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Roles of Transcription Factor NF-Y in Plant Growth,
Development and Response to Stress

LI Juan, GAO Kai, AN Xinmin*

(National Engineering Laboratory for Tree Breeding, NDRC, College of Biological Sciences and Biotechnology,
Beijing Forestry University, Beijing 100083, China)

Abstract NF-Y (nuclear factor-Y), also known as HAP (heme activator factor) or CBFCCAAT box
binding factor. The NF-Y is trimeric transcription factor complex composed of NF-YA, NF-YB, and NF-YC sub-
units, and it is found almost in all eukaryotes. In yeast and animals, a single gene encodes each of the three NF-Y
protein subunits. However, it generally have multiple genes encode each subunit in plants, and usually form a
trimer complex to function. NF-Ys play important roles in the plant growth and development. Such as, regulating
embryo synthesis, root growth, flowering age and fruit ripening, etc. In addition, it also has resistance to stress.
Here, we mainly describe the structure of NF-Y single subunits and regulation mechanism of NF-Y, and reviews
the important role of NF-Y in plant growth and development. Finally, the research prospects of NF-Y are pros-
pected.
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“REENZIE, FETEFRE IV, B R,
“RE—IAHEFHIT GLid - R - RikE) U,
& A dr R R R, 78 CBRPGE MY ek E”
Bl B N A AR Rl 2 T, WL RE AL I kAR AR AL,
W T AE 45 R, S vE R P i AE ik
(IR A B — & R AR, SR e ANk AR
IR . R AR B A — R P AT
A, TR & E R AR AR,
WA MRS PR RSL R R
P B REE . EERKMKE 2 — AR 755
A i B, IF A — AR RS R
A A I, A KK E 2 AR R
IR, 52 R NS ME R R R AL R 4%

e S PR 1 d 0 TR ) RN & A B TR )R Bl IX
) R RDNA TG A4 Sk 1 775 2k R ek, 3k 1 78 A8
AKEFREEZMEREZPERY. KR T
Y (nuclear factor-Y, NF-Y) & — il 47 75 T B A% 2R
W) R PR B SR DR, PR A K I 41 B O B
1 (heme activator factor, HAP)5{ CCAATZ: & A1
(CCAAT box binding factor, CBF). NF-Y& & ¥ /&
H1 3N AN [\] 37 25 BT 40 1%, 43 31 NF-YA(HAP2/CBF-
B).NF-YB(HAP3/CBF-A)FINF-YC(HAPS/CBF-C)!*,
TE 3 W) A0 e B H, NF-Y 845N 0 26 A B 5 4
1o, MAERE) H, NE-Y (&N A 2 5O, T
RSN/ 37 07 | b X s s 2 a1 AN B0 2 o
RS =R KR, TR T B2 1 578
TR R A S, IR )V 2 R
FIRA] REAFAE DN B TUR BRI R o« L RA VF
ZWIFEY], NF-YEEDWAE K Rt k55
ANFE A =D Re, LR iG& R 25 R 8
R, FERA R, SRS A0, g T 5
B\ KR F IR . NF-YJE PR 505 10 45 f R
FEAT BT AT D RERIE 78R3 B B — A 9 KT R ) i
DR 2K %, AERE AR i K 221> 7 A 45 IR = 2 A
o ARICEUR 734NN H: [ 25 K RRAE A 431 HLA, I
R T NF-Y 8 s R A A KK E R D Ee .

1 NF-YWEBZEMFIEELE
1.1 NF-YBIZE#4F1E

NF-Y #3557 43 %l H NF-YA. NF-YBAHINF-
YOI FEAL B, B FEF AL — AN X AR 5 1)
SE ), XU A X DNAZE G ElE H & H

HAERI DI AEIR, NF-YBIE 5 NF-YCAH BAE FH7E4H
R H T B B ) R R AR, HoR NF-YBAE i —
AR LA S DNAFRIRE 7 1 25 B Rl AZ O/ R 041,

NF-YANV 538 5 € AL T 40 i, K2 2INF-YA
WA LS & CCAATII A o AR R 2R R 1 3 3 1 X
U A B A F R B A5, AT R,
EATHI B 1A B S3AN S AR B 4 A i) B A% 0
X, A2 RS [ o- BB E 25 P I A LRI AP 1E T 1%
0 X3, ATRIA243 55 20 A2 IR L IR 4L i, &
1218 B —AMRSF FEE LRI . A T N-Iii 45 8438
A1 E5NF-YBAINF-YCIV A H.AE FH, T C-3i 25 74
B A2 5DNA AR5,

NF-YB# K Bl 5 /N TNF-YA, & 45 1)
FRIE 5 #0021 B2 AH2B H [ HFM ((histone-fold motif)
JEH ML, ZEEME ol 02, o3 3wl R, ©
12 (8 2ANPEERG T . bAb, 768 [ 47 & SHFMIT)
XA Ab, I AFAE B FR A aC il i 2, NF-YB
P55 F—H5 1 DL A R 1 -DNAR BAE dh #5421
. BREASH BN TN-mIAS R, 20
[X B2 4 3 AN C-3ii (1) C25 ¥4 3830 53 BT 4L A%, eH T B&S
Py 3 A 5 X rh A 1B 16> S i PR A % 1 o 5 7
FIEI T HENF-YBE 143 NLEC-1(LEAFY COTY-
LEDON-D)FHELEC-1# 2K, B I{EMRIR K E, Fi
T SRR R A B AR Y

X FNF-YCHE H 1M &, H K/ #EF fENF-YAR!
NF-YB# H 2 [1], fr 538 S5 H2AH H FHFMP) 4514
HL, I H 5NF-YBAEL, B 504 EHH2AE N
FEBL o 1245 R 3kt 0 56 FH 2 BHE A T 43+ B 1) 3/
JE(als 02 a3). {EHFMATE XL, 7 a1 R
AINAERMoCIB R M. BEEEA-EHSE
F1-DNA A Fh e 25 5 ZE 0 4E A=
1.2 NF-YBY{ER#LHI

NF-Y# 3% H FrEEY b R 2R UE A YIE R
KeRIEDRE, I T g BAR R PR L6 5 2
W72 I, NF-Y 32223 ik DL 739 A R 42 dL a1 ok 1 1
TUFRREE R R IA (B

(1)NF-YBHINF-YCH %&£ 40 Jfa i1 v % il —
R HATHE:, R BRI, -2
NF-YAAH A FJE Al B A 05 PR 1) 8 = k. NF-
YA/B/CE &W) £ B R BIINF-YALZ &0 T Fif A sh
- X 3 B S L I CCAAT box, HE— 548 N ip ik K 2
XY, B AR IE, AINF-YAGID 3 5 AtNF-YB6/
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YOI RARAHEAEF, BT R = SRR T DL B B2 2
A CCAATIIR T,

(2NF-YB/NF-YCAE T i 5 — SR Ak, SR )5 5 %
BRI T EEREAY), Fit—2 5 R 5
Bl T B4R G A &5 A, 33 SR R T R R R I 3R
ko HZ, TEX —FEHLE]H, NF-YAR] fgi i fi i)
Sk R 7 5NF-YB-YCHI 45 &b i i = R R &
W S IR T 10 A B2 3 — 1 1 7 Rk — D
FAAATIRAE . 140, AtBI-C2-bZIP67ESUS(sucrose
synthase 2)f1 CRC(cruciferin C)[1 5 3l ¥ [X 3k im izt
bZIP67 EL % 5 ABA ¥ i f(ABA-response elements,
ABRES)4: &, SR 5 MG SUS2 R CRCT 2 325 13k T {12 i3k
T 7 29, AR, NF-YATE R id 5bZIP6745 & 7%
JNF-YA-YB9-YC2 5 & )11 5 Z4 41 | CRCH) R 15,
X R, NF-Y WA A A SR fE R I AR KR B
EEAFE R,

BRAbh, BT UL 2R SR P ML, I A7 AE— L
Hoth itz 5 R, Heln, AtHAPSAGE I 454 AtXTH21
[FICCAAT boxt Ifif 1 15 8L B IF [ 0 RL B PERS; Ar-
NF-YA27] DL B #4545 & NFYBEJF 2 70 (4 2 CCAAT

box)SOCI(suppresor constansl)JA 2l T K ifF1SOCIY]
FIEP), CmNF-YBSIH L 45 5 miRNA 156K 1 5 16
(R JFAE R TE)®, (R, NE-Y 2 S0 g 5 2 FAf %
W15 A% PR 2 AImiRNAZE AR 15 R e gk A (1)
sk, XA it — B LR G

2 NF-Y25E@EKLENEESEE
i e
2.1 NF-Y25@YNEKLXELIE

NF-YZ 5 7 WEFRAEKG AR R4
Ko TR OB A K (TR B IO TE Al SR SRR
B R BT B A BB T BT RS BEAN R I AE KR
BRLRE. T AR U A A A A 3 AR A 4ANF-Y
ERANR BB EZIER.
2.1.1 NF-YiR A AERT mAFt F oK
fife R A= 2 BT AT TR AR 1) SRR N 3, 8 2 R At
E TR A — R ATE R . TER
fif R A IR, R A P R OR N SRR Bl AR AL
ZRBERA; BIREWRBINE, BMIERAT
BT AR R & RE Jy, JEMIE R T Fh 121,

/
/

Cytoplasm

/l' Nucleus

CCTTA

NF-YC *YC
> ‘NF_YC

NE-YC

\
N

NS

2r, WL g EENE 2 BRI T NF-YA. NF-YB. NF-YC; XXXACRMI 0 5 € X IR W €0 X 18 43 A 2 400 il J5 DX 3 fn 4
MOAZIX $5f; — AR A BN % T7 1], = FORNF-YA R LU &2 S AR B B, — ARZREE T iR R 3Rk
Red, blue, green, and yellow oval represent transcription factors, NF-YA, NF-YB, and NF-YC; XXX represents cis-elements; orange and light blue

regions represent cytoplasmic and nuclear regions, respectively; — represents the direction of synthesis and regulation, =T indicates that NF-YA can

inhibit the formation of complexes, and ™ represents the Expression of downstream genes.
Ell NF-YiEEERFTIAN S FIEIREERESE X 3011220

Fig.1 The molecular mechanism of NF-Y regulation of gene expression (modified by reference [30])
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NF-YBIWAERAELECI, & 55 — AN % i 15 ik
T B S R 1, B AR LA 22 T T 4% 1) R i 1)
KA, R AR 4R 41 iz 3 DA K 7 1 A s i
Tid B A AR S, NF-YB¥E %K 1 ) 51 NF-
YB6(LECI-LIKE)i# i 75 3 5 Wi & B 41 i 7 1k
FH G 25 DR 3R T R 4% R G 1 B0 b ah, 4H 2%y
FRIEHTRIL, EEITRAINF-YAL, 2 3. 4. 6. 7,
SHI9 F K ZmNF-YB2, 6. 7. 10, 14F11754 &
JBf 1 ReNF-YB2FIRcNF-YB12, 78 IR JA F b 1 R & M
B 2P B R R IE K, R EA1HS 5107
JRRETE AN K B W R . RS A% 5207 T oA it
FARIE, —LENF-YR R 5 AR TE oA V1K R .
4, $0FF IF o (INF-YA3 . NF-YASI¥) 58 A8 (W 5%) LA
N NF-YC4 [ TR #2185 15 A R 10 ) M T 5
mi FLHIR G K& BB FEKFEH, OsNF-YBI P2k 2R
Ao FEURILR A —LEBREE

2.12 NFE-YAFARGERK  WRIEAEYIE TR
", A TR DU, S st iis K s, i HAEA
XHE AR ER . A FRR M, 1R
U FF R, NF-YA10iB3d miR 16915 AtNF-YA2, 15
MR FERBAER . A, T BRI ANF-

YB24= IR AR 0 41 B 43 2L A, 3k T i 32 R 1
133_&[36-38]0
2.1.3 NFE-YiR#Ert Ry mAert 09 25 M4k
Wi = B R AT OGS VR L OF& B A K i
IR . NF-YAS/B9/C9%: 5 | M4 R W& ik
I FEP, £E 7K ARG Os HAP3AB IS 5878 Af v | ARk IH- 4 25
BAARLO), [R] i TaNF-YB3 )it 308 B B 38 0 1 /N 22 10
Mo R B, X R, NF-YEM 43 G K
T R i E A Y
2.1.4 NE-YA LM iFe0iRE e T
B RPN E FRAE KB AR AR KR — AN B %
A, MIFAE2 RN B N G T AR S
M— NIRRT R E . BRI R4 AR
PLURsSANE R bR, A ERE. Hhigiz.
TR R R ERER AW, X T e 128 1 A
HAEHRAEEFFTMSOC, #iE 55 N
ST RIS HE R IAH), NF-Y— 267 36t m] LA
5 CO(CONSTANS) 5 miRNA F/E 4% FTHI SOC1 2
AN RBREE G T IR e 5K, 3 T A AR B 1 B IR
THEE(E2).

186 5 B 43 & 2 b, NF-Y I 2 A k7] 5C0

Aging Photoperiod Gibberellin
NE-Y ~ CRY1/2 _- DELLA
l Ny -L ’
~ ”
. N FLC
miRNA Sso COP1/SPAl -7
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®
\
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\
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\
N

Autonomous

SRS AR RO TT; U Sk ARRPTANR ELAE U 4% T T S AL o 4] T e A R )0 R (R e iy Sk AR R AL R S

Single arrows represent positive regulation; double arrows represent two factors interacting to regulate downstream genes; =1 indicates inhibition of

downstream gene expression, and dotted lines (dotted arrows) indicate that regulatory mechanisms are unknown.
E2 EHYINF-YIFEF EET a2

Fig.2 Nuclear factor Y of plants regulation flowering time network
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FALEE, oS AR TR R %
THIFEIL. #ltn, ZENF-YA], COEAR T L IF
NF-YAW 3, T CO/AtHAP3/AtHAPS & A 14 K 1
FEFFACT [H], H Hodid 22 8 1 RIEFER K COFINF-Y,
BB IE TN R E A i — R I
FENF-YBH, 1l 5§ 7+ 1 AtNF-YC3/4/9 5 AtNF-YB2/3
AR, RIL[FE W% constans NI 52 T TE i F290. b
Ah, 1EK H ISR, AKREOsNF-YBILE I T4
VT IERIE, 0] 7 6 B SRR, Ak,
INFEH TaNF-YCS. TaNF-YC8. TaNF-YC9. TaNF-
YCIIFITaNF-YCI 24852 615 5 41,

U T 08 AR R I A R AT DR I £ A
miRNA 15652 45 i F6 4) 4F % 1 12 11 JF 9w AIRNAM,
H B8 78 % W, 4§ 46 CmNF-YBS5 cmo-MIR 156
BT 4547, CmNE-YBSIE i i 15 4E 54 4% 7 cmo-
MIR 156//¥13 14 1 1 412 52 16 [ - AL s ()1

1E R R RAE T, NF-Yill i 5GAWRK %
B2 B A BIDELLAAH B AE F 5% W T 48 B (7]
LR, FELR T, NF-YA2/B2/COZ G LY
COMDELLAMH EAEH, HHNF-YA25SOC1 )5 81
HHINFYBE o E 4 &, SR JENF-Y 2 & 4id it 6t
H3K27/K 7 2 H AL, {2 #ESOC1 3 IA 7 3 B 7 4%,
X R BINF-Y & G R 78 R Mg A& 121 o B DG
IFE I,

BRItz b, NF-YESER TS 51emE R E, it
TR W 115 $F (Picea wilsoni) PwNF-
YCHERIA T UM AR & R B
2.1.5 NF-YALSREm#AGHEYE  RLRpE—14
BRI, il R, 2 N 1l i
P B G R 2k, TE SR Sl FE A R 3
TR, AT R BN, 7 S PR RINGE: S SE R %
BRI T, WEFEER I, sk R RINXS 440 NF-Y2E [
(Solyc10g079150 Solyc10g081840. Solyci2g009050.
Solyc03g111460) B AT B4, 5 RE ), FRWIF MINF-Y#%
SR FAE S S s R AR F OO,

2.1.6 NE-YiE#ERFEG KD FrRIIRCHE
Koo B0 RN R FE) A2 e — SR AR B A
HERE. FEFERZ BN A KRG 5
HFE TR I, 8 K DR G R AF B osnf-ye ] 05k
HMOsNF-YC10 RNAik 5 T8 B AL E 25 R I H b
BP9 R I, OsNF-YCIOTE F5oks 55 1 77 ] b 5
ML, [FIES, 7E osnfycl 0F1OsNF-YC10 RNAi4% 3%

AT 2R ARG 1 AH G 1 40 B B 30 3 R i R A K P R
A, DK, IX B3R B, OsNF-YC1038 it 5% 1 2 fifg
AR 545 bk 0 FE AR L,

SIS 2, NE-YRF 25U EKRE,
WIRPRTE R Bl FEA R JFAE. BRI mAEE, WE 1.
2.2 NF-YZ5EY0 R 8 & M
221 rAETFME EMAEKTAEREE
(1) AR, G ST 52 2 A R B e, H
T 5 A A2 B A I ) — i, NF-YAE i 5T 5
I ) B S R PP E B E I miR169. ABAK
XI55 UG A E R SR Ad T i . DR R,
At-miR169ait K15, W] it — B I8 AINF-YAS A 15 40
A AR R B A BRI B R 200 R, A5 Al
I R LEmiR169c, HAFAFAE IR B PT TV B35 48 =
HeEE R, TR BT, & RIEEKNF-
YB2S: [N, ¥ FE R RE AR 5 B A2 B LU, A2 0N, I
G EMN, bA R, KIS RERIY
g, [FEIEE, NE IS R IR TaNF-YB3 M 2 5 3UE fk
PGS, RS ERG, M/NE PR
SR FERURE T I R  PINF-YA9HH RE6S 1 5
FE AR T 5 it U . LR S AINF-YAS B 5
TS 5ABAML A MG S g R, (R Hiks)
W2k Raflb ) 4 A B I RIAD, ek, fERLE
TFHLECIRILILI 9 R X ABAR DL U,
PANF-YB7TER F IF i 1A, FEARR I H B K 18]
AARANER I AR, F H OB AR m, X —
W98t — 4 K B, PANF-YBZ il id 2 5 ABAIK #ii&
13 of 18 o B 3l ) T PERY. ROKRZmNF-YA31E ]
HITIAMABATE S/ %, & R iam sz m. B
DL @ AR, i Rk ANF-YB 11 % 3 R 4 mg I A
PR LA B0 1P 68 77, (H A I T 5 A S 5 A
FTABAAH IR A% (1 2k PR 35 76 B o A8 A, HEW v e
T o A (& A SR KA T R W aE, (X — 1 F AL
A R T 1 BB
222 e Atbppia BRI R Pash, 2
AR, NF-YE XN TS 5mEh. WL
TS5 S N o X T R R R A, TEL RS T
i, 1k FKIKAINF-YAI . HvNF-YRITaNF-YA10-13¥3 7]
DL v 6 AR R A i 35 8 055500, FEOKRE R, o 5
KELCAINF-YCIHE KRG ik Fe ik, £ 16 o A kot 26
U AR R AR DT o 0] T PN Jo X T R i, A AR
bZIP28 W] i i /K fift £ [ I 5 AeNF-Y IV 3 T 1% 5%
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R1 EYHRNF-YEREPIRE
Table 1 Plant VF-Y genes with biological functions

e ) DI

Gene name Plant Biological function

AtNF-YAl Arabidopsis thaliana Regulate flowering time and embryonic development
AtNF-YA2 Arabidopsis thaliana Regulate flowering time; regulate root development
AtNF-YA3 Arabidopsis thaliana Regulate embryonic development

AtNF-YA4 Arabidopsis thaliana Regulate flowering time; regulate ER stress
AtNF-YAS Arabidopsis thaliana Drought response; regulate embryonic development
AtNF-YA6 Arabidopsis thaliana Regulate seed germination and root development
AtNF-YAS Arabidopsis thaliana Regulate embryonic development

AtNF-YA10 Arabidopsis thaliana Regulate root development

AtNF-YBI Arabidopsis thaliana Regulate flowering time; drought response
AtNF-YB2 Arabidopsis thaliana Regulate flowering time and root development
AtNF-YB3 Arabidopsis thaliana Regulate flowering time; regulate ER and heat stress
AtNF-YB6 Arabidopsis thaliana Embryonic developmental regulation

AtNF-YB9 Arabidopsis thaliana Regulate embryonic synthesis and hypocotyl growth
AtNF-YCI Arabidopsis thaliana Regulate flowering time; cold response

AtNF-YC2 Arabidopsis thaliana Regulate flowering time; regulate ER stress
AtNF-YC3 Arabidopsis thaliana Regulate flowering time

AtNF-YC4 Arabidopsis thaliana Regulate flowering time

AtNF-YC9 Arabidopsis thaliana Regulate flowering time and chlorophyll synthesis
AtNF-YC10 Arabidopsis thaliana Heat response

OsHAP2E Rice Disease resistance

OsHAP3E Rice Regulate reproductive development

OsNF-YB1 Rice Regulate the development of endosperm

OsNF-YB2 Rice Regulation of chlorophyll synthesis

OsNF-YB7 Rice Regulate reproductive development

OsNF-YCI10 Rice Regulation of rice granule width

OsNF-YBI11 Rice Regulate flowering time

GmNF-YA3 Soybean Drought response

TaNF-YA10 Wheat Salt response

TaNF-YB3 Wheat Regulation of photosynthesis and chlorophyll synthesis
SiNF-YA1 Foxtail millet Salt and drought response

SiNF-YAS Foxtail millet Drought and osmotic response

Solyc06g069310 Tomato Regulation of fruit ripening

Solyc07g065500 Tomato Regulation of fruit ripening

Solyc08g062210 Tomato Regulation of fruit ripening

Solycl1g065700 Tomato Regulation of fruit ripening

Solyc01g087240 Tomato Regulation of fruit ripening

MtHAP2-1 Medicago Regulate the development of nodules

RcNF-YB2 Castor bean Regulate seed germination

RcNF-YBI2 Castor bean Regulate seed germination

CsNF-YAS5 Citrus Drought response

PINF-YA9 Poplar Regulate flowering time; salt and drought response; regulate flowering time
CmNF-YBS8 Chrysanthemum

VvNF-YAI Grape Regulate fructose and glucose synthesis

VvNF-YB7 Grape Regulate fructose and glucose synthesis

BnLECI Brassica napus L. Regulate fatty acid synthesis

BnLIL Brassica napus L. Regulate fatty acid synthesis
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AW, ki E R NPy 5 5 B R AR A,
A, i RIKANF-YCIRIAINF-YC1053 7] 7] UL 5
X VLR TR BROS ¥ R A R RO T 52 1Yo 8 R
RcNF-YB6. RcNF-YBI1. ReNF-YC2. RcNF-YCI2
FZANEM S T AR AN Rl 5 AR
B 78 R BN, AINF-YB2FIAINF-YB3 ()3 #2347 LA
398 5 AU P 7 AR ) T R R i 52 T

BHUR, NEYZE T2, Gk AR
RS U VLIRS

3 RE

A EL SR RE, NF-YLEREY) R I Th e s N
FE, NF-Y (A FAMY S 50 LK ATUR & (s e
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WINPT R ik miR. A e ) S
FHHEEMMAAO. EAEKKEITRES, UHZREF
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Y2y e IR NI FUAX PR T 7E A A P40 m I 2D
AR, T 2 EE AR — It
Bt (RO IE 7, T X T o a4 A s TR i o A 9 )
BEATI AR AT, BRI, BIFFENF-Y LR AR AR ) v 2 n 4] 17
P T e SRR R R HE AR A A R .
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B FH I 5 @ T i = SR ARE L, T B AT BR AR U
Yok, FAmREY R 0 5 T AR FALEDLE A Ry it — B AT
To BT R B, miR1562% NRNA 5 NF-YB
FEPRE T K e [a] o PRI, OG FNF-Y ML 5
VA AEH PSS B SR AR TNF-Y R 12 o] AR,
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