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Abstract: Pineapple (Ananas comosus) ranks as the world’s third most important tropical fruit and is a significant eco-
nomic crop in China’s tropical regions. To investigate the role of the dihydroflavonol 4-reductase (DFR) gene family in
anthocyanin accumulation in pineapple and provide a theoretical foundation for germplasm improvement, this study
identified and preliminary functionally analyzed members of the pineapple DFR gene family. A total of 17 dihydrofla-
vonol 4-reductase genes were identified in the whole genome of pineapple, which were named AcDFR1 to AcDFR17 and
distributed unevenly on 10 chromosomes. ACDFRs encoded proteins ranging from 313 to 378 amino acids (aa) in length,
with molecular weights between 34.73 and 47.74 kDa and isoelectric points (pl) from 5.10 to 8.9. The secondary struc-
ture of AcDFR proteins primarily consisted of a-helices and B-sheets, with a-helix content ranging from 38.73% to
43.07% and B-sheet content from 13.24% to 15.64%. Phylogenetic analysis revealed that the 17 AcDFRs formed four
subfamilies. The motif arrangement and number of exons were similar among AcDFRs. The AcDFR genes promoter
regions contained multiple cis-acting elements responsive to light, hormones, abiotic stress, growth and development.
Real-time quantitative PCR analysis revealed significant expression variations of ACDFRS genes across different pine-
apple tissues (roots, stems, leaves, flowers, pulp, peel), though most genes exhibited high expression in both pulp and
peel. Cloning and identification of ACDFRS revealed sequences largely consistent with predicted sequences. Subcellular
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localization studies of the AcDFR1 in tobacco leaves via transient expression indicated localization to the cytoplasm and

cell membrane. The findings would provide theoretical references for further investigation into the functions of the di-
hydroflavonol-4-reductase gene family in pineapple and for pineapple quality improvement.
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Tab. 1 Primer sequences

5|94 FX Primer name

519175 (5'-3") Primer sequence (5'-3")

AcDFRI1F
AcDFRIR
AcDFR3F

CATATGCCCGTCGACACTAGTATGGGAGCAGCGGAGGAG
GCTCACCATGGATCCGGTACCTTCCGTAACTATCGGTTTCACGC
CATATGCCCGTCGACACTAGTATGACCATCGAAGACATTACTGCG

AcDFR3R
AcDFR6F
AcDFR6R
AcDFR7F
AcDFR7R
AcDFRI12F
AcDFR12R
AcDFR16F
AcDFRI16R

GCTCACCATGGATCCGGTACCGTTCTGCGAAGGAATGACCG
CATATGCCCGTCGACACTAGTATGGCGGAATATTGCGTGAC
GCTCACCATGGATCCGGTACCCAAAAGCCCTTTGTCTTGGAAG
CATATGCCCGTCGACACTAGTATGAGCGGAGTGGGGAAGTT
GCCCTTGCTCACCATGGATCCAAAGCTTACGAATCCCTTCTCTTTC
CATATGCCCGTCGACACTAGTATGGCGGCGGCGGCGGCG
GCTCACCATGGATCCGGTACCTTCCAGAAGACCTGCAGCTTTAT
CATATGCCCGTCGACACTAGTATGTCGATGCAGGGCAGCA
GCTCACCATGGATCCGGTACCTTTAAGGTAACCTTTGCTCTTCAAAC
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pCAMBIA1300 75 AR I O X R, 59 )5
WEOGIRAE 48 h J5filf 1R 4 W358 ( LEICA/TCS
SP8) WA MAES .
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21 AcDFR EEAFRKHEERERERSH
AR5 SR T . JHHE DFR 2 H 5T 41
Lxt, 256 EASWESr, fEE 2R A T
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WA AE 10 Zcye etk B (& 1), Hih 2 540110
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AcDFR25/6 ), 14 ‘S J¢fafk 4 3 4~ AcDFR [
( AcDFR9~11), 19 Z 4L fk I 4 /4~ AcDFR %&[H
( AcDFR12~15 ), AcDFR & [ 3 Ak 5 43 Hr 455 1
(% 2) Wx, AcDFRs #ifilh (1) & 5 K 7
313~378 Z[al, 4 F i 7E 34.73~47.74 kDa Z [f],
EHLSTE 5.10~8.9 Z A, AcDFR & H BT — 4
SR T EALT o- BRI B-IT B, a-IREAY S TR
38.73%~43.07% [0, B-HT&HE 13.24%~15.64%
Z I,

-0 Mb

3 Mb -AcDFR3

12 Mb -AcDFR6
|15 Mb -AcDFR4

18 Mb ——AcDFR2

21 Mb

-AcDFRI
24 Mb
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AT f#% AcDFRs WAL G R RIETEDIRE, 1%
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RGREW ., ZERER, AcDFRs 0a]43 R 1. 1T,
M. IV 44/, WL 2 4 AcDFRs,
KBNS 5 ) AcDFRs, WHMAF 2 4
AcDFRs, 258 IV AL 7 8 1~ AcDFRs( 4] 2 ). AcDFRs
AR SF I P R Z5 R AT 45 3% (R 3)
/N, AcDFRs TR 2D EA 7 MASFETT ( Motifl
Motif2 .Motif6 .Motif7 .Motif3 .Motif10 F1 Motif4 ),
H o Motifl ( VCVTGASGFIASWLVKLLL-
QRGYTVHGTVRBPSDESKTAHL ) /& NADPH %%
G s . AcDFRs &R 41 g FE i 7E 5~7 Z 1],
Hrp, SAEKEESR 5 MIMNET, 10 M EHES 6
MR F, 2 AEREA T AN T
2.3 AcDFRs #1447

YIrh IR PELE R (R 4A) Bon, 3 X3
HAEMEMEXR, 855EATFI ISR,
AcDFR3 5 AcDFR9. AcDFR8 5 AcDFR16 %H
—37, HARSPIEPRISERZ5FAH L, 28] AcDFR
JE A Ak B P AT BB AE AE B
AcDFR2 5 AcDFRI14 X RZ L, v fefe it fbid 2
W G ARSI B g Y 43
b o ik — 2 HR Y AcDFR B 516 i G i ik 06
RIS FEHINRE, ¥ AcDFR JE[H 5KA5. MHAL
DFR 5t K — e it gt A ) e 2t OC R 1K (& 4B ),
5 WK, AcDFRs 5 Z (A H A7 5 %5 I AE7E
MR, SKREZ A 15 X3k B A L4
KR, RS SKRENESCREI,

AcDFRIS
ACDFR7 AcDFRI1 -4cDFRIS
AcDFRS AcDFRI0 4DFRI3 AcDFRI6 AcDFRI7
AcDFR5 AcDFRI2
6 Mb
9 Mb

Bl 1 AcDFRs Bk E A

Fig. 1 Chromosome location of ACDFR genes
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Tab. 2 Basic information and secondary structure of AcDFR proteins

S 4 7 WG IR HT R il a- B2 Bt
Gene name Gene ID Amino acid Molecular weight/kDa pl Alpha helix/% Beta sheet/%
AcDFR1 LOC109706489 358 39.64 5.10 39.39 13.41
AcDFR2 LOC109703922 326 36.58 6.71 40.18 15.64
AcDFR3 LOC109706538 341 37.13 6.71 39.00 14.96
AcDFR4 LOC109713612 313 34.73 5.57 38.73 14.79
AcDFRS5 LOC109716157 346 38.16 5.84 40.14 13.29
AcDFR6 LOC109716805 320 35.65 6.11 42.19 15.00
AcDFR7 LOC109718406 325 35.90 6.03 40.00 16.62
AcDFRS LOC109719617 327 35.66 6.10 39.45 14.98
AcDFR9 LOC109719871 337 36.81 7.99 39.17 14.84
AcDFR10 LOC109720164 378 41.68 6.27 41.01 14.29
AcDFRI11 LOC109720167 336 36.23 5.50 42.26 13.39
AcDFRI12 LOC109724550 332 36.27 6.95 41.95 13.98
AcDFR13 LOC109724551 329 35.99 5.42 43.07 14.16
AcDFR14 LOC109724552 327 36.18 5.85 40.81 14.33
AcDFRI15 LOC109725209 321 35.06 5.76 41.28 14.07
AcDFRI16 LOC109727758 326 36.01 5.50 40.49 14.11
AcDFR17 LOC109728810 340 37.81 8.92 41.76 13.24
2.4 AcDFRs £ E S5 FIRZ1E A T4 47 .
% ACDFRs L= 2000 bp i - K Stk 47 537 SR N
S B, ACDFRS Ji3 81 - X S I 26 A FITE D 52500 TSN
SRR BRI | LRI K % 77 e
4% (IS ), BORIRZ M RIMRTELE , 36 20 F T
2354, Kb ACDFRs #5441 Box 4 5% G-Box g
ot HUOE5MEAR MO, BFAERKR. pDFRIS
Wi IR (ABA), %R (GA), KK (SA)
RIZEFIHR I ES ( MEJA ), HirF 14 4~ AcDFRs 647
A 54 DR N o ( ABRE); i m oo omy, |
UL 87 SN & ) VAN BRI T o,
{HASE R, 236 17 4 AcDFRs #5 & 47 R4 1% o,
SICHF (ARE ); Bl (0 R A K % 2 Fo /T T ™
RiTEPE. I ACDFRS SIREAIAT (T AESZ LI 1y CEEER Y.
AR -

MR, IF LA REE o 22 i R HE A Y e
FEAE R R, [ T BE XA B A K R B R A A
2.5 AcDFRs EREHLREIRIESHT

i 33 96 6 2 B PCR X} AcDFRs 784 4 i 2 4
BRATRIALZUERA: (AR, 25, mh . fE, SR )
Rk BT AT 455, AcDFRs 7EAN[A]
VAR SIS o =3 NNt . PSR e A R ES
Je A A B R i ik B, AcDFR9 il AcDFR10 43
W R AEAE IR A B i 1k B, AcDFR17 725
Bk, JEAER . RRAMEEH LT

E 2 AcDFRs Z& %t it {41
Fig. 2 Intra species evolutionary tree

AFik, AcDFR1. AcDFR3, AcDFR7. AcDFR11
F1 AcDFR16 7£ 4 PRI 1Y) 2 1K f ) = , AcDFR4
AcDFR6 ., AcDFR8 . AcDFR12 ,AcDFR13 . AcDFR14
1l ACDFR15 75 B v (1 ik ey (816 )
2.6 AcDFRs HERE sEEfEH ki

4l qPCR 4 SR Pk ¥ o3 76 2R P FAR iz v
F#IA Y ACDFR LA, DI&Hl 3 5 RNA U #%
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Fig. 3 Motif distribution and gene structure distribution map of AcDFRs
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JIEHH AcDFR1 & F7EARAE B e 7, DAZS 34
YRRt BR K H 2 ) SRR AR RN 40 LI Marker
S TLBINR A 5 0 FHTE SRR YA [ R it - 2847
Wi kb, 45 R, AcDFRI-GFP @it &
RN GFP 28 2 X576 40 AR | 24 B S5 R 240 Jf A% v ool
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3 g
T N T S

K, FREPEE 377 X i T AR AR S — g
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WA LR 2 RAECK, AW RRFE, (A H
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PEATEE . 76 T2T 2 M4 (GP) H%EF| 18 4~
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JEANTR] b o 8 3 PR 4 2 [A) A9 22 5 BAS ) 1 R
J5 ¥k 22 B8] (R 22 5+, DFR JE R B & 784 2 W) b ol
YeE ok, EARRIWYF DFR F% 0 0
ZRB, MEAPY SRR R R
FIAR AU DFR 32 PR 515 A 5% R0 23 31k 57
96, 26 Fl 12 4>, XF % DFR B 5065 m 1 # 4 7
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A: Collinearity analysis of AcCDFR family genes; B: Inter species collinearity analysis of DFR genes in O. sativa,

Arabidopsis thaliana and A. comosus.

4 AcDFRs #Z14#
Fig. 4 Collinearity analysis of ACDFR genes
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Fig. 8 Subcellular localization of AcDFR1
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