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Abstract: Fatty acid desaturases(FADs) play an important role in plant growth, development, and stress response by
catalyzing the formation of double bonds in fatty acid acyl chains to regulate unsaturated fatty acid synthesis. To analyze the
molecular characteristics of the FAD gene family in sorghum, in this study, a combined screening strategy of Blastp and
Hidden Markov Model(HMM) was used based on 20 FAD protein sequences in rice to identify 24 SAFAD gene family
members from the sorghum genome, and bioinformatics analysis was systematically conducted. The research results showed
that 24 SOFAD genes were unevenly distributed on 9 chromosomes, with the highest distribution density on chromosomes 1,
2, and 4(each containing 4 members). The analysis of protein physicochemical properties showed that the number of amino acid

residues in ShFAD protein ranged from 325 to 480, with a theoretical isoelectric point(pI) of 5.26-9.33, and most of them were
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hydrophilic. Systematic evolutionary analysis revealed that SbFAD protein was highly conserved with rice homologous genes,
and members of the same subfamily had similar conserved motif compositions. The gene structure showed significant
differences, with a range of 2-10 exons, among which SOFADZ21 contained 10 exons. All members contained typical fatty acid
desaturase domains, with SbFADO06/SbFADO9 carrying an additional cytochrome b5(Cyt-b5) domain. Subcellular localization
prediction showed that it was mainly located in chloroplasts and plasma membranes, with secondary structures mainly
consisting of alpha helixes and random coils. Gene replication analysis suggested that fragment duplication events were involved
in family amplification and highly homologous to FADs in maize and rice. The promoter region was enriched with hormone
responsive, abiotic stress, and developmental related cis acting elements. Expression profiling analysis showed that six
members of Heatmap clustering | were widely expressed throughout the entire growth period and multiple tissues of sorghum.

This study provided a systematic elucidation of the evolutionary characteristics and functional differentiation patterns of the

sorghum FAD gene family.

Keywords: sorghum; fatty acid desaturase; Hidden Markov Model; gene family; subcellular localization

A4 40 A 0 BB 1 285 ) o0 A M S T R R
B H BT E N BE T, Herb, R 0 A D7 1R
R VR I R GE s A A DB E L VR R IRAR
= E Y By, N W R A AR RN RE K HL AR X B
T 5 W) FE A A 72 IR R T R A e N 3R R 6 3 AR R
KA HAE T, YN8 T R S VR RN B R T T A AL
Wof AT B Y YR ot 25 ) OB e 2 A A 1) e L IR L A
117 438 ik 240 A 8 7 A s ¥R BE T %) 2B RS AR R
i B H RCEE A B 22 S, A I D R T 43 S A R g
5 i (SFA) LB 46 AR 07 iR (MUF A) il 2 40
Fg W5 2 (PUFA) , Ho , MUFA #5 {¢ 7E C9-C10
V7 A5 B BN XUEE (1) 45 F (M R ) , i PUF A W) 45
T CO DL At Ji B A 24 B DA B WU i 4 7 9% X (i
PR Lo PR AR )™, (EAFTE RS, PUFA & &
508 ) G TR E N R I A G, H o g
Jig T 2h 1k R e R AR (I T RE AN 52, R THEY)
A AV I PO 38 1) 25 R R L X — A AL E
PR S AR W B FE I B Y LR

JIg 7 B2 25 16 F1 it (Fatty acid desaturase, FAD)
AR Sk V8 8 JEC g S 1 R R A S e i AR, 0o i AL IR
5 i A 5 R AT O 1 T B, L 42 DR E A W R O
SR Ak B S TR SR
W) & 5% 2 of LI D) Be AT 4R R T FAD %
DAL 7 A 9 B 3 b 9 %0 AR L LR AR LR 5T
WiEEZ YRR EPUFENLHIATF Iy i, B
BRI TFAE A b S E 1 ARFAD2-2.1/2.2 3£ M i
AR S KB R B OR XN R ES 5% W
300 7 5 2L b S B 28 A5 IR B 15 0 v 5 B 1Y Po-
FADG 3N ARG 3Rk B 2 L, of— 24k
TE T =6 i 7 B2 2 16 F0 i e {15 76038 B 6 2 R
SEPE . KR OsEADS 3 R B 38 56 ) S 1) 96 30F T
X — HL il 28 7F PR TE AR R T R 3 Bl M B

+4(0-

1%, I 52 3% 56 R XS B Ag 4 B CR AS  0  AS iT Bk
B AR T R A D T 8L R T fad 6 98 AR AR 5
S5 R RN 8 R i 2 A BOER OB RS i, i
T T v AR B R A AR L d8 R FADG I8 i
PR etk 2 58 Mt B ™. F i LeFAD3
FE D 1 i 2 3k K 08 i — 20 R 52 i AL A B
ol 3t 335 P A ik DR R e B B R Y R T 30 T A2
P T AR BT R R R D ZHANG VRS &
P, M B ot F 3k FADS3/FADS 0] i i 16 56 i g £
SE P G 35 B TR R G T 5 B A W 3E 1 A AR
T, — K5 E AcoFAD2 3L N bk R P FE 1
BB R I F KW FAD JE N A Z EH i)
M. (R EE MR, FAD 5N Z 5 Wl i 19 o BE
AR e . N, i LeFAD7 36 R T 2k
PR ZR 2 B X R T I 300 A O M S L R AN T
FAD WA A] G 38 2of 22 5 0 4% B s 20 il 2 5 1R B2 iy
30 X i W X SRR Y AR R G R T FAD
DR G T A R ) 300 45 0 27 v A A O b A, Y T
X R A BHE ) 45 0 02 w55 5 FAD 3% R i Ty 68 fi Bt
AR ZS F1, i 2940 SE BT 3 43 F HLR R AR .

5 (Sorghum bicolor L) & RAFL = 5 )& 14F
A REAKE Y, S A R R A AR, IR i 2
e Ay H A AR AR B TR
T b S GE g i A5 D7 T, BT AR R Y R A
HM AT, B & 2R 5 Ak ) BN W7 in R T I A
Ak A= Wy 0 30 55 PR A 2 0 R R T TR Y 0L P
o PRI, AR GE I 5T e S 0 R TR ) e B HE i e
e 1 AL i AT SRR . A S R B L AR
0 T2 25 1 AN (F AD ) 76 A 0 A8 K I 438 R v 15 o i
HOREANT R AW IRE . N E BT RS R 25
TR R (FAD) 7 =5 5 3k P41 v (9 43 A R AE | A< F
€ T B 4 L A Bl R A AR B A e



SR IR A ¢ i S A D JE IR G0 1 A PR A 58 15 A AR L 2 A A

TH,RZGITET FAD BN FHEEE T, did
Xt HS L AR R T R SR T R R P AR E L K
B DX 45 b 45 AT 20 2 B TOIN 0 B A T SEREY
FAD Z WG, & 16 0 Jm 25 I vg B 5 D) RE B ik
HIF 5 48 10 B R SO H

1 MoRAr 7 %

1.1 RIe A

i S 4 ik DR 2H 0 HE K A 1 5T A1) R T R S
4 X Ensembl Plants ##& & (http://plants.ensembl.
org/index.html) 28 4% ; [7] i #l 48 & &K R 19 2 % X
ik, A MSU-RGAP 4% (http://rice.plantbiology.
msu.edu/)3KHL 20 55 K #% FAD 2 (741
1.2 WEHE
1.2.1  SbFAD F: N R s b1 5 il [ I b
XoF 5 25 K SR AE 43 BT RE 25 G 1 SR s 7 35 5 SR B D7
iz A A (FAD) JE PR Z L . & 5, UK A
MSU-RGAP ¥4 & 19 20 4 FAD & H T 51
AT 5, K H Blastp 2 77 % = 3 2 2% B 41 8 1
JO RS A 2 R AT TR B, 0 25 A G B FAD fige i
FH ., B JE T Plam 5085 2 7P ) FA _Desaturase
(PF00487) #1 FA Desaturase2 (PF03405) 4% ¥y 1
Bt SR A RAAL(HMM) , i I HMMER 3.0 %X
1o S A L R A R 1T 90 R AT R S 2 4 A e R
3 Ao U 6 E G 1 HL A MU F A D B g 45+ 48  fk
i g
1.2.2 SbFAD ZENZ M G g iR
M GFF3 3 [N 21 T8 B SCOF b i B4 30 3
FAD 5& G805 i 5% AE e iR b 19 43 A5 4% 00, 9
H A W) 15 B K TBtools 2 il 4 {4 1k & 17 4
A [ e
1.2.3  SOFAD N KA 5 450 o B 3l i
AEWE B 07 R G AT R B FAD B R 55 R
fIF o BT NCBIF ST 45 #4388 )72 (Conserved do-
main database, CDD) 9 Batch CD-Search T. H %
JE 5 3 FAD 4R H R SF 45 #8380 4H 1%, & ] TBtools
BEAT AT AAL 43 T 5 2 — 2Dl i MEME 75 6 6 %
3 FAD 8 T 90 AT R ~F 57 B ( S 8080 0E -
Motif £t =10) , 45 & 5 N 41 3 B S, iz | TB-
tools #& & Fk [y o3 A 5 5L TR 45 M R AIE , B M 2
e FAD ZGE IR ST B 7 M R 25 pg e =8
1.2.4  SOFAD BN A B R G Bbtb e
TERS5KBFAD & AP MES S, R

MEGA11#47 2578t , Jf38 13 Neighbor-Joining
BE (S8 Poisson i #I pairwise deletion,1 000 X
Bootstrap) 14 & & 4t & B W, & G ff B SOFAD 3
M OsFAD 5 B 8] (9 #F 16 5% 2 X R 5 40 ik
B

1.2.5  SOEAD % [N 5k B 51 19 S0 240 Jd 5 o7 e —
WA M Ry T TR FAD B R 5 R
TE 40 B v B 60 o A 1 O, R FE e A= W 5 B
T H WoLF PSORT (https://wolfpsort.hgc.jp/) ¥t
5 FAD 8 FEAT B0 2047 o TR R A= 9 15 R,
FAEL T H SOPMA X 5 3 FAD & H Bt 7 — 4%
EERIRUTRIITI

1.2.6  SOFAD % IR 5 5l 54 19 W2 AF H oG 1
W R [V IEPE Sy A R T AR W5 I8 2% O 1 i v B
FAD B s #EHLH 5 #E LR AE . 5 e i 24 1>
5 FAD 3B g 2h 7 X (B 37 2 000 bp) , i i
PlantCARE 7E £k °F- & 100 =7 FH oo 4, JF R H
TBtools 5 3 a] # AL 73 #7 ; [F] i) 12 F§ MCScanX 5.
A PR T OKAE R K B S D 4 2 v (K]
WL 455 RN B & A AR K5 B (TBtools On-
estep MCScanX # 3t ) , il i Advanced Circos T GE
HEAT Z 4 A O R T AL

1.2.7  SOFAD e N R 5 B BB 7 4 #l
H Expression Atlas (https://www. ebi. ac. uk/gxa/
home ) 3 i 3 1 R A6 7 55 22 21 8L S Al Bl
% TBtools #1156 AL V3 — b 4b B 5 2% 57 43
Br , iz IR D e p B 2 B A B

2 HR G A

2.1 SPFADEAEZRKEHEAMERER

i 1 R A () PR L T 5 A R S e TR
S A P i 52 24 A BT 58 B FAD R 57 45 4 45k
FSE R R (R 1) o BE T Y R Py 3 i 25 21 |
iz 4% 3 DR AL e 5 0k B 9 421k HEB R o H &R
Bt 44 N SbFADO1~SbFAD24., & 115 AL 1
R RTINS 3 Ak RCRNE =R 8y )
325~480 1, H , SbFADO02 . SbFAD11(397 4>) |
SbFADO05,SbFAD08(4084~) .ShFAD07,.SbFAD17
(4144>) }2 SbDFADO1,SbFAD23(429 4> ) &2 B [7] 5
FERX ARG . o F i K/ R 37.38~52.95 ku,
FRIE % |1 A (pl) N 5.26~9.33, H v, SbFADO3
SbFADO7, SbFAD10, SbFADI1, SbFAD12, Sh-
FAD13.SbFADI18 . ShFAD23 . ShFAD24 % 9 i

4]



WP gl Bl 2% 2026 445 54 55 1

Bpl<<7, W R BRPEFRE A 15 R pI=>7, B
PEREME . AR BURRUE PR A BT 4 R R W], SDPFADO9
SbFAD14 ., SbFADI15, SbFADI17 ., ShFAD20 .
SbFAD22%F 6 A4~ i bt i A Fe e R B<<40, fF 5 F2

FE R AR IR A 18 U A e RECH 33.09~
56.81, J@AEFRE B H o SRE KM BT A R R L BR
SbFADO5 ., SbFADO6 Fll SbFADO9 4k, H 4 21 4>
B DL BAT AR SRR (GRAVY <20) .

*1 SRFADELEUMHR
Tab.1 Physicochemical properties of sorghum FAD protein

eWas i REREE pn meemon  AmmEsm s SAETER
Gene name  Transcript ID fno acids Molecular weight Isoelectric point Instability index Aliphatic index rand average o
number hydropathicity
SbFADO1 EER91728 429 47 460.20 8.76 40.75 82.00 -0.265
SbFADO2 KXG38796 397 44 742.62 7.15 51.49 73.85 -0.421
SbFADO3 0QU92381 449 48 040.38 6.47 42.92 80.51 -0.110
SbFAD04 EER92416 451 49 937.37 8.94 43.79 87.21 -0.125
SbFADO05 EER98035 408 45 055.54 9.01 43.90 91.91 0.046
SbFADO6 EER96598 464 51 246.07 8.48 43.50 93.02 0.131
SbFADO07 KXG35977 414 45 553.86 6.79 45.22 80.19 -0.287
SbFADOS EER97799 408 45993.74 9.20 45.17 88.95 -0.114
SbFADO09 EES00908 480 52 950.03 9.33 33.09 84.17 0.024
SbFADI0 EES01858 380 42 715.72 6.62 40.43 76.87 -0.352
SbFADI1 EES04113 397 45094.48 6.44 40.13 78.66 -0.433
SbFADI2 KXG30261 416 46 723.89 6.62 48.59 69.54 -0.397
SbFADI13 0OQU85014 377 39 806.05 5.26 54.71 81.43 -0.173
SbFAD14 EES05625 385 44 208.95 8.59 39.47 88.88 -0.024
SOFADI15 KXG30881 387 44 350.15 8.57 38.69 87.98 -0.064
SbFADI6 EES09078 389 44 775.26 8.83 42.11 84.19 -0.275
SbFAD17 EES09079 414 47 202.03 8.95 37.81 80.10 -0.262
SbFADI8 EES10606 392 44 736.02 6.53 42.49 77.93 -0.466
SbFAD19 EES11163 325 37 384.11 7.32 45.89 88.83 -0.042
SbFAD20 KXG24679 423 46 972.56 8.18 39.82 81.56 -0.286
SHbFADZ21 EES15058 445 51673.95 9.13 56.81 84.58 -0.122
SbFAD22 KXG22757 388 44 662.25 8.66 34.88 82.14 -0.258
SbFAD23 EES16485 429 48 949.88 9.13 40.66 75.48 -0.361
SbFAD24 EER88838 410 45 569.03 6.71 53.84 73.88 -0.284
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Fig.1 Phylogenetic analysis of FAD gene family in sorghum
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Fig.2 Visualization of FAD protein domain in sorghum
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Fig.3 Conservative motif sequence of FAD protein in sorghum
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Fig.4 The motifs (A) and gene structure (B) of the FAD gene family members in sorghum
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Tab.2 Subcellular localization of FAD family genes in sorghum

HE K 24 Bk (AT (C¥ix HE R 44 B (VAL (i
Gene name Position Score Gene name Position Score
SbFADO1 -2 A 12.0 SbFAD13 -2 ¢ 13.0
S6FADO2 £ ¢ 14.0 SbFAD14 JoJE 6.0
S6FADO3 £ ¢ 13.0 SbFADI5 Jo 7.5
SbFADO4 I £ ¢ 6.0 SbFADI6 T 7.0
SbFADOS oyl 5.5 SbFAD17 S5 JUN 8.0
SbFADO6 P e 4.5 SbFADIS - A 12.0
SbFADO7 RS 11.0 ShFAD19 gl Ao 7.0
SbFADOS -2 ¢ 5.0 SbFAD20 -2 ¢ 13.0
S6bFADO9 Jo 5 10.0 SHbFAD21 I 25 A 5.0
SbFADI10 £ ¢ 11.5 SbFAD22 RSN 4.0
SHFADI1 I 2k 12.0 SbFAD23 VN 11.0
S6FADI2 RS 14.0 SbFAD24 RS 14.0
*3 BRFADXKRERM_REHTN
Tab.3 Prediction of secondary structure of FAD family genes in sorghum %
HE K 24 TR a1 JiE A& ORI i S fif HE R 44 B a1 JiE B-Hr&  JCHLI S fif
Gene name  Alpha helix Betaturn Random coil Extended strand | Gene name Alpha helix Beta turn Random coil Extended strand
SbFADO1 58.28 2.80 36.83 2.10 SbFAD13 42.71 6.90 40.58 9.81
SbFADO2 57.68 2.52 37.53 2.27 SbFAD 14 45.45 1.56 43.64 9.35
SObFADO3 55.90 3.12 36.97 4.01 SOFAD15 43.15 1.29 46.51 9.04
SbFADO4 39.25 1.77 51.44 7.54 SbFAD16 42.67 2.31 45.24 9.77
SbFADOS 46.08 0.98 44.61 8.33 SbFAD17 41.79 1.45 49.03 7.73
SbFADO06 49.57 3.66 35.34 11.42 SObFADI18 62.24 1.79 33.16 2.81
SOFADO7 60.39 2.66 34.06 2.90 SHFAD19 51.08 1.23 41.85 5.85
SbFADOS 38.48 1.96 51.47 8.09 SOFAD20 60.28 2.60 35.46 1.65
SbFADO9 43.96 3.54 41.04 11.46 SbFAD21 41.57 1.80 49.89 6.74
SObFADI10 62.89 3.95 30.79 2.37 SOFAD22 43.56 2.06 46.91 7.47
SbFADI11 60.96 2.77 33.50 2.77 SbFAD23 43.59 2.10 47.55 6.76
SbFAD12 60.34 3.61 35.10 0.96 SbFAD24 59.02 2.20 34.63 4.15
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Fig.6 Analysis of cis—acting elements of FAD family genes in sorghum
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Fig.9 Expression profiling analysis of FAD family genes in sorghum
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