Master Mix (BioFACT, Korea), 2 µL of 
diluted cDNA, and 1 µL of each primer (10 
µM ) in conjunction with adding PCR-grade 
water. The qPCR was carried out based on a 
thermal program of 5 min at 95°C, 40 cycles 

of 10 seconds at 95°C, 20 seconds at the 
specific annealing temperature for each 
primer, 20 seconds at 72°C, and, finally, a 
melting curve program. The Actin was used 
as an internal reference (housekeeping) 
gene. The statistical analysis of gene 
expression was conducted using the 2−∆∆Ct 
method (Livak and Schmittgen, 2001). 

RESULTS AND DISCUSSION 

GC-MS Results 

According to the GC-MS results 
conducted in the Iranian Institute of 
Medicinal Plants (IMP, Karaj, Iran), the 
essential oils of flower and root possessed 
120 and 110 different bioactive compounds, 
respectively (Table S2-3). The most popular 
metabolites in flowers included 
monoterpene hydrocarbons (i.e., α-pinene, 
6.68%, camphene, 3.24%; limonene, 
1.39%), oxygenated monoterpenes (i.e., 
borneol, 2.26%, fenchyl acetate, 3.54%, 
bornyl acetate, 8.89%; L-Fenchone, 1.11%), 
2,6-Octadien-1-ol, 3,7-dimethyl-, 
propanoate, (Z)- (10.06%), followed by 
butanoic acid, 3,7-dimethyl-2,6-octadienyl 
ester, (E)- (4.55%), 4-Mercaptoimidazo[4,5-
c]pyridine (6.22%), and 
benzenecarbodithioic acid, 4-met hoxy-, 
ethyl ester (7.51%). (Table S2). In roots, 
however, monoterpene hydrocarbons (i.e., α-
pinene, 25.76%, camphene, 11.96%, β-
pinene, 1.89%, and D-Limonene, 4.56%), 
oxygenated monoterpenes (i.e., fenchyl 
acetate, 9.93%, isobornyl acetate, 3.37%), 
oxygenated Sesquiterpenes (i.e., carotol, 
3.39%; beta-cedrene, 4.26%; and Di-epi-
.alpha.-cedrene, 1.34%), and sesquiterpene 
hydrocarbons (i.e., sesquiphellandrene, 
3.02%, and alpha.-farnesene, 1.43%) were 
the most represented metabolites.(Table S3). 

Overall, our GC-MS analysis indicated 
that the essential oils of both flower and root 
tissues of F. persica were dominated by the 
monoterpenes fraction, while sesquiterpenes 
possessed lower quantities. These results 
were in contrast with a previous study on the 
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chemical composition analysis of F. persica, 
indicating the superiority of 
phenylpropanoides (64.7%) and sulfur 
compounds (28.6%) in aerial parts (Javidnia 
et al., 2005) and roots (Iranshahi et al., 
2006), respectively. Nonetheless, in both 
aforementioned investigations, among 
different classes of terpenes, oxygenated 
monoterpenes were still the superior (13.0 
and 23.2%, respectively). 

RNA-seq and de novo Assembly  

RNA-Seq of four libraries from flower and 
root tissues resulted in 119.86 million reads 
with more than 96 and 90% exhibiting 
quality score of Q20 and Q30, respectively. 
After trimming and removing poor and short 
reads, 90.02 million reads remained for the 
assembly (Table 1).  

Using Trinity, clean reads were assembled 
into 204,433 transcripts, with a total length 
of 192.406 Mbp. The N50 value and mean 
length of these transcripts were 1434 and 
941 bp respectively (Table 2). Subsequently, 
the tr2aacds pipeline was applied; 
comparing the resulting EvidentialGene set 
with the Trinity assembly indicated that the 
tr2aacds pipeline reduced the transcript 
number by 2.5 fold. The results of the 
percentage of reads mapping back to the 

final assembly ranged from 89.71 to 
91.84%. The BUSCO values indicated that 
tr2aacds pipeline reduced the number of 
fragmented BUSCOs, while it increased the 
proportion of complete and single-copy 
BUSCOs. These results demonstrated that 
tr2aacds pipeline was capable of generating 
higher-quality transcripts by removing 
redundant or combining the high-quality 
transcripts.  

Differentially Expressed Genes 

The correlation results of replicates indicated 
that the estimated levels of gene expression 
were highly consistent between any replicate 
pair of each tissue (r= 0.91−0.92; Figure 1). 
Furthermore, a Multidimensional Scaling Plot 
(MDS; Figure S1) was designed based on the 
log2 Fold Change (logFC) expression to 
indicate the pattern of proximities among a set 
of F. persica objects. The tight clustering of 
the flower data points means there were fewer 
variations among biological replicates in 
comparison to the root samples. The MDS plot 
revealed two distinct clusters of flower and 
root samples, indicating high variability 
between the different tissues. 

Differentially Expressed Genes (DEGs) 
were subsequently obtained between roots and 
flowers. In total, 6236, 6297, and 6940 DEGs 

Table 1. Summary of RNA-seq data base quality from four RNA libraries of F. persica. 

Original data 
Sample Name Read Count GC (%) Q20a (%) Q30a (%) 

FlowerRep1 29,725,000 43.74 96.86 91.4 

FlowerRep2 32,934,676 44.36 96.57 90.8 

RootRep1 29,733,600 44.03 96.69 91.07 

RootRep2 27,467,114 43.92 96.42 90.58 

Clean data 
Sample Name Read Count GC (%) Q20 (%) Q30 (%) 

FlowerRep1 22,597,182 43 98.08 93.51 

FlowerRep2 22,626,130 43 97.85 92.75 

RootRep1 22,506,218 43 98.05 93.65 

RootRep2 22,295,040 43 98.01 93.43 

a Q20 and Q30: The percentage of bases with a Phred value> 20 and > 30, respectively. 
 



Table 2. Assembly statistics results and BUSCO completeness assessment of F. persica. 

Trinity tr2aacds 
 Transcript Gene Transcript Gene 

Total 204,433 98,297 82,302 56,010 
Average contig length 941.17 764.69 978.27 994.56 
Total assembled bases 192,406,550 75,166,392 80,513,557 55,705,063 

Contig N50 1434 1261 1353 1450 

Complete BUSCOs 90.5% 91.1% 
Complete and single-copy BUSCOs 35.0% 60.1% 
Complete and duplicated BUSCOs 55.5% 31.0% 

Fragmented BUSCOs 7.1% 3.6% 
Missing BUSCOs 2.4% 6.3% 

 

 
Figure 1. Plot of correlation between normalized read counts of biological replicates. Left: Correlation 

plot between root replicates, and Right: Correlation plot between flower replicates. 
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consisted of 42 transcripts belonging to mono 
(39 transcripts) and sesquiterpene (4 
transcripts) families, which contained 11 
differentially expressed monoterpenes. The 
third and fourth groups coined as “TPS-c” and 
“TPSe-f” encompassed two and three 
transcripts of diterpene family, respectively, 
without any responsibility in making 
differential expression pattern. Lastly, the 
group called “TPS-g” was nominated as the 
fifth class, containing two and one transcripts 
of mono and sesquiterpene families, 
respectively. As anticipated, most putative 
TPSs identified in the Ferula transcriptome 
were assigned to SES-TPS-a and Mono-TPS-b 
subfamily, supporting the existing view that 
the essential oils in Ferula species are 
dominated by the monoterpenes and 
sesquiterpenes fraction.  

To compare our TPS results with the 
previous studies on the other Ferula species, 
the transcriptome assembly of both F. 
gummosa and F. asafoetida were also 

analyzed via TERZYME (Figure 3). In terms 
of the function-based classification, 52 TPSs 
were overall identified for F. gummosa, and, 
subsequently, classified as 15, 4, and 23 mono-
, di-, and sesquiterpenes, respectively. 
Meanwhile, according to sequence homology-
based method, 42 out of 52 TPSs were 
classified into four distinct sub-families viz. 
TPS-a (20), TPS-b (18), TPS-c (2), and TPSe-f 
(2). Considering F. asafoetida, 45 TPSs were 
overall identified, among which 16, 21, and 8 
served as mono-, di-, and sesquiterpenes, 
respectively. Furthermore, taking sequence 
homology-based approach into account, all the 
45 TPSs identified for F. asafoetida were 
categorized into 6 sub-families of TPS-a (4), 
TPS-b (16), TPS-c (16), TPS-d (5), TPSe-f (2), 
and lastly TPS-g (2).  

It has been claimed that TPS-a, TPS-b and 
TPS-g subfamilies are angiosperm-specific, 
and among all, seven sub-families both b, and 
g followed by c gene subfamilies are 
contributed in secondary metabolism and 

 
Figure 2. Heatmap of the expression levels and relationships of TPS genes across the two tissues of the F. 
persica transcriptome data. The color scale represents FPKM counts, and the ratios are log2 transformed. 
 



 
Figure 3. Distribution of TPS classes derived from three Ferula transcriptomes. 
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in Gossypium arboreum (Xu et al., 2004), 
SlMYC1 and SlWRKY73 in S. 
lycopersicum (Spyropoulou et al., 2014), 
and OsWRKY76 in Oryza sativa (Yokotani 
et al., 2013) for regulation of terpenoids 
production/accumulation, TcMYC2a in 
regulating taxol biosynthesis in Taxus 
chinensis (Zhang et al., 2018), and R2R3- 
MYB to regulate fragrance biosynthesis in 
lilies (Lilium spp.) (Yoshida et al., 2018). In 
this context, based on earlier investigations 
as well as our current results, the most 
popular TF families were identified as 
“MYB, HB-HD-ZIP, MADS-MIKC, bHLH, 
C2C2-YABBY, bZIP, AP2/ERF-ERF, 
MYB-related, MADS-M-type, and C2C2-
GATA”. It could be concluded that some of 
them (if not all) may directly/indirectly 
regulate the terpenoids biosynthesis in F. 
persica.  

Gene Ontology (GO) and Gene Set 
Enrichment Analysis 

The GO enrichment analysis of the 2127 
DEGs identified 247 significantly (FDR< 
0.05) enriched GO terms for the biological 
process, cellular component, and molecular 
function categories. In terms of biological 
processes, these DEGs were classed into 138 
classifications. Within the biological process 

category, the enriched DEGs were mainly 
associated with the metabolic process 
(GO:0008152), cellular process 
(GO:0009987) and primary metabolic 
process (GO:0044238). Secondary 
metabolite process ranked as 47. According 
to molecular function, DEGs were divided 
into 50 classifications: the most represented 
molecular functions were the catalytic 
activity (GO:0003824), binding 
(GO:0005488) and hydrolase activity 
(GO:0016787). In cellular component 
category, DEGs were clustered into 59 
classifications. The largest subcategories of 
the cellular components were intracellular 
(GO:0005622), cell (GO:0005623), and cell 
part (GO:0044464). We further analyzed the 
DEGs involved in the enriched biological 
process GO terms. For “metabolic process 
(GO:0008152)”, most of genes encoded 
NAD(P)-binding Rossmann-fold (10 genes) 
and UDP-Glycosyltransferase (9 genes). 

Detecting WGDs Using Pairwise Ks and 
Phylogenetic Analysis 

The distribution of Ks values between 
pairs of Ferula paralogs reflected evidence 
of a possible WGD at Ks= 0.4 (Figure 5). 
Although our simulations indicated possible 
WGD in Ferula species, it was difficult to 

 
Figure 4. Distribution of DEGs in different TF families. 

 



 
Figure 5. Ks distribution plots for paralog pairs in three Ferula species and orthologs among Ferula, T. 
garganica, and D. carota.(A). Ferula species were compared to D. carota (B), Ferula species were 
compared to T. gargan 
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Verification of RNA-Seq data by qRT-
PCR 

The expression level of seven candidate 
genes involved in the terpenoid biosynthesis 

pathway, including TPS12, STS2, MYRS, 
BAMS2, SCS, RLC1, and TPSGD were 
evaluated via three technical replicates for 
each one of the two biological replicates per 
tissues (Figure 7). Overall, qRT-PCR results 
confirmed the expression profiles detected 
by DEGs analysis from transcriptome data.  

 
Figure 6. Phylogenetic relationships among Ferula species, Thapsia and Daucus inferred from 1000 

single-copy orthogroups. 

 
Figure 7. Gene expression patterns of the sleeted seven genes to verify RNA-Seq data. 
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CONCLUSIONS 

In conclusion, our results indicated that the 
production of secondary metabolites and 
expression patterns of the corresponding 
genes in F. persica could be a tissue-specific 
phenomenon. Considering GC-MS profiling, 
the monoterpene and sesquiterpene 
compounds exhibited the maximum and 
minimum levels in both tissues of flower 
and root. Based on DEGs, 396 and 1731 
transcripts were up-regulated in, 
respectively, root and flower tissues, of 
which 86 were totally annotated as TPSs. 
Lastly, according to our phylogenetic 
results, all the three Ferula species formed 
only one monophyletic clade, with the 
estimated divergence time of 2.99 MYA 
between F. gummosa and F. assa-foetida, 
and 3.87 MYA between F. persica and two 
other Ferula species, indicating an older 
history for F. persica than that that of both 
F. gummosa and F. assa-foetida. 
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 با استفاده از آنالیز رونوشت و داده های Ferula persica مسیر بیوسنتزی ترپنوئید در
  متابولوم

    یم. ر. نقو و ک،یآ. د. ج. وان دا،  سورنی .نصیری، ا .ج

  یدهچک

-GC های ) از طریق دادهFerula persicaدر این تحقیق، آنالیز پروفایل متابولوم و ترانسکریپتوم گیاه کما (
MS  وRNA-seq های استخراج شده از هر دو بافت گل و ریشه، برتری کمّی  انجام شد. آنالیز اسانس

ترپن در مقادیر کمتری وجود داشتند. برمبنای  که ترکیبات سسکوئی ترکیبات مونوترپن را نشان داد، درحالی
رونوشت  ۱۷۳۱(رونوشت با بیان بالا) و گل  ۳۹۶ژن با بیان متفاوت بین ریشه ( ۲۱۲۷، حدود RNA-seqآنالیز 

 ۸۳بندی شدند، که  دسته (TPSs) سینتاز رونوشت بعنوان ترپن ۸۶رونوشت،  ۲۱۲۷با بیان بالا) یافت شد. از 
، TPS-a (33) ،TPS-b (42) ،TPS-c (2)متعاقباً در پنج زیرخانواده جداگانه  TPS رونوشت معادل

TPSe-f (3)  وTPS-g (3) های با بیان  تورهای رونویسی در بین ژنبندی شدند. چندین خانواده از فاک طبقه
 F. persica متفاوت شناسایی شدند که نقش تنظیمی مستقیم یا غیرمستقیم آنها را برای بیوسنتز ترپنوئیدها در

در یک  F. gummosa و F. assa-foetidaدهد. درنهایت، با توجه به نتایج فیلوژنی، هر دوگونه  نشان می
در یک کلاستر مجزا مستقر شد، ضمن اینکه زمان واگرایی  F. persica که کلاستر قرار گرفتند، درحالی
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و دو گونه  F. persicaمیلیون سال پیش، و بین  ۹۹/۲حدود  F. gummosa و F. assa-foetidaدوگونه 
  میلیون سال پیش تخمین زده شد.  ۹۸/۳جنس فرولا حدود  دیگر
 

 


