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ABSTRACT

In this study the relationships between transcription rate of two hypothetical transcription factors (WRKY and bZIP)
and TYDC, BBE, COR, T6ODM, CODM, SODM, DBOX and NOS which are involved in benzylisoquinoline alkaloids
biosynthesis in Papaver somniferum were surveyed. Sampling was performed during five developmental stages
including rosette, bud initiation, pendulous bud, flowering and lancing. Investigated parts were root, bottom part of
stem, leaf, upper part of stem, capsule wall and capsule content. The results showed that there were high degree of
consistency among the transcription rate of WRKY and the other genes which are involved in benzylisoquinoline
alkaloids biosynthesis specially TYDC. Since TYDC is one of the initial genes in benzylisoquinoline alkaloid
pathway, it seems that WRKY affect the entire pathway by changing TYDC transcription rate. Surprisingly, a
coordinate regulation was seen among transcription rate of bZIP and the genes involved in benzylisoquiniline
biosynthetic pathway. Since the modulation of secondary metabolism and defense against pathogens have been
respectively attributed to WRKY and bZIP functions and production of benzylisoquiniline alkaloids is related to
defense against plant pathogens and avoiding UV injuries, it seems that the transcription rate of these transcription
factors and benzylisoquiniline biosynthetic genes are closely related.
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Table 1. The characteristics of primer pairs used for gRT-PCR

Annealing temperature - Primers
(centigrade) Primers sequences name Gene name

TTGATTGGGAACTAACGGCAGAAG COR-F .

60 TGAAAGGTCCAGTCGGTGATAACA  COR-R  Codeinone Reductase (COR)
TTGTGCTTAAATTTCGTGGATGAC CODM-F .

60 TGATTACATCACTTGACCCAAACAG ~CODM-R Codeine O-demethylase (CODM)
AAAACTCCCAGTGCCTCTCA T60ODM-F .

60 ACCCTTAATCTCGGCTGCTT T60ODM-R Thebaine 6-O-demethylase (T6ODM)
TGTGAGAAACTGAAGAACACACAAT DIOX2-F .

60 AAGGACTCAGACCACTGAAAGACG  DIOX2-R  Scoulerine O-demethylase (SODM)
ATGCGTACGAGGTGGTGATG BBE-F . .

60 AACAACGGGTTCTGCATGG BBE-R Berberine Bridge Enzyme (BBE)
AACCCACTAGACCCTGATGA TYDC-F .

60 GACCTGGCTTCTAACTGGATAAC TYDC-R Tyrosine/Dopa decarboxylase (TYDC)
TGACAGAAAGAGCTTGCCTAAAG NOS-F .

60 TAGATACACTGGGAGGAGGATG NOS-R  Noscapine Synthase (NOS)

60 CACCCAACTCAACACAAACAC DBOX-F  Dihydrobenzophenanthridine Oxidase
CATGACCACCACTTCGTACTT DBOX-R (DBOX)

60 GCATTACCCACACCAACCAA WRKY-F WRKY
ACTTCTCGGATCTTCGCTCC WRKY-R

60 TACACAGAACGACTCCAAAGAC BZIP-F bZIP
GTACTCATAGGTCGAGCATTCC BZIP-R
TGGAAGTCCGTGATGAAATCC SAT-F L

60 GCTGGTAAGAACGCCGAAAC SAT-R Salutaridinol 7-O-acetyltransferase (SAT)
AGATGATTCCAACCAAGCCCA Elfla-F .

60 CCTTGATGACACCAACAGCAACT Eifla.Rr  Elongation Factor 1 alpha (ELFla)
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Table 2. qRT-PCR components and final
concentration of them

Components Final concentration
Master mix 1x
Forward primer 0.15 pmol
Reverse primer 0.15 pmol
cDNA 50 ng
ddH,0 -
Total volume 20 pl
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Table 3. The characteristics of cycles in gRT-PCR

Step Number of Temgerature Time
cycle (s) (centigrade) (second)
Polymerase 1 95 900
denaturation 95 15
Annealing 40 60 20
Extension 72 20
Melt Curve 1 65-90 600

o g b

Ol Ol (Salon 5l (oYL maw ol Glas mls
» 3o slopy 9 WRKY cungig) Jole smsis)
929 oleidsSonl it slaaddlIl colucy;
iplod (i i (W) BY-) (gla ISCS) csls
259y Ol b WRKY ciigig, Jule 5)90 o

(=) JS) a oanlie BBE s TYDC (gl
ey I BBE 5 TYDC slagy; asol 4 azgi L
oSSl floun e j3 k3o a5



2 2 11 o 12 1-2
€15 correlation=0.85 T 10 correlation=0.90
5 §°
= a2 6
5 =
2 g !
& g 2
= = 0
1357 91113151719212325 135 7 91113151719212325
s 1y (€ m— WK s @ e W T ky
o® 13 40
=5 correlation=0.61 o 1-4
—_ = .
= S 30 correlation=0.82
2 s
g3 £ 20
S 2 2
b2 o
§ 1 2 10
= S
0 | O e e o 0 B N H S N N S B N N N e e e
135 7 91113151719212325 135 7 91113151719212325
— St e— kY t60dm e wrky
o 400 -5 e’ 16
& 300 correlation=0.01 s 4 correlation=0.005
c s3
S 200 2
= 22
S 100 S
g gl
g 0 g 0
= 135 7 91113151719212325 135 7 91113151719212325
codm e wrky cor wrky
80
2 177 o 1-8
8 60 correlation=0.49 = .
b= < correlation=0.53
2 c 4
S 40 2,
5 2
2 20 g2
=
= g1
0 o
135 7 91113151719212325 135 7 91113151719212325
s0dm e wrky e DBOX e WRKY
° 20 1-9
= 1s correlation=-0.005
&
5
= 10
2
Q5
s
=0

1 3 5 7 9 11 13 15 17 19 21 23 25

0§ em—rk)

-Y.COR -#-\.CODM -06-\.T60DM -¥-\ SAT -Y-\BBE -Y-\ ‘TYSC -1\ GL“’Q'} =P Q\l‘,,f.o QULuy‘ duolio ) Jiu
(S0s J:>|).o <5‘" @9‘3‘ u.ub:....:> b 6L®‘n|.ﬂ 5 WRKY ‘_,’_a)s S99 J.aLC L NOS -4-) 9 DBOX -A-\Y.SODM -Y
Jads, 0 Gb.)lf Jady, ¥ 45‘5"\°L’ Blgz faiy ) ¥ wloz jgels faiy )V &, fada ) ol b jloged jo t5°5| 9o olagl .calite
ores a8l ol Ve aalS a8l ol A Jowsl Ailgm a8l ol A dilg jgeds a8l ol Y O fadle ol SR

Y 43‘5:? )9.9('0'/‘)5..‘,;5:\? Ls")(‘:‘" /uf)g AT 6.@.\15/»5).3:\? 6]9..\.:1; 5.3‘9:?/5).3:\‘“ 4.3‘5:? )5.9(10'/3).3:\\' Q)‘)/Sﬁ AR
el YL XY _aalS /5,08 %) gl By /SIS Y 58 f S VA 2l [ g VA Jgoily Dlsr [ JgunS

Spldl 5 55 0 (asis; e At 35805 [ JgenS (Sl YO (DA JueS (Slgizme VF 585 faBles (YL VY 2alS

ol 00 ezt ) Al o Al ) 50 1 (e (e A S (905 e (o ilie
Figure 1. comparison between transcription ratios of 1-1- TYDC, 1-2- BBE, 1-3- SAT, 1-4- T60ODM, 1-5- CODM, 1-
6- COR. 1-7- SODM, 1-8- DBOX, 1-9- NOS and a WRKY transcription factor in different organs of opium poppy
during developmental statl;;es. Numbers on the horizontal axis shows organ/developmental stage 1: root/rosette, 2:
root/ bud initiation, 3: root/pendulous bud, 4: root/flowering, 5: root/lancing, 6: bottom of stem/rosette, 7: bottom of
stem/bud initiation, 8: bottom of stem/pendulous bud, 9: bottom of stem/flowering 10: bottom of stem/lancing, 11:
leaf/rosette, 12: leaf/bud initiation, 13: leaf/ pendulous bud, 14: leaf/flowering, 15: leaf/lancing, 16: capsule/bud
initiation, 17: capsule/pendulous bud, 18: capsule/ flowering, 19: capsule/lancing, 20: petal/pendulous bud, 21:
petal/flowering, 22: upper of stem/flowering, 23: upper of stem/lancing, 24: capsule content/flowering, 25:capsule
content/lancing. Transcription ratios in different organs during developmental stages were measured related to
transcription level in the root at rosette stage.
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Figure 2. comparison between transcription ratios of 1-1- TYDC, 1-2- BBE, 1-3- SAT, 1-4- T60ODM, 1-5- CODM, 1-
6- COR. 1-7- SODM, 1-8- DBOX, 1-9- NOS and a bZIP transcription factor in different organs of opium poppg
during developmental sta;?es. Numbers on the horizontal axis shows organ/developmental stage 1: root/rosette, 2:
root/ bud initiation, 3: root/pendulous bud, 4: root/flowering, 5: root/lancing, 6: bottom of stem/rosette, 7: bottom of
stem/bud initiation, 8: bottom of stem/pendulous bud, 9: bottom of stem/flowering 10: bottom of stem/lancin?, 11:
leaf/rosette, 12: leaf/bud initiation, 13: leaf/ pendulous bud, 14: leaf/flowering, 15: leaf/lancing, 16: capsule/bud
initiation, 17: capsule/pendulous bud, 18: capsule/ flowering, 19: capsule/lancing, 20: petal/pendulous bud, 21:
petal/flowering, 22: upper of stem/flowering, 23: upper of stem/lancing, 24: capsule content/f owering, 25:caé)sule
content/lancing. Transcription ratios in different organs during developmental stages were measured related to
transcription level In the root at rosette stage.
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