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Abstract: Water deficiency was an important factor for the development, yield and quality of
Camellia oleifera. NAC transcription factors are widely involved in drought and salt-stress
induced signal transduction in plants. Exploreed the role of NAC transcription factors in the
drought stress responsed of C. oleifera uses two-year oil tea seedlings as materialls. The CDS
sequences of CoNACS and CoNAC79 were obtained from through TA cloning. Bioinformatics,
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subcellular localization and self-activation were performed. qRT-PCR was used to determine the
tissue specificity of CoNACS and CoNAC79 gene expression and the expression PEG and ABA at
different treatment times. The results were as follows: (1) Gene structure analysis showed that
CoNACS and CoNAC7T9 were 1 044 bp and 990 bp in length, respectively, encoding 348 and 330
amino acids. Their theoretical Isoelectric points are 8.86 and 8.57, respectively. The instability
coefficients of the proteins were 41.35 and 37.47, respectively. No transmembrane domain was
found between the two genes, the highest homology with persimmon and lychee respectively.
Subcellular localization showed that both CoNACS and CoNAC79 were located in the nucleus. (2)
Yeast transcriptional activation activity analysis revealed that CoNACS5 and CoNAC79 did not
have self-activation activity in the full-length proteins and N-terminal domain. However, the
C-terminal domain exhibited self-activating activity. (3) The expression of CoNACS5 and
CoNACT9 has significant tissue specificity and mainly expressed in roots and kernels; When PEG
simulated drought and exogenous ABA treated C. oleifera seedlings, the expression levels of
CoNACS and CoNAC79 were significantly higher than the control; Furthermore, the expression
level of CoNAC79 decreased after 48 h under ABA treatment, but significantly higher than the
control under PEG treatment. In summary, it is believed that there may be an inhibitory region at
the N-terminus of CoNACS and CoNAC79, which hinders the transcription of the full-length
sequence; indicating that the two NAC genes in C. oleifera may be probably involved in
ABA-mediated drought stress response; CoNAC79 can also participate in the drought stress
response through ABA-independent signaling pathway. This study provided a scientific basis for
further exploring the role of NAC in the response of C. oleifera to drought stress.
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Table 1 Primers used in the experiment

EIE/EA S S (5'-3") P&
Primer name Primer sequence (5'-3") Purpose
KL-CoNAC5-F ATGGGAGTTACAGAAACCGACCCG He R e B
Gene clone
KL-CoNAC5-R GGATTTAGGCTTCGACAGTAA He R e B
Gene clone
KL-CoNACT79-F ATGGGAGTTTCCGATACGAAC He R v B

Gene clone



KL-CoNACT79-R

CZ-ECoNAC5-F

CZ-ECoNAC5-R

CZ-ECoNACT9-F

CZ-ECoNACT9-R

CZ-BDCoNAC5-F

CZ-BDCoNAC5-R

CZ-BDCoNACT9-F

CZ-BDCoNAC79-R

CZ-CoNACS5-1, 417-F

CZ-CoNACS-1,417-R

CZ-CoNAC5-417, 1044-F

CZ-CoNAC5-417, 1044-R

CZ-CoNAC79-1, 417-F

CZ-CoNAC79-1,417-R

CZ-CoNAC79-417, 990-F

CZ-CoNACT79-417, 990-R

DL-CoNACS-F

DL-CoNACS-R

CTGTTTGGGTTTCGGCAGTGA

cccttgetcaccatggtaccCTGTCGAAGCCTAAATCCTCCTTGC
TGG
tetctetegagetttegegagetcgATGGGAGTTACAGAAACCGACC
CGCTTTC
cccttgetcaccatggtaccCTGCCGAAACCCAAACAGTCCAGG

tetctetegagetttegegagetcgATGGGAGTTTCCGATACGAACC
CGC

cctgcatatggecatggaggecgaattc ATGGGAGTTACAGAAACCG
ACCCGC

tatgcggccgetgeaggtecgacggatcc CTGTCGAAGCCTAAATCCT
CCTTGCTGGGTC

geatatggccatggaggecgaattct ATGGGAGTTTCCGATACGAAC
CCGCTTACCCAG
getgeaggtcgacggatccCTGCCGAAACCCAAACAGTCCAGG
CTGAAA

catggaggccgaattct ATGGGAGTTACAGAAACCGACCC

geaggtcgacggatccGAGTCTATATTCATGCATGATCCAATT

GGTCT

catggaggccgaattctTCCGAACCTCCCAAGAAAAATGGAAG

geaggtcgacggatccCTGTCGAAGCCTAAATCCTCCTTG

catggaggccgaattct ATGGGAGTTTCCGATACGAACCC

catggaggccgaattct ATGGGAGTTTCCGATACGAACCC

catggaggccgaattctTATGAGCAAACAGCCAAACATGGAAG

geaggtcgacggatccTCACTGCCGAAACCCAAACAGT

TCAGAGCGGACACACAACTC

AAATCCTCCTTGCTGGGTCG

P v

Gene clone

Iz A

Subcellular localization
Iz A

Subcellular localization
74 i RE Ar

Subcellular localization
74 L RE Ar

Subcellular localization
PR E 0TS

Yeast self activation

PR EBOE

Yeast self activation

PR 0TS

Yeast self activation
PR E 0TS

Yeast self activation
SRR B S 2 b
Structural domain yeast self
activation analysis
SRR B S 2 AT
Structural domain yeast self

activation analysis

R BE B R 2

SERIR B B B BT B
Structural domain yeast self
activation analysis
SERIR B B B WO B
Structural domain yeast self
activation analysis
SERIR B B B BT B
Structural domain yeast self
activation analysis

SER R B B B O B
Structural domain yeast self
activation analysis
SRR B S 2 b
Structural domain yeast self
activation analysis

qPCR

qPCR



DL-CoNAC79-F AACTCGGGGTTGTTTCAGCA qPCR

DL-CoNAC79-R CACTGCCGAAACCCAAACAG qPCR
EF-10-F TCAGCATTGTCGTCATCGGA WS A

Reference gene
EF-10-R ACGTTCGATCACACGCTTGTC WS A

Reference gene

e FOOERSIH; RIS,

Note: F. Forward primer; R. Reverse primer.

1.3 CoNAC5 5 CoNACT9 W15 B4

FIF ExPasy-ProtParam Xl ¢ IE#i i) CoNACS 5 CoNACT79 F: R Ymtit & FE /R 7 41 () FEAL
PR HEAT L 7M. I DNAMAN AR 25 CoNACS 5 B AR (Gossypium hirsutum
XP 016732489.2) . & if T (Diospyros lotus , XP_052206324.1)« #ii T (Diospyros kaki ,
AZL _19402.1). Bk (Juglans regia, XP_018851445.1)2 5 %], CONACT9 57 ¥i(Litchi chinensis,
UKF _18671.1) « %k 4% Bk (Actinidia chinensis , QQG_64095.1) « #H 4% (Citrus reticulata ,
AYC 35383.1). 4% (Solanum tuberosum, ATD 50216.1)2% 43T HLxT, F£HF]H TBtools
AR AR R LR ST R T o
1.4 EGFP-CoNAC5 5 EGFP-CoNAC79 8%y K T 40 fa 5 fir

f# Fi| snapgene B4 %t FYR B 45 CZ-ECoNACS5-F/R Fll CZ-ECoNACT9-F/R(F 1),
DL cDNA AR 317938, FIFA ClonExpress® Ultra One Step Cloning Kit(C115, 1 ME#%)
Y5 E 4B, I EGFP-CoNACS 5 EGFP-CoNACT9 tHMI kAR . $REEUA A W omas (¢
J6E (1 EGFP (B FRIEF AR, 75 37 “C K kpn T EY) 1 h, 2lifk J5 8 H [FJ5 5 418§, 50 C
N 15 min, FAGE KT DHSa, FHRATE A RPIEME-RPER LB 3974 L.
Phik BB A HEAT PCR B6AIE, K5 BH M o0 b 202k TAEM TRE (R AR A FR A RN, EL X
e BIFRE . X5 EGFP-CoNACS 5 EGFP-CoNACT9 #iAR I K B R BUT AL, JF4
B GV3101 RAFB T, AT VRS B A KB R ref, 8535 2.d, OGS RE
BAEBI(FV3000, Olympus)# % EGFP 7 8 541 i A (1) 5 A7 7 I
1.5 pGBKT7-CoNAC5 5 pGBKT7-CoNACT9 Bk %

18] CZ-BDCoNACS5-F/R I CZ-BDCoNACT9-F/R 51¥1(F 1), LAIHZS cDNA KRR, #)
## pGBKT7-CoNACS 5 pGBKT7-CoNACT9 #ifk. $EHL pGBKT7 AR Jiki, £ 37 C R H
EcoR I il BamH I X{E§Y) 1 h, 4t 5 IR EABFE 50 C N iERE 15 min, 346 KA &
DHS5a, JRMTESH - R8 £ INHEF LB [EAR IR b, XHEVE T PCR B4R %k 2
A TAY TR RARARNT, X gs R IERE
1.6 EEERR AL KR BERE B BUETE ST

i 5 ORE B2 B R &, AW P IE B 09 K g FF R B B pGBKT7-CoNACS 5
pGBKT7-CoNAC79 JFiki, H#54b%] Y2HGold FEREEE#E A, R4 7E SD/-Leu-Trp [E {415 77 %
b, IE T 28 CTHEFEAE 2~3d, LA pGADT7 NEAMEXTIE, pGADT7-T, pGBKT-P53 A
PEXTIE, PCR A& BH P B V% )5 (£ 47 pGBKT7-CoNACS 5 pGBKT7-CoNACT9 B BE B Fk

PREUK I #44k [1) pGBKT7-CoNACS 5 pGBKT7-CoNACT9 BERE i B H bk, FRlFE &,
B K FE OD600 A3 %) 0.02. 0.002 F10.000 2, WL 5 pL W EHLE /595 T SD/-Leu-Trp
M1 SD/-Leu-Trp-His-Ade BERERE I3 [, 78 28 CREFEMTRETE 2~3 d, WEEMH EMRIAE K
1.7 CoNAC5 5 CoNACT9 LRI R B ¥0iE 0
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CoNAC5 5 CoNACT9 = AL f{] ATNAC3-NAC #3% K7, £ N st & H — B4t
WHAE C o B Bk WO . A FLULAL T CoNACS 5 CoNACTIN i 1~417 ) &
pGBKT7-N #44k, L 417~1 044 bp. 417~990 bp 4% C ¥ pGBKT7-C #ifk, J4 5% # Y2H
P B 1 AR HEAT SR ARSI o BRI b I ) pGBKT7-CoNACS-N 5 pGBKT7-CoNACS5-C LA
J pGBKT7-CoNAC79-N 5 pGBKT7-CoNAC79-C B¢ R VR, FlEE, RBEEBIKE T
RIRMLER .

1.8 qRT-PCR 5|#& it R EKIE

il i snapgene X #¢ it qPCR 5| # DL-CoNACSF/R 5 DL-CoNACT9F/R, W £ A
EFlal(F 1). KH 25 uL MK FR: ChamQ Universal SYBR qPCR Master Mix(Q711-02, %
ME#%) 12.5 uL, cDNA 4% 2.5 uL, 10 pmol- L' E RHFSI#4 1.5 uL, ddH,0 9 uL. WG 5E
B NAEFF: 95 °C 2min, 95 ‘C 55, 60 C 30s, 95 C 55, 40 MEH; 95 C 5s;
65 C 5s, 95 C 5so BAFEMBAT 3 RAEMFER . RMTERE, A 2229% CoNACS
5 CoNACT9 BRI IE AT 1 .

1.9 HEa=
fiiH] SPSS 22.0 A1) Duncan V:2£47 2 ME 704, Origin 2021 FAFAEE .
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2.1 CoNAC5. CoNACT9 :F 7k

SR ZE M B RNA, 4ifl 53573 mRNA, 5% % cDNA. Ll cDNA AR 3 1
CoNAC5. CoNAC79 J¥%1], 13%]%)1000bp HI4 = 1), VIR . 2tk f5m B
B R pMD19-T #ifk b, BREUPHIE e RERR B, A Bk 24 LAY TR ()R h AR 2
AR . W45 L 153 Y CoNACS. CoNACT9 FF 3K JE 1 044 bp A1 990 bp, Fi B J&
5 PCR ¥ 34 Je .45 F( DAEFT -
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Fig. 1 Cloning of CoNACS and CoNAC79 genes in Camellia oleifera

2.2 CoNAC5 5 CoNACT9 ZEKAEME B 20T

I 3 7 28 53 7 W 3k Expasy-ProtParam 43 T CoONACS 1 CoNAC79 5 [ 1 B AL 4 5,
CoNACS Yty Z LM & 348, FHXT/r 78N 39 114.92 Da, LS5 N 8.86, SHME:
7 IE AR B AR BE R 73 90l 9 35 1 40, 73§ 3K Cr7asHa673N4s30s25S 10, B H FIANERE R 3L 41.35,



AR R IRIEMHIRECN 65.29, “FHIEKREN-0.617, RNFEKMEEH. CoNACTI %
TSR EFR B 330, AHXTZr 15 37 198.71 Da, FEIQSEEE /0 8.57, Shlit; FIE s AR LK)
BE 98 34 A1 37, 45 F 3K Crer0Has35N 453040085, 55 [ IIAFE R0 37.47, NiaEEEA;
NEVE YR 62.72, “PYISEK R%0-0.605, ASR/KPEE .

2.2.1 CoNACS5 5 CoNAC79 24K AF#Lst, RFEF S K CONACS. CoNACT9 &
BT A5 2 A FVRE ISR A N, RIS kPR A R AE R — 2 3, [RR
8 151. CONACS Fl CONACT9 # B A {577, 11T Snapgene 3444 i2E A0 AR A LR <3 3 7 (1]
2).
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Fig. 2 Phylogenetic evolution tree and conservative sequence analysis of CONACS and CoNAC79

2.2.2 CoNACS5. CoNAC79 Bl& & 3ltbxt  fid MEGAT7.0 #fF, iEHARERE, X CoNACS
5 CoNAC79 )[R Z LR 7 FI AT 2 P A Eex), 12 | BLASTp #2738 & i 55 CoNACS.
CoNAC79 R 74 I FIJE T4, KILE CoNACS FHBLEE 5% =1 141 73 53 Al -F-(Diospyros kaki,
AZL 19402.1)H N E T T-(Diospyros lotus, XP_052206324.1)F1 [ ik ( Gossypium hirsutum,
XP_016732489.2), FHMLEE 73 AL E] 82.48%. 79.53%F1 78.75%; 5 CoNACT9 AHLLRE 5 i
N #h B (Litchi chinensis, UKF_18671.1.1 )X NBRME Mk (Actinidia chinensis, QQG_64095.1)
FMI A (Citrus reticulata, AYC_35383.1)FHALLEE 731k 2] 84.22%. 80.46%FH 80.29% (& 3) .
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Fig. 3 Homologous sequence alignment between CONACS5 and CoNAC79

2.3 CoNACS5. CoNACT9 X ) I 40 .5 £r

13 EGFP-CoNAC5 1l EGFP-CoNAC79 Fik#f&, LA 35S: CoNACS-EGFP Fl 35S:
CoNACT9-EGFP A% E bR, 4 oy S 00 o Ji AR oA b o &% SR J00 o i A I i A 1Y)
SR RS I B Sk (58, HAEMIRIA B 5% M brid L RIE, IEW] CoNACS 5 CoNACT9
R A AR AZ (A 4).
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& 4 CoNAC5 5 CoNAC79 T4 fiase hr
Fig. 4 Subcellular localization of CONACS5 and CoNAC79
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2.4 CoNAC5. CoNACT9 %@%ﬁ%@ﬁﬁﬁﬁmﬂi

NAC 5 [R 15 Or 57 B N 3i; DNA 256 25 K380 C i 0s 45 M8, 1 CoNACS
CoNAC79 1] CDS J¥ %1437 7 % £ PGBKT-7 *Ja%tlﬂ HEALS] Y2H FERFIE A, BHEXT R
pGADT7-T, pGBKT7-P53, AD 5 BD ¥ #if% NIEEF R VE R VEXS I, BT X Le i B 4 72
SD/-Leu-TrP ¥557 3¢ FAEK B 4F, (H X HFHMXHEAE SD/-Leu-Trp-His-Ade £ R 47 (K 5).
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Fig. 5 Determination of CoNACS and CoNAC79 self-activation activity
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