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TRIMsLACS3 A8 & F s MsLACS £ I 8h - K 38 b 32 A7 56 SR e 14 i8R S G 24 R AR A= 4 136 5 o6
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Identification and expression analysis of LACS gene family members in Medicago
sativa
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Abstract: Members of the long-chain acyl-coenzyme A (CoA) synthetase (LLACS) family, in the acyl-activating
enzyme superfamily, play important roles in fatty acid anabolic metabolism. In this study, based on genomic data of
Medicago sativa (alfalfa) , LACS gene family members were identified by bioinformatics methods, a phylogenetic
tree was constructed, and the physicochemical properties of the putative proteins were determined. The chromosome
localization, conserved motifs and gene structure, cis-acting elements, and tissue-specific expression patterns of the
LACS genes were analyzed, and a protein-protein interaction (PPI) network was constructed. The transcript

profiles of LACS genes under biotic stress were analyzed by qRT-PCR. The results showed that 10 MsLACS family
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members were present in the alfalfa genome, and were located on five chromosomes. In the phylogenetic tree, the
10 MsLACS were grouped into five branches. Motif3 constituted the conserved AMP-binding domain, and the
alfalfa MsLACS genes contained 10—12 motifs. There were differences in gene structure among the 10 MsLACS
genes, with the number of exons ranging from 11 to 22, and the number of introns ranging from 0 to 3. MsLACSI-1
and MsLACS3 had no introns. The promoter region of MsLACS contained light response elements, hormone
response elements, and abiotic stress response elements. The transcript profiles of MsLACS genes differed among
different tissues and showed obvious tissue specificity. Analyses of gene expression by qRT-PCR revealed higher
transcript levels of MsLACS genes under drought stress and salt stress than under cold stress. Under cold stress, the
transcript levels of MsLACS genes in alfalfa initially increased and then decreased, and were higher in the leaves than
in the roots. Under drought and salt stress, MsLACS genes were highly expressed in leaves, with peak transcript
levels at 6 h. The PPI network analysis showed that the 10 proteins encoded by MsLACS genes in alfalfa interacted
with each other, with 18 lines of interaction among the proteins. These results provide a basis for further research on
LACS genes in alfalfa and their applications in breeding for stress resistance.

Key words: Medicago sativa; long-chain acyl-coenzyme A (CoA) synthetase (LACS) ; gene family; abiotic

stress; expression

A A 197 R LA K PN TR 7 TR E 2 N G AR I 3 A8 2 T, 05 0 200 28 2 1 A 5 BSURE IO 19 A Tk 4 8l A 3k I 4 Ak i s
PR 1% Ak 0 il FR A IS BE S RS A & RS [acyl-coenzyme A (CoA) synthetase, ACS], U3 FK b B 5 38 1% i (acyl-
activating enzyme, AAE) # % &' . K &% 5 Bt 45 B A A 6 [ long-chain acyl-coenzyme A (CoA) synthetase,
LACS 21 & 78 AAE M8 S 5% h i — 255 , 76 5 U B8 A G AN 43 e A 388 v LA 5 04 R, ol 4 £ T 25 1 07 1 T Bt
AH N R G B A HE AR R AR . LACS WD) REAE H J2 2245 M > 7 1 < 5 — J& #F — Ik H il (triacylglycerols,
TAG) WA Bt F2 i, R Kenedy 1826 5 2, 0 i IR 40 B A CRH 0 = 18 00 & a8 (it b ) 7= 9 RIS £ 2 5 TAG
M AR50 e S S IR IR (Y B- Akl B2 - AR R ) b, TAG 2 MR 19 B ZE A28 3, 76 R 7 & (3
v 38 g R 7 I A0 VR RS R B R, X U I R T R — e B AT — R AR, LACS WX 2R AT Y RGE i
TG AVE T, JE B TE 35 04 A I 6 A, AT E A B-SRAkak 42 RIS B T 1 U R A% 355 b K A AE 40 I v i 4R A
LA A A G T R R AR O T AR DR TS RS B R R A S R S AR Z S A RE s g R AL
LACSHENWT" ZHAETEZEY S IR Z AWK e I 2 LACS W f7 76 . 768 XA W) B0 /g ot
(Arabidopsis thaliana) ¥, 3£ % 5 9/\Az‘LALS¥EI_I%‘<ﬁ%ﬁJZi IR 53 T IS AtLACST, 55 T 32 AL 45
ALACS2, 55 1l 32 49 3% AtLACS3, AtLACS4. AtLACS5, 5 NV 32 40 3% AtLACS6, AtLACS7, %5 V 32 £ %
AtLACSS AtLACS9, 3 H R4 AtLACS £ FAEAE LA K & (O Fp 1 ip KRR, BRI SR N AU S 54 8
(4 3 AR, EL X R H I R 00 A R B OCEE Y . ALACST 3 508 I R 1Y B S (HO)F A 2 5t Ak
i A 1 B-480fk ik 42, R FH IV 40 M 22 67, & B AeLACST 2 7 T 4 i 7, 3 i Northern #1 RT-PCR 4041 , 15 21 8l 7
IFALACST B K W F B0, R IAEF 81 L W R B R  UEW] AdLACS TR T 87 & — € fAE R, R if
S AR R AE K BB . ALACS2 EALTE T 1 7R AR R 2 3 4 &)y B JE i 2 20 rp ok R
ik R RS T 1 ACLACS TR ALLACS2 BAT — 8 I TUARDIRE ™ HEW AtLACSTFI AdLACS2 2 50 R 1 it
R AR . ALLACS4 AL F N BTN, 2 5 8 R IG J53 28 9 6 sk B 78 DA N I 0 380 5 1R 5 52 vh R AR
Tei] Bt ofl) 35 H I RS B A A Y . ALLACS6 M AL A CS7 78 33 S AL W B 1A R 0 R B-“A Ak vh & ¥ 5 B Th gt
AILACSS I AtLACS9TE RS R & s B — BT RE™ . ALACS3 Fl AtLACS5 78 K4 v (14 T 68 14 AS B 1
BEAb  FERERE it & B T LA CS SR (1 [R) Ty B it 25 A1, 2 0% A AR R A g D 1R . 3 2ok o B RE LA CS 3 R I BIF 52 K
B REh =D& S5 LACS 3 1Y A D gE WG, B AT K88 IR I R W 22 LACS Mg 4k o 78 3 R (Malus
pumila) 1, % EG B 114 MALACS 3£, 3 % B MALACS 3 R 3% 35 T A8 A R B9 B A P e B e —E 257,
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MALACST 5K w] fe S 46 A Wi 0 98345 B 510 KIGFF IR LACS JE P i 0 58 h & 3, LACS W R & — il )
LEWMEEEN . S5 KR RN Z TR,

AL B (Medicago sativa) , XA 5K BTG SRVE 76 8 2 4R £ BAAEY) . S48 BV ™ T i Ve 3, 5
FERMEA Ml E R ERE BN WEZ T EEE R NARGEEA M T, BA B KUE 7 A
BB BRI, e R, R R I T AR, R TR T IR T R, S A
AR e, T DA R LT, T AR R SR AEAE Y SR S A BORM BT R SIS BT R
B P, RIEE TS LACS SE R WF 5T , AN AUH B 35 A8 90 B U 158 AR A 4%, 78 12 8 SO P03 1, 386 o ™= o 5
5 T BIF 9 v R S SRR A T, A nT g A I 30 35 A R RS0 R R 20 BRI A 1 SR A AR ) RE TR 1 T
KSR AT AW B 25 S 4R R B — 2 S E A

LW LACS N AFGE 78 T LA E 78 h LACS 3R R B 51 1 % 22 LA K 50 ML i BIF 52 .l 3 o
SAETE LACS S Y 4878 LACS He I 2 5k A= Wy 6 ) o B2 KR #E ML, vl o i R A5 310 5 46 B 7 i 1 36
F ot ol R P B AR B AR B R4 T o 5L VR VR S R R AR A B A T BORI R D TR 0 O TR W AR X
AR A Y aa G HEHTRE Ty, LAY RRRAE Y 9 B, B R SR AR, DT A TR R B AR A N
A FRBE T RN, R HE Bl B A8 B AR AR AR PR RUVAE S R B . R SRR AE LACS HE R % KA
FLAE AR A=W 38 3R 35 v (9 4 LA 2R S
1 MBEFE
L1 XA

R EAEE T E — 5 7R T, 1056 e B Y 3 S0 Ak S0 I FP - 2 min $E 47 I 5 A0 B, P OC BEOK ok T
Ve, FPORE B IR o IR AN 16 hOR R 8 h BRRY IR N 22 CL1H Z R M M L B IR BOK . 48
Je R ER A AE O30 G SR, 7E 16 hot R, 8 h /R MG AL RS F , ¥ 38 5 SR IR B o 4 °C, T 5 R W 38 15 3R iR
JE R 22 °CL o BTV 5 BRI 0 b B

Ve 0 B SR c KEICR & 4 mL, i# L £ & 0.5 mL,EDTA NaFe 1 mL, & FAKEL1L, T 5
WEFRWECH : REICEK 4 mL, MEICEL 0.5 mL,EDTA NaFe 1 mL, 51 PEG 6000 219. 5 g, it Ja i &8 1
KETD L, $hPMHOEFRBECH : KEITCES 4 mL, MEICES 0. 5mL,EDTA NaFe 1 mL, I NaCl 11. 7 g, f )5
mEEFKELL,

Fiib 360 b B 5 R e BRORE L 2 I AE 30 0,3,6,9,12, 24,48 hink [A] B, ICLE 46 1 7 i RS RN BRZERE S L A RE
SAEY R BRI AL B TR A T 77T —80 Cyk A b 4 I, BURE K ik 56 st 18] o8 2023 £ 7—10 H , &
3.

1.2 BB LACS KR Rkl R o %5 2 A H 20 i 7% & ALK R 4 547

M figshare % 45 % (https: //figshare. com) & 2 58 46 5 48 (B H — %5 ) ke LA A B A5 2, N TAIR 0
(https://www. arabidopsis. org/) T #& #l B JF J& I 41 fn vE B85 B . L EMBL-Pfam £ % (http: //pfam. xfam.
org/) T # AMP %5 k4 3, i B & /R Al J 46 %1 (Hidden Markov Model, HMM) 3C 4 ( AMP-binding: PF00501) , i i
HMM # % 5 7 51 [7] P 1L 48 R T B (BLASTP) Hxt, i 16 58 46 1 1 B R 40 b & A O SF AAE S5 SR 8 1. X i
5 1y 45 B 4 5 7E Plam (http: //pfam. xfam. org/) f1 SMART %4} J& (http: //smart. embl-heidelberg. de/) #1745
A 5 5 A, 6 3 H AT 45 A S A G B i — 25 4T

W ilm I AAE R R 51 5 1R e 9 B 2L B 6 AAE UM RGEK WL AILACS ZR Y i
1 5138 3 A b BLASTP FL Xt 2 2846 5 78 MSLACS 3 R R i 51, 4 H 5 LR 7 AtLACS1~AtLACS9 [+ 41
) ] P52 A 44 0 MsLACS1~MsLACS9-2, 7 ExPASy 4l & (https: //www. expasy. org/) "1 XF 55 46 5 15 B £1
LACS 2 [1)7 4 47 3 Ak M 5 0000 20 b7, 32 B A0 45 26 11 4 7 it 45 A B AN R 48 0 R T M &R O B B K O
HIE .
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1.3 e

il FH 28 48 T 75 25 DX A 9 R SR R B (A K B LA B MSL A CS R 8 52 i B 45 B, Bl Mapchart v2. 2 8 {4
Xf AL A MsLACS K& 5 Y e 64 A2 7T 4L , 3% H] Adobe Tllustrator 2022 #44xf B 7 BEAT 181
1.4 Z%EF M

FIHA R T AILACS A M AL B 16 MSLACS ARG K F R . R Clustal W #4722 )5 41 LT, F
MEGAX 34, fift HI 48 3 3% 4% (neighbor joining, NI B3k B HRINSE AR G LB H . i ] Evolview v3
(https://www. evolgenius. info/evolview/#login) 4 i & K-, {# F§ Adobe Illustrator 2022 31k .
1.5 &a Rtk RAFFRR SN

fifi 1 GSDS (http://gsds. cbi. pku. edu. cn/) £ 28 HWi il MsLACS % K 25 4 , fifi F MEME (http://memesuite.
org/tools/meme) T- H HU MsLACS & [ OR 57 57, 52 EOCH AT 28 B, B R R e cid o 12, DL SR A R )7 98
JE BR 72 6 A1 200 5% 3£ Z 18] . F TBtools A 0] ¥4k
1.6 XA A T 57

fifi F§ TBtools #2& Bt MsLACS 3 A 1 4% 2 kb J¥ 31 /E >4 0 =X 1 I o 44 B0 4 5 sh 7 X . Rl #fE 4k T R
PlantCARE X MsLACS H R )i 2l W =CAE FH oo 44 2647 3000 , 9 FIF GSDS 78 e 3 44 22 il 10 25 2%, {fi A1 T Btools
B AOT WA A B
1.7 ALRHEFHLSH

it NCBIZA SR PR T 58 4 B 78 7 s B0, X Si AU HEAT AL 3, 43 BT ML A CS 25 EAS R 20 4L 1Y)
FIRNE O . il TBtools B Heatmap F2 ¥ X 4% 3% 35 B4 50mT 0 £k Ak B I DA P 2 8
1.8 % &PCR

3 qQRT-PCRE AR MsLACS SN FEZ 2178 2 AhAE A i T i A8 AR & 52 B RNA
56 cDNA . 5T 45 )7 51 (coding sequence, CDS) K &, fff H Primer Premier 5. 0 84 1+ 51 4, ¥ 4K B
K 150~250 bp, 5175 W% 1. qRT-PCR WK 5 A 20 puzlx,%,f;z VR F L cDNA BT 1 pl BS99 %%
0.6 pL.2X SuperReal Color PreMix 10. 0 pL Fl ddH,O 7.8 pL, S i #2445 1 45 : 95 °C, 15 min, 1 M EH 5 46 2
#:95°C, 10 3;55~65°C,20 ;72 °C, 32 ;40 MEH . IS & 3W AW FEE . i 8ds, 4/ 2> k=t
AR DR ) A 6 2R 58 4t (AR 4 GraphPad Prism 8 7E .

#£1 qRT-PCR3|4
Table1 qRT-PCR primers

FE[H Gene #5519 Forward primer (5’ —3") T U514 Reverse primer (3" —5")
MsLACSI-1 CATGCTGGGATGGCGTAAAAT AGTGAAGCACTTTTTGCAACC
MsLACSI1-2 TACCATGGGGTCAAAGCTCG CCAACAGTACCAAGCATGCAC
MsLACS2 TTGGTTTCATACAGCCATGAAAAT TTCTGTCGGGGACTACCACA
MsLACS3 CGGGGCTGTGGAGTTTGTTA CATGACCCCCGATCTTCTCA
MsLACSS GGAACGGGACCTTATCACTCC GCAGTCAGTAAAAGACAGCTCAT
MsLACSS ACTGGTGACATTGGGCGATT CCAGAGACTGACGTGAAGCA
MsLACS9-2 TTCAGGGTTGTTTCAGGCGA CAGCCGTGTCCAACAGATGA
Msactin CAAAAGATGGCAGATGCTGAGGAT CATGACACCAGTATGACGAGGTCG

1.9 ®EazFm%
HHH String EOHE PN MSLA CS kA 9 % 25 11 22 18] 19 85 F 5T ELAE 2%
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2 #REHn
2.1 R HHELACS AW Tk i % 2 B g 7 % G ALY F 47

3o HMM 48 5 5 BLASTP Jy i 00 56 76 1 78 4 9 41BCH 3047 5007, 45 1 10 MSLACS JE P . AR 4
S IF LACS 5B X R 56 28,85 104> MsLACS 34 iy 4 4 MsLACS 1~MsLACS9-2.,

XF S AL B AE LACS 8 1 i B 1 BT A7 5000 53 A7, 285 SR R W, MsLACS 4 & 5L 18 K/ Ry 584 (MsLLACS3) ~
860 aa (MsLACS9-1),F 4 K/N K 682.7 aa( % 2) . MsLACS & H A ¥ 4> 7 JFi & 4 65477. 89 (MsLACS3) ~
94959. 34 kD (MSLACS9-1) , 25 /1 5 5. 74(MsLACS1-2 Fl MSLACS2) ~8. 00( MsLACS1-1) , Bl 24~ g i 1t 55
P, 8 A MR IE 2 11 . W40 it & 7 45 SR £ W], MSLACS2 Ml MSLACS4 & i T 41 i #% , MsLACS5 ., MsLACS3,
MsLACS6 Fl MSLACS1-2 & {7 T 40 i i , MsLACS8 . MsLACS9-2 MsLACS1-1 fl MsLACS9-1 5 {i T -2 4
M7 R R e 84 L b, AN RasE BB MSLACS2 44/ T 40, BB 3 43 28 1 A g fa s 12 1 .

=

F2 MsLACSERFBEQENLERS
Table 2 Physicochemical property analysis of MsLACS gene encoded protein

SE P ID IR Grpih i ARUERE IREMRE ROKEN P40 i 5E A7
Gene Gene ID Number of ami-  Molecular ~ #ipl Instability —Fatsolubility Chromosomal — Subcellular localiza-
no acids (aa) ~ mass (kD) coefficient coefficient localization tion

MSLACS1-1 MsG0180004774.01. TO1 610 68724.49  8.00 27.09 88.48 Chrl £ {4 Chloroplast
MsLACS1-2 MsG0780041383.01. TO1 597 66899. 61 5.74 31.70 84.00 Chr? 41 A T Cytoplasm
MsLACS2  MsG0180001276.01. T02 654 73203.98  5.74 40.29 86.90 Chrl 4l B #% Cell nucleus
MsLACS3  MsG0480023684. 01. TO1 584 65477.89  6.66 31.47 87.77 Chr4 il 2 57 Cytoplasm
MsLACS4  MsG0580024346.01. TO1 662 73949.13  6.37 33.60 89.18 Chrb 2 1 #% Cell nucleus
MSLACSS  MsG0580024344.01. TO1 744 83552. 61 6.67 34.62 91.67 Chrb 4} J5T Cytoplasm
MsLACS6  MsG0180005634. 01. TO1 692 76661. 51 6.35 29.23 88.03 Chrl 411 i 5T Cytoplasm
MsLACSS — MsG0380016055. 01. T0O2 727 79391. 51 7.19 29.26 93.59 Chr3 It {4 Chloroplast
MSLACS9-1 MsG0380016352. 01. TO1 860 94959.34  6.30 31.37 98. 36 Chr3 -2 {4 Chloroplast
MSLACS9-2 MsG0180001085. 01. TO1 697 76384.23  6.51 30.95 95. 24 Chrl &% {4 Chloroplast

pl: 25 4 Isoelectric point; Chr: Y% /A& Chromosome.

2.2 RERZALSH

AR 2 76 B 7 B D2 A 1 B L 10 A MSLACS JE PR ¥ 5 b 43 A 46 5 2 e ik 1 (181 1), o 15 Y fk |4y
2 A4 MsLACS 3L, 31 5 5 Je ik B3 57 24 MSLACS 3L 9,4 1 7 5 4 ik B2 5 14 MsLACS
RSk B — X R E R RN

Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8

3620704.8 MsLACSS
3651055.3 MsLACS4
9946.0 MsLACS9-2
1020.0 MsLACS2

i
oo
[
~Wn

78480392.0 —— MsLACS8
82597480.0 = MsLACSI-1 82372464.0 T MsLACS9-1
88564712.0—H~ MsLACS3

94313920.0-g-MsLACSS 90329032.0 =~ MsLACS1-2

Bl ZHEBEMLACSERKLEBEE N
Fig.1 Chromosome location of MsLACS genes
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2.3 RALF oM

AL 10 MsLACS E H E 9 54 JF 9 i
A~ ALACS & IR 91 HE4T 5 49 % 7 404, B % LA OF
LACS 5325, 191 LACS 8 I #4r Jy 5 4k 4r %
(B 2 . %1 3% & AtLACSI, MsLACSI-1,
MsLACS1-2, % Il 345 AtLACS2 MsLACS2, 55 Il
AR AtLACS3  AtLACS4 . AtLACS5 . MsLACS3,
MsLACS4, MsLACSS5, % N 3 1 & AtLACS6,
AtLACS7., MsLACS6, % V I f $f AtLACSS.
AtLACS9 MsLACS8 MsLACS9-1 MsLACS9-2,
2.4 RARRTFTAFERLEMHH

i FH7E 4 MEME 48 & T 245 MsLACS & 111
PRSP, BB & 10~12 A SR SF 3T (] 3A)
MsLACS9-1 & Motif £ i £, 104~ , MsLACS4
MsLACSS5 fil MSLACS9-2 & 45 Motif 8 & fx £, 7y 12 E2 MsLACS 5 5k R 4 AL 4 47
N HAEAYEA 114 Motif, MsLACS £:H 15 & Fig.2 Phylogenetic analysis of the MsLACS gene family
A Motifl . Motif2 , Motif13 . Motif4 , Motif5 , Motif7 il
Motif9, H- b Motif3 #4) il AMP {1 <F 25 14 5

FIFH GSDS 2.0 78 £ M 35 %t 10 4~ MsLACS %k K 3F 47 JE 5 25 49 53 B (18 3B) |, & 3056 IR 25 40 A5 AR KO TA]
MSLACS JEH i & 40 8 7 80E 8 11~22 4 ,MsLACS Fl MsLACY-1 fif & 4h i T8 /b, 8 114, MsLACS6 &4 4h
WrmE,h221.

MsLACS4

AtLACS3

A s BHBTNDE s MEHHHIE I SRIEENG
O {R5FFEFF2 Motif 2

= {57 £ 12 Motif 12
mseacss  -MHIHIAM AT == {R5FIEFF6 Motif 6
’ O {57 5L 78 Motif 8
= (RS 5L 4 Motif 4
—msacs2 - MHITHITH HHHHHH o= X Tl DoEr ]
= RSP EE P 1 Motif 1

I RSFHEFFT Motif 7
Cer Mﬂﬂ]ﬂﬁ HII‘MMHHH = 4E4Rf1X Untranslated region (UTR)
+— mseacss  —HIHIIT- HI—HH-HE I 4HBIX Coding sequence (CDS)
msLacss —MHIMHHITH] TR

St T T T T 13" 57 T T T T T 13’
0 200 400 600 800 1000bp O 3000 6000 9000 12000 15000 18000 bp

B3 MsLACSRFEFRF (A)fEELEW (B) 517
Fig.3 Conserved motif (A), and gene structure (B) analyses of MsLACS

2.5 IR X AE A LA
& Bh PlantCARE U I 43 M T X S6 L A 1% 2 kb Jig s DX 3 Hp v 7 09 XA FH oo (1 4) L 25 SR & 3 10 4>
MsLACS S 1 )5 8+ X3 & A 33 4 =4 FH oo 44, He v o s i A7 OC e R 38 94 s R R CAE R ek 84, &8
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35 SRR WG BT KA R R R TT A | R B BRI T T R RN TT I S B AR 5 e i AR R R RN
TCE A 5 AR AR W) 30 AR AR FI JT AR 3k 54 AR AR IR R BT T R R on i RS S TT B L O 1 Ak
SRS B LSS A SR T I 44 AR A MY BHVL 25 4 00 81 K 50 2K 1 45 A 00 U DNA 25 45 86 1 25
AR HARAE I OT PRI 74 46 8 gl b oo DR Y O e T A R DT A

A 0 2 5B RIS SR T Cis-acting element involved in defense and stress responsiveness
[ 25 5ma i 15 764 Cis-acting regulatory element involved in light responsiveness
MsLACS4 e e e e e o e e e e | ﬁ”]ﬂ]f“ JG Light responsive element
MsLACSS T [ 2 5RE IR T Cis-acting regulatory element essential for the anaerobic induction
MsLACS3 — ... . ’;55 JitE TR I ST Cis-acting element involved in the abscisic acid responsiveness
MsLACS2 —" W [T 2504 SRR G Cis-acting regulatory element related to meristem expression
MsLACS]-] W, [T MYBi {42 5 5% S MYB binding site involved in drought-inducibility
MsLACSI-2 [T —mm—— " — [ S5 H4% 0220 Cis-acting regulatory element involved in circadian control
MsLACS6 .- T T iR G R #54) Part of a light responsive element
MsLACSS A ——— W [T Bl Fou eSS ITARNI-307047 Core promoter element around -30 of transcription start
MSLACS9-1 ——m— {7 - " 0 FoRE AR % 701 Cis-acting regulatory element involved in zein metabolism regulation
MsLACS9-2 ——————— . [ 2 5K I BLFIREAE A TG Cis-acting element involved in salicylic acid responsiveness
" T T T T 3" 0 e TR T R LI G Common cis-acting element in promoter and enhancer regions
0 300 600 900 1200 1500 b 2 RFLEA MR 76 Cis-regulatory element involved in endosperm expression
[ S SEFEHL—55) Part of a light responsive module
™ MYBZ5 40412 56 R MYB binding site involved in light responsiveness
B 5 AT SN FH TGP Cis-acting element involved in light responsiveness

Y Y JG1F Photoreactive element

Z T 59 i KRS DNA B4 Part of a conserved DNA module involved in light responsiveness
- i H sponse el t Y ¥
=] {gﬁi%\ﬁﬁ 1:': p,-(;i‘;ﬁn;,:ﬁs;zzf: CMENL - \IYRZE i 2 A A O MYB binding site involved in flavonoid biosynthetic genes regulation
== A JG ) Abiotic stress element s K%‘?"ﬁ’ﬁﬁﬁ Auxin-responsive element
== J Al 7C% Other components [ 60K #1454 172 60K protein binding site

9 Ji A F e F 2 56l 3 R IM#IE Cis-acting element involved in phytochrome down-regulation expression
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