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DFR protein in Puni-

Abstract: [ Objective ] Punica granatum has been cultivated for more than 2 000 years in our country. The
color and luster have great influence on fruit quality, and the appearance of color is closely related to flavo-
noid metabolism. Anthocyanin is an important flavonoid compound. In the pathway of anthocyanin synthe-
sis, two hydrogen brass 4— reductase (DFR) plays an important role in the regulation of anthocyanin syn-
thesis. The biological analysis of DFR protein was conducted to understand the biological information of
pomegranate DFR protein and the relationship between pomegranate DFR protein and other species DFR
protein. [Methods]In this paper, we analyzed pomegranate DFR protein (PgDFR) and 19 related species
by bioinformatics methods, and elaborate FeDFR, AtDFR and PgDFR’ s amino acid composition, protein
physical and chemical properties, two stage structure, three stage structure, domain and motif. [ Results ]
DFR phylogenetic tree shows that FeDFR is closely related to PgDFR in 20 species, and AtDFR is far
from PgDFR; in the two stage structure, PgDFR, FeDFR and AtDFR are from random coil, but there are
some differences in the proportion of AtDFR, the proportion reached 56%, the proportion of PgDFR and

FeDFR are relatively close, about 48% ; no significant difference between the three level structure of
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PgDFR, FeDFR and AtDFR protein; PgDFR, FeDFR and AtDFR protein domain showed that its contain
PLN02896 superfamily, but AtDFR is also the PLN02650 domain containing PgDFR and FeDFR had no

motif element in the analysis; 20 species of DFR protein in motif, the number and location of pomegranate

DFR protein and most species are similar, that is close genetic relationship, and the motif number and loca-

tion of DFR protein in Arabidopsis and other species differences that distantly related. [Conclusion]These

results show that the PgDFR protein is highly conserved with its close relative FeDFR protein, while the

AtDFR protein, which is far from its phylogenetic relationship, may have different functions. Therefore, the

results of this study explains the evolution and function of conservative pomegranate DFR protein, for fur-

ther understanding the biological function of pomegranate DFR protein and its regulation on basic work

lay on anthocyanins for other plants, coloring mechanism research to provide certain reference

Key words: Pomegranate; Coloration; PgDFR protein; Bioinformatics analysis

{1184 (Punica granatum L.) J& T AR,
R AR TR TR EHEA , 2 R B AT & K
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IS R A A DI AR G, Kb e B 2Tz
FEAE TR AEY) ) — 2R B Y 5, JEAH
1 R B AP BEER, fEATRAET R 5L
HEEAE A ML — 2R, B SR ) AL 45
P, e 4RIk RIRAEE A 20 %, AT E
B 6, 43l R ZE AR (pelargonidin) (k4244
4 &K (cyaniding) | /6 4 & (delphinidin) \AJ 25 4 R
(peonidin) AR (petunidin) F1 HAZE A &K (malvi-
din) 559, FEEA G AN K Z A Gb B 85
FERM A EAE R 2 R i B T A (A1 5 il
FYAPSER, AR Y A H 32 3 DFR 48 2 K 1Y
JH45 . DFR 2L EH A W6 nlas i b iy S, &
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TR R CREFER G 3F A )5
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e T F 5 1 AP, oA 4 s e Z R,
AR IR A N R 2 1) — FE G /R R SR
AW R SR DR A D 80T A B B RE KR, R
B R R S AR IO Y SR A S RS A 2
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HONT T AR DFR 25 1R 20 M) vh R Ge kAL, OF
O T A R GRS SR A B SRS D
7t DFR £ F A 2 LR AL AR PR T — ity =
PS5 S5 H R motif TTAF, 23 BT H D BE 1 PR~ 1
Sitte, it—EUGRA 1 DFR 8 H A Ao T hg
B AR AR B B A I BEE TAE LR
1 ARSI
1.1 DFRERRGHUMAIME

i ik NCBI U3 6 [ili 47 1 GenBank % 5% 5
KC430327, 345 411 DFR 2 1 Y 2 5. 7 51, JF il
i Blastp Ki %R A1 1 DFR 25 H -5 H A9 Fh DFR & H
1 [RIIEE | SR 5 BE U R )l i ik MEGA-5.1 %K
AR S AR R R GETEE
1.2 DFRERBUMERAISHT

H ExPaSy #2 fit f) 78 28 Prorparam %X 4 (http://
web.expasy.org/tools/protparam.html ) #1772 FE g &8 H
545y AR A B KM A ST
1.3 DFREBZREMS

38 1 7F 26 2042 7 PrdictProtein (https://www.pre-
dictprotein.org/home ) T 43 Mt a— 2 TiE . B—F1 B FlI T
e 8
1.4 DFREB=REMHH

F FHTEL B Expasy $2fi ) SWISS-MODEL
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1.6  Motif 5347

F| H 75 £ MEME B %5 (http://meme.nber.net/
meme/ ) {411 S 1740 DFR S A YR FER 7512k
TR 0T . BOESRR R G RE AR 50, fie/N9E S
{60 6 B/ NT 2041 HAR SR I E Y N B

2 HiRE0r

2.1 DFRZERZRZHUMAINIE

o TR DFR A -5 HAB Y Fb e [m] 5 4R
RS R, DL A DFR 2 H BYFRIE , AR AF5E
P T A BRI A 19 W) ) DFR 48 1 #E A
(1) o IWRGEFALR bl LU Y, 2k A 704
WK AH , oA 4R I (Arabidopsis thaliana ) B A —
M H N9 55— 4L AR A I3, A

WDFRE 534 (Fagopyrum esculentum) 15 F=3
(F. agopyrum tataricum VL4337, 42 T BRI AT
(Mangifera indica) Tt # (Citrus sinensis) . F. % (Eu-
calyptus grandis) FRAE (Gossypium hirsutum) FEP 111
#5 (Populus tremuloides) . = fiW4% (Populus trichocar-
pa) [ 25 (Vitis rotundifolia) V9 E5L (Pyrus com-
munis) | LA (Crataegus monogyna) 3% (Malus do-
mestica) TP AL (Pyrus pyrifolia) EHPERE (Prunus avi-
um) KWk (Juglans regia) 4t F+ (Paeonia suffrutico-
sa) 5% (Rhododendron simsii) . ¢ K JK (Carica pa-
paya) 5 16 NIRRT — 733 o AR AT
I, A1 DFR 3 5 5 BRI R IR 2R 5 OC R
1T, M5 IT ARG RRBOE . FET I, BRI
118 DFR 8 FURG R R B Y5742 (FeDFR) RS

TR Mangifera indica ATY25001.1

i1 Citrus sinensis NP 001275860.1
5% Eucalyptus grandis XP010060970.1
HRAE Gossypium hirsutum XP016687588.1

SEM1LA% Populus tremuloides AAN63056.1
—SfiA% Populus trichocarpa XP 002300759.1

[FI- 4% Vitis rotundifolia AGJ70142.1
HF} Paeonia suffruticosa AENT1545.1
#1858 Rhododendron simsii CAC88859.1

FHEEE Prunus avium AJO67968.1
WAL Pyrus pyrifolia AFF60412.1
SR Malus domestica AAO39816.1

PEHEZL Pyrus communis AAO39818.1
11## Crataegus monogyna AAX16491.1
— Bk Juglans regia XP018821154.1
AR Carica papaya XP021905864.1

fiM Punica granatum AET74075.2
I%%i Fagopyrum tataricum ACZ48697.1
S Fagopyrum esculentum ACZA48698.1

0.2

E e Arabidopsis thaliana NP 199094.1

E1 AE5HEZYH DFR E8HRSHUH

Fig. 1 Phylogenetic tree of pomegranate and its related species

X REGEAIIEE I (AtDFR) 5 A 18 DFR & [ #E1 74
03 T e 7 e o b 151 s R A iy R R PSS &
FEIE
2.2 BEBEMHERTRN S

PeDFR 5 H 1950 F 20N CiosHaosouNaeOussSis, 73 F
Jo B RS 209; 1% K M5 A X 4 T S A 37
204.71, BRE S5 55 (pl) o4 6.29 , 45 G L faf f16) 5 3
B (Asp + Glu) 2l 434>, 415 1E L foy 19 5% 36 B 80 (Arg+
Lys) & 39 4~ . FeDFR #& 1 M 4> 7+ =X K
CirsHassNassOs108, 43 F BT 8 5 3785 1% 2K 1 B A AH

X4 e R 38 553.25, FHIS A L A5 (p) 4 5.60, 4F
71 H A7 14 5% L BB (Asp+Glu) Sy 47 A, 4 1F B faf 1Y
FREL AL (Arg+Lys) M 394>, AtDFR &R 143+
9 CroorHaoseNao:Os7622, 73 F BT 5 K 5 9865 1% [ BT 1)
AHRF 23T 42 774.96, BRISZEHL 15, (pl) 2k 5.43,
M A7 EEL AT B R R B (Asp+Glu) iy 504, 4 TF HL A
B 5% 3L BB (Arg+Lys) B 414~ (5% 1), HiF AtDFR
EHMARRAN B L, 3821, PeDFREH M A
LR/ R 32741, FeDFR 26 1 B LR 505
43414, 5 AtDFR 2R 1 A9 2 35 R 80223 ; AtDFR 1)
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%1 PgDFR.FeDFR #1 AtDFR 2L 14 R L3
Table 1 PgDFR, FeDFR and AtDFR comparison of physical and chemical properties

T H A1 DFR & 3i7 DFR & PIRIST DFR % 1
Ttem PgDFR FeDFR AtDFR

FHEEFREL Amino acid number 327 341 382

Z5HL A5 Isoelectric point 6.29 5.60 543
FHXF 1 Jfi i Relative molecular mass 37204.71 38 553.35 42 774.96

1 HL 5% HE AU Residual base of negative charge 43 47 50

1E AL faf 5% 35X Positive residual base number 39 39 41

4313 Molecular formula Ci667H2 504N a6 OsaSis Ci723H: 675N 4450512553 Ci907H2 056N u49205705:
43 FJF i molecular mass 5209 5378 5986
AFasE B HL Unstable parameter 38.84s 35.59s 36.85s

SEBLKYE Hydrophilic hydrophobicity

-0.327(3%7K Hydrophobicity)

—0.242(5£7K Hydrophobicity) —0.225(3#£7K Hydrophobicity)

s FRfREEN

o ABURVEIECASURYESE T AR T

Note: s indicates stable protein. Positive value of hydropathy indicates hydrophobic protein, negative value of hydropathy indicates hydrophilic protein.

53 Jo3 2 AR XS 3 F B it 5 T PeDFR I FeDFR (1)
*axﬁﬁ%)ﬁgﬂlﬁ%ﬁg ; PeDFR 1 FeDFR Y4 1E
H ] £5HH [R] , MG T AtDFR B35 IE HL faf 505 PgDFR AN
FeDFR 7 7 FL faf 015 T AtDFR B9HF G0 far 55, PRt
A9 445t PeDFR 5 FeDFR fSE 4 2 R0, 5
AtDFR RS G R

PeDFR 2 [ FH 327 4> .20 P SRR 2 Ak, Horp
S5 R (Leuw) JIr 7 FU 9l B 157, 35 8.30% 5 1~ E 24 R

(Cys) MM (Trp) JF A7 14 HL A B 1% L 4% 7 1.80%
FeDFR & 31 341 4> 20 Fha LR AL, Horbiii
iR (Val) FIr o5 U B i, 35 8.50% 5 1 4 & BEAE (Gln)
FHE R (Trp ) T A7 19 He Bl A%, 45 1 1.50% 5 AtDFR
3R 382 A 20 Pl R R 4H A, b s AR
(Leu) BT o5 b5l d5e 15 , 35 7.90% 5 1717 €2, 282 (Trp) BT
Y LA, A 1.30% (£ 2) o

N FH ProScale 71 2k X 1, X} PgDFR | FeDFR

% 2 PgDFR.FeDFR #1 AtDFR SEEZH AL L3R
Table 2 PgDFR, FeDFR and AtDFR amino acid composition comparison

AR IR ANE Number [t 4] Ratio/%

Name Abbreviation PgDFR FeDFR AtDFR PgDFR FeDFR AtDFR
HNER Ala A 17 19 23 5.20 5.60 6.00
AR Arg R 15 12 12 4.60 3.50 3.10
RAWENE Asn N 14 15 16 4.30 4.40 4.20
REHMR Asp D 17 19 22 5.20 5.60 5.80
PR Cys C 6 9 8 1.80 2.60 2.10
BHEMN GIn Q 8 5 10 2.40 1.50 2.60
B Glu E 26 28 28 8.00 8.20 7.30
T Cly G 19 21 24 5.80 6.20 6.30
ZH %R His H 11 3 7 3.40 2.30 1.80
FREAR e I 17 16 24 5.20 4.70 6.30
SRR Leu L 27 25 30 8.30 7.30 7.90
HH IR Lys K 24 27 29 7.30 7.90 7.60
PELEER Met M 12 14 14 3.70 4.10 3.70
KINER Phe  F 18 18 19 5.50 5.30 5.00
%R Pro P 18 15 16 5.50 4.40 4.20
225K Ser S 23 23 29 7.00 6.70 7.60
IR Thr T 18 21 29 5.50 6.20 7.60
{65 B2 Trp W 6 5 5 1.80 1.50 1.30
IR Tyr Y 7 12 12 2.10 3.50 3.10
HE IR Val \% 24 29 25 7.30 8.50 6.50

ADFR 2 H B AR P ( 2) o 255 @R, PeDFR
3R K M i R AE R —3.35, B 7K M Y o R (B
2.50, HoR/K PR IR g 2 T K M2 50 , R I
B 1 M5B K R R IR ; FeDFR 25 B9 B 7K PR 5 KA

R 2.50, FAKME R RAE R -2.24,, HFi KM & Jk e 2
TFH KR IR , B A% 8 R 55K M8 AIDFR
B K W i R AE O 2,50, 5E K M i KA
g -2.41, HAEKPEE IR 2 F Bk & LR , B L
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HH SEF R REE 2 3T B R GSR Y )y
Tﬁ/ﬁEB’JH *ﬁz%ﬁa 120E - & B-F
FARITCHEINI G . PgDFR 25 1 1Y 2546 T =2 1

e e e

a—M2iE (5 35.17% , B-1T72 i 12.84% , TS 5
51.99% ; FeDFR & [ 1) 2025 A T 3¢ BH oo— 55
39.30% , B-17 2 15 13.78% , T LI E: 5 46.92%
AtDFR 85 11 0 Z5 R Tt 2% I - B E 1 28.80% ,
BT 7 14.66% , TN 56.54% (|81 3,35 3) .
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i EEEEE HHHH-HHRHHHAH  EEEEE HHH EEEFEE  jeesmesds  EEEEEE EEEE  HeHbHHEHH
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PVORPVHDE T SHSDLDFVWATEHTGRMYFVSKTMAERAMWKF AEENNLDF ISIIPTLVWG  PFLMPSFPRSLITALSPTTRMEARYGT IROGOFVHLDDLOMSKIFLYEHPEARGRYTCSS
+
EEHHHHHHHHAHHHHEH EEEE HHHHHHHH EEEHHHHHHHIH EEEEE
FEDFR*J‘ ........ s | P [ O s L 160 0apanes 3 b PR 18 e [ Ei e Lo, | B i - o i

MASRANAS BLVFTSSAGTVNVEEKQKFVYDET CHSOVDF CREVICHT GHMY FVSKTLAEQAARKFAEEN M'!}FISIIF‘TLWEPFL\PSFPPSLITALSPITRTE&PN’TIIKQEQ\"IHLEELU&HIYL

EEEEEE HHHEE HHH HHHHHHHHHHHHHHEH
e M e o R

T i S R SR e e
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HOEMITGIAKLLREKYPEYDIPTKFEGVOENT EXVSFSSEKLRDLGFEFKHNLEDMFVGA  VECCREKGLLPLSHEKKOKEQNMNGEN
st st kit i
F DFRP PP PR PPy FEPP TR . + T - I T e
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4 HiE EEEE HHHHHHHHRH i
......... b P
AtDFR TETGI TGERTOAPMLAQOMCA
HHEE

H. o-18iE; E. B4

R 00 HHE

s L. TR B i

H. a-helix; E. B—fold; L. Irregular curl.
B3 PgDFR. FeDFR. AtDFR —ZRZEHILLER
Fig. 3 PgDFR, FeDFR, AtDFR two structure comparison diagram

% 3 PgDFR.FeDFR.AtDFR RIS
Table 3 PgDFR, FeDFR, AtDFR two stage structure

component
43 Component PgDFR  FeDFR  AtDFR
a-125E Alpha helix 35.17%  39.30%  28.80%
B-#77& Beta folding 12.84%  13.78%  14.66%
TCHLN T Random crimp 51.99%  46.92%  56.54%

XiF FLAMAT AT AL, = AR v =48 T Y E )
B R HEIT , PeDFR f% K, AIDFR # 5 , FeDFR Ji& 7 5
AR TE TCHL I 25 iy v PgDFR B i 14 L 1 o
PgDFR 25 1 Fl FeDFR £ 1 7E o~ 2 5E H T 5 119 HL 441
B, ADFR T (5 1 L 491 e A0, DA TG [R] 422 15 B
PgDFR # F1 5 FeDFR &5 FI SR 4 K R, 5 AtD-



62 E )

¥

344

FREE MR RIE
24 =ZREEMTIN S

BT = EE R T8 22 IR BEAE — RS ol
TREER L B SRR S b 2 s &,

WREE R PR I 2 2 [ 78 T L R s 28 (RN 254 . 2R
BT = G254 A R T X6 25 11 2 e R AL F
5%o El4-A 4-B.4-C4 54 PeDFR .FeDFR ,AtDFR
M =Fa5E . NE A IR, =4 E A =R

E 4 PgDFR. FeDFR. AtDFR HI=RZHE
Fig.4 PgDFR, FeDFR, AtDFR three stage structure diagram

SRS
2.5 SEME NS

KLy do R R B 1R = G A P Ak ST A B B
IC, S AWK G B R S S5 R R ST DI RE A X
B, K54 PgDFR.FeDFR , AtDFR %5 #4 B 9 LL 452
45 B, PeDFR . FeDFR , AtDFR #1545 PLN02896
HZEEE A, H PgDFR # [ PLN02896 #8 5 Ji%
I BB, A 1~315 R JEIR , 1T AtDFR 2 1)

PgDFR & if)/741 Query seq*

PLN02896 8 5% & I B e 1<, o 1~350 4~ 0k
%, FeDFR 111 PLN @ Z R A K EE T, 8
1~325 N ZE 1R, AT 3R WA A 4 DFR B 1 5 9742
LG ORFRBGE M 5L I B0 ; 1A AtDFR 25 H
H iR A PgDFR il FeDFR AN B A () PLN02650 45 4
;X i — U, AtDFR 25 5 PgDFR FeDFR 2
PRSP, 15 3 BT B m W R [l
W] PgDFR 5 FeDFR £ IR 4 X R, 5 AtDFR

54 17

L 5 [ 5 i I

B Superfamilies |

PLMOZ896 _superfamily ]

FeDFR  ZLiflJ ¥4 Query seq*

L L1 10 150 ) 281 £ 41

HBF I Superfamilies |

PLNOZB36 superfamily |

AtDFR #1751 Queryseq®

i 5t m 1= 200 251 E1T] a5e

PP SLUCRLIX Specifie His | PmNezeso ]

=2

HBFK K Superfamilies

FLNOZESE superfamily

E 5 PgDFR. FeDFR. AtDFR Z#iaILLEL
Fig. 5 PgDFR, FeDFR, AtDFR structural domain compretive

EARLUP S SEX e
2.6  Motif JT 4T 44

Motif 2 & [ 5t 43 F H HL A7 e 25 (R 2 R
FE DI Re S5 LA, AT RRBR T RE A R 54 .
i 127 MEME 7F £& motif il 45 5 an 18] 6, 3% 4 frw
DFR 4 [ motif & 246 R 11~15 4> IEH AT LA
PR BRI R IF (20 %) 4h, Hofh 19 M (484
) 1) motif B & FIZEARYFLASAA [A] , 117 $U RE FF 1) motif

Bt 2 TR 19 MRk, B motif (9HEF LA 1R K22
SO DAL PEVERL g LA AT
KRR motif B AR R, H. motif BHEAHE AL, 4%
KRBT s AU S SR T AR ARSI motif 41
A LA, ELAT SRR SR 3 A motif HE
HI A ERAAR] 5 L2 FHARBE AR AL Y motif 20
124>, H motif {7 1A, VLA Bk Sk T
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Fig. 6 Motif of 20 kinds of DFR protein
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Table 4 Distribution of 20 kind of DFR protein
LY Species motif TG motif element
£184 Punica granatum 12 2 7 11 6 3 1 5 9 13 10 2 13
F % Eucalyptus grandis 12 2 7 2 6 3 1 5 9 13 10 2
FHE Mangifera indica 12 2 7 11 6 1 5 9 13 10 2
HOEL Pyrus pyrifolia 12 2 7 2 6 8 1 5 9 13 10 2 4
WFEAE F agopyrum tataricum 12 2 7 11 6 8 1 5 9 13 10 14
7874 Vitis rotundifolia 12 2 7 11 6 8 1 5 9 13 10 11
PR Pyru scommunis 12 2 7 2 6 8 1 5 9 13 10 2 4
LHE Crataegus monogyna 12 2 7 2 6 8 1 5 9 13 10 2 4
S Malus domestica 12 2 7 2 6 8 1 5 9 13 10
B Prunus avium 12 2 7 2 6 8 1 5 9 13 10 2
LWL Populus tremuloides 12 2 7 11 6 8 15 1 5 9 13 10 2
Fidz Fagopyrum esculentum 12 2 7 11 6 8 1 5 9 13 10 14
=14 Populus trichocarpa 12 2 7 11 6 8 15 1 5 9 13 10 2
AL Gossypium hirsutum 12 2 7 2 6 2 1 5 9 13 10 2
¥k Juglans regia 12 2 7 11 6 8 1 5 9 13 10 2 9
HHA% Citrus sinensis 12 2 7 11 6 1 5 9 13 10 2
AR Carica papaya 12 2 7 2 6 8 1 5 9 13 10
HFF Paconia suffruticosa 12 2 7 2 6 2 1 5 9 13 10 2
K1Y Rhododendron simsii 12 2 7 2 6 1 5 9 13 10 2
PARGIT Arabidopsis thaliana 13 12 2 7 2 6 1 5 9 13 10 11 5 9 5
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