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CAT activity and related gene expression in the pistil of
self- and cross-pollinated Camellia oleifera Abel.

Jiang Si-Si, Zhou Jun-Qin, Lu Meng-Qi, Yuan Jun”

( Key Laboratory of Cultivation and Protection for Non-wood Forest Trees, Ministry of Education, Key Lab of Non-wood
Forest Products of State Forestry Administration, Central South University of Forestry and Technology, Changsha 410004, China)
Abstract. Camellia oleifera Abel. shows late-acting self-incompatibility (LSI) characteristics,
which seriously hinder parental selection and cultivar arrangement during cross breeding. To
study the role of catalase (CAT) in the self-incompatibility of C. oleifera, CAT activities in the
pistils after self- and cross-pollination were determined. Three CAT genes ( CoCAT1, CoCAT2,
and CoCAT3) were cloned by reverse-transcription polymerase chain reaction ( RT-PCR),
with coding sequences (CDSs) of 1479, 1287, and 1479 bp, encoding 492, 428, and 492
amino acids, respectively. Multiple sequence alignment showed that their coding products
contained typical tripeptide sequences at the C-terminal. Phylogenetic analysis showed that
CoCAT2 and CoCAT3 were most closely related to NtCAT3, and CoCAT1 was most closely
related to CsCAT1. Expression pattern analysis indicated that the expression levels of the three
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genes were highest in the self-pollinated pistils 72 h after pollination, and expression levels in
the self-pollinated pistils at 36 and 84 h were significantly higher than those in the cross-
pollinated pistils. Thus, self-pollination and cross-pollination increased CAT activity in the
pistils of C. oleifera, but at different magnitudes. This study indicated that CAT maybe involved
in the response mechanism of self-incompatibility in C. oleifera.

Key words . Camellia oleifera; Self-incompatibility; Catalase; Gene cloning; Expression pat-
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3% ( Camellia oleifera Abel.) ETEAH “ A J7il
HIHE” SEE PIARATIER A, FEORAE T E
M P DX FE AR = v Il A e A AR AL 2 R
N 37 L e T S 2 1 S (1 B S
T H A 3% 1 ( Self-incompatibility, SI) B, 3%
ARE S FEONA LS SER M EE RN 2 — 1 )
PR E A FHEM A EH ), 2 E FHEmA S
ik 146 A, A7 LEORE AR 8 . B A
I 3~5 A S AR TR E, (EIRLL SRR LAE B
BCHE, Qnfaffic B IR A TERE 2O A P R AT S Y i
EAGBAHIAR  BFFEIMAS i 2 A A i R i —
IR Y DG

ik A M ( Catalase, CAT) J& Ifil 21 2K 1 i
e, SR b i A LR Y — 2 S B AR AL
58 & b W 5 1k B ( Superoxide dismutase,
SOD) . itk (Peroxidase, POD) . HidkifL
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3%, AW KA CAT, POD #1 SOD J&H:7E H AE#%
TR (0 A6 P B O A T SR AR R
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ER KR, EAME & B ZEIF (Eruca sativa
Mill.) H2Z 3145 SOD, POD K CAT % 3 Fif#
PHEA —E R R, DRI B R 22 AT fig 5 26 A

P44 5, SER (Malus pumila Mill.) [ 52 3¢
ISR LE B AEF2 K 0~48 h )5, FEFETD 3 M4 il
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e 3 ANEEIIE PR IR K

AP AT T A | SRR, sl
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ARWFFEXFIX 3 AL HEAT T 43 85 so b M35 0,
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1.1 ZIe#H

AW 5% 2 B 2R A A AR R R < AR
i P Ay P R SR AR, A SRR Rl R
T A DT R B AR A IR R S, TG
MRS, SRfl < 4emi fi 124 & AWM AEEL,
MR R 62, IR T T, a0 5L
¥y, DLCARm0 g REAS AT N T A28, B
E53 9K, A 3E (Self-pollination, SP) . “4&Hi’ x
“AEMC . 538 (Cross-pollination, CP) . ‘ 4&fii’ x
“Aeg ) WM 2. 12, 24 36, 48, 60, 72,
84, 96 h J5 % 9 At [H] Bt 3k 18 AN FE i (SP 2 ~
96 h, CP 2~96 h) &, 7 B FH ¥ &0 75,
-80°CHRAEH .
1.2 LBHE
1.2.1 CAT BgiFHENE

CAT il 115 P 2R FH 28 A1 mi fie 2 52 1%, R B
0.2 g MESEE THRwHEH, N5 mL pH{E 7.0 11
BERZZ i, MHEZSK ), BIA 15 mL B0
H, WRURESL 20 min(10 000 g), PR B
SRR IR TE R AN L BT ESE A,
AHESL 3 IREH
1.2.2 = RNARBEUK cDNA £—$HE& K

TMATHESE B RNA $2HUS IR RNA $2 0G0 &



812 W Bl 2 2F

5540 %

(TaKaRa, HA)#AEULEAS, F-80°CHAF#H,
SR FH 1% BN WEEE I L U R B, RNA 1 58 2

fdi F§ PrimeScript™ II 1% Strand cDNA Syn-
thesis Kit Jz % 5% i 7l & ( TaKaRa, H A&) ¥ 17
CONAS—BEMI A AL, 521 cDNA HIT 3 7k
1.2.3 jlZ% CoCATs EFH=E

SIHTINAS A 28R S A0 MESS e S BRI e, Wi e
193 3N ERFBEHHA LK CDS 1Y CAT ik
K, 4y 95458 CoCAT1, CoCAT2 #il CoCAT3,
Z:2% 4K CDS ¥4, ffi ] Primer 5.0 44" 11
PR K 1519 CoCAT1-F/R, CoCAT2-F/R
M CoCAT3-F/R(£ 1), M KIWERAYAAE
B, LA cDNA tsit, i TaKaRa 2\ ] (1) P
HS B TR Y 31, P AR R )F S H Ak
ULEA S

P17 Wy S 4 ) 7% #2 31 pMD18-T 344,
AL ZE KA E DH5«, PCR 6 I J5 9k & FH 7
W, HERDERVEY AR,

*1 slmER

Table 1 Primers used in this study

319 ElL7)E2]l &

Primer Primer sequences(5’-3") Application

CoCAT1-F
CoCAT1-R
CoCAT2-F
CoCAT2-R

ATGGATCCTCACAAGTATCGCCCA
TCAAATGCTTGGCCTCATGTTGAG
ATGCAAGGGGGGCCAGTGCCAA
TCAAATGCTAGGCCTCACGTTCAGG
CoCAT3-F  ATGGATCCATACAAGTACCGTCCT
CoCAT3-R  TCAAATGCTTGGTCTCACGTTCA

CoCAT1-QF CCCGTCATTGTTAGGTT
CoCAT1-QR ATGGGACTTAGGGTTGG
CoCAT2-QF CCCAAAGTCTCACATCC
CoCAT2-QR GGCTTCATCGTCCAACA
CoCAT3-QF ATGATGTGGGTGTTCCG
CoCAT3-QR TTCACTCCGCAGGTAGGT

GAPDH-F  CTACTGGAGTTTTCACCGA
GAPDH-R  TAAGACCCTCAACAATGCC

CoCAT
LR v

SR S
RT-PCR

R A

1.2.4 EWEEFESW

FH NCBI ORF finder ( https:/www. ncbi.
nim.nih.gov/orffinder/) Xt 3 4~ CoCATs & [H 1) 4
£ cDNA J¥ 51 #1720 #1, 43 5 Fl A Protparam
( http://web. expasy. org/protparam/) Hi Inter-
ProScan( https://www.ebi.ac.uk/interpro/search/
sequence/ ) 434t CoCATs & [ Jik A B Ak M ot 71 75
A 854 5, 5 ok 7E £ T2 H PROSITE

SCAN( http ;//npsa-pbil.ibcp.fr/cgi-bin/npsa_au-
tomat. pl? page =/NPSA/npsa_proscan. html) Fl
NetPhos-3. 1 ( https . //services. healthtech. dtu. dk/
service.php? NetPhos-3.1) #4172 11 3 70 F1 8 iR
A7 15 43 B, FIFH ProtScale ( https://web. ex-
pasy.org/protscale/ ) 734 /i K 4%, FH SOP-
MA ( https://npsa-prabi. ibcp. fr/cgi-bin/npsa _
automat.pl? page =npsa_sopma.html) Fl SWISS-
MODEL 7E£k T H M H: g 4 fn = g 254, (i
I TMHMM Server 2.0 F1 SignalP 6.0 R i il 2
PSR 25 1 B {55 Bk, 8ad PSORT 11 (https://
www. genscript. com/tools/psort) F1 STRING
( https : /string-db.org/ ) #17 WV. 41 Jitd 52 {57 F1 2K 1
TAEWM, A Jalview Al MEGA 11.0.10 #f%
HEAT P 4 H 2R Gt AL R A 2
1.2.5 XB%REEE PCR

H TR CoCATs B TEM A AL, FA8#
oy WS b i AR, A3 R T S I POk E B
PCR( Real-time quantitative RT-PCR, gqPCR) 5]
Yy, LIMEE R IEN GAPDH NS (£ 1) 1T
R, BRSOV CE 3 K E K, gPCR Sk 980t
Yekl SYBR 7 CFX96 Touch Real-time PCR ({H
R, BED RN RS Ei# T, MXTRIKENITA
R 27T %0

2 HR5HH

2.1 BXMRZEMEEERN CAT EHETH

TMAS [ SSFLR A0 i MESE P9 CAT TE A8 1k
WmE A prR, HIEE )G 24 ~60 h 184 ~96 h
TMASHESE Y CAT Bgvs M 2Um BT, 60 h k% s,
$}29.61U - g FW - min™", 60~72 h i T[4,
SACFM G CAT WML AN, 7E 48 h Z i
ETFMEaE, ZEE TR TR, JR7E 72 h 5 E)
A, H12.06U -g”' FW -min™', BEKT 5,
TERR G 24~72 h, HAEE M MES N CAT itk
TR,
2.2 iM% CoCATs EE =

LI AS cDNA St , FIAHR 5193517 PCR
i, AE T HUN /NG PCR Y (B 2) , XH:
AT E, W R, 7533 CoCAT1, CoCAT2 Fi
CoCAT3 3, P 3K FE 435l A 1479, 1287 F
1479 bp, 4r5I4nhS 492 428 F1 492 NE IR (aa) .
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Fig. 1 Changes in CAT activities in self-and cross-
pollinated Camellia oleifera pistils
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Fig. 2 Amplified products of CoCAT
genes in Camellia oleifera

2.3 EYEEESN
2.3.1 CoCATs EEHMBEAMELIER

FIH Protparam 7E £k 4k 11X CoCATs % [H %
T AT B T AT, AR R 1T . 34
EH WL, CoCAT1, CoCAT2 Jyka & Mk
M, CoCAT3 N A & & ¥ & H., CoCAT1 ~
CoCAT3H IF H 5% 3 (Arg + Lys) 43 %)~ 57, 50
M58, fAHEkIE (Asp + Glu) 439Kk 61, 55 F
61, MIEHKFRZE, 3 NEAWREKEER,

CoCAT1 fil CoCAT3 Hi 7k ¥ fix K #4 4 2.700,
i F55 326 v aa, Bi/KPE&/MEY N -2.678,
T4 427 i aa; CoCAT2 i /K P4 b g K
AL T35 262 i aa, XTNIE(EH 2.677; KM
Mreb e K WE{E 7 T %5 363 i aa, X 0§ {4
-2.678(MtE 12 . A),

T W R AL 7 05 TN 45 SR 7, CoCAT1 &
FITEAE 22 22 & R (Ser) B R AL A o5 . 12 N5
IR (Thr) BEER LA 5 K 7 A BEER (Tyr) B 1k
fii s ; CoCAT2 EA 114 Ser Wbz 5. 9 4
Thr B ER L2 5 . 5 4 Tyr BRIk 7 5 ; CoCAT3
TE7E 21 4~ Ser BERAL AL A5, 10 4> Thr B R 1k 1
R, 5 Tyr BEERAE A 4 (FfHE 1) o #EJ CoCATs
X 3 i e R U Rl R Ak L0, A
ok S ESSTN
2.3.2 EAZRLENH, ZRERFEDN

EAR R g REW, SAMEAE
TR JCHL U i, o BRE R EE R BT & AL
B, AR H BN A A AR 2 S (2 2% ) . R
WG it B o5 Ll ey, b 46.73% ~51.53%; H
T o120, |5 26.42% ~28.27%; 5 LK
BB, N7.11%~8.64%,

PLAG B 28 M AT 3 ( Bacillus pumilus ( Ehren-
berg) Cohn) i %A 1k i (PDB No.: 4qol. 1) A
SRR 2O, X 3 AN R AT A 4t A A (BT
Bl 2Y), 455 %, CoCAT1~ CoCAT3 &1
B AR 10 5 50 AH L 53500 51.46% , 49.17%
1 52.09%.

2.3.3 CoCATs EBE&HMBREMD T

InterProScan 73#7 45 % W7~ , 3 AN K 1 g
W=y CAT KGR G, #RE S CAT b4
Faydal 3 ML A I 41 45 & v 5, PROSITE
SCAN 43#7 B, CoCATs & 11 & A B H R4 1)
Fou, 3 N-FEEALA A &AM C B kL
S TR OB T W R A AT A T R K W 1R
A 5. N S RE iR 1B 47 &5 ( N-myristoylation site)
TR AL AL 55 (B3R 3% ) o X HE AR ST 45 1 ol itk
T, &P 3 4~ CoCATs & 1354 PLN02609
B IGRAEA L, L& HAE 1~ 492, 10~ 428 Fi
1~ 462,

1~ 5) QN5 A T B P9 2518 8 S R B 424 31) 3k ( http . //www.plantscience.cn ) 20 & AR 1] S0
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5 R 25 4 A5 5 IR 25 SR 2B, 3 4> Co-
CATs & A I AR fF e IS5 4, WA & 155 Ik,
PSORT il & 7, 3 /N2 1 v 7 20 g o o iy vl
REPERE, 4391k 39.1% . 43.5%139.1%, Efi
TR LR EAR, 7308 26.1%, 21.7%Fl
21.7%, N TR IR 34.8%, CoCAT3
WATREEN TN, HTRErE R 4.3%,

2.3.4 CATs ZEAEEHN

P AR IT X CATs HAE R k47 i
W, 458K 3 iR, A 20 MEH S CATs /£
HEHAEXRR, ZE A EAEM LS E I 23 A58,

&

g

/ \

&

FHABFER Gene neighborhood
Bl FER Gene fusions

LA LK Gene co-occurrence
SCAAZYE Text mining

J#IE Co-expression
FEHFVEEE Protein homology

146 %cih, FHT AR 12,7, PPl E4E P i<
1.0E-16, GO K& KEGG &%/ #r#k i, CATs H
YEM L 25 M S AR AR R
PEEA TR, FEAEAM R R EER,, HEA
P PRI TEPE | E AR G Mk B AR ARG 1 57 )
RE(FfIF 47), CATs 25 8 /> KEGG il i, H
15 HPR, GOX2, AGT, ACX1, ACX5. PKT3,
PKT4. PKT5. APPX1, APPX3., GR. GPX2 %
12 EAS 5 RE, 5 HPR, GOX2, AGT,
ACX1, ACX5 4 5 M S St 2, HAE
FEEMER L 52,

SCECHfAE Experimentally determined
SRIFEAEE From curated databases

&% Pathway
@ ath04146
@ ath01100
@ ath01040
@ ath01200
() ath00630

B3 CATs EHE/EMZETN
Fig. 3 Prediction of CAT protein interaction network
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2.3.5 CoCATs RIEEF 5tk 3t R Rt L1 53 47

Wt NCBI X & B, 48 CoCATs 2 %k
12 15 51 5 JH At 49 b (4 AR RLPE B 7E 89% UL I, 3
NE 5 % ( Camellia sinensis(L.) O. Ktze.)
CAT WM ML ¥ fe i, 2090 99% . 94% .
99% ., FIH Jalview # 4, ¥ CoCATs 5 A5 #
CsCAT1 ( XP_028098144.1) . #] Al ( Theo-
broma cacao L.) TcCAT2 (EQOY15259.1) .
¥4 3% ( Durio zibethinus Murr.) DzCAT1-like ( XP_
022772563.1) . =2 [¢ ¥ ( Datura stramonium L.)

CoCATI1
CsCAT1 -
ArCAT2 - - - M
DzCATI-like M|
TeCAT2 MBI
CoCAT3 MBl
DsCATa |
NICAT3 MBF
CoCAT2

CoCAT1 F
CsCAT1 L
ArCAT2

DzCAT1-like
TcCAT2 @

CoCAT3
DsCATa :
NtCAT3 @i

CoCAT2

CoCAT1
CsCAT1
ArCAT2

DzCAT 1-like
TcCAT2

CoCAT3
DsCATa
NtCAT3

CoCAT2

CoCAT1
CsCAT1
ArCAT2

DzCAT1-like
TcCAT2

CoCAT3
DsCATa
NtCAT3

CoCAT2

CoCAT1
CsCAT1
ArCAT2

DzCAT1-like
TcCAT2

CoCAT3

DsCATa

DsCATa(MCD7445900.1) . 1L1Z45xME#k ( Actinidia
rufa ( Sieb. & Zucc.) Planch. ex Miqg.) ArCAT2
(GFY87827.1) . M NtCAT3 (NP_001312022.1)
S HEAT HEXE, & 3 CoCAT1 Ml CoCAT3 & A
CAT 1% M &R v ( FDRERIPERVVHARGAS ), Hi% P
{73 R %5 65 i aa(His), ¥ HA Ser-Arg-Leu
J¥51(SRL) ; CoCAT fi & HLAI Yy C K, &
PRSFE =BT (QKL) , Bk 48 Ak 4 Bl 44 2 1 R
2 PTS1 ( Peroxisomal targeting signal) % ¥,
e 4 FroR .,

I T T B.T. T80 8

A 404
VRHAE 404
RHAE 201
AE 404
AE 404
AE 404
] 404
AE 404
340

492
492
489
492
492
492
492
492
428

1 WA ERRIE RN, RACHEHE YRR, 2. PST1280E)F; 3: SRLFFI,

1. Catalase proximal active site; Black dots are enzyme active sites; 2. PST1 base sequence; 3: SRL sequence.

4 HMBESEMWM CATs EASEFTIELRT
Fig. 4 Multiple sequence alignment of CAT proteins of Camellia oleifera and other species

AWFFEN NCBI P 3 T 2 T 20 A A48 4
) CATs &1, i#id Neighbor-Joining ( NJ 4B 42
;) 5l &% CoCATs #y & R gt kb i, 45 R
N, 28 N A B AE 3 A KW Sr ik Ak 4y 32
i, CoCAT1, CoCAT2 il CoCAT3 #1457
I, J 5405 NtCAT3 (NP_001312022.1) . %%
CsCAT1 (XP_028098144.1) R & T 1 A~/hiy
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4y 3cHr, Hivh CoCAT2, CoCAT3 5 NtCAT3 3
G Z i, i CoCAT1 5 CsCAT1 ¥4 X%
RIT(E5),
2.3.6 CoCATs ERERRIESH

K H qPCR 7&K CoCATs RH1E A &2 .
SACE M HERE TP R IE L, S RWE 6 FiR,
COCATT £ 5 28 2 #3 it 58 vh A AR XS Fak f IR,
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Relative expression level

BUEJgihAE CoCATs &1 At #IRJT; Cs: 2%

AtCAT1(NP_564121.1)
AtCAT2 (NP_195235.1)
AtCAT (AAK96854.1)
NtCAT1 (NP _001312602.1)
SICAT2 (NP_001234186.2)
NtCAT3(NP_001312022.1) | |
@® CoCAT2

@ CoCAT3

@ CoCAT1
CsCAT1(XP_028098144.1)

100

T nk, Eg: Wiks; Os: K,
Black dots are CoCATs; At. Arabidopsis thaliana (L.) Heynh.; Cs. Camellia sinensis (L.) O. Ktze.; Nt; Nicotiana
tabacum L.; Sl Lycopersicon esculentum Mill.; Rc: Ricinus communis L.; Jc. Jatropha curcas L.; Zm. Zea mays
L.; St: Solanum tuberosum L.; Eg: Elaeis guineensis Jacq.; Os: Oryza sativa L..

w
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w
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N
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100 JCCAT2 (NP 001292952.1) | 1
78 ZmCAT3 (NP_001105416.1)
w5 StCAT1 (NP_001274863.1)
100 SICAT1 (NP 001234827.1)
92 ZmCAT1 (CAA42720.1)
I EgCATb (XP_010941422.1)
" ZmCAT2(NP_001105310.2) | 11
E OsCAT (AAQ19030.1)
7 00 OsCATc (AAZ29552.1)

WS HMEY CATs EAMRFEH UK

Nt klﬂﬁq Sl: ﬁflﬁ, Rc. EE%. Je: JFFXJXWT, m. _:E*; St.

Fig. 5 Phylogenetic tree of CoCATs with CAT proteins from other plant species
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Fig. 6 Expression patterns of CoCATs in
self- and cross-pollinated C. oleifera pistils
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EHZER 72 h EMER b RxEE K, Co-
CAT2 #£ 5228 M 2 h I 1A 88 rp AH X 2% 3k i i
B, TEAZSERK 72 h RS TR Rk E R, TE
SRR, CoCAT3 AR 35 H7E 96 h
Bffem, H& T A3 CoCATs HEKAE 2, 48,
96 hir Al 8 rh i A 3 10 2 & T IR B 22
%, MfE 36, 84 h HAHERE PR RE RN & T

EL 2%

JH+2L o
3 itig

CAT 22— E 20 M B bt S AL, TEMEY o5
HRA, BEEARE S RE EEERT .
WA AR AR UL AR S EAE . YA
LA EREFEYI 9 K Ca® #l ROS 15 54> 72772
1M CAT, SOD 45l M 2UE PR i4E 22 5 i N ROS 4t
FRREDY . BFge kB, CaM nf LU i ) A
Yy CAT By M b 1 >k T A 4K g H,O, /K
SOV RE AR R B R 5 2 ST ( Cltrus cul-
tivar cv. Huangguogan) #5211 CAT i, ok
HIEBRIETE AR RE ), Dat % Wk, e X
ik Cat 1 %% 3 X MW %2 ( Nicotiana tabacum L.,
CAT1AS), W T CAT IEPEMFEAL, 2 H,0, i
RV, NI fih & 20 E Sh At T, [ AR R
TR IINAS ) v B 1 4 D 3R R 408 Wl 2 14 9 41 1 1) CAT
PR, O FR AR ROS & &, CATs 1E 4%
ROS 7K V- FiIAE 427 240 1t 1) S0k 30 Ji i v 2 OC it
PER®S ) sk, AR, Witk HEen)
PRSP EALBRE AR C, PR R B w2
TR PR S 5 Y

HEABEGE LI, WS A SEA SRR N, F 2 kA
TEACHE R ARAL L F s ik, A AE R AL S TR M
48~72 h EfEIRAK, i, TrEEFF R
R B SR AR AR CAT %
PERY LT, (HIREEARE, A 2F# s eyt
A RO S A )T B B A DL R A B
ol o0 TR A — o i i

AR ikE T CoCAT1~CoCAT3 J:H, Higw
=8k KR . 3 MR AT 41, 25,
36 MR B IL AL 5, HEN CoCATs AJ BEBY W IR
TR, e R B R R AR, SRS
XX 3 AN 52 CAT B9 A P e i,
Hmi a1 B % CATs HAMMRTFLs ™, 3

ANER 0 = e 25 RIS S 2EJAT 18 CAT A &% S A
B (N

ARWFFEFEE T CATs HPAMEZ, IEitfiT T GO
K KEGG & 40 #r, 45 kB, CATs 5 APX1,
APX3, GR, FSD ~ FSD3, GPX2, CSD1 ~ CSD3
F MSD1 Z [AIfFAEAH BAE T, 4 S A ik 22 A Qi it
PR SRR SR R B M SR AR ey 8
Uifgikte, #EM CATs 765 5328 A 3¢ 3 Al
H, 5EAESIR AN E LR A JE
PEEAR AR ) B R B R R R E R . RS
REIIWFEY, CoCATs 5al Ay 145 @ HIZH Cs-
CAT1 HIZEZ R AT, 3 4 CoCATs 3k K7 B2y
36, 84 h 5 Ih AR P kg m T 5738; mi
WISE R, FAHER CAT i EEHS 36 h J5 2k
B, 2160 h ik B KA 5 BRFE . I B[R]
PSS HESS TP AN T CAT AH 2635 B 11 36 35 5 DASE
PUEME R A R0 E, A Bk 72 h JE
1) CAT HEH ik i b 3 s T H A [ By, BARH A
AR AE BAAE RS LT s it Rt v 3442 51
BHAT, D 3 NIEH G =PI fES S TR AL
ANFERNG A BB AR SN 3k 26 5 PR ) i 4R AL
HlE T e — 0 5%

SE

[ 1] WEUe uhZc FBPase JEN 1 GAPDH & 1 4x 1 cDNA 3¢
B M FERFRB AT D). Kb hRaMOl B R, 2011,
1-71.

[ 2] wl, Bk, SRR, R0 S0 MiZsA Sk e AL iy B il 5
EEMIERAE[J]. MOk BB, 2019, 32(1): 1-7.

Gao C, Yang R, Guo QQ, Yuan DY. Microstructure and
ultrastructure characteristics of stigma and style of Camellia
oleifera[ J]. Forest Research, 2019, 32(1). 1-7.

[ 3] B, =S, SHREE, AR, 2% H SRS A8 i AR AR iy i

AR RN J]. R R R4, 2012,
32(7) . 34-37.
Liao T, Yuan DY, Peng SF, Zou F. A fluorescence micro-
scope observation on self and cross-pollination of pollen
tubes in Camellia oleifera[ J]. Journal of Central South Uni-
versity of Forestry & Technology, 2012, 32(7) . 34-37.

[4] ml IR0 A A RAEm AR [ D], Kb, +
MR KRR, 2017, 1-107.

[ 5] Liao T, Yuan DY, Zou F, Gao C, Yang Y, et al. Self-steri-
lity in Camellia oleifera may be due to the prezygotic late-
acting self-incompatibility [ J ]. PLoS One, 2014, 9(6):
€99639.

[6] B WA HAERERZHR[D]. Kb PRkl



818

YR o R

5540 %

[10]

[12]

[13]

[14]

[15]

[16]

[17]

PR, 2013 1-75.

Ogata M. Acatalasemia[ J]. Hum Genet, 1991, 86(4):
331-340.

PRI, X053, JEI S 0l 30 o AP0 B JBE O 4 il 2R e 1) 52
W[ J]. Ol R, 2011, 39(7) : 3978-3980.

Chen WG, Liu Y, Zhou JH. Influence of low temperature
stress on the membrane-protected enzyme system in to-
bacco[ J]. Journal of Anhui Agricultural Sciences, 2011,
39(7) . 3978-3980.

BURRSR. A% SE EURE R TR e S R B B P ) 3Rk S B 2
PERRIRWISE[ D] Mint: BatRl R, 2012; 1-94.
Willekens H, Chamnongpol S, Davey M, Schraudner M,
Langebartels C, et al. Catalase is a sink for H,O, and is
indispensable for stress defence in C; plants[J]. EMBO
J, 1997, 16(16) . 4806-4816.

KB, MRz . PN A SRR [ J] . 22
FlrFRE, 2007, 35(31) : 9824-9827.

Song XH, Zhao FY. Research progress on catalase in
plants[ J]. Journal of Anhui Agricultural Sciences, 2007,
35(31): 9824-9827.

Li J, Liu JT, Wang GQ, Cha JY, Li GN, et al. A chape-
rone function of NO CATALASE ACTIVITY1 is required to
maintain catalase activity and for multiple stress responses
in Arabidopsis[ J]. Plant Cell, 2015, 27(3) . 908-925.

Li Q, Yang A, Zhang WH. Comparative studies on tole-
rance of rice genotypes differing in their tolerance to mo-
derate salt stress[ J]. BMC Plant Biol, 2017, 17(1); 141.
Redinbaugh MG, Wadsworth GJ, Scandalios JG. Charac-
terization of catalase transcripts and their differential ex-
pression in maize[ J]. Biochim Biophys Acta( BBA) -Gene
Struct Expression, 1988, 951(1) . 104-116.

By, ETHF, BB, AR, /RIS, % AR ELE
3L CAT2 Sibe 5 RIBFFAEST BT [ J]. b 0 R R 2
2019, 40(1): 1-8.

Hou H, Wang SP, Zhang CQ, Zhou ZC, Yu XW, et al.
Cloning of Catalase 2( CAT2) gene and study on its ex-
pression pattern in Nicotiana tabacum L. [ J]. Chinese
Tobacco Science, 2019, 40(1). 1-8.

MRS, LG, JEWRY, ZHE. &2 S SR
TERE K FIBIH[J]. PHALIEY AR, 2012, 32(6) : 1086—
1092.

Lin XG, Kong DC, Pang XM, Li YY. Cloning and tissue
expression analysis of catalase gene in Dongzao ( Zi-
ziphus jujuba) [ J]. Acta Botanica Boreali-Occidentalia
Sinica, 2012, 32(6) : 1086-1092.

REER, WOLME, BT, RFR, T/ME AZAEMHE
HIAER BT 5 S AEAE N DR P BES MR AR [ J ] PR IS o
W HARBIZM) , 2004, 29(5) . 848-851.

Wu NB, Xu GD, Tang YT, Zhu LQ, Wang XJ. Pollen ger-

mination and change of protective enzyme activity in style

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

of self-incompatible Brassica oleracea L. [ J]. Journal of
Southwest China Normal University ( Natural Science Edi-
tion) , 2004, 29(5) . 848-851.

T, N7, JERS, R, D#IF, % I HKE
MRS AZAEMZR SOD, POD fil CAT FiGtE[J]. HE
HPEMEY 224, 2006, 28(2) : 162-165, 171.

Wang BC, Sun WC, Fan HL, Meng YX, Ma JF, et al.
Studies on SOD, POD and CAT activity between self-
compatible and self-incompatible lines in Eruca sativa Mill
[J]. Chinese Journal of Oil Crop Sciences, 2006, 28(2) :
162-165, 171.

SREHE, 2R, BGEEE, SRR, STEME. R A ERRE
Ty A KRB G S P 5 N R S G R [J]. #k
ARk, 2009, 45(11) . 20-25.

Zhang XM, Li BG, Zhao ZL, Guo SP, Qi GH. Relationship
between compatibility of self-pollination and changes in
protecting enzyme and hormone in different apple cultivars
[J]. Scientia Silvae Sinicae, 2009, 45(11). 20-25.
Zhou JQ, Lu MQ, Yu SS, Liu YY, Yang J, Tan XF. In-
depth understanding of Camellia oleifera self-incompatibili-
ty by comparative transcriptome, proteome and metabo-
lome[J]. Int J Mol Sci, 2020, 21(5) . 1600.

TR, RS, R, ARER, WG, AF. RALMZT R A AR
> [J]. Mok, 2011, 47(12) ; 184, 209.

Tan XF, Yuan DY, Yuan J, Zou F, Xie P, et al. An elite
variety: Camellia oleifera‘ Huashuo’ [ J]. Scientia Silvae
Sinicae, 2011, 47(12) . 184, 209.

RS, W, AREE, R, IS, A mZR R e
[J]. #hlk B, 2012, 48(2) . 187, 190.

Yuan DY, Tan XF, Zou F, Yuan J, Xie P, et al. An elite
variety: Camellia oleifera‘ Huajin’ [ J]. Scientia Silvae Sini-
cae, 2012, 48(2). 187, 190.

ERE, X, ROUE. SN EE RN E ok AL R
BEREHERE [ U], T E 5@k, 2016, 32(15): 159~
165.

Wang Q, Liu CW, Xu WJ. Ultraviolet spectrophotometry
measurement of catalase activity in maize [ J]. Chinese
Agricultural Science Bulletin, 2016, 32(15) ; 159-165.
Marshall OJ. PerlPrimer. cross-platform, graphical primer
design for standard, bisulphite and real-time PCR[J].
Bioinformatics, 2004, 20(15) . 2471-2472.

Xiao XL, Ma JB, Wang JR, Wu XM, Li PB, Yao YN. Vali-
dation of suitable reference genes for gene expression
analysis in the halophyte Salicornia europaea by real-time
quantitative PCR[ J]. Front Plant Sci, 2015, 5. 788.
Loewen PC, Villanueva J, Switala J, Donald LJ, Ivancich
A. Unprecedented access of phenolic substrates to the
heme active site of a catalase: substrate binding and
peroxidase-like reactivity of Bacillus pumilus catalase mo-
nitored by X-ray crystallography and EPR spectroscopy



55 6 1)

FEIEAE IR A SRS CAT 18 M B DG [ v B 2k oM

819

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[J]. Proteins Struct Funct Bioinf, 2015, 83(5) ; 853—-866.
Zafra A, Rodriguez-Garcia MI, de Dios Alché J. Cellular
localization of ROS and NO in olive reproductive tissues
during flower development[ J]. BMC Plant Biol, 2010, 10;
36.

Wilkins KA, Bancroft J, Bosch M, Ings J, Smirnoff N,
Franklin-Tong VE. Reactive oxygen species and nitric
oxide mediate actin reorganization and programmed cell
death in the self-incompatibility response of Papaver[ J].
Plant Physiol, 2011, 156(1) : 404-416.

Wheeler MJ, de Graaf BHJ, Hadijiosif N, Perry RM, Poul-
ter NS, et al. |dentification of the pollen self-incompatibility
determinant in Papaver rhoeas|[ J]. Nature, 2009, 459
(7249) ; 992-995.

Sewelam N, Kazan K, Schenk PM. Global plant stress
signaling: reactive oxygen species at the cross-road[ J].
Front Plant Sci, 2016, 7. 187.

Yang T, Poovaiah BW. Hydrogen peroxide homeostasis:
activation of plant catalase by calcium/calmodulin [ J].
Proc Natl Acad Sci USA, 2002, 99(6) ; 4097-4102.
REM, VRSN, BERY, JEPETE, ARarqn, FERRBE. 50 R
RERSE 3 Fhbi A ALRE TR M sEma [ J] . FRLA2ER, 2014,
32(2): 168-173.

Xiong B, Wang ZH, Liao FL, Fan QQ, Li LJ, Wang XX.
Effects of Calcium on the activities of three antioxidant en-
zymes in Huangguogan fruit[ J]. Plant Science Journal,
2014, 32(2) . 168-173.

Dat JF, Pellinen R, Beeckman T, Van De Cotte B, Lange-
bartels C, et al. Changes in hydrogen peroxide homeosta-
sis trigger an active cell death process in tobacco[ J].
Plant J, 2003, 33(4) . 621-632.

W, FEAE, PR, BT, BOER. AMEMUR R X
T KFER TR S A KR [ J]. YA AR,
2021, 57(2) . 393-401.

Xiang J, Huang Q, Ju CY, Huang LX, Zhao ZW. Effect of

exogenous melatonin on seed germination and seedling

[35]

[36]

[37]

[38]

[39]

growth of rice under salt stress[ J]. Plant Physiology Jour-
nal, 2021, 57(2) : 393-401.

BJ7, TR, &AM, EHT, Rig—. FRFTR B A
K, ARG A EER SR [J]. YA
%, 2019, 55(5): 667-675.

Lt F, Ding G, Zhan DM, Wang XY, Wu HY. Effect of
methyl jasmonate on the growth, antioxidant system and
fucoxanthin content of Sargassum horneril J]. Plant Physio-
logy Journal, 2019, 55(5) : 667-675.

W, WL, FRA, UL, R0, A IMPITEES
THEAE BT S A G 15 P R G 6 B 8] 72 B 2 119 22 5 43
[J]. M e, 2019, 55(8) . 1231-1238.

Huang L, Lai J, Wei SG, Dai SD, Li QY, et al. Diffe-
rences of antioxidant enzyme activities and alternative spli-
cing of related genes between hermaphroditic and male
flower buds in asparagus|[J]. Plant Physiology Journal,
2019, 55(8) . 1231-1238.

TEWEN], B, Adeh ) MW, B, ARAR. LT
SIAE A AR i A A AR AR [ U] R A BAE R, 2017,
53(12) . 2206-2214.

Fan XM, Yuan DY, Li JZ, Tian XM, Xiong H, Zhu ZJ.
Physiological and biochemical changes in Castanea henryi
during the inflorescence differentiation[ J]. Plant Physiolo-
gy Journal, 2017, 53(12) . 2206-2214.

L, RS, B, EHEIF, XAW], Sk AACAERM
PERMERIRFEL O] Mok Bl 2015, 51(2) ; 60-68.

Gao C, Yuan DY, Yang Y, Wang BF, Liu DM, et al. Ana-
tomical characteristics of self-Incompatibility in Camellia
oleifera[ J]. Scientia Silvae Sinicae, 2015, 51(2) . 60-68.
W, BRER, VR, TREE, sk, SRR . BRECA b AL
SR DoCATT M E SRB AN [J]. Ak,
2018, 53(17) . 1447-1452,

Li H, Chen Y, Hei XB, Zhang N, Zhang G, Guo SX.
Identification and expression analysis of a catalase gene
DoCAT1 in Dendrobiu mofficinale[ J ]. Chinese Pharma-
ceutical Journal, 2018, 53(17) . 1447-1452.

(DS . FEI)





