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Table 1. Terpenoids composition in developmental stages of N. sativa seeds

AL:w‘La.;..O PHE CJJOL“WJ &l C,.‘;wol,‘.w &l
S Half black seed Soft black seed Hard black seed
Compound Ho/g FW. % (W/W) Hg/g FW. % (W/W) Ug/g F.W. % (W/W)
Monoterpene hydrocarbons
y-terpinene 92156 +30.73 62.54+0.05 634.36 +49.17 40.33+£0.42 2945+1.71 2.09+0.02
a-Thujen 209.92 +5.24 14.25+0.13 251.87 +22.26 16+0.25 23468+15.75 16.67+0.02
p-Cymene 7471+ 177 5,07 +0.05 233.08 +18.66 14.81+0.14 503.05+33.13 35.76+008
a-Terpinene 5341+150 362+0.02 40.67 £3.18 259+0.02 8.98 +0.56 0.64 +0.02
B-Pinene 5213+171 354+00 61.39+5.18 3.90+£0.04 62.61+4.12 445+001
a-Pinene 41.32+£0.71 2.80+£0.05 50.12+0.39 3.18+0.07 63.32+2.75 451+011
Limonene 2643+0.38 1.79+0.04 36.63+3.03 2.33+£0.05 65.31+155 4.66+0.21
Myrcene 9.20+£0.10 0.62 £0.01 991+108 0.63+0.02 0.76 £0.12 0.05+0.02
a-Phalendrene 532+0.20 0.36+£00 397+£0.36 0.25+0.01 0.59+0.05 0.04+£0.01
Carene nd nd nd nd 0.71+0.06 0.05+0.01
(Js) Total 1393.98 9459 1322 84 969.46 68.92
Monoterpene alcohols
Carvacrol 2491+2.80 169+0.13 3445+134 221009 1274162 0.91£0.05
Terﬁinen-4-ol 1.95+0.03 0.13+£00 2.15+0.09 0.14+0.01 6.36 £0.51 0.45+0.01
Thymohydroquinone nd nd nd nd 1.99+1.06 0.14 +0.07
(Js) Total 26.86 182 36.6 2.34 191 149
Monoterpene ketones
Thymoguinone 51.12+5.22 346+£0.24 21218 +854 1353+0.52 396.74+37.08 28.15%0.7
(s) Total 5112 346 212.18 1353 396.74 28.15
Monoterpene ester
Bornyl acetate nd nd 1.01£0.09 0.06 £0.01 135+0.15 0.11+0.02
(Js) Total nd nd 1.01 0.06 135 01
Sesquiterpenes
Beta- Longipinene 159+0.0 0.11+£00 0.81+0.17 0.05+£0.01 10.96 £ 0.65 0.78+£0.01
Alpha- Longipinene nd nd nd nd 2.18+0.07 0.16+0.01
(Js) Total 159 011 08 0.05 10.96 094
Total identified 147355 100 157321 100 1397.61 100

o1 lbid=Nd s bz GC-MS L 5 o sl OISa i3 oo
The volatiles were extracted with hexane and identified by GC-MS. nd = not detected.
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Figure 1. A: Results of RNA extraction on 1% agarose gel; 1 and 2: RNA. B: PCR results of NSTPS2 gene on 1% agarose gel.
PCR Jsa>s ¥ sl 1 kb (Carl Roth GmbH, Karlsruhe, Germany) <, St ) Sale
1: Marker (1Kb) (Carl Roth GmbH, Karlsruhe, Germany), 2: PCR product of NsTPS2
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Figure 2. A part of amino acid sequence alignment of NSTPS2 and monoterpene synthases from other plant species
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The conserved DDXXD motif is highlighted.

QWD59172.1: terpene synthase 3 (Aconitum carmichaelii), AHC54050.1: gamma-terpinene synthase (Coriandrum
sativum), AOP12358.2: limonene synthase (Citrus sinensis), AAB71085.1: (Abies grandis) pinene synthase.
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Figure 3. Dendrogram of NsTPS2 and selected monoterpene synthases genes from other plant species
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Abstract

Black cumin (Nigella sativa) is a medicinal plant of the Ranunculacea family which raised attention
due to its pharmaceutical properties. Medical significance of N. sativa mainly attributed to its
oxygenated monoterpenes which are biosynthesized via the methyl erythritol phosphate (MEP)
pathway located in plastids. In this study, the essential oil components of leaves, flowers, and
developmental stages of seed including half black seeds, soft black seeds, and hard black seeds were
analyzed in N. sativa. Whereas no terpene was detected in flowers and leaves, seeds were found to be
the major site of biosynthesis and accumulation of terpenes, and the amount of terpene compounds
changed during seed maturation. The essential oil consists of monoterpenes (more than 99%) and
sesquiterpenes (less than 1%). In order to improve our understanding of monoterpene metabolism, the
partial sequence of a hypothetical monoterpene synthase (NsTPS2) was isolated from N. sativa plant
using RACE-PCR technique. This monoterpene synthase was identified from RNA sequencing data
from soft black seeds. Except of the highly conserved DDXXD motif in NsTPS2 which is necessary to
validate monoterpene synthases, no other conserved regions of other identified monoterpene synthases
were observed. Dendrogram analysis revealed that NsSTPS2 had the highest homology with a terpene
synthase (72.89%) from Aconitum carmichaelii and these two sequences were grouped in the same
group. Nigella sativa and Aconitum carmichaelii both belong to the Ranunculacea family. This
indicates that the genetic information of plants of the Ranunculacea family can be used to isolate
different monoterpene synthase. The results of this research can be useful in genetic manipulation and
metabolic engineering of Nigella sativa.
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