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Figure 1. Artemisinin synthesis pathway, by products and enzymes involved in the pathway.
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Table 1. The information of primers for each genein Real Time PCR.

Gene Primer Primer sequence F/R [5'-3] Primer % Amplicon

name name Tm[°C] GC length [bp]

SQS AF302464 F-TTTGAAAGCAGTATTGAAACAC 51.3 318 192
R- CAGACAGCATCACGAAGC 52.8 55.6

DBR2 EU704257 F- CATCAACAAGCAAGCCCATTTC 56.5 455 125
R- GCGATAGTCTTCAACCACCTC 55.7 524

ACT U36376 F- AGTGCTCCTGGTTAGTTGTC 54.1 50 166
R- CTTGTTGCCTCGTAATCTTCG 54.7 476
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Figure 2. Artemisinin content in nanocobalt treatment, during different time courses.
* Different letters indicate significant differences in Duncan’s test.
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Figure 5. The expression levels of SQS gene in different times and concentrations of nanocobalt treatment. * Different letters

indicate significant differences in Duncan’s test.
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Figure 6. The expression levels of SQS gene in nano
chitosan treatments. *Different letters indicate significant
differences in Duncan’s test.
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Figure 9. The expression level of DBR2 in different time

courses after nanocobalt treatment. *different letters
indicate significant differences in Duncan’s test.
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letters indicate significant differences in Duncan’s test.
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Figure 10. The expression levels of DBR2 in different

nanocobalt concentration. *different letters indicate
significant differences in Duncan’s test.
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Figure 13. The expression levels of DBR2 gene in
different time courses after nanochitosan treatment.
*Different letters indicate significant differences in
Duncan’s test.

WS 5L slajles Ol 5 oble Joli 51 ) 5o
10 5 5 celw FA 5 YY Sles ol s (M) 0 sloalos
Jald gl 4 o el VY 5 A Slej o3k s (mgll)
sA Sy sl 5o (MY O slajlas 5o 5 dnils Ol Jals
s el VY A Sl a3l ps (Mgl Ve Sles ccel VY
Aeals Ol il el A Sles o3k s (/) VO sl b
3L 53 (MG O sLs s 53 DBR2 05 0l iul33l 1 i
sdalio Colu VY Slojosl o (M@/) Ve 5 cell VY Sl
Olid dals A5 b g basles ple 53 DBR2 0 0Ly s

OF J2) sl

ab

1
-

Transcript expression Ratio
0.25mg/Lit-24h

O NWRUIO - 00W

a

p— 2

%

I [= N
2.5mg/Lit-gh | EEC—

R —
Smg/Lit-48h [m—

s
Smg/Lit-gh =8

-
Smg/Lit-48h [—m—
Smg/Lit-72h | EE—

0.25mg/Lit-8h
0.25mg/Lit-48h
0.25mg/Lit-72h |
2.5mg/Lit-24h
2.5mg/Lit-48h
2.5mg/Lit-72h
S5mg/Lit-24h

2
x
I
NS
B
«

Ol 5 ks (il glasles 53 DBR2 03 ol ole -V K3
SIS 5

Figure 11. The expression levels of DBR2 genein
different time and concentration treatments of nanocobalt.
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Figure 12. The expression of DBR2 gene in different
nanochitosan concentrations. *Different letters indicate
significant differences in Duncan’s test.
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Figure 14. The expression levels of DBR2 gene in different time and concentration treatments of nanochitosan.
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ABSTRACT

rtemisia annua is particularly important for the production of artemisinin, a

bioproduct which can be used to combat the causal agent of malaria, treat some

kind of cancers and in other activities. The low artemisinin content in the plant

has caused this compound to be among the more expensive medicines. Several
attempts have been made to increase artemisinin production, for example by using
different elicitors, but none of the approaches has been cost effective. In this study, the
expression levels of two important genes in the artemisinin biosynthetic pathway, SQS
and DBR2 and artemisinin content were investigated in Artemisia cell suspension
cultures. SQS and DBR2 genes have essential roles in the regulation of artemisinin
pathway. For this purpose, nano-cobalt particles in concentrations of 0.25, 2.5 and 5
mg/L were used for cell culture treatment and samples were collected after 8, 24, 48 and
72 h. The highest artemisinin content was observed 24 h after 5 mg/L nanocobalt
treatment. In this case, artemisinin production was 2.25 times (113.35 mg/g d.wt) higher
than that of the control. Our results showed a negative and significant correlation
between SQS and DBR2 gene expression and artemisinin content at different levels of
nano cobalt treatments. Results also showed an increase in nano cobalt concentration
after 72 hour and an increase in nano chitosan after 4h hour caused a significant decrease
in the expression of SQS and DBR2 genes. In conclusion, it appears that the content of
artemisinin was increased by high concentrations of the nano cobalt particles because of
adecrease in the expression of SQSand DBR2 genes.
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