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Abstract; Based on the whole genome data of Capsicum annuum Linn. cultivar ¢ Zunla-1’ | identification
and bioinformatics analysis were conducted for NAC family members of C. annuum, and the expression
patterns of NAC genes in leaves of salt-sensitive inbred line XWHJ-M and salt-tolerant inbred line H1023
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of C. annuum under 250 mmol + L™' NaCl stress for 0, 3, and 72 h were analyzed. The results show that
102 NAC family members are identified in this research, namely CaNACO001 to CaNAC102. There are
great differences in amino acid residue number, theoretical relative molecular mass, theoretical isoelectric
point, and instability index of these family members, all of them are hydrophilic proteins, and there is no
transmembrane domain in 98% of these family members. The subcellular localization result shows that 91
family members are localized in cell nucleus, while the other family members are localized in cytoplasm.
The NAC family members of C. annuum and Arabidopsis thaliana (Linn.) Heynh. can be divided into 15
groups. The NAC family members of C. annuum contain up to 15 motifs,
and motif5, and only contain NAM domain. NAC genes of C. annuum contain up to 6 introns, and these
genes are distributed in 13 chromosomes. There are collinearities of 54 pairs of NAC genes of C. annuum
and A. thaliana. There are 10 core proteins including ATM, MYB46, NTL, etc. in interaction network of
NAC family members of C. annuum, and there is no interaction between most members. There are 19
types of cis-acting elements in promoters of NAC genes of C. annuum
regulatory, abiotic stress related, and growth and development related cis-acting elements. The heat map

most members contain motif3

including hormone signal pathway

of gene expression profile shows that there are great differences in relative expression levels of NAC genes
in leaves of the two inbred lines among different stress times; in addition, there are great differences in
relative expression levels of CaNACO14, CANAC020, CaNACO026, CaNACO75, and CANACO78 between
the two bred lines. Overall, NAC family members of C. annuum are relatively conserved, and there are
high homologies between them and NAC family members of A. thaliana ; the NAC genes of C. annuum can

participate in regulation of biological processes, such as hormone response, abiotic stress response, etc.

Key words: Capsicum annuum Linn.; NAC family; bioinformatics analysis; NaCl stress; gene expression

A M (R 2R T R Bk
Lo AR AR K
S S A A B 1A 7 A

Heynh. ) #ICAEIG 1 1 g g 12

THT NAC AR BB TS Fh i e,

o SR, 12428 1k, AR
NAC FEN DI RE 1% R 58 218 % X AE— & # b H A

KRG W5, BB IR 200 0 R 5 4 5 S04 i A 3L 0 g
ZR AR A K KT DA EN A
FEZRH. WH9E R B, VF 2 e A AR IR T
SEAEAESIIA IHLH . NAC st N T A R A
) —2H SR P R 1 FEAE ) A K R RN X B
BElhia 2 A4Mn 5 m i h A mEAE D NAC #
SRR S AR FH T 45 &, P84T e kPR 1 &
T, M B e L 40 %o 22 ol A A Mol ) i 32 1
How i He PR B £ = A 0 P B e L 1A
B M ( Capsicum annuum  Linn.) K i Bl
(Solanaceae ) BHAUE ( Capsicum Linn.) — 44 5 4 B2
ZARAAEY , e r B B A S RO R T
B R A i AR iz SR, B
ﬁlfﬁiﬁﬁﬁqq% B A7 AR :Fﬁ\mﬁ)ﬁiffﬂﬂ}iﬂ%
ST BRI IR AR R B S B 7 R
x?ﬂ@dﬁ?‘ﬁ"ﬂo IEAEAR BB AR OCHE K T RE A 5%
R BT =T AR 5T 45 L
BRAL NAC46 LR BE % e Jij Z2 iy 30 [5] 5~ mT 3 3 A
PGP (ROS) 7 52t 48 m A MO0+ 52 R0 3R W38 1yt
0 I HZ R I RAZ GRS il %3k NAC46
FLIH BE 0% 1 5 4L B9 JT [ Arabidopsis thaliana ( Linn.)

YT, FEF TR A ¢ Zunla— 1" 2R 4
BRI NAC S5 0 7 6 7 4 5 RAE W15 B 240y
Br, I T 250 mmol + L' NaCl pif T BRAREL B0
H 22 & XWH]-M Fiif £ [ 28 & H1023 M- Hr NAC K&
PR R 1 0, AT A B B NAC R0 A L AL R,
BRANAC Z5 AL 522 D RERF 78 Rt £6 B Fh TAE# 1L
ZAKYE

N S

1.1 EREAHIEFRIR

FE T BHVE ) Jk R 4 2% 76 26 W 34 ( SGN, hutps : //
solgenomics.net/ ) T2 AT A ¢ Zunla— 1 4 FL R 4H
B, 7€ BB T B4R % (TAIR, hups: / www.
arabidopsis.org/ ) N 4Pl R T4 3L R 4 B >
1.2 ik
1.2.1  #RHMNAC TR T E TR AE
Pfam %03 2 (http : // pfam. xfam. org/) 712 % 5 F 2%
NAC 45#958% (105 PF02365) ) HMM S/ Fil i
TBtools {4 Wi BRI NAC S AL 5% , I FH NCBI
B 2 (htips : / www.nebi.nlm.nih.gov/ ) 43 #F E-value



14 N7/ I AR SRS A

932 %

E/NTAET IX107 YNGR 5 A S8 81 NAC 4544
B BT SE R NAC 25 44 38 14 5 53 04 22 Ry AL
NAC ZRRMLD

FIFH ExPASy 7£28 /3l (hitps : // web. expasy.org/
protparam/ ) 73 A7 £ < 1 B G 1 FRALPE BT, ] GRAVY
(BT 2K 5 /K 0T 5 T SignalP - 5.0 7 28 9 3
(https: // services. healthtech. dtu. dk/services/Signal P -
5.0/) T 2% 52 W i 5L SR A AR AE A5 5 BRET RD
DeepTMHMM 7E £k % % ( https: // dtu. biolib. com/
Deep TMHMM ) 15 I £ 5 i JiC 51 149 5 JIE 45 449 5 1)
WoLF PSORT 7 £k % i https ; /) www. genscript. com/
wolf-psort.html ) X5 G G264 737 A 457 522
1.2.2 #RHNAC R& B 79| Ao 5 M AFAESHT K
FHRTR 71 %58 SR IF NAC ZIE 5L 5 AL MEGA
X o 8 f R ABLSR B ( maximum likelihood , ML) 1
P BRBEUFN 40 JF NAC 5 B 5% 1Y) 5% 46 3 Ak v
(bootstrap {EX A 1 000) ; A iTOL 7EZE R % (htps : /
itol.embl.de/tree/ ) b £ BRI

FIFH TBtools 4> X B NAC FE R 47 2544
ST R MEME 7£ 264K 44 ( hitps : / meme—suite.org/
meme/tools/meme ) MMM NAC FJ5 K 01 48 < &
P T RO R 20, oA S 80K S BN E, 3R 15
MEME. XML 3C4F; # /i NCBI %4 £ 9 €DD T.H
(https; //www.ncbi.nlm.nih.gov/cdd/) FH I BEA NAC
FGE LB 250 355 R 2 hitdata SC {5 A
TBtools FRA-H4 AL PR A5 44 S 2 1 P < i e 45 44 el 45
REAT AT
123 #RMNAC A B e AR T fo S HE AT JE
THMUEER 4 GFF 30, FI T TBrools 422 i AR
NAC SR A E A7 2 %5 BASURIU R JT NAC
LRI AT IR AT
1.2.4  #RMCNAC &m0 ZAFR T 547 LI
FiIF N2 % Ml H STRING 7F 26 W ¥4 (https: // en.
string—db.org/ ) H' i) multiple sequences #51k T 1 A
NAC ZEHR MG 18] B S U RIIT NAC FR A b1 18] Y 5
YERIZ , A medium confidence (0.400) A/ NHAE/ML,
1.2.5  #RARNAC AR B3 TIMXAE R LS4 F
F TBtools A4 1 GXF sequences Extract P B A
HUGFF SO b 4 BUBRA NAC ik DR RS 0 o7 5, 1 3
2000 bp {5 )F 50 (HIJH 3 F ¥ 41) F A
PlantCARE #X {4 ( http ; Y bioinformatics. psb. ugent. be/
webtools/ plantcare/html/ ) T J7 8l - 19 I =X AE F o

4 R PlantTFDB 7E £k [ 33 (http: // planttfdb. cbi.
pku.edu.cn/) T i3 31 e s T B 454 s Y s
B 25034 R BRI ; FH TBtools #4647 AT WAL
1.2.6 NaCl #ri8 F 3k NAC A B & Rk o dr ik
PEFR T 8.5~9.0 cm  FEAR 0.2 em Y 24 4F A= BB 35
H 3¢ H1023 FIERAURL A A2 &2 XWH] -M A8 PR E AT
NaCl B30 5250, B4~ H 38 & 100 #% ., FERRES FhAE 78
A% 10.5 em, FE4E 8.0 em 5 7.5 em AEZ T,
B2 MR, ORISR N VOEFR L) - V(IER) -

V(BEAE)=3:1:1, % 250 mmol - L' NaCl ¥ &
BE ARG B4 50 mL, 7E IR 2 A N T
JESZES MR 25 °C ~30 °C 25 SAHRHEEE 70% ~
80% , ASR IR, SLBIRE 3 IRE R, 73 HIHE NaCl i)
iE0.3 F1 72 h SRAERERRIETS ) L5 4 R IF RS 3 AL
i, SR Hlumina 75 5 A S 47 5% S 4000 75 307,
BREL NAC DK A X 23k f b A 72— fb Ab B, 5 )
JH TBtools 3 {2l Fik ik A A

2 HRAHAN

2.1 B NAC R REERIBLIERSH

AHIF 5T FE B 4 HE PR 21 v 3 25 102 4> NAC
FIWELGL , fiv 4 9 CaNACO01 Z CaNAC102, 43#réh
S CRRFER 1) 2 32 B 5275 A 03 19 2 L R 3 4 2
TARXS o3 it e A5 SRR e Fe B AR R
ZE5t, 4% CaNAC FJ%E A 51 I S 3L TR R FL 40k 100 ~
1033, H 7, CaNACO87 Ay & 3 iR 5% 2t Bl i £,
CaNACO003 M2 FEMR 5% F A i /D, 45 CaNAC ZEHR I
BB P AR X1 A 3 396.38 ~ 107 653.20, H:
th, CaNACO87 IS AH X 43 o it B K, CaNAC025
HYFE AN 73 F i fe/ . #5 CaNAC ZEM5 B ot Y 3
WEEH 5N pl 4.32~pI 9.96, Hi, CaNACO87 HYFEIS
S HL SR, CaNACO16 BYFIS 55 HL SR/, 102 4
CaNAC KGR T H, 67 G805 B 01 1 312 45 FL i/
T pl 7,35 DFIGER A IS5 5 KT pl 7, HAY
A BAFIEBA IS SRR T pl 9, 4 CaNAC
KL, CaNACO096 [ ANFR e 5 5 /N (18.62)
CaNACO87 MAFRAE $5 8w K (140.31) , Hrp 73 4>
TR T A TR E TR RO T 35,29 S L A
FarEFe RN T 35, 102 4~ CaNAC R I B1 ) GRAVY
X080, DB X 28 CaNAC 2 (13l 36K & A
Rk CaNACO005 #b , A G5 B 52 ¥ Tof5 5 Bk



55 4 1]

BB, 2 . B NAC ZG SR 4 S g i3 P 7E NaCl 38 T 1) 235 704 15

PERELE A 73 A 45 R W1 . 98% 9 CaNAC Z K
B B IS5, {1 CaNACO53 1 CaNACO88 454
1 N EZE R 38k, 40 I 7E 369 ~ 391 Fil 382 ~ 404 v &
FEIR DX BA 77 5 R T .

A RE 7 45 R W 91 A CaNAC F R B 7
T AEAL , A S 5L o T A5
2.2 BRH NAC Rk R 5 5 & 45 o 4

PR 102 4> NAC ZK5 B R MU RE JT 113 4
NAC F5 A 53 AT IR P e, IR R Gk B
SERULE 1, B 1 AT UL BRI R T NAC %
RS 15 4L, o 14 %R NAC KRR 14 4>
W%, B4 1 AR B BE— W H, B NAC
DL A BIAE 15 dlrf, H A 41EY CaNAC B AN 55,
=& LA 2 31 A, B A E R A M I Y
NAC ZHE NG, U BA BRI R I+ NAC S5 1 52 1)
GRS =I

NAM/NACI

SEAHE
Genetic distance

dVN

S ZER AT a5 R (B 2-A) W 102 4~ CaNAC
FEPR 1A T e TR BRI X, I HaX S RL PR 1 &
AEEAFEMIN G F NS F, Hrf, CaNAC094
RN S TR Z (6); CaNACOI9 . CaNACO23 .
CaNAC028, CaNAC035, CaNAC047. CaNACO49 .
CaNAC054 .CaNAC093 .CaNACI00 FEH N £ T3k
Z (¥} 5) ; CaNACO41 , CaNACO42  CaNAC099
W& TEEREZ (YN 4); CaNAC004 , CaNACO34 .
CaNAC050, CaNACO053, CaNACO58. CaNACO60 .
CaNACO066 .CaNACOS8 F: NN & F¥ Rk 3 4~ & A
2PHNE T CaNAC SN B2, A7 47 4>, 15 CaNAC
R BB 46.1% ; 5H 1L AN TFHIAETHNE FHY
CaNAC 5% Z 73 14 F120 4,45 5 CaNAC %
PR B 13.7%F1 19.6%

PRSF R A B 4t R (18 2-B) W . CaNAC002 .
CaNACO84 My{R~FHF AR [ H i 2, ¥4 15 15

N¥o1/2700VNO

Ca. B Capsicum annuum Linn.; At P IT Arabidopsis thaliana (Linn.) Heynh.

1 SMAEIT NAC KRB RN REEER
Fig. 1 Phylogenetic tree of NAC family members of Capsicum annuum Linn. and Arabidopsis thaliana (Linn.) Heynh.
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Fig. 2 Analyses on gene structures (A), conserved motifs (B), and domains (C) of NAC family members of Capsicum annuum Linn.
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Fig. 3 Chromosome localization of NAC family genes of Capsicum annuum Linn.
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Fig. 6 Analysis on cis-acting elements of NAC gene promoters of Capsicum annuum Linn.



20 EIE7/B R SRS R N e

932 %

VG N B E T e 7 s s = AW E oo
MYBHv1 45607 s . 5 5 I FL 3Rk A F o
HUBAR A3 00 3 TG A |5 28 S i A ) 6 Tl R R il A G
[ MYB 4560 a5 4 A A1 204 5 PR 3300 R 8 o 1
LRGSR A NAC R B8 3 T & 24
EGURATER AT 538 B N AR A 38 R O i = A
Jof, B NAC SR 0] 2 5 05 SR 5538 %
FAEAE D a g B, IF H, BB NAC 3
L5 2 AT, WX e B A 24>
TEEYIRE
2.6 M NAC EETE NaCl B THIRIE ST
DRI TE R (B 7) o B 2 S A 22 Rt

CaNAC001 CaNAC035
CaNAC002 CaNAC036
CaNACO03 CaNAC037
CaNAC004 CaNAC038
CaNAC005 CaNAC039
CaNAC006 CaNAC040
GaNdcaor CaNAC041
CaNAGO0S CaNAC042
CanNACO09 CaNAC043
CaNAC010 CaNAC044
v
CaNACDI3 CaNAC046
CaNACOI4 CaNAC047
CaNACOIS CaNAC048
CaNAC016 CaNAC049
CaNACO17 CaNAC050
CaNACOI8 CaNACO51
CaNAC019 CaNAC052
CaNAC020 CaNAC053
CaNAC021 CaNAC054
CaNAC022 CaNACO055
CaNAC023 CaNAC056
CaNAC024 CaNAC057
CaNAC025 CaNAC058
CaNAC026 CaNAC059
CaNAC027 CaNAC060
CaNAC028 CaNAC061
CaNAC029 CaNAC062
CaNAC030 CaNAC063
CaNAC031 CaNAC064
CaNAC032 CaNAC065
CaNAC033 CaNAC066
CaNACO34 CaNAC067

SS1 SS2 SS3 ST1 ST2 ST3

0.0 2.0 4.0

SS1 SS2 SS3 ST1I ST2 ST3

o NAC FEPH A 3R 3B TEFE NaCl W3 AN [] B[] 77
TERKRZES, 2 MHIKLRE CaNACO41 ,CaNACO4S |
CaNAC069 . CaNACO78 , CaNAC090 F£ [ 7E A [H] NaCl
Joip 3 B[] P B SR AR AR [R] , 4R BUOMAE G 3 h B
LW FEMG 72 h TR T, 2 MPAKLREMN
CaNAC00I, CaNACO04. CaNACOI4. CaNACO26 .
CaNAC044 . CaNAC049. CaNAC059. CaNAC094 .
CaNAC100 R:HNFEAIR NaCl Jilr3f it [a] 59 26 3k K SF 1
LH, (B CaNACO75 JEH B £ X KFET M, 5
XWHJ-M Ak, H1023 H CaNAC020 F1 CaNACO75 F&
B A X 3R R, 1 CaNACOI4 , CaNACO26 FlI
CaNACO78 HH Y AH X 15 1 AR

CaNAC069
CaNAC070
CaNACO071
CaNAC072
CaNAC073
CaNAC074
CaNACO075
CaNACO076
CaNAC077
CaNACO078
CaNAC079
CaNAC080
CaNAC081
CaNAC082
CaNAC083
CaNAC084
CaNAC085
CaNAC086
CaNAC087
CaNAC088
CaNAC089
CaNAC090
CaNAC091
CaNAC092
CaNAC093
CaNAC094
CaNAC095
CaNAC096
CaNAC097
CaNAC098
CaNAC099
CaNAC100
CaNAC101
CaNAC102

SS1  SS2 SS3 ST1 ST2 ST3

6.0 8.0 10.0

B—LE iR Rk bt

Relative expression level after normalization

SS1,SS2,8S3: fRIALFE XWHJI-M 52 NaCl 8 0.3 172 h Representing XWHJ-M at 0,3, and 72 h of NaCl stress in turn; ST1,ST2,ST3. Rkt
H1023 3Z NaCl Jif}i81 0.3 1 72 h Representing H1023 at 0, 3, and 72 h of NaCl stress in turn.

7 250 mmol - L™" NaCl B TR 808 B %5 % XWHJI-M i3k B 35 & H1023 it NAC ERE AR IZEHRE
Fig. 7 Heat map of expression profile of NAC genes in leaves of salt sensitive inbred line XWHJ-M and salt-tolerant inbred line
H1023 of Capsicum annuum Linn. under 250 mmol - L™! NaCl stress

3 i Ausib

UEARSR | B HOR 2 Yy R RE N 2 I AR Y
RREESERL, Z2 MR NAC 300 I 03 Bl 38 1ok,

FORLEE TR 117 A3 , F1 3% ( Brassica rapa var.
glabra Regel ) F 188 AN M B ( Nicotiana tabacum
Linn.) A 152 AP JK#8 (Oryza sativa Linn.) A 151
A8 K (Zea mays Linn. ) A 87 N1, J32 (Salvia
miltiorrhiza Bunge ) A 84 N1 3% ( Nelumbo nucifera



55 4 1]

OO, 45 B NAC 205 LI S

K Gt B K AE NaCl 38 (9235530

21

Gaertn. ) A5 82 1Y ASHIFSEIE TS A ¢ Zunla—17
e R BRI S5 5 102 S NAC R 5L, Biie W
WATHIRGIT | R A KRS, X ] g
S AN TRV 0 1 32 PR 20 /N I PR A i O A [R) s
BRI DR 21 A KAL) Fr B A2 i) HL AR ORST

AWFFE 4R R 102 4> CaNAC AT 43 % 15 4,
oA 14 dUXFR NAC ZRIN 14 A% ;9 B, B4
PIZ I A B AR IR 25 57, 4% R 5 1) ) e
FETE2E S o AHDCISE R R I+ NAC2 WG FE K 2
SR EAR I B N NAM % K2 NACT 3l ik 5t
SR I RIEAS &AL i ATAF F1 AINAC3
W FE R S SR I 1 RO N RS & A
B AU R IF NAC S5 B O A R4 i , el it
FREDN ORI 3k 2 0 1 32 PR o] BB LA AL T RE (B
FRTER S, B 73 NAC JL1R JE 3h 100 5 BE
M A K 2R BT TR R ATR iR | R EE R MUK AZ R 11
AR FH T, 2 BB NAC LR BE S 2 518735 4
PR R o (H B e 5 AL A it — 2

I 5T W . NAC £ HRENS S S5 R Y) X £ Fh
A= Yy a8 B B, 940 . CaNACSS PR AT 2 5 35
OO S el [RE o/ BN R T VARSII /T /N
CaNACO83 F IR Je AU Tt 5 T BE 77 3458, T 4 ek
LR D) A R B i R I RE R S A R X
NaCl /8 0.3 F1 72 h BRARER B0 H 52 & XWH]-M
FIER [ 38 &R H1023 I NAC LR () ik K17
T, SR BN 5 XWHI -M M H, H1023
CaNACO20 Fl CaNACO75 F R B AH XT3 35 4 8, 1M
CaNACO014 .CaNACO26 il CaNACO78 FL[H A Xt 22 34
AR, H A A X S PR ] BB TE BURU L NaCl
R EETAER,

ZE LTI, BAREY 102 4~ NAC AL G2 350 5%
IKEE A, B0 0 0 5 45 40 3 LA R PR sF , OF B
SOEN TR, H SR IT NAC Z 5 L Y [] 4
PEES R, B NAC 35 KRB A% 2 5 18 19 % 28 o o, A1
A4 ¥ W e e B 45 A B S AR, Horf ) CaNACO14
CaNAC020 .CaNACO26 . CaNACO75 FI CaNACO78 H:H
A BEAE BB I R e o B R AR A

SE LK

(1] B, BAEE, FHER, & MR BRI 5 R4 9
BT A8 0 A BEALEI (], A IR PR R, 2023, 50(1) .
22-31.

[2] OOKA H, SATOH K, DOI K, et al. Comprehensive analysis of

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

NAC family genes in Oryza sativa and Arabidopsis thaliana[ J]. DNA
Research, 2003, 10(6) ; 239-247.

iKEEE, A E, I, & BREE NAC B S5 I %58 ek
KATHTLT]. RBEER, 2023, 40(2) : 206-222.

LU X, ZHANG X F, DUAN H, et al. Three stress-responsive NAC

transcription factors from Populus euphratica differentially regulate

salt and drought tolerance in transgenic plants [ J]. Physiologia
Plantarum, 2018, 162(1) . 73-97.
REDILLAS M C F R, JEONG J S, KIM Y S, et al. The

overexpression of OsINAC9 alters the root architecture of rice plants
enhancing drought resistance and grain yield under field conditions
[J]. Plant Biotechnology Journal, 2012, 10(7) : 792-805.
N EE, B R, . AEEWIEAEDE NAC B T
S5 S IREL )] . A A B2, 2013, 49(10) : 1009-1017.
B, TR, BRI, 5. %R ERF MYB 1 NAC g5
FRIEHE DA 30 KSR AT (1] M A BR2AR, 2021, 57
(8): 1668-1678.
SRS, PSR, B B, A R NACT 5% ST BE B A £
Jia [ T]. ARALkRl R 224, 2017, 45(8) : 6-9.
Fo3C, UM, BIEH], & FEREIAINEE NAC JE R KR %
FERFEANT[T]. IRl =4R, 2022, 38(5) @ 1315-1329.
FEE, B T, O, 55 UK CVACO32 HE R i se e B
JorIa AR T[] YL, 2022, 50(18) ; 60-65.
TANJA C, JASMINA R, STELA J, et al. Quality of pepper seed
by-products: a review[ J]. Foods, 2022, 11(5) . 748.
ZEIGFS . AR A RO A SR O R [T ], s £ i ol
2003(3) : 30-32.
KRR, EFM, S, 48 BT E RGBT 0 T
F AR i 165 b AR S0 A [ 0] B85, 2022(7) « 17-21.
YING H, WANG Z, ZHANG Y, et al. Capsaicin induces apoptosis
in human osteosarcoma cells through AMPK-dependent and AMPK-
independent signaling pathways [ J ]. Molecular and Cellular
Biochemistry, 2013, 384(1) . 229-237.
ZHANG 7Z R, ZHU R R, JI X H, et al. Genome-wide
characterization and expression analysis of the HD-ZIP gene family
in response to salt stress in pepper [ J]. International Journal of
Genomics, 2020, 20(1): 1-15.
XIEAME, B, ZEEREF, 4. B miR169 K LRI Kt 4 )
fHERAAHTLI]. VUoRfl 244, 2021, 37(6) : 1510-1515.
ik, R, ETEE, SF. EA 0SCA BRI TR S8
B SCAeEh 38 T RE T [J]. 2 TP E R, 2022, 20
(13) . 4323-4330.
RV, AT, ERW, & B CaNACSS HEIH robE 545k
SAHTLI]. PEALAERAAR, 2021, 41(7) : 1120-1126.
FET . M CaNACO35 B _EWFiRTE R T CabHLHT9 B 4852
FICTENE T [ D], B PidbApRHE K2, 2022,
1-2.
MA J, WANG LY, DAIJ X, et al. The NAC-type transcription
factor CaNAC46 regulates the salt and drought tolerance of
transgenic Arabidopsis thaliana[ J]. BMC Plant Biology, 2021, 21



22

L7/ AR R

= %32 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

B 1

(1) 11.

HOU X M, ZHANG H F, LIU S Y, et al. The NAC transcription
factor CaNAC064 is a regulator of cold stress tolerance in peppers
[J]. Plant Science, 2020, 291 110346.

B, 2= W, FRERR, & PR AR A AHK SR 4
FERFGRANT[T]. PRI R E 2 R ( A AR | 2021,
46(9) . 65-74.

TN T A SORAE Y T IRAEFNE IR AL & 7 IR 45 N 45 19 iy
D], dbxt: duatholl k2, 2020: 93-107.

CHEN C J, CHEN H, ZHANG Y, et al. TBtools; an integrative
toolkit developed for interactive analyses of big biological datal J].
Molecular Plant, 2020, 13(8) . 1194-1202.

X g, ZEe S SRIENE, 5. B M AFER A b SPL B 5k
WG SEE S BT[], R A B PR A 4, 2021, 22(4) .
1145-1156.

i, WE L, NG, & BN TCP G A A K kT
IAESR AL SRR [T ]. ZRARS IR 4, 2022, 42(4) .
337-345.

Rk, 2 T3, X7, 5. ST BB CcCASPT FEF Y 5T
Ve VIGS BAKMER [J]. 4 FAREYF R, 2022, 20(20):
6742-6749.

TWIERH, SRBMT, A, 5. A PRMT ZX0E 20k (K 20 % 8
Lo PRMTS ALY BT [ T]. TLPE AP R 272442, 2022, 44(3)
569-582.

AL, w f, EURER, % ST WRKY B R 1) 2 A
U K AR BT[], VEACRAMRL B R 224 (A 4
B2 , 2023, 51(5) : 59-71, 81.

BTG B BTB A 1 G0 e [ 56 5 B O ik 18] ) 7 92 85 T
RAAAEAY B M IRERT 5[ D], k. PEALRMBHE R
%, 2020: 16-31.

JLE, B E X R, A B NAC IR FIENAYE R
ST LT RN S RS, 2022, 41(4) ; 822-833.
Mo Xk, BoRBE, AR, 4E. B CDPK JERF IR M4
L EFRBAHILI]. ARFEH, 2021, 35(1): 7-17.

X EIH, MR, BT, . AT ATG HDH 5% % K HAE
ARLEW 0 T BRI AT ()], R BRI S BRI A 3R,
2022, 31(5) : 37-49.

TR, KRR, WA, 5. NS NAC FEH FE LA 1 % 58
HRBGHI]. AR EOR, EA AL, 2021, 23

B NAC Rk RRELER

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

(9): 3376-3387.
KIMY S, KIM S G, PARK J E, et al. A membrane-bound NAC
transcription factor regulates cell division in Arabidopsis[ J]. The
Plant Cell, 2006, 18(11): 3132-3144.
BREE, JE/NAT, 25 7, 45 A3 NAC JER G20 42 56 TR 20 %
TE B HR B A SO I K T [T, B RO R 2 AR
2022, 45(4) : 656-665.
RUSHTON P J, BOKOWIEC M T, HAN S C, et al. Tobacco
transcription factors: novel insights into transcriptional regulation in
the Solanaceae[ J]. Plant Physiology, 2008, 147(1) . 280-295.
NURUZZAMAN M, MANIMEKALAI R, SHARONI A M, et al.
Genome-wide analysis of NAC transcription factor family in rice
[J]. Gene, 2010, 465. 30-44.
WANG G R, YUAN Z, ZHANG P Y, et al. Genome-wide analysis
of NAC transcription factor family in maize under drought stress and
rewatering[ J]. Physiology and Molecular Biology of Plants, 2020,
26(4): 705-7117.
AR, XIRHE, BRMEE, 2. FE2 NAC IR G5 A FE R 4 4
ERFGEVITE[T]. P EBUR, 2023, 25(3) : 499-512.
SONG H Y, LIU YAN L, DONG G Q, et al. Genome-wide
characterization and comprehensive analysis of NAC transcription
factor family in Nelumbo nucifera[ J]. Frontiers in Genetics, 2022,
13: 901833.
DE CLERCQ 1, VERNEIRSSEN V, VAN AKEN O, et al. The
membrane-bound NAC transcription factor ANACO13 functions in
mitochondrial retrograde regulation of the oxidative stress response
in Arabidopsis[ J]. The Plant Cell, 2013, 25(9) : 3472-3490.
AIDA M, ISHIDA T, FUKAKI H, et al. Genes involved in organ
separation in Arabidopsis: an analysis of the cup-shaped cotyledon
mutant[ J ]. The Plant Cell, 1997, 9(6) ;: 841-857.
COLLINGE M, BOLLER T. Differential induction of two potato
genes, Stprx2 and StNAC, in response to infection by Phytophthora
infestans and to wounding[ J]. Plant Molecular Biology, 2001, 46
(5):521-529.
WIET, £, WU, 5. BRI T CaNACO83 X i
WO R[], PG AL AR BRRR B R 2 2 R ( HARBL R |
2023, 51(3) . 121-131.

(FERH. KaR)

Supplementary table 1 Physicochemical properties of NAC family members of Capsicum annuum Linn.

S R

PP Ny FILMRARIER BB AART A>T i ; REGEIR GRAVY I (Fo&Y
Boks EHA i . . . Theoretical o R

. . Amino acid Theoretical relative . . . Instability GRAVY Signal
Accession number Protein name . isoelectric point . )

residue number molecular mass (o) index value peptide

Capana00g000168 CaNACO001 162 19 189.98 9.82 32.00 -0.925 -
Capana00g000175 CaNAC002 569 64 509.12 4.44 47.09 -0.566 -
Capana00g001681 CaNACO003 100 11 800.47 8.42 29.29 -0.701 -
Capana00g001918 CaNACO004 586 65 836.02 4.80 44.93 -0.603 -
Capana00g003238 CaNACO005 137 16 085.25 6.90 63.03 -0.647 +
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4ZEMt3R1 Supplementary table 1 ( Continued)

DAY
G Ers  ARWAIN MHMATRE  RCOPR Rpgae GRAVY (S
Accession number Protein name A'mmo acid Theoretical relative isoelectric point Inélablhly GRAVY Slgnal
residue number molecular mass (pD) index value pepude”
Capana00g004670 CaNACO006 317 36 117.29 6.01 41.26 -0.724 -
Capana00g004843 CaNACO007 326 37 025.52 5.09 47.97 -0.601 -
Capana01g000033 CaNACO008 420 48 049.16 6.30 54.28 -0.862 -
Capana01g000034 CaNACO009 420 48 049.16 6.30 54.28 -0.862 -
Capana01g000515 CaNACO10 306 35 389.52 6.21 53.86 -0.795 -
Capana01g000650 CaNACO11 356 39 653.04 7.08 33.60 -0.376 -
Capana01g001228 CaNACO012 352 39 194.70 7.20 43.54 -0.765 -
Capana01g001521 CaNACO13 276 31 709.64 5.39 31.61 -0.476 -
Capana01g002000 CaNACO14 248 28 339.10 9.59 41.55 -0.766 -
Capana01g002406 CaNACO15 303 34 931.85 7.79 36.78 -0.865 -
Capana01g003266 CaNACO16 461 52 269.00 4.32 49.60 -0.513 -
Capana01g004120 CaNACO17 353 39 912.81 8.98 43.64 -0.820 -
Capana01g004489 CaNACO18 313 35941.19 6.11 46.28 -0.793 -
Capana02g000057 CaNACO019 577 66 017.32 5.09 47.38 -0.708 -
Capana02g000302 CaNAC020 252 29 078.84 6.11 47.23 -0.682 -
Capana02g001393 CaNACO021 247 28 046.12 8.84 36.04 -0.898 -
Capana02g002153 CaNAC022 225 26 139.36 7.70 50.25 -0.965 -
Capana02g002277 CaNACO023 632 72 567.51 5.89 43.65 -0.615 -
Capana02g002612 CaNACO024 169 19 724.36 9.03 32.90 -0.788 -
Capana02g002682 CaNACO25 296 3396.38 6.60 57.08 -0.706 -
Capana(02g003352 CaNACO026 326 37 304.05 7.58 44.92 -0.771 -
Capana02g003374 CaNACO027 397 44 841.20 6.14 43.73 -0.570 -
Capana02g003557 CaNACO028 387 43 104.01 5.03 44.87 -0.744 -
Capana03g000802 CaNAC029 332 38 094.91 7.08 30.27 -0.674 -
Capana03g000991 CaNACO030 236 26 385.19 4.61 27.14 -0.697 -
Capana03g001014 CaNACO031 245 27 958.60 5.15 29.92 -0.550 -
Capana03g001027 CaNAC032 284 32 040.93 4.90 28.97 -0.558 -
Capana03g001525 CaNACO033 248 28 742.10 5.02 55.72 -0.775 -
Capana03g001657 CaNACO034 237 27 052.17 6.16 42.05 -0.695 -
Capana03g001780 CaNACO035 632 69 859.68 4.88 38.45 -0.589 -
Capana03g002541 CaNACO036 170 19 745.75 9.03 28.83 -0.513 -
Capana03g002678 CaNACO037 290 33 066.60 8.46 48.61 -0.657 -
Capana03g003003 CaNACO038 326 36 997.55 6.73 43.82 -0.667 -
Capana03g003315 CaNACO039 290 33 344.58 5.86 47.06 -0.650 -
Capana04g000051 CaNACO040 390 44 111.53 6.28 29.54 -0.618 -
Capana04g000414 CaNACO41 356 39 531.59 4.91 46.51 -0.769 -
Capana04g000417 CaNACO042 371 40 958.12 4.67 56.14 -0.662 -
Capana04g000587 CaNACO043 279 31 122.00 5.72 48.61 -0.384 -
Capana04g001537 CaNACO044 290 33 316.91 8.10 49.60 -0.610 -
Capana05g000569 CaNACO045 306 34 941.42 6.96 37.23 -0.694 -
Capana05g001292 CaNACO046 459 51 265.68 5.81 49.97 -0.934 -
Capana05g001365 CaNACO047 486 53 960.31 6.45 48.75 -0.739 -
Capana05g001593 CaNACO048 410 46 210.93 6.64 51.08 -0.561 -
Capana05g002476 CaNACO049 551 61 611.87 4.69 40.20 -0.479 -
Capana05g002477 CaNACO050 396 44 636.37 5.41 52.75 -0.629 -
Capana06g000136 CaNACO51 287 33 371.42 5.67 38.86 -0.669 -
Capana06g000341 CaNACO052 467 53 668.32 4.64 50.71 -0.635 -
Capana06g000625 CaNACO053 408 45 904.68 9.00 48.64 -0.565 -
Capana06g000752 CaNACO054 637 70 106.05 4.77 37.43 -0.505 -
Capana06g001075 CaNACO055 379 42 935.65 5.23 45.53 -0.781 -
Capana06g001093 CaNACO056 133 15 362.09 4.71 55.89 -0.628 -

Capana06g001387 CaNACO057 322 37 593.68 5.85 46.51 -0.937 -




24 N7/ I AR SRS A 532 %

4EM{&R1 Supplementary table 1 ( Continued)

A
o Ers  ARRAIN MEHMATRE  RCORR Rppae GRAVY (A
Accession number Protein name A'mmo acid Theoretical relative isoelectric point In§lab1hly GRAVY Slgnal
residue number molecular mass (pD) index value pepllde”
Capana06g001560 CaNACO58 342 38 473.75 5.49 48.39 -0.634 -
Capana06g001739 CaNACO059 294 33 666.26 6.26 54.98 -0.660 -
Capana06g002441 CaNACO060 334 37 909.19 5.38 42.92 -0.708 -
Capana06g002936 CaNACO61 136 15 874.93 9.45 29.11 -1.000 -
Capana06g003012 CaNACO062 290 33 382.69 5.88 46.61 -0.575 -
Capana07g000058 CaNACO063 415 47 216.46 5.41 44.95 -0.745 -
Capana07g000215 CaNACO64 196 22 845.61 4.67 23.17 -0.588 -
Capana07g001015 CaNACO065 238 26 973.29 9.55 40.81 -0.709 -
Capana07g001769 CaNACO066 325 36 572.43 7.22 34.36 -0.582 -
Capana07g002072 CaNACO067 235 27 477.44 9.29 38.25 -0.763 -
Capana07g002159 CaNACO068 323 36 227.70 8.80 43.87 -0.531 -
Capana07g002219 CaNACO069 338 37 663.34 6.91 44.35 -0.538 -
Capana07g002220 CaNACO070 340 37 991.59 8.56 42.84 -0.734 -
Capana07g002471 CaNACO71 323 37 193.62 7.15 50.78 -0.805 -
Capana07g002485 CaNACO072 136 15 524.62 8.69 53.73 -0.642 -
Capana08g000884 CaNACO73 232 26 851.41 6.76 34.74 -0.803 -
Capana082000885 CaNACO074 178 20 635.32 6.32 31.84 -0.915 -
Capana08g001727 CaNACO75 408 46 311.27 6.64 55.77 -0.787 -
Capana08g001999 CaNACO076 195 22 354.70 4.70 57.20 -0.668 -
Capana09g000105 CaNACO077 314 36 503.61 5.09 38.07 -0.929 -
Capana092000936 CaNACO78 350 39 616.84 9.11 32.70 -0.644 -
Capana09g002022 CaNACO079 103 11 994.65 9.78 28.79 -0.837 -
Capana09g002444 CaNACO080 132 15 275.47 9.46 30.73 -0.631 -
Capanal0g000063 CaNACO081 342 39 042.67 8.52 36.10 -0.837 -
Capanal0g000683 CaNACO082 341 39 079.38 6.00 44.68 -0.784 -
Capanal0g001138 CaNACO083 299 34 394.14 6.22 39.33 -0.472 -
Capanal0g002356 CaNACO84 578 65 162.82 4.40 47.56 -0.542 -
Capanal0g002363 CaNACO085 421 48 316.66 5.54 44.77 -0.773 -
Capanal 13000328 CaNACO86 258 29 664.62 8.53 51.69 -0.622 -
Capanal 15000329 CaNACO87 1 033 107 653.20 9.96 140.31 -1.099 -
Capanal 1g000346 CaNACO88 414 46 589.52 8.86 49.47 -0.731 -
Capanal 1g000795 CaNACO89 344 40 339.15 6.07 31.67 -0.900 -
Capanal 1g001813 CaNAC090 294 33 846.25 7.05 31.38 -0.642 -
Capanal 1g001932 CaNACO091 167 19 896.75 9.55 20.16 -1.085 -
Capanal 1g001935 CaNAC092 218 25 620.88 6.21 31.10 -0.989 -
Capanal 15002231 CaNACO093 481 54 720.15 5.27 49.84 -0.764 -
Capanal2g002058 CaNAC09%4 719 79 497.29 4.68 40.07 -0.289 -
Capanal2g002348 CaNACO095 154 18 037.93 9.57 44.32 -0.803 -
Capanal2g002352 CaNAC096 269 31 407.02 5.00 18.62 -0.850 -
Capanal2g002357 CaNAC097 224 26 750.13 8.89 30.45 -1.126 -
Capanal2g002360 CaNACO098 268 31 171.79 4.90 19.02 -0.816 -
Capanal2g002456 CaNAC099 476 52 876.41 4.60 32.05 -0.556 -
Capanal2g002457 CaNAC100 426 47 627.66 5.35 53.60 -0.619 -
Capanal2g002917 CaNAC101 110 12 963.46 4.52 25.28 -0.703 -
Capanal2g002918 CaNAC102 110 12 963.46 4.52 25.28 -0.703 -

D +. H{E5 K With signal peptide; —: ToAE 5 K Without signal peptide.



