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ALA, alpha-linolenic acid; STA, stearidonic acid; ETA, eicosatetraenoinc acid; EPA,
Eicosapentaenoic acid; ETrA, eicosatrienoic acid; LA, linoleic acid; GLA, gamma-linoleic acid;
DGLA, dihomo-gamma-linoleic acid; AA, arachidonic acid; EDA, eicosadienoic acid.
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pfam0048 Fatty acid desaturase IAERAR
7

COG5274 Cytochrome b involved in lipid metabolism  y_q)

COG3239 Fatty acid desaturase [Lipid transport and VVV-FY.

[metabolism

PLNO0225 nitrate reductase [NADPH] Y-

2

cd01060  The membrane fatty acid desaturase VEY-Y P
(Membrane_FADS)-like CD

cd The Deltal2 Fatty Acid Desaturase YYY-YAA

03507 (Deltal2-FADS)-like CD

G5 &lp oasjatin slaimegs g CD SEARCH bl 5l Jol> oel cawss mls 4 axg5 L
Codled JUanl oYL Jlaasl Lo g cpl j0 dESAtUrase :yego ¥V 059 4y d>gi b (yuizmo .Cudls
,o delta-6 desaturase yoso ¥ 05> » Lo 0gMe .ol jguaie XP_013648448.1 5l (53l 92em



delta-6 ‘alj.’ i b g g5l emmws A-Ldo cldled sl (631 5omms £-Ldo o Slos Sl ¢ g oy

Db oa S e ol sl delta-8 desaturase 4 desaturase

cytochrome b-5 :pegs ;0 #0 5 FY aisl laow! Jowe o ool e Jlasl Joxe 90 Gpuiored
39 p Jlg ol o prosite (http:/prosite.expasy.ora/) 58l 5 dawes e 31 Jlad Jome ylgreds

A 03lS i

Nicotiana Arachis hypogaea ;L3 ;s ;l gzews A=l o 5l 00iiSaS g5 TV (g5lucins jon
Arabidopsis thaliana Primula farinosa Vernicia fordii .Stylosanthes hamata tabacum
Crepis alpina Primula nivalis Aquilegia vulgaris Primula vialii Ribes nigrum
Ricinus Anemone leveillei Ribes mandshuricum Primula auricula Helianthus annuus
Triticum .Cucumis sativus Prunus persica Glycine max Brassica rapa .communis

¢ Borago officinalis .Populus tomentosa WVitis vinifera Sorghum bicolor aestivum
CLUSTALW  jl38le 5 Jawgy Siijeld axis o o, 9 DBDES Jlgs L Jatropha curcas
e ) A8 ey b JIg ol 5l ool b (http://www.genome.jp/tools-bin/clustalw)
ety (g Seekd Bdil g (0 5 S0 oad pay a0 4 az g L (F-0JS2) oS
IN589885.1 Jlgs 3l o ogdleds .ol Brassica rapa ,o IN589885.1 Jlg5 « g ! ;o ool
Brassica rapa ,» NM_001302068.1 o JN589884.1 JN589882.1 sl Jlg iy «
sk Jls Arabidopsis thaliana ,o AJ224161.1 4 BT000442.1 BT003379.1 la Jlgs
Brassica rapa ,» JN589883.1 Jlg 4 Brassica napus ,» NM_001315578.1 4 AJ224160.1
J95 b Il 599 Geizmen isls (Las DBDES Jlgias 1) Seijold (Seos liee n5tien
5 O3l g <ol Arabidopsis thaliana ,o AF428464.1 Jlg5 «Siisiels Ll 4, D8DES
Zea ,oNM_001137394.2 ;NM_001137394.1 sla _Jlss Sorghum bicolar ,» KU061225.1
sl Jlg w590 Triticum aestivum ,o KU061227.1 4 KU061226.1 sl Jlsi 4 mays

(F-¥ JS5) ool DBDES Jlgicy Comns Sislid Llod s NCBI 6L o oniicas

34>94; Brassica oleracea 5 Brassica rapa  ,g.wlas .o ;I Brassica napus aSl 4 a>g5 b
Seo3 «yls Arabidopsis thaliana L ol calus Ssy bld a4 ioen 5 sl odel
NM_001302068.1 JN589884.1 JN589882.1 JN589885.1 (slo Jlsi SoGjeld
JN589883.1 4 NM_001315578.1 AJ224160.1 AJ224161.1 .BT000442.1 BT003379.1
J'ss LArabidopsis thaliana 4 Brassica rapa ,s jl,gzws A-Lds 5 caisSaS sla g g

el 495 BB Solwa Brassica napus ,o DS8DES

o)
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http://www.genome.jp/tools-bin/clustalw

{FJ824607. 1
EF640314.1

KUO0E1236.1

AYa34124.1

AY234126.1
—CRI31650.1

AJ2247161.1
|iBT000442. 1
BT003373.1

NM 00130208684.1

| invs89884.1
JN589885. 1

D8DES—4

JN589882.1

AJ2247160.1
| !NM 0071315578.1
JN589883.1

HM055576.1

X87143.1

DQi1ve01e.1
KC689811.1

KC683810.1

GUS64350.1
KU0E1230.1

KU0612258.1
KU0E1235.1

KU0E1234.1
KU06e1232.1

GCU198925.1
RX061751.1

LMHH

GCU198924.1

KU061223.1
NM 001323691.1
- | EF208109.1
KC689912.1
KU06E7228.1
KUoE1224.1

EF110692.1
AF406816.1
AF536526.1
cQae81657.1
-l AF133728.1
[K’UOSI:Z.‘Z?.?
KUOE1226.1

NM 001137394.2

NM 001137354.1

KU0E1225.1

AF428464.1

DBDES Jlg5 5 calizee oyl jo 5l smws A-Lds o5 sadsind o Jlgs (gl Sitsald axis o0 2= S

oy



Gl d jo2 5550 55 NCDT L jo cuiicud 3l ezews P-Lds slo Jlss LDBDES Jlgs yuizon
hezmws P o g g JIg cpl coll ulul p Seb5eld azais )0 9 <85 )18 Ao
Caalid ju amiz )0 ol oy 5l Jrols ool iy Ll ases (V-F IS0 5 aany b 00bcss
Lol s 285 i o L doeats o 091 0t jlpazems S-Lls sl I L DBDES g VL,
LS a9 iz 97y e 5 3hezews Pl la Jlgs ulul pr SGsld 4t )0 o
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[Al?347271
AY234125.1
AY952780.1
DQOE7612.1
I GCUL37486.2

DQ367892.1
Ur9010.1

CUT98928.1
KX056120.1

- GUT198926.1
GCUT98927.1

DEDES—1

) CU390532.1

XM 0030740917.1

JX049587.1

BK0O0O68714.1

KX013495.1

5259 OLLS )0 5l 5mmms F-lds 0aiSaS sla Jlgs caliss Lol oo sy Suijold azeis o V-F IS
D8DES Iy L lacS.l>

(KX013495.1, Chlamydomonas sp.; KX056120.1, Ribes mandshuricum; GU390532.1, Lobosphaera
incise; XM_003074091.1, Ostreococcus tauri; U79010.1, Borago officinalis; DQ067612.1, Echium
sabulicola; GU198926.1, Ribes nigrum; GU198927.1, Ribes nigrum; GU198928.1, Ribes nigrum;
JX049587.1, Chlamydomonas sp.; DQ367892.1, Nonea caspica; GU237486.2, Echium amoenum;
BK006814.1, Ostreococcus lucimarinus CCE9901; AY234125.1, Primula farinose; AY234127.1, Primula
vialii; AY952780.1, Echium plantagineum)
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& S 4o
plo SV P-Ls g 5lygmws £-Lds sla Jlgs BLAST 5l Lol> sowl cawdy slasols 5 azg5 b
S aizen i b ol ol U S pgis o police JIg5 s o S a5 ade (lolS
5 3lemws F-Lls la g oaiscbles >l olwl poods >l slo el BLAST 5l Jol>
Cowds (soosls ogdledy .aings 1305 poif 5l glaml oo ST 4y ol aS 135 pgif ade SV #-Ldo
ETA 5STA © 2 sloend 3525 pae L5 85 IS 5 s, 58 (31,5 leg 8 5061 5 el
bug PCR lopzs anlp (o Jlg 535 pae Coledyd g g IS 54 (28y) Glygime 5o
a5 C8 )5 A g8 oo GOV F-Ls g 5l hgmws P-Lds sla g5 ST (gl oas >l slo sl
Pl yun 31 oolaiwl g wigd sad oS oLS (pl pgis Jawgs SISV =L g 5l ezews #-Ldo (glagys

.Q)L.\.; S>> ‘)15 oS 0 Y-l e sl \.\.Jy 6‘)‘3 )")59.;....4&

oais <l lals jo SN A-Ls sauSaS” Jlgv g 9SG a5 0,8 jiom (4 axgi b B8,k
2031 0z sl o1 5 45 515 g, 318 35 5es S 5T ol 4y Szl b cpnizman 5 o
blazul o)lg oo s saplive el duol Sl g d-LaT (59, o 50V Ao oo 351 o 03,91 ,8 453
oS 505" poiy dawgs SOV £-Lds g 5l emws £-Ldo e 5l aslen 5o YN A-Ws w3l 0,5
MR

Flg bl pesd b sloyely bawgs Jlal 5y5e Job b Wl 2S5 4 4z b Caledys
O dslie g ool Cany ankad b JIg mls 5 lalS ple jo 5limws A-ls JIg5 sosedslas
IS 555 5o 3hazss ALds )3 457 3,5 Lol g e NCBI olSly 5 318 psis 51 53250 sla Jlsi
35 52 3l 0olaiul LPCR (glouzei; (1S plowl Sl ay 4z gi b (uizmod 095 00 Gl 59,10 9929
@ ;B S lgieay J3IS7 51 > S DNA ¢ >l sl RNA bl ool s CDNA gdsigal
CDNA 3 DNA ;| Jol> 00l ,iSS Sladad b g5 piomen 2009 30 VYo e Job b Jlgy a6
S 28,5 s g n s 231 J 2S5 SLEIPCR (sl 25515 (sl 51 e
lhigo 3558l 8 Jg7s Ao JI5 0 55 5l Jusd 55 oS jsbolas
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5 bigws 05 ORI LS IS o (85 lyme ) 9750 w7 Sladisl €55 5 (lie s ) Jgo

(Matthew R. Miller et al. 2008) L3458 5

Pamol'  Rapeseedolt Linseedalf  Sunflowerseedol§  Oveoll| Soyadll  Echumall

=0 12 0-0 00 00 09 0.0 09
0 467 47 63 b4 108 4.7 7
0 52 21 51 41 33 35 36
her SFA 03 06 00 15 06 02 09
tdl SFA 535 14 114 120 146 134 112
Hnde 00 0-0 00 00 07 0.7 09
ik 38 %3 183 253 754 2.5 172
Ande 13 43 13 20 25 14 10
1nd 00 11 00 00 09 00 04
her MUFA 00 0-0 00 00 09 0.0 09
tal MUFA H1 637 196 272 786 50 199
33 00 73 533 00 09 fid 284
dnd 00 0-0 00 00 09 0.0 114
43 00 00 00 00 09 0.0 09
:5m3 00 0-0 00 00 09 0.0 09
5n 3 00 0-0 00 00 09 0.0 09
:6n3 00 00 00 00 09 0.0 09
het -3 00 0-0 00 00 09 0.0 09
td n3 00 13 533 00 09 fid 396
:2nf 114 o 151 607 68 55.2 195
:3n6 00 0-0 00 00 09 0.0 53
:3n6 00 00 00 00 09 00 09
:4n6 00 00 00 00 09 00 09
:5n6 00 0-0 00 00 09 0.0 09
het -6 00 00 00 00 09 0.0 09
td b 114 216 157 607 £4 552 29

inb 00 0-3 34 00 09 01 13

%



PCR Ja.w}’ o..\.wf.& GH}.’ )" el Lgl.m)\)fﬁ :Y Cwgn

<D8D1_6156_D8Des
ANGNANGNNACTCTGGCTGANCCAGGCAAGTCGGNTAAATCCTGGCACAGT
TGGCCAANCGNCGCAAACNCGTTCAAAGCTTTCCACCCCGGAACCGCGTGG
CACCACCTCGACNACCTCTTCACCGGCTACCACGTCAGCGACTTCCAAGCCT
CCGAAGTCTCCCGCGATTACCGCCGCATGGCCGCCGAGTTTCGCAAACTCG
GCCTATTCGAAAACAAAGGCCNCGTCACTCTCTACACCTTATCCTTCGTCGC
CGCCATGTTCGCCGCCGTTCTCTACGGCGTTCTCGCCTGTACTTCGCTCCTCG
CTCACCANATCGCGGCCGCNATACTCGGACTGNTATGGATCCANAGCGCGT
ACATCGGCCACGACTCTGGACATTACGTCNTCATGACNAACAAATCTTATA
ACAGATTCNCTCACCTTCTCTCCGGTAACTGCCTAACGGGAATCTCGATCGC
GTGGTGGAAATGGACTCACAACGCGCATCNCCTCNNGTGTAACAGCCTCGA
TTACNATCCCGATCTGCANCACATCCCCNTGTTTGCAGNCTCCGCCAAGTTC
TTCAACTCCATGACGTCGCGGTTCTACNATAGGAAACTCGCTTTCNATCNCT
TGGCGAGGCTCTTGATCNCTTNCCAGCACTTCACTTACTACCCGGTCNTGTG
CTTCGGGAGAANCANCCTGTTTGTGCAAACGCTCCTCCTCCTCTTCNCCAGC
GCGAGGTTCCNGATCGCGCGCTAAACTTCNNCNGAATCTTGNNGTTCTGGA
CTTGNNTCCCGTTCTGNTTTCCTGCTTACNGACATGNCCGGAGAGATTCTTC
TTCGTCTTCACNANCCTTCANTGNTACGGCGCTTCAGNATATANAATTCACG
CTTAACCATTTCNNTGCTGATGNGTACGNGGGCCCGCCCACCGGGGGGAGA
CTGGNTTCGAGAAGNAGGCGGGGNGAACGTTGGATATCTCNGGTAGTTCGA
NATGGNATGGGTTCTTCNGTGNGGTTGCNNTTTCANCCTCAAGCACCNTTTT
GTTCCGAAGCTGCCGCGTTGNCATTTGCGAAANGGGCNCCNGGGGGNTCAG
GAAGCTTNGCAAGANCNATAACCTTNCNNAAAAGAAGTTAAT

D8D2_6156_D8Des<
CNNANGNNGACTCTGGCTGATCAGGCAAGTCTGGGTAAATCCTGGCAAAGT
TGACNTAAANCGNGGAAACGCGACCAAAGCTTTCCTCCCCGGAACCGNGTG
GCANCACCTCGACAACCTCTTCACCGGCTACCACGTCAGCGACTTCCAAGCC
TCCGAAGTCNCCCGCGATTACCGCCGCATGGNCGCCNAATTTCNCAAACTC
GGCCTATTCGAAAACAAAGGCCACGTCACTCTCTACACCTTATCCTTCGTCN
CCGCCATGTTCGCCGCCGTTCTCTACGGCGTTCTCGCCTGTACTTCGCTCCTC
GCTCACCAGATCGCGGCCGCGATACTCGGACTGTTATGGATCCAGAGCGCG
TACATCGGCCACGACTCTGGACATTACGTCATCATGACGAACAAATCTTATA
ACAGATTCGCTCAGCTTCTCTCCNGTAACTGCCTAACGGGAATCTCGATNGC
GTGNTGGAAATGGACTCACAACGCGCATCACCTCGCGTGTAACAGCCTCGA
TTACNATCCCGATCTGCANCACATCCCCGTGTTTGCAGTCTCCGCCAAGTTC
TTCNACTCCATGACGTCGCGGTTCTACGATAGGAAACTCGCTTTCNATCCCT
TGGCGAGGCTCTTGATCAGTTACCAGCACTTCACTTACTANCCGGTCATGTG
CTTCGGGAGAATCAACCTGTTTGTGCAAACGCTCCTCCTCCTCTTCTCCAAG
CGCGAGGTTCCGGATCGCGCGCTAAACTCGCCGGAATCTTGGTGTTCTGGAC
TTGGTTCCCGCTCTTGGTTTTCCTGCTTACCGACTTGNCCNGAGAGATTCTTC
TTTCGTCTTCANTANCTTCNTGTTACGGCGCTTCANCATATANAATTCACGC
TTAATCATTTCNNTGCTGATGNGACGTGGGGCCGCCCACNGGGGGGAGACT
TGGTTCGANAAGCAGGCGCGGGACGTTGGAAATNNCGGNAGTCGTATAGG
NTTGGGTTCTTCGGGGGTTGCGTTTCACTCGAGCACCNTTTGTTTCCAAGGC
TGGCCGCGTGNNCATTTGCGGAANANGGTTCCG

oA



D8D3_6156_D8Des<
CGGACNNTNTGTCTCTCTTNNNNGNGGCCAGCGTCGGTCGCGCTGGCGTCT
GGTGTATTCATAGTGGATTGGTTCTTTGGTGGGTTAGCGTTTCGGCTCAAGC
ATCATTTGTTCCCTACGCTGCCACGTTGCCATCACANGAAAGTGTCTCCTGT
GGTTCAAGAGCTTTGCAAGAAGCATACTCTTAANTATANGAGTCTTTCCTGG
TGGGAGGCTAATGTGTGGACCATTANGACTTTGAANAAAGCTGCTTATCAA
GCTAGAGATGCTGCTAATCCTGTGGTTAAGAACTTGGTTTGGGAAGCTTTGA
ATACTCATGGCTAAAATACTCNGCCTCCTCTGGATGCAGAGCGCGTACATTG
GCCATGACTCGGGGCATTACGTCATCATGAAGAACAAGTCGTACAACAAGT
TCGCTCANCTTCTCTCCGGCAACTGCATCACCGGGATCTCCATCGCGNGNTG
GAAGTGGACCCNCAACGCTCATCACCTCTCTTGNAACAGCCTCNACTACGA
TCCCGACGTGCAGCACATCCCTGTCTTCGCCGTGTCCTCCAAGTTCTTTAACT
CCATGACGTCACGTTTCTANGATCGGAAGCTCACGTTTGATCCGCTCGCGAG
GTTTTTNNTAAGCTACCANCATTTTACTTATTACCCGGTGATGTGTTTCGNG
AGGATCANCCTTTTTATCCAAACNTTCCTTCTCCTCTTCTCNAAGCGTGAGTT
CCCCGACCGNGCTCTCAACTTANCTGGATCTTTGGTGTCTCTGGACGTGGTN
CCNGNTCTTGGTCTATTGTCCTCCCATCTTGACTGAGAGAATCNTTCTTTCTC
TTGACGAGCTNCACNGTCACGGCGCTTCCACATATTCAATTCANNCTTTACC
ATTTATGCGNTGAAGNCTACNTGGATCCACCNACGGGCAACNANTGGTTCG
AGAACCAACCGCCGGGACGCTNGGANATCTNTGTACTTCCTACATGGAATG
GGTTCTTGGTGNGTTACTGTTTCANTCNANCATCATTNGGTTCCTAAGGCNG
CCNNTTGNCCANCTTAGNNAAANTAGTCCTCCTGGNGGTNTCAGACNCTTG
7

)")9}7:.4.4.:0 F-lds suiS oS J‘y )_,...S.s = oolﬁ.:_wlo)y GLDJA)‘).: ‘;‘y ¥ ws.g

rln Js roiln b
GGCAAAGACGCCACGGACGTT FDes1
CTGGTGGAAGAGCAAGCACAACGC NFDesl1
GCTTGTGGCACAGCTCCATGATGG RDes1
GGGTGGTCAAGACGTTACAGATGC FDes2
GGCACTATCGTGACAGGTTCTCTA NFDes2
CCTCAGCCATAGGTGTTGACAGCT RDes2
GGACCTATGGATCTCGGTTCAGGG FDes3
GATAGCTCACTCCTGAATCTGGGT NFDes3

TGCTCTAGTTGGAAGTGCAGTGC RDes3

09



SET s oS oS Jlgi iS5 g oolinls yg0 (sl youlyy g F Censgns

riln s ol b
CGTGCTGGCCTATCTGCTGATTGT FEG6.1
CCATGTACACCACCAGCAGCTGGG RE6.1
ATGGCATTGACGGCGGCCTG FEG6.2
GTACGTGTACATGCACACGTGCACC REG6.2

3ygzews A-Lds saussas 6]155 5SS g oolaiuld jae (gl posl GH}'; B Gy

rln Js ol b
GGCGGAGAAGAAGAAGTAC FD8.1
TGGGTATTCAAAGCTTCCC RDS8.1
GCGATCCAAGGCAAAGTCTAC FD8.2
TTAGCCATGAGTATTCAAAGC RD8.2

(O-F JSCo) Siisolid daoeis 10 oy Sz odboolainl jlgzeuws A-Ls sl Jlgi # Cngn

05 shls Sl 5, L olS (o ywd OS
Arachis hypogaea FJ824607.1
Stylosanthes hamata EF640314.1
Glycine max KU061236.1
Primula farinose AY?234124.1
Primula vialii AY234126.1
Primula nivalis GQ981650.1
Arabidopsis thaliana AJ224161.1
Arabidopsis thaliana BT000442.1
Arabidopsis thaliana BT003379.1




Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica napus
Brassica napus
Brassica rapa
Helianthus annuus
Helianthus annuus
Crepis alpina
Populus tomentosa
Populus tomentosa
Vernicia fordii
Prunus persica
Prunus persica
Glycine max
Glycine max
Cucumis sativus
Ribes nigrum
Ribes mandshuricum
Ribes nigrum
Vitis vinifera
Ricinus communis
Jatropha curcas

Populus tomentosa

7

NM_001302068.1

JN589884.1

JN589885.1

JN589882.1

AJ224160.1

NM_001315578.1

JN589883.1
HM055576.1
X87143.1
DQ176016.1
KC689911.1
KC689910.1
GU564350.1
KU061230.1
KU061229.1
KU061235.1
KU061234.1
KU061232.1
GU198925.1
KX061751.1
GU198924.1

KU061223.1

NM_001323691.1

EF208109.1

KC689912.1



Prunus persica KU061228.1

Vitis vinifera KU061224.1
Nicotiana tabacum EF110692.1
Aquilegia vulgaris AF406816.1
Anemone leveillei AF536526.1
Borago officinalis AF133728.1
Triticum aestivum KU061227.1
Triticum aestivum KU061226.1

Zea mays NM_001137394.1

Zea mays NM_001137394.2
Sorghum bicolor KU061225.1
Arabidopsis thaliana AF428464.1
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Abstract

Plants can be used as sources for the production of omega-3 fatty acids, and this process
is possible by genetic engineering of plant to have genes that encoding this biosynthetic
pathway enzymes. Rapeseed can be a good candidate for research on the vegetable
production of omega-3 fatty acids, given the high percentage of oil present in the seed, as
well as the natural level of omega-3 fatty acids to omega-6 fatty acids in oil.

Despit that the common pathway for production of omega-3 is delta-6 desaturase
pathway, this research with the goal of generating genetic data about enzymes that might
be use for the production of omega-3 in canola was done. At first, Oil samples of rapeseed
were extracted and using the method of gas chromatography, the type and amount of
different fatty acids found in rapeseed oil were determined, then bioinformatics studies
was done by comparing the sequences encoding the delta-6 desaturase and delta -6
elongase genes in other plant with the sequence of rapeseed genome. Subsequently,
according to the results of bioinformatics studies, which resulted in no similar sequences
encoding the delta-6 desaturase and delta-6 elongase genes in the rapeseed genome, the
existence of genes encoding the delta-9 elongase pathway for the production of fatty acids
omega-3 was examined in the rapeseed genome. Comparison of sequences encoding
delta-9 elongase and delta-8 desaturase genes in databases with rapeseed genome resulted
in detect of a series of sequences with similarity to delta-8 desaturase. consequently, with
the comparison of different sequences encoding the delta-8 desaturase gene in plants,
protected gene sequences of this gene were identified and used to design non-specific
primers. RNA were extracted from leaf and seed tissues of rape and after cDNA synthesis,
using the designed primers, Delta-8 desaturase sequence in the rapeseed genome were
amplified. after electrophoresis and confirmation of expected length the amplified
sequence were extracted from agarose gel and cloned in TA vector. Then, this transgenic
vector was transferred to E. coli DH5a strain and after blue-white screening and
successfully confirming the cloning sequencing was confirmed. At the end, the obtained
sequence was compared with other delta-8 desaturase encoding sequences and thus was
identified as a unique sequence.

Keywords: omega-3, canola, delta-6 desaturase, delta-6 elongase, delta-9 elongase, delta-
8 desaturase
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