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Cloning and Expression Analysis of SOD Genes under Different

Pollination Treatments in Camellia oleifera

WANG Yi-ying , YUAN Jun, TAN Xiao-feng, LU Meng-gi, ZHOU Ao, ZHOU Jun-gin

( Key Laboratory of Cultivation and Protection for Non-wood Forest Trees, Ministry of Education, Central South University of Forestry and Technology,
Changsha 410004)

Abstract: In order to investigate the role of superoxide dismutase (SOD) gene family members in the self-incompatibility
response of Camellia oleifera, three family members CoCSD, CoFSD and CoMSD were isolated by RT-PCR. The CDS sequences of
CoCSD, CoFSD and CoMSD were 660, 813 and 693 bp in length, encoding for 219, 270 and 230 amino acids, with a molecular weight
of 22.49 kDa, 31.18 kDa and 25.51 kDa, respectively. Structural analysis revealed that three proteins were hydrophilic without
transmembrane domain and signal peptide (non-secretory proteins), and all contained 21 phosphorylation sites. Both CoCSD and
CoMSD are stable, while CoFSD is an unstable protein. The secondary structure of CoCSD is mainly composed of irregularly coiled
and extended chains, while the secondary structure of CoFSD and CoMSD is mainly composed of a-helices and irregular coils. The
three proteins were assigned to three categories in the phylogenetic tree, whereas all were clustered on the same branchlet with the
corresponding proteins of tea tree and had high sequence homology. The SOD enzyme activity in self-pollinated pistils was overall
higher than that in cross-pollinated pistils, but the expression of CoCSD, CoFSD and CoMSD was highest before pollination and was
inhibited by both self and cross-pollination treatments. The results of this study lay the foundation for the subsequent in-depth

investigation of the biological functions of C. oleifera SOD genes, and also provide a reference for revealing the mechanism of
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self-incompatibility in C. oleifera.

Key words: Camellia oleifera; self-incompatibility; Superoxide dismutase; bioinformatics analysis; expression pattern

% (Camellia oleifera) V& 3% E A A A M EME Y —, AAZHFMES. Fg S5t @A
TEA = BAFAE “Te 2 /b L PSR RAR, P& T B E” IS, A B A2 A SEFIE(SI, self-incompatibility)
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P UZARAE, FE T H AR I B AE , BN LR DR A 2 R, AR RN O T BT A
TESF R BLSE T 14 F SSA SRR B, FEAE Y S Bk BURZ WE A% R (S-RNase) 5 F AS AR A M UIAE G
B8, S-RNase fggHE 5 ME LR [ AR AR IR ) ROS, 51 & MBhE AR, MM 51 [ 22 AR A
WE RAMRIEF T, SEEORERET®, Btz 4k, S-RNase BEATEME G 5| Kk — R 5 K& E
(SR, Gy Atk S (ROS) F 72 A RIS A ) B Ae 50, TEREIRAA RS, AR ROS KT S8, S84m
g AT R b 2 RIS BRI 210 ROS, IR Y HIIAEE, S KRALA
AFERHERAERG RS, HrE A B AL (SOD) B IE B8 RS st 2 —, Hid A (POD)
it AU U (CAT) EL A B R /R T,

AN BALEF(SOD, Superoxide dismutase) /& —RPrE M & B R, EIEFREDIE N IEEE N —TEP 28,
RS (AP A0 M B2 B B BT B T 3005, ) AR AE TR AR R RS A SR
TFHIFPE, MY SOD HEH EE 4y 3 F2M, Rl Cu/zn-SOD. Fe-SOD Fil Mn-SOD!*, R[F|26 M) SOD
AL g, ST RAT AR, SOD RMNAEW S SHMNE KRG R, MmBEYNmE R ENE
F, [ S M2 I 45 4 Sh g A DS 20, A PRI T R B 25 T (Eruca sativa Mill) [ A8 SRR 5 28
ASERPEH S SOD. POD Fl CAT 3 R4 BEA —E KRR, IRABEIEVERAR ML ] BE 5 R AR R R 42 A 0%
FEFIRIL, FASA LA R E LB 5, 24 h WM BENS 1E % A KRB fEAESE T, (B4E 24~72
h ek s CfF A K, B SOD. POD. CAT i PE S BARMEIR; BARASER MM H LR J5 0~48 h
TEREPY 3 Fhi G AR Ra s P2, RN B FSALA SOD fEkE 1 B ac il w T A e ™. AcAs
F1H ¥ (Brassica oleracea L.)7E H A2 82 00 J5, 164: N SOD B g 2 TS, 1 E 6528 BT HE 2 I A%
T RAEERPY, H S T 2SR RS S AR 5 R iR AR . BRI, ABFFEJeilE 7 a2
FACMEES SOD BV, SRJEHEAT TIhA SOD EHNZKikm &, R ML %kE & PCR(QRT-PCR,
quantitative real-time PCR) 73 #7 1 SOD %A SR EA R B 465 h RS, DA R sl HAS A SRR
A 3 ) S ) SR AL U A
1 #MRI5RE%E
11 SEIMH

BLJ\#EA: 25 (Camellia oleifera Abel.) ‘46" P95 <dkge PO FONBEFExt 5, MORIRE TR & K
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K 0. 12, 24, 36. 48. 60. 72, 84 M1 96 h J5, FIKEE FIFMESSELUT, WAIRR)S T-80C fR1F.
12 F&
121 SOD EEEMME ZW-cikPIpngirisillE SOD B, WEFEMA pH7.5 IBERRZE T Hi+130
mmol/L F i Z £ +300 umol/L NBT+200 pmol/L 1% 35 % +10 pmol/L EDTA+EEFH 2R, i RE4LAH [F] (AL A 75
MBI, BT 4000 Ix YRR FR40 F 30 min, 6B T+ 560 nm Rl OD 4.

ZERIE: OD 3G (OD E/g)=(% i OD fE —Ff it OD {H)xV & /(VixFw)

Horbe VARG IREGESAAT: Ve R RPN EPRHERARR: Fw: FE S EEE
121 2 RNARIIEELK cDNAAR 2 Omega A 7 (1) Plant RNA Kit 71 & i B T2 B A5 ME 55 RNA.
FIF LA W43 66 % 1 (Lambda3s, Perkin Elmer, USA)KEII RNA FI4EREEFIRIE, R 1.2%5 e bkt
HLUKAS I RNA 585, S8 Vazyme 24 ) HiScript® 111 1% Strand cDNA Synthese Kit (+gDNA wiper)i
B UL T REAT A K cDNA S —#E .
1.2.2 Mm%k SOD £E M= CoCSD. CoFSD #l CoMSD =2k A ) 4 K 4w L 5 41 (CDS, coding sequence)
SR T A TR A S 1 0 25 M 285 S 4 i P ) 3 A 1t 2 Primer Premiier 5.0 %3t 3 X5 51 4(3% 1):
CoCSD-F Fl1 CoCSD-R. CoFSD-F #il CoFSD-R. CoMSD-F 1 CoMSD-R, i Takara /A &) PrimeSTAR HS DNA
Polymerase &= - 5 DNA JEABEHEATY 1 . PCR 4™ 14 =P R T 1.2 %6 B3t MR H 8 R PR KRS Y™ 384 2% 7 (1005 53 1
Z MR TSINGKE A 7] ] DNA #E [IUC7R& i B P4l H v Br. ¥ B B9 BriZ$23)] pClone007 Versatile
Simple Vector Kit #4k I, #AL % Trelief® 5o R HEEZE, WA TE& SIS FRE LT IL, 25
7 PCR AL BRI f5 , Pk PR 7o ik 2 SR HE M RHEAT BR A F 58 7 o

®1 FHARFASY

Table 1  Primers used in this study

519 51553 B HE 4L
Primer Primer sequences(5'—3’) bases
CoCSD-F ATGCAAGCCCCATTCGCAACA 21
CoCSD-R TTAAACTGGAGTCAAACCCACCAC 24
CoFSD-F ATGGGTTGGTCATCCTCTTGTTG 23
CoFSD-R TCAAGCAATAGGAATTTTGGGTTCG 25
CoMSD-F ATGGCTCTTCGGACTCTGTTGA 22
CoMSD-R TCAAGGGCATACCTTTTCATACAC 24
CoCSD-QF CTCCGCTCTTCCTTCCA 17
CoCSD-QR GGGTTACAACGCCTTCG 17
CoFSD-QF ATGGGTCTTCTTCAGCA 17
CoFSD-QR CTTCAAGTCGTTTCTCAC 18
CoMSD-QF GAAGCATTGATACAGAAGA 19
CoMSD-QR AAGCCAAGCAGAGGAAC 17

1.2.3 H% SOD EEREMEEFE T ﬁﬂ%ﬁ%ﬁmﬁ@% 2)73 Ml 25 CoCSD. CoFSD #il CoMSD & 1)
PRALPEJR . R 45 RS 05 DA g A%, @ NCBI %3 2 A () BLASP T AR R FEF5; 46 A 1F
Jalview F1 GeneDoc #E4T RV 7 51 EL X A1 204, - MEGALL B A#) i R G0 kB AL
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Table 2 online website used in this study

A3t PR - e

web Web Link Function
ORF Finder Chttp://www.bioinformatics.org/sms2/orf_find.html) L PR T e ] A
EXPASy-ProtParam Tool (http://web.expasy.org/protparam/) BRI BT T
ExPASy-ProtScale (https://web.expasy.org/protscale/) B KA BT
SignalP4.1 Chttp://www.cbs.dtu.dk/services/ SignalP-4.1/) TGS ik
TMHMM 2.0 (http://www.cbs.dtu.dk/services/ TMHMM/) OO 5 P 5 A 35,
NetPhos3.1 Server (http://www.cbs.dtu.dk/services/NetPhos/ ) WERRAUAL R o HT
EukmPLoc (http://www.csbio.sjtu.edu.cn/cgi-bin/EukmPLoc2.cgi) V4 s S T
PSIPRED Chttp://bioinf.cs.ucl.ac.uk/psipred/) TR A =450
Phyre2 Chttp:/Awww.PHYRE2 Protein Fold Recognition Server/) TOI 2R = A
MEME https://meme-suite.org/meme/tools/meme T A 1 motif 4544

1.2.4 h%k SOD EEEME P RIRIERA S M 5o S 2] CoCSD. CoFSD 1 CoMSD 4K 541k it
qRT-PCR 51#( 1), &% GAPDH {ENE RSN S HINP, (i ] Bio-Rad 24 77t & PCR 1%
Mini Option #4T qQRT-PCR, [ Stk 24 20 pL, €12 10 uL i) 2¥XTSINGKE® Master gPCR Mix-SYBR(+UDG),
1 uL 9 cDNA, # 1 uL IER G 7 uL EEEEIIK. FMRERIEHT 3 AR ER, R 27T
RO AT R R IA BT, ] SPSS 25.0 # A E ATt AT R IL B R AT
2 HR5Hh
2.1 AEHEHETE B RS H SOD FEMMTEL

H A A28 5 MESS ) SOD B AR L 1 B, $2RE 12 h, 3ACuEES SOD st L7,
12~24 h & T, Bk )5 24~96 h Bk LI BTG TRERGES, 7E 72 h JASHES P, SOD R Mk i
mifE, 7F 84 h BRREAFBACE. 5 0h ALk, SOD MGG, Bl SOD nfEz 5 7 #kidfE. 16
HAM G 24 h A, SOD BgEE R HZ TR, 75 24 h kB mAME . AR MAAL, B
AEFRI I SOD BRE MEAR (LI KT 200 . 7F 24~48 h [ BLEASER IR = 7 %510 SOD ER& £, SOD
BEE TR MR EE B T), 48 h Ik Bl , SR IZWT NIE, 557 8 5k i) SOD B VA7 £ .2 22 5+, i) SOD
WSS T HEAEAR.
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Fig.1 Changes of SOD enzyme activity in self- and cross-pollination pistil(P<0.05)

2.2 @M% SOD ERERIEHTE
LR 50 4 BB H R S P0(3 1), DAHAS 2 72 h ERS cDNA BRI 1, FH 1.2% B fig b
IR PR EAT R (] 2) o K4 351K cDNA Fr BO#ATII Y, 1931 3 4~ SOD %K. Hrr, CoCSD K I
i) B2 AE Ny 660 bp, Fhih 219 MR FERL, CoFSD F [l T8 4 B2HE y 813 bp, 4ifith 270 MR, CoMSD
BRI PR i (9] B2 693 bp, 2t 230 ML .
M 1 2 3

750 bp
500 bp

M: DL5000, 1: CoMSD, 2: CoCSD, 3: CoFSD
2 lZ CoMSD. CoCSD #1 CoFSD E & /Y PCR ¥ 1

Fig.2 PCR amplification product of CoMSD. CoCSD and CoFSD in C. oleifera

2.3 % SOD EHMIEARIBN MR

FIFHAE L M35t EXPASY-ProtParam 43 #fr CoCSD.CoFSD 1 CoMSD 2 [ [ 34k M 5 , 45 5% 1 : CoCSD.
CoFSD Al CoMSD & F 11437 2043 A4 CogaH1589N 283030886~ C1a00H2150N2850390S14 AT C1160H17090N 3050333553 77
TS 22.49 kDa. 31.18 kDa A1 25.51 kDa; HEig4:Hi 25N 6.39. 8.83 f117.06, HULAT WX =AEH
(BRI S5 L RO E R RS L, BB R A TN & R EIR R E LR . IR DT R E0hE = 2 B 2R 1 ) PR i P
&, CoCSD HI CoMSD figfiii R E#RAE 91 LA |, HAEE RECHIET 40, 15 CoCSD Al CoMSD J& Tk sE
HH; CoFSD iglii ZEN 79.44, AR R%N 43.05, Uil CoFSD i & (AIARE . X=MEAKTH



JRHKPE9-0.004, -0.465 H1-0.283 B fifl, HHI=FEHHALFKMEH.
2.4 @M% SOD EEMIESAN. BERELME . HMERLAISS T MARE LAV TN 24

FIFH SignalP4.1 Al TMHMM 2.0 #E£KF2 7%+ CoCSD. CoFSD #il COMSD #:4715 5 Jk 1 5 if 435 ) 2k 1) 75
m, dRERENFEASESIRMB RS, WHEMETEMMED, A3 5WRNEEIZ .

iz ] NetPhos 3.1 Server 7£ £ F2F il CoCSD. CoFSD Fll COMSD (R ib A7 1, 45 ios: CoCSD.
CoFSD #1 CoMSD & H#EA 21 MRRAL A, Hr CoCSD A EA MR (Tyr) BRI AL £{, CoFSD F
CoMSD # FA# A 22282 (Ser) J3 2B (Thr) FIEK 28R (Tyn)3 Fhisk BRAAL i, SR EHANIR] B 1 SR I 03 2 [ e
B ER A AL S SR A BAAE W B 22 5, B R R ER AL — Al 2R (1 SRR IR S 180, R A B ER 1L 7 =X
S A SOD & BN R /KT, JEMIsEna R (R (A MRS P, DR = A T RG22 5 A H o7 T &5
iR, CoCSD & e M 44k L, CoFSD Al CoMSD #& A i fir T2 ki fhk
2.5 jHZ SOD ERLEHIFN

iz f] SPOMA 74k T B4} CoCSD. CoFSD #1 CoMSD & A R &5 b A7 Tl , 45 B Sor (&l 3): CoCSD
HE P RGBSR TN G AT e, KR B A, R o 1R)e. CoFSD Al CoMSD
FI) R G40 EBERAE o BRI G i, HUOREMEE, 012 B # M (K 3). 8 Phyre2 fE£4; T.
HEAT R R I = 4458, 45 50 (/& 3)[in. CoCSD Al CoFSD 4k [ 1) = 2k 4544 15 — 4 & iy - Bk A
HIXT—5; CoMSD & [ 1 = 45 = BLR AR o BB AT (i o
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3 CoCSD. CoFSD #1 CoMSD Z& H 457l
Fig.3 The structure prediction of CoCSD. CoFSD and CoMSD

2.5 JH% SOD ZEHMREIRMSEME 71

iz [T} BLASTp f2F48 & 4% CoCSD. CoFSD 1 CoMSD & /e 51 I AR FE 51, KI5 25k i) CsCSD
(Camellia sinensis, XP_028064147.1). CsFSD (Camellia sinensis, AKN10569.1)#1 CsMSD (Camellia sinensis,
AKN10569. )M A i, 43 Ailik E] 98.58% + 99.26%F1 98.16%. i 7% CoCSD & ¥4I 5 45H CsCSD.
35 MdCSD (Malus domestica) F14R (14 PaCSD (Populus alba) i [=]5 & (A s 3L je 7 5 HEAT Xt , REEA1
A PR AR (SOD) S5 i AN ANMR ST 1) Cu™y Zn" )& B T4 &0, YWl %k CoCSD &
75 )&F CulzZnSOD VS K 1) — 51 o F43h A% CoFSD £ 1741 5754 CsFSD. ##k JrFSD (Juglans regia)
A% VIFSD (Vitis riparia) (¥ 7 Y5 8 A &SRR PP AT HU, BRI EH Fe" @R B TAG LA, BT
CoFSD HHr4lJ& T FeSOD WLSKRIEED 11— b ff il 2%k CoMSD & 74157444 CsMSD. Bk AdMSD


https://www.ncbi.nlm.nih.gov/protein/XP_028064147.1?report=genbank&log$=protalign&blast_rank=3&RID=5AGJ2YCN016

(Actinidia deliciosa) 12§ % HtMSD (Helianthus tuberosus)ff [ & H & LW 7 I T HES, KBS A AL
VI G EE IR (PLNO2471 superfamily), ¥I&%7H Mn &8 & P46 008, YHIHZE 1 CoMSD & 748 T
MnSOD W 5 A ) — fA . 2% CoCSD+ CoFSD I CoMSD & FH#4) H A il C BEER AL A, Fit AR B
[ BERR AL AL A G SE A A7 s (] 4), BRItz 41, CoMSD & it B A BEHEAAL 2

CoCSD -M@IPEAT s AL - IIRLSNER GLSLK : ANEE-— 67
CsCSD ———————— . CAL-———j§ AW LSNPK S AT —— 59
MdcsD M snv . n SPT-—— 3350} G S FRAPK- 65
PaCSD pamf— I\AILI TPTf—f : v 3 1AL 63
TA C HGﬁSLKL Qs § S k
CoCSD 145
CsCSD 137
MdCSD ot
PaCSD L
KKAVAVLKGTS VEG\.’VTL3Q DlGPTTVNVR6TGLTPG IIGEHLHESGETT NGCE6STGAHENP 6THCGAPED IRH
dhkhiok ik Aok el e okl
CoCSD 219
CsCSD 211
MdCSD 217
PaCSD B
DLGNTEANADGVAEATTVDNQT PL3GPNAGTGRALVVHELEDDLGRGGHELS 1 3 TGNAGGRI ACGVVSLTRE
Yy TYYYYYY
CoFSD : &8
CsFSD : 68
JrFSD 64
VIFSD ) < : : 62
K PKLp s rgkr hg3gk EV1AS GL PPYKLLCA
CoFSD : 136
CsFSD : 136
IrFSD : 132
VrFSD : 130
CoFSD : 204
CsFSD 1 204
JrFSD : 200
VIFSD : 198
LDMWEHA 270
LDMWEHA 270
LDMWEHA Iy s 266
JLDVWEHA VEMNHLVSWN 264

PEVWDDIPII DYKND4G4YvNVEMNHLVSWNaA gRNAPAEAFVNLGEPKIFIA

LD6WEHAYY
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CoMSD RESRsU@eLi AL TGS LESE O S FHL JTES LPELE_ y IW"LHF'I"‘H' dTYT H 67
CsMSD (SR i RALTGS : 67
AdMSD  [SERRst gl 1o SR — — —— 62
HiMSD 52388 PR TN VYT ———— 63
CoMSD 135
CsMSD 135
AdMSD 130
HtMSD 131
CoMSD : 203
CsMSD : 203
AdMSD 197
HMSD 199

CoMSD pisE : 230
CsMSD : 230
AdMSD T 224
HIMSD 1 226

VRPDYLKNIWKV 6 WKYASZVYEK CP

He AR HNES: YRREAMEE C BRI A, oFIREEE AW || BHRILALA: K& m Sl AL m AL R
Wt JTHER R Cu%'\ Zn?" BB TE A0 MO THERR Fe &R B T4 SO HERIR M2 &8 B 145 & i
Note: Red letters indicate target protein; ¥ indicates protein kinase C phosphorylation site; e indicates casein kinase Il phosphorylation site; % indicates
N-myristoylation site; m indicates N-glycosylation site
Yellow boxes indicate Cu*, Zn" metal ion binding sites; blue boxes indicate Fe* metal ion binding sites; green boxes indicate Fe* metal ion binding sites

E 4 SOD ZERSHMEMNREERFFIELYT

Fig.4 Comparison of amino acid sequences of C. oleifera. SOD with other plants

2.6 MZ%t SOD EAMARGEH LK

N T A3 HTiAE SOD HE R 5 5 HoAbAE A SOD BRI (Ml o6 R, FHA MK MEGA 11.0 Hr )45 #z2:
¥yt 1 ik CoCSD. CoFSD #l CoMSD 1 H 7415 HA A8 SOD & H F41I i) R Gtk (K 5), 45 R EoR
24 NERAWEI 34N KB 435N Cu/zn-SOD. Fe-SOD ll Mn-SOD. %% CoCSD. CoFSD 1 CoMSD 43
Jill 5 %5 CsCSD. CsFSD 1 CsFSD V- ERAE—AN/IN3 L, BB 2 SOD & 5 4 SOD H H 34 K Rl .
8 MEME 727 70l SOD £ 111 motif, 45 H E/n—3L3k13 5 /> motif(&] 5-B), 1M AFIZKAL) SOD HIAH
FATRI) motif AIHES 7720, Horh %t CsFSD kb motif 5.
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BpMSD (AKN79289.1) | - I |

PpMSD (XP_007218297.1) © | || |

SIMSD (NP_001317550.1) ] ]
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A: % CoCSD. CoFSD Hil COMSD £ 4t 4 (it {i; B: %t CoCSD. CoFSD fl CoMSD & [l (R FIFF 0 Ai; HARER A UL a7k B R
A: Protein evolutionary tree of C. oleifera CoCSD, CoFSD and CoMSD systems; B: Distribution of C. oleifera CoCSD, CoFSD and CoMSD and conserved
motifs of homologous proteins; Target proteins are shown in red font

HtMSD: 4§ Helianthus tuberosus; AmMnSOD: J##ilfi Avicennia marina; MeMSD: A% Manihot esculenta; BpMSD: H# Betula platyphylla; PpMSD:

Bk Prunus persica; SIMnSOD: i Solanum lycopersicum; AdMSD: 5#E#k Actinidia deliciosa; CsMSD Z&## Camellia sinensis; EgFSD: 14 Eucalyptus

grandis; ZjFSD: & Ziziphus jujuba; JrFSD:##k Juglans regia; RcFSD: Bk Ricinus communis; VrFSD: %] Vitis riparia; CsSFSD: 54 Camellia sinensis;

CsCSD: #t# Camellia sinensis; PpCSD: #k Prunus persica; VrCSD: Z#i%j Vitis riparia; JrCSD:#I#k Juglans regia; MdCSD: 34 Malus domestica;
TcCSD: ®]H] Theobroma cacao; PaCSD: 4R 4% Populus alba

5 AE4F CSD. FSD #1 MSD R EiRERRGH LN
Fig.5 Phylogenetic tree of predicted CSD. FSD #1 MSD and other homologous proteins from various species

2.7 8%k CoCSD. CoFSD #1 CoMSD EFEFRIAER 24
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