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Cloning of TaACO1 Gene in Wheat and Its Responses to Biotic and Abiotic Stress
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(Zhoukou Polytechnic, Zhoukou 466000, China)

Abstract: ACO1I gene plays important roles in the synthesis of ethylene in plants. In this study, in order to analyze the
response pattern TaACO1 homologous genes in wheat to essential elements and powdery mildew stress, in this study, based
on the ACO1 protein sequences in rice and Arabidopsis thaliana, the homologous gene sequence of wheat TaACO1 was
obtained through sequence alignment and molecular cloning, and its expression patterns under the conditions of high boron, low
boron, phosphorus deficiency, and powdery mildew were analyzed. The results showed that six TaACO1 homologous genes
were in the wheat genome and all of them were in the fifth homologous group, they were named TaACO1-5A1, TaACOI-
5A2, TaACO1-5B1, TaACO1-5B2, TaACO1-5D1, and TaACO1-5D2, respectively. Each TaACO1 gene possessed two
exons and one intron. The proteins encoded by the genes were hydrophobic and predicted to be located in cytoplasm. The six
TaACO1 genes were highly expressed in leaves and stems, but low in roots and grains. After phosphorus starvation treatment,
the expression of six TaACO1 genes were induced in seedlings but suppressed in roots. After the treatments with different
concentrations of boron, expression of TaACOI-5A1 and TaACO1-5A2 were induced by high concentration of boron and
low concentration of boron in roots and seedlings. Expression of TaACOI1-5B1, TaACOI1-5B2, TaACOI1-5D1, and
TaACO1-5D2 were induced by low concentration of boron in roots, while induced by high and low concentration of boron in
seedlings. Moreover, after infection by powdery mildew for 6h and 24h, the expression of TaACOI1-5D1 and TaACO1-5D2
was significantly increased. In conclusion, different TaACO1 genes in wheat participated in the response to phosphorus
starvation, high or low concentration of boron stress, and TaACOI-5D1 and TaACO1-5D2 might participate in defense

powdery mildew.
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clopropane—1-carboxylic acid oxidase, ACO)J& J# #%
LR R R . ACSJ& LA S 11 e p
ity , 1 ACO W 1 T 1k ACC #6460 245, A=)
AR 0 0T LAE S ACO ZEH B 23k, TS 3h
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oW RO, M TR R, TeACO14,
TaACOI15 W FRIK & W FIG I, RUIAR TaACO K
HAShRE AT BEAFAE 22 5% . LUO Z"IBFSE & BE, 7 ik
K&, TaACO S Rk w3 N, /KAEZ K
Jei OsACOT %% 55 7K - U % P il 25 7K 8 TR B 11 3
Jnmi g mt, KE R EHE 24~ ACOL W RNERE R
M AE 8L R 9T F1 B K TR A7 2 M 2R B ACO1 ]
PRI CHEN 28206 /N2 77 il #h INL77 Hp
ST 1N ACOLFEIE TaACO L, ¥4 H % AU
AT 25 & B, B T PLRE T 0 e i Az 58
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A PR . mRNA $2 B ) L sl R &L
DNA IR £ T4 DNA # 32l 852 B 4035
M Takara 28 G W 3K o 2 ' 2 48 FH 4L Bl SYB-
Rgreen ( Takara) ,qRT-PCR 43 #{% #% %1 5 & ABI
VIA7(EFEB ARG AF]) .
1.2 RWH*E
1.2.1  WAPRAN RN S El(1 mmol /L)
FIAR B (20 nmol/L) Ak 32 5 /N 22 Fh 7 % 2 5 d
G oBHE T2 LMBOBEEE S, 50 HSA
20 nmol/L Fl 1.0 mmol/L (X B8 ) B 2 1) 28 A% % 1l
RiFERERTA, SN E3IRERZY, AT
S AR A5 OGBS 16 h/8 h, Il 20~
25 °C, M XTI B R 60960 ~70% o g b BEJS M /N
Yy BT e S Y o

0 32 Bl 7 1 2 % ZHANG S0 05 i .
B HUIRL T — B AP AT K B W AL IR 22 °C Ol
MR 2% PR R/ 5 R 16 h/8 h, A K & —if — 0 B
HATHER . R MK Rt R i, SR s A A
FR B 1Y TR P R AT R A 2 A b R A
1.2.2 TaACOI%E K EWAE B LLKAE
OsACO1(LOC _0s09g27820.1) FIBL B 7F AtACO1
(AT2G19590.1) 5 F ¥ 81 Ry Sk i, 7E /N & £ 2 7
I 3% (http://wheatomics.sdau.edu.cn/) H1 #E 47 J7 41
e X, 3R A5 /NA2 ACO T [a] 5 55 DR A 2 1) R 2 1R 2
FA . 5 M5 FEPR EAEH S A Y (E 8 B
J5 ik FIH MEGALL 4 2 285 F 5 51 #F 46 4 5 F)
ProtParam #l ProtScale 43 JI| % 8 1 it 19 3 A< # 1k
PR 5T A8 1128 K M R AT 40 A R AR 4R AR
GSDS (http://gsds. cbi. pku. edu. en/) 43 #r F& [H 2%
¥ 5 #] /H MEME (https://meme-suite. org/meme/
tools/meme) 43 #1 /N4 TaACO1 8 H RSP I,
I1F] A Pfam (http://pfam.xfam.org/search) #1744
4 B 1) fig 1 %
1.2.3 TaACOIFREBER W FE/INEZ A=W
i (http://wheatomics.sdau.edu.cn/) F £ TaACO1
B AR 2K R RORF AL DL KB oG &R B A 1Y R
SR TE B , A FH Clustvis (https://biit.cs.ut.ee/clust-
vis/ ) Ae R IR AL IF o B A AR L
1.3 TaACOI &R =

FI I Trizol By J7 5 42 B 4 15 AR F0 it v 5
mRNA, 84 % K 4 DNA 2 BCR i CTAB 9y
o 5l (R DAMF TA/EMR LAY TREA R
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Tab.1 Primers of gene amplification

S51Y 4 FF  Primer

L5 (5'—3")  Forward primer(5'-3")

TEGIH(5'—3")  Reverse primer(5'-3')

TaACOI-G1
TaACO1-G2
TaACOIC

CGAGGCTATAAATTGCACCC
CGAGGCTATAAATTGCACCC
ATGGCATCGACATTGTCATTCCC

CATAAATTAGCTACCAAACAG
ATCCTATGTGCTATCGTCCTC
CAGTAGCGATGAGGTTGGA

1.4 qRT-PCR&#

T &I A RN i R B RS RNA I R sk hy
cDNA, X cDNA Ky B pi i 47 qRT-PCR A% . 5l
Yy el b R A DR R A A PR A (R 2) .

PHERE P R 295 °C AR 5 min; 95 “C A8 10 s,
60 *CE M1 min, 40 MEHR . L Actin W NS, H
2R R IR

%2 qRT-PCR3I#K7l
Tab.2 Primer sequences for qRT-PCR

HH  Gene

LS9 (5'—3")  Forword primer(5'-3")

TG (5 —3")  Reverse primer(5'-3")

Actin CGAAGCGACATACAATTCCATC

GAACCTTCCACTGAGAACAACAT

TaACO-5A2 CTACATGAAGCTGTACGTGCG TGTGTGACTTGACACAGTTTTG
TaACO-5A1 ACTGGGGATTCTTCCAGGTC CACCCTCTTGTAGTGCCCC
TaACO-5B2 TGAAGCAGTTCGCGTCAGAG GGCCGAGGTTCTCACAGAG
TaACO-5B1 CGCCACAAGTTCGATGACAAG AGCTTGGTGCTCTGGCTCTC
TaACO-5D2 CTGGGGCTTCTTCCAGGTTC TCTCCCAGTCCAGGTTCTCC
TaACO-5D1 ACCGCTTAGAAGCAACCCTT AGCCAGTGGTCTAGCACGTA

1.5 #EHH S5B1. TaACOI1-5B2, TaACOI-5D1, TaACOI-

41143 B R JH SPSS 18.0 #5144 , B4 4b 31 5%
Excel 2011, i [# 8 H] % Origin 2018,

2 HR G AT

21 INEFACOIRBERLEEREBEXERDH

FI ] Blast P 4K {4 ¥ /K f#& OsACO1 Fl 8l g IF
AtACO1 & H P A 5 /N2 4 36 4 5 (1 7 81 i AT
Ho Xt T, 3655 B 6 /N E ACOT RIS, Iy

5D2( 3 3) . X 6 AN FE ¥ 07 F/INEZ 55 A [ JE R
Yt iR SA 5B M 5D &4 24, v F SA Y fafk -
#) TaACO1-5A1, TaACOI1-5A2 % 5% JF 51 ¥ Ky
957 bp, ¥ 4ty 319 A F AR , 2 T 5B B A 4K 1Y
TaACOI1-5B1. TaACOI1-5B2 % % ¢ %) ¥ K
951 bp, ¥4 % 317 A~ IR A F 5D YL ik i
TaACOI-5D1. TaACO1-5D2 % 1% JF 51 43 % Ky
951 bp H1 957 bp, 43 5 4% 317 319 M2 HE R . &

A9 TR 1 &5 5 AR AR YE BBl R 5.18~5.48, 43 F it &
AR AR FE A 35.50~35.98 ku,

W TaACO1-5A1.TaACOI1-5A2. TaACOI-

R3 TaACOTEFEERHEREEANELERS T
Tab.3 Identification of TaACO1 and analysis of physicochemical properties of TaACO1—-encoded proteins

o AR WET BT e AT
H R H [N 4 B Py ELL /b e A oDps/ A By TR  /ku
R . . .. Chromo . . Isoelec
Gene ID Gene name Physical position Amino acid bp Intron Exon . . Molecular
some tric point .
number number number weight
TraesCS5A01G234300 TaACO1-5A1 450540660—450542152 S5A 319 957 1 2 5.27 35.66
TraesCS5A01G234200 TaACO1-5A2 450473511—450475262 SA 319 957 1 2 5.30 35.98
TraesCS5B01G232700 TaACOI-5B1 410722185—410723690 5B 317 951 1 2 5.29 35.50
TraesCS5B01G232600 TaACOI-5B2 410597591—410599090 5B 317 951 1 2 5.50 35.70
TraesCS5D01G241100 TaACO1-5D1 350219821—350221688 5D 319 951 1 2 5.18 35.91
TraesCS5D01G241000 TaACO1-5D2 349980431—349982139 5D 317 957 1 2 5.48 35.72
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H AP H/ANE RO LSRN S hr R E
INFZ B KRR N R K A A BRI A R kAT
Fooxt, 45 58 A B, e B A AL S Bh b 43 30l 3R A5 2 A4S A
PR E AT, Hh L ERENE R
AET5Gv20561200.2 1 AET5Gv20561300.2, & $if
IR /N 2 R g TuG1812G0500002671.01. PO Fi
TuG1812G0500002672.01. P01, 1 Hr &z /K 4E /) %
1 2% (AE. SPELTOIDES. r1.5BG0439250.1 #
AE.SPELTOIDES. r1.5BG0439240.1, K % & N
HvACO1-5H1 fl HYACO1-5H2, | I Bir 3k 15 i
ACOIL [F 5 25 1 1 )7 90k i Ak i), 25 20 & 3
(E 1), ACOL1E /2 235, /N TaACO1-
5A1, TaACO1-5B1, TaACO1-5D1 5 HvACO1-
5H1 & ky — 2%, TaACO1-5A2, TaACO1-5B2,
TaACO1-5D2 I HVACO1-5H2 B h—3% .

A TeAco15A2
A TuG1812G0500002672.01.P01
A Tarco15B2
A Hvacoish2 il
A TeAco15D2
A AET56v20561200.2
A\ A SPELTOIDES r1 58G0439240.1 |
A . " |

4d 4444 q

l

@ HvacorsHt ]
> osacot ]

El1 ACO1RZ#MHHT
Fig.1 Phylogenetic analysis of ACO1
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HR 4 RV 7 5 3% 1151 1 9 3 3 TaACO1 3%
CDSJFAIFEF A 75 . R TaACOIC
PEAT Y 0 F S 3R A5 6 £5 0 A1, 430N I Y
TaACOI-5A1, TaACOI1-5B1, TaACOI-5DI,
TaACOI1-5A2, TaACO1-5B2, TaACO1-5D2 )
BATRRIT A —3 . BATmRITH145r R 228, TaACO1-
5A1. TaACOI1-5A2 Ml TaACO1-5D1 2} 957 bp,
TaACO1-5B1.TaACOI1-5B2 1 TaACO1-5D2 K
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951 bp (R 3. & 2), 545 £ —3 . FIHLIY
TaACOI-G1 Ml TaACOI1-G2 4y 5 4§ 1 3% 15
TaACOI1-5A1, TaACO1-5B1, TaACOI1-5D1 Fl
TaACOI1-5A2. TaACOI-5B2 . TaACO1-5D2 &
WA P51, 5 CDS P4 Xt &3, TaACO1-5A1,
TaACOI1-5B1, TaACOI-DI1. TaACOI-A2,
TaACOI1-B2 . TaACOI-D2 3% 6 P TaACO1 %
BER2ANBTFMINNEF ANGFERK
K (& 3)

1. TaACO1-A12. TaACO1-A2 3. TaACO1-B14. TaACO1-
B25. TaACO1-D16. TaACO1-D2

2 ARETaACOIEE CDSHPCR I 15
Fig.2 PCR amplification of CDS of different
TaACOI genes
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Fig.3 Structural analysis of different TaACO1 genes

24 TaACOlEAHMRRTFEFSW

EH T AR kB, 5 TaACO1-5A1,
TaACO1-5A2 il TaACO1-5D1 # It , TaACO1-
5B1.TaACO1-5B2 fil TaACO1-5D2 £ 45 269 4~
RIS EA M AR (K 4) . FIHAEL
B A4 ProtScale 73 81 T TaACO1 & 4 0 55 K M, 45
HEW(F£4),64 TaACOL & A B K P28 1k 78
[l 24 -0.336~-0.237, i 41 TaACO1 & [} 3K
PERE T, R KPR e o 2 LR 6L T 264 15 1) i 24 12 Fn
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265 {7 1Y N 2R L B K PR A 5 A R 6 T 297 Fi J¥ (K 5) . 7£ Pfam (http://pfam.xfam.org/search)
29540, N RA& AR . 61 TaACO1HE HBAFE HERE, KR SF )Y 1.2.3.4 5051 8 R 20G-
o KR B DX B, AR WO A T ANME . Al FellQxy. IPNS-like, 20G-FellQxy. Clavaminate
FHE 28 7 B 84 MEME (https://meme-suite.org/ synthase-like 3& ¢ , ¥ 24 20G-Fe ( Il ) & L BE#H &
meme/tools/meme) 73 H7 T /% 6> TaACO1 4K H A O BE T LA 54~ FE P R & W AH DT e 235+ 3K

Fe AN MRSy 2y R BN H S AT 9 RT3
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T T T T T T T T T T T
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TaACO1-5D1 319aa
TaACOl-5A2 319 aa
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TaACO1-5D2 317 aa
E4 /NEZETaACO1EZEBRFFILLE S
Fig.4 Sequences alignment of wheat TaACO1 proteins
x4 /NETaACO1E B Bk KL MM E (L 5 #
Tab.4 Hydrophobicity and subcellular localization of wheat TaACO1 protein
A KM i R A L TR it K i e e R KM EREIIN E oL
Gene The most hydrophilic amino acid The most hydrophobic amino acid Hydrophilic Signal peptide Location

TaACO-5A2 P(26517) D(297 i) -0.329 b 24 it 5

TaACO-5A1 P(26517) D(297 i) -0.300 b 2 ffd 5

TaACO-5B2 P(2641i),A(2651%) D(2951) -0.339 ¥ 240t 5

TaACO-5B1 P(26417),A(265%) D(29547) -0.237 Jc 2 it 5

TaACO-5D2 P(264 1) ,A(26511) D(295 1) -0.336 s £ i S5t

TaACO-5D1 P(2641%),A(26517) D(295 1) -0.317 P 2 i S5t
K Gene PESTIETF Motif Motif 1 [l 20G-FellOxy

TaACO-542 (NI (T D ey Monf2 B IPNS-like
Motif 3 20G-FellOxy

TaACO-5A1 | N 77 I [

TaACO-5B2 NN I [ T Mo S

TuAco-sp/ T [ ey Voif 6 B
Motif 7 -

TaACO-5D2 Motif 8 [

TaAco-5p1 N D [ N ] Moo [

5 INETACOIBEHARIFIEFEHH
Fig.5 Conserved motif analysis of wheat TaACO1 protein

Motif 4 Il Clavaminate synthase-like
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2.5 TaACOIEERIKEX 7

M N 2 4 22 W 3 (http://wheatomics. sdau.
edu.cn/) N #3156 4~ TaACOI1EMR (Root_z10,
Root_z13., Root_z39) . 2% (Stem_z30, Stem_z32,
Stem _z65) .M (Leaf 210, Leaf z23.Leaf z71) . f#
(Spike_z32 . Spike _z39 ,Spike_z65) FlAf i ( Grain _
271 .Grain_z75 .Grain_z85) 5/~ 4L (1) R R 54 , 7
Br H AR AR, 45 R (K 6), TaACOI-5A17E
Eh Rk a R, B IR Z R R Grain_275
Grain_z85 i ik ; TaACO1-5A2 fE Wy % 5 &= &%
B R Z L KERLRAR s TaACO1-5B1 18 i vh 3
B R R, BWRZ AR AR AR ; TaACO1-5B2
TEZErh Rk & e, T IR, TE AR FITAR rpy A
ARFKIK; TaACOI-5DIERET h &bt dw i, 22K
2, T K B Grain 275 Fl Grain 285 ff H# 3 ik ;
TaACOI1=-5D2 e 25 R B e i, M IR 2 K RE
MR Rih . 25 b, 6B B FE it 7 A ZE v
22k, MAEAR AR IR R 36 .

80
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40
L e
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i B
i i
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228 SRR LE
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W e « T L o o .5 § &
8585553}?’}'&%&5'5'5
Lxxgaa AR AR

6 INETaACOIBERFTIXIEDH
Fig.6 Expression patterns of wheat TaACO1 genes

2.6 INE TaACO1%E H X8 T = B = Wi iz

M Wheatomics (http://wheatomics. sdau. edu.
cn) 93k R A4S T /N 22 e i Ah B % S 450N L oy
Mr T 8Ll 214 F , TaACO1-5A1.TaACO1-5A2 .
TaACO1-5D1, TaACO1-5B1, TaACO1-5B2 Fl
TaACOI-5D2 fEG i AR h i Rk, 45k
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W, IEH A K MR L6 TaACOITERR h Y $2 3K
8 T4 (P<<0.01) s BB AL FE 10 d I, 64
TaACO1 K K75 41 1 h i 3% 35 & W 2 3 n (P<
0.01) , T 78 A v (14 2 35 i B 3 PR AR (P<<0.01) . 7E
AN Sl B 0 AR BB 0 i b, ¥ TaACOI-
S5A2 R E M TaACOI-5DI AR (K 7)
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kTN A A AL B (A 7E 0.01 7K b 22 5 W W 3%

##x indicated signifcant differences between different treat-

1

ments at the 0.01 level

7 INEXRE TaACO1 % B X HL8E i i Bz
Fig.7 Response of different wheat TaACO1 genes to

phosphorus starvation

2.7 A[E TaACOI1E [E 7 T & i i i 2

B WS R, ACO 1 5 [H 7 A8 By 300 55 38 W 1
B R HEEEN, R A K LT Iy
T TR, R vk B B ) SO b B AR AR Y
I ) 5 e A4 L DAL IR e v R RN ok i 8
EHEEMMEEENE . T TaACO 15 H T il
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