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Abstract
means of bioinformatics, their physical and chemical properties, structural characteristics and phylogenetic relationships were predicted. The

(College of Biology and Agricultural Science&Technology, Zunyi Normal University,
The DFR gene sequences and corresponding amino acid sequences registered on GenBank in Cruciferae plants were analyzed by

results showed that most of DFR proteins in Cruciferae plants had six exons with molecular weight ranging from 36 481. 89 Da to
43 129.21 Da. Most of the protein subcells were located in chloroplasts. Except BnaDFRA402, other DFR proteins had enzymatic activity
sites, NADP binding sites and substrate specific binding sites, which formed five motifs. Each DFR protein had multiple phosphorylation sites,
in which Ser was the dominant and Thr and Tyr were the minor. The secondary structures were composed of alpha helix, beta turn, extended
strand and random coil, and alpha helix was the main structural element.
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Table 1 DFR gene information of Cruciferae plant involued in the study
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Species Gene 1D Gene name length  Chromosome  Exon weight pl The largest Subcel.l ular

an number Da nu'mber .of location
amino acids

WARGIT Arabidopsis thaliana 834291 AtDFR0501 382 5 6 42 774.96 5.43 Leu(7.9%) chlo
TURIFT Arabidopsis thaliana 829695 AtDFR0401 326 4 6 36 462.97 5.88 Leu(12.6%) chlo
ZEMHURGIT Arabidopsis lyrata 9301555 AIDFRO1 384 Un 6 42 935.95 5.07 Ser(8.3%) nucl
SEM-HUIFGIT Arabidopsis lyrata 9299065 AIDFR02 384 Un 6 43 006. 09 5.13 Leu(8.1%) nucl
ZEMURIIT Arabidopsis lyrata 9305289 AIDFRO3 343 Un 5 37 691.52 8.80 Leu(11.4%) chlo
H i BIM3E Brassica napus 106447075  BnaDFRA401 385 A4 6 43 002. 17 5. 81 Lys(8.1%) chlo
HiEAMSE Brassica napus 106403158  BnaDFRC601 385 C6 6 42 925.06 5.64 Lys(7.8%) chlo
HiEAMZE Brassica napus 106409352  BnaDFRC701 355 Cc7 6 40 005.92 6.57 Leu(10.4%) cyto
H 5 %990 =E Brassica napus 106448797  BnaDFRA402 359 A4 5 40 038. 84 5.55 Lys(8.6%) chlo
H % BIM3E Brassica napus 106442780  BnaDFRA301 358 A3 7 40 421.48 6.76 Ser(11.2%) cyto
¥ Brassica oleracea 106315758  BoDFR(C901 385 Cc9 6 42 886. 04 5.54 Lys(8.1%) chlo
H i Brassica oleracea 106304401 BoDFRC701 355 Cc7 6 39 853.73 6.17 Leu(10.4%) cyto
H % Brassica oleracea 106302011  BoDFRC702 335 Cc7 5 36 481. 89 6.71 Leu(11.0%) chlo
FISEB3E Brassica rapa 103839279  BrDFRA901 385 A9 6 42 886. 04 5.54 Lys(8.1%) chlo
E AN EE Brassica rapa 103861683 BrDFRA301 350 A3 6 39 257.06 6.09 Ser('10.6%) cyto
HSE AN ZE Brassica rapa 103862234  BrDFRA302 335 A3 5 36 538.97 7.04 Leu(10.7%) chlo
W FEST Camelina sativa 104771418  CsDFR2001 377 20 6 42 125.36 5.97 Ser(8.8%) chlo
ST Camelina sativa 104760679 CsDFR1801 377 18 6 42 185.40 5.55 Ser(8.0%) chlo
WRIT Camelina sativa 104725195  CsDFR1101 377 11 6 42 251.37 5.45 Ser(8.0%) chlo
W EST Camelina sativa 104730663  CsDFR1201 350 12 6 39 529.25 6.68 Ser(11.1%) chlo
W FEST Camelina sativa 104722206  CsDFR1102 351 11 6 39 698. 53 7.60 Ser(10.5%) chlo
3 N Raphanus sativus 108826061 RsDFRO1 387 Un 6 43 129.21 5.39 Ser(8.3%) chlo
¥ N Raphanus sativus 108852246 RsDFRO2 352 Un 6 39 557.45 6.20 Leu(10.2%) cyto
¥ N Raphanus sativus 108848622 RsDFRO3 335 Un 5 36 681.28 8.58 Leu(10.4%) chlo
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Fig.4 Secondary structure prediction for DFR proteins of Cruciferae plant
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RA1DFRO2 37
A1DFRO1 37
A1DFRO3 43
AtDFR0401 37
AtDFRO501 37
BnaDFRA301 42
BnaDFRC601 37
BnaDFRC701 42
BnaDFRA401 37
BnaDFRA402 11
BrDFRAS01 37
BrDFRA301 432
BrDFRA302 32
BoDFRC702 32
BoDFRC701 42
BoDFRCS901 37
CsDFR1101 3T
CsDFR1102 39
CsDFR1201 35
CsDFR1801 37
CsDFR2001 37
RsDFRO1 38
RsDFRO3 32
RsDFRO2 42
Consensus

AIDFRO2 .. .HOR NDWSDL 150
AIDFRO1 .HQES) NOWSDL 150
RIDFRO3 EEA].GSTIJG ........... 138
AtDFR0401 II’NES SSEVRIRDDF.DERIPLIRSINTSY 152
AtDFROS01 150
BnaDFRA301 166
BnaDFRC601 150
BnaDFRC701 163
BnaDFRA401 150
BnaDFRA402 124
BrDFRAS01 150
BrDFRA301 163
BrDFRA302 130
BoDFRC702 130
BoDFRC701 163
BoDFRCS01 150
CsDFR1101 150
CsDFR1102 160
CsDFR1201 160
CsDFR1801 150
C=DFR2001 150
RsDFROL 151
RsDERO3 130
RsDFRO2Z 163
Consensus

AIDFRO2 182
AIDFRO1 182
AIDFRO3 169
AtDFRO401 181
AtDFROS01 182
BnaDFRA301 198
BnaDFRC601 182
BnaDFRC701 195
BnaDFRA401 182
BnaDFRA402 156
BrDFRAS01 182
BrDFRA301 EER: 191
BrDFRA302 SQ’VHNEREFCI 3 ADE IEMD . = 161
BoDFRC702 DQVENERFFCTH ADE THMY . B = 161
BoDFRCT01 B : 195
BoDFRC901 182
CsDFR1101 182
CsDFR1102 192
CsDFR1201 192
CsDFR1801 182
CsDFR2001 182
RsDFROL 183
RsDERO3 161
RsDFRO2 195
Consensus

A3 NADP [H4h
DIRE Ry 75
Note: A. NADP binding sites ; B. Substrate specific binding sites
E S5 +FfER4EY DFR S EBF5IH S E b
Fig.5 Multiple alignment of DFR amino acid sequences in Cru-

ciferae plant
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Fig. 6 Phylogenetic tree based on DFR proteins of Cruciferae plant
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Fig.1 Determination of critical value of sample seedlings
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