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Table 1. Quality control results of different groups after trlmmlng by Trimmomatic software
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GC: percentage of guanine and cytosine nucleotides in the sequence. Q20: Sequencing error rate less than 1%. Q30: Sequencing error
rate less than 0.1%.
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Figure 1. The length distribution of the fragments resulting from the De novo sequencing of Persian black cumin
transcriptome
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Figure 2. a) Examining the similarity of Persian black cumin transcriptome with sequenced genomes. b)
Enrichment of the De novo assembled transcriptome of Persian black cumin in the KOG database. (c)
Enrichment of De novo assembled transcriptome by KEGG database.
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Table3. General statistics of microsatellites extracted by MISA
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1192 olsale s, Kol e ol e Mg slass
Number of sequences containing more than one microsatellite
793 S5 el ale s 5 sluss

Number of combined microsatellites

Sl ol o5 w5 ilear )L 51 Jeols ot Sl 5 sl plos s Sl 5 -F Jsas

Table 4. Frequency of microsatellites of the transcriptome resulting from the De novo assembled transcriptome
of Persian black cumin

Eoome s sSs1Sa S sUS5 y G ASs s S s walSS g gaSs S IS

TotalHexa-nucleotide Penta-nucleotide Tetra- Tri- Di- Mono- Repeats
nucleotide nucleotide  nucleotide nucleotide

1192 36 15 34 1107 0 0 5

1547 10 14 9 434 1080 0 6
805 7 0 5 177 616 0 7
543 9 0 1 67 466 0 8
357 3 0 0 47 307 0 9

1199 0 0 0 13 196 990 10
621 2 1 0 3 138 477 11
448 0 0 13 4 97 334 12
341 0 0 0 11 93 237 13
305 0 0 0 3 111 191 14
202 0 0 0 4 72 126 15
136 0 0 0 0 36 100 16
136 7 0 0 3 32 94 17
104 0 0 0 0 38 66 18
81 0 0 0 0 21 60 19
69 0 0 0 0 29 40 20
305 0 0 0 0 125 180 >21

8392 74 30 62 1878 3467 2903 Total
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Figure 3. Classification of microsatellites based on the frequency of motifs

&l

8809
1415

sauab Jo Jaguwny

5285
r849

am Unigenes_SSR

am Reference

T T T T
o [ (] (]
< m (o] —

sauab jo abejuadiad

Biological Process

Molecular Function

Cellular Component



o) p e Sl S pn

macromolecule localization GO:0033036
cellular localization GO:0051641

regulation of cellular process GO:0050794
biclogical regulation GO:0065007

envelope GO:0031975

membrane-bounded organelle GO:0043227
regulation of biological process GO:0050789
organelle membrane GO:0031080

regulation of metabolic process G0:0019222
extracellular region GO:0005576

antioxidant activity GO:0016209

nuclear pore GO:0005643

transcription regulator activity GO:0140110
amide binding GO:0033218

response to endogenous stimulus GO:0009719
establishment of localization GO:0051234
detoxification GO:0098754

localization GO:0051179

multicellular organism development GO:0007275
cellular detoxification GO:1980748
DMA-binding transcription factor activity GO:0003700
intracellular organelle part GO:0044446
organelle part GO:0044422

cofactor binding GO:0048037
protein-containing complex binding GO:0044877
methylation GO:0032259

intracellular GO:0005622

catalytic activity GO:0003824

respiratory chain GO:0070469

intracellular part GO:0044424

sulfur compound binding GO:1901681
response to stress GO:0008950

multicellular organismal process GO:0032501
coated membrane GO:0048475

anatomical structure development GO:0048856
oxidoreductase activity GO:0016491

cell GO:0005623

intracellular organelle GO:0043229

organelle GO:0043226

outer membrane GO:0019867

plasma membrane GO:0005886

cell part GO:0044464

positive regulation of metabolic process GO:0009893
endomembrane system GO:0012505
developmental process GO:0032502

secondary metabolic process GO:0019748

=

E-
&n
e

Fay
F pa J

am -'9(P-value)

Gl st S 5 53 S s akb (W WEGO s3ls o s MISA 5l Jols sloe )l ooy (o3 Sas s —F S0

e sl 3L ol ale s sl 3t slaos Bl ol (@ ool sala

Figure 4. Enrichment analysis of MISA-derived microsatellites in the WEGO database. A) Functional
classification of microsatellite-containing transcriptome. b) Association of individual genes containing
microsatellites with molecular processes
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Abstract

Persian black cumin is one of the most important endemic plants to Iran. Its seed is used in the
daily diet of Iranians and also has medicinal properties and aromatic compounds. Unfortunately,
there is little information about its genome and molecular markers. In this study, the
transcriptome of Iranian black cumin was sequenced in the granulation stage and after
extracting the microsatellites (SSR markers) related to this growth stage, their interpretation was
done. After RNA extraction, the inflorescences and stems were sequenced. Sequencing depth
and length were 6 GB and 150 bp pair-end, respectively. Sequencing data were analyzed using
different softwares. De-novo assembly of Persian black cumin was performed by Trinity
software. Microsatellite markers were extracted using MISA software. Finally, the functional
interpretation of the microsatellite-containing sequences was performed by the WEGO database.
The GC content of different samples was 47 to 50%. 8389 microsatellite markers were obtained
from 45146 unigenes. At least 11% of unigenes contained microsatellites. A/T and AG/CT
nucleotides had the highest percentage of microsatellite markers. Among the three nucleotide
repeats, ATC/ATG and AAG/CTT had the highest frequency of microsatellites. The results of
functional interpretation showed that unigenes containing microsatellite markers cover a wide
range of biological activities of Persian black cumin and the genes involved in seed
development and growth have a high level of expression. This study is the first report of
microsatellite markers of Persian black cumin. The results of the present study can be useful in
finding different markers for breeding programs and developing cultivars with different goals.
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