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Molecular isolation and tissue expression analysis of
alternative oxidase family genes in Liriodendron chinensis
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Abstract: Alternative oxidase (AOX), a terminal oxidase located in respiration electron-transport pathway, which is
widely existed in higher plants and closely related to plant respiration. It has shown that AOX played a substantial role in
plant growth, seedling morphogenesis and environmental adaptability in recent researches. Liriodendron chinensis is an

excellent tree species for garden ornaments and timber use, while the adaptive capacity prevents the expansion of culti-
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vated area. As a result, searching for resistant genes of L. chinensis and uncovering the mechanism of its stress-defence
ability are great urgency. Three AOX genes were isolated from L. chinensis by RT-qPCR and RACE, and then sequence
analysis was carried out in silico, including analysis of open reading frames, encoded amino acid sequences, protein do-
mains, secondary structures and so on. The open reading frame length of AOX genes were 858, 1 032 and 1 044 bp,
which encoded 285, 343 and 347 amino acids, respectively, and then we named the genes as LeAOX1a, LcAOX1b and
LcAOX2. Protein homology and phylogenesis analysis revealed that the AOX family protein sequences of L. chinense were
highly conserved, especially at the C-terminus, and all the three AOX genes contained “EXXH” , “EEE-Y” iron-bind-
ing conserved domains, those may have activities in combination with iron ions. Subcellular localization analysis showed
that LeAOX1a protein was localized in other places outside the chloroplast and mitochondria. LeAOX1b protein was lo-
calized in chloroplast and mitochondria, while LeAOX2 protein was localized in mitochondrial matrix. The expression
patterns of AOX genes were examined by using eight tissues, including stem, leaf, leaf bud, flower bud, calyx, petal,
stamens and pistil. The result of RT-qPCR indicated that relative quantity (RQ) of LeAOX1a, LcAOX1b and LeAOX2
genes in floral organs was significantly greater than that in vegetative organs. The RQ value of LeAOX1a and LeAOX1b
was the highest in the stamens, especially the LeAOX1a, the expression in the stamens was much higher than other tis-
sues. The LcAOX2 gene has the highest RQ value in the petals. This study cloned three LcAOX genes and performed
bioinformatics analysis, subcellular localization analysis and expression patterns analysis to provide a reference for further
study of their biological functions.

Key words: Liriodendron chinensis, alternative oxidase, molecular isolation, bioinformatics analysis, tissue expression
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Wt (Arum maculatum) 28 001K 43 B 15 3] AOX,
IEfE I 15 HIF L7 A 3¢, Zalutskaya et
al. (2015) 7E X} & 3 ( Chlamydomonas reinhardtii)
Ab B S AT R W I R AOXT B R Gk b
P, AN FEXT IR ST A T G Ab 3 D)
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CORARML KA P OR A 28 H  B R AT 1 R 2 26
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Cell , pEASY-T1 Cloning Kit I pEASY-Blunt Cloning
Kit 5o R AR B AL 2l AR YR A IRA A,
1.2 Ak
1.2.1 #F#k AOX F %A B EST Bl 69323k X
b 56 5 5 Wk % 5% 41 B4R FE (http ://ancangio. uga.
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1.2.2 RNA #2 B A cDNA % — 4k 64 & R H
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PEHU) RNA AL HE , f# ] Thermo Fisher Scientific
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Synthesis Kit # 17 ¢cDNA 2% — &% 09 & B ; 1 37-
Full RACE Core Set with PrimeScript™ RTase( TaKa-
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RACE 5'/3" Kit i 7] & ( TaKaRa) , #£ 17 5' RACE
e 53 A B ST OB AR I BT B2 BCAY RNA 58
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1.2.3 A B A K cDNA F5 69K LRI EST
JP 51 5ehl, FIR Oligo 7 B3 11 8] A Be 51 4
(% 1)L E—2L 3R cDNA 5 —4E Bt , i
7 LA Taq(TaKaRa) PCR ¥ 34§ 3= 4 2 1.5%
F18) B AR B 5 v A DU 5 DD I H Y B, [l i 4
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f ORF JF8I7E Hpisi it 2 Ko (£ 1) it 47
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flinder/) #E47 ORF K 4 i = 3 1R Fr 51 i 1300 ; 36
1 Expasy ProtParam ( http://web. expasy. org/prot-
param/ ) AT H H A LR A K, 0+ &2 FHie %
L, 25437/ F Pfam (http ; //pfam. xfam. org/ ) #£ 47
HH BRESH IR AT RIHAEL TR ExPASy TMpred
( http://www. ch. embnet. org/software/TMPRED _
form.html) 53 #7 & 11 5t F 51 5 REE X il - Signal P
4. 1 Sever ( http://www. cbs. dtu. dk/services/
SignalP/) 715 5 IR B H {#i | SOPMA #478EH
TR T 5 43 ) K TargetP 1.1 Server ( ht-
tp://www. cbs. dtu. dk/services/TargetP/) &
Wolfpsort ( https ; //wolfpsort.hge. jp/ ) # 17 V. 40 il =&
LTI 5 72 NCBI 8 R T 28 2 & &1 AOX [[] ¥
GIE AT 43 B, R H MEGAS. 0 i 17 & 4 i#F fb &
I,

1.2.5 A B AR EE A FRIBGEE M |
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(250 ng - pL"), Je %5k 5 cDNA, MR ow B 3115
LeAOX1a  LeAOX1b 1 LeAOX2 3 Ay %1, R H
Oligo 7 #XAF153t qPCR 51#) (3R 1), Actin97 1E
KNS BTS2 E B PCR SOV, A H A A&
N7E 8 PR R ZH LU i Rk i B AR LIS 3 4
FRE, NIRRT S | SYBR © Premix Ex
Taq"" (Tli RNaseH Plus) ( TaKaRa) B4,
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Table 1  Primers sequence for gene cloning and RT-qPCR
B KR
LA EL/ES CIL B 52l Annealing
Gene Type of primers Primer name Primer sequence temperature
(c)
LcAOX1a LRG| LeAOX1a-F TGGTGCGGTGAAGGGAGAAG 53
Primers of intermediate fragment LeAOXT1a-R ACCCATGAAATACGCATTGA
3'-RACE 5|¥y LeAOX1a-3F1 TTAGAAGAAGCCGAGAACGAG 56
Primers of 3'-RACE LcAOX1a-3F2 ACTCGTCTTCGCCGTCTAAGG 61
5'-RACE 5% LcAOX1a-5R1 GCATCCTCTCGTTCTCGGCTTCGTC 66
Primers of 5'-RACE LcAOX1a-5R2 ATCAGTGGGTAATCTCAGTATC 54
ORF 5% LcAOX1a-OF TTTCGTTCCAATTTCTTGCGAGACA 61
Primers of ORF LcAOX1a-OR GAGCCGAAACTCAGTGGTACCCAA
SEI 2865 B PCR 514 LeAOX1a-qF ATGTTCCAGCCACATTGTCG 60
Primers of ¢PCR LeAOX1a-qR GAATCGCCTCAGTGACTTGC
LeAOX1b e R B LeAOX1b-F ACGTTCATGGAAGTAGCCAA 52
Primers of intermediate fragment LcAOX1b-R ATCCGATTCCAATTACAATTTC
3'-RACE 5|#) LcAOX1b-3F1 AGGCGTCTTCTTCAATGCATATTTC 59
Primers of 3’-RACE LcAOX1b-3F2 GCTGAAAGAATCTCCGGCCCCAC 66
5'-RACE 5|1 LcAOX1b-5R1 GAGTGCCTTTATCCATCCGCCGCTGT 69
Primers of 5'-RACE LcAOX1b-5R2 TGATTTCCACTTCCATTCCG 55
ORF 514 LcAOX1b-OF ATGAACTCCAAACTAGCGACA 55
Primers of ORF LcAOX1b-OR AAAGGTCCTAATACACGTCC
S PN E B PCR 514 LcAOX 1b-qF ATCTGAAGAAGCACCACGTT 60
Primers of qPCR LeAOX1b-qR TCTAACATCATGGCCCGACA
LcAOX2 hE R B | LcAOX2-F GGAGCCATCAGAAATTACACC 52
Primers of intermediate fragment LeAOX2-R CTCTTTGAGAGCATCTGAGTG
3'-RACE 5|1 LcAOX2-3F1 GTTTGACCGTTTTCTTGCTC 55
Primers of 3’-RACE LcAOX2-3F2 GGAGAAGAATTGAAAAGAATGCCTG 60
5'-RACE 5% LcAOX2-5R1 CAAATAATCAGCTCTTCTCCAC 61
Primers of 5'-RACE LcAOX2-5R2 CCTCCACGATAACTTCTTCCT 57
ORF 5% LcAOX2-OF CCCTAACTCTAGATCGGCAA 56
Primers of ORF LcAOX2-OR TCAATGGTACCCAACTGGAG
ST E B PCR 5149 LcAOX2-qF ATCTGACAAAGCACCATGTCC 60
Primers of qPCR LeAOX2-qR GCAGCTACTGTTTCGAGCATC
NZ519 LeACT97-F TTCCCGTTCAGCAGTGGTCG 60
Primers of internal reference LcACT97-R TGGTCGCACAACTGGTATCG

2 HERE5AH

2.1 BEM AOX RiEEE cDNA £KFIIRER
e

AL I 38 25 Ak 2 S 2H A PR 4 R B AOX A
FHOCH EST R Bt 16 45, 400l 5L EST R B 54
S 3 B S 2H UM ( Yang, 2013) Foxf | L
2 AR 3 A REEM A0X I EST A B, 70 %)
4 lcomp84206 _c0 ., lcomp98789 | lcomp99880 _c0, Jf
HR A 1) 3 453G Mk AOX JEDH EST 34111t

HE R BRSS9, 0t PCR P73 B 1) R B el
WA B FE RN Y | WG S v AOX FE R P 3 EA T80
WECE 1. A) o MR A | 5 Bl Y 45 % 7 RACE
519, R AP 1, K15 3'RACE (K 1.C) f1 5’
RACE(K 1.D) . #[a] i Bt .3’ RACE 1 5'RACE
AT FPHERTG 2K I ORF Mt 14
HEAT ORF 30 ( 18 1.B) , RIIPHEL R ICIR . K oe
FEIRTFIY 3 4> AOX LR Tl & (138 3F NCBI BLAST
Protein 5804 3 VEAT LU XT, AR F8 LU X6 5 2R ¥ 445
1 B BRI Ay 44 N LeAOX1a ( MN187966) | LeA-
OX1b( MN187968) Fl LeAOX2( MN187967)
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A I A B B. 2K ORF; C. 3" Race; D. 5' Race, B HZEZ=A 500 LeAOX1a LeAOX1b LeAOX2,
A. Intermediate fragment; B. Full length ORF; C. 3" Race; D. 5’ Race. From left to right are LeAOX1a, LeAOX1b, LeAOX2, respectively.

BT R AOX K TE e
Fig. 1 PCR amplification result of LcAOX genes

22 BBEMAOX KEEFEFBEAELERS T

S 3 S AOX LR gt 8 3 & A AOX
PRSP I, Hop LeAOX1a  LeAOX1b 5 AOX1 IE
K, LcAOX2 5 AOX2 WK% 8 &t o LeAOX1a K&
Hl 4K 1 305 bp, ORF K 858 bp, Zifi% 285 2 &
i, IS A HL A 7.23 RV TR R AR £k 80.11,
AR E RBHR 36,17, B K M F #{H 4 -0.264,
LeAOX1b K 4 1 405 bp, ORF K 1 032 bp, %
fith 343 DR, PS5 SN 8.37, BRIA TR
TR 85.04, AfaE RECH 39.71, Bk PV BIME
H-0.181, LeAOX2 F#:H 4+ 1 376 bp, ORF £
1 044 bp, Zifi% 347 R IR, IG5 05 9.02, 5

W T8 E0CN 89.94 , NFaE RECH 48.17, Hi/K
PRI ME R -0.251, 38 5 78 4 1l 4K 14 ExPASy
TMpred X AOX £ [ 5 85 X 47 il B, 45 2R Bos
AOX [y BB i) 5 JBE B 1, FL i /K PR 722 46 K Y
DXl Ay 5 DX
23 BEM AOX ZHEEFBELRREES
G300 K B M AOX K & 11 Y LeAOXla,
LeAOX1b LeAOX2 5 NCBI U4 2 85088 14 v 51
AT LEXT, 45 SR R WIS E M AOX RIEE T4 &
FEORAF , JLHAE C v s (B 2) , AR
i AOX HH & A AOX K IEFEA I “EXXH” |
“EEE-Y"#E T4 G RF ML, 6 MR
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LcAOXla [VAK T] IFRILET D Vi oRR
LcAOX1b [VA[K T LIAR[F)Z T D Viay R
DcAOX1l [VK[K T SHMRIFIFT D ViRAOIIAR
S1AOXla [A|T[K T IMR/FIFT D Vi OlIR
AtAOX1b |I|TK T SHMRIWIZT D LIBAOIAR
AtAOXlc |I|TK T SHMRIWIFT D LiBAOIAR
AtAOXla |I|T[K T SHMRIWIFT D LiBA0IAR
GsAOX1 [I[T[K T VIAR(Y)Z T D Vi OlR
OsAOXla [LV[R T SMRFIIT D T)aafopIR
AtAOX1ld |I|TK N THK| 1}3V O LigdojK
LcAOX2 [A|TRR T IMR|TIAT D T)@yRER
Claox2 [I|TRR T LIR(T)IT D TjadaopdR
AtAOX2 |I|TR N LMR/ T T D Tjx0iIR
11(_) 129 139 14(_)
$7%.7.Ye) s CRREE CRI AN LE TVAAVP GMV[EGN LA H|e 5(SGGWIREIL LEEAENERMH LM TEBIVE 2]
§%=7.Ye) 4 b - JIREEl CIAIMY L E TVAAVP GMV[EGIA LA H/e 5SGGWIRSAL LIEAENERMH LM T3 E 2\
1517.Yo> '« IR el CI AWML E TVAAVP GMV[E G L H e 5(SGGWIRGNL LPJEAENERMH LM T3 E \V&S[o]
-30.Y0) s EYREel C 1A Y L E TVAAVP GMV[EGIULIAHe 0lSGGWIRSALLBPEAENERMH LM T3 E W2\
§.X5 Yo ah JREe| C AU LE TVAAVP GMVI[EGIUL\YH[ OSGGWIRSALLBPEAENERMH LM T3 E W2
§-X5 Vo) aR-MIR'del C S ARV L E TVAAVP GMV[ElGIYLIUHY oSGGWIRSALLPEAENE RMH LM T3 E 2
-\ Vo) « RNl C ) A WYL ETVAAVP GMV[E|GIYLAH[ 0SGGWIRGALLPEAENERMH LM T3 E 2
[e).Yo) « MEREE CIN AN L E TVAAVP GM VNG LA H(e 5SGGWIRGAL LIEAENERMH LM T3 E 2
(01).Ye) 4 FRIREEl CIAIRYI L. E TVAA VP GMV[E G LI H) 0]SGGWIBSNL LIPEAENERMH LM TR E W
-\ Vo) aX- WAV C )3l ANSALE TVAAVP GMV[E|GIYLAH)A 5S GGWIRSAL LIYEAENERMH LM T3 E iffs{o]
$7%.7.Ye) v IREe C I AR LE TVAAVP GMV[E G L H ) 0]SGGWIRSAL LPEAENERMH LM T)VAYE jRy[o)
(o3 F.Yo) ' IREE CIN AWV L. E TVAAVP GMV[EGIY LA H ) 5SGGWIRSAL LB EAENERMH LM T)VS4E ily[e)
§.X5 Vo) 2R el C )l A WYL E TVAAVP GMVIEGIY LIAH)A 5(S GGW IRONL LlEAENERMH LM T VY E iy}
EXXH
209 219 229
LcAOXla WAHRFAYG Y LEEEAEIS Y T EJ L Kl
LcAOX1b A HRVAYG Y LEEEAS|S Y T E 3L K joh#)
DcAOX1 A HRWVAUG Y LEEE AS|S Y T E 3L K joh#)
S1AOXla WA HRJMYG Y LEEEAASIS Y T E 3L K johf)
AtAOX1b IAAHRVAUGY LEEEASSIS Y T E 3 L K joh#)
AtAOXlc IAAHRVAUGY LEEEASSIS Y T E 3 L K joh#)
AtAOXla IAAHRVAUGY LEEEASSIS Y T E 3L K johi)
GsAOX1 IAAHRVAUGY LEEEASSIS Y T E 3 L K johih)
OsAOXla IAAHRVAUGY LEEEAJSSIS Y T E 3L Kphi
AtAOX1d A HRIGNGYLEEEANANS Y T EJ3L Kjshg)
LcAOX2 A HRIMYG Y LEEEA}SE|S Y T Ej3 L K jpligh)
ClAOX2 A HRIMYG Y LEEEAJSE|S Y T EML Kphigh)
AtAOX2 A HRIWAYG Y LEEEAIEIS Y T Ej3 L K o)
EEE - Y
239 2 259 269 279
LcAOXla VPEGFSENTPRAYRLIP WViJRADEAHHRDINHFA S D IEREe|GER LESEH]
LcAOX1b VPLSF-S@NTpRAYR MP|P WVIYRADEAHHRDYN HMA S D I 3A4¢|G 821 1. ¢l
DcAOX1  VPLSFN#NTpR4VR I.P(A WVIYRADEAHHRDYN HIA S D I 304e|G 8 1. il
S1A0Xla VPLSF:S#NTRAYR L P|K V\YRADEAHHRDYN HMA S D I |:846]G[efe] L)
AtAOX1b VPESFSFNTRENR LERA IWVIYRADEAHHRD\YN HMA S D I 2846\ GJ383 1. 1igall\
AtAOXlc VPESFSF\VHRENR LERA IWVIYRADEAHHRD\YN HMA S D I 240|GJs8 1. )¢l
AtAOXla VPESFSFNTREYR LA WIVIYRADEAHHRD\YN HiglA S D I 58'46|G |28 1. )igall\
GsAOX1  VPLSF-S@NTpRatO I P|P WIVIYRADEAHHRD\YN HJ@lA S D I|:846|G |8 1. 1281
OsAOxla VPLSF-S@NTPpNAYR IP|A I VIYRADEAHHRDYN H|FA S D I[s0€6]G)%8a L jqelhs
AtA0X1ld SPESFSPNTpREYR L.PK }VIIRADEAHHRDJIN HMA S D I [e)2BGJs82 L @i}
LcAOX2  IPLSFN@NIpNANR I P[K iVIIRADEAHHRD\YN HIgA S D I |38300|G i€ 1. 1z8ai\
c1a0x2  VPLSFS#NIpRNANR I P[K VIR ADEAHHRDYN H|3A S D I js8306)Glaga] L i3l
Ata0X2 VALSFSFNTpRGUR LPK VIR ADEAHHRDWNHJA S D T 15836]Gliga] 1.)8a1)-\
EXXH
B2 REER AOX A [F WAL 2 by

Fig. 2 Homologyanalysis of LcAOX protein

QIRIE AT RES SR TS, 1 MR ZEAM LeAOXla LeAOX1b  LeAOX2 J AR D RUEK F2 1
FREEN 5 R A OG, L, E s B th ) BRI SRR A B S B TR
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OsAOX1c(BAB71945.1)

VvAOX1a(ACI28876.1)

AtAOX2(NP_201226.2)

DcAOX2b(ABZ81230.2)
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1L

LcAOX2

DcAOX2a(ABZ81229.2)

GsAOX2(KHN39226.1)

i

AOX2

VWAOX2(NP_001268001.1)

0.02

CIAOX2(ADD84880.1)

K3 IS AOX Kk R GEHEAL R
Fig. 3 Phylogenetic tree analysis of LcAOXs family

24 BBEWMAOX FEEEREZEQARGFHL DT

M NCBI 5 858 e PR © & R A4 I
(NP _188876. 1, NP _ 188875. 1, NP _ 189399. 1,
NP_201226.2) . /K 5 ( Oryza sativa, O. glaberrima )
(BAA28773.1 . BAB71945.1) (# % N ( Daucus carota
var. sativa ) ( ALI57378.1,ABZ81229.2 ,ABZ81230.2) .
%5 (Vitis vinifera) ( ACI28876.1 ,NP_001268001.1) .

i ( Lycopersicon esculentum) (NP_001234117.2 NP _

001309890. 1) , K & ( Glycine max) ( KHN42869. 1
KHN39226.1) V8 JK ( Citrullus lanatus) ( ADD84880.1)
519 4> AOX KGR IR 1, FIH MEGAS.0 x4
W3 ADRYEM AOX S EUE FER R W E H T
AT Z Ty 5 LT, IF FH AR K ABL SR ¥ 4 i 3% 4 ik
fEB ( 3) , AOX 2 1B B 40 A K 32, /il AOX1
I AOX2, MGEL KL R K, LeAOX1a Fl LcAOX1b
RH—D/N 3, 5HE b DeAOXT 3 K %
KRBT 1 LeAOX2 5% N DeAOX2a % H
FRGRREGT, KWL, %8s R — 7 i TR A

WAEHALSCR E 5SS Ny Y], o —Jrm, i
fFH AOX FKIETFE AOX1 Fl AOX2 WK HF L,
2.5 BBEM A0X ik H B I 4 B 7E iz Fual

FH TargetP 782 3 {4 2E 17 W0 40 it 2 A Pt ( 2%
2), R IR LeAOX1a £ AT BB E £ 40 1 EBR I
£ 7 NS VAR NI 573 A T el N < 9 A VA
LcAOX2 #E AL FEkiik, HlfFREE%R N 2,
BB E B LeAOX b 9K 7E 28 ki 44 vh 40 1
Sy, A B 8 A5 BIFANBIER . S T8 Fom
ELHINWES , AT Wolfpsort 7£ 2k 8 4 B —
KIEAT LeAOX 25 FH WV 4 ffg 2 o7 B0 ( 35 3) , 45
HR LeAOX1a 88 1A 0] REE 7 1 40 i 5T X 5
LeAOX2 & A ] g i TR ; LeAOX 1D
B FFE SO A RN - S A v B85 5 Ao, LA e Aor
15 By i — 20 SE I Bk
2.6 BBEWM AOX RixEEBLREHFEDH

O3 RIS MY 8 S 4LZUE RNA, LU 7%
& cDNA it , 27 Z i & RINIGEM Actin97
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% 2 TargetP iV £ i & L 5 i

Table 2 TargetP protein subcellular localization prediction

H Rk LcAOX]1a LecAOX1b LeAOX2
Name
LIESZEN 0.106 0.091 0.082
¢TP ( chloroplastic)
AL 0.254 0.682 0.867
mTP ( mitochondrial )
73U T8 I 0.072 0.011 0.006
SP ( secretory pathway)
Fofl 0.848 0.070 0.020
Other
FE 7 TR — M M
Loc ( prediction of localization)
A AP 3 3 2
RC (reliability class)

e " FORHANE ; ML 2RI,

Note: “—” means the other location; M. Mitochondrion.

R 3  Wolfpsort IV £ il & {i ¥ il
Table 3 Wolfpsort protein subcellular localization prediction

K

LcAOX1a LcAOX1b LcAOX2

Name
il A% — — —
Nuclear
£ Jfa I3t 9 1 1
Cytoplasmic
LR R KL 4 6 6
Mitochondrial matrix
2R iR 1 7 3
Chloroplast

W "R A R A

Note: “—” means no localization in nuclear.

YERN B FEP (Tu et al., 2019) , #4752 0} & &
PCR W, @5 R (E 4), =4 AOX ZFHTELE
ar BRI E A RS T HAEE RS E PR
o, HAP RN A0X 1a 16 1 b 2k B, H
UONAEME, M AE 28 it | i 2R A5 20 ZUrh R ik i il
%A 1 2247 RRE , AOX 1D 3[R 78 e 35 b 6 3k
W, A R Y 2.69 £, 25 R A R AL, H
A F Y 0.2 5447 ; AOX2 FE R E AL rh e ik i
e, 2 R Rk 3 A A AR Rk
=398

3 W54 ®

SRR T D S I W R A AR i A AR T, 2

H AOX K& [H 2 il 4% 75 1) — 25 8 11 B, Rhoads &
Mecintosh ( 1991) 7E 5 .2 ( Sauromatum venosum)
HIRFLRE ) AOX BEH T 44 AOX1, iS5 , B
HhE X SRRV R AR LA S AOX SER R AT T K
WHoE ., 1245 Rk, JL-T-E BT A 1) e 55l 1 5 R 4
R B AOX FE AT, iFEsh b, AR
DEARAE S A A R AOX BE] (Medo-
nald & Vanlerberghe, 2004) , L4175 EL 1 | 41 1 LA
N BB A & P ( Medonald & Vanlerberghe ,
2006) . AOX K& [H ZR 5 S ph A% L X g A 1 — 5
AN TR R, 38R B A AN R AOXT I
AOX2(Selinski et al., 2018) , 232 MM W rh 11
AL E A AOXT WK T, A K g B B ) A28 34 |
S SR8 ST BT AR ) A I B A0X2
W& W AETE (Costa et al., 2017) , LAk, % 1 3k
¥ ( Pinus pinea ) W) B 5% & 8L, H & F A0OX1 F1
AOX2 TIN5, AT LAHERT AOXT FI AOX2 T 4
USR5 IR R T A 5 8 T R 43 5 22 i Y
W1, I HAEW] S i AR ) rh AR E AOX2 WK TR
Al BETE Z J5 (A E 1k & 8 v g i 0 T M R T 5
( Anténio et al., 2009) ; i X A 97 % 1 A )
YR GG B ( Populus ) 5b (B BHXUAFTE AOXT WK
) BIEA WA K (KR, 2014) . LR IT
AOX BER R a5 KR W, L 5 4> 40X HE A
FEAERL R I o, Hoh s 4 A~ A0x1 363 4 5 K
AOX1la AOX1b AOX1c AOX1d UL % 1 A~ AOX2 %t
[Hl ( Saisho et al., 1997 ;Clifton et al., 2005) , X}k
TS R BHAEAE 1 AOXT FEFE A2 A A0X2 Jit
K4 5 & AOX2a 1 AOX2b ( Thirkettle-Watts &
Whelan, 2003) . Tto et al. (1997 ) MK F& 43 85 %
FETPAS AOX HE B, 730l 45 44 S AOX1a ,AOX1b,
5 Hiroaki et al. (2002) i — 25 X} K FE W 5% K 2R
4 AOX1c B, =F 0 AOX1 WKIERA

ENTEE R S A AL AR A
FEHTEE 3 A AOX KIGFHE LeAOX1a  LeAOX1b
LeAOX2 , REGE R B mhi s R ARG A0X FH [H]
FESME N AOXT 5 AOX2 AR K,

M “ SUM” B # ( Siedow & Umbach, 1995) ,
AOX & FATESS — FIEE DU AR BE 40 0 &5 1 SRS
1) “EXXH”, JEMERR IR GG, HAE C ey
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Fig. 4 Tissue special expression of LcAOX genes

AH“FXHR” 5 “EEE-Y” B £ 57 F¥ 51, 1 78 M J5
Andersson & Nordlund ( 1999 ) £ 1 A “ AN # Al rfr |
AOX 7555 ZFEE UANRE o & A “ EXXH” {57 %
H, ELIE M b AU 5 YA IR E A BF SR AT
B A RRPE AT A BRRS M AOX % 3 A FE A 1
EH AOX FIGEFA B9« EXXH” “FXHR” “EEE-Y”
FRRE T A5 A AR ST S B, DU AR C o R SF 1
e o VA0 o N 25 2R R LeAOX1a A AT
RB 7370 76 B G bR | I S (A 1 43 0 3 [ 22 A 11 3
b A7 s LeAOX b £ -2 (4 RN r 1A P 35 4 7 A0
LeAOX2 8 8 i TR, i 5 2 Hir i 38 1 %) 421
FAST AOX2 3 PR HEA T IV 200 it 2 47 52 563 114 &5 SR — 2
I HIZHEIE KB AOX2 LR e 100 G I 1 2 #0309 1 52
FE W i A% v R 5 B A ( Saisho et al., 2001)
HANRKIB T4 R EARGEM LeAOX1a | LeA-
OX1b 5 LeAOX2 LR BIFEAEFE A 1 h R IR E K,
Hip LeAOX1a 5 LeAOX1b FE PR H 75 1 5 v e ik B
e, FEAE LeAOX 1a JE A IS b 26 28 B0 38 /5
FHABLL L, AOX F AR by 55 B 1) Sk R A< i 45
LT , 76 BE B Vi i A AR BB L b ad B v oA S AR
H L RTAETEAE AL 18], mT BB T AL 28 B 77 2244
EAERFIE BRI N, R LR B AOX 5 1 B
1R (Meeuse, 1975) o LeAOX1a JE R 7EMESS s
SebERIR MR R A Y 2 TR LA HEZ
FERBR T S a2 00, TR SRR R H
FUIM O, 5 g R, 7fE XK B M4

( Gossypium spp. ) FHLEESFAIFFE H & B AOX 1 FE[H 2
P SRR R R GA  H AOXT IR A o 25 R 5
PERBHEN SR EEARNTAEET N XR
(Shin et al., 2002;Li et al., 2013) . M4, % 7Rk
PHLHIDEFE R W R sk SR 7™ B 5 8 T Bk 2R i
MR LR AT 25T CrAOX 1 A3 (1 /NFE - IR i W]
RETE BR 2L 7= 4 rp & ¥ 5 ZE4E H ( Yasuko et al.,
2019) , A —LWFFFRB AOXT FEH B FRIKIFA
SRR AT, WS /ME T AR AT
HHFK (Johns et al., 1993) . T LeAOX2 FE A [F] B 75
AFhaE Th R B R &, e R A AR,
HYCHACEFIMESS . A6 75 A R B i 5 rh &
AOX2 TR SR B b Bl Kt Rk, HEWT Aox2 nf
fiE5 B 52k & AH 5% ( Considine, 2001; 78 % &
2011) , BAREITWFGE o &I AOX2 78 B ) Fl 7
AR 7 ( Nakabayashi et al., 2005) , P i)
AOX2 IR S A K E B BmUIAM G, TEX A5
I XTRE M AOX BE KT 51 b B R A1
M S I REZ A W TE G &R, LU 4 5 i — 25
FFE AOX FRIGHER AW DI Re it s 2% |
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