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Abstract

Objective

So far, around 500 species of Artemisia have been found in different regions of the world, and
among them 34 species are endemic to Iran. It has been evidenced that Artemisinin is one of the
medicinal compounds found in Artemisia that has various medical properties, especially
antimalarial. The main objective of the present study was to comprise phytochemical profile and
expression pattern of some genes related to artemisinin biosynthesis pathway in A. fragrans and
A. annua species.

Materials and methods

In the present study, the accumulated artemisinin content in A. fragrans and A. annua species
were detected using the high-performance liquid chromatography (HPLC) technique. Moreover,
phytochemical compounds in leave tissue were identified using the gas chromatography—mass
spectrometry (GC-MS) technique. The gene expression patterns for some artemisinin
biosynthesis related genes including 4FPSF, DBR2, HMGR1, HMGR2, WIRKY, ADS, DXS, and
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SQS were comprised in two studied species. In each species, association between artemisinin
content and the relative expression of investigated genes were determined through correlation
analysis. All statistical analysis was performed based on three replication using R software.
Results

Based on obtained results, there was observed a significant difference between two Artemisia
species in terms of artemisinin content, and the highest content was recorded for A. fragrans.
Using GC-MS analysis, in general 26 and 20 phytochemical compounds were identified in A.
fragrans and A. annua species, respectively. Among identified compounds, eight compounds
were similar in both species. Moreover, some compounds such as Comphor, 1,8-Cineole, 4-
Terpineol, and Pinocarvone were most important. According to the gene expression analysis, the
highest relative expression of 4FPSF, ADS, and DXS genes were recorded in A. annua, while the
highest numbers of transcripts for SQS, HMGR1, HMGR2, DRB2, and WIRKY genes were
estimated in A. fragrans. The results of correlation analysis for both species showed that
artemisinin content significantly and positively correlated with the expression of ADS, DBR2,
DXS, and HMGR1 genes. However, in A. annua species, the SQS gene was not expressed and
there was no correlation between these genes and artemisinin content.

Conclusions

In general, the obtained results revealed a significant difference between two studied Artemisia
species in terms of the artemisinin content and other phytochemical compounds. Furthermore, our
results indicated that A. fragrans could be used as an ideal source for extract artemisinin and other
compounds. Hence, conducting other supplementary studies on this species is recommended.
Keywords: Secondary metabolites, artemisinin, HPLC, phytochemical compounds,
transcriptome.
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R GCGATAGTCTTCAACCACCTC (2021)
HMGR-1 F GGTCAGGATCCGGCCCAAAACATT  Arsenault et
R CCAGCCAACACCGAACCAGCAACT al. (2010)
HMGR-2 F TGCTGGTTCTCTTGGTGGAT Salehi et al.
R CTCCAACTGTGCCAACCTCT (2018)
WIRKY F CAAGAACTACCAAGACCGAATCC Salehi et al.
R GGAGATAACAGGTGGCGAATAGAC (2018b)
DXS F ATGGGTTGGCGGGATTCAC Arsenault et
R CCGTCAAGATTGGCAGTAGGTAAA al. (2010)
4FPSF F GTATGATTGCTGCGAACGATGGA Arsenault et
R CGGCGGTGAATAGACAATGAATAC al. (2010)
SQS F TTTGAAAGCAGTATTGAAACAC Ghasemi et al.
R CAGACAGCATCACGAAGC (2021)
Actin F AGTGCTCCTGGTTAGTTGTC Ghasemi et al.
R CTTGTTGCCTCGTAATCTTCG (2021)

A GlasS ol Jlis 4 g A annua gl ¢S ) oo jwedyl Hlade opyi i cilisee Slallas (D wiged lgis 4
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Figure 1. Determined the artemisinin content in A. fragrans and A. annua species using

HPLC technique. Different letters show significant differences among species at 0.01 the

probability level
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Figure 2. Identified phytochemical compounds in A. fragrans and A. annua using HPLC
technique
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GC-MS ST 31 03! b U juod ;1 digS 93 13 ol (ot wlind o owndgind Ol o5 L) Jou>
Table 1. Identified phytochemical compounds in two Artemisia species using GC-MS

technique
. Area (%)

No. RT (min) Compounds A fragrans A annua
1 4.14 a-thujene - -
2 4.31 a-Pinene - 5.26
3 4.63 Camphene 0.67 2.28
4 4.69 Thuja-2,4(10)-diene - 0.12
5 5.06 Sabinene - -
6 5.17 R-Pinene - 0.44
7 5.3 RB-Myrcene - -
8 541 dehydro-1,8-Cineole 0.71 -
9 5.98 a-Terpinene 0.33 -
10 6.2 p-Cymene 0.57 0.66
11 6.25 Limonene - -
12 6.38 1,8-Cineol 4.05 6.66
13 6.95 y-Terpinene 0.56 -
14 7.34 Cis-Sabinene hydrate 0.54 -
15 8.05 Filifolone 04 -
16 8.16 Trans-Sabinene hydrate 0.8 -
17 8.22 cis-Thujone - -
18 8.26 a-thujone - -
19 8.51 trans-Thujone - -
20 8.63 Chrysanthenone 2.83 -
21 8.7 R-thujone - -
22 8.72 1-Terpineol 4.59 -
23 8.78 a-Campholenal - 0.24
24 9.12 Thujanol <neo-3-> - -
25 9.35 trans-Pinocarveol - 7.54
26 9.39 R-Terpineol 8.17 -
27 9.49 Camphor 38.86 29.04
28 9.79 Pinocarvone 1.1 4.81
29 10.03 Borneol 14.28 -
30 10.06 4-Terpineol 1.73 1.54
31 10.64 Myrtenol - -
32 10.65 Myrtenal - 1.21
33 10.67 a-Terpineol 291 -
34 11.03 Trans-Piperitol 3.12 -
35 12.08 Cis-Chrysanthenyl acetate - -
36 12.08 Carvotanacetone - -
37 12.24 Piperitone 1.07 -
38 12.83 Bornyl acetate 2.67 -
39 13.14 E-Anethole - -
40 15.39 R-Bourbonene - -
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Table 1. Continued
. Area (%)
No. RT (min) Compounds A fragrans A, annua
41 16.02 Methyl eugenol - -
42 16.33 trans- Caryophyllene - -
43 17.06 (E)-B-Farnesene - -
44 17.86 Ar-Curcumene - -
45 17.88 Germacrene D - -
46 18.2 R-Selinene - 27.87
47 18.34 Ledene - -
48 18.48 R-Bisabolene - -
49 18.75 d-Cadinene - -
50 19.82 (E)-Nerolidol - -
51 20.08 Citronellyl butanoate - -
52 20.44 Caryophyllene oxide 0.61 4.99
53 20.46 Globulol - -
54 20.5 Spathulenol 4,74 -
55 20.66 Salvial-4(14)-en-1-one 0.49 -
56 20.95 Bornyl angelate - 0.5
57 20.99 Ledol - -
58 21.11 Humulene epoxide Il - -
59 21.48 Ledeneoxide 11 - -
60 21.65 Cadin-4-en-7-ol - 0.74
61 21.77 Caryophylla-4(12),8(13)-dien- - 0.73
62 21.82 a-epi-Cadinol - -
63 22.15 a-Cadinol - -
64 22.25 neo-Intermedeol 0.82 -
65 22.43 Eudesm-7(11)-en-4-ol - -
66 22.57 epoxide Aromadendrene - -
67 22.59 Iso-Aromadendrene epoxide - 1.11
68 22.63 Isospathulenol - -
69 24.98 Diazinone - -
70 25.31 (2Z,6E)-Farnesyl acetate - -
71 25.95 Hexahydrofarnesyl acetone 0.4 0.65
72 27.35 Z-Spiroether - -
73 27.58 E-Spiroether - -
74 27.72 Methyl palmitate - -
75 28.63 Palmitic acid - 0.58
76 30.94 Linoleic acid, methyl ester - -
77 31.07 Methyl linolenate - -
78 31.29 Phytol - -
79 32.05 oleic acid 0.87 -
80 32.07 9-Octadecenoic acid, (E) - -
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Figure 3. Relative expression of (A) 4FPSF, (B) ADS, (C) DXS, (D) DBR2, (E) HMGR1, (F)
HMGR2, (F) WIRKY, and (H) SQS genes in A. fragrans and A. annua species

A Glodiss 1 S m (slp (SIS Sgo ar0ad ) Sof e Gl g O] Ol o (Stesed ol
DBR2 (slay; oo b oy jwedy] oline AL fragrans «g8 ,s .ol o ol lis ¥ JS 5 AL annua 4 fragrans
35 HMGR2 4 4FPSF WIRKY (cla 5 oyl o ccils ()l5 dne 9 Cute dlasly DXS g ADS SQS HMGR1

VYA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

V€Y cdb&o&s (S0

o ADS s HMGR1 DBR2 (¢la )5 lo b oy jwod )] (yl5se AL ANNUA 4565 55 (FA JS5) 290 5 ixe g ko
D ) gxe g cute AFPSF s WIRKY (sla 5 o)l oy abasly A, fragrans 4543 alice cpiomed . s )5 e g oo
ol b ks DBR2 5 ply s ssnloie (515 e 9 Cuo abaily 35 HMGR2 g WIRKY (sla5 ol oy el 2 ogde
o 3> S35 sl y5 o St JJADS g DBR2 (gl 5 (FB JS—i) 59yl xe 5 cute HMGR1 5 ADS (sla
2 o 38 1y i o) (6= VY gF =18 g0l ¢ 5LSTgn, (W)Y S jwed )] (slae 35T a5 o g A s wed)| g
oo ol S o 35T a8 T o jlai U Jg piwl ji pne )3 e slay5 1300 5l 55 SQS o5 (Olofsson et al. 2011)
Rl g 3 K05 Sile 4 3yl oy e )] oo g i RIS g il ) ege G5 SQS 5 s S 0 35T,
O s3IV g¥ gl g kit gl o051 48 | oyl 2las; cpl e g Bl algd (l331 i oo )] i g 05 o0l ol
o3l (1 s o by S St lgSol o 3T (Bly 53 S oo o3litis] i 63 Jamsi b pliy S e Sl Sy S
5l S oS el S5 p3Y (GUO et al. 2010) wib oo (s jwesd )] 008 M5 clacdl ,> (FDF) wlawd 6> Jows )b I
9ADS SQS (b5 b 5 ,SeaSs b ol (oln S5 Ll o 0l (285 (i oo )] gy s )3 503 slogj
Ui g Caw IMVA s 3 a8 5 SGHMGR (5 e lgie 0 048 cldgilio ol adg )3 s b 3ilgs o DBR2
A5 et e adllae ol ) odel Caw 3 4 uls @ degi b gd o AL ANNUA 455 55y jwed )] g5 ialS com ol oo
Sl )8 oS b 365 48 5, 3939 ke alasly HMGR2 (5 by o A. @NNUA 4565 1 0 Wg5 s wedy] ()l jae oo
Mo Gl cuw HMGR (5 oLy (iol5él S )b 51 (Aquil et al. 2009; Alam et al. 2014) a_sb . LS
2 )N sbadsn s Ay el sl 5 bin ) (g8 plow g (38, Vb col 05 a9 4, o5 03 FDF
opl 9 9 S oo IS s sed)] jrwwge olaid! yob 4 4> STADS -5 (Ranjbar et al. 2015) 54 oo s jues)|
ol 3 odel s 4 ol 4 do g b Jl el b )l ooty el g (il b oo abaly o (o ial33] &S ol
23] i A ANNUR 665 )5 ol i ol 5 655 99 50 taswd)] e b 0F ) St (St sam o) o a0
b padlite (ghionds 5 izjed)] oliee L SQS (f oo o alsly pog—iad 13 Grizmen g i AL fragrans 45 5
i 500 Gyl 5l gl g, Al fragrans a545 ,5 o5 cpl olo e oy i 1y b sanliie dev g0 LS 5l Sy
Mo il g DBR2 ()5 olo o abasl, A, fragrans 4¢3 s ¢ A, anNUA | i 665 cpl )3 3 s juod )| jiiaw 9o
4 S gk 4 09 DBR2 by g iz iyl line s S A BNNUA & G5 B35 el g 392 45 B (i o]
oS el ol plgie (Jg ol Comal Bl 1l Glas o oy eyl (YL Mg b olaisS ) Ay s
4 5b SQS el ole 9 DBR2 5 ADS (ypzeen (s1dS (sla i 55 51 5Vl ol iz joady] VL 15 b olots s

5 ol ©olite (o651 ax ST ai s Sglite i jued )] (slgime (sl binedyl slaaisS (Mannan et al. 2010) ail,

Y4

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

93 23 O jeedyl i (liee 9 gl ol 53 048 adlllae (slayf Glo o BLS)! Bl ot eyl ke 5 gl s Wl e

D) 5L g i olllae 4 AL @nnua 4 A. fragrans 45

)
(B)
WIRKY At
10
DXS HMGR2 pXs At 05
M08 3: WIRKY D DBR2 0
e . 4FPSF HMGR1 2
Iy -0
HMGR1 40
DER2

4FPSF

A. fragrans 45 93 ,5 o uwan b dad po (s 45 o 3l 9wt nod )1 Jladle (yt (SN £ S
(B) A. annua 4 (A)

Figure 4. Association between artemisinin content with the relative expression of its
biosynthesis related genes in A. fragrans (A) and A. annua (B)
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