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AIENCEDERARKHFH LR TIED T

EANE, XAz, HHE, THH, BRE, T58E, TR, ARE, Tl
o QRS2 5 SRR, ¢ SR 2 400 R VR 25005, 5T 5 A o L R 7% 5
) ORS00 %, 4R 125100

BWE 9N FEEAY 2N EEFNCED) YA NABAE Y & i B IR, S S5 T5. JMNEABAFI =
R RS AR, PRI E G AR I . T AR R % e 4 BT R A (Vitis vinifera) NCEDJE R AR 51, FRIT# A 7
(TR A D6 R B AN B R B FE AN TR A A (g B 25 Ras A s e 5. ABARIT; £k (NaCl) i e ff e 82, DRtk — B4R 7R %
BRI R R BRI I AE ) S T RE B E BL Al . 7R &) B R A R 3t R 124 NCED B [l o JLAHE M 1 4w % 2 13 i K FE/E510
(VWNCED2)-625 aa (VVNCED10)x [al. VVNCEDZE ¥4 ¥ & KB 270.53 kDa (VWNCED10), fx/)ME257.85 kDa
(VWNCED2). fEMIHIEER /b2 J5, HHNCEDIE R R A TSR E HF M, FNA2RERF . NCEDL/2. NCED3/4.
NCEDG6/7HINCEDS/103% K % # I\ A2 3 Be = il 7= Ak o b aR At & i 35 (R 42 1 A1) 43 45 76 3.08—120.0 & JT4E BT, BT 30
KT HRE A ] . S X HRAEL, VWNCEDL1/EABAKLBEA8/ NI G 25 F I (72.1%), MiVVNCED2% 2 ~i(84.0%).
VWNCED6 R7E+ R4 214, 21F128 K IR R RIE & T X, 2r 39 192.49, 1.05511.09f%. VWNCED7 R £+
WF14R R PRI B E T, xR A1.076% . FEABALLFE72/M J&, VWNCED3Z %k & 36 I8 38 N 1 (59.5%), i
VVNCEDA# % IR 535 1iH(169.9%). VWNCED3/VVNCEDA44) 5l fENaCI Ak #E 24 F148 /1N I H B 5 25 1 W, 500 iR 40 o) 1 1
219.2%M114.4% o R 5F &5 F3RA [R] 4 S FH A (7] ol Ab 38 F 22 s R A B — NCED 8 1R AR DR 4r AL I 2k Atk . HEMINCED
TE AR R A R A T Be 4 A B R T S A R A

X#iE  NCEDIRR K, #i%, dREMG, JEEX

Fohl, XRZ, BEE, F2HE BRRE, FER, XX, FRE, FEE (2019). #%& NCEDE R K kit ik & RIE»
Mr. MR 54, 474-485.

AR, BIE10%HHNIE 2 T R MR SRS A 52 UEERRN, 201045 9-i -

fpia, BT g EOKEICF BUEY O S EH A
FE5y T B, MM 5] A 4 BRAE P 7= & 451 2k 50% LA I
(Roychoudhury et al., 2013). i 7R (ABA)TER Y14
i eSS R R R PR SRR, B AE K A3 BRI
Pl  ARIRANE ) 55 77 Th & 45 2 224E F (Mcadam
and Brodribb, 2015; Mcadam et al., 2016), — E.#
AN G i i & (Raghavendra et al., 2010).

9-MF=-FA R AR N & WUin 4 ¥ (9-cis-epoxycarote-
noid dioxygenase, NCED)#E 1) %1 5 f4 7 ¥1C40 9-
- AR N, DURBE I CAS I H ] 4 3 5 Jie
BR. X PRIEABALY) A BUEA IR HE D IR,

Wodke H 391: 2018-09-19; 252 H#: 2019-01-15

WERHE DR IRE A FINCED I [N & i B 3% I
W i% (Sussmilch et al., 2017). KL HIEWHR &A1
N2 T 585 SHINCEDR N, & 1R A KT 5
MR RABAE EAHR, RABAEYG IR
BEELIN . BEAh, AhrazemZE(2012)8F R, FLATE
(Crocus sativus)1CstNCEDIE K 52 5. ki . T5F
AANEABAZE LA WIHMA (1155 5 221k . Wang5#(2018)
Bt 5E % B, #E1E(Prunus mume)+ PmMNCEDL12: [ (1)
ik B 5PEGHEAH I, JF Bl AL B I [A] 1) 14 hn 7+
Ho R R25E(2018) I 7T IIE /KR8 (Oryza sativa)H
OsNCED%:[FfEABAS il Fl it 575 T K #5E HZAE

FETH: EFIACRA A R 8 8L T(No.nycytx-29-zp) . FEI K BHLSTHETTH (No.2014BAD16B05-2). H [E AR bR 2 e Gl Hr T2

(No.CAAS-ASTIP-2017-RIP-04) il . #5948 143 H (N0.2011-G28)
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ER A, 5 e K S R IANCED R 2 5
WIRABAZKF, R4 K EABAT FEK#KIA; MABA
DUV 3E8 3 5 2 3 AN P DR AL S, X RE AT
I/ et 1 1) 2 4 T B LK o i iR R

H#r, 7E4154 7 (Arabidopsis thaliana). 7KF& Al
JH¥E (Nicotiana tabacum)t K41+ 437 K 319, 5F1
18/"NCED K (%%, 2017; 1245, 2018).
#j(Vitis vinifera)J& T #i % £ (Vitaceae ) #i % J& £ F/E
R, 1EAN KKK —, Bt i w6E
MO T 000 hm?, 4~ E26.8x107t,
ARG BB 1/4 o T E M) fE, SRS K %
PEZERKR, FFAEZ AR B RFAE . Biltn, sl &
T8 Eili 2 ERe, 7 E 5 e 3R A )
KIE. Bk, BIHHABARIEY)G KB HEEINCED /2
B SEMPOE A S TR A e R R
o AWFFEATH AT T NCEDSE I (I3 it LA
SE . DRSS R A AT RE 2k, DA A iz
FE PR ) BE 1) 4 78 B N $R R AR A

1 MR5EE

1.1 EENCEDERLE

S K T L (Vitis vinifera cv. ‘PN40024’) 43k
[AI 20 (v2.1) ' NCED % K X % it 17, ML CRIBI £ 4 2
(http://genomes.cribi.unipd.it/grape/) H 3k 15 H 3
HEHE . BRI (Arabidopsis thaliana L.)+19
ANFI7KFE(Oryza sativa L.)F15NCEDZ L L - 41 E
NG|, i BioEdit (v7.0.9.0)#k{T A lthBlastp,
B H<1.0E7"0, ok, ¥ bk 5 41 i 78 25
B A:Pfam 31.0 (http://pfam.xfam.org/)f1Batch Web
CD-Search Tool (https://www.ncbi.nlm.nih.gov/Str-
ucture/bwrpsb/bwrpsb.cgi) % & NCED & [ 4F i &5 14
B (PF03055), H I {H %€ NE<1.0. f&a, £RIT
R G TR R T Y, HRTF AN
VVNCEDZ:[H 751, {5 VVNCEDZ SRR A H « 7
T A GRS AL M BT R IR T EXPASY
KA 3 (http://web.expasy.org/protparam/).. 3 [K 7£ 4L 1,
P E 1 ALE Bk B BE K 20 GFF3%4E -

1.2 NCEDEHEMARLZIAE . EFLEHREISE
VK

W& L LR T A KR I NCED & 4 2 7 41 i i

FANEAE: %] NCED R SR e RIE MM 475

MEGA 7.0%:4%: ffiClustal W31 L4 FINJ (neigh-
bor-joining)ik i R LK B . NI £ENo. of
difference. 1 000{Xbootstrapfipairwise deletionZs
PR R SCHE RGO E W IR e A o i
I PR L A () 95 RO (P19 05 1B 290) 5E SN A2 il 2= 1A
XFo Hor, FEDRIRHAL T [A) — 2k et fd b H PR X 2 [H]
FEB5/NT-100 kb e XA HRERE HI, He e AR
Bt ). i 7F 2k W 35 PGDD  (http://chibba.agt-
ec.uga.edu/duplication/) 15 & il 3 K X} K fE, R
A RT=KJ2Ax10° Mya (Hi % FIME 46.5%107°)it
A58 A2 ) 5 DR 0k 2 o) S ) R AR I TR)(T) (Gaut et al.,
1996).

0 E BT AT 1 S DR 5 Al it 7E 28 1 5 GS DS
(http://gsds.cbi.pku.edu.cn/)5e % . VVNCEDZ [ H £
S 45 6 I AR 4R M B MEME  (http://meme-suite.org/)
P, HAHKZHthe largest number of discovered
and conserved motif % & 4 8; motif width i & 7
30-50 M= AEIR 2 []; HESHONERINKE.

1.3 NCEDEBEKIFTIE ST

JEREELE M5 GEO (https://www.ncbi.nlm.nih.gov/g-
ds/) T Hibr #E 4k 5 R I8 B4 (Fasoli et al., 2012),
3 HTNCEDZE K 7E 54 R A [F) 2H 23 1) R I8 41 (G SE-
36128). fifi A5 #IBLAST, ELxHEiENCEDR A
AH LR EL, REE T Bk B Affymetrix (¥ 36 (http://w-
ww.affymetrix.com). K MeV (v4.9.0) % {4 #  #4
(Saeed et al., 2006).

A B AR FE 3k B DL DUIK ATl A 725 6 1)
WA, OB K H10-12 Ao 2k 47 ABA (0.1
mmol-.L™"). NaCl (200 mmol-L™")f1F 2 4b 8, H o
ABALLFE R HUM: Wi, B2 7K; NaClih #E R B
RETJ7T, ERMWA, 55 A b BE AT (6 ) S Ak B
24 ABHIT2/)Nf BTy BE - (7 A JES 6 1) L 3—5 1y - ir
H). TR AARTR, 2nlfEL AT, 0K
FID1)LL & AbFE7 (D2). 14 (D3). 21 (D4)F128 (D5)
RELDIREr AR &, FHAEIL R ERBOUREME BRHL
A BRA FI AT # S M FF 3 b e RS AE BRI B3I AE
M¥EE.

A8 FH b 5 HR0BR AR D RHE AT R 2 ] RNASR G
RS BCE M A B RNA, 2 )5 i TaKaRail 7 &5
HRNAJ B cDNA, —20°CHR- A7 % M . FIH
Beacon Designer 7% FH4F % ZINCED 2k 3 K] i
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TFIMRNAR TR R 5190 BT 51908 L oeig
AW AR A R 23 B (Invitrogen) & il . &K 42 FR AN 5] 4
F 50 %&1. qRT-PCR#% 8 SYBR Green i 7 &%
(TaKaRa’2~ &) )it B 1548 4F, [ W AEMx3005p 74 't i
H#PCR{Y(Stratagene, 3 [H) bi#t17. &ML 3K
FRER . H2C5 ki R A Rk & (Ye et
al., 2009). {#i[lExcel 2007 fISPASS 238 1F#E47 %
PR PRI 2 R B 2 A S (Duncan'’s) .

2 ZER51R

2.1 BEENCEDEFEME E FNYFIE 5347

BAEH E LA L R IN12/NCEDR K . H#E2
Al %0, VNCED 3 K it 4 15 1Y 2 3 1R 7% 3 20 7E 510

580 aa. VVNCED#H A1 T & K{E£70.53 kDa
(VWWNCED10), #¢/MEA57.85 kDa (VWNCED2); %%
L 5 20 A 7E5.57 (VWWNCED5)-8.24 (VWNCEDS8) Ji];
3 K M e K AE 2 -0.187 (VWWNCED4), # /M i &2
-0.365 (VWNCED7). 1245 Jtifk 53 INCED
& % (34), 7 5 ANCED9. NCED10 Al
NCED11; HXK&135 /25 Jetafk, 4752/ "NCED
R 3 A6, 465, 10, 15, 16F1195 4L tifk & H A1
/NNCEDZE [ 434 o

22 #E. METFMAEFNCEDERY HIER
NTRFUNCEDZE R FER A < AU R I AR A (3 5 45
X, BT E T LIRS NMMNCEDEE KK R H
W) R, BENETE R A . PR T AR AR

(VWNCED2)-625 aa (VWWNCED10) 2z i , “F ¥ K NCE D R 4 57 M 2 SO 1K A 1 s 5 94, i
®L RT-PCRIHTHT B3 51
Table 1 The primer sequences used for quantitative RT-PCR
Gene name Forward primer (5'-3'") Reverse primer (5'-3")
VVNCED1 GCTGGAGAAGCTGATAGTGAAG GAAGATACCCAATGACCGGAAG
VVNCED2 GGCACTTTCGGAGGTTGATAA TGGATGAGCAGTGAAGGAATG
VVNCED3 CGGTGGAGATGGTGAGAATAGA CACTGCTGCGTACACGTATTT
VVNCED4 CTCAGCAGTAGGTGATCCTTTG CAGGCTCGTACATTCTCTTAGC
VVNCED6 CTCGTGATTTGGGCTCTTTCT GCTTGATGATGTGTGCTTTGG
VVNCED7 CGCTCTTCTTCTTCCTCACTAC GGCGTTCCCTCTTCTACTATTG
VVNCED9 CCATGGACTTCCCGATGATAAA ATCCCACAACTAGAGCTTGC
VVNCED10 CAGGGAGGTGTTGAAGAAGATG CCCTTTGAGGCAGTGTGATT
VvActin TACAATTCCATCATGAAGTGTGATG TTAGAAGCACTTCCTGTGAACAATG
|2 HWEFENCEDRE R KL AN B
Table 2 NCED genes identified in grapevine and their detailed information
Gene name Accession No. Chron(Lotzcr)tr,n:nlccj))catlon Lenag:ir:j:f(:;;lno WI;/IiZIhetc(L:(I;;) TheoF:IetlcaI GRAVY
VVNCED1 VIT_213s0064g00840.1 Chr.13 (22672994, 22681910) 546 61.63 6.13 -0.271
VVNCED2 VIT_213s0064g00810.1 Chr.13 (22587965, 22596719) 510 57.85 6.23 -0.250
VVNCED3 VIT_202s0087g00910.1 Chr.2 (18560696, 18562591) 599 65.90 6.88 -0.236
VVNCED4 VIT_202s0087g00930.1 Chr.2 (18588853, 18590786) 589 65.61 6.63 -0.187
VVNCED5 VIT_216s00399g01370.1 Chr.16 (789473, 791221) 558 62.09 5.57 -0.197
VVNCED6 VIT_219s0093g00550.1 Chr.19 (17645348, 17647649) 609 67.13 6.38 -0.317
VVNCED7 VIT_210s0003g03750.1 Chr.10 (6374432, 6376728) 605 67.34 6.36 -0.365
VVNCED8 VIT_205s0051g00670.1 Chr.5 (11589343, 11591102) 575 63.14 8.24 -0.202
VVNCED9 VIT_204s00089g03510.1 Chr.4 (2883265, 2886523) 567 63.72 5.73 -0.335
VVNCED10 VIT_204s0008g03480.1 Chr.4 (2873553, 2878309) 625 70.53 6.43 -0.305
VVNCED11 VIT_204s0008g03380.1 Chr.4 (2784465, 2788790) 563 62.34 7.27 -0.339
VVNCED12 VIT_215s0021g02190.1 Chr.15 (13131078, 13135539) 610 68.46 7.31 -0.313
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Figure 1 Joint phylogenetic tree (A) and amplification model (B) of NCED gene from grape, Arabidopsis and rice

The red five-pointed stars in the figure represent the most recent common ancestral differentiation node before species differen-
tiation. The numbers in the red and blue circles represent the number of duplication and loss events that occur after the species
differentiated nodes, respectively. The numbers in the green solid box represent the number of NCED genes.

SEPE AT AR NCED 2[RI 1E 3 MR A 1l i
I ) 3% [ 4H 4% (most recent common  ancestors,
MRCAs). 1, —% NCED # N7 MRCAs H 1
ZHTAFAE (RO TTREN ), 1H 255 4 e A i)
NCED J:R kA FREM . HTin)a, L
A S T K AERR R A NCED 2 [R5
R 1 H(EBTTHEN ), AU 6 & AR I 1
NCED K4 5 (W AHEN). B 1 AE 2 1)
A1, 9 ANRE SR 2 A0 S0 BH R A L PR T A K S
ST /D AELE 9 MHSE NCED B[R o MAH SEJE A

Sz, KB NCED M k4EFERFMREZ(T
W), RO T E (N 2 1K), AN, HiE
NCED Z:PKRAEREHIH 4 HEZ (B X), HKZEK
FE(3 &), WEF R (1 R).

2.3 HFENCEDERELHWFEHIEH

IR VVNCED & I 1 4 K 7 FI M R 1 R Gt K B W 25
¥ FlbootstrapfE (>60%), AI#VVNCEDZE [K 73 %34~
TSR, 53 Al R 203, FopR 51 43 il 98
2F124(E2A). #E12/MVVNCEDZ K, BATE IS
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X} 55 2 AR F: R FR A 4% BT B T bootstrap fH299% .
WA, SRS F R B ) S KA B R, BAY
TRGRKEW I, 31X 18 B I MR 3 IR AR X
o NI DI UE R R A R AR M, FRATT
VVNCEDZE 34T T 7041, 455 (KI2B)ER M, 5%
% [F] 5 % X %} VWNCEDG6/VVNCED7 5 VWNCED3/-
VVNCEDA4 £ [X 45 ¥4 A [6], 1A & 5 3 +; VWNC-
ED1I/VVNCED2W & FHiE & %, HH131), HN&
THIAL A A, VWNCED9/VVNCED107EVVNCED
B DRIy 7 45 A B (RPEG5) 1 A &5 5 305 MR A3z 73
A AH A, H R AE 1% 45 A8 3801 B UiE g 5 X7 81
VVNCEDS % VWNCED10 /> 1/ ) % F; VVNCE-
D11/VvNCEDI12) N & T H & MAH AL 73 A7 78 AN [F]
2 H % VWNCED1/VWNCED2. VWNCED3/VVN-
CED4 . VVNCED6/VVNCED7 #11 VWNCED9/VVNC-
EDIOMIR R, & Bl Hidentity{H % & (>70%), 4%
989.80%. 74.10%. 72.50%#175.30%, HiitLAliAk
DNIXAAN BE PR Al i A A R R A Gk
€A 2 AT LAHEWT bk LRI 350 Be S . AR

identity {E AT DA F W7 Ik PR 2 1) 4 1) A B TR) Bl
F|ME K N : VWNCEDG/VVNCED7. VWNCED3/VVN-
CED4. VVNCED9/VVNCED10 1 VvNCED1/VvNC-
ED2. NiFM iRk, AT T X 44 B PR ot
N IIKE, 735°41.56. 0.85. 0.48%10.04, ¥t
S0 A 1AL Yk 9 120.0. 65.38. 36.92713.08
PR

2.4 HENCEDERMRTLHE

Ntk — PRI VVNCEDZE [ 1 70t b, AT 14 5
ZEE RS S I . 3R AT, VWNCED R
SF G5 K G AT AV R BE AR T B R R K B W (B
2y KGRI 73 KK R N, Motif1 FIMotif3 R £ 7E
FEFKEAF; Motifd. Motif11. Motif12. Motif14F1
Motif15 R /7 1E T W& 2+ ; Motife Al Motif8 /£ % .
FE 4 L Motif2. Motif4. Motif5H1Motif7 7]
A7 7E T 0 SO FIE K 2 9 . Ak, Motif10 Fl
Motif13 R A7 7E T W5 %1 JNCED6. NCED7 FINCE-
D8+,

A VWNCEDE Subfamily
100 WNCED7
1 WNCEDS
0 100 WNCEDT | 4
= :VVNCED2
100 WNCEDS
100 WNCED3
WNCED4
10— WNCED9 | 2
L wn~ceepro
76|_VVNCED”| 3
L wncep12
B wneeps - I
WNCED7 = N —
WNCEDS v I
WNCEDT — w. b 0 a2 2 a0 uly! ulem 0 ' wle 2 a2 0.,
WNCED2 s} 0 52 2 a0 glsgl ulem 0 m—1 wln 2 gum 2 g0,
WNCED5 o= —
WNCED3 [
WNCED4  w. s v
WNCED  Lu-lumm OO ln2 52O 500
VWNCED10 w2 O g1 OpmOply 2 O ' O O
WNCED11 = 0 0 2 ——
WNCED? v om0 e
50 kb 1 kb 2 kb 3kb 4 kb 5kb 6 kb 7 kb 8 kb 3
CDS  wu Upstream/downstream — Intron B RPE65 0,1,2: Intron phase

B2 H&EINCEDZER RGUAHE K AR (A F L514(B)

Figure 2 Phylogenetic relationship (A) and gene structure (B) of grape NCED genes
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L2 L] S (3 Id Loell8] [4]]
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VWNCED10 12 Il Z 142 [ 5] 9 o8|
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3 #%ENCEDE AR A igor K

REFIEERRNCEDE A4 K, HERAIET T RNCEDE R4 5 . 8RB AR R R 25 ) 2k

Figure 3 Schematic structure of conserved motifs identified in grapevine NCED proteins
The grey bars represent the full length of NCED proteins, and the numbers in the other colored boxes are random numbers for
the conserved domains located at NCED protein. The same number represents the same conserved domain.

2.5 BHENCEDEFEELISRMRE

FH P 4 AT %1, VWNCED JE K] 55 i 73 76 781 4 2 B 14
ZUREMAFRM BB A ZMZRABE, H & |3
XPEFRIA A2 A AN [ FE B2 1 D) RE 434t . VVNCE-
D6 il VWNCED7 (K TEfE. Fhv. fefl. Hai. o
v ZEREZE R AAEAL, BgERRE R KT AR
1M, VVWNCEDG6 %K 75 5 N il 24 (BerryFlesh-R). K
JakiZE 1 A H (BerryFlesh-PHWI) IR G52 2 N H
(BerryFlesh-PHWII) B #5215 7K ~F- B AKX T VVNC-
ED7. VWNCED2 J:[NTERTA 2% 5 2R 35 A
I FRIEIKT; VWNCEDL 3[R 78 KB 70 2% B AL 41
o 2k K F KT VWNCED2 #:(. VWNCED3 7&
H A E AL R R R R, T VWNCED4 74
M E R RIEERK, Witk (petal). 18 (pollen)#Hl
1L ¥ (carpel). W& 2 # VWNCED9 5 VWNCED10
FEPRIFIE S0 3 v WNCEDAL 5 WNCED12 J: K7 54

s B AL P RS B R T I50R 1 g E
Bbte HUETT L, 55 AR YR NCED JERIfEH LUK it
FEFFRAEANFIRE L AR, JC R AE S0 8] ) 2
REZA .

2.6 HEENCEDERETEMEN R

KI5E/R, VWNCEDE:RFTEM Fr FIR R 515 F 2 A A
[FFEEE M R . SR 1 BRVVNCEDS/84, H & i
RITEM FEUR R h AR E IRk & . VWNCED6
TEM FrFIRR R P K &Rk, (H R 7ED3. D4MID5
TR TR RZhRIEER TR, HEREEH5
HNTHE2.49. 1.05411.091% . VWNCED7/EM £
MRIE =R E S T FET R4y, Hh AT
D3FEAM FMMR AT REE S T, HERLE
AR 1,07 4% . VWNCEDL/27E M F i R iE &
BERTRR, ATRAEEENFHEE FAEKE
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Figure 4 Expression pattern of NCED genes at different develo

pmental stages and in some specialized tissues of grapevine

The 54 tissue names and gene names are located above and to the right of the heat map, respectively. The scale bar above the

heat map indicates the geng expression level from 0.0 to 3.49.
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Figure 5 Expression pattern of grapevine NCED genes under drought treatments

The drought treatments (DL1-DL5 indicate drought treatment for

0, 7, 14, 21 and 28 days of leaf tissue, respectively; DR1-DR5

indicate drought treatment for 0, 7, 14, 21 and 28 days of root tissue, respectively) and gene names are located above and to the
right of the heat map, respectively. The scale bar above the heat map indicates the gene expression level from 0.0 to 77.06. Solid

dots of the same color represent duplicated gene pairs.
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Figure 6 Expression pattern of grapevine NCED genes under ABA treatments
Different lowercase letters above the histogram indicate significant differences among the different time points of the treatment

(P<0.05).
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Figure 7 Expression pattern of grapevine NCED genes under NaCl treatments
Different lowercase letters above the histogram indicate significant differences among the different time points of the treatment

(P<0.05).
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FE(3IK), b RMWFETF(1IR). AWFFLR, HBE
INCEDEE K S5 4 H = 2Tk .

2.7.2 HEENCEDEEIhEES 1L
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Evolution and Expression of NCED Family Genes in Vitis vinifera

Xiaolong Wang, Fengzhi Liu, Xiangbin Shi, Xiaodi Wang, Xiaohao Ji, Zhigiang Wang, Baoliang
Wang, Xiaocui Zheng, Haibo Wang
Key Laboratory of Mineral Nutrition and Fertilizers Efficient Utilization of Deciduous Fruit Tree, Liaoning Province, Key
Laboratory of Germplasm Resources Utilization of Horticultural Crops, Ministry of Agriculture, Fruit Research Institute,
Chinese Academy of Agricultural Sciences, Xingcheng 125100, China

Abstract 9-cis-epoxycarotenoid dioxygenase (NCED), a key rate-limiting enzyme in ABA biosynthesis in plants, is in-
volved in plant drought, exogenous abscisic acid (ABA) and high salt response, and can reduce the damage of environ-
mental stress on plants. With genome-wide identification and analysis of the grape NCED gene family, we aimed to un-
derstand the species evolution relationship and study the expression patterns of various genes in different tissues and
under drought, ABA and high salt (NaCl) stress treatment, to lay the foundation for further study of the biological functions
of NCED genes. A total of 12 NCED genes were found in the grape genome. The amino acid residues encoded by the
genes are distributed between 510 aa (VVNCED2) and 625 aa (VVNCED10). The maximum molecular weight of the
VVNCED protein was 70.53 kDa (VVNCED10) and the minimum was 57.85 kDa (VvNCED2). After differentiation from the
ancestral gene, the grape NCED genes had five replication events with two loss events. The NCED1/2, NCED3/4,
NCEDG6/7 and NCED9/10 gene pairs are thought to be produced by segmental duplication. The replication time of seg-
mental duplication ranged from 3.08 to 120.0 million years ago, which is later than the differentiation of monocotyledons.
As compared with the control, VVNCED1 was significantly upregulated by 72.1% after 48 h of ABA treatment, whereas
VVNCED?2 was significantly downregulated by 84.0%. The expression of VVNCEDG was higher in only roots under drought
treatment for 14, 21 and 28 days than in the control: 2.49, 1.05 and 1.09 times of control values, respectively. The ex-
pression of VWNCED7 was only 1.07 times higher than the control value in roots under drought treatment for 14 days.
After 72 h of ABA treatment, the expression of VVNCED3 was significantly downregulated by 59.5% as compared with the
control, whereas VVNCED4 was significantly upregulated by 169.9% as compared with the control. The significant peaks
in expression of VVNCED3/VVNCED4 after NaCl treatment were 24 and 48 h, respectively, up by 219.2% and 114.4%.
The differential conserved-domain expression patterns with different stress treatments are the basis for the functional
differentiation of NCED proteins. The functional differentiation of NCED during evolution may be conducive to the occur-
rence of replication events.

Key words NCED gene family, grapevine, abiotic stress, gene expression
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