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Abstract: Paurocephala sauteri Enderlein is an important pest of tropical and subtropical mulberry, which seriously
threatens the diversified development of tropical sericulture industry. Fatty acyl-CoA reductase (FAR) exists in various
organisms and participates in the biosynthesis of fatty acid derivatives, and then participates in many life activities such
as wax synthesis, reproduction, sexual information recognition and communication. A total of 23 FAR genes were
screened in this study. Protein analysis showed that most of them were alkaline proteins with hydrophilicity. Subcellular
localization prediction found that 17 FAR proteins were located in the cytoplasm, one FAR proteinin the mitochondria,
one FAR protein in the nucleus, and four FAR proteins in the plasma membrane, indicating that the main place for the
PsSmFAR gene to function was the cytoplasm. Combined with the function of other known insect FAR genes and the
expression analysis of FAR genes in nymphs, female adults, male adults and different parts of P. sauteri, it was found
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that FAR genes could be involved in development, reproduction, wax synthesis, cuticle synthesis, pheromone synthesis
and detoxification. In addition to seven genes only involved in wax synthesis, the remaining 16 genes may be involved
in multiple biological functions, including 16 genes (69.56%) involved in reproduction, 16 genes (69.56%) involved in
wax synthesis, 12 genes (52.17%) involved in cuticle synthesis, and nine genes (39.13%) involved in development.
There were five genes (21.74%) related to detoxification and four genes (17.39%) related to pheromone synthesis. In
this study, based on the transcriptome sequencing analysis, the identification, sequence composition and expression
analysis of the FAR gene family were carried out to explore the function of the FAR gene in the life activities of the P.
sauteri, and to provide a theoretical basis for its efficient prevention and control technology and the development and
application of targeted insecticides. Further verification of subsequent functions would provide a basis for the develop-
ment of precise prevention and control agents targeting the FAR gene.

Keywords: Paurocephala sauteri Enderlein; FAR gene family; subcellular localization; gene expression; functional prediction
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Tab. 1

#£1 F/NLAE PsmFAR KNS5 ¥ 5

PSMFAR and internal reference primer sequences of P. sauteri

LK A FR Gene name

IEM 514 (5'-3") Forward primer (5'-3")

5|4 (5'-3") Reverse primer (5'-3")

PsmFAR-1 ACACCCTTTCCAGCTCCTATGAG
PsmFAR-2 ATCAGTTGGAGGCGGGTAAGG
PsmFAR-3 TGTCCATGATGACCTCTTTAACCAG
PsmFAR-4 CCGCACTAATCCAATTCCCACTC
PsmFAR-5 ATTGCAGGAGCGACTAGATTGTTAC
PsmFAR-6 AGCTGTTGGGTTAGGTATAATGAGA
PsmFAR-7 ATTGCATTTGTTACACGATCTCCAG
PsmFAR-8 TGGAGTGGATGGACGCAGATAC
PsmFAR-9 CTGCAGGTGTAGGAATTGGGT
PsmFAR-10 CATCTACATCTCTACGGCATACGC
PsmFAR-11 ACAAGCCAGTTCTTTACCTCAAGC
PsmFAR-12 CAAAGTTGCCGATTTAGTTCCAGTG
PsmFAR-13 TCGTTCACTCATCAACAGCATTCTG
PsmFAR-14 TGTACGGTCCAGTCGGTATGATG
PsmFAR-15 ACCCTGTGCCTCCTGTGATAAG
PsmFAR-16 AGCTGCTGTTACTATTCCTGTTGG
PsmFAR-17 AGGAATCAGATTGCTACCCAGTTTG
PsmFAR-18 CAACTCGGATAAGACCTGCCATAATAC
PsmFAR-19 AGGTACTTGATGTGGCATGATATACTG
PsmFAR-20 AGGAATCAGCAAAGAAGATCAGCAG
PsmFAR-21 GGTGATGAAGCCTACAGAACTGATAG
PsmFAR-22 GACACACTAACCGAAA
PsmFAR-23 TCGCCCATCAGTCATTGTTTCTAC
GAPDH TGTTTGTTTGTGGAGT

CATGAGGCCCAGTATTGTTGTACC
CACGGTGCTGCCACTATTCG
CAGGGAACAAAGCATAAGAGTTTGC
TTATCATGCCAACACTGGAAGATCC
CAGGTTCTGGACTGGGAATTGTAAG
CCAATTTCCCAACCTACAGCAA
CCAATGGCATTAATTTTAGCAGGTG
TTGTGTAGGTGTAACTGTTCGGATG
TCACCAGGTACCATATCAAGTTT
AATGAGTGCTGGTGAAAGACATCC
GCAACAGCAGAGCGAGTCATC
TCTGTCGTGTATCATCGCTGTTATTG
AAGCATCAACACTCATCCAAGTACC
GTCTTCTCTTGCGTTACCCACTTG
AAATGACTGCCAGAGTATCCGTAAC
AGACCTTCTCAAGTGACTACATTAGC
CAGTTGGTCCATACAGGTTGTCTATC
ATGATGTTCCCGCCTGTATATTTCG
TGTTGTACGGCGATTACCAGTTG
AGAGGGTGGATACGTGAACTACTAC
CTGCCATTTGTTTAGTGAGCGTATATG
GACTACCAAATCTACG
CAAGTCCTACACCAACTGTCATACC
GAATGATGTTTTGAGC
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3. motif 5. motif 8 IHBIKEIRZE, ¥ H 21K,
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2 W, R D . Hrp motif 7. motif 9 J& T
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motif 8 J& T NADB Rossmann 2543 (& 1),

K2 BNLAKAFARFKEERER

Tab. 2 Basic information of FAR family in P. sauteri

S 42 i AR S T A T%%%M HEHB%%{ FHIRK REL V40 fif R o7
Gene name Nu:mber pf Mqlecular Theoretical pl Instability in- Aliphatic in- Grand average of Sub—c'elll'llar
amino acids weight/Da dex dex hydropathicity localization
PsmFAR-1 125 14 069.22 8.46 27.14 84.88 -0.145 2 S5
PsmFAR-2 136 15 441.99 6.24 38.93 93.24 -0.229 2 I
PsmFAR-3 63 7313.43 4.93 44.58 109.84 -0.171 2 I
PsmFAR-4 320 37 094.96 7.72 50.43 100.78 -0.114 i T
PSMFAR-5 511 59 699.28 8.58 37.55 98.20 -0.055 JB i
PsmFAR-6 390 44 414.84 5.97 39.26 97.18 -0.296 2 5T
PsmFAR-7 389 45 485.01 5.99 47.96 95.71 -0.502 Eiliofin
PsmFAR-8 460 52 389.21 8.97 35.77 101.70 -0.085 2 I
PsmFAR-9 292 33 809.20 8.75 39.61 98.12 -0.152 2 o
PsmFAR-10 548 63 607.33 8.09 33.63 94.43 -0.146 i 5T
PsmFAR-11 531 60 625.64 9.17 37.34 96.93 -0.101 4l fifL 5
PsmFAR-12 533 61 534.50 8.10 35.27 98.20 -0.086 2 TRUN
PsmMFAR-13 528 60 403.13 9.22 37.27 96.70 -0.016 oY
PsmFAR-14 548 62 576.78 8.62 30.86 102.04 -0.039 o g
PsmFAR-15 487 55 425.40 8.76 40.77 92.53 -0.170 2 o
PSMFAR-16 507 58 469.31 8.83 38.77 98.24 -0.097 2 it 5
PsmFAR-17 498 57 828.15 8.84 32.08 94.14 -0.186 il fifL 5
PsmFAR-18 507 58 439.00 8.94 40.82 99.84 ~0.103 4l i 5
PsmFAR-19 508 57 996.71 9.22 46.88 105.31 0.086 S5
PsmFAR-20 560 64 518.52 7.97 43.17 94.82 -0.088 2 o
PsmFAR-21 508 58 050.82 9.19 30.09 98.23 -0.115 I A%
PSmFAR-22 570 65 649.55 6.93 34.13 99.00 -0.062 o
PsmFAR-23 575 66 180.04 8.91 35.89 104.78 -0.026 JB i
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Tab. 3 Prediction of the secondary structure of FAR family in P. sauteri
HE K 4 a- 1R i SE A B TCHLI 2 HE K 4 o- 1Rt SE A B TCHLI 2
Gene name Alpha helix/% Extended strand/% Random coil/% Gene name Alpha helix/% Extended strand/% Random coil/%
PsmFAR-1 20.00 21.60 58.40 PsmFAR-13 48.67 14.02 37.31
PsmFAR-2 58.82 15.44 25.74 PsmFAR-14 47.45 13.32 39.23
PsmFAR-3 34.92 15.87 49.21 PsmFAR15 42.51 15.40 42.09
PsmFAR-4 42.19 16.88 40.94 PsmFAR-16 46.75 14.60 38.66
PsmFAR-5 48.53 14.29 37.18 PsmFAR-17 46.99 14.26 38.76
PsmFAR-6 48.21 15.38 36.41 PsmFAR-18 46.94 14.60 38.46
PsmFAR-7 44.99 13.37 41.65 PsmFAR-19 49.21 14.76 36.02
PsmFAR-8 44.13 15.65 40.22 PsmFAR-20 45.18 13.04 41.79
PsmFAR-9 40.41 17.81 41.78 PsmFAR-21 45.08 14.57 40.35
PsmFAR-10 46.17 13.14 40.69 PsmFAR-22 4491 12.81 42.28
PsmFAR-11 47.83 13.94 38.23 PsmFAR-23 48.87 13.57 37.57
PsmFAR-12 47.65 13.51 38.84
PsmFAR-1 [TY}] PsmFAR-1 "] % ﬁgi E%O
PsmFAR-2 PsmFAR-2 [T Motif 13
PsmFAR-3 n-_Dm PsmFAR-3 m:] E Mg: %%2
PsmFAR-4 TN TH- PsmFAR-4 g Mg{ HG
[ Motif 1
PsmFAR-5 HTHAHATHIN PsmFAR-5 ] T 1 = Motif 4
PsmFAR-6 —[TYMIP-AT- PsmFAR-6 [ [T —yrnits
PsmFAR-7 PN T—— PsmFAR-7 [ ] — vy
PsmFAR-5 (THPCTATY PsmFAR-§ [ == Mot 13
PsmFAR-9 ™[ TH} PsmFAR-9[ ] [T"INADB_Rossmann superfamily
PsmFAR-10 - TH™PTH-AC— PsmFAR-10["] T 1] EFAR C
PsmFAR-11 -TP{MIPACTIRACT PsmFAR-11 [ T 1]
PsmFAR-12 TN PsmFAR-12[] T 1]
PsmFAR-13 TTH™MN THIN — PsmFAR-13 ] [T T
PsmFAR-14 -MTYIPN TN PsmFAR-14[7] T 1
PsmFAR-15 TPV THIANR PsmFAR-15 | T 1
PsmFAR-16 {THTN THIM - PsmFAR-16 || T T]
PsmFAR-17 TR PsmFAR-17 ] T 1
PsmFAR-18 THMP-A T PsmFAR-18 ] T T
PsmFAR-19 [TH™TR T PsmFAR-19 | T T
PsmFAR-20 TP THIN—  PsmFAR-20[] T 1
PsmFAR-21 —[THSTW THINA - PsmFAR-21 [ | [T T
PsmFAR-22 -PPTVOTHIAM-  PsmFAR-22[7] T T
PsmFAR-23 —[TUTN THI-M—  PsmFAR-23[] T 1
S'e— v 3 S 1 3
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Prediction of conserved motifs of FAR family in P. sauteri
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H1 PSmFAR-9 ). 7 J% VIl ( PSMFAR-10, PsmFAR-14
PsmFAR-20. PsmFAR-22 fil PsmFAR-23 ), IIJ%& X
( PSMFAR-3, PSmFAR-15 , PSMFAR-16 , PSmFAR-17
Ml PsmFAR-18) ([ 2 ), ik I h L iiE i
AMFAR 5 K 3= 2 5 8 B 65 A OC s R IV iy
NIFARS i [R5 %2 5 B8 AR 2 A 2 & A 56
WGV CHiER 5 MHEHE NIFAR3, CsFAR,

EpFAR, NIFARLO il MVFAR 7E 4 & . 251 . IR
. FRERAM P EHEELZAEN; WiEIH L
£, Z/NRREAY 54 FAR 2EH, A—%E,
PEAALR 2 DTGP AL TIRE, A Hrix st
WA 5% . WA . RRATZE G

B VITH () PSFARL 3 R = LA 0 I (1) A= 0 5 1k
hREEEEEH, EHEXTH 5 RN
( PSFAR3, DmFAR, NIFAR6, NIFAR7 F11 NIFAR9 )
FESEE . BIH . KRR EE A UG

I

Tavawd

119690100 AN

1'6S0V6[TV #AVAIS

FRPETI , F/h AREA N FAR FEREZE T, B
TASFEE A RS 5 BTG T Re sk, Har 16 4>
KR RS 52 e Tiae, WIRERINA 16
A (6956% ), WRIEFRAKRMWIAE 16 1
(69.56% ), HHARFMITZE AW AH 12 1
(52.17%), SEBEMHXHA 91 (39.13%), 5
TR AT 54 (21.74% ), 515 B E S AHX
A 44 (17.39%) (£ 4),

24 BINLAE FAR EEEAFHADRHR
Y2 1)

X /NS AR LIS AT L L B B FAR
FEHFE R IR FEESAT R, 5 AR
151 FAR 2 H( PSmFAR-1,PSmFAR-2 , PSmFAR-3,
PSMFAR-4, PsmFAR-5, PsmFAR-6, PsmFAR-8,
PSmMFAR-10, PSMFAR-11 , PSmFAR-13 , PsmFAR-14 ,
PSMFAR-19 , PSmFAR-20 , PSmFAR-21 , PSmFAR-22 )
(IR W T ME R A MR (B 3), H
A 13 43 PSmFAR-1, PSmFAR-2 , PSmFAR-4 ,
PSMFAR-5, PsmFAR-6, PsmFAR-8, PsmFAR-10,

YVFAR ADD62439

YPFAR A

it

'S
NIFAR4 AWI25028.1
CsFAR UVF71834.1
NIFAR3 AWJ25030, |

2 BNIABEHMEN FAR RENREZLER
Fig. 2 Phylogenetic tree of FAR family of P. sauteri and other organisms
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Tab. 4 Functional prediction analysis of FAR gene family in P. sauteri

s FEH e LB 7k AASGHE A GenBank #5455
No. Gene Function prediction Related species Related gene  GenBank accession
I PsmFAR-11, PsmFAR-12 A Apis mellifera AmFAR ADJ56408.1
IV  PsmFAR-19, PsmFAR-21 Bhy . AFRMFE)Z 4 Nilaparvata lugens NIFAR4 AWJ25028.1
V  PsmFAR-1, PsmFAR-2, PsmFAR-8, RE . . WEFi4 ;. Chilo suppressalis CsFAR UVF71834.1
PSMFAR-13 HERELM Nilaparvata lugens NIFAR3 AWJ25030.1
Nilaparvata lugens NIFAR10 AWJ25021.1
Ericerus pela EpFAR AGK27745.1
Maruca vitrata MVFAR UEV87807.1
VI PsmFAR-4, PsmFAR-5, PsmFAR-6, wrn o WA . &3 Nilaparvata lugens NIFAR1L AWJ25018.1
PSMFAR-7, PSMFAR-9 0 B2 NIFARS AWI25023.1
NIFAR11 XP_022197920.2
NIFAR12 XP_022197928.2
Phenacoccus solenopsis PsFAR2 ANN23960.1
VI PsSmFAR-10, PsmFAR-14, PsmFAR-20, #5415 Phenacoccus solenopsis PsFARL UYO073019.1
PsmFAR-22, PsmFAR-23
IX PsmFAR-3, PsmFAR-15, PsmFAR-16, ‘% & . %455 . k3 f & Phenacoccus solenopsis PsFAR3 ANN23959.1
PSMFAR-17, PsmFAR-18 EEM. Drosophila melanogaster ~DmFAR NP_651652.2
Nilaparvata lugens NIFARG AWJ25025.1
NIFAR7 AWJ25024.1
NIFAR9 AWIJ25022.1

M ARG EW DRSS .

Note: " indicates No. of subfamilies in the phylogenetic tree.
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