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napus )", JikE( Elaeis guineensis )" i Vernicia
Sordii)" {E:(Arachis hypogaea)™ | I Camellia
oleifera)" | SARK(Sesamum indicum )", WHK( Linum
usitatissimum)' . ¥ 1t (Gossypium hirsutum )" %5
Z AR P %5 8 OF se B Y ACC I 356 4 5 1) 56
K. LA, Pham S50 % AR AR R ACC 5
PR32 B AN [a] AL B 4, J i e Bl il A(C14~
C16) AT LA ACC1 & P, I Hog i, T %
Ji 7 R ) T L3 i S R R ACC B
Gudenschwager 5" %2 5¢ HHALHY) 2 4~ ACC WP
F: K PamACCase-BC Ml PamACCase-BCCP, & 1
TV e 1 G SR S v R 1, D sk S L A
Al g ST ALAES T AR R R A G

WA I AL RS M b 5 AR VY R AR A A, B
A VB B N A AR A, S v [ A R 0,
KT MBUR AP S WEHIE A RACEEENR IR &
B TR DI RE i R o0 4 B, i — 20324 ACC )
REXT AT NG W R & iR 12 A 2 R e B X,
A5 A W E B2 Tk, X PaACC LR Kk
FRALMERT . SRS #EOC R RSFIET . B
F A TR 8 247 20 B, [ 53 B 1 AN [
AR E SR SRR k& I 28 A, DL
Ryt — i 5Y PaACC 3 R 78 BR W R A i i) A
Y= D rede pEER AR R

1 MEERE

1.1 EAER LIRS M M AL 5 55 5
I (19.505° N, 109.483° E) N 1) W 17> vl B4 A Bk A
KRERR, T 2023 4R 6 )G 30 d PR, B 45 d, &
B 10 AT U R/ RLR fil B SR S, DL S
i K IME R 43 EBRUE, 5328 5 ASHr B, 2l S1
(<30 g). S2(30~ <70 g). S3(70~ <110 g). S4
(110 ~<135 g). S5(135 ~ 160 g), ¥ H P Hr Be iy
FeAh bR, WA R A BN, JF BY UL MR 19
ML 25 AR A SR TR AR UK AE (-80 °C)
FRAE R o KRR 5 A BERY R A RE L 2
BRDGE 4EACHE PR A Fi#E4T lumina 5538 &
SR

1.2 PaACC EEFRKREE. BHUERS AL
WREN %0 kK RTIMAIEF A, it Ay
15 B2F i, X G skl b i) 22 57 3L 54T KEGG
BT, 5138 PaACC FEH )P

F| FH 7E £ 1. H. EXPASY (https://web.expasy.
org/protparam/) X} i ¢ ACC % J: iR /5 51 it 17 #
A6 R 43 A B2, A AR 2 T A Cell-PLoc v2.0
(http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/) #i
W PaACC FE R (130240 it 5 457 155 102
1.3 PaACC EBFBiKIE., BIREMBN
H 7E 2k W 45 ExPasy-ProtScale(https://web.expasy.
org/protscale/) Tl PaACC & 1 S i /K 7, 7R M
v TMHMM Server v2.0 [ 3} (https://services.
healthtech.dtu.dk/service.php) i Il PaACC 7K [ #5
JEEZE AR S0
1.4 PaACCEH 2%. 34&%&MmN  FHE
28 /%5 SOPMA (https://npsa-prabi.ibep. fr/cgi-bin/np
sa_automat.pl?page=npsa%20_sopma.html) Fl 7F £k
TH SWISSMODEL (https://swissmodel.expasy.org/)
Xt PaACC & H#AT 2 AN 3 HEEF TR,

15 PaACCEERGZEEWMAH FIHTEL M
¥} UniProt(https://www.uniprot.org/) # B 2, 74 7F .
Feomti . KL s, AR ACC & T . FIH
MEGA v11 @ 2 gL AL (NT i), i 1 Adobe
Hlustrator Xf R4t &k B W17 AEM

1.6 PaACCEBHEZEMFRTFEFZH  FITE
2% 3¢ 14 MEME (http://meme.sdsc.edumeme/cgi-bin/
meme.cgi) X} PaACC 3 LRI F (Motif) T
53 M (Motif fe KGR ECER Ry 25, HARSHI N
N) o FIHAEL 34 GSDS (http:/gsds.cbi.pku.edu.
en/)Xf PadCC FERSSHIHAT3HTC

1.7 PaACC EE B FIRNXIER TS R
PaACC JEPIRIGES T L7 2 000 bp FFFIVE A IH
Bl F X3k, K 51 48 28 B 7E 26 4K /4 PlantCARE
(http://bioinformatics.psb.gent.e/eboolslantcare/html ),
I3HT PadCC B ) 8l 5 XA T
) # A4 TBtools(http://www.tbtools.com/) #1742
-4k,

1.8 PaACC EFHEARFEARAFMRBIAREEKMH
BHRIZESH  {#H Primer Premier v6.0 %115 |
Y% 1), WBEHHA Padctin 750 K FRAFEH S 19,
HIFH TIANGEN #1492 H% 22 W HE ) 5 RNA 325
£1(DP441) 43 | HE B Hass THAL AR RIZHEUGR | 25
R 5 A BrBeER A B RNA . 2 1 HiScript 1
All-in-one RT SuperMix Perfect for qPCR 15t B 13 il
#% c¢DNA., 2% I ChamQ Universal SYBR qPCR
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Master Mix iR 7| 56 B, K cDNA # & 20 1%, Fl H
DINE BSOTIMBEA R AL E . SRR EE AR
B R IR KPR TR . ik & 3 A EE, R
FH 2788 ST R RA

1.9 HIEAH {7 SPSS v27.0 HiHE ANOVA
Ke 9847 75 223 #M7, GraphPad Prism v8.0 #4724
G307

2 HERELSH

21 PaACCERFREHNEERBAMRSH
W AEYE Bk, i R 2RI I
*1 3|19FE5

Tab. 1 Primers for real-time PCR

K4 Gene %1 (5'—3") Sequence (5—3")
PaACCI F TGAGGCATTGGTCCTAGAAGTGTG
PaACCI R ACAGGTGGCGTTGGAGTAGTTG
PaACC2 F GAGCCCAACTGAATGAGGTCTCC
PaACC2 R GGTTCATTGGCATCCTTGTCTTCC
PaACC3 F ACGCCCACCACTGAAATGTCC
PaACC3 R TTTCCATCCTCAGCAACCACCTC
PaACC4 F  GGATACCATGTGTTGCCGTTTACTC
PaACC4 R ATACGACTGACTACTTGGTGCTTCC
PaACCS5 F TCCCATTGTAGTCAAAGGCATCCC
PaACCS5 R TGGCAGACAGCAGCAGATAGAAC
PaACC6 F GCTGCTGTCTGCCATGAATGC
PaACC6 R ACACGGATGCTATCTGGATTAGGTC
PaACC7 F AAATGGCTGATGAAACTGGGCTTG
PaACC7 R ATGTCGGTCGGTTAGGATGTCTTG
PaActin F ATACCTCTCTTGGACTGGGC
PaActin_ R CTCCACGGGCTGTGTTCC

YE I T ACC KRG, IR EN 7RG ek 1
A B3R, KA 44 PaACCI ~ PaACC7(32)
PRACHE o B 45 SR 21, AL PaACC )2 5t
FREC N 251 ~ 776, Hih PaACCT HILFR L H % £,
A 776 NEEIR; R 26.84 ~87.07kDa,
S 4YF T HE R 49.95 kDa; 25 HL 0 6.02 ~ 9.37,
SEYE R 7.70; Be i R BN 76.5 ~ 99.62; NEETE
B M 34.94 ~ 73.52, PAACC2 il PAACC3 N AT E
HEATT, HAY/NT 40, MERGEEAR . WAME
£7 T PaACC4, PaACC5, PaACC6, PaACC7 fE
2 B & , PaACCI, PaACC2, PaACC3 A
PaACC6 TN 2Rk,
2.2 PaACC EBER/KMEFMBELH ST X
PaACC & I BB /K T 20 M (] 1), 2538 IR,
PaACC1 FPFH4EK I R—0.094; PaACC2 H—0.267;
PaACC3 i —0.219; PaACC4 i —0.12; PaACC5 Jy
—0.149; PaACC6 i —0.043; PaACC7 i —0.511, Jt
FHMEER, 74 PaACC AR THKEA.
I 7E LR M3 TMHMM X PaACC 3 FH HEAT
PEMEZEA TN (E] 2), 25 R B 7 MEAY TS
FEE S RA 3, PR A DN 1) S B P B 1T
23 PaACCEB_Z. =ZHEM7H  PaACC
B 95 ¥ o 43 A (R 3), & B PaACCl,
PaACC2, PaACC3 4 M H £7 15 K 1 1) T B ) 45
i1, DR o SR HE LA, PAACC4., PaACCS Fil
PaACC6 & & 34% LU A a— 12 e Fn e
W i, 15% 224 i IE R 4%, 7% A4 T &,
PaACCT N &5 580 A o—H2E, FLVR g 0 1 U] 52

%2 PaACC ERKRKREREBNMMERST

Tab.2 Analysis of physicochemical properties of PaACC protein family in Persea americana

HAEREL T iE/Da

i AEUEIEEL MBI AR E O BT

D A
M WA Number of  Molecular Instability Aliphatic  Predicting subcellular
Gene ID Gene . . . . . ..
amino acids weight index index localization
ker-Ctg0537-augustus-
maker-Clg0337-augustus- /oo 277 2935176 8.87 34.94 86.53 M4k Chloroplast
gene-2.13.mRNA1
ker-Ctg0171- -
maker-Ctg0171-augustus- )/ nr 597 30078.57  9.37 67.11 76.5  FH4EHA Chloroplast
gene-2.8.mRNAI1
ker-Ctg0198-augustus-
maker= gl IO-aUgUSST  ppacc3s 251 2684572 7.63 1352 7693 4K Chloroplast
gene-1.9.mRNA1
ker-Ctg1139-augustus- e .
maker-Clgl139-augustus- /ooy 527 5745797 6.02 35.52 89.43  ZKifk Mitochondrion
gene-0.7.mRNAL1
ker- 4- - s . .
maker-Ctg0663-augustus- o5 oo 6620230  8.42 37.27 89.92  Zkifk Mitochondrion
gene-2.11.mRNA]1 4
maker-Ctg5172-augustus- -4¢14 Chloroplast,
¢on0-0.3.mRNAL PaACC6 468 52620.85  7.05 39.52 99.62 gtk Mitochondrion
augustus_masked-Ctg0156- 4l ifIA% Nucleus,
orocessod-gene.6.3 mRNA] FACCT 76 87067.30  6.55 37.15 9026 gtk Mitochondrion
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s 4 T e aasaary
g ol e 2 10 | i R e 5
3 0'(5) L QT MC[‘" £ 3 0.5 I T S oy ! Tl
L 05 AT M‘ B e T T T AR e @2 WY N
K77 i T &=0.5 A1 K1 fHI b
S 1 A w10 -2 :
—1. i t — S ! ]
20 o 20| 3
-2.5 -2.5 —4
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{31 Position/aa {3/ ' Position/aa ¥ Position/aa
D ProtScale output for usersequence E ProtScale output for usersequence F
2.5 ' Hydropath./Kyte Doolittle 2.5 ' Hydropath./Kyte Doolittle 3 —
2.0 \ 2.0 i b
o 120 | { i o 120l | o 2 | IETEE Y ‘
g 1.0 I]i | ‘ i [’ H = 1.0 ‘} I h / (T | £ \J]‘ L Jn\ ‘
159 0.571“»‘ ‘WN\ N fINEY Wil H“‘ 159 O'SU\}H],UHQ | J w ‘(\ il S vl v H n
1%} _0(5) i Wm )l,‘w -“‘ U‘ t,‘ (r,‘ ‘m i ?‘ 1%} _0(5) 7"(‘7“\\“ i ”r ‘\J w u\ ‘\ 2 i \ J,m l ‘
s RLI SRS AR I g u\, & _ M "H‘W‘
mh 7 Ml ‘\1 me 7 I Ve H I op—1 \ A
< -1.5 1 “ i < -1.5 »\ Sl [l ' { | \
—2.0 T ‘ —2.0 \ -2 H | | i
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i Position/aa i Position/aa i Position/aa
G ProtScale output for usersequence
3 “ Hydropath./Kyte Doolittle
2 IN
o il |
3 (1) ‘( [‘ “‘ |
1751 ‘ \\“\‘ ‘I‘ | \ W “ ‘H\
&-1 P w /“] u i
w1
-3 |
4

B 0 100 20(? 300 400 500 600 700
{7 & Position/aa

A. PaACCl1; B. PaACC2; C. PaACC3; D. PaACC4; E. PaACCS; F. PaACC6; G. PaACC7
El1 PaACC ERKFKMESHKES T
Fig.1 Hydrophilicity and hydrophobicity analysis of PaACC protein
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A. PaACCl; B. PaACC2; C. PaACC3; D. PaACC4; E. PaACCS5; F. PaACC6; G. PaACC7
Bl 2 PaACC EHEEEETN

Fig.2 Transmembrane structure prediction of PaACC protein

i e, AT B LR . X 71 PaACC &
F 3945+ 0 43 A (8 3), & 3L PaACC1 #il
PaACC4 11 1) = H &5 Ak, PaACC2, PaACC5
1 PaACC6 [ 25 1 = 945 # #5  MIL, PaACC3
F1 PaACCT H IS5 AR R 42 H B %

24 PAIACCEBRERGZEZBWAM H T 4t

ACC HE A Z By R, FETF AR 74 I
SR 3L WIE TR 20 4. KGR 13 4. Tl
B 9 ANFITEHH 54 ACC 5 11 A & LR 7 51 1)
BT —MREKEWE 4), ¥ PaACC 434 4 4>
W%, 47k AL B, C. Do A %A 4 fi% BCCP
W EFE 1, 7% PaACC1, PaACC2, PaACC3, B il
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£ 3 PaACC ER &Ml

Tab. 3 Prediction of secondary structure of the PaAACC
proteins

EALFRa—1BHE/% % 3T/ % TC I /%

Protein o—helix Extended strand Beta-turn Random coil
PaACCl 15.52 11.55 4.33 68.59
PaACC2 17.69 15.52 5.05 61.73
PaACC3 14.34 17.93 4.78 62.95
PaACC4 43.26 14.42 6.83 35.48
PaACC5 39.87 14.45 7.31 38.37
PaACC6 42.95 15.38 6.84 34.83
PaACC7 78.87 3.74 0.52 16.88

Wk 4ty B—CT V3L 2K 4, PaACCT #4301 C i
% h G i o—CT W 3 & 1, PaACC4, PaACCS5,
PaACC6 #437E D W15 M 4ihh BC WA M.
LR, PIRSST . KA ISR ACC A
[ 4% A3 7E A %

25 PaAACCERZEHMMRTFERFHM X
PaACC Jk [F 15 i 5 3 PR 25 4 A7 T 43+, 445
RN, PaACC ERZE/DEA 5 AHMNEF, 2 BT
T —ERRIN A F(E 5-A) . PaACC JE%EH
25 /> motif([¥] 5-B), PaACC1, PaACC2 F1 PaACC3
“ BCCP WA, B HEA {R5F 3T motif 14, PaACC4,
PaACCS5 Fll PaACC6 & BC W3, #1HA motif 1, 2,
3.4, 5{ESFHEE, PaACCT HAT 6 IMESTHEFE . ik
M ACC Z 715 7T e PR B 51 (8] P ¥ 25 7 14 22 S 1

SFEIRfEEES .

26 PaACCEREBHFINNIERATHESH &
it X PaACC FE R 5 % B4 14 s 8l 7 v i i =X A
AT HT, 3545 28 ZRAE TR (] 6), 2%
B FE NS 37 _LAEAE 30 ~ 48 AR FH oG,
PL PaACC7 FH BT Ft %, PaACC 25 81 X
3 Hp I R 5 T B T 3R AR ) TATA-box
CAAT-box Z Ak, it A e b oo, Z 5Kk .
AR MK . AR ZEMEmN I, 25T
5 RIS AE W i an e R e, 25 B AR 3K
R AR Te A, i 5 F KRB 8 AR
VAR MR R sl AR R
PR | RFLRR | AR SRR B T4
2.7 PaACCERZEARALRFNRIAREEKE
HMRIEEKX S il qQRT-PCR £ AR X i A4
o B AR SRR AE KB Y PadCC &K
B B B iR AR 2SR AT b (] 7)o S5 SRR B,
74> PaACC HERTEM . 25, | JREcrh G 3Rk,
EAEM, 25 PR R R EAL . PadCCY,
PaACCS, PaACC7 fE S 5E SS IR B B E =
FHABIA AT, PadCC2 Fl PaACC3 FERAEAR
(7] A A< B HH A SR S B AR R A, PaACC2 HE
AR S AR K AR S BRI S AR A R A

3 i i

AW AR B2k e 74
PaACC FEH, 7E % i b 80 b AR X T 18 4k

A. PaACCl; B. PaACC2; C. PaACC3; D. PaACC4; E. PaACCS; F. PaACC6; G. PaACC7,
B3 PaACC EH=REMH
Fig. 3 Analysis of tertiary structure of PaACC proteins
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Fig. 4 Phylogenetic tree of ACC family members in Persea americana, Brassica napus, Arabidopsis thaliana, Glycine

mayx, Elaeis guineensis, Solanum lycopersicum

A B
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8. I OSTEEAIKLAHEIGFPVMIKATAGGGGRGMRLANEPDEFVKLLOOAKSEA |
9. HN FVRRHCYLTDLKLLRRDYYPN |
10. | | PTREKAIERMKRALNDTVITGIPTTIEYH |
1. KSSQPPFKCPNGGTFLRN |
12. EEER IDKDALHVRLADEAVCIGEAPSKQSGRFI |
JEN | WTSQQF
14, W EPPFVKVGDVIKEGQ
15. . PUVMMQPPSPPAALPSQPPP
16. W CCILDFIW
17. GRLIVW |
18. B MYLRDH
19. O TOKWIE
20. B TMNEQLCMDFNKWLEHRI
21. 1 ROQQKQ
22. N MDAMIVCRSICKPPGLIVGQA
23. W WQLLQRRLLC
24. 0B RVELHH
25. M PIVWKGIPGLG

AJEH G5 BARSFHEIT
A. Gene structure; B. Conserved motif.

5 PaACC EREHIRSFTEF ST

Fig. 5 Analysis of the gene structure and conserved motifs of PaACC gene
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- common cis-acting element in promoter and enhancer regions
part of a conserved DNA module involved in light responsiveness
- cis-acting regulatory element essential for the anaerobic induction
- MYB binding site involved in drought-inducibility
- gibberellin-responsive element
- part of a light responsive element
cis-acting element involved in defense and stress responsiveness
- MYBHUv! binding site
- cis-acting regulatory element
protein binding site
- cis-acting regulatory element involved in zein metabolism regulation
- light responsive element
- MYB binding site involved in light responsiveness

- auxin-responsive element

- cis-acting regulatory element related to meristem expression
- cis-regulatory element involved in endosperm expression

- cis-acting element involved in salicylic acid responsiveness
- cis-acting regulatory element involved in the MeJA-responsiveness
- binding site of AT-rich DNA binding protein (ATBP-1)

- part of a light response element

- part of a module for light response

- cis-acting regulatory element involved in light responsiveness
- cis-acting element involved in low-temperature responsiveness
- cis-acting regulatory element involved in seed-specific regulation
- cis-acting regulatory element involved in auxin responsiveness
- element involved in differentiation of the palisade mesophyll cells
- cis-acting element involved in cell cycle regulation

- cis-acting element involved in the abscisic acid responsiveness

6 PaACCERERBhFIRXIERATHESH

Fig. 6 Distribution of cis-acting elements in the promoter of the PaACC gene
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Fig. 7 Expression analysis of the PaACC gene in different tissues and at different growth stages of fruits
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Note: Rt, Root; St, Stem; L, Leaf; S1-SS5, Fruits at different growth stages. Different lowercase letters indicate statistically significant differences (P <

0.05).
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Identification and expression analysis of the acetyl-CoA

carboxylase gene family in Persea americana

Xu Mengyang®, Liu Yu, Wang Haibo, Xu Wenxin,

Zhang Xiuli, Feng Shun®, Li Maofu’
(School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China)

Abstract: Avocado (Persea americana) is a fruit with high nutritional value, and fatty acids are among its key intrinsic nutrients.
Acetyl-CoA carboxylase (ACC) is a crucial enzyme in fatty acid synthesis, essential for oil accumulation and storage. The protein
structure, evolutionary relationships, and cis-acting elements of the PaACC gene promoter in avocado were analyzed by
employing bioinformatics tools, and the expression levels of the Pa4CC genes across different avocado organs and developmental
stages of the fruit were analyzed by using quantitative real-time polymerase chain reaction (QRT-PCR). A total of seven PaACC
genes were identified in avocado, encoding three BC subunits, three BCCP subunits, and one o—CT subunit of ACC. The amino
acid lengths of these genes range from 251 to 776, with an average molecular weight of 49.95 kDa. All the encoded proteins are
hydrophilic and lack of transmembrane domains. Phylogenetic analysis of 4CC proteins from various plant species reveals that
ACC proteins are categorized into four subfamilies based on subunit composition. The gene structure shows that all the Pa4CC
genes contain at least 5 exons, each member of which contains a certain number of introns. There are 25 different conserved
motifs in the PaACC gene family. Specifically, PaACCI, PaACC2, and PaACC3 all have motif 14, while PaACC4, PaACCS, and
PaACC6 all have motifs 1, 2, 3, 4, and 5. In the promoter region of the PaACC genes, several cis-acting elements associated with
light response, hormone response, drought stress, and low-temperature stress were identified. These findings suggest that the
PaACC genes play a significant role in regulating plant growth and development and may enhance the plant’s tolerance to abiotic
stresses. Expression pattern analysis reveals that PaACC4, PaACC5, and PaACC?7 exhibit significantly higher expression levels
during the S5 stage of fruit development compared to other organs and stages. This study provides a theoretical foundation for
further research on the role of the Pa4CC genes in avocado fatty acid biosynthesis.

Keywords: avocado; acetyl-CoA carboxylase; gene family; expression pattern
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