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ABSTRACT

Taxol is a phytochemical medicine which is used as a chemothrapy medication to treat several cancers. The hazelnut has
been suggested as alternative source of taxol and has gained much attention. In this study, the influence of two elicitors,
methyl jasmonate and salicylic acid was applied on hazelnut cv.  Segorb ™ plantlets originated from in vitro condition.
The activation of antioxidant enzymes such as PAL, catalase, PPO, SOD as well as hydrogen peroxide content was studied.
Also, this research was carried out intending to evaluate txs, dbat and bapt gene expression, biosynthesis and production of
taxanes. The investigations of antioxidant enzyme activities and H,O, content were indicated the significant effects of such
elicitors on increasing H,O, content and the subsequent rise in catalase activity txs and dbat genes in hazelnut ‘Segorb’
cultivar did not express. The highest expression of bapt was observed during the second day of treatment with 0.1 mM of
SA and 0.1 mM metyljasmonate, while the highest amount of taxanes detected was after treatment with metyljasmonate at
0.1mM, SA at 0.2 and 0.1 mM, receptively, where taxanes detection demonstrated an 8-fold increase compared to the
control. Overall, the content of taxanes on the 2 " to 16" day was higher than control. The highest amount of 10-
deacetyltaxol and taxol was detected on day 4 after elicitor application. In conclusion, two elicitors metyljasmonate and
salicylic acid caused to increase relative gene expression of bapt.
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Table 1. Components of cDNA synthesis, first step

~omponents of reaction Primitive concentration Volume (ul) Final concentration
Total RNA or poly A(+) mMRNA 300 ng/pl 4 120 ng/ul
>rimer oligo d(T) 40 pM 1 0.4 uM
Random hexamer primer 0.05 pg/ul 0.1 0.00005 pg/ul
INTP Mix 10 mM 1 0.04 mM
IH,0 (nuclease free) - 3.9 -
Total Volume - 10 -
pgd al> 0 €DNA s slixl Y Jgux
Table 2. Components of cDNA synthesis, second step
Components of reaction Primitive concentration Volume (ul) Final concentration
10X buffer M-Mulv 10X 2 1X
M-Mul V Reverse Transcriptas 200 U/ul 0.5 2 U/ul
dH0 (nuclease free) - 7.5 -
Total volume - 10 -
Real time PCR STy sli=! Y Jgo
Table 3. gPCR or real time PCR reaction
Component of reaction Primitive concentration  final concentration  Volume (pl)
cDNA 300 ng/pl 30 ng/pul 1
Primer (Reverse) 10 uM 0.2 uM 0.2
Primer (Forward) 10 uM 0.2 uM 0.2
Ampligon sybr green 2x high ROX 2X 1X 5
dH0 nuclease free - - 3.6
Total volume - - 10
B8 ye bapt g5 e ;355 0 eadeslaiul slo Silel JIgi F Jouo
Table 4. The primer sequences used in amplification of bapt locus in hazelnut
Annealin Length of :
Locus Primer sequences temperatu?e amp%ified ACCNezs'm Reference
of primers (C) fragment (bp) )
txs(F) 5  -CCGTGTACCCTACAACCAATAC-3 "~ 57 118 AY424738.1  Nasiri et al, 2016
txs(R) 5  -TTGTTAGTCGCCAGCTCAAG-3~
dbat (F) 5  -CTCTCCACCCTTGACAATCTAC-3”~ 57 119 KC571283.1  Nasiri et al, 2016
dbat(R) 5 -GAGAGAGCCTGCCGAATTAC-3~
bapt (F) 5  -TGTGGGAGCGAATGTGTATG-3 ~ 57 137 JQ029681.1 Nasiri et al, 2016
bapt (R) 5  -CTAGCTTCACCAGTTCTCTATTCC-3 ~
18S(F) 5-GGAGTATGGTCGCAAGGCTGAAAC-3’ 57 61 DQA478811.1 Designed by Authors

18S(R) 5-CTCAATCTGTCAATCCTCACTATGTCTGG-3’
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Figure 1. Hazelnut ‘Segorb’ cultivar plantlets originated from in vitro. a) in glasshouse b) in cocopeat
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Figure 2. Mean comparison interaction effect of salicylic acid and methyl jasmonate on total protein content in
hazelnut plantlets A-B) 2 and 4 days after elicitor application, respectively.
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Figure 3. Mean comparison interaction effect of salicylic acid and methyl jasmonate on H,0, content in hazelnut
plantlets A-B) 2 and 4 days after elicitor application, respectively.
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Figure 4. Mean comparison interaction effect of salicylic acid and methyl jasmonate on enzymatic activity of
PPO in hazelnut plantlets A-B) 2 and 4 days after elicitor application, respectively.
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Figure 5. Mean comparison interaction effect of salicylic acid and methyl jasmonate on enzymatic activity of SOD in
hazelnut plantlets A-B) 2 and 4 days after elicitor application, respectively.
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Figure 6. Mean comparison interaction effect of salicylic acid and methyl jasmonate on enzymatic activity of PAL in
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Figure 7. Mean comparison interaction effect of salicylic acid and methyl jasmonate on enzymatic activity of catalase
in hazelnut plantlets, A-B) 2 and 4 days after elicitor application, respectively.
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Figure 8. Mean comparison interaction effect of salicylic acid and methyl jasmonate on taxanes production in
hazelnut plantlets, A-B-C) 2, 4 and 16 days after elicitor application, respectively.
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Table 5. Results of variance analysis effect of time, salicylic acid and methyl jasmonate on accumulation of taxanes
in hazelnut plantlets.

Mean of squares

Source of variation f 10- Deacetyl baccatin ~ Baccatin Il 10- Deacetyl taxol ~ Cephalomannine  Taxol
Time 2 14.957 15.684" 0.26™ 0.327 2817
Metyl jasmonate 2 104.32" 5.06™ 252" 0.38" 5.69”
Salicylic acid 2 25.03" 16.74” 0.99™ 05" 1.89™
Time*metyljasmonate 4 8.56™ 1.32" 0.25™ 0.378™ 2.086"
Time* salicylic acid 4 36.32" 39" 0.996™ 0.486™ 421"
Metyljasmonate* salicylic acid 4 196.7" 34.96" 0.727" 1.007™ 2.239”
Time* metyljasmonate* Salicylicacid 7 8.76™ 84" 0.52™ 0.832" 5.067"
Error 24 0.004 0.013 0.002 0.0001 0.001

**: Significantly difference at 1% of probability level.

o0V il mhaw jo jlo ciee glas s



yva

ol ©Ygaxe 5 10-deacetyltaxol 4, Baccatin 111
ojlwl dbat o txS (sloyy s lo az ST .ail s
10- & Sezg Jy W xS
XS )5 gy, il eaims ylis deacetylbaccatin

10- Gl bl el Jlosl 5l as
sodbat 5 cuies, Ss2¢ Ylei>| deacetylbaccatin

Olyee

10-deacetylbaccatin - us ¢l ouls 53 slo,les
Onrubia et al. aslllas ;o el o0l Baccatin 11 o
Jeo lewd 51 o XS Cllgly, mess (2013)
bl BB el SOl am wils,S 5 Slgomsls
s95 sl (YL 4 ez 59, U sl 59, 3l oo
Lol @il mals 1 51 o g 00,
955 slajles 3 bapt (5 cubgly; S
5 10-deacetyltaxol 4, Baccatin 1l Los cel
53 &5 alidee bajlaaST g S gt Cdlad b s
Owilegllins 4y osle (ul fodd W)ls 052y s
Lo dbtnbt codld b cules o g eolidl sl
S by S Sype J3eSb 4 pileglin
59 e el 3 b Cewl oS Baccatin 11 f5..
Owlegllaw a4 Baccatin ¥ o )lads 0,5 CusBge
10- 5 .(Onrubia et al, 2013) 5,5 o oo

Y g oY sleles s o3 s Deacetyltaxol
Je yho mhw o Shedle sl Vge e
5 Sl sl oS 5 e g Slgenls
a8 oaslie 5 Slgemly Joto Ygag,See +10

(A JSs)

Relative gene expression of

SAO0 0.1 02(SA0 0.1 0.2(SA0 01 0.2
MetJ 0

Relative gene expression

Ve e o) 5,Led O 5,00 ol nl SLEL psle

50 9 Slgoml> o Vgo do < NO L Jles jo
Lol oS5 ol 5o s el al jao s
100 Slhedle sl Yoo o oY maw
polis ,o 40 ,» Baccatin 11l 4 deacetylbaccatin
05 Vb Ole 3929 b (g g oo o Vb Lo )&
JsuSG 5 wlegdlaw 5 10-deacetyltaxol bapt
sloosle oy Oliee 2l (] JS5) 595 i oo
2 e oml slagy ol ole g e e
il oad byl slolid pae el by jlos ol
e o oalie AA B, C S0 1o a5 jgbylan
59 9 Sl el <Y jlas e Baccatin Il jlase

595 3 @i Sbgenl> Jote Voo oo <N jlos
Jas Jodo 4 o5 wbioe GRIE VP g, B g
Baccatin 11l a4, 10-deacetylbaccatin = oolo i

(2013) Onrubia et al. lwg glasdlas ;o aib oo
g A bgenlz Jete jsted! g3 536 as el
05 Ol &5 W95 evalie 9 W8S (cwyp |y Gl S
4, 10-deacetylbaccatin o5 3] Jotuwe a5 dbat
O A Slgewl> Jue b @5l o el baccatin 11
b ot iy gl & S st e
acd) Yo el VY o o] iy gl 9 9,05 o )18
93 59y B 0eilayS o Leleojls p2als &gy e
JoST g9 (wizman oo (Bl 09> Jlade 0 5V
koo /Y Jleas g0 0 yuilegllaw  10-deacetyltaxol
deo Ysedee NV s Sthedle apll Vs
Jas o 4 wilgh oo a5 0gh o cualive Sligeml>

20

A

15

10

of bapt

SAO0 0.1 02[SA0 01 02]|SA0 0.1 0.2
MetJ 0

(@b sleazals bapt (f (o Ol p Slgelar e 5 sl Sl Jlae 1 2 S0lee alie A S0

gl Jloel 51 s 59, )z 9 90 s S B—A

Figure 9. Mean comparison interaction effect of salicylic acid and methyl jasmonate on relative gene expression of bapt in
hazelnut plantlets, A-B) 2 and 4 days after elicitor application, respectively.
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Table 6. Results of variance analysis effect of time, salicylic acid and methyl jasmonate on gene expression, activity
of enzymes, H,0, content and protein content in hazelnut plantlets.

Mean of squares

Source of variation df Gene PPO SOD H,0, CAT Protein PAL
expression  activity activity content  activity  content  activity
Time 1 7.036 0.929™ 2712.291 0.009 7104.28 0.111™ 0.105
Metyl jasmonate 2 30.3817 39.6827  865.8337  0.0287 12055 5595 0.6117
Salicylic acid 2 39.074” 45,4577 415.8017  0.0177 2481.75° 6.317° 0.419”
Time x metyl jasmonate 2 11.886" 46.368°7  684.146°  0.0287 412557  8.9217 2.748”
Time x salicylic acid 2 20.666™ 47.2137 5698.627  0.0157 776917  6.6397 0.373"
Metyl jasmonate x salicylic acid 4 133.8657  41.994 719.297  0.0937 2254.637 3.077° 1.0377
time x metyl jasmonate x salicylic acid 4 1.182" 103.666~  1699.73”  0.0197 1631.627 8.7017  1.406"
Error 18 1.232 6.028 10.335 0.001 8.386 0.443 0.002

s e Dol 90 g 00y 0 9 ) Jlaal mhaw 55 Jlo e Dol s 5 4 NS g e e

*** and ns: Significantly difference at 1 and 5 % of probability levels and non-significantly difference, respectively.
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