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ABSTRACT

In this study, two canola genotypes, Hyola308 (susceptible to drought) and SLM046 (tolerant to drought)
were evaluated for expression of thioredoxin H (TRX H), alternativa oxidase 1 (AOXI), pyruvate
dehydrogenase 1 (PDHI), isocitrate dehydrogenase 1 (IDHI) and fumarase 1 (FUMI) genes using real-
time PCR technique under three conditions: non-drought stress, regular irrigation and methanol solutions
sprayafter 72 hours irrigation interruption. PDH gene expression was the highest in SLMO046 at zero
stress (72 h after irrigation), /DH at 8 h after methanol spray, FUM at 24 h after methanol spray, TRX at 8
h after methanol spray, and AOX at 24 hours after sampling. In Hyola308 genotype, expression of PDH,
FUM, TRX, and AOX genes increased 2, 25, 6, 1.4 and 5 folds, respectively after 8 hours of foliar
application and IDH gene expression was high at zero hour of sampling. Overall, methanol foliar
application increased the expression of the examined genes, which were significantly higher in SLM046
than Hyola308 genotypes.

Keywords: Alternative oxidase pathway, gene expression, Krebs cycle, oxidoreductase enzymes.
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Actin-F 5-TCCCGAGTATTGTTGGTCGT-3"
1 54 157 AF111812
Actin-R 5-TCCATGTCATCCCAGTTGCT-3"
AOX 1a-F 5’-GCGGTTGGATCTGGACTACT-3’
2 56/8 171 JX110773
AOXla -R 5’-TAGCGATTCCTTTCCCTCCC -3”
TrxH -F 5’-CTTGCCGTTTCATTGCACCT-3"
3 58 159 U59379
Trx -R 5-CGAGCTTCTCTTCGCCTTTC-3"
IDHI-F 5-GGCGTTGCTTCTCTCATCAG-3"
4 IDHI-R 5-ACGACCTCTTGAGTAGTGCT-3’ >8 150 XM_013784764
FUMI-F 5'-CACAATCGCCACATCGTTGA-3"
5 58 181 XM_013892089
FUMI-R 5-GCCCATTACCTGAGCACAAA-3’
PDHI-F 5-CGCACTGAGGAATGTACGAC-3’
6 58 187 XM 013831235
PDHI-R 5-TTGTGCCAGCTCCTTAACCT-3"

AOXla : Alternative oxidase la, Trx: Thioredoxin H-type , IDH: Isocitrate dehydrogenase 1, FUM: Fumarate hydratase 1, PDH:
Pyruvate dehydrogenase
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B. Hyola308 genotype, right side: methanol sprayed and left side: under irrigation interruption
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Figure 2. Expression pattern of PDH gene using Real-time PCR under drought stress and foliar
application of methanol in SLM046 and Hyola308 seedlings.
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Figure 4. Expression pattern of /DH gene using Real-time PCR under drought stress and foliar application
of methanol in SLM046 and Hyola308 seedlings.
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Figure 5. Expression pattern of TRX gene using Real-time PCR under drought stress and foliar application
of methanol in SLM046 and Hyola308 seedlings.

eIl 58 Sl b eeSposs



w3 2b S g slag 5 B p ol p Joile (Ll sl 230 )] Sen g (2 Ay ool; (i, \YY

uL..u)bf o aS walise uLﬁbL.f B U"""‘Sﬁ‘))(f"“sﬁf
; Dos Rouhier et al., 2001) cuwl oo 3,1 Sio

; 5 Michelet et al., 2006Santos et al., 2005
; 5 Rouhier et al., 2007Rouhier et al., 2006

S ol jo 4 a0 Hhas 4y (Vieira er al., 2007
oolaiwl Trx 5l 055 sbxl (glp S50, oS gy
G 1 )0 a5 G3550um STy Glie g el 00,
Jos ol as caol ools oS 1) wiS e oy 2ol
el 009y yiien Ll Joloe 1 e el i yo
S pglie olS Sy 50 AOX 05 (ke (i
VF 0g0> 5 5 o diged loy slal ;o SLMO046
O3 Ok Ol Sosbar (F JS2) og wall il
G el o Al sle o lalS )0 40X
9 Ol o 4 g GRals gltl cele 4 o
40 SLM046 gl 09 wald ply ez dq0>
SBLS U Jplie b Jsbrs oy ol cuin
o B A g Sl Gl Sl ldglore g
S5y Sz 6 Jle SabJslxe a5 o,
ol 55 SLMO46 usgss ,o AOX o5 la bl
Bgad 3l o Celo YT o Jg ol ailas cels
Os o okS 0 AOX 05 Gl Ol (sl
3 AOX 05 ol Ol (Rl 09 YU (256 Joloxe
cota o Hyola308 Sis 4y Loles oL 5,
OBLS 4 o Jgilie b (8L Jslone Iy sl
Jsloee el TF 5o 5 09 Vb (2L Jsloe (900
G e e Geies nl e Jete LB
Hyola308 3935 ;0 AOX 5 ols ol il
S8l Gl @y 4 SAh sk e lals o
L Shdglre 5 b hals ojbgs weles Y o Ll
Ol slidl el cun o a5 0l cel Jgilio

Sl S b Joilie e ol oS L Hyola308
oSt 95U T e i Lad> 1, AOX o5 oo

OeS Elgl adgs (e 28 e sl 51 (S
) Sl (6,08 gin g Cedlyg IS slacSalasl jo Jled
; Edreva, ; Mittler et al., 2004Mittler, 2002
5 enSslr sly AOXT 55 ol Gl 005
ROS 5Jgs Lo g 5imsgid aiald 4y sy o]

Geig a5 dusy e Hlaia L0gl 0nyd AOX (45 Lo

ol Ko wales (Fu ef al., 2012) cul (5,9,0

P h gy iS5 eI 905K
S Shg g wle cdbbs Jebo saxie slaasl s
lap] a5 wies oo 590 ) (oot (bl 5 sl
il oo il ggie gl dled glal yo |,
& lsz S ) ale gl Jlesl 5l solass
o5 plp e el cdablre 0lS ged g 0l 5 50
5 o SieSen Gledlins aslans]
iy 9 Sy SRS plp e il
2 OeeSedes Bae Oee Gl G Geigres
Sl 0als glolis (g3len caiS jiwgid Olog>ge
w oS gla STy sl Sl sl T alex 5l a5
5 S Sz Glempl gsmes Sis b3
Jie 1) planeSt 5T lam sl S 552
SlysSls pamogise o SUgemad SpmSTpy5m YL
OorSI Jaml ys - Jts sbeoesn 5 GBS,
2 o 1, (Fd 5 LHCIID) [ cubls s 5 s yiimgid
ol las s .(Montrichard et al. 2009) eﬂf@
Sl g 5 5hlogd Wlgoo (93, onSsd &S
3 Oizred 1S Jlad o 1) (sl jouS g 5U50 0000
Sl ATP ol 2 o In Vivo Ll )i
TRX (Daloso et al., 2015) sgi oo (Jgj90mm 5L

) guilogns iis 4 LS Jood jo |y cwlul s
b eomilond] ool b allie ;o ool oS o Lyl
b 09e slajliSgs, Lol carge e S Jlal
i )3 g (@7 SlanaSThg e olojew sl
Dos Santos & Rey, ) digd oo ST (185950 o )5
L (FTRY) (5enS3,8 5l 555 L=l sl TRX 2006
Reichheld et al., ) &S o oolawl VTR NADPH
gty ol 59y 00l el gy 5> 2005
Joz Gl el NTR ol iolidl aS ol anes
O bt 0gi oo guilonnSlgns g Sis slo i 4
Lo> & NTR Lo il a5 ob ol b
o )l cod ST Jled sloaiss (o5liwgen
O 4 a>g5 L (Kim et al., 2017) &S o SeS
Skl Sln GeaS 93,55 5 S 90,00lS S e

1 - Ferredoxin-dependent heterodimeric
thioredoxin reductase
2 - NADPH-dependent thioredoxin reductases



YYY Voo 5l ¥ 6)Led O 6)90 (lpl () plals psle

.(Vanlerberghe et al., 2009)

ROS o L wilgs o0 AOXT 0o 5l i (Lo a5 oo
as il 1y s 4 Jesw olly eS

16
14
12
§ 0 B SLMD46
7o
B, ® Hyola 308
E 8 . ¥ SL MD46-with methanol
% 5 SLMD46 -no methanol
= B Hvola 308-with methanol
= 4 -
T B Hyola 308- no methanol
2
D T
0 $h 24h

SLMO046 sleaxals o Jolno b coldelxe 5 Sis a5 cxs Real time PCR g, LAOX 5 o\lo oK -7 S
Hyola308

Figure 6. Expression pattern of AOX gene using Real-time PCR under drought stress and foliar
application of methanol in SLM046 and Hyola308 seedling.
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