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HOU Jingjing, ZHAO Li, WANG Bin
(Institute of Crops, Gansu Academy of Agricultural Sciences, Lanzhou Gansu 730070, China)

Abstract: Unsaturated fatty acids provide the human body with the energy necessary for basic metabolism and must be
supplemented from the diet. FAD (fatty acid desaturase) is a key enzyme in the biosynthesis of unsaturated fatty acids in plants. The
proportion and unsaturation of fatty acids in plants are closely related to the desaturation of FAD. In order to explore the expression
and evolution of flax (Linum usitatissimum L.) FAD gene family and to provide theoretical basis for its application in high—quality
flax breeding, in this study, bioinformatics method was used to analyze 43 LuFADs genes of flax. Results showed that the size of
proteins encoded by the members of this family were between 152 to 453 amino acids, most of which were alkaline unstable
hydrophilic proteins. The phylogenetic tree was constructed with the FADs protein sequence of Arabidopsis thaliana, which could be
divided into four main subfamilies: A12/w-3 desaturase, front—end” desaturase, A7/A9 desaturase and SAD desaturase. The analysis
of conserved domain and exon—intron structure showed that the family members in the same subgroup had relatively similar gene
structure. The chromosome localization analysis showed random distribution, and the subcellular localization predicted that the most
family members were on the chloroplast. Analysis of promoter cis—acting elements showed that the number of antioxidant response
elements (ARE) were the largest among this family.
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B, Hirh FAD SEAEY) AN FIRE R G A O 5
iy, FEAR N BB T2 25 20 4 1) LU A9 B AN A
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1 #R5EE
L1 FFIRR

M NCBI BRI (version 2.0)15 54 fk
1 5L KT 41 (85 5352y CP027619-CP027633) 187,
M phytozome E{HE J& (htips:/phytozome.jgi.doe.gov/pz/
portal.html# ) tH T 28 1 BT 741
1.2 BRR T %

1.2.1  LuFADs B[RS itk 5 %€ (AL
T2 RO RS WK FAD R UEER . 5 1 Rk
F LR IF AL 4H (Versionl0.0, hitps://www.ara—
bidopsis.org/ )11 27 2% 741, il BLASTP >k

KOEWRIER A FAD A, EEHRE RN
1.0E-10, %5 2 Fh& M\ Pfam & 11 F SR ZE (http:
/Ipfam.xfam.org/ )T 2 5 FA_Desaturase (PF00487) .
FA_Desaturase 2 (PF03405) F TMEM189 (PF10520)
G5 Ry 3O0F L B B Ey K R AR (CHMM) ST
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/lmg2c.iask.in/mg2c_v2.1/) Fl (GSDS, http://gsds.cbi.
pku.edu.cn/) 23 BIFSESIV IR FAD S04 A B R 4L (o fA
fi BEAMSNE F - W& T4 . A CELLO
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A12/w -3 FH FIl T Z AL TS 3 1490 32 e
FAD6., FAD3 f1 FAD6C., H:H FAD6 43 57 i H5 42
FITHY AtFAD6 RNV R LuFAD6 (1-13); FAD3
NN 0-3FAD R, SRR T
AtFAD3. AtFAD3C. AtFAD3D FUVFRELuFAD3C .
LuFAD3D . LuFAD3-1. LuFAD3-2. LuFAD3-3.
LuFAD3-4; FAD6C 4y 3 54 F T 1Y AtFAD6C

R 1 LuFADs EEREHRREE

! : . N AR, STRIUN  SEEE EKME
FER A FR FEHID PSRN ALY e SEHL AD 2 Tt
LuFAD6-1  Lusl0004175  Chr6:15636287-15637435(+) 383 8.37 43.645 8 82.96 -0.097
LuFAD6-2  Lus10021051 Chr8:5480883-5482031(+) 383 8.37 43.665 8 81.68 -0.100
LuFAD6-3  Lus10012008 Chrl:5295671-5296126(+) 152 9.53 17.243 9 79.47 -0.041
LuFAD6-4  Lus10004178  Chr6:15620008-15621871(-) 393 9.04 45.296 1 91.30 0.045
LuFAD6-5  Lus10021045 Chr8:5450383-5451492(+) 370 8.32 42.920 1 89.81 -0.057
LuFAD6-6  Lus10004177  Chr6:15626046—15627170(+) 375 7.64 43303 4 88.93 -0.079
LuFAD6-7  Lus10021049 Chr8:5468309-5469463(+) 385 7.64 44391 6 88.39 -0.067
LuFAD6-8  Lusl0004176  Chr6:15628973-15630091(-) 373 8.45 42.8319 87.28 -0.073
LuFAD6-9  Lus10021050 Chr8:5471361-5472503(+) 381 8.46 43.791 0 84.68 -0.059
LuFAD6-10  Lusl10004180  Chr6:15611968-15613113(-) 382 8.17 44.839 2 80.31 -0.147
LuFAD6-11  1us10021047 Chr8:5457127-5458272(-) 382 8.35 44.638 0 79.00 -0.138
LuFAD6-12  Lus10004181  Chr6:15609199—15610344(+) 382 8.34 44.868 5 80.31 -0.116
LuFAD6-13  1us10021046 Chr8:5454415-5455539(-) 375 8.75 44.094 5 77.86 -0.125
LuFAD3-4  Lus10040660 Chr3:6170950-6173029(+) 393 8.56 44714 1 85.05 -0.099
LuFAD3-3  Lus10018245 Chr12:4934348-4936386(-) 387 8.81 44.013 3 87.38 -0.073
LuFAD3-2  1usl0038321  Chr7:16089395-16092602(+) 393 9.31 44.765 2 81.30 -0.149
LuFAD3-1  Lus10036184 Chr12:1035256-1038244(-) 392 9.31 44.651 0 81.28 -0.147
LuFAD3D  Lus10005039 Chr1:8589844-8591694(-) 374 9.10 42336 1 84.72 -0.213
LuFAD3C  Lus10027809 Chr1:4658469-4660574(+) 453 9.22 50.902 9 83.52 -0.248
LuFAD6C-1  Lus10035831  Chrl4:14675565-14678231(+) 442 9.03 50.895 4 87.17 -0.142
LuFAD6C-2  Lus10036613 Chr11:7014248-7016887(+) 442 9.17 50.806 4 86.96 -0.123
LuDES2 Lus10011189 Chrl15:1131775-1133796(+) 339 8.37 39.181 0 80.18 -0.148
LuDESI Lus10018485  Chr8:23110465-23112504(+) 339 7.97 39.225 0 79.02 -0.142
LuSLD1 Lus10031102 Chr9:6750393-6751739(-) 449 8.66 51.159 6 90.29 0.051
LuSLD?2 Lus10035482 Chr7:6125545-6126891(+) 449 8.78 51.246 8 89.42 0.039
LuSLD3 Lus10036408 Chr11:7964191-7965537(+) 449 8.58 50.937 3 91.61 0.039
LuSLD4 Lus10041083 Chr15:9247799-9249064(+) 422 9.20 47.619 6 86.82 0.021
LuADS1 Lus10006180 Chr4:7383607-7385255(+) 331 9.11 37.5459 84.21 -0.092
LuADS2 Lus10041043 Chr15:9046976-9048747(-) 332 8.79 37.707 9 78.37 -0.138
LuADS3 Lus10041042 Chr15:9042739-9044594(+) 332 8.64 37.685 9 79.21 -0.110
LuADS4 Lus10009469 Chr14:273441-274910(-) 324 9.50 37.386 6 79.13 -0.226
LuADS5 Lus10001279  Chrl1:29035163-29036635(-) 323 9.82 37.517 6 76.96 -0.273
LuADS6 Lus10019726 Chr13:4426515-4428612(-) 293 7.92 34.226 9 77.12 -0.259
LuADS7 Lus10009470 Chr14:267158-269467(+) 281 9.93 32.765 5 82.25 -0.149
LuADS8 Lus10017773 Chr6:6410686-6411935(+) 316 8.70 36.555 4 77.43 -0.231
LuADS9 Lus10023128  Chr3:21588055-21589871(-) 386 10.26 44.072 2 77.79 -0.198
LuADSIO0  Lus10011488 Chr15:3266147-3270693(-) 380 9.98 43.389 7 83.64 -0.115
LuFAD4-1  Lus10037808 Chr12:5694965-5695819(-) 285 8.18 31.727 1 82.78 -0.093
LuFAD4-2  1us10017089  Chr3:24302510-24303367(-) 286 8.39 31.986 3 84.53 -0.075
LuSTADI ~ Lus10018926  Chrl:28379153-28381248(+) 395 6.71 44.695 9 78.98 -0.419
LuSTAD2  Tus10028627 Chr14:1106499-1108392(+) 369 6.07 41.669 5 83.23 -0.361
LuSTAD3  Lus10027486 Chr10:2257483-2259997(-) 397 6.08 44.856 7 77.63 -0.443
LuSTAD4  Lus10039241  Chrl1:17364817-17367335(-) 397 6.08 44.900 8 77.63 —0.444
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motif —4
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motif -5
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motif —9 HTHPKLPHYDSSEWDWLRGALTTVDRDYG
motif— 10
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FAD6-4 A 2 MNEF, Ha 2 AREHEA
SMRF; LuFAD4-1. LuFAD4-2 F1 LuSLD Z 5%
HWNEGT, FIRIEFEAGAFREEO~T7, ONETT.
LuSLD (1~3)i) CDS X ig K, KF 1000 bp; Lu-
ADSI10 WK R, 2970 4 500 bp, LuFAD6-
3SR, AN 500 bp.
GARGREIET LA, F—W A
L ELA BRI SEH) . LuSTAD WA H ¥ &4
2ANE o LuADS SEALHT, R LuA DS8 19 574k
W4 AN, HAYN S, LuFAD6C -1 Rl Lu-
FAD6C-2 W& THe%, HA 94 . LuADSIO [N
LTI ERK.
2.4 LuFADs & B Zakm R $ &8 2 A5 fe I g L T
f P 3 AT, LuFADs 3R R BENL A6 TBR
W52 S5 5 S Yk (Chr2, Chr5) Z AN AT A T
Rk b, AT 2. Chrd, Chr9, Chrl0
Chr13 B AA | AR R, Che7 B 2 M5

K, Chr3. Chrll I Chr12 F&404i % 3 AL,
Chr14 FA 4 ANKEA, Chrl Al Chrl5 &4 5 3k
[, Chr6 F1 Chr8 i) LuFADs M %, 4k
74, HoAE Che6 b LuFAD6-1. LuFADG -4,
LuFAD6-6, LuFAD6-8. LuFADG6-10 F LuFAD6-
12 FRES AR, 7€ Che8 Jefa ik I LuFAD6-2, Lu-
FADG6-5. LuFAD6-7. LuFAD6-9. LuFAD6-11 Fil
LuFAD6-13 [P 50

XF LuFADs G205 8 8 4 7 30 240 B 2 57 Tt ( %
3) WAL, ENIZER N 42, WIEARK . 4
J5T . AHREAZ RNLARAAR R A A SRR R ST AR
iz, 32 AN, i b7 SR,
UMAAZ I 3 AN, etk b1 AR Hop Lu-
FADG6. LuFAD4 F1 LuSTAD Ji¥ 51 i) 35t 5 ¥4 52 o1 7
2R |
2.5 LuFAD & 3 )R XA A T 597

X} LuFADs #4753 8h =S4 oo (K
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Chrl Chr3 Chr4 Chr6 Chr7 Chr10 Chrl1 Chr12 Chrl3 Chrl4 Chrl5
o ] R
6w [LEe Loanss | ustoz T e g | Bl s e
9 MbLuFAD3 D fuApa I A LubAbE " st LuADS3 B LuADS2
12 Mb LuSLD4
k15 Mb I ADEEI0 i L LuFAD6C-1
18 Mb finvradd \ILE:FEI})%%E;‘: a2
21 Mb
24 Mb LuFAD4-2 e e
27 Mb
1) M FADSS LuSTAD1
B 3 LuFADs ERRERRLEESHIER
%3 LuFADs W BRI TE i
FLR AR o8 55 [ £ FK (VA% 55
LuFAD6-1 TESIUN 0.995 6 LuDESI 2 Jif 0.602 3
LuFADG6-2 RSV 0.995 6 LuSLD1 iifion 0.746 4
LuFAD6-3 ITEZIUN 0.994 8 LuSLD2 At 0.746 4
LuFADG6-4 VI 0.999 7 LuSLD3 2 i 0.969 9
LuFAD6-5 IEZYIN 0.999 2 LuSLD4 TN 0.944 8
LuFAD6-6 TSI 0.998 3 LuADSI RSN 0.864
LuFAD6-7 IV ESZEN 0.998 3 LuADS2 20 i 5 0.964 2
LuFAD6-8 I ESZIN 0.996 7 LuADS3 20 i 5 0.940 4
LuFAD6-9 I ESIVN 0.999 9 LuADS4 20 if 0.602 3
LuFAD6-10 T EZUN 0.996 LuADS5 A 0.602 3
LuFAD6-11 TEZIUN 0.996 7 LuADS6 2Rk 0.665 4
LuFAD6-12 24 0.997 4 LuADS7 IEEYVN 0.978 4
LuFADG6-13 IS UN 0.998 3 LuADSS8 2 A 0.582'5
LuFAD3-4 15 0.940 4 LuADS9 ESIUN 0.999
LuFAD3-3 T ESZEN 0.562 8 LuADSIO IESIEN 0.998 3
LuFAD3-2 T ESZEN 0.991 3 LuFAD4-1 IFEIUN 0.829 4
LuFAD3-1 (ETYIN 0.897 3 LuFAD4-2 ITESIUN 0.829 4
LuFAD3D IS IVN 0.999 8 LuSTADI IS5 YV 0.999 5
LuFAD3C I EZUN 0.991 1 LuSTAD2 IESIEN 0.995 1
LuFAD6C-1 IIEZIUN 0.996 6 LuSTAD3 ITEEYVN 0.968 7
LuFAD6C-2 IS IIN 0.980 4 LuSTAD4 IH-&efA 0.968 7
LuDES?2 2k 0.639 8

4)AH, R EE S A R ITE R o 4 25, O
Wi )3 TG (G-box. Box 4. GATA-motif. I-box .
TCT-motif, Spl, TCCC-motif, GT1-motif). &
Wi i G F (TGACG-motif , CGTCA-motif . ABRE ,
TGA-element. AuxRR-core. TCA—element. P-box.
GARE-motif, TATC-box) . Wil Wi )i JG /4 (MBS,
TC-rich repeats, LTR, ARE. GC-motif) #14: k&
HMFIC(A-box, 02-site, CCAAT-box), H
Pr A AL J N e fF ARE Ui e £ (89), HIkJE
G-box (77), Box 4 (74)HE%5 3, TGACG-motif Fl
CGTCA-motif 75 K& Kl 52 5 b 1 75 122 43 A 450 it A 7]
(72)c F:H LuFAD3-3 FooiF 5%, J 35 4
LuADS3 1 LuA DS7 oo 8 /b, Y0 6 4~
3 Hie54it

AR, FAD SER G0 AE Z Rt P P fh b 45

FNYE e, HER A BOE A A]N, anditsEd
H10 AN R 29 A4 P Bl AR 41 > T2
AT HT %58 T R 43 4> LuFADs JE K 5815 %,
By, gDNA KJEHh 456 ~ 4 547 bp, il &L N
152 ~453 1~ 5 (p)6.07 ~ 10.26, BELuSLD
(1~4)FH\F1 LuFAD6-4, 1A% 38 DRI N
FKEN . AUFFE XTI FAD Gy 51T
PRAL B oM, R4 T 5 D I A SR AL
HRIE L, KEA F A ARk ER, XY
ARG RARML 5 RELBWHTR R 425,
] — V. % H PR ST 25 R A A A R S AL, 7
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