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Abstract: The NAC transcription factor family members play important roles in regulating plant growth and
development. Many studies have been reported in model plants and crops, but the NAC transcription factors in
ornamental plants remain systematically investigated. This review introduces the structure and classification of
NAC transcription factors, and summarizes these researches in organ growth and development and stress
response during 2004-2023, including five subjects: leaf margin morphogenesis, flower development, leaf
senescence, petal senescence, and seed dormancy. Many studies were conducted in response to abiotic stress
such as drought, salt, alkali, cold and heat, while the works to biotic stress were rare. Since most studies of the

NAC transcription factors in ornamental plants are still preliminary and relying on bioinformatics analysis of

RS EHA: 2023-10-13 WL HARHHA: 2024-01-09

URL: https://doi.org/10.13430/j.cnki.jpgr.20231013003

S —VEF I 5 1) R AL SR BSR4 B A, E-mail : dzybful999@163.com

BEEH AR W 10 e M A R B9 05 & 48 5 Q8T , E-mail : luolebjfu@163.com

EETH : EZ AR LS (32071820) 5 Hh S AL SEA BRI 55 3% L 15T 8 (QNTD202306 ) ; [ ¢ # mi & 314U (2019YFD 1001001 ) 5

JERE K EREIF R H O & N s A B35 )

Foundation projects: National Natural Science Foundation of China (32071820) ; The Fundamental Research Funds for the Central Universities
(QNTD202306) ; National Key Research and Development Program of China (2019YFD1001001) ; Beijing High-Precision
Discipline Project, Discipline of Ecological Environment of Urban and Rural Human Settlements



738 Mo ow fE

O ¥ iR 25 4

family members and their transcriptional profile analysis, we proposed the future prospectives of NAC

transcription factors in ornamental plants, including: (1) Identification of NAC transcription factors through

taking advantage of the whole genome sequencing datasets; (2) Exploration of the mechanisms of NAC

transcription factors in ornamental plants; (3) Investigation of the regulatory network in NAC transcription

factors interplaying with other transcription factors; (4) Molecular breeding of ornamental plants based on

genetic engineering or genome editing technologies.

Key words: ornamental plant; transcription factor; NAC gene; growth and development; stress response
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BAEM ., Hoh  NACH: S HF RS i R i FE )
SRR SRINF R Z — Rl A A R R X
HW) b B 51 AL 45 Souer 557 7E % 42 2F (Petunia x
hybrida hort. ex Vilm.) 11 5E BT 3 1Y NAM (no apical
meristem) 5 [F L ) Aida %57 7E 4 F I% (Arabidopsis
thaliana (Linn.) Heynh.) "1 5C R4S 2 (1) ATAF1/2 1
CUC2(cup-shaped cotyledon) FEH . NAC ¥ 5% K 1
TEVH TR AR RO T Th R A5G MR 404G
ZHWEMMEERE Friik MAKE M

*1 ET£EFALXENRERNEENFNACHREFHE

¥ AT Y AR SR, LA R A TR I
[ R B S AN B < 1 e o £ TR = s [ 4
AP AEY T R 2GR O A K
T NACH SR TR IE ZEA  (HE NAC H -+
TESLE A SR B 2 R e B AR PRI ERT
UL AERE S A A 3L AL 3 TARM) H 25583 , 2 F
Gk 2 I L RRAR R TF IR IR A E R, B4
Fiti sz N Z RIS A ) vh %8 HH NAC IR, 54
Pl BT NAC B B AR (2 1) o ASCR G
T 2004-2023 4E NAC st I FTE A A K R F
FaE 1 (R AH OGRS , B 26 A R RATT L
BRI NAC 5 55 DR 1 (4 847 I 48 LRI 5 LA R UL
FA 0 FE R TR TE S

Table 1 The number of NAC transcription factors in different ornamental plants based on genome-wide identification

Ykh Koo E= BTN
Species Number Reference
A 3t Dendrobium officinale Kimura et Migo. 91 [11]
INZNGMHME 22 Phalaenopsis equestris (Schauer) Rchb. 86 [12]
LG (B4 ) Petunia x hybrida hort. ex Vilm. 41 [13]
5 Prunus mume Siebold & Zucc. 129 [5]
LIETE Medicago sativa L. 113 [14]
AL ETE Medicago falcata L. 146 [15]
KR (FEAE) Osmanthus fragrans Lour. 119 [16]
H44 Chrysanthemum lavandulifolium (Fisch.ex Trautv.) Ling et Shih 123 [17]
2§ Chrysanthemum nankingense Hand.-Mazz. 153 [18]
[n) H2% Helianthus annuus L. 150 [19]
HZE4E Rosa chinensis Jacq. 116 [20]
& (fuf 4 ) Nelumbo nucifera Gaertn. 82 [21]
A% Rosa persica Michx. ex Juss. 118 [22]
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Fig.1 Basic traits of NAC transcription factors
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T EH MADS-box SERTEAEME & 7 R A5 T
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#R PeNAC67 FE I, J PR AE e 22 [A] 8] 2% /)y, /]
PeNAC67 516a5 B R B B VMY, Bhab, it~
(P, aphrodite Rehb. f.) PaCUPI1 Fl PaCUP2 JE R [ %%
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mea AR ZRAEE KN, HBR T &M, miR164 1
RhNAC100 2 10 ()-8 ] e A2 31 22l i 2% n
R R R R (GAs, gibberellins) 520, 7EkE
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() = SR 3 [ TT 5 S i R 1) H 2E
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HaEIN2 .miR164 75 ) H 25 @7 1 2L 5% 5
¥ W 2%, AT AR R W 55 ) H 3% I R R S I i gk S
K A, AR IT AINAP W5 5 2 ¢, My
PmNAC324FH AINAP IR IEFEDR , FL D REAFAE RS 53
TRF P, A WE5R & i 3R 35 PmNAC32 1) i 5
(Nicotiana tabacum L.) ¥k Z i &AL 3 T pe
EL 2 R IR R B A il AR e 2 (A W A AU R L5
Y5 UE T PmNAC32 mRNA BEH 1 15 12 DRk A 27t 1 5
it BB RE , AT IR AR FE R IR T, S W FAF ) 1

FEE PR TR

214 TR E AN S E a2y — R
FE A8 T (PCD, programmed cell death) i 2,
FER BB i 2R G. CRHINAC B 5%
[ F EPH1 (EPHEMERALL ) & £ 3% 2 11 3G it i
W T, 2 F (Ipomoea nil (Linnaeus) Roth) EPHI
FEARR T ACAEAR F I BH S A AR B IR 5T
RIVEANTHAE EPHI AL s A7 A6 UG or BE R 58 4518
N T % EPHI TR JRFE IR 275 BAT M IR 9 g , I
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AHCHEA (SAG, senescence-associated gene ) #2145 K
SO AR I R 2, FE R A A AR RE (Lilium
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R E MR 28, 2P R B LoONAC29 %}
LoSAG39 W Jii 8 116 1 H AT AR 5 19 5 A1 T, i
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(R, 12 35 DX g B~ e 208 2 11 T, T RETE 2 1 o
Feff b RIEVER NS S E AN BRitk
Z AN, KR (SA, salicylic acid) #1175 1 % (ROS,
reactive oxygen species) [ 1 & X AL 2 2 & 4%
YEH , fif 4 & (Tulipa gesneriana L.) H' i) NAC-like
BLIH TgNAP P LAk R 5, BT L 5Kk &
TR IR TgICS1 Fl TgPALI J5 87458 I 0% &
IR, Rl RE i AL T [N TePOD 12 F1
TgPODI17 JA #7456 FF M e A TR 5 , AU
WA R 1A AT HLO, B9 A 2K AR 4 & AL
M B0 Ak, ERESY Bl ERR
(Camellia lutchuensis T. Tto)' | & ¥ 7 52 §h &
(Hemerocallis x hybrida)" i%% 55 2 5088 b 25 i &
B T RAEIE ZAH A NAC F 2[R 1, o I Er
FEYIAEIE 2 0 oL AL T e BE PR I
2.1.5 FERORER  FPERIKIRTE K ZEERR AL ST 76
AR KR F I EPE A R AR, S TS N B
HEAAEKAXHR e Te ] WA K E B2 0B,
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WIS — S5 )8, A BR AR R — > 52 4% 1 2
e, Z ZRHEYIBCR IR . 16 R il (Gladiolus
gandavensis Van Houtte ) A& 55 i Bl o, Jd 7 RS2 00 il
JE BT Bk 2R UK OIR A R A — R OC B A P R R
GhNACS3 B 4 4% — > Wit 7% TR A5 5 4 1Y & [
GhPP2C1(PROTEIN PHOSPHATASE 2C1) , il B
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4G GhPP2C1 MR 73 %4 % (CK, cytokinin) 4=
Y14 I GhIPT(ISOPENTENYLTRANSFERASE)
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GA4 FI GAT IR B , LANACS % Sl 22K I GA4/
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AIRERHEULEAE YL K, 1 miR1644E ek e
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Fig.2 Regulatory network of NAC transcription factors in the growth and development of ornamental plant organs

T2 2004-2023 £ NAC £ 5% F F 0 iz 0 & 48 W 35 £ W e SCEkiC 2

Table 2 A review of the literature on NAC transcription factors responding to abiotic stresses in ornamental plants during

2004-2023
JEH PrFh EA YA SR W1 M 7 2 E= BTN
Gene Species Abiotic stress types Research method Response result Reference
MsNACO001 . MsNACO58 SALHTE T3 ik AE AR i [14]
MsNAC2 ELIACE TE % ik AR [56]
MsNAC3 EViA-F TH #%.% qRT-PCR AE R [57]
MsNAC37 f ViAEE ER qRT-PCR IR E RN e [58]
MINACS 1 SALETE T5 % qRT-PCR NRESY L7 S KU e [59]
MfNACsa VAR T WRA IR [60]
MfNAC37 [ A=F N qRT-PCR AE PR [61]
MfNAC48 WAL A TH R qRT-PCR PEE R R P [62]
MfNAC87 MfNAC63 WAL ETE TH % ik PR [63]
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JEH Ll JEA YA S WFT )ik W 45 S5 3k
Gene Species Abiotic stress types ~ Rescarch method Response result Reference
MINACYS5 VAL i gRT-PCR AE P T [64]
LpNACS A E4) T5 R 1k IE AP ER BRI T 5 [65]
LpNAC6 IIPEE i ERe) TR ik VAL, foREm R [66-67]
LpNACI3 At E4) T 4 ik E VTR S, R R i S [65]
LpNAC17 WPt ) & EUESnY IEPR TS [68]
LpNAC20 Pt E 4D i ik IE PR [66]
RhNAC2 BACH Z JiiAk SRR A ik TR B T 22 1 [69]
RhNAC3 WA 2 Jiik SRR Rk VAP BRI 2 1 [70]
RhATAF1 ACH 2= JBoK gRT-PCR VAT KT 2 [71]
RhNAC31 WA 2 TR % ik IEVAPE R AP [72]
RcNAC72 HZE T R R FEATURR o ik TEEFEAR ST [73-75]
ReNAC29 N2 # qRT-PCR IE R [73]
ReNAC091 N2 JBoK JEHTER TE R K T 22 1 [76]
PmNACs #f % qRT-PCR NREAGER [77]
PmNAC17 ,PmNAC42 g % qRT-PCR TE VA i S [78]
CpNACS I ARy T2 EUE SN FoRsii R v, IR [79]
CpNAC68 Itk Hg ENREIe 2 Ik AE VR R AR [80]
CINACY E] T R UL TE VR ER RPN S [81-82]
DINACI(CINACI) LEE] TR FUE .S TR RS [83-84]
DgNACI Eoya T 3k W#RIA TE VA AR 1 [85-86]
OfNACs AMR(FEAE) % gRT-PCR IEJH R FE [16]
HaNACs i H 2% RN qRT-PCR TR MR [19]
RpNACs AR 5 gRT-PCR IE A [22]
NINACI NtNAC2 KAl TE # WRE TRV R | [87]
NnNAC35 (T AE) £ 1 BERPTE Rk R b B A [88]
RhNAC29 ,RhNAC72 R AR e qRT-PCR TE VAT Ak [89]
AfNACs FNET T % gRT-PCR E RS2 [90]
MwNACs TV B % gRT-PCR IERPE TS [91]
PhNACI L % qRT-PCR TE PR € [92]
LINAC2 & TR A WA BRI (93]
LINACO14 B A A # SR NV ST TE PR [94]
MDBNAC25 IIFEES TH % W#RIA IEVRE R [95]
RsNACs AR i qRT-PCR IE VT AR [96]
PpNACs F b PR TR R 8 qRT-PCR PEAE MR [97]
FaNAC74 e # U3 IE AT [98]
CINAC2 TN L EaN qRT-PCR TE VA AR 1 [99]
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221 JKGERIE KA AR 4 SEEK R
IR A KBS, K2 S 2R PR A A
FE KT T AT USRI . TR
BRI K AT 8 5 UL R R 2, SR = A
KA O, F H,0, T 18 32 F Ak bhia  FE bt ik R 4t
TECRI AR S22 T S hin ol = SAE R . e
B 45 I MINACsa 78 T 5038 T 454 & R 1
(MtGIyl) J&i 3 F , 38 1 2 5 4 40 7R 9 43 e 1 ik
(Glutathione ) 7K -3 = A= fif S Pk, 1 IR 2518
(Dendronthema grandiform) DgNAC1 FE [ 3458 T %%
JE PRAE Ak PR S Ak 9 ¢ AR T (SOD, superoxide
dismutase) . 1 ALY (POD, peroxidase) | i %Ak
S (CAT, catalase) 3G 1, JTBRAS e T BK 1) 754 3
JEE 300 Ao 24 0 00 L DA AR P T 42 SR /KPR PR R AN
FEE ) S8 P | DT 40 v R A D T S e 2k ik 1l
F+(L. pumilum DC.) LpNAC6 KR 2340 A AL Wy iR
PETRE TGV S i B BRI T e S DA AR A T 5
JoE T T AE AL BT RE 1, AT BRI LT S 7
BEAh 8% R A o 30 B A UL BEAE 4 NAC % 53¢ [
T o K AT el R T B EA . R ZRAE
WK A TR TR A GA3 A B E S T
RhATAF1 W% AR Bl T GA3 R V& B2 7EAH
YR AEE HAE, 53517 S DELLA 2 A /Y REURIRE
fi#t , W] RhRATAF1 45 "] BEid i) DELLA 2 YA
S0 75 TR F GAS3 & 120k 2 5K 4 38 R AT
ReNAC72 J& 81 F ] $% ReABF4 % S vE R 3], IF 5
RcDREB2A A8 H.AE FH , 38 1o W 7% 1 A0 i 14 345 12
DRE/CBF-COR #& 42 1 i T pria ™, BT 2=
FEIEHITER RANAC2 FEH , RANAC2 (R FEA i 45 65
X 5 141 ik & 3L N RhEXPA4 J5 8 7 454, ff
RhEXPA4 W3R 32 2 H0H , FEA% T AK e
YIRS, TAE R 23Kk RAINAC2 B4 TR Y L 4
5 EXPA 35 [ Z B TE A 14 20 2 I B A G K]
A, LB RANAC2 W] REIE 1 45 RhEXPA4 33k
o VA B T 25 A6 M AE R K A R A B K it 32
PET, S AR H Zr e 1A K T
ZAEREIN RANAC3 , 5 RhNAC2 AJA] , RhNAC3 JA 51
14 5 4 Wi 75 FR i ) JG 7 (ABRE, ABA-responsive
element) X3 R R % s T 1 ELAA RERRON , i Fak
RANAC3 A IR T 219 ML, Hod A 85 AN XF it
TEIRA W TAEBAC T 2= LR RANAC3, AL
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S E B T L5 T NACHE S 7, iR
VA V2 G R A A s AL | AT B
% IR AH KL AR AR IR 5 832 F A% ok 72 b Al g
A AR AT AR e AT an ey i )3 ¥4 B 1 53— AIL
il i AN 2E

IR T3 AT, 75 R RT LASE s L BAR 7 45
1B BYFAGE B RE ST, AR AL OGP K 4325
IHERIE , CATRITERIA NAC29RINACT72 55 T
15/ #1HY (Rhododendron hainanense Merr.) TEFJWMA
T IE BRI S Y AR A ZE i A g v R 3
NAC29MINAC7234 b3, R {5 S AR Al hE
Z 5T AFEram ™ sk, oYtk
T PN 5% 5% [ 7~ (HSF, heat stress transcription
factor) 3% 44 R 4 9 T PPk, WAE I & B A (L.
longiflorum Thunb.)H1, LINACO14 1E )80 =ik 5 %7
I 20 A% , 55 BN (K LIHSFA3A  LIHSFA3B il
LIDREB2B WA T45 B DREB2-HSFA3 5
B 3 5 A S DR R AR A T A . R E 3P (Festuca
arundinacea Schreb.) FaNAC74 3& R ] 3@ 1 ¥ 24~
NAC 5% 53 K1 I £ 11 (HSP, heat shock protein)
FREPRI TR SRS M Jo S S A o X 1 A T e, g
I S e S R T ) il i 52 7Y
224 BEEME FELJE T DS HE Y AR A
G, B U5 ) 40 M 25 A A A ) e AR
NAC % 5t [Fl 76 55 42 J Joih38 J 11 A 48 LA /b
A ¥ (Hibiscus syriacus L.)" Fl 5 3 5 2K (Poa
pratensis L) TE & W BEFR AL IS VT 2 NAC Kk
SRS AL mEE G E R I, XEwRE
(R SENFANA =Y AT
225 EWEME AP FEAALER B Y

JEAA CELHE 20 B L FC R R 25 ) XA A 5 | S i 4 3
FEAEA VB AH EE , A= Y038 7E WL TR ) rh i 5 458
o B RHIK A R 2 X I B 7 A P N AR
o, F 3 N AE 9% 3 (CMV, cucumber mosaic
virus) Fl K 4% B 43 5 4k BLIR V1. H & (L. regale
Wilson) M5 , LrNACTE s 2 AR YL 1 & Hh i
XLl m TeEBREMNEEAS L
leucanthum (Baker) Baker) , 01 LrNAC A] L) 3@ 17
KRG S R ES SPUREE RN, T
A BN B AL B AE 75 P BUE H R DG sk R i
TTFEH , R B B g5 S 54> NAC KA BRI 14
NACHEHA T FRIR 7R T NAC ZI X 5546
T DT &2 2R s

RS R WL TR P A 52 B3R AR YA A
A= IE B BN A FUE AE SR T R R T )
I S, I 3 30 o I 7 R A Y 3 A% R B 7 R I
MR 342 4% (4 DRE/CBE-COR #8428 A3 i 5 A
TR TG T RIS ) R UE NAC 5 5%
PRI, T 8 4 T Ui 28 A S 7 935 Sy 35 DT g ik
(4N HSP .DREB .EXPA %) , ffiia 1A . — R 5| E
PRAS AL AR 5 A i FZH 2R3 , N2 R 75 & LSl
ZIR RGN, A A B A AR
A S S PP R D I R A e A AT
AP AT A8 T 2 1 ARy (11 3) o

3 BREERE

AR NAC 5 F7E 1996 - i IR R G B 4
P37 3 30 AE A SR D AR (R HAE B AR ) T At
FETE 2014 4F 5 A H B i 22, H KB /3 FRid 45 58
TEAE YT B 2750 B L R b =X 3 i 45 D) RE IR
B B, 6 FOAF ) v A R AL A SR L AR
AT BEAETTKAMRAIRER . AN H T NACH
KN T ISR IS FFREE T 2004 -2023 4ENAC
e S AR LB AR ) o B AR K R B FUBM A M LT
A2 ohae, W F D e B AE R R B F a4
HIEMZIE S @ AR E KT M EE el
2 FNERORIR 545 18T, 38 o D) A rp 752 3
Bl Ve EREEARAE WP E AR AE P IEhE R >
H T NAC % sk R AEF AR h I E BT iz,
PR o A i) Bt 9 K i W 5 L, 0 an A 0T 5 3R B
NAC % 5 [ 18 Al GE 2 5 ] Z2 46N [R] 0% 1) i Bt
AR TR IR A U R A A IR
TSR 2555 (Lagerstroemia indica L.) AL PR
(e (R BRI e A Tt — 2D B



54 XEPEELAE : WBHE ) NAC He S R F 1 9T kg 745

i i i ®
Drought Salt Alkali Cold

\

%N HEIE TR B
Dehydration Heavy metal Virus Insects

RIS ’

Plant sensing signal

|

Signal transduction cascade

L ES I

[ BE R R R

WiE BRI ]

ABA-dependent pathway ] [ ABA-independent pathway

|

|

Stress—related NAC transcription factors

‘ Wbt HISENACH 7 T- }

JEAHRIH NI E %1% (HSP, DREB, EXPA%:)
Stress-related response genes expression ( HSP, DREB, EXPA, etc.)

A AL

FE R e el o s i 23

e WA O R o, i || e T ol

Chlorophyl content Proline content A B PR MD. AC' ROS;ontent Other physiological
increased increased SOD, POD, CAT ? changes

reduced

activity increased

Tolerance and adaptability to stress

3 NACHERE T Y e i Bz A iR L)

Fig.3 Regulatory mechanism of NAC transcription factor in ornamental plant stress response
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