Autumn (2024) 14 (1): 87-106.

Crop Biotechnology ©pen Access

DOI: 10.30473/ch.2024.70853.1963

ORIGINAL ARTICLE

Identification of FAD family genes in the genome of Spirulina
(Arthrospira platensis) microalgae and investigation of cellular
functions in response to abiotic stresses

Sahar Faraji!, Ghorbanali Nematzadeh'?, Seyed Kamal Kazemitabar?,
A“ Pakdin_PariZi3*(ORCID: 0000-0003-4570-8021)

1. Department of Plant Breeding,
Faculty of Crop Sciences, Sari
Agricultural ~ Sciences and  Natural
Resources University (SANRU), Sari,
Iran.

2. Department of Molecular Biology and
Genetics Engineering, Genetics and
Agricultural Biotechnology Institute of
Tabarestan, Sari Agricultural Sciences
and Natural Resources University
(SANRU), Sari, Iran.

3. Department of Citrus and Medicinal
Plants, Genetics and Agricultural
Biotechnology Institute of Tabarestan,
Sari Agricultural Sciences and Natural
Resources University (SANRU), Sari,
Iran.

Correspondence:
Ali Pakdin-Parizi

Email: a.pakdin@sanru.ac.ir

Received: 16, Mar. 2024
Accepted: 21, Jun. 2024

How to cite:

Faraji, S, Nematzadeh, Gh.,
Kazemitabar, S. K., & Pakdin-Parizi, A.
(2024). Identification of FAD family
genes in the genome of Spirulina
(Arthrospira platensis) microalgae and
investigation of cellular functions in
response to abiotic stresses. Crop
Biotechnology, 14(1), 87-106.

(DOI: 10.30473/ch.2024.70853.1963)

ABSTRACT

Arthrospira platensis (Spirulina) is a valuable photosynthesizing prokaryote with
numerous industrial and food applications. Fatty acid desaturase enzymes (FADSs)
are responsible for the production of monounsaturated and polyunsaturated fatty
acids. In the present study, the genome of A. platensis C1 was investigated using
bioinformatics methods in order to identify ApFAD genes family. A total of 8
ApFAD genes were identified in Spirulina genome and classified into Omega,
Sphingolipid, CrtR_beta-carotene-hydroxylase and Acyl-CoA groups. Four
conserved histidine motifs that are essential for binding to the di-iron structures
and catalytic activities were identified. Investigation of post-translational
modifications of ApFAD proteins revealed a wide range of glycosylation and
phosphorylation changes. Evaluation of FAD gene promoter regions revealed
different types of cis-regulatory elements responsive to phytohormones and stress
conditions, especially in Omega (ApFAD-6) and Acyl-lipid (ApFAD-3)
desaturases. Also, protein-protein interaction networks showed the relations
between ApFADs and genes involved in dealing with stresses through the
biosynthetic process of secondary metabolites and electron transfer. Analysis of
RNA-seq data of orthologous genes in Arabidopsis showed the potential of Omega
and Acyl-lipid genes, such as ApFAD-3, ApFAD-6 and ApFAD-7, in response to
various environmental stresses. In general, the results of this study can contribute
to a more complete understanding of the function of FAD genes in Spirulina and
lay the basis for the transgenic study of these genes with the aim of increasing the
content of unsaturated fatty acids, improving the nutritional value of oils, as well
as promoting the stress tolerance of plants.
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Shgzles dod= ol 09,5 b lasijo (sln gy (oS 52,8
) kb imie (ADFAD-7 4 ApFAD-5 ApFAD-3)
Slmog)S )3 (5 eige) ¥ (pdiiwd 4 4 S JLs
9 (APFAD-1) ;M—uSg)0n 435,LSL—CrtR .Omega
A olwlis (ApFAD-8 3 ApFAD-4) s sKia !
Yoare ( Lis FAD 535290 (it glacidse
HIQ(X)2— 5 H(X)2-3HH H(X)3-4H sLasSl L
Lo osBisg ol 5l b 5 Wlons i)lsS BHH

P aS s cbles sacws cbayldlu pl &8l 5o
G5kl 3 oy 4 gy oul (Johe 3Sles wila
V (piiwsd aas (Diaz et al., 2018) Lgi o oo
SlaSan 0 kS (B hdge) ¥ (pdsiund x> 5 Jb>
(Y Jods) M6 s yiws (APFAD-6 4 ApFAD-2) ||
sl 4l o s (V caige) V¥ pdiiud das ¢ it



5 (Arthrospira platensis) Lg el s 51y pg35 0,58 )3 FAD 0dlgils slagys ololis 1]y o g (50,5 a1

g e WS  (LalSS Lalgy oy cnl by 09 (o0 e Gk 5l poal-ls (gl )l Ls 4 Jlail daslyey
ey 9 of e, Slas b aluly > (saied sl GleMb Alonso et al., ) 5,5 o &y oiis cblas sl
NS pal )8 (2003

wbolig, wilise class LSS Ly, adlas
oamlie ) c(go335 (B> 5 (55 (Sacbiielan b

(<) (<)
10— ABEADS! | . S—— —_— -
54 APFAD-2 - - v
100] AGFADA. 11 —
100 APFAD4 g ——— " 1 "
AorAD) "' T — —— o— i 4
4 ApFAD-3 - " = Motif 6
woi ADFADS | 1V f—— : e p—t
APFAD-T — -
5 3
0 30 60 % 120 150 180 210 240 270 300 330 360 390

(z)

AE
¥l AL

- an
_z_,,,,Ié[cmMz%EéE@& )

ol ookl b (S5olid Lalg, gy (<All) ADFAD (slocyiigy 3 dbgiye o)l 5559 5 (g slociise (s53 ¢ Sijoled Laly, .V S
kol og)S a4y Wy sl 35 )3 FAD (sl Sy (NJ) (Soluwons 0358035 9y slae 3 sl g 1S5 1+ o+ g MEGAX Jl38l o5
A5 G BoSay don ) b HISBOX 1 plyiea Vojlod Cidge § 392 35 pancio yusdlS 2 )3 (uig slacisige (595Ul () 25 ol
s5e 8 il pasuie ADFAD (cloiySp o |y His-BoX oad cbli> 4ol oz d929 caige 1o (gl 00l (o GsSY (o) ()
ol o 13 g 55 ot (i 35 8] e g il o] (S5 Cllis e S0l (s09as

l.;.ﬁj5m»\ P APFAD (gl yiigp sl ;0 ond cbblas 5 (00 Slos piiivnd duxs @]95 £ Jg.)q-

s Box 1 Box 2 Box 3 Box 4
°y 5 o U . . % . . . .8 . o3
i Sy Cuxdgo Sy Cuxdgo Sy Cuxdgo Sy Sy
Sequence Position Sequence Position Sequence Position Sequence Position
ApFAD-1 HDASH 68-88 - - - - HLIHH 224-264
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Molecular Function
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activity
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oxidation
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activity

® iron ion binding

Biological Process
m lipid metabolic process

® carboxylic acid metabolic
process

cellular lipid metabolic process
fatty acid biosynthetic process

= unsaturated fatty acid
biosynthelic process

= Biosynthesis of secondary
metabolites

= Lipid glycosylation

Cellular Component

= membrane
= thylakoid

# plasma membrane
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