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Abstract; Two different light adaptation of Taiwan Zoysia matrella with pre-treatment under strong
L NaCl for 24 days on
photochemical efficiency by using chlorophyll fluorenscence technology. The results showed that the
Fv/Fm,PhiPS | , Fv'/Fm’', gP and ETR in leaves of two light adaptation types gradually reduced

radiation and extreme shade were employed to study the effects of 0.5 mol «

under 0. 5 mol « L™ NaCl, NPQ gradually increased, photochemical efficiency gradually reduced and
photoinhibition appeared,and photoinhibition increased with the extension of time. Adaptability of the
sun-type to salt stress was stronger than the shade-type.

Keywords: Taiwan Zoysia matrella; light-adaptation; salt stress; fluorescence parameters; photochemical

efficiency
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v L L ] 6T 2 AR WA LA R OGS I Y SR
fiRiE.,

Z R 438 JR B (dihydvroflavonol-4-
reductase, DFR) 26 H R AEY A B RFH—
AN G EE, H kML S
(dihydromyricetin, DHM) — & Il %% # i /&
(dihydrokaempferol, DHK) 1 — & #il } & W
(dihydroquercetin, DHQ) 233 4 i G {0 KM E o,
R IEBREEAZMEEAREHAR., X3
YIEMG FEAE E R A B CANS) A £ FholE 56 8
EF (UDP-glyeose flavonoid-3-O-glycosyltrans-
ferases, UDPGs) HJ/E FH T #44bh 3 MR K 1k
BFR G AGRREAR(EE6A)  REEAR (LA
MEREFEREOE), AT RN O
HEER—MHES EEFT RGBT RE
B R ERES BB E REED RN,
O’REILLY 45911985 4R %% JE FAREH AR M
FRME MBS T DFR 2 H, LE W&
4 FEME EN R ETE . ER DI RS
e E% 8/ E B KR R 3R A AR S
YRR E AT,

BRI IE ) T T AR RS S A, AR T
55 PCR R S 469 h SepE 418 DFR
TP IE S A Y B O B N 1R R AT AR
G307 Rt — B B AL R AW A R G B
EAFER R AT R B B R

1 #H57FE

1.1 RIeH#

L FEIRER B T B ORSE A B B A A
2505 o AR KA (— 80 °C) (4748
K ¥ W (Escherichia coli) B # DHba #0
pKAFCRO #fA By T B R F#PU AR (L A4 ) B A
P EMABERE RS E R,

1.2 RWHE
L.2.1  HhiffEHe S RNA B4R EX

AR VKA o B SR PR AT (1 I 7 T 9
AR B ¥ H) 5 B 40 M B 84X Tissue
Lyser 85200 (f& & Qiagen) o $E 4T WL 7%, R 1
RNA prep Pure Plant Kit 357l & (Jb 5 REA: 4k
FHH, DPA4D #EUE RNA, 451K i Nanodrop

2000(ZEEH Thermo Fisher Scientific) . Qubit 2. 0
(% HE Life Technologies) f1 Aglient 2100 (2 [H
Aglient Technologies) # il RNA &£ & #) 2 j&
(ODyso /ODugo LA ¥ BE 1 52 8 1 (rRNA 288/
18S HAED 45,
1.2.2 Ly

R AL HIEE YR AR 5
B PRI AR - FI7 A Oligo (dT) % Bk
BEEZAEY) mRNA; B 5K mRNA #17FEHL
FT0T R FHREALS | 6 BUE — 7% cDNA 4,48
JEhm A BN p ek, @t PCR B £15 3
cDNATSCEE.

cDNA 3CJ% #6385 # J5 » R i HiSeq 2500
(£ H lumina) A7 5 &8 2T, WFEK R
PE125, #|F Trinity #/4 (3L Broad) #4741
Prag %%, KB LW A 1Y Unigene FE. | H]
BLAST (2 E NCBD ¥ Unigene %15 NR,
Swiss-Prot, KEGG., COG.KOG. GO #l Pfam %%
8 FE X, 3R 4% Unigene M ERE E. FIH
Trans Decoder ¥ 44 (Z& [E Broad F13# Kk F| T
CSIRO) #ii#l A b Unigene B 485X F 51 (Coding
Sequence, CDS) ,
1.2.3 G cDNA WG

P DA T R AR R B 5 RNA, 2 BR Prim-
erScript™TI 1st Strand cDNA Synthesis Kit (H
A Takara,6210A) BB H#E4T cDNA 5 B
1.2.4 G IIDFR XF K PCR ¢ 1%

Fo T3 5k 40 0 P 8045 A A Primer Premier
5.0 #&k {4 (£ [H Premier Bio) & i+ — X ¥ 7 M
PCR 431 5] 4 (L% 51 # ILDFR-S. 5'-GCCG-
CACTATACTTATACTACACTTTTCT-3'; F
W24 ILDFR-A.5-CTATCTTCATATTTCA-
CTTGACCTTTTG-3"), EA& B cDNA (50 ng)
“HEEHR , K F Phusion High-Fidelity DNA & i
(£ E New England Bio Labs,M0530S) #1575
IIDFR ZER M PCR Y 1%, R ARMR 98 °C HE
P 30 5398 “CARM: 10 5,60 °C 1Bk 30 5,72 ‘CHEfift
45 s,3% 30 MER ; B4 72 ‘CHEMH 7 min,
1.2.5  Thilf [IDFR 5 7ol R

PCR =)Lk} & Sma 1 ], CIAP(calf in-
testine alkaline phosphatase, H Z< Takara,
2250 A JBipiAL BIL ) pKAFCRO 4K, 22 1% 3
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SRHEEIE LK S ) Wizard® SV Gel and PCR
Clean-Up System 1871 & (ZEH Promega, A9281)
Blg, Z J& #1 A Ligation High &5 & (H 4
Toyobo, LGK101) 3% 4 , # 7= ¥ 5 1L = K AT
W DH5o JRAZZS 00 ; b5 UE1 T 7% PCR %3¢,
KRB 4 F, 5k A IIDFR-S.IIDFR-A 5[4
R B ERE R BREESHA; RH ILDFR-A,
CRO MCS insert 35S-S (5-CACAATCCCAC-
TATCCTTCGCA-3") % TLDFR-S,CR0O MCS in-
sert  NOS-A ( 5-TCCACTCTAATCATA-
AAAACCCATCTC-3") 43 S48 il 4 A £ R A B
HIE 52 I7] 5 2R i Plasmid Mini Kit 1(Z[E Omega
Bio-Tek,D6943-0DiRXF| &R B R G X ER
TP AR BR T FIEATI T IR E.
1.2.6 i IIDFR 3:H 8 F 50507

FIF NCBI 7£2% BLAST 4% IIDFR %A
B4 RIYR P 471 DT 1] 7 2 32k PR 4 B e I 91 ) S0
MRS HE YR AR (5] Lasergene Protean
(£ E DNA Star) 20443 1119 MegAlign F4F1
TreeView ¥4F#ET R R M 4T AL 4> F R 45
RO,
1.2.7 Iij IIDFR B (H (4 BERR M TR0

{1 FH Lasergene Protean 743 1) Editseq
- Protean {4 fil ProtParam Chttp;//web.
expasy. org/ protparam/) FUNH & 1 B ) K 25
¥ S EAL R , AL SE A X T R L A e R DY
{37 FAE 2% . 40 Jfd 52 £ T B PSORT 11 Prediction
(http://psort. hge. jp/form. html) T H & 1K)
40 i 2 0, ) B SignalP 3K 4 Chttp://
www. cbs. dtu. dk/services/SignalP/) 4 ¥ {5
SR,
1.2.8 L7 1IDFR 2 H I =S5 T

i 73 Swiss-Model Workspace ( http://
swissmodel. expasy. org) TE£k A7 T E X HEH
RS T IR, T = gt

2 GRE5HMH

2.1 SETEMEE RNA B

I TE IR B RNA (¥ rRNA 28S FlI
18S & B M, 28S/18S 2 1.7, RIN {H H 7. 3,
ODss0 /ODsgo 4 2. 09, FRHAIRE A B RNA 5281

BAF(E DLl LA T T — 2/ cDNA & B MmE
ST .

1 : M. Marker 2 000, F];1~2. & RNA,
Note: M. Marker 2 000, the same below; 1—2. Total RNA.
B 1 DEEES RNAREERREK
Fig. 1 Agrose gel electrophoresis of total RNA

extracted from the petals of I. lactea var. chinensis

2.2 O IIDFR EF#/ PCR § 1

FH R AR 30 cDNA Ry AR , #R 4 e s 4l
WSS DFR K 514,84 PCR AP
B R/NZ A 1400 bp 1 PCR &4 (A 2A) , BF
BR/MFET
2.3 O IDFR EEMRERINE

PCR =¥ 5 £ 8V J5 i) pKAFCRO #.44& (B
2B)EH KT R L. 75 PCR AT A
BEDA K IE S 1) (B 20) Ji5 » 35 B R 21 SR 2 17 30
7, P45 R R D H DFR ZH 4K 1 427 bp,
IR WIS F ATG A2 F 175 bp b, ZKE %65 F 7
T 1248 bp 4b,CDS K4 K- 1 074 bp, Th4wF 357
MREERE 3, ZEF A4 A IDFR, £HF
HBEJE GenBank &35 8 KY907171, IIDFR A
—BEE B FH  VIGASGYVGSWLVMKLL-
RDGY’ 5 KA Y 1) DFR R4 A X ARSE I
NADPH %48, ¢ VTIGASGFVGSWLVMRLLE-
HGY’ HEF AL, HATE 4 NMEERRE (TR
PR A 225
2.4 IO IIDFR EEF TS

HRYE BLAST 204 54598, Sl IIDFR %
R 4nfd i B R R 5 2 FE YW DFR BEHHA
B HEEYE, Kb 55 28 B (Iris hollandica
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#: 1. PCR =4 2~6. pKAFCRO 2K %2 Sma 1 B§YI;7~18. Tilij IIDFR 2N %45 pKAFCRO 2k /R &% PCR %% (7~10 R
i IIDFR-S, IIDFR-A 3|#7;11~14 R CRO MCS insert 355-S, IIDFR-A 5[#j;15~18 %A IIDFR-S, CRO MCS insert NOS-A 5[4 ,
Note: 1. PCR products; 2— 6. pKAFCRO vector digested by Sma 1. 7—18 Colony PCR identification of IIDFR gene constructed
into pPKAFCRO vector (7—10 used IIDFR-S and IIDFR-A primer pair; 11—14 used CRO MCS insert 355-S and IIDFR-A primer pair;
15—18 used IIDFR-S and CRO MCS insert NOS-A primer pair).
B2 SE IIDFREFRSARNHELR

Fig. 2 Construction progress of IIDFR vector

0001 AGGAAGAGGAGCAGTTGTGCTTGCTCTTTTCGAAATAGGGAACTTGTCCCCACAGATGTTTGGTCTCTCTTTCGTATAAAAAGGACGTAC

0091 ACCACCATAAGCTAGCTAATAACTAAGCTTTACCACACTATACTTATACTACACTTTTCTTTCTTTCTTTATATATCGAGCTA
BRSFIEY conserved region 002
ACCGOAGCCAGEELETACBTCOLTICATOUU G A TGAAGU T ECE HUEBACGGUT AL
. s B LV 8K L R B G

CAAAAGGTCA

1 261 AGTGAAATATGAAGATAGAGCATTTATGCATATGGGATATTCCAATGTCAGATGTTCAAGGTTTTCAGATTATATGTTTAAGTTTGAGTT
I 351 ATGTTGACACTCAGAAGTTTCACTGAAATAATGAATGAAAAAGGATTTATCTAATCTTAGAATAAACTATAGTTTGC
3 O [IDFR EELKET
Fig. 3 Complete sequence of I1/DFR
BAF93856.1). H F ¥ (Agapanthus praecox, AFP58815. 1) By [6] I8 M 43 3 35 B] 88%. 69%.
BAE78769.1), W& YT & & (Lilium regale,  T6% M1 69% @it ME T R G FAL I 32 0] 1% 5
BAU29941. DFIRXAZE F (Hyacinthus orientalis R ELDSRER MR 28R DFR BEH %%



5 243

It B B Z2 113

KERABIL(E D,
2.5 L IIDFR EQYELF RN

ME Lasergene Protean 1 ProtParam 4X{4
T, T DFR FH 46500 & 5 AN 27 k&
A 39. 99 kDa, %, 2120 5. 89, MR EH K, 4
?:—tt ﬂﬂ Ci7ss Hagor Nazz Oszs Spo5 ﬁ% @&? ':F' Val
(9.0%).Glu(8. 1%6) K Ala(7. 6 %) I3 45
bk & E RS 19.37%. Bk M & XK B
35. 1106, i AL FF R IR 17 39. 2600 (GR 15 P33R
KPR —0. 124, YiBZE AR Rk E AN, K
ARERECH 40. 37, BATRERBEH I T
O 40 L 0 2R % R 1 AR A M B (56. 5000

Es
\ Pd
A\ i P
Tg \\\ l’ . ¢
\ !
TF N
- -.Ca
N\ ~ -
Ls S \ L~
Ld === SN - {
Lr /// . RN \\- -
Ts e } Tt ~Ma
, "Ho

] Ap

.. Ac ¥ B (AA063026.1); Ap. H T %
(BAE78769. 1); Ca. 2707 £ (ADK62520. 1); Es. = JUBF 2
(AFU90826. 1); Ho. R f5 T (AFP58815.1); Th. fif = B
(BAF93856. 1); Ls. 2§ & & (BAE79202.1); Ld. #§ # 2
(BAL15045. 1); Lr, IRYT. 5 & (BAU29941. 1); Ma. 3£ B F
BB ARG T (AIC33028. 1) ; Pe. [ 5 58 22 (AFS60083. 1) ; Pd.
WA (XP_008797532. 1) 5 Ts. B il &5 5 (BAN62761. 1); Tg. &f
&7 (BAHI8155. 1) T ARBTFHAB & % (AGT50590. 1),

Note: Ac, Allicm cepa (AAO63026. 1); Ap. Agapanthus
praecox ( BAE78769.1 ); Ca. Curcuma alismatifolia
(ADK62520. 1) ; Es. Epimedium sagittatum ( AFU90826. 1);
Ho. Hyacinthus orientalis (AFP58815. 1) ; Th. Iris hollandica
(BAF93856.1); Ls, Lilium speciosum ( BAE79202.1); Ld.
Lilium hybrid division (BAL15045.1); Lr. Lilium regale
(BAU29941. 1) ; Ma, Muscari armeniacum ( AIC33028. 1) ; Pe,
Paphiopedilum concolor ( AFS60083.1); Pd, Phoenixz dac-
tylifera (XP _ 008797532. 1); Ts. Tricyrtis sp. Shinonome
(BAN62761. 1); Tg. Tulipa gesneriana (BAH98155.1); Tf.
Tulipa fosteriana (AGJ50590. 1).

4 LS IIDFR BEE MRS
Fig. 4 Phylogenetic tree of IIDFR

FREL AR LU SR AAR 40 M A% mh A L 5113
1306, R AL T 20 BT 5 SignalP BF 2347
FU DFR EHAFEF SR, BA 174 o« B
BE.21 A . 124> B A, 8 LN AG i o

*®1 O IIDFR By S EBRAR

Table 1 Composition of amino acid in IIDFR

2% HE B fER BE B
Amino acid Number Frequencies/ % Amino acid Number Frequencies/ %

Ala (A 27 7.6 Lys (K 24 6.7
Arg (B 18 5.0 Met (MD 13 3.6
Asn (ND 8 2.2 Phe () 14 3.9
Asp (D) 22 6.2 Pro (P 16 4.5
Cys (O 7 2.0 Ser (S) 22 6.2
Gln (@ 6 1.7 Thr (T 21 5.9
Glu (B 29 8.1 Trp (W) 6 1.7
Gly (& 22 6.2 Tyr (YD 8 2.2
His (H) 11 3.1 Val (V) 32 9.0
Tle (D 25 7.0 Pyl (O) 0 0
Leu (1) 26 7.3 Sec (WD 0 0

2.6 D@ IDFR ZH=HKE/HTmRN

SR SWISS-MODEL %44 %} B 7 DFR 8t
FIG =45 RI (& 5) PP & DFR £ i
HEBER B-HT B M B, X 5 G S5 M TR 2 A
—3.

3 it E4it

R ARYE D 18 AL S A W e 8, AL
PCR H AR5 T D IIDFR B H 4K x5 Hk
T T H=WfE B2 IE A #r. D [IDFR R H 4
K 1427 bp,CDS X4+ 1 074 bp, sk 357 4
538 (GenBank B 3728 KY907171), H4E
WERTERERKT LS5 ZMEY K DFR HH
BARSHNEY, £ F Rk E5RER
i~ E R DFR 24 XREE. Bl 5# IDFR
EN THME, /B TRMEEKAEFESRIAR
EXREHT.

DFR J&F NADPH 4 i ¥ 45 4% 16 JR B K
2 DFR W&  FEA R WY b op A 7E AR
{&5F #) NADPH %545 38, K¥ 5K  VIGASG-
FVGSWLVMRLLEHGY , % X I8 d 2 i ¥y i 45
SHD, RFEIEYN DFR 7EEH BAEY A B
%f DHM.DHK #1 DHQ 3 MEMNEHEA ER
P, 40k P 3§ B9 DFR fig X DHM, DHK #1 DHQ
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B 5 DS IDFR EEM=KEHMTN
Fig. 5 Protein 3D structure prediction of IIDFR

RIEY, Wik % 4 DFR N 3 28 4L DHM, ifi %t
DHK %A 5 ALVER BT B 22 4 ik = 18 (8 ) R 24
AR, HA, REYF R DFR 3:E 7R H 4
KBTI R IR A 8 Bt R ], e i 42 4 v
/Yy B T 3 B DFR # [N (DFRA. DFRB
DFRC) {82 R DFRA BHAEL P FRIK,
FERERFNZE s A R R s A 22 1
A~ DFR B H #F58 % B, DFR BIGE 54 822 46
B AL E YA . T 1IDFR i & 38R
F [t FVRE A7 ZE AR B AR XA SF B9 NADPH 45435
‘VTGASGYVGSWLVMKLLRDGY’, H 4 4~
FERRRECFRILFRE 5K a 57,
L A IR A R 5, 2 H AL ST (L. lactea) WY
TR XS EBNERES SRR A
Aok, A it — 2 BT RS M RUR W Rk
K5E.
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JT TSR B BT AR B E T A
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Cloning and Bioinformatic Analysis of DFR Gene From Iris lactea
Pall. var. chinensis (Fisch. ) Koidz

HU Juan™?, AN Shaoya®?,LIN Zhe"? ,ZHANG Hong"? ,BAO Han"? ,CHEN Ren®*
(1. Key Lab of Ministry of Education for Protection and Utilization of Special Biological Resources in Western China,
Ningxia University, Yinchuan, Ningxia 750021 ;2. School of Life Science, Ningxia University, Yinchuan, Ningxia 750021)

Abstract: I7is lactea Pall. var. chinensis (Fisch. ) Koidz petals were used as material for transcriptome
sequencing. According to the annotation data,a key gene encodes dihydvroflavonol-4-reductase (DFR)
in its anthocyanin biosynthesis was cloned by using PCR amplification and was charactered using
bioinformatic analysis. The full-length of DFR gene of I. lactea var. chinensis consisted of 1 427 bp
encoding a protein with 357 amino acid residues (designated as IIDFR, accession No. KY907171).
Based on the comparison of the deduced amino acid sequence, IIDFR shared high identity with other
plant DFRs, and had high homology with congeneric Iris hollandica DFR. IIDFR had a predicted
molecular mass of 39.99 kDa and an isoelectric point of 5. 89. It mainly composed of a-helixes and
B-sheets,and was considered as an acidic, hydrophilic,no signal peptide and labile protein that located
in the cytoplasm, IIDFR had a ¢ VIGASGYVGSWLVMKLLRDGY’ amino acid sequence that was
similar to the NADPH binding domain which was a typical conserved sequence in most of other plant
DFRs, but differenced in 4 amino acid residues.

Keywords: Iris lactea Pall. var. chinensis; transcriptome sequencing; anthocyanin biosynthesis;

dihydvroflavonol-4-reductase; bioinformatic analysis



