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LA SZEIEERE DaF3H IS ERFTIED
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QLB ARNAR G TAEII T, FAt 210014)

B OE: U SEdRmELg HiElE 006" ARk, R RIIETT 52 AW A U At h G HEREAE R
DaF3H (KF561995) , HJ¥F4Kk 1325 bp, &mAIFHHEHER 1089 bp, %ifit 362 N2 &M . DaF3H
S TR R E 8, RS ORIE S IR M, o — R R — A Bk 5 1A 2L 1 o
M 55 [20G-Fe (11 ) Oxygenase superfamily] . 275 58k (ACR47976) Z:H- IR IT (CAC26921)
AP B, 153 80%. DaF3H 7t 254 vh ik i, /E G R 2Ecp JLP AR I . 2R R =R
ThE s 2R B S DaF3H RIAH YA G, 12 M4k PCR %t DaF3H [k ) )7 ST T ik, o
TN 27 A AAAE GT-1 G ST AR KR GJEE T MYB-bZIP-MYC 50 W45 G AL,
A AR FA R R W], DaF3H 3261,

KBiF: 1LZy; DaF3H: fhiF%H: Mol rkE: RN

hESES: S632.1 XEKIRERD: A MEHS: 0513-353X (2014) 04-0701-12

Cloning and Expression Analysis of DaF3H Gene in Yam (Dioscorea alata)

YAN Rui-xia, YIN Jian-mei , HAN Xiao-yong, and ZHANG Pei-tong
(Institute of Industrial Crops, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: DaF3H, a key gene of anthocyanin biosynthesis, has been isolated from ‘Yzi 006’ , a purple
yam cultivar riching in anthocyanins. DaF3H (KF561995) , full sequence of 1 325 bp, had a open reading
frame of 1 089 bp encoding 362 amino acids. The DaF3H protein belonged to soluble protein without
signal peptide and transmembrane domain, and localized in cytoplasm. The conserved domain search
revealed DaF3H belonged to the 20G-Fe (Il ) oxygenase superfamily. Comparative and bioinformatic
analysis showed DaF3H was highly homologous with F3Hs from other plants, such as Juglans regia and
Arabidopsis lyrata ssp. petraea (80%) . Expression analysis indicated DaF3H gene had the highest relative
expression level in young leaves and less in functional leaves and stems. Anthocyanins accumulated trends
and DaF3H gene expression level were closely related in leaves, stems and storage stems of yam.
Furthermore, a 502 bp nucleotide promoter sequence of DaF3H has been isolated by adapter PCR method

and the cis-regulating element analysis predicted there were many elements regulating the expression
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level of DaF3H in yam, such as auxin, metal ion, MYB-bZIP-MYC complex and GT-1binding sites for
light regulation which was proved by the experiment on leaves treated in dark.

Key words: Dioscorea alata; DaF3H; anthocyanins; promoter cloning; expression analysis

LR “E NS, 1124 (Dioscorea alata L.) FrkG i,  BRIEL A BT AN 36 2 21 s 481 45
%o RN E ST % (anthocyanins)o 6T LI A N 1E I AR I S5 i 81 B 35 B 7). 2
Pt Z . YA, Pum S Pk SEDhRE . T e B R e AR, BT
TACE 2 A BB S LA SCIE DR (9T 22 4 Fh T IR Be 8 By, T X B 2R 55 b 3% B AR IR R D

F3H (#ikefil - 3 - ¥ {Lhf¥, flavanone 3-hydroxylase) J&T o — FilJ& —[— A8k hn 4 il 5 ik
(Rosati etal., 1999), ) NADPH #Hi UM, &AL 25 & et B2 b it o A, R sicbe i e Ah i — &
W2, Zuker & (2002) F1 Liu 25 (2007) i SCHNEIBARINE] F3H, #1675 210G ) 20
W 258 ST AR s FEASIESE (2008) BRI F3H L IKRIA 5 5ol b &3 n, F3H
F Ll I PSR I S ORI T AR T = AR . Martin 55 (1991) E IR MG R332 F3H
filg, BEJGLEIET (VPR 2%, 2008). W3 (Shenetal, 2012). fi3x (FHFRL %, 2013) %%
YE S 8, Boss 25 (1996) il Shimada 2% (2006) W57 7~ F3H 242/ B e 16T 5 & ¢
R .

AT S RACE F19%38 PCR $ A XS 1124 F3H ) cDNA F¢ 414 K047 50 [ 3347 A4 1 1A
ST, [N F3H A1 1L 2 AN R 25 B vh I R BKSE RIE T 3 B AT 04T, AL 2546 R A
1 FRL B ML B8 e 731 FE it o

1 ARSI

1.1 PR R E bR

BERAPRL 112 BT 006 (45 A Yzi006, 2P, MTVLIRE AR B 2 AR Mk
FEFTSEE M . SR (2007) FIRESISESE (2013) b2y EEAEF HMHE, nxihizik
Ea NNy SN EN Nl N NN N ER I TG A EoEN ANl N N N
KIGIARAR AR ZEERE, JET 2013 45 7 A 14 H 2 BB EER Ky R B340 Thignt.
425, DIREZERIHL N HEE, AR, - 70 CLRAEE.

WENCALER: 2013 4F 7 F 10 HEHCH [RIREAR TGI8 5 d mghnt, M8 Haas it (F
SEZEN], R IR R R AR OR E D, FR ANV e, R AN o R AN X IR ARG 21 48 v A
3 BEAERERE B Ao A, 0T 7 10 H Gebdlod) .7 11 H(1d).7 A 13 H G d).
THISH GO 7H17TH (Td B, FERHBEERE, -70 CRaEEH.

1.2 F3H WmBEEFIINH

RNA $#EHUFT cDNA 25— 455516 S i Maria 55 (2002) 197575, A7 oot .

A5 NCBI dis J4 vh L4285k (1) F3H i) e 41 i R~y X 3 ih F3H 1 E 5 149 F3HF/F3HR
(£ 1), PCR ¥ B~ FH B PSR FI G I, pMDI1S-T #4416 CIEHE A, DHSa #1b ik,
P BH P oot I PR R AT

SR IAT & s FIBZE/R (2008) ] cDNA KPRy # (3'RACE) Jivk, weil#:3k5 4 3'-R
43k 3'-Adapter (£ 1). PCR #1444 K4: 94 °C 10 min, 50 ‘C 5 min, 72 ‘C 40 min, 1M
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I 94 °C 40s, 58 'C 1 min, 72 C 3 min, 31 MEH; 72 C 15 min. § 87 ME 1.5% )5 E
PHELR FE VKA B, I H B B, 4 DHSa B4k, Bk BH PE v 8 B e A )T

£1 319%%

Table 1 Primer sequences
5% 4 FK Primer name 514974 (5'-3") Primer sequence
F3HF GAAGAAGAAGGAGAAGAAGTAAGA
F3HR TATTTTGGTGGAAGGTGATGTGAT
F3H3'SP TTGAGCAACGGTAGGT
3'-R GACTCGAGTCGACATCG
3'-Adapter GACTCGAGTCGACATCGATTTTTTTTTTTTTTITTT
Adapter 1 GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT
Adapter 2 PO4-ACCAGCCC-NH,
F3HSP1 GATCAACCACCTGAAATATCCCCCA
F3HSP2 GGAATCTCATTGCTGAACTGGTCATACG
AP1 GTAATACGACTCACTATAGGGC
AP2 ACTATAGGGCACGCGTGGT
ActinF TTACTCATTCACCACCAC
ActinR TAACTCATAACTCTTCTCAACA
F3HrF CTTGTTACAGGACCAGAT
F3HrR CGACATTCTTGAACCTAC

KM Bioxm 2.2 BAFRIBFEILIRIFSIFAEE; 2/ Blastp T HBEATZIEMR AP E ELXT, A
DNAMAN 6 HlfEP4I LXKl Clustal X #4722 P41 X, MEGA 5.2 i/ RG4S ; ProtParam
(http: //web. expasy. org/protparam/) HEAT45 L 1543 #T; TMHMM Sever 2.0 Chttp: //www. cbs. dtu.
dk/services/ TMHMM/) Tl &5 1 15 50X s SignalP 4.1 Chttp: //www. cbs. dtu. dk/services/SignalP/)
THMAE 5 JIk; SOSUI signal Chttp: //bp. nuap. nagoya-u. ac. jp/sosui/sosuisignal/sosuisignalsubmit. html)
TN A TP wolf PSORT (http: //wolfpsort. org/) HAAEL TN AR A ) IE41 2 A7 ; SOPMA
(http: //npsa-pbil. ibcp. fr/cgi-bin/npsa_automat. pl?page = /NPSA/npsa_seccons. html) Tl & 11 —
2 4544 ; Phyre 2 (http: //www. sbg. bio. ic. ac. uk/phyre2/html) 7E 2k Tl 25 11 — 2K 254 ; NCBI Conserved
Domain Search Chttp: //www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi) 1 Inter ProScan Chttp: /www.
ebi. ac. uk/Tools/pfa/iprscan/) 43 M7 85 [ [ 45 #4458

1.3 DaF3H B FHIEF S

K CTAB 75k (JEE 45, 2008) H2HLZ54)HHHERIZH DNA, 505001 4 M Pl (Dral .
EcoRV. Pw 1. Ssp1) 37 Ciftk 14 h, W4/ WfE - 20 CLRAF&H . KBk Adapter 1
Ji¥ek Adapter 2 (S'unBRfk, 3UmEILALALEL) 37 CIEBIA, BRI AIIEIN 2 DNA FEH;
Ui 3%k M T4 Ligase 16 ‘CIERE 16 h, 732010 WH TE (pH 8.0) #ke 20 fif, -20 CLRAF#%
Ho #i4 F3H i) B4, G2 H Primer 5 il Ja 8 19 89 (BRI Rr 5514 FBHSP1/F3HSP2, 45
GG APT/AP2(K 1)K H 5L PCR BoREATY 3 . J5 3+ /34132 | NNPP(http: //www. fruitfly.
org/seq_tools/promoter. html) MFAT s E U5 A7 £ 9 ; PlantCARE Chttp: //bioinformatics. psb. ugent.
be/webtools/plantcare/html/) - H T K145 547 i
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1.4 DaF3H HIEFRAETEE PCR RIEDITEHRETEZELENNE

FAE L 25 Actin-2 (ULBhEEE 20 WS IERIH ) 7 BOF 41, K H Beacon Designer 7 {1t
W25 S HE ] Actin-2 2¢O 58 5514 ActinF/ActinR, R4 DaF3H i DA v ja) F B AR 1 FE 4 ¥ 1152
e ETIY) F3HIF/F3HIR (R 1), w12 FastStart Universal SYBR Green Master (ROX)

(Roche) RXFUEHH, RHIFRAERIPISIEFE)Y, F Applied Biosystems 7500 Real-Time PCR System 5Z
I 528 B PCRAX (EED  E5g e & #r.

25 24875 2 & B E 2 ] Mehrtens 45 (2005) K545, ¥ 0.1 g @bl 2064 BHIHE N
6 mL FEHUR (KEEMR : 80% LWE =1:99) 242 10h, f£HF Z S EIHANX: Q= (As; - 0.25 x Agsy)
/FW (JliHE )

2 HiR50H

2.1 DaF3H ERARIBFIEKZERDH

PLILIZG 4l cDNA 84, KA F3HF/F3HR 5144 8 th— & WK R 1 184 bp A B (K
1, A), MFPgs R SRz A B S HAEYI) F3H LK cDNA 741 & VR . L 41%i 3'RACE
AU S 1) F3H3'SP (36 1), H 3'-Adapter/F3H3'SP 4 475 31— AN JE k528 bp 1 3/ K it 6 471

(B 1, B). ¥ b BoR 3K v Begf B2 5 43 281 F3H JERI 14K 1325 bp. i%/7414 NCBI ¥

vl 5 AR R AR LR LU e, e 251 F3H JEA, dv44 4 DaF3H (GenBank k%5 :
KF561995).

2% ORF Finder #AFAEE 3 i DaF3H 2 DA 5 KT SEAE D 1 089 bp,  4ifi 362 A2 2
B, SR 3" A gm A X B 243 5k 35 bp Al 218 bp (3'UTR) (&1 2), Hi 3'UTR 4% 2 AN AL
55 AATAAA Fl AATAAT (¥ 2).

2000 bp —= 2000 bp—=
1 000 bp —= ~— 1184 bp
750 bp —= 528 bp
500 bp —= 500 bp—=

A B

B 1 L% DaF3H BB FE (A) #13'RACE FE (B) PCR ¥/ i#8% 3
Fig. 1 PCR products of DaF3H core fragment (A) and 3'RACE fragment (B) in yam
M: DNA marker DL5000.

2.2 W75 DaF3H &R RBYESES

H ProtParam # A4 26 T DaF3H & 117§ 2N Cig14Ha871NagsOs41S 14, B [T 7318 4 40.58
kD, FEEZEHLSN 5300 FIERALN TR IR (Lew) ATl IELHIE K, h 9.9% (36/362); HE
Wz (Ala), 4 8.6% (31/362), HHJFUEREN 40.74, 8 T AT EHEA.

TMHMM T H T 8 (4 oS IX . SignalP 4.1 #4410 7Rk, DaF3H 2 A B 15 5 I A
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SOSUI signal & A4 7 H @ T AT %k 85 1 ;. PSORT #00E) FHEAT S0 40 I 5 o7 T 465 5 s iz i 1 b
i M SR 1

1z H SOPMA Tl & 1 5 (R S5 /e 4L A 42.54% LA s 15.19%(1) B - ZEAH1. 4.97%I1) B - %
AR 37.29%I1) o - B2 (] 3, A); Phyre 2 B A /R4 7l DaF3H & 1 =245t (K3, B).

1 GAAGAACAAGGAGAAGAACAAGAAGAAATCATATAATGGCACCAACAACCTTCCTTCCAACAGAGGACACACT CAGAGACGACTTTCTCAGAGATG

1 MAPTTFLPTEETLREDFVRDE|
97  AGGATGAGAGGOCGAAGGTCGOGTATGACCAGT TCAGCAATGAGATTOCCGTGATATCACTCGOCCGAGTTGATCGAGAGG AGAGGCATGAGATAA

22 ‘DERPKVAYDQFSNEIPVISL&GVDGEERDEIR‘
193 GGAAGAAGATAGTTGCTGCATGTCACGACTCGGCCATATTTCAGGTGGT TCATCATGCTGT TGATATGG ACCT TCTGCAAACCATGACCAAGCTTG

54 |KKI‘UBACEDWCIFQVVDHA‘B‘DMEL?ETHTKLA|

289  CCABACAGTTCTTTCCTCTTCOROCGCACCACAACCTOOCCTTTGATATCTOCCCTCCCAAGAACCCTGCCTT CATCCTCTOCAGOOGCCTTCACGG

86 |KQFFALPPEEKLRFDMSGGKKGGFIVSSRLQG|

385 CAGAAACAGTCAGGGACTCGACGGAAATAGTCACATACTTCTCATACOCAATCAAAGCAAGCGACTACACAAGCTCGOCAGACAACOCAGOGCGCT

118 RDWREIVTYFSYPIKARDYTR‘HPDKPAGW
481  GGATACCAGTGGTGCACGOCT ACAGTCAA AACT TAATGGCCCTGGCCTGCACACTACTTGGOCTCCTTTCAGAGCOCATCGCOCT TCAL ARAC ACG
150 I PVYVEAY SEEKLMNGLACTVLLGLTLG SEHA SADNGLTETEKTE A&
577  CCTTGGOCAAGGCCTCTTTCGACATGCACCAAA AGCTGCTAGTCAATTACTACCCCAAATG TOOCCAACCTCACCTCACTCTTGGCTICARACGOC
182 LﬂKRCLDI'[DQKVVVNYYPKCPQPDLTLGLKRI-‘
673 ACACCGATCCOGGTACCATCACTCTCTTGTTACAGCACCAGATOCGTCGOCTCCAGGCCACCAAMGATG ATCGCAAGTCTTGCATCACCCTTCAAC
214 TDPGTTITLLLQD®@TIOGGLG®ATETDTDTGET SWITUVSGE@TP
769  CAGTCCODGCAGCTTTTGTAGTCAACCTCGCOGATCATCCACATT TTTTCACCAACGCTAGGTTCAACAATGCOCATCATCAMGCAGTTCTGAACT
246 ¥ 46 4F VY Y NNLCGDHGHTFLSUHNGETFE EINADHOOQAYTV N S
865 CAAATTACAGOOGTCTCTOGCATOGCTACATTTCAGAATOOCGCTCCACGATCOCACTG TTTACCOGCTCGCAAT COGCCATCCACAAAMGOOGGTCC

278 WY SRLSI 4&4TTFQNPAPDATVYVYPLAIRDSGETEKTPTVL
961  TOGATGAACCCATCACCTTCATGGAGATGTATCGOOGGALL ATCCCTAGGCGACCTGGAGCTCGCT AGGCTCAAGAAGTTGGOCAL ACTCGAGA AGG
3m DEPITFMNEMNTYE RREMNGEREDLELARLIEIEKTLAEKETLETEKTD
1057  ACAAGCAGGACAACAAGCOOGTTGATCCTCCAATTOCAACCAAGGCOCT TAATGAAA TOCT AGCT TGAT TATTATCCTTAATCGCTTATTATATTG
342 KEKQDUHNIEKWAVDAALATIPTIETGTLUENETLITLA4A =
1153 GCTTTATAATCACATCACCTTOCACCAAA ATAA AT ATCTATCTTATGAGGGGTAATAATGTCATT TTAGTTGGTGTACTGT TTTGTTTCATTITGCT
1249 TCAAATCATGTACGCATACAAACTAAATTCTACTTITCAAGTAATCTAATTATTCAATOCAAAALAAAA AAAAARAN

2 L% DaF3H W EEFSIFn S AR F 5947

TitE: F3H BRGTERIG BI85 20G-Fe (11D DMKk,
XMNKIZ: Poly Af545; L FXIZk: Poly A B
BT BT
Fig.2 Analysis of nucleotide and deduced amino acid sequence of DaF3H gene in yam
Box: F3H functional domain; Shadow: 20G-Fe (II) functional domain;

Double underline: Poly A signal; Single underline: Poly A tail;

Asterisk: Termination codon.

InterProScan X} DaF3H £ [T TR 7 854 0 #r, 2B DaF3H & [ 2 A7 1 AK) 20G-Fe (11) i
ARFIX I, (189 ~290aa) (& 2), 5 NCBI Conserved Domain Search Tl 45 B AHTT .
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IR PE I AR TR AR B - AR XL (& 3, B). DaF3H [ 20G-Fe (1) 4 i i 4 55 X 8 A7
Fe® 45 &0 55 (His215, His272, Asp213) Fl o - Fil/ “HR45 &40 (Arg281 - X - Ser283).

NCBI Conserved Domain Search Tl 25 5 57~ DaF3H & AR X P S 1 ~ 120 MEEE T
53k F3H MRS PEX I (K 2; B3, B), X S5RIMITSHAMEY) F3H & 07 XA AT 45 AT -
2 DL B HTHEWT DaF3H & ()8 T 20G-Fe (1) Il %+ 1) F3H.

o-SRHE R AL HEfhEE  p-FiA
A a-helix Random coil Extended strand  B-turn
: B T R
=i -l
kR

Amino acid length

F3HRHE X

B o~ NE F3H enzymatic region T
a-helix N-7AH

~ N-terminal
20G-Fe (1) Jn4eAfieE X %

20G-Fe (1) oxygenase

enzymatic region

HE i 5

Extended strand

Bl B th

Random coil

C-A it

C-terminal

3 LLZ paF3H EAM R &M (A) FM=HRLH (B)
Fig.3 The predicted secondary structure (A) and tertiary structure (B) of DaF3H in yam

2.3 REIRMEFTIEEX R ARFHL D

NCBI & F X g R 2 on, DaF3H it [f) 2 R 7 41 5 EAME CACR47976) . Z2 w4 R I
(CAC26921) [HAHMIME K 80%, SHlMiT+F (CAD37982). JEfiH (BAD91806) [KIAHMLLE N 79%, L
Ak CACL54955) . F:4 (ADT63064 ) Al 4 7 (AGI50588) . 4+ (AEN71544) , fiii CAEO36935)
1 (BAF96938) 25 [ AHALYE N 78%, 5 845 (AAM48289). Kk (DAA35528). H 2 (BAA75307)
IAHAME 73900 76% T5%- 74%. IEFEPIFIAHAINER S 151, | DNAMAN 6.0 ST 2 S5 1%
FEBIEER, Ho—SEik ) T 85.37%, Hif 20G-Fe (11D ThAgX RIS R T 96.67%, I HAE Fe**
(R&5E AL F 2 - O - Wi 8 R IR 45 G A s ER AT A Ok (I 4D, BB F3H 7R &ANMFh 2 1)
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HAT ARk, XK Y] DaF3H %t (128 2L 1R 1y 41 5 FLA AR 1K) F3H ZhReAH il .

+++ « GELTELAGEISH V V] . KRG | 88
. .QTLTF\LP." CHE! I . R \ S 88

Ei?"” LEEEL T EEREELCL

A TL T‘-'.LH

183
183

186

—
=

179

o0 =1 Oh Uh b L B =

[l
=

Lh e e b

MEME: 20G-Fe (1D )JDa:LE‘i@H’M vl“Jﬁ@ E#ﬁw‘v ““J Fe™ 44711 His (ﬂiﬁk@&) Asp CREZR) il
2-0- PéiﬂJJa PREA G R - X - S[Arg R - X - Ser (£ 1R F&H; 1. SIFTT (AAC49176); 2: 7 (AAC49929);
L (AAMA48289); 4: JEIR (ABO48521); 5: ZH (AD095201); 6: ¥ (BAA75309); 7: ©5)2 (BADS86791);
8: JHEL (BAF96938); 9: K+ (BAM28970); 10: 12§ (KF561995).
Fig. 4 Alignment of the deduced amino acid sequences of DaF3H in yam and other plants
Dashed boxes: 20G-Fe (Il ) oxygenase functional region; Black triangles: His Chistidine), Asp (aspartic acid) residues of
Fe** binding site and R-X-S[Arg (arginine) -X-Ser (serine) ]of 2-O-oxoglutarate acid binding site; 1: Arabidopsis thaliana (AAC49176);
2: Petunia x hybrida (AAC49929); 3: Solanum tuberosum (AAMA48289); 4: Dimocarpus longan (ABO48521);
5: Litchi chinensis (AD095201); 6: Ipomoea batatas (BAA75309); 7: Iris x hollandica (BAD86791);
8: Nicotiana tabacum (BAF96938); 9: Lilium hybrid division I (BAM28970);
10: Dioscorea alata L. (KF561995) .
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] MEGA 5.2 8 {F Xt DaF3H F1 27 Fi/EY) F3Hs BT RGe L30T b4 3 (B 5) BoRiigy
DaF3H S AL —3, HHABFIAGEIHA—E, SBRELRRIT.

JBHR Dimocarpu slongan (A(BO48521)
B Litchi chinensis (AD095201)
W Canarium album (AEOQ36935)
[iits Gossypium hirsutum (ABM64799)
F2# Fagopyrum esculentum (ADT63064)

— 367 Brassica rapa subsp. oleifera (ABY89689)
\—'j WA~ Arabidopsis thaliana (AAC49176)
BRifAFr Arabidopsis lyrata ssp. petraea (CAC26921)

Bk Prunus avium (ADZ54782)
TNk Juglans regia (ACR47976)

——Aj#§ Paeonia lactiflora (AFI71897)
L #5} Paeonia suffruticosa (AEN7T1544)
Wi RE Gypsophila paniculata (AAS20189)

HE Ipomoea batatas (BAAT5309)
B Nicotiana tabacum (BAF96938)

bl
— BR#H: Petunia ¥ hybrida (AAC49929)
B Solanum tuberosum (AAM48289)
|: Bl Solanum lycopersicum (AEK99074)
JBRH Gentiana triflora (BAD91806)
h HS Rk Actinidia chinensis (ACL54955)
£ Curcuma alismatifolia (ADP08986)

124 Dioscorea alata L. (KF561995)
B Iris X hollandica (BAD86791)

H4: 7 Tulipa fosteriana (AGJ50588)
—‘—E Fi & Lilium hybrid division 1 (BAM28970)
B A G Lilium speciosum (BAE79203)

L3 Anthurium andraearmima (ABI50233)
K Zea mays (DAA35528)

0.02

5 F3H SIEERFYI LR

Fig. 5 Phylogenetic tree of the deduced amino acid sequences of F3H

24 BIFIRAER THFNFFI S

PL4 Ry YR (Dral. EcoRV . Pvul . Ssp 1) Wtk/o MIFERI 4L A, K H23k PCR J5ik
T4, 1331 MK BOY 648 bp KA 81141, P PHE G #5E )8 81 XK BE R 502 bp. NNPP
BAETRIN B 2 e St ah A A M B + 1 bp (18 6D Plant CARE #448E47 DaF3H &K )i 5 17
VS T o, JA3 79 6 A CAAT box (+14bp. -7bp. -193 bp. -202bp. -207 bp.
-348 bp) 16 4> TATAbox (+86bp. -36bp. -292bp. -298bp. -309bp. -380bp).

71X 502 bp A3 TR AP AT 2N LR PETCiE, by 2 AN 3 s N7 GT-1 45547 55

(GRWAAW, +26bp. -250bp); 1 G IR /F41 1-box (GATAA, +26bp); 1
MK ZF S0 NBBF1 454X ACTTTA (- 171 bp)s 2 N0/ 24 WG58 K 11 45 & X 4

(TATTAG, - 306 bp. -376 bp); 1 > bZIP 5K 1/ 5% DPBF-1/-2 455 1% 0¥ 67. (ACACNNG,
+49bp), EEBIMAE ABA S0 1A MYB 554745 (WAACCA, -496bp) Al 1 N MYC 45
AL (CANNTG, -120bp), —HMAFAETI/RFE DaF3H JE[H f g2 %2 MYB-bZIP- MYC ¥
W 34 GATAbox (+26bp. -109bp. -285bp); 1/ CCAAT box (-197bp); 2 4> GTAC J#
4 (-200bps -270bp); 24> poly A FRILAF 543 J4E - 70 bp (AATAAT). - 189 bp (AATTAAA);
1 /> W-box (TGACY, -3bp) FF—RFIJult. XKW DaF3H HRIATTREZ 0. M E DL %
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Lk

2.5
2.5.1

AP 5%m (Terzaghi & Cashmore, 1995; Finkelstein & Lynch, 2000; Nishiuchi et al., 2004;
Fusada et al., 2005).

-413 AlAAAOCAICCATGCTTTTTTTGTTCACOCTTTATATTAGGGGGAGTTGAACTCG
MYB-bind site TATA box

=360  TATCTCACTCAATGTAAACCGGCGACTCAACTAATAT TAAL AACT TTTTATAT TAGTCGTATAT TTATAAGOGATAT TACCALACATGTA

TATA box GAG:

A box

-270  CAAGCTCCTTOCGTAGAAAAMTAGGGATCTCATACOGCTGCGCTAAOCGGOCTT TCCTACAATCCAATTT TTOCAATTAAAG AMAGCAA

GT-1 binding site

-180  ATTAACTTTAAGAACTOCAAACTAAAACATTACTTTCAAACTCTOCACAAMCTGGCACCTCOCTAAGAGATACAGAL AMGTCCTACCTGG

NtBBF1 binding site MYC binding site  GAGA box

-90  GTTGAGTGCCAGCTAAAGCT ACCAACATGCATGCCT TCTAACTCCTAGCTATATACOUTTT ATAA AAGCTCACACCTOCTCAATC ACTAT

RY repeat TATA box TATA box

WRKY71

+1 TTCCATAAAACA ACAATAATACTA ALA LA TAALA TACACACACACACACACAACIAACA ACAACCAC AACAACAACAAC ARATCATATA

GT-1 bZIP binding site TATA box

B 6 W% DaF3H BEITFRES

FeE IO GT-1 IS A AL DA RARHARR H s MYB-bZIP-MYC 15 [F 45 &4 55 T 5

TATA box Fl CAAT box 73 il F SR FBISEAR H s XU R 26451 GATA box. NtBBF1
RY repeat f1 WRKY %5 K [ 45 4547 £ o

Fig. 6 Promotor nucleotide sequence of DaF3H in yam

HERs i 5

N

The light regulator GT-1 binding sites are marked by bold and italics; MYB-bZIP-MYC regulators are marked by boxes;

TATA boxes and CAAT boxes are marked by single underlines and shadow es respectively; Double underlines

indicate GATA box, NtBBF1, RY repeatand WRKY regulators’ binding sites.

WEZEEMERM DaF3H Rk th
REEL BT T ILH E A TR EA DaF3H L& 547
7 BN, ERZFEFAYIIHLAAFRSE P AT RS ELEFRAR, hER

Fe T HARS

REMF Mg IR s DHREZETRIR, 4= fil. [AFE DaF3H X Rk EAEARGE 2R B, 11
gl GBS AT R EARIR, R gl s, AR R A ZE A R E AR . IXR W4
M BB B A B RE T (0 38 B2 AR T B R B, 1 R A nT g

J A

R e H R TA T .

[\) w2 = w =)}
B FRER

DaF3H relative expression level

b b R
IER | [d
Gk e % shieE mE

Young Functional Young Functional Storage

DEERAE/(Q-gh)
Anthocyanins content

leaf leaf stem stem stem

7 WWBREBAMATRREPEEERSEN DaF3H AMNRIER

AT HUATRE,

Fig. 7 Anthocyanins content and DaF3H relative expression level in different organs of early expansion period in yam
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2= IR ZE P AT R A BRSSO DaF3H B RIA B T4 R (3R 20, KM
DaF3H KA 7L Wlime i, AR TR B, BlS SCZET T, BB KISl i, 25
BN BE 22T FAR RN CFHITREHTI N, R HIA R R, ZRgR E ZFIA
PeZE I KA AT R S A d vy, LN 25 DaF3H Rk, 2P ET R AR
RHJEA DaF3H FKIA BRI PRIV S P e T s R BRI B A KO H — H N, it DaF3H
RIE AR KA e, Bl Ja R BT BB, 2 I 2 K Jm R 2 h e T 30 AR R L b
X PN ) DaF3H FENRIE . i ERWIZEM M h e s 2R S DaF3H RIS H UG .

2 LABRRERFTERRENTSE DaF3H BMRIAESH

Table 2 Analysis of anthocyanins accumulation trends and DaF3H gene relative expression level in yam

ap HURER 0] Rzﬁ?ﬁui%'g/ ﬁ%%ﬂ'{%ﬁ%/ DaF3H AIxf &k it
Position Sample period Q- plant. ) - Q- plant‘ -d) DaF3HArelat1ve
Anthocyanins accumulation Anthocyanins accumulated rate expression level
2R 239 Germination 34.08+0.59d 227+0.192 1.00 a
Leaf and AR Jilt tendril tillering 57.88+1.42d 0.79+0.11b 023¢
stem [ K471 4] Early expansion 14548 £2.93 ¢ 2.92+040a 1.02a
J1% K48 1 Full expansion 191.02+1.65b 0.97+0.14b 0.58 b
Ji% K J5 31 Late expansion 203.31+3.06a 0.27+0.03 ¢ 0.17¢
1% KA End expansion 182.49+2.38b -0.46+0.07c 0.03 ¢
Pk I K413 Early expansion 92.11+3.56d 6.14£0.15b 1.19a
Storage stem  J# K/ Full expansion 711.07+13.41¢ 1375+ 033 a 0.28 b
[ K J5i ] Late expansion 1382.26+30.75b 14.92£0.75a 0.01¢
1% KA End expansion 1635.97+2649 a 5.64+091b Oc

Ve A AR P BER R R B 225 2 (P < 0.05).

Note: Different letters in the same column of same position indicate significant difference (P <0.05) .

252 ERALZE R P REFESERE A DaF3H KL 5

T s 7ot GT-1 oA AL, Wik T e Ab 3 1 25w B 46 25 5 = A
DaF3H FEmRE, ZHREWE (R 3D, fEXIEM A i e 2R 2L T it — B
o, 767 d AR s, 3 ~7d BNk, DaF3H Rk BT, 765 d AN Rk E A,
ZJEHFMAIRGE N, B 7 d M SEART 1 d s BT 3 d, AR EE RS ERERNEM, &
WECALFE 5 d FFas3E N, it rh DaF3H [k A0 AL BRI A I RS RS, Bl S A BT,
1~3dREEJLT N0, 5ANEREAKFIE1~3dM354% 7dBITER] 1 ~3d18.5 %, XK
e DaF3H 520G, M e Z R E Y DaF3H FRikE# A .

R3 ERMEMFPEFTRSEN DaF3H BMRIEES

Table 3 Analysis of anthocyanins accumulation and DaF3H gene relative expression level in dark treated leaves

Ak 3 AbFEH R/ d L HBE R (Q- leaf) T EBLRIE/ (Q- leaf' - d™) DaF3H X} &k
Treatment  Treated time Anthocyanins accumulation Anthocyanins accumulated rate DaF3H relative expression level
pagii 0 0.18+£0.01 f 0.09+0.01 ab 1.00 ¢
Control 1 0.29+0.02 de 0.06 + 0.00 cd 1.24b

3 0.34+0.03d 0.03 +£0.02 de 1.38b

5 0.57+0.00b 0.11+0.01 ab 1.95a

7 0.77+0.04 a 0.10 £ 0.02 ab 0.62d
S 1 0.20+0.01 f 0.01£0.00 e Oe
Dark 3 0.21+0.01 f Oe Oe

5 0.27+0.03 ¢ 0.03 +0.02 cde 0.0l e

7 0.41+0.03 ¢ 0.07 +0.03 be 0.02¢

A WA AR TR R ZE R EE (P <0.05),

Note: Different letters in the same column indicate significant difference (P <0.05) .
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AWFFHH PCR Jiik45 4 3'RACE J7 k1321125 DaF3H JEF 14K 741 (GenBank %35
KF561995), % KITIURELHE K 1089 bp, 4wfth 362 N MR . DaF3H [ 3'UTR F41 /0 45 5 8w,
%% miRNA HAME AR5, UEM] 3'UTR XI8J2 miRNA I EE X (Wede 25, 2009), &
WME B T4 B B oR DaF3H R E & T 20G-Fe (11D MAMEZ R F3H. 53HAD 27 Ryt
F3H [A) 3 R O R R e A1 B AT IR L X & B, DaF3H LR T ile— ke, 55 AR ASEE A Ny —

RT-PCR 7 M 25 R o, 12 L3R5y 28 Fint b DaF3H Jt R IA - ZR AETE 4 Al 2], pohal
GUREEAANKIE, i LLghntrh DaF3H JER R IA i . 25 R =E DaF3H JEH (1 R IA #R R ILAE
MR s, ZE e S Z R R ENEEIE Y DaF3H REF R IAAAEFD M, XFFED %Y
Deboo %5 (1995) Fl Shen 55 (2012) Z3 HHRE ) FOKACK FliE AL h F3H JEP R FIAE T 2%
R SR DU F] o S I A AR I 45 R 3 W DaF3H Rk 2 65, nl LAHEN DaF3H [k
[F] B 38 52 R 2% DL A s 2 IR F 132 (Baumann et al., 1999; Lopez-Molina & Chua, 2000;
Fusada et al., 2005). MG e 2 R 5 DaF3H Mg &RE R, #— Ui
DaF3H KX AT L 25467 R O A, HEbHEN DaF3H J& 1l 2546 75 38 & sk Fit v 1) S Ik
W —. hEPEFRTER S, HRRBREENM, i DaF3H HAE KW ERIE, B
KRG D BRI, XAl Re & i T 22 rp R T SRR Kb S I s 2as S pr s, LB Ak
— SN

H i B3 o 28 B b e R A & R 42 SO HLEE A3 BB T IZ AR IR, T
AR F3H SRR IRIER D>, AR A S — PRSI0 25 DaF3H R 5 AR F A
DR FLAEALA], DA i B L (1R FH R o5 R 58 1 2 IR A8 7 35
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