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Advances in bud dormancy-breaking techniques and regulatory
mechanisms of dormancy in grapevine

SHANGGUAN Lingfei'** | TANG Mei' ,SONG Siyan'’ ,FANG Xiang'*,
WANG Xicheng’ , XU Weidong®, FAN Huihui' , FANG Jinggui'

(1.College of Horticulture/Jiangsu Province Fruit Tree Variety Improvement and Seedling Propagation Engineering Research Center,
Nanjing Agricultural University, Nanjing 211800, China;2.State Key Laboratory for Crop Stress Resistance and High-Efficiency
Production,, Northwest A&F University, Yangling 712100, China ;3.Zhenjiang Agricultural Sciences Research Institute in
Hilly Regions of Jiangsu Province, Jurong 212400, China ;4.School of Agronomy and Horticulture , Jiangsu Vocational
College of Agriculture and Forestry, Jurong 212400, China;5.Fruit Tree Research Institute, Jiangsu Academy of
Agricultural Sciences, Nanjing 210014, China ;6.Zhangjiagang Shenyuan Grape Technology Co., Ltd.,

Zhangjiagang 215600, China)

Abstract : Bud dormancy is a biological characteristic evolved in grapevines and other perennial fruit trees to adapt to environmental
changes such as low winter temperatures. It is directly related to plant growth cycle,fruit quality, and final yield, and studies on its
regulation techniques and mechanisms are of great significance to the development of the grape industry. This review systematically
summarized the concept, classification, and developmental characteristics of grapevine bud dormancy, discussed the environmental
and physiological factors affecting grapevine bud dormancy,and focused on summarizing the commonly used grapevine bud dormancy
regulation techniques in recent years, as well as the coordinated regulatory mechanisms and networks of grapevine bud dormancy
involving endogenous hormones and environmental factors. On this basis, aiming at the key problems and technical bottlenecks in
current grapevine bud dormancy regulation, this review prospected the research directions of bud dormancy regulation technology
development and dormancy regulation mechanism analysis in the next stage,in order to provide technical references and theoretical
support for grape production practice and basic research.

Keywords : grapevine ;bud dormancy ; dormancy-breaking techniques ;regulatory mechanisms ; perennial fruit trees ; regulatory network
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Pl 2 1 28 25 PRI SRS HE D42 () R, B 5 O e 1 R WIS A 208 T T 22 b B AT S FA (L O D814 ¢
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Fig. 1 The specific changes diagram of buds in each stage of dormancy
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Table 1 Effects of different treatment methods on the dormancy-breaking of grape dormant buds

R8T i KT LS PERAICR SH I
Treatment method ~ Specific type Concrete measures Dormancy-breaking effect Reference
(R HIFREF G IRRASE, SR S (RS ARG 0~7.2 < WTLAZE AT i R AT A R i, RE W [43]
o F12 CHASMUKKER, SRS min ¥ A1 TR A4 IR % 10 17
wagE PR, S0 CHBE STAB AR RH A0 SO WA JUIR 3 MBI R
BIIE BEA0.30.60.00 CRETRR TN o s R 4 MBIESIN- B B0 .
BLbL . RRRAFEER TEAAH S DR ZE DRI A S A B B, P 2F Bl ABA A, il 28 [44,56]
2.5% S5 RATHR 15 d 47 B0 BORE W 20 A0 2P M5 [47]
L5%HEME (/2 YORYE, L KIEE ) SPBAIE 1 R 1 ~2 WIRTRANTRECHE, %2418 AR S BN R IR 3 d [50]
WAE SREFH(1/2 YRk, 1 KHE%)
AW 3.5%~4.5% A 3.5% ~4.5% PRI Fiano” 812555 T4 M 10% ~ 15% (48]
1.4% 2.8% Bk B A A R [53]
- SR 20 5 IR Y AR R B RALR R T 22.9% [49]
’ 1o~ SEeFiIR BASBTEE [48]
129.83 g+L™! CoCl, CoCl, i AREEZR 2FH0HI & [10]
wein 2% AR AN BEABRRAEI S RSk 210K [10]
B 100 mgel712,3,5-HUER(TIBA)  TIBA TR AR ASEMAER 1,0, A, AR 1 [57]
20 mg- LV SRV AR 4T IR AR [57]
20% _SHNEZHLD L A BRI R A R R R [53]
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ZE3R 1 Table 1 continued

VSRS Y e Sid AHE TIRIES EZ P
Treatment method ~ Specific type Concrete measures Dormancy-breaking effect Reference

R L AT S0 5 e BE (50,100 myg - kg ™) By GA R BB SR HE ARG v BE (10,25

10,25.50,100 m-kg" G4, mgekg™VAURTENIE 3050 50 me-ke™ A GA R 4]
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W ¢ B AT MR, (AR A R AR [33]
20% Kzl X B SR A BIRACR , (AR A I A b s [3]
2% AZ T * Barly Sweet” 125 14 R BERUKEE | WM 4780 55 PR AR [40]
20%FA KA L ER FREN TR B R (53]
SRS FORETTUMER RS A4 26N POD [HHEAT AL A S & FEIK CAT IE M AE (R IR A0
15% 25%F K. AT AR WA, FEVRIRICHN B LR R R A 4 S T AR B B, 25% 1A [51)
IREX DEIRACR A, SR TIAT 4R S d
FKA 6 fiil MO KA 6 fER AR M 5 A0 2R R R R [49]
WAL e 2 ORMURE AT 25U A B WU R 0 WE
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PRy 1 FE B S AL AR PR AR Ak Bl T I A AOIR A, DAV T A A A R IR AR I A B
SRR TR B, s SR R AR R AR, PR R IR A F R R - E R RS, AR
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YT AR E R R Lt A A R AR T AR A (R X PR 5 1 5 2R AR A B R SRR, T b v
IR LS 972
32 EHE

A2 T 3 i ANIEE FH UM R B0 AR A IR T 00 S R Y R0 T PR 2 A 2 IR A R R, 2 H AT
BEARACE R T 2 T B 2 —11 ) Hodr, B (hydrogen cyanamide , HC ) 284k & 9 5 I HL &R
& LW HIHIE N 2.0% ~3.3% , W] BT BOELE BM A B R A BT 2R R S RSE | B AT OF
PR IEE R SR AR ENE N B — R BRG]t AT S IR RR, 25% 1Y A K E Ak
ALK BERS A ZEAY BT 2RI AT 5 AUV (HBE — @ A 25 E KU A AR KR R 5, GA, 7E
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JE S B I RIE ) 208 B HAE SR (AN ACC, 24 F)) AT {E i ABA FA A | 2 fif LG OR AR 248 5 1)
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F 15 ATl B AR DRI R4 | A B M MRS R A ) ), A3 1 25 4 57 S 2 k280 if s i,
TEPRIR AN ¢ BHYCHOHR 2% 25 FH A0 B & 70 + ACC, ] A R 4R 5 1 28 R ELAR S i AE R 548 s ) |
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2230 B DR IR R (0 Sh AR 1L 7R R I 28 TE B AL AR B AT
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W], 77.5% W R 7E S SRR - A K 4 S R BT ma i A 561 ) X2 DEG P & £ THYIEE G S 4
S48 A AT B AR T 4 45 OC S %, A ol 0 20 2R BR IS5 IR D . AN [ B B 179 2 T8 AR AIE S bk
B D RE AR - RBIRIR HH 2 A 440 6 - S 40 o) A Qa5 %1 0 160 g 1 34 568 7 e 53k 30 D) s 3005 40 s ) 0 )
g1 Y1 U ROS BRI DGR BE A 1307

TEAE W) U 2R A5 5 4l #% , ABA A S5C SE IR AE AR IR W9 1 O, 4n & Rk O B i 3 ) VuNCED4 (9-cis-
epoxycarotenoid dioxygenase 4) {531k | [ AH G HE R W7 figt B I 98, PP2C 24 i IR 76 IR R 4 4+ 101 55
IR0 R EA K GA 5 CTK SRR 55 7EARIR I ) ) 22 240, #1140, CYCD3 (cyclin D3) |
TCH4(Touch 4) % BR ( brassinosteroid ) / CTK {5 5 i/ 2E AR 2 b 8.3 TR ; GA 38 #+h DELLA ( DELLA
protein ) 2 I R FE R RV 22 38 TH g, A B B B L) Auxin {5 5 BRI SR, HEA B R 7R
PRER 2 v 3k, il BEi@ 4 BRC( BRANCHED) 25 TCP #5745, 5 40 i A AAR1C 3L HISTONE H4
SEGURE , TR 20 25 S A LR AN VoCYCDs VoCYCBI ;2 7EPRIRIYIE] 2 A5, 1 A S R
B B TR S Y T AR B SR PR AR R, miR156 38 3 M ] SPLA ('squamosa-promoter binding protein-like
transcription factor gene) .UFO (unusual floral organ ) %5 #1 5 PR BR il 40 1 43 24, T2 As PN A B 1) 22 8 425 #L
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il AR AR T KB TG 38 A U R 0 A5 B T A5 A R e PN MRG0 | T 28 R A iR R
FLRUN VoF3H (flavanone 3-hydroxylase ) . VoANS ( anthocyanidin synthase) SETEAR IR A B Bl i v, R I 204
e S5 IR IR 08 AR IA IR R S8 IR & A2 W S AR Ak P BR B3k B BE A VoAPX ((ascorbate peroxidase ) |
VoGPX2 ( glutathione peroxidase 2) Z&HT & A 2 i 3L A I, T VoCAT2 ( catalase 2) 55 ROS 15 B il 2 i 3
IR, #2725 ROS R 2 0] GEA1E M fit B AR IR i 1 B A5 512 kAo, %5 5% I 7 % i I DAM ( dormancy-
associated MADS-box ) . MYB ( myeloblastosis )  bHLH ( basic Helix-Loop-Helix) , WRKY ( tryptophan-arginine-
lysine-tyrosine ) F1 bZIP ( basic Leucine Zipper) ) {22 S5KHRIEEE , Hodh MYB3R1 1] G i3 3R] miRNA 5%
ORI A2 AL 317 240 L B AT 23k, 7 LORBIR P R AR AL O AR
42 EARASKHIHEKTE

TR ST 2 463 75 1 2 ZEORHIR 5 e B o A rh R RSB DR F A ) il |, Chen 3510 3F— 25 40 26 1 R 41 2
TR AL 00T, RGN T IREE SR AR HAEAR LT By DhRe e A2, i se dh i ik 6 224 Fhik
1, o 342 e H ] 5 2 9 260 T R B — B0 22 52380k s HAERIRFE e B b i Rsr T . AT
W B A Y T RER R 5 2 9 A DR B2 O B DGR « PRAIR I 322890 KOGMR 5 S A= K A AR OC I 7, PRI
e o ST U e S A IR 1, B 38 AT A BB AR DG I 7 5 W 2 TS, A0 M 4 4 i RN o) T
S SCE R AP K58 Wi 20 5 A R IR R 1 DO R B A i B B, T R S s A KR B
AR

WA, e ARG AN =W RR P M S A8 B85 Rubisco /INIV I Y IR Y 5 | $ 705 31 % 28 70 Mgt I 301 o /S g i
HEN; . [, APX SOD S5t S LM rY EIHAEEESR AL 1T ROS TEMEBRPLE TP Y5 S Ih e, A BUZ M GA
TS AR DG R T ABA 5SS A TR SR SR A S R L T R P AR R IR S 4 rh 1A% O R AR
YERL . (A5 BRI, 8 1 BT S 5 s A i 33k — BUE R AL 13 NI RTE 2 AR T HE A2 AL, 7 4
ZERIR VR T A7) 12 (G S S5 R RS TR AL

it LC-MS/MS V-5, Chen %5V 50T T ABA [ GA [ CTK , L5 SR ATIR /K A% 2 2 I 4 P4 166 25 4
2, R SR S5 R RIR B B DIAROC , 52 BUHCR U W] 45 1 S A9 IE . ABA FEIRBIR 24545 i A 45 =
SAERT, A AR ORHR I & BRI T B3 7 8 27 5 SR T i, R BT AR AL U152 5 A KRS 4
i, CTK, UHE R E AR R () fEMR I B R AR SH R T A-ARR TEARERIT BE I, B-ARR
TEREAS ORI AE F v 26 35, 4 s LN 40 M 35 sh K O A 5 DI RE . GA % = TE R HIR it B 01 0 v, Al
DELLA # FIREfR, BOG A KRR . 206 S5RFImAG 5 W 72 G 2, R AL S AERBME2E R, i
BERT UL, ABA (GA [ CTK I 2 2 1 280 2 PR 5 Ak o o R v 99 SCBREERR  DH 1, HE i 545 5 AR i
25 B AL R Hh 22 )2 R AP SR PSR T R 2%
4.3 RWMAKF

miRNA 1 DNA F LA AR Ry 0358 A ML o 1% 22 A BT 4, o 7 4 4 2 AR IR P R FE R s MR . 7R
[FIPRHR B B miRNA (998 #00 5 W 8RR, Smita 551 HHE miRNA 78 P9 AR IR 25 o 25 2 67 1) 31 458 4 A 2 21
5 240 SRV ST AR SCRE DAL T 7 S PR MR 2 o D 8 ) e £ g A R 6 2 1803 % . DNA FPJEARBIESE 7%, CHH FT &
A H T ZF R Th & 4% 3 A . ARTREUHTE * DOGEOR A 2P A & F BrBok 3, CHH-DMR 3% 2 T
CG 5 CHG-DMR,, fR K17 T By B B AL SRR IR A7 IRBI A R 30 CHH F R AL 25 T B LR 5k |
W ORKREHE) . FeH&TE 4 A6y CHH-DMR 22 & 48 | PRl S, S EAl, 58] DNA FEAL IR IR % A2 vh
BABBAEREEDIRE, 20 S shig ALl
4.4 SNREZRMAFFRERIFEZ S FULE

A ZF ORI AP 5 R A2 B S 4 N AR 7 R4 . 4Rk BREUE (HC) (ABA (GA DGR 157
SEANIR DR N H  ZFORAR AR OCHFTE 38 7R 1 205 5 5 S AR R o 1 HIL , S 1 A0 B A5 i e 3ok 9
P PN RR ARG 7 SR DR 35 P S5 P 4% S B PR BRAR A A V5

HC & — i JH EASCR 2 0 A8 0], JU ARz 2 1 XA )2 0 THTRAR AR . HC il i Z R Ll A
AL S 5T, Ho—  HC il S S S, S8 H,0, 72K PR i A AL
F IS A OCHT AL EE A POD RIA I HEIK S—THE B (GST) k'™, H . HC B30 155 550 9%
V5 AL IR ZR (CaM) LUK S5 NS ( CDPK) 25 [A 1~ B 2 3 5 BHIRT A5 15 5 ) 2> 12 35 IR HC A e Bk
RO BRG] HC AR R SRR R A 40 i A 4 A B AR R F MoK A i
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RAASE RN S HE HFRA ) Ak, HC 8 R ACE R RIRORES 72 BB B HC W3 1 GA RT6
L VoGA20x3 , TR R GA & BIEK AN VoGA30x2 VuGA200x3/6 ,[EARTEYE GA /K- 5 76 5 100 B2 ) 38 1
PIRIZ 4y e A KT 09 GAY 5340 JHC A i ABA A LR (U0 VoNCED ) A2 3 ABA [ 3L (A
(VWABAS'OH ) ik , [ ABA LR IG5 5l b2 5 Tix—id 2,

ABA SRR ZE IR A TR, A AL SRR R B A AR R KT ABA FEIRIRIF
S E AR B2 R R A A A5 AL T A TR ORI AR R 0 2 A O IRIR A
BB, VuNCED2/6 55 ABA & LR R 3835, ABA 32K (PYL) 515 5l B (PP2C) 144 38 K 17 BK 5 IR AR
BRI BE , 3k So KL F35 T I, T ABA [FRTE VoCYP707A4 33k B35 F M, 1 ABA KRR, AT M i &
PEALPTR SRS ABA 3838 i 1A i e SR T 4% 2 5 00 OB B, a0 VeSYP3 T B4R ABA A 3 A
(NCED3) M H RS By Fe ik, R B 1 d A B 3238 K5 i VoWRKY37 D038 5 90 ABA R fift i ( 4n
VoCYP707A4.2) iHE— 21458 ABA B2 BUERIRARES' | (HAR RIS, ABA X5 GA TS HiE &R, ol
AL GA A LI T A 32 AE 2R AR BIR A b )

GA 7r % 2F PRI IR 1 v 2 # SUER AR T, 32 Ak BRI o) 5 9 B A0 5 e K077 e PRI R S i Jon &7 VR
GA, S 2Mib 2Em e & , HHLHI AT BE S GA Xt CTK {55 s P4 56 , 1 76 P U5 PR IR i 4% 2 5 h 301 )5 e
FH GA WHRHEH & . HAREMT , GA & ML (41 VoGA3ox VuGA200x ) TEMRIR 4E 5 B B 2215 T8, e 530
AT, R GA R IGFER VoGA20x 33K A ™ . MADS-box % 5% [ F VuSVPI J& GA R
PRGN 7 HAE ELEEE & CA S RGBS 37, T P8 VoGA200x6 , 1E [8) % VoGA20x3 55
ik, NITRE B GA TG PEAE AL, i3k voSVPI (A2 GA & b a4 i 20 | T GA 16 74
R PR HAE GA R R e

A, 5-AzaC ( 5-azacytidine ) Zb PR %5 25 T LA S 2 W SE A0 FF 52 i 1 8 2R O L R 3R 58 , (s A &
B IR G AR (IS W AR e A A ) A B H KA I R (5 5 15 5 4N M BE [ LA X MAPK {5
53 [ A A R AR A AR R T BE R A0 ) A S R M BRI, I (R 1k 2 A T

ST I A A AR EE ) T B S, A VR A A SRR HIR O 1 R RE K 4 R T 2 PE R, RS R
H AR (SD) A AT 55 ABA FRZR SR J 44 (Vitis riparia) BEARBRIRE'® . 7% H IS K H B8 (LD)
T, ZHRR S miRNA AR R 3% 25 5 | /R 06 BB A5 -5 ml i o o 2 o VR 35 A S LA
SR GO RARERE Y, S HESEE A B (phytochrome B) 7E 5 ey T B T AT il ¥4 b 262 i O A
F CBF M35, I TP ORIRAR SCIE IR A 3 ) R4S B win x5 4 245 o6 B PR FR L A B 28R
Fe4r B E A IR R e ABA 145 B PR BEIE I M o AT e G E T

BB P SR — A 45 R i, 282300 3 i o 100ty O 345 0 38 A0 A1 R AT i A8 28 2 i AR
RAE 5 i ) 25 3 M ARHIR ZE A B %, AT RE R F T HIES T IHIE 5 00fe 5 02k T B A ZUS IR . AR
FTFAEBY LB 4> FHLHIBF I 0 (HHAE A HC SR AL B A, 5 v] 345 B R 42 1F 28 0 2 iR,
PR A A P S B b B Tz R A

F L AT AL, 8280 2 ORI 4 IR 42 22 2 Fh TR R S5 AN IR TR I DRIV E T, B — A R 2 i sh S 19 4%
TIPS (E 2) , kG R GV R IR AT HALR S50 B R,

5 RE5REE

W ZFRIRIA e — DRI e Y B8 W Bast A R IR 2R I R AL R, A T4
SRAEVIFEH A G HLRI RIS T3 TS T 58 (E 7R BR8N 52 B2 HTIAATE 24> S ) L, m 25—

TEFEREDT SR, B 5, PRAR B Be i e 5 sk = 5 —bnifs . H FTR S HIa A 205 80T WAR S
PTG Z5 MR PRI 1] A PR IR A 902 , BRI 5 1 0 B 25 1] 228 o M LAV Af S e 20 4 ) 52 2 PR
Ao HK, T v A ER FIWT AR RS AN 8 , S BT PR AR 7 ot s AR M Ak B A AL X LA 42, 2l A
P S A . KON AT T, FT 28 SCHEE N 9 L Ui R I 205 R ], L3t e 18
WiV A T 1R B B, S Z ML PRI . 20 BEAR 1 55 FAl anfi 2 5 2R ORI IR P40 A o b — 28
WS BRI IR ATE USSR ABA (GA 5 HAM R J2 ROS {55 Z ] i ELAE AL AT i 1
i, AN R R AN i R {5 S SE R AR R R IR L 1L, ik = RGEHHIE
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yE
shapx EE HC -me AL
?xtemal 7 Euf - AT Multiple steps;
actors VSN SS - NN
: - A
' Indirect induction;
o -
IR i ) % o TR : Indirect repression
IZETE ABA: ?Efl‘ﬁ FFREAIT & F*i?k/ﬂ'iﬁ?j’?}‘(: % W%fhf JeTHi TR BT ROS. H,0,: %7t RIS ST
Dormancy ABA: first increases FEAR T FEREAR Soluble sugars: TG P(E
process and then decreases Free water/bound Methylation: increase gradually ROS. H.O -‘f st i ) firs
GA: JelFRET water ratio: first first increases VER: BT RO, LD, - s i Callose: first
GA: first decreases decreases and then and then Starch: decreases increase and then increases and then
and then increases increases decreases gradually decrease decreases
:-\.e\!:s~ e - -~ 7 o-zz27
' ~
' AN
. <
1 -
v e
1, 2====~ o2~ SESes L N st
> il ESHS HE R Energy metabolism .
TP X 2% (Cell division Hormone metabolism Signal stransduction WK AL AR Carbohydrate Secondary Eﬁiu’eﬁﬁs
i (/vGA200X MAPK ., Ca®', Bl 5 i metabolism P e
Regulatory il S . WA metabolism (VvSSI. VvSS3. 2 E B
Cell wall metabolism wGA30X MAPK, Ca” VvINVs . VvSUPs) ES (LR : : :
network i JEN ] Cell cyel : y : o o A Histone modification
A ell cycle WCYp 7?7‘4 ~ sugar signaling I AR5 Respiratory Flavonoid biosynthesis (WMOMI
(WCYCD VvABAS’ OH, HKEES Auxin metabolism(SnRK 1) (VWF3H ., VvANS) ywDDMI, MYB3R1)
WCYCBI;2 VvNCEDs | signaling(VvPIN3 . YL RS Antioxidant system ARFEREAEYE I DNAH H:4k
, WCDK) VWXERICO | WIIRI . VvAUXI) (WAPX ., VwGPX2. Lignin biosynthesis DNA methylation
! DELLA, ABF2. Z4{7% Bthylene signal VWCAT2. APX. CAT, POD,
1 ' ABIS) (VWACS, WACO, SOD. AsA-GSH)
! : VVERF) ’ Prd
VvNCED i ’ P
WCYCD3 ppprea YO0 |2 TCPs(BRCI) / I ogs
VYHISTONE He ~~~<_ ~~-_ S L ! -
S = ~< .~ ~ N S
RPN R RETSRR SN s ?
Ke a i e, / .- oo SPL4 |o—-- miRIS6 ---- MYB3RI
yb VWWRKYs ~=~___ ‘\\}xA p 4 S UFO
members  TTm=-l_ .-
~~~~ > DAMs/SVPs/SVLs%: 4
PRIRF# R Dormancy release
PRIR ZE Dormant bud B % 2§ Germinating bud

B2 BEFRRFERZ
Fig. 2 Regulatory network of bud dormancy in grapevine
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IRGAT . | A GEMOA P 153 1 W B IR AR P I 25 52 IR, B IR P A 22 A PR R R 1

ARA % ZF DRI T S0 SR AR AL A A TR A5 TR P BAR HEAL I R T7 18] 2 1) 22 4~ A 1l 1 4 4
PR RS S R AU SR S B A R PRSI R AT A B S
23 DR R G R 2% UM SCHE R TT J 5 05 B 5 2 ) L3t A% VR 2 L AR A < OCTE AR A
4  DNA HIEEALS IncRNA TEPRIRYE 5 A BRI R b A VR RIBLA] , W6 5 IR A R AR 4 FUE 5 10 Gk
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XTH "5 R INRE , 01 5 R 18 1 A B AP S (BG4 1 4) R 9 ROS JBFIRJT S5 B[R] 1 FH AL
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REHETIIN 56 ) 4 42 = RO IR B AR < 5 FHLHI I TSR, T 5 7 0 ¢ (00 B IR 571 8 A 0 i 51, i T IR 2%
AR PRARIRIE 55 243 MBS, , P B0t Al 2 25 )7 1] (0 22 4 T FpE 7 ) B 71
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