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W E: EJSEL-ACP A’ BLABE (Stearoyl-acyl carrier protein A°desaturase, SAD) £ /i 4K ¥ HEAL 3 At Fa i BR K,
AF AR BR 69 &~ A, AAE HI AL m fe ke e I o BR 5 TR A e IR Ty BR b ) 6 K AR BE . h RRAT K 20 BR A A AR RIS ALA],
¥ 5t K & Glycine max GmSAD Kk & i #4744 K B 20 5 & Foth F o B8 3R B IEAL MR S 247, & A gqRT-PCR %
M GMSAD %% 7 49 Hj';lt\Liéﬁ, A F K BAR S8 1 RAT B A58 3 Nicotiana tabacum B B & ik A= i 8% 4k 4 2
B % Saccharomyces cerevisiae X &tk BY4389 i #4451k M3X GMSAD Baig A M S hat. 4 REAW, K2 4R
4K 5 A~ GmSADs KM, HpmaEEaHER 4 F  f SAD BHA ¢ 2 MFUARRE EA A
(EENRHG #» DEKRHE), Fia & as&k @ AR R =K, 245 EF 54 GmSAD 4% 2 NI, 45|
5 i I AtSSI2 A= AtSADG F 4% A 40i. GmSAD &M A AR 2R, Z. ot A FE L F WA F a8+
RAEEFAR, ¥ GmSADS EXFATF. s e L, & 5@%?%5@1@0@/—\ TGRSR 3
GMSADS T4& et ki £B4R F i B Ae K b 5 A 5 5148 & 5.56%F= 2.73%, m0AR 5 824 A0 B A fK 2.46%. #kF47A B
AR KR 7, LRI GmSADS ARk F 44 BEE A R E o feih BRAGRE A fe Rt lE AR R . B, K&
GMSADS *f AR fIf BR R M1 B A58, 8 3 BUEALE Db Ae i BR A A Mok, H KA T ib B An K b 5 AR R AU
et BT T ek, AT AR A b g S R SR AE PR A9 F R AT

: K & Glycine max, #2J58:-ACP A’ BLABE (SAD), Fhabaor, ik, g &HR

Received: December 11, 2019; Accepted: February 2, 2020
Supported by: National Natural Science Foundation of China (Nos. 31401430, 31201266, 30971806), National Department of Agriculture
“948” Program (No. 2014-739), Coal-based Key Sci-Tech Project of Shanxi Province, China (No. FT-2014-01), Key Project of the Key
Research and Development Program of Shanxi Province, China (No. 201603D312005), Key Research and Development Project of Shanxi
Province (No. 201703D221002-3), Research Project Supported by Shanxi Scholarship Council of China (No. 2015-064).
Corresponding authors: Hongmei Zhang. Tel: +86-354-6286908; E-mail: tgzhhm@163.com

Runzhi Li. Tel: +86-354-6288344; E-mail: rli2001@126.com
E K B RF2= 54 (Nos. 31401430, 31201266, 30971806), [E K &L #4948" H (No. 2014-239), 1 P4 L E SR MCHH (No.
FT-2014-01), P44 # LRI H (No. 201603D312005), LLPH4 # x4 1%l (No. 201703D221002-3), Ll P44 B 44 U9 [ A SR
4 (No. 2015-064) ¥,
[ 4% H iR B[] :© 2020-03-10 [ 4% H B bl = http://kns.cnki.net/kems/detail/11.1998.¢.20200309.1006.001.html



BOKLE F/ASEEERE-ACP A’ BISES (GmSAD) EEREMNETERINGED

Identification and functional analysis of soybean stearoyl-ACP
A’ desaturase (GmSAD) gene family

Mimi Deng*?, Baoling Liu? Zhilong Wang?, Jin’ai Xue?, Hongmei Zhang', and Runzhi Li?
1 College of Life Sciences, Shanxi Agricultural University, Taigu 030801, Shanxi, China

2 Institute of Molecular Agriculture and Bioenergy, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract:  Stearoyl-ACP A° desaturase (SAD) catalyzes the synthesis of monounsaturated oleic acid or palmitoleic acid in
plastids. SAD is the key enzyme to control the ratio of saturated fatty acids to unsaturated fatty acids in plant cells. In order to
analyze the regulation mechanism of soybean oleic acid synthesis, soybean (Glycine max) GmSAD family members were
genome-wide identified, and their conserved functional domains and physicochemical properties were also analyzed by
bioinformatics tools. The spatiotemporal expression profile of each member of GmSADs was detected by gRT-PCR. The
expression vectors of GmSADS5 were constructed. The enzyme activity and biological function of GmSADS5 were examined by
Agrobacterium-mediated transient expression in Nicotiana tabacum leaves and genetic transformation of oleic acid-deficient
yeast (Saccharomyces cerevisiae) mutant BY4389. Results show that the soybean genome contains five GmSAD family
members, all encoding an enzyme protein with diiron center and two conservative histidine enrichment motifs (EENRHG and
DEKRHE) specific to SAD enzymes. The active enzyme protein was predicted as a homodimer. Phylogenetic analysis
indicated that five GmSADs were divided into two subgroups, which were closely related to AtSSI2 and AtSADSG, respectively.
The expression profiles of GmSAD members were significantly different in soybean roots, stems, leaves, flowers, and seeds at
different developmental stages. Among them, GmSADS5 expressed highly in the middle and late stages of developmental seeds,
which coincided with the oil accumulation period. Transient expression of GmSADS5 in tobacco leaves increased the oleic acid
and total oil content in leaf tissue by 5.56% and 2.73%, respectively, while stearic acid content was reduced by 2.46%.
Functional complementation assay in defective yeast strain BY4389 demonstrated that overexpression of GmSADS5 was able to
restore the synthesis of monounsaturated oleic acid, resulting in high oil accumulation. Taken together, soybean GmSAD5 has
strong selectivity to stearic acid substrates and can efficiently catalyze the biosynthesis of monounsaturated oleic acid. It lays
the foundation for the study of soybean seed oleic acid and total oil accumulation mechanism, providing an excellent target for
genetic improvement of oil quality in soybean.

Keywords: soybean (Glycine max), stearoyl-acyl carrier protein A° desaturase (SAD), functional analysis, oleic acid, oil
quality

K& Glycine max L. Merr &3 & Jz {5 & %
PRHIIEY 2 —, Hom &S A A e 5 o AR dg
T FE W SRR TR 5, R E IR
BB, ANa] AR R & Kok iRk A A ol
JEURE . R S Bk A E 2R IR —
7 B AR ) 28%, 1T H. T T SR R R AR
KW KRG EE N 5 RSN . FEARR
(C16 : 0,77 11.38%) .fifi JEfR (C18 : 0,27 4.29%).
AR (C18 : 1A%, % 15.66%). Wik (C18 :
2012 2 47.33%) FLRERR (C18 : 3A%12Y, 24
15.409%)23 JA% 37 1 19R AlE 46 A1 L0 % JOEL 461 7, 4 )5
Sk FERE AL, ARG R Tl ik 60%-70%F)

&: 010-64807509

ZARMFPEHIR (R A1 RRIR) 0 L4 5 4
R, REKBIE A, W55 E R T K S
AT, WA R R A, RS
VERL SR AR VR T 4 A 700 Sk B2 25 K S b SR A b
T 33 S 4 77 A R o A A ek A 35 119 2 5 M i i
FHAAT 05 . RS R 3 LA A0 i D 1R
22 A RS 07 R A 00 B A, 5 B e SR Ak
BEETWIMRS 2 AR ASTiR™Y . £ AR
BE R AR AR UL Y P A0S BI85 32 1 5 1 T
B RE MBS RE RO A, RO L R . A
I, % ZWRFEE T O A T R L 1
I NGRIE =R Vs 1 E i IR K12 [ A
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ook B EL G R £ B (Ethyl methane sulfonate ,
EMS) 5748, gk AR ER % i W S AR
AL RS L B RNAI TTER K & GmFAD2 (A™
fatty acid desaturase 2, ffLIHER 18 © 1A° A4 A
IR 18 0 2A%Y%) BRAFUNER & ik 80%, WAIER
AR E 19056 LR T B Fe AT 500 2 i
S D RERR SR T T A et i e S Hh 2
& K5 FAD2-1 FERE R4, SCHTZ IR H 3Rk,
AT T REFF = ER (>80%) FH 219 i 3L K 4
B0 B, RMIF] CRISPR/Cas9 J: [ 4k 4 A
A% GmFAD2 2l AR K, KR+ %
H>80% . WIMIRIK E 1.3%-1.7%M, X EEHF5E Kk
22 2 38 2o BE KT v 7R A 8 STV 7k 7 1 Tl IS I A 4 1y
THERFL R, SR, AT S R A BT R 0 4 T
JE R IR E-A° A 5 (Stearoyl-A® desaturase ,
SAD). fitf5 5T K5 SAD FKEH bt MR L &
AR B B R Tl R AR R TR R A

oG SR A0 M A IS R - A i U,
— R AR SAD, 7EJ5 A P A £k B i 155 -ACP
(18 : 0-ACP) = i{iMifBt-ACP (18 : 1A°-ACP), 7E
RS EAE A° 7 B 5| A — DR %
fie S 1 75 %2 NADPH . NADPH-£k 40318 % 1138 )5
M, SEEE ARt R o g
SAD, &40 N BT R E Ak i A 1% -CoA (18 -
0-CoA) A= U E-CoA (18 © 1A%-CoA), —LeHf 5%
SR, MYAIRL R ZEGHR (18 1 1A%) JETER
RN R, A D 3l R A A 5 1A Rt
AR SAD Sz il 4 40 A AR AN g s R e Ak R AN
RO I P 1 A 1 B 28 B Sl il , 9t e o 55 ok o
FRLFING W R 5 AN A NG W R 1) E 451 R /N0 g
ok, AMITE 4L IR IT Arabidopsis thaliana (L.)
Heynh."  #3 1& Gossypium spp.P¥ | 4% 1@
Solanum tuberosum L.1*®! 7£E Arachis hypogaea
Linn.2 % %09k 3% Brassica napus L2, #faf
Theobroma cacao L.V Z AW b4y 25755 T
SAD JEPH, FFERIET SAD HYREASHE-ACP i A i
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TEPE. flhn, THEIEMAIE GhSAD H: A Al {5yl iR
TR 139%4 2 R 4%, [R)AAEE AR 2 i A
29%-3%3 I E 25 40%249 . [FkE, 75 6 PR RAR
f&rf, SACPD-C #2878 T 8K & Fl 7R R 2 1% 12
FhiE, HEF AR R 1.5-3 £5) 78 ssi2 S5
At ik S-ACP-DESL St [ A% fifi 5 A5 (A ik
SEAALRERRRR R AR (18 ¢ 1AM ih ik
3B & Lupinus luteus L. SAD H&[K A & 2 32 & 4
B R bR ) R R R Rk TS
SAD JE[H , i FiAh T Be Wi R 4 o A T AR Ak,
RSN R & B, CAvRER, MY
SAD &K Z AR A 53 1 ek U HL A B 4 e
Pk, N, Hi4E GhSAD2 H1 GhSAD4 1t & & Fl 1
T B B i Bk, 7E At 4 rp e R,
Al A] TcSAD1 FE4-HZUrh A ik, TcSAD3 Fl
TcSAD4 1Efbh ki w1 ®. K4t F+ Paeonia
ostii POSAD JER7EAR . 25, mF . FEE. BESE . I
B FEhE RS, BN RE R,
WP AR, BB RART I X e 25 T K 1k
SAD ZE Rt 1 HAARA: Y12 D RE R AL I P 15
PESEREME, A7 BT 2 AT AR IR 2R A AR
SNSRI DS il g =

J R M K S SAD 1)1 g ik -ACP il &
(GMSAD) ZJG AW 7t T Re A 37 5+ GmSAD
1A% 8 5 R R 2 P 5 ot T P R SR, S ST
AR B % T a3 4% e K E B kA
SAD FIEAL G . F PR 45 46 AN il 2 PR AL 1 o 4
FRAE o 5% F 92 B 28 O % B PCR $ AR 40 #r GmSADs
HE R G 45 1 B A I 25 2R A AR S L 3 ) R AT T A
S0 B R B B ER R RN FE S AR RN S R
BRI TE BY4389 MK A HIR W% E K&
GmSAD AW Dhfig . LA 5] 5 4~ GmSADs,
HfEmEREMFmERESE D S REN
GMSADS5 e &l it fbimmR A& ik, Je iy TREk:
H O 4 T R oA A R DL K i IR A R A — A
55y FH bR
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1 MBE5FE

1.1

AL BT R G 5L R Jack, FPAE T ILTPEAR
M R iR b Ry PR R R 2 AR
X g AR B 4E DL K& I 4B 5 (Days
Post-Anthesis, DPA) 25d (fiF 1).35d (i 1I).
45d (FF100) AR GRF . B AR 2 R A R
JEtEfET-80 CHT T —2ill.

AR BT F A FC A Nicotiana tabacum L.fii
T EFR L, WECIEERMA ARSI
J# 26 °C . HIXHBIE 60%. YR @ MRiE=16h : 8 h*),
AHIEFE A F AR B2} Saccharomyces cerevisiae
H. %8 7% W ¥k & BY4389 Bk [ %! |2 £ (MATa
oleld::LEU2 ura3-52 his4), M H H A Osaka
University, i% BY4389 fi# R} B ik 5 # OLEL 4%,
J6 1A BN A I R 0L,

12 FHi*
1.2.1 KHE RNA #2H.cDNA §#) 4 B I BB 7

MRPE bt e X & 4 W R (TransGen
Biotech)f3 PR\ w8 Trizol ¥E3RE iR 41AY &
RNA. FI[] ABM A+ (ZLBEYREARS
F]) A9 5% All-In-One RT MasterMix Jiz % 487 &1
A cDNA. LI cDNA Jyfsitiy, fff AL R 575
¥y K 2xGPV8 HF Polymerase Master (il fH4E ¥4
R\ E PR G 38 H 9 BE K Y ORF, H Y B
ZBE I PR 2iAL 5 % A pMD18-T ZhikIf55 A
KInkrwvh, SEBBH PR, A A E (%
) W geE
1.2.2 KX GmSAD E:E Rk % XG53

1A A MR T SAD (AtSADs) JER %
TG 2R 1P SUAE K 2R 741 blastp R R 2H £k
i )% soybase (https://soybase.org/), #Rf5 K 5 43t
[KIZH SAD [ EERIZH )7 51 . CDS 741 . AR )T 51
L Be RO B B o R R B GmSADs 2 5k
¥ %) 3% 3¢ 3 SMART (http://smart.embl-
heidelberg.de/) I CDD #4f FE A T IR AIE , 73BT 45

&: 010-64807509

GMSADSs 25 [ 781 AT 25 #4384 (FA_desaturase_2).

FIH MG GSDS2.0(http://gsds. cbi.pku.edu.cn/)
X} GMSADs i 47 5 K 4544 43 #r o
123 RE GmSAD FWRE H i HEIbH: R X454
o

H ExPASy ¥4 /% (https:// www.expasy.org/)
H1) ProtParam Wil K 5. GmSAD FKik & I1#94>
T b A R AR TR
TMHMM  Server v.2.0 (http://www.cbs.dtu.dk/
servicess TMHMM/) Tl K & GmSADs %< ji% 1% i1
FO B B 45 H X 05 s R385 ChloroP 1.1 Server®
1 TargetP 1.1 Server®3Fiil] GmSAD %t & 11 4
240 B A7

FI ] SOPMA K3 (https://npsa-prabi.ibep.fr/
cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.
htmL) Tl GmSADs 1 i bt (1) — R 28548 . HITE
2k M3 SWISS-MODEL Xf GmSADs F % b1 it
1T =GR T 43 B - AR
1.24 K& GmSADs FEHMRTFIHEE KRG #HL
pAgi

M NCBI HEECE R (Ricinus communis L.)
RCSAD1, f8lF5JF AtSSI2 1) SAD Z& 1551, %k
- GeneDoc K&, EERRAIFG ST SAD HH

FPANHEAT 2 P 9 LX) 25 W0 F SAD PR8Il fR B 1.

x1 BYMSADER

Table 1 Information of SAD in different species
Species Protein Accession No.
AtSSI2 At2943710
AtSAD1 At5916240
AtSAD2 At3g02610
Arabidopsis thaliana AtSAD3 At5916230
AtSAD4 At3902620
AtSAD5 At3g02630
AtSAD6 At1g43800
Ricinus communis RcSAD1 XP_002531889
Theobroma cacao TcSAD1 KP704662
Brassica napus BnSAD AAT65205
Solanum tuberosum StSAD AAA33839
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iz fl MEGAT7.0 34 X%l s 7 AtSADs . HJik
RcSADL, HiE%Il=E BnSAD, L4 2 StSAD,
Al Al TcSADL Fllk &7 GmSADSs F) 48 3L 18 )7 41 4T
Fext, 3R B4R (N) TR RS R B W,
H 2 B0 15 1000 MEFREY,
1.2.5 KE GmSADs KKz H K FKNHF

DL IR R G AR ZU ) cDNA ik, F 4%
GmSADs JE[H [ F¢ 55 | #1317 gRT-PCR 4341 o
KT Actin fE AN SR, IFIE 6 M EY#
. ] NCBI F11 Primer-BLAST %} GmSADs
FEHgis o iR s (R 2). KER TB
Green™ Premix Ex Taq™ II (Tli RNaseH Plus)
(TaKaRa 24 rl) BEHIEEHLAY I, #4T gRT-PCR
M. WA ZE N : cDNA i 1 uL, TB Green
Premix Ex TaqIl 5 uL, 1E[A514 0.4 uL, JZla5]
¥ 0.4 uL, ROX Reference Dye Il (50%) 0.2 uL,
ddH,O 3 uL. WP : 95 CTHIZEYE 10 min,
95 C 15 s, Bk 1 min; 40 DMEH, WV ALE
Bio-Rad CFX96™ #¢5%5E it PCR X L k47, FHZ
2 LN KRR A, A IBM SPSS
Statistics 19 #1722 55 . 2 12 H7 .

%2 (RT-PCR#&ill GmSADs £ E RiLFF A4 F514
Table 2 Gene-specific primers of GmSADs genes
used for gRT-PCR analysis

Primer . o Size
name Primer sequence (5'-3') (bp)

GmActin-F  AAGCTGTTCTCTCCTTGTACGCC 23

GmActin-R GCACAGTGTGAGACACACCATCA 23
GmSAD1-F GAACCGAGAACAGCCCCTAC 20
GmSAD1-R GTCGGCAAACGCCATAACTG 20
GmSAD2-F TTGCTATGCCAGCACACCTT 20
GmSAD2-R GCAGCCCACAAACGTATTCC 20
GmSAD3-F GTTCATCGAAGCGGTGAGGT 20
GmSAD3-R TCTGAGCAAATCCCCGTGTC 20
GmSAD4-F TATGCGACACGAGAACGCAA 20
GmSAD4-R CTCCACCGTCCAACCAGAAA 20
GmSAD5-F ATTCGAGCACTACTCCGCTG 20
GmSAD5-R CAACCTCCTAATCCTCGGCG 20

http://journals.im.ac.cn/cjbcn

1.2.6 KE GmSADS5 3:[H iR E M4 2

A BT FH AR ) 2R3k #1& pCAMBIA1303
H CaMV35S JHahFIks, A RIBE Rt
¥ bR vE 2 f& pMD18-T-GmSAD5 #il pPCAMBIA
1303 43 Xba I A1 Kpn T 47 XSUBE B vy, i
Y=y el aifb s, 1 T4 DNA i B Bz
53 HH £k IK (p)CAMBIA1303-GmSADS).
SRIG , B HEE A KR, 22 PCR XD 4
FERAMETORE . SRR R 2K 5928 GmSADS-F:
5-ATGCCTCCAGAAAAGAAAGAAATTT-3',
GMSAD5-R: 5-TCACAAAAGCAATTCTTTATTG
AAAATC-3',

A5 i Rk Rk A pYES2.0, &
URA3 i i I N H &R Rt Sl %
) GmSADS5 JE:[H ¥4 i Kpn T Fl Not T XLFH]
R, #A pYES2.0 HE i 4 R Gk K
PYES2.0-GmSADS, # | KT DHS5a Jf 5k
B .

1.2.7 KE GmSADS5 H:KH KB M F BrAT ik
ZR7F R 1 T B T A MG W

W bR R 3 R S A P R iR kiR pCAMBIA
1303-GmSADS i #:f 75 Fif 125 e AR i AR AT T T AR
GV3101. BN WM B, e B Ji 55 7 P AT
MR R E K — M2 E TS, B ERY 1em
A BB | 57— LA 55 25 2 1 T M 1 o o i 19990,
BURYLER 3 K 1 L RNA FFAGIN H () 3L R %
Ko BUESTS 6 RIMERIM F RV TG, T
F HE I i B TR B 53 53 A A

e [ Y LTS B R bR BY4389 7E A 0.01%
THFRENY YPD #:3Lh T 28 “C . 220 r/min R ¥%
Bi9%, 4 ODeoo M 0.5 247, B0 A4, H
TCREKPES . MRIERSERER (LiAc) e bk, ¥ b
IR B 0 T B TR 3K pY ES2.0-GmSADS 4%
A BY4389 it fa i bk, 28 SR MERE (SC-URA)
B FR AR A PCR %@ th P VERE L Wb, A T
FETRI P B AR R TP D REME R IR, 1 SEHE SC-URA
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(Fr 2% FEA 0.010% M ERAN) ARSI LB 3%
AR PR B R R . s TS S TR A FLAS
2%F FLBE 1Y) 15 % 5175 S I B A B A R 3R A
28 CHey% 1537 72 h, 5000 r/min 2.0 5 min W 4E
e BEAN A, A VR T4 5 B2 B0 B A0 43 Br B s 12
BT o

1.2.8 HRITMRFERBSSMHEEE (GC) 4

ARG R FH AR 6] b A 0 B i A 4R
BB IR FH R . FREL 50 mg RESL TS ZHR5R,
A 50 UL B9 C17 : OFE AR (MR 10 mg/mL).
FH 500 pL 9 2.5% ) v f 2 - FH TR G W A 7 Y IR
1k, 80 CKkit 2 ho AWML T )5, filA 500 pL
M IE C e IR ST . AR S I R % 31) GC il
e, AR G T (SO it 1) i 107 T A 4 Bt i
11508, RIS 3 MEE ., RIS s %
PSR A A 7 M A I, B A
(HP-88 100 mx0.25 mmx0.2 um) 4385, KIGE T
fER R . A SR, dERERECh 3, HFRE
WO 1l AAERA, WK 2.64 mL/min;
HERE I EE R I #4250 C 5 RIUER)T
THE 720 140 CRBIIAIR LR EE 5 min, A5
Pl 15 C/min B33 EETH 2 250 C . DLAE LI Y 14 B2
BF 815 Mg 177 1% FP T s ot 1) O B B R 1, 4N
PR A Ne TR 1 & i . R R A AR A e
R 20 43 o B ) 43 8 ()«

¢ :%xloo%

Horb i & RRIWTRRLE 43 5 A e | Rl AR TR 2H
ST s A AR TR s mg ol AR I I
i omoNRER
1.2.9 EiHAsRERS W 2

K FH U0 - B s S BBUIR B 0 e 9 5 g o R
B 100 mg My KB FELE P (&E 3 NEKR),
A 7.5 mL ByS0G-HEE (1:2), BAJETF37C
fli#2 24 h, 4 000 r/min #.0> 10 min, W& LJ2A
BUAH . [ TVE PRI A G245 - FR e o 2 il 4R IR

&: 010-64807509

FR 12 ho WEEAIE 3 IRAYAHLAR, 5 mL S5
9 mL 1% LA, FE5rRAI)E 8 000 r/min 5.0,
10 min, [ECF 2B HLAEL S 2 2 AT mo(mg)
B E T, FRETRKETE, RERGSEE
m1(mg).

A DL B 45 & mo(mg) FIEEE & my(mg)
TFE R B BRI E AR, BURIERE 4

é\%:(ml—mo)/ﬁ[ﬁﬁ%xloo%o

2 BREL

21 XE GmSADs ERFEREHNEERERFLE
HWINEBREBLIER S

FIF IR JF AtSADs & (¥4 (AtSSI2 Fl
AtSAD1-6) R K GHHEIE, KRG M5k )7 5
L SMART F1 CDD 45 #4455 7 #r, e db e
35 5 %4 Acyl_ACP_Desat f~y &5 1181y
GmSADs bt , HI¥JE T HA Fe-O-Fe .ty
1) Ferritin-like 2k 88 FB S5 , HAT B A0 S 0
LA BBk AR EE 11 NADP 48 Ak b 5 i 0 v, 115
RS, MR E G, K% GmSADs X
R WA Uk i 44 5 GmSAD1-GmSADS . A Ji 78 £k
GSDS2.0 Ml X GmSADs £:[H kTN & 1. 4h i
Torhr. A5 1 s, GmSAD4A ¥ A&,
HJC 50 3ERIIEIX, Fr&Ah e+ (54Y) MNE
T (441) BHEZ. 1l GmSADL Fl GmSAD2 1
TP AR . Y5 34N FF 2 4
W& T, BA B A dAH AL . GmSAD3 Fl GmSADS
LR BIE 2 MR L DN E T

F ExPASy %di % iy T.H ProtParam X}
GMSADs Z 5t B B EA T 0 Hr . 2551
F 3R, X 5N KE SAD i K JE LR N
337 aa (GMSADS5)-402 aa (GMSAD2); A X} 7> 7 it
R 7E 38.63 kDa (GmSAD5)-46.09 kDa (GmSAD?2)
Z I, Bk GmSAD3 1Mt HL sl 7.68 4,
HAR M -3 e S S 588, X 5 4
GmSAD S5l IF AtSSI2 By FRAL I AR I
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GI’HSADI — - T —

GmSAD2 = — o —

GmSAD3 ——— ———

GmSAD4 ™ _— — - —

G,nSAD'SS,‘ —I — ‘ . ‘ 3'

. 0kb 1 kb 2 kb 3 kb 4 kb S5kb
Legend:
mm CDS == Upstream/downstream  — Intron
B 1 K= GmSADs WERLEH
Fig. 1 Gene structure of soybean GmSADs.
#3 AZ GMSADs REMRELKRIEFR
Table 3 Basic information of soybean GmSAD family members
Transcript Numl?er Molecular . cTP-length  Predicted .
Gene name of amino . Theoretical pl L Location
name . weight (kDa) (ad) localization
acids (aa)

GmSAD1 Glyma.02G138100 391 44.89 5.94 50 C Chr02:14302427-14306293
GmSAD2 Glyma.07G207200 402 46.09 6.05 61 C Chr07:37640045-37643952
GmSAD3 Glyma.13G038600 378 43.03 7.68 25 C Chr13:11956631-11959361
GmSAD4 Glyma.13G038700 375 43.75 5.87 10 - Chr13:12002911-12008557
GmSAD5 Glyma.14G121400 337 38.63 5.66 10 - Chr14:17499717-17502413
AtSSI2 AT2G43710 401 45.69 6.05 35 C Chr2:18119962-18122889

C: chloroplast; —: any other location.
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Fig. 2 Prediction of the advanced structure of soybean GmSADs proteins. (A) Secondary protein structures of soybean
GmSADs. Blue: alpha helix; pink: random coil; red: extended strand; green: beta turn. (B) Tertiary protein structure of
soybean GmSAD1. The box is the two diiron centers of the two dimers, and the ligand of the Fe atom is the amino acid

side chain or group of the four-helix bundle.
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Fig. 3 Multiple sequence alignment of soybean GmSADs with SADs from castor bean (RcSAD1) and Arabidopsis
(AtSSI2). Residues in black represent 100% conservation of all sequences; residues in dark gray represent >75%
identity of all sequences; Residues in light gray >50% identity of all sequences. The underline indicates the transit
peptides. The boxes represent two conserved histidine-rich motifs EENRHG and DEKRHE. Functional determinative

amino acids were marked in rectangles and numbered according to the start codon of RcSADL.
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Fig. 4 Phylogenetic analysis of soybean GmSADs and other plant SADs (AtSSI2, AtSAD1-6, RcSAD1, BnSAD,

StSAD and TcSAD1).
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Fig. 5 Expression pattern of soybean GmSADs gene in different tissues (A-E) and developing seeds (F). Error bars
indicate the standard deviation of 6 biological replicates; Letters a, b, c, represent the significant differences between the

different groups (P<0.05).
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Fig. 6 Expression analysis of GmSADS5 gene (A), total lipid content (B) and fatty acid profiles (C) in the transgenic
tobacco leaves. (A) M: 2 000 bp marker; 1-3: transgenic tobacco leaves; 4-6: transgenic tobacco leaves with GmSADS5.
(B-C) Error bars indicate the standard deviation of 6 biological replicates; Letters a, b, ¢, represent the significant

differences between the different groups (P<0.05).
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Fig. 7 Heterologous expression of GmSADS5 gene in SAD-defective yeast BY4389 and its impact on fatty acid profiles.
(A) PCR verification of GmSADS5 expression in the transgenic BY4389; M: 2 000 bp marker; 1-3: transgenic BY4389
yeast with empty vector; 4-6: transgenic BY4389 yeast with GmSADS5 gene. (B) Fatty acid content in the transgenic
BY4389 yeast. WT: the SAD-defective BY4389 yeast; Empty: BY4389 yeast transformed with empty vector; GmSAD5:
BY4389 yeast transformed with GmSAD5 gene. Error bars indicate the standard deviation of 6 biological replicates;
Letters a, b, c, represent the significant differences between the different groups (P<0.05).
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