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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 4. The expression levels of SQSgenein different
concentrations of nanocobalt treatmen
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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.

DBR2 4}
MY/l Slales 53 55 0 sdalie (1) K 53 S 55k Olea
dald & el 4 Cond DBR2 05 0l SIS 5L 0 5 Y/0 /Y0
~eble 5l ks G o s by slaesl e s acdls il
A Sl ek 53 DBRZ 05 Ol Sl bl op mi il gla
Cls Ll 05 Ol Ol Oley C2IS L 5 A sdalie sl

(v JS5)

o3b 53 MY O slajles Ol x chale Plaxe 31 o) 5 53
Ol 58 s Cel YA Sy o3l o MO/ Ve ccsle YA b
dald 4sed 4 S el VY 5 FA Sley 3L s (Mgl VO
sl sl o Mg Ve 50 clasles s 5 Lails Ol Jials
ol celu A Sy sl 5o (M) V0 Sl 50 5 el VY
L5 sdalive dald & yes b 5l bajleg pla s azils Ol

(A JS)



https://dor.isc.ac/dor/20.1001.1.25885073.1394.4.1.4.2
http://gebsj.ir/article-1-89-en.html

[ Downloaded from gebs.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1394.4.1.4.2 ]

1.05 -

L ab a a a W

6 - = 1 -
g a | ] ,'I _____ % bC (19
0 ab g 0095 - c .
b dals 4
= 4 - b S 09 -
e =
Z, 5
2 5 2 GRS =
3 2 i)
é ¢ ¢ c 5;: 08 1
= 1 - - - = 0.75
= = 0.7 ; ;

0 - _ 15

025 2.; :; 4 111_9’.-"‘1:- e
(mg/ly ki _
SIS 5L s slacdale s DBR2 03 0l 0l -4 JK2 013558 5U e slaclals 5> QS 05 oL - IS

el Sl Snsl s s e sl SOLES o slize By el GSKIs 0503l 53 Sl pme ple SOLAS o glane Lo g o

Figure 9. The expression level of DBR2 in different time Figure 6. The expression levels of SQS gene in nano
courses after nanocobalt treatment. *different letters chitosan treatments. *Different letters indicate significant

indicate significant differences in Duncan’s test. differences in Duncan’s test.

| ab

‘ | 2 b

w90 o 1

? l - I .
04— [ N | A

= O =

FREvEs

— = =

Transcript expressicn
Ratio
(B Y] His
Transcript expression Ratio
opoo
f R O "L T Bl S

(o]

| O3S SU Jlasl 3 am Jlos slassl 53 SQS 05 0Ly -V IS
Figure 7. The expression levels of SQS gene in different

time courses after nano chitosan treatment. *Different
letters indicate significant differences in Duncan’s test.

3 ] R =

SIS U Jlas! 31 am Sles slaesl ;3 DBR2 05 0Ly 0lps -+ K&

el Sl REVSTIE e sl SLas oosline oy

Figure 10. The expression levels of DBR2 in different

nanocobalt concentration. *different letters indicate
significant differences in Duncan’s test.
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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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