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Abstract

Ethylene plays an important role in regulating the growth and development of plants, especially in
the process of plant resistance to adversity stress. ACO1 (1-aminocyclopropane-1-carboxylate oxi-
dase 1) is a rate-limiting enzyme in the process of ethylene synthesis and has a regulatory effect
on ethylene biosynthesis. Rapeseed oil is one of the main vegetable edible oils for Chinese residents,
and improving the stress-resistance and product quality of rapeseed is an important breeding step
to ensure the continuous supply of vegetable oil in our country. This article uses bioinformatics
methods to identify the ACO1 gene family members in Brassica napus L., and analyzes them from
the basic information of genes, protein subcellular location, conserved domains, protein structure,
and evolutionary relationships. The results showed that the ACO1 gene family in Brassica napus L.
contains 7 genetic locus, one of which is a non-coding pseudogene, and the remaining 6 gene loci
each encode a protein. These genes exist on both the A genome and the C genome. The encoded
proteins are all located in the cytoplasm. The length of ACO1 protein sequence is all 310 amino
acid (AA), and the difference of their amino acid composition is small, all belong to the PLN02403
superfamily, and perform the function of aminocyclopropane carboxylic acid oxidase. In the sec-
ondary structure of rape ACO1 proteins, there are more a-helices and f-sheets. The number of
a-helices is between 11 to 13, and the number of S-sheets is between 13 to 14. The secondary
structure difference in the middle segment of the sequence is extremely small, which is a con-
served region, while the secondary structure difference between the N-terminal and C-terminal is
larger than that of the middle segment, and there may be a certain difference in function. The spa-
tial structure difference between the N-terminal and the middle part of the spatial structure ob-
tained by the homology modeling method is small and conservative, while the spatial structure of
the C-terminal sequence is more obvious. It is a variable region, which may be the active site, re-
lated to the catalytic activity of the enzyme.
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1. 5|8

LI — PR, BRI R T R . R R ERAEA KR E
R, JFREWE S B S . ZIRIE W MR NG S0, AR AR f A ) BB B T B R R
IEIRE AR, DRI, R RE S 75 B TA) R 2 8] R g 1) O I AR PR K R B R E Y . 7R LA A
T, ACC & BR(ACS) B Jo At S-HREF IR Z R (SAM)E ik 1-Z 2 T - 1-FRER(ACC), ACC HAiLEg
(ACO)FHHAL ACC £ [ 1]

ACO TEA—F R 25 LId& g s, CAVFZ M RAG, WFh[2]. 3531 Ak AR 4)5% .
ACO B 2-F2 K MR 45 A3 RxS FPALSE &7 & HxDxnH, JEMEHALA C sbiLi— 92410, ACC
A SN 7 B2 R R O, Fl Fe M N4 BI A 7, PUSRIMERIE ALY, T2 CO,. FeX FIHTIR M iR ke 4k
R

AR, KHIR[5]. SBKEER[6]7] LUl %] ACO Wi It AT LM K& B RNA 41
ACO1 Il ACO2 J A )ik i] DALRE A IR 52 [ 7] 1) B2 22 8 . ACO Jk I 7EHDL R 7 i Rk 4 v 1 FLif e 7K
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AEZI[8]. K ACO2 BRI RAL =1 1 R G5 MEFE I RAZAE[9].

tH ACO HHOGHIR TR F M AE M BORAEREY R AR V2, For 2 — s E S S GBI R S5 g B g 2>
LTI o [ U RNA HAR T ACO [FRIE, M FEAS 205 7 8, 14 17 428 i) SR S 1 BRGANTR 5 ) 3R
M — R O 2 B T 1822 RS 1K RS SR 38 L g S 8 TR A A R . PG B TR )
JIEUTER ACO IR 2 M. B YRS R i AR R H[10]. 140, Houben M 5§
WEFE[11]3R B, ACO B:FTERA . HAMTH T IRFRIE A 5 RIEIAER . ACO i PE I B#AR mT 52 ma 57 16
A AR, EEE NG, EEIT AL EMBLY . Sornchai P #F7E[12]% M, AR X
ACO B:H A fift 2 R R AR HARE K, FEFE VA IR, (HAER & I ANTER A KR 52 B W35 52

SRR E VYR EHEY 2 —, WSS ER S, JFHAAFEENERME, ZIREMFE
WEMEMZ —. BRILZAh, SRR T B, igURLE RS Rt B IR R H® . BRI E R
A= R E, AHSR T AR B N AR A 7= B R A Re il 2V S TR I &, IS IR —80 5> 75 ZE M E 4
O F, WATERRRA R T, i e S r il M R U KPR s, TR R S AR T
BRKEE[13],

W) ACO FE R KA & %2 NS, Wk i ACO JE K FH L& ACO1.ACO2 #il ACO3 W5 k[ 14],
KEAFEN N RE G R RE, FERICNEE. WS, BRAKCPRRREKTFERREZER . ACOL
R R et A 2 AN BE TR, S () 5k DR ) R BVt R e ko

AT AEYE B AR AL, Xl ACO1 FER kit AT 3N %@, MR FEARS
B EEBMAME A PRSFES I, BT s g M DA S Ok R EE DT TR SE ACOT HE R kit
ITWHIE, AR B Fhig 2% .

2. MRS 5E
2.1. EXRERHRER

£ NCBI (https://www.ncbi.nlm.nih.gov/)] Gene ¥4 J& H 1% 2 5% ACO1
(1-aminocyclopropane-1-carboxylate oxidase 1)K, ARG 7 ARG, sidisF—2% Gene ID DLIRTF &N
REFEAGEE, WEEREL. SR THH . PramidrE A RIS, I NS N EA R

2.2. W4RpazEfL

/1A% H Plant-mPLoc. Psort. TargetP-2.0. CELLO v.2.5 Al Euk-mPLoc 2.0 server [ 4r#1 ACO1 £
1 5 & W L IR B SE AL, SR SEvh 5 SR R 1S — B 45 18

2.3. M ACO1 BR BRI SRR

17 DNAMAN %, i Multiple Sequence Alignment, 7EERINSE N XS ACO1 8 i S5 ik
RAT 2 P HIL R 3 — DA R B REIR B R A H A (Rooted Tree)o

2.4. FEHF ACO1 BEARER S

£ NCBI PG A FAERMH T, Az, 373, & b 83, RSN, M5, HHeh
SR ACO1 EAMR 7 A, JEIRLE[FIYR B & AL IR 7 A1 REAT EUXT IR AL

2.5. {RSFEEHE

BEN NCBI 1 LR 57 45 #4380 73 T T, s Batch CD-Search, &) % 5% 8 157 41 TR MGHE Y, $i2
AL SRAT I 45 R IF 221
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2.6. SRGHIBEMEN TR ST

FIH PRABI (https://npsa-prabi.ibep.fi/cgi-bin/npsa_automat.pl?page=npsa_sopma.html)+ ] SOPMA L.
H P ACO1 & F 5 KR i A ) — R4k o ik [RIVS A SEREAT B DI =R &S R Tl , - e FH R A
A SWISS-MODEL (https:/swissmodel.expasy.org/interactive), X 7 B4 A 45 /I HEAT 0] SRR .

3. BRE5 4

3.1. T ACO1 EERERAEEER ST

IR NCBI JE B, L3RS T 74 ACO1 HRFHA A, Ml f(nzE 1), Hdhg 148
RFE(LOC106363716), AL AR, EMT Cl Ytk b, Hoh 6 NERD RIS 6 4SE ACOI
EAFTH], HH LOC106436068 EALT A9 Pefifk . LOC106365298 LT C8 Hefifk I, 4RI
LOC106400855. LOC106376208. LOC106374519 A1 LOC111210370 iX 4 />3 Pl i YL (44 5 o7 1 AN 28 o
FTE 6 NSRS 3 ANMME T IR IR RILE 2 6 MEAF, 2 M ACO1, 4 /4 ACO1
K, (HIX 6 N A B AP (Length) #2128 310AA, KE—5(,

Table 1. General information of ACO1 family members in Brassica napus L.

% 1. 3 ACO1I EERERAEARER

S5 HAP Ptk g s SRy K EARNR
LOC106436068  XP _013732481.1 AI9NC _027774.2 (39021231..39023906) 3 310 aa ACO1
LOC106365298  XP_013660201.1 C8NC_027765.1 (42110823..42113479) 3 310 aa ACO1
LOC106400855  XP_013696699.1 UnNW_019168613.1 (81934..83382) 3 310aa  ACOl-like
LOC106376208  XP_013671730.2 UnNW_019169472.1 (1723..3258) 3 310aa  ACOl-like
LOC106374519  XP_013669979.1 UnNW_019168571.1 (355287..356788) 3 310aa  ACOl-like
LOC111210370  XP_022566418.1 UnNW_019168571.1 (364398..365937) 3 310aa  ACOl-like
LOC106363716 1|87 975] Cl1 - - -

7E: Un (Unplaced Scaffold): FR/RIEK 551 G AR e M B A 45 ACO1: 1-aminocyclopropane-1-car boxylate oxidase 1

3.2. 3 ACO1 EHR T MAEM 4T

Table 2. Subcellular localization of ACO1 protein family members in Brassica napus L.

5% 2. H3E ACO1 B RFK IR 5T 408 E i

EAFTH Psort TargetP-2.0 CELLOVv.2.5 Euk-mPLoc 2.0 server Plant-mPLoc %518
XP 013732481.1 Cyt"cygslfuldgg ig":hi(’: L Other2 Cyt0:3.501 Cyto Cyto  Cyto
XP 013660201.1 Y18 23;1( 41’ chlo: 1, Gher2  Cyto:2.336, Nucl:2.108 Cyto Cyto  Cyto
XP_013696699.1 cysk:12, nucl: 2 Other:2 Cyt0:2.891 Cyto Cyto Cyto
XP _013671730.2 cysk:12, nucl: 2 Other:2 Cyt0:2.941 Cyto Cyto Cyto
XP_013669979.1 cysk:12, nucl: 2 Other:2 Cyto:3.014 Cyto Cyto Cyto
XP 022566418.1 cysk:12, nucl: 2 Other:2 Cyt0:3.029 Cyto Cyto Cyto

H: Cyto: ZMAEF; Nucl: 4Hffif%; Chlo: M%R{K; Cysk: 4HMIHE2E;

Golg:

. W EASL); TargetP-2.0. CELLO v.2.5 Ul Al &g

R /R 3E4R;  Other:

AR AL (SR SRR Sk
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45 5 MNMEL I HT IR I ACOT 5 1 S A B 5 IR T4 P 5 6 45 SR (5% 2), Psort 0 HT45 5R

9 XP_013732481.1 Al XP_013660201.1 1X JyF 5 5t 5 fr T4 part,  Hodis 5 DY g B 2 Ao 340
28 b MR TargetP-2.0 TN H BT & 53 @ 0 F BRI &, ZRRifR. /i B (1AM AR AT, 15K
AT EAR TN N wWES, A MR 73k ; CELLO v.2.5. Euk-mPLoc 2.0 serve
F1 Plant-mPLoc X = MK BRI, 6 xEAFTAR M MM, X5 TargetP-2.0 Tiillf¥)
SERMTE A FIRGTT AR AR ZEUR N, e ACOT B 15 S0 5% A 53 KM 2R 2 A 7E 40 5 1 o

3.3. 3K ACO1 EHRFIIEMY RFHN 4T

XP 013732481.1 1 80
XP 013660201.1 1 80
XP 013671730.2 1 80
XP 022566418.1 1 80
XP_013696699.1 1 80
XP 013669979.1 1 80
Consensus N

XP 013732481.1 1 160
XP 013660201.1 1 160
XP_013671730.2_1 160
XP 022566418.1 1 160
XP 013696699.1 1 160
XP 013669979.1 1 160
Consensus

XP 013732481.1 1 240
XP_013660201.1 1 ) 240
XP 013671730.2 1 PPSKNNTIEVNTGD 3\ S 240
XP 022566418.1 1 PPSKNNTIFVNTGDQ s 240
XP 013696699.1 1 240
XP 013669979.1 1 240
Consensus

XP 013732481.1 1 310
XP 013660201.1 1 310
XP 013671730.2 1 310
XP_022566418.1 1 310
XP 013696699.1 1 310
XP 013669979.1 1 310

Consensus rvmt k g rls atfynpagda ispa e lypsgy f@dylklysttkfgdkgsrf t kkmengdsv

Figure 1. Multiple sequence alignment of the ACO1 protein family in Brassica napus L.
& 1. B3 ACOI ERRRIKRNZ FHILESS
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Figure 2. Phylogenetic tree of ACO1 protein family in Brassica napus L.
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HH] DNAMAN X3 ACO1 & H B AR I P AT B BT 2 R AR LG, AEEXSZ 3R (8] 1)k, X
6 N FUTUT A I AR A 95.38%, [FAU IS, RARARIER =, SR EATHAT D RE AR AR
FEABL . SR AR BATTI [F) 25 00 3R B 3 A2 A AR IE AR (1] 2), Jd I 23 B B 15 A AR BEE A, o 6 N B
TR WA Ky 3, 4358 CLASSI 1 CLASSIT, CLASSI 4 XP 013732481.1 A1 XP 013660201.1 P
ANEEJR, CLASSI 14 XP 013696699.1. XP 0136717302, XP_013669979.1. XP 022566418.1 iX 4
ANEAR . bSO H, #ES A RFAREWEARFS, NEE CERHARIEN
FEAFTH, 00 H R A SR (AA, n= 10) 5 H ¥ (CC, n = 9)ifid B 48P H] 4422 f5 X 54k 2tk i
K —FEESM, R ACO1 T & R RERF e L BBl T 41k,

3.4. ACO1 EHEERIEFFIBIEEB L 402

LA XP_013660201.1 JFHXFAETUAR S A BUEE FEREAT R, FE TR HE, A8, Esr. &
By AR, FR3, ARHOE A MR, EERSERM ACO1 T, X LRV E A Z R T
BEATHONT, S5 EIR, XA AAEIS R 72.44%, XU A AR, AR 3)EY, HIE
B 5 HE . Ceemmsy ML R Rk, | —K, HIREMEIT A, BT ERHEY,
SPN—RHK Class It HTHFIERIFTE. 1638, SHRHOER, REMN . HEREE R, 7
N —KZE Class 1L,

0.05

| |

0.00€&
o8

0.0 XP 013660201.1 1H B EIHIL —
0.02¢) - XP 013604300.1 PH¥E
o020 XP_013732481.1 1 H ¥ EIE3

0.02zk xp po9117s31.1 1593
0.002 - -

D_DD_DﬁP_omweeez-l_Pg k-
XP_033131695.1 153%
XP 009102154.1 153%
XP_013696699.1 1 H RS L Class I
XD 0123669979.1 1 H RIS
0.0pay XxP_013671730.2_ 1 H B EIHIE
XP_013615142_1 PHE
0.0390-008] wp nazsesare.1 1 HBEEEE

XP_018458691.1_p3¥ |k

0.011

0.070

0.112

0.oo0a -022

NP _179549.1 acc FUESIY
n.nagl_— NP_001324863.1_adiE§3T

0.075
XP_008337662.2_1% R —

0.028!7
—u_nul:np_amzswzq.z_lﬁfﬁ
Senen ®P_019246952_1_PiHBY

0.050

NP 001281047.1 13%
0.067-136  — - — Class II

0.110 ————— AAT78420.1_1-amifE3E
0.015

0.067 I: AAFE5472.1 l-amiZT3E
o sp| Q09052 .1 | ACCOTT —

-0EB
o.o1iz

Figure 3. Phylogentic tree of amino acid sequences of ACO1 proteins from different species

E 3. AE1F ACO1 ZEEMEEBRFFIRE LR

3.5. MR ACO1 EEZFIKA GHE B REE
LSBT ACOT Xk 6 A8 i 41 (1 S8 AT X 2 )88 2 R (superfamiily), 25 RRHI(F 3 4]
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4), IX 6 255 AT 5 RS S5 MR R IR IR 7 5 _E RIS E AR 9~309, #JE T PLN02403 #E 5 E, 1716
FHMHI D BE . PLN02403 jH S R 45 M 3 N 38 & A7 AN S5 K8, 7331089 20G-Fell_Oxy Al PebCo
20G-Fell Oxy Bl 20G-Fe (ININABHE M, W& 2-4 % MREGA Fe M in S BHE 5 i i 7
[15]. G B IRSE, YN 167~259,
PcbC BP R 5 &HE R N &8 FIAHC XN SR8 R IE[15]. & WBMAERKERS—, &
XP_013732481.1 1 XP_013660201.1 {12 A it 741 ERIALE A 9~271, HARMHAHN 9~267.

Table 3. Conservative structural domains of ACO1 protein family in Brassica napus L.
= 3. M ACOI1 BERRFFRMRTLEMIE

Query From To  E-Value Bitscore Accession Short name Super family
XP_013660201.1 9 309 0 596.453 PLN02403 PLN02403 cl31875
XP_013669979.1 9 309 0 576.037 PLN02403 PLN02403 cl31875
XP _013671730.2 9 309 0 581.815 PLN02403 PLN02403 cl31875
XP_013696699.1 9 309 0 581.045 PLN02403 PLN02403 cl31875
XP_013732481.1 9 309 0 589.904 PLN02403 PLNO02403 cl31875
XP_022566418.1 9 309 0 581.430 PLN02403 PLN02403 cl31875

1 50 100 150 200 250 310

I|l Il|

XP_013732481.1
XP_013660201.1
XP_013671730.2
XP_022566418.1
XP_013696699.1
XP_013669979.1

¥: 459 PLN02403 superfamily

Figure 4. Conservative structural domains of ACO1 protein family in Brassica napus L.

4. B3 ACO1 EARKIEART LMY

3.6. RGN R SR
3.6.1. SHI3E ACO1 EA= L&

Table 4. Secondary structure prediction of the ACO1 protein family in Brassica napus L.
= 4. Jh3E ACO1 BB RFRIEH —REMTN

Protein sequence £5 [1/7%] Alpha helixa 1% Extended strand ZE{#4%  Beta turn 8-%%#  Random coil FE#HL% Hf

XP_013732481.1 115:37.10% 60 :19.35% 23:7.42% 112:36.13%
XP_013660201.1 114 :36.77% 61:19.68% 19:6.13% 116 :37.42%
XP_013671730.2 120 : 38.71% 57 :18.39% 17 :5.48% 116 :37.42%
XP_022566418.1 120 :38.71% 58 :18.71% 20:6.45% 112:36.13%
XP_013696699.1 115:37.10% 58 :18.71% 20:6.45% 117 :37.74%
XP_013669979.1 124 : 40.00% 55:17.74% 25:8.06% 106 : 34.19%

e 0 7 APRRNEERE, 7 RRRIXEEIR S S AR A .
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FIF PRABI #1/) SOPMA T HXFHZE ACO1 B (AR KRR AAT R /30T, GRFHCE 4. &
5), ACO1 FE AR KRN R -3/ g2 %2, Na+pEA, SNEAR REEHHRR FAH
WATERE R, a-dBHE AN EE 11~13 D22 Ja], Hirf XP 013732481.1. XP_013696699.1. XP_013671730.2 £l
XP 022566418.1 i 4 NMEAF S 114, XP_013669979.1 & 124>, XP_013660201.1 & 13 1. p-iFEH)
AN 13~14 N2 [8], Hit XP013732481.1. XP_013660201.1 £l XP_022566418.1 & 14 />, HAMH A
A 134 B B AN A ERBFRAREL 4 4, FUHAASTE IR (Loop) &5 . Xf L8 BRI — 045
AT P mT LA BB 1 0 1 v ) B PR — R ) 2 e R AN, AR s, RARSEIX, T N s AT C i )
A ZERETPRBMR, BYFThRE BRI E R

R | S T AT R

100 150 200 250

= R -4

100 150 2 250

XP_013671730.2 ’mnumH||Hum‘mMHNHHMHH\\\’ mmHwm||m“HH“HH‘HHMHHH“uum|||u||’m”mmH”HH“HH“‘\HHH“ \|||m||m|||umum|um|H\‘|||‘\\||u\|i|‘\|||m||m|||H|||h‘|||H|||\H“H‘||1Hmi||H|||m||H\||’m||m|”HNm||\\\|||H“HH“\H|

5 100 150 200 250

L e e e e

100 150 200 250

OH)N"HH\H"'\MHi'm"H\Hl)\v\\H'mm”lu"nmwlin'mm"v\l\'\H\l"mwHHWM"Nmumm\

5 100 150 200 250

DS SR I A B )

50 100 150

XP_013660201.1 H“"\un”“Hum‘“HH“HH!HI"“\\{u‘

S

XP_013696699.1 “\Hllm|||H‘um|HH“HH“HHMHMH‘

e B o-iRiE; At g R pEA: RO FENLGH.

Figure 5. Secondary structure prediction of the ACO1 protein family in Brassica napus L.
5. 3R ACO1 FE R RS IEH Z R LA TN E

3.6.2. 3K ACO1 EARR IR = REEHTUM B ARSI ITAL

XP_022566418.1 XP_013696699.1 XP_013669979.1

Figure 6. Tertiary structure of ACO1 protein family in Brassica napus L.
6. JHR ACO1 EHBRFKKN =R
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FIF SWISS-MODEL #5145 6 2% gt 85 (4 R HEAT = % S5 M AR, A YA FIT e A AR 51K Sgjacl A,
R —% ACO2 HHEFTH, 5855 AT BFIANELE 47%~51% 18], B A ] 5 1) EE MG
7, VU NS B BRAG 8A E E R =R 45K (5] 6)JF T80y PDB #%3X, HIALEI%AF RasMol 417,
T I LS T A BN R B = RS N s R [A) R 2 23 (R 25 R 3 R B ARBL,  C R Im ik 73 (275A
2R Al S5 R AN, XP_013732481.1. XP_013671730.2 Al XP_013696699.1 [ =2 45 ¥ i) 5 S
W, AR AL, XP_022566418.1 A1 XP_013669979.1 )4 i) 45 i) th Al HAHL, XP_013660201.1 1) =2%
SER 5 F A AR A RS A AR, R, ACOL [ C il /3 AT AR X, sl 5 &8 B AT AN A ) B
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Table 5. Modeling quality evaluation results of the program VERIFY3D
# 5. VERIFY3D 2 F a2 ISR 211G 4R

HEATUTH VERIFY3D
XP_013732481.1 93.52%
XP_013660201.1 95.22%
XP_013696699.1 89.38%
XP_013671730.2 91.10%
XP_013669979.1 91.50%
XP_022566418.1 92.52%

H: A HEARET Y 3D-1D 4550 > 0.2 BEFERR I 5 2R S B At

Table 6. Modeling quality evaluation results of the program Procheck
= 6. Procheck IR FEEREITEER

FRIENAIX. XP_013732481.1 XP 013660201.1 XP_013696699.1 XP 013671730.2 XP_013669979.1 XP_022566418.1

i 3 FR X 5k 0 0 0 0 0 0
(A B.L) 92.6% 92.5% 92.6% 92.5% 94.2% 94.2%
HISTFLTFIX 7.4% 7.5% 7.0% 7.1% 5.0% 5.1%
(a,b,1,p)
SR T VFIX 0.0% 0.0% 0.4% 0.4% 0.8% 0.8%
(7aa 7ba 717 7p)
e ZER RS X AT AR KBS B FE X, B4 SR A X S SR AL S A IR E 4 L.
4. Vit

AW AEDE B o HIE R SE ACOT JER KEHHT 1123395 | A R m R s fRST &S
Mpdl, EAMRE A BEAOC REETT AT TR, A5 RRIL, ISR ACO1 BRI KRR RAFE T £ %
Jetafk b, 75 A SRR C BRARERA, LIz E 7 &5 W, Hp 1 8 BER, 546 %%
6 NEAR, RERFIKELN 310AA. ACO1 HIWAN &N — BAFAEFL[16], FAARFERIER
PEXTIZEE ACOT HEAT ML 4H M 2 A2 T, RIS T4, Bkt ACO1 TE4IAL ¥ ACC %
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