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Abstract: [Objective] Sweetness is one of the key factors for mango fruit quality. In our previous
study, we found that the soluble sugar contents of Tainong No.1 (high-sugar-content variety) and Re-
nong No.l (low-sugar-content variety) had significant differences at different fruit development stages,
in which the difference of fructose content was the largest. Moreover, it is well known that fructokinase
(FRK), as a key gene of the sugar metabolism pathways, plays an important role in fructose phosphory-
lation. We also screened out four MiFRK genes from mango genomic data, and there was a significant
difference in gene expression levels of the MiFRKI and MiFRK?2 between Tainong No.l and Renong
No.1 based on transcriptome data, suggesting that the MiFFRKI and MiFRK2 would be one of the key
genes for mango sugar metabolism. This study intended to further understand the differences of the Mi-
FRK] and MiFRK2 and their encoded proteins between high- sugar- content mango variety Tainong
No.l and low- sugar-content mango variety Renong No.l. [Methods] Two mango varieties Tainong
No.1 and Renong No.1 were selected as materials. Firstly, the DNA sequences of the MiFRK1 and Mi-
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FRK?2 genes in two varieties were cloned respectively and their structural differences between the two
varieties were analyzed. The cDNA sequences of the two MiFRK genes were further cloned from two
varieties, and the physicochemical properties, structural domain, subcellular localization and phyloge-
netic trees of their encoded proteins were analyzed by bioinformatic software. Finally, the fruits of each
variety in four stages were selected as samples, namely, young fruit stage (about 40 days after anthesis),
fruit expansion stage, green maturity stage (harvest maturity stage) and full maturity stage (edible matu-
rity stage, one week after harvest). The gene expression patterns of the two genes in fruits of two variet-
ies at different fruit stages were detected by quantitative real-time PCR (qRT-PCR). [Results]1 The re-
sults showed that there was no difference in the DNA sequences of the MiFRK 1 between the two variet-
ies, which contained six exons and encode 334 amino acids. In the promoter region of the MiFRKI, be-
sides the typical core promoter elements, TATA-box and CAAT-box, it also contained cis-acting ele-
ments involved in abscisic acid responsiveness, gibberellin responsiveness, salicylic acid responsive-
ness, and water-deficient, abscisic acid-resistant and antifreeze responsiveness, ABRE, CAT-box, MYC,
P-box and TCA-element. However, the MiFRK2 of the two varieties both contained four exons and en-
code 329 amino acids. And the DNA sequences of the MiFRK?2 in two varieties had 69 differential sites,
resulting in seven differential positions in the encoded amino acid sequence and the similarity of amino
acid sequences being 97.87%. The amino acid sequence analysis showed that both the MiFRKI and Mi-
FRK?2 had the conservative domain of the phosphofructokinase-B (pfkB) family of carbohydrate kinas-
es and contained three substrate-binding regions, six ATP-binding sites and one conservative domain
PLN02323. Both proteins encoded by the MiFRKI and MiFRK?2 were stable hydrophobic proteins with-
out transmembrane structure. The subcellular localization analysis revealed that MiFRK1 protein was
localized in the chloroplast and cytoplasm, while the subcellular localization analysis result of MiFRK2
in the two varieties was different. The MiFRK2 of Renong No.1 was localized in the chloroplast, the
MiFRK?2 of Tainong No.l was localized in the chloroplast and mitochondria. The three-stage structure
analysis showed that both MiFRK1 and MiFRK2 proteins existed in the form of a dimer. The phyloge-
netic tree analysis showed that FRK protein was relatively conservative in evolution, but MiFRK1 and
MiFRK2 were clustered in two branches, respectively. The results of the qRT-PCR showed that the Mi-
FRK1 and MiFRK2 genes had different expression patterns at different fruit stages. During the fruit de-
velopment of the two varieties, the relative expression of the MiFRKI decreased firstly and then in-
creased. The relative expression of the MIFRKI in Renong No.l was larger than that in Tainong No.1,
and the change was more significant in Renong No.1. The expression pattern of the MIFRK?2 was signif-
icantly different between the two varieties. In young fruit stages, the relative expression level of the MI-
FRK?2 in the two varieties was high, and the expression level in Renong No.1 was significantly higher
than that in Tainong No.l. Then the expression level of the MIFRK2 in the two varieties decreased in
the fruit expansion stage. Subsequently, the relative expression of the MiFRK?2 in the green stage of Re-
nong No.l increased in the green maturity stage and decreased in the fully mature fruit. However, the
expression of the MiFRK?2 in the green and fully mature stages of Tainong No.1 was opposite to that of
Renong No.1. The relative expression of the MiFRK2 continued to decrease in the green maturity stage
and increased in the fully mature fruit of Tainong No.1. At last, we calculated the Pearson correlation co-
efficient between the relative expression of the MiFRK] and MiFRK2 genes and the fructose content.
The results showed that the expression of the MiFRK1 was negatively correlated with the fructose con-
tent (—0.798) in Renong No.1, while the relative expression of the MiFFRK] was significantly and posi-

tively correlated with the fructose content (0.979") in Tainong No.l. However, there was no significant
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correlation between the relative expression of the MiFRK?2 and the fructose content in the two varieties.

[ Conclusion]The MiFRKI might be regulated by abscisic acid, gibberellin, salicylic acid and stress and

functions in chloroplast and cytoplasm in the form of a dimer. The MiFRK2 was different greatly in

gene sequence and expression pattern between the two varieties, and the MIFK2 might act in the chloro-
plast and mitochondria in the form of a dimer. In addition, Both the MiFRKI and MIFRK2 contributed

to the difference in the fructose content between the two mango varieties.
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Table 1 Name and sequence of primer used in PCR
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Primer name Sequence Function

MiFRK1 F1 CAATCCTTCTTGCTCTGCCTTTC DNA L B %

MiFRK1 R1 GCATGGCAAACGGCAATTAAGTGTG Cloning DNA upstream fragments
MiFRK1 F2 GTCCTGCATCCGTTTTCCATTG DNA R B

MiFRK1 R2 GCTTGCATCTACAGCACTTCAG Cloning DNA downstream fragments
MiFRK2 F1 TGTCCCTTCCAATGGCTTCAAAC DNA i Fr B [

MiFRK2 R1 CCAAATGCTCAGGATCTGTGTG Cloning DNA upstream fragments
MiFRK2 F2 AGACTACCATTGTGGCCCTCTC DNA i B

MiFRK2 R2 ATCCAAGCCATCTTCTGTGGCA Cloning DNA downstream fragments
QMiFRK1 F1 ATGGATATGAAAGCAGGATCTGGGA cDNA 4K 5 bz

QMiFRK1 R1 TTATGATGCAGCAACTGGTTCTAAG Cloning ¢cDNA full-length
QMIFRK2 F1 CTGTCCCTTCCAATGGCTTCAAAC cDNA 2K 5z

QMiFRK2 R1 TTAATATGCCCCTTTGATTAAGCTG Cloning cDNA full-length
RtMiFRK1 F1 CAACTCATCTTGCTGCCA SEI 9% 8 5 PCR

RtMiFRK1 R1 CTTGACCCCATATGCTC Real-time fluorescence PCR
RtMiFRK2 F1 ATGGCATCCTAACCTGAAG SE 5 5E f PCR

R{MiFRK2 R1 TGCATAGTAAAGCACCGAC Real-time fluorescence PCR

Actin F1 AATGGAACTGGAATGGTCAAGGC P 2 BE R 52 %8 7 & PCR

Actin R1 TGCCAGATCTTCTCCATGTCATCCA Real-time fluorescent PCR of internal reference gene
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Fig. 1 Structural prediction of mango MiFRK gene
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R-MiFRK2Z ~ ATGGCTTCAAACGGCGCAGTTICCGGCTCCAGTCTCATCGTCTCCTTCGGGGAGATGCTGATCGACTTCGTGCCGACGGTATCCGGCGTCTCCCTCGCCGAGGCCCCCGGCTTCCTCAAGGCTCCEGGTGGCGCCCCGGCCAACGTTGCT 150
T-MiFRK2  ATGGCTTCAAACGGCGCAGTTICCGGCTCCAGTCTCATCGTCTCCTTCGGGGAGATGCTGATCGACTTCGTGCCGACGGTATCCGGCGTCTCCCTCTCCGAGGCTCCCGGCTTCCTCAAGGCTCCTGGTGGCGCCCCGGCCAACGTTGLT 150
C atggett tttceggetccagteteategtetecttcggggagatgetgategacttegtgecgacggtateeggegteteect ggcttect ccgggt caacgttget
R-MiFRK2  ATCGCTGTGGCTCGCCTTGGAGGCAAGGCAGCCTTCGICGGCAAACTCGGCGACGATGAGTTCGGCCACATGTTGGCCGGGATCTTGAAGGAGAATGGAGTCAGCGGCGCCGGCATCAACTTTGACCAAGGCGCCAGGACTGCTCTCGCC 300
T-MiFRK2  ATCGCTGTGGCTCGCCTCGGAGGCAAGGCAGCCTTCGTCGGCAAACTCGGCGACGATGAGTTCGGCCACATGTTGGCCGGCATCTTGAAGGAGAATGGAGTCAGCGGCGACGGCATCAACTTTGACCAAGGCGCCAGGACTGCTCTCGCC 300
Consensus atcgctstggctegccteggagscaaggcagecttegtegscaaactcggcgacgatgagttcggecacatgtte: ctt tggagtcagc tcaactttgaccaa tgctctegee
R-MiFRK2  TTCGTGACTCTACGCGCCGATGGTGAGCGTGAGTTCATGTTTTATAGGAATCCCAGTGCTGACATGCTGTTGAGACCTGACGAATTGAATCTGGAGCTTATCAAATCCGTAAGTCTTTATCTGTAAAACGTCATTCCAGTCCCCTATGGT 450
T-MiFRK2  TTCGTGACTCTACGCGCTGATGGTGAGCGTGAGTTCATGTTTTATAGGAATCCCAGTGCTGATATGCTGTTGAGACCTGACGAGTTGAATCTGGAGCTTATCAAATCCGTAAGTCTTTATCTGTAAAACGTTATTCCAGTCCCCTATGGT 450
Consensus ttcgtgactctacgcgccgatggtgagegtgagttcatgttttataggaatcccagtgetgacatgetgttgagacctgacgaattgaatctggagettatcaaatccgtaagtctttatctgtasaacgtcattccagteccctatggt
R-MiFRK2  TTATTTTCACTACAAAACACCCCTCGATAACCATTTATACGGTGTTGT. . TTATAACACATGATGGAAAATATTGGGGGTATATGCGAGATTICACTTITATGTCTGGCGCACACGCGCTTTAGATGGATCGTGTCGGTCAAGTAGITICT 598
T-MiFRK2  TTATTTTCACTTCAAAACACCCCTCGATAGCCATTTATACAGTGTTGTGTTTACAACACATGATGGAAAATATTGGGGGTATATG. GAGATTCACTTTTATTCCTGGCGCACACGCGCTTTAGATGGATCGTGTCCGTCAAGTAGTTTCT 599
C ttattttcact tcgataaccatttatacagtgttgtgtitacaacacatgatggaaaatattgggggtatatgcgagattcacttttatgcctggegeacacgegctttagatggategtgtecgteaagtagtttet
R-MiFRK2  CGTTTTTTATTTTTCGTGCAAAAAATATCTTIGACTTTIGGACTGTTTGGGAGAGACGATAAAACTCACGGGCGGTTCATCTACTCTGTCCAAGATTCTCTCACCATGGCGTCCCAAAAAA. . TTTTCTTTATAAAAATCCATAATTATTGC 746
T-MiFRK2  CGTTTTTTATTTTTCGTGCARAAACTATCTTGACTTTGGACTGTTTGGGAGABATG. TAAAACTCACGGGCGGCTCATCTACTCTGTCCAAGATICTCTCACCATGGCGTCCCCAAAAAATTTTTCTTTATAAAAATCCATAATTATIGC 748
Consensus cgttttttatttttcgtgcazamaatatcttgactttggactgttigggagaaacgataaaactcacgggcggcteatctactctgtecaagattctctcaccatggegtcccaasanaatttttctttataaasatccataattattge
R-MiFRK2Z ~ AAGCGATTACGGGCCCC. AATCGCGGCATGGTGATTGTGATTCGAAGAGATCCTGCACGATCAAAGTTIGTCTATITGTGATGATCAGGCGACATCACGTGGTGAATCTGACGGTACAATGACACGTCAGATGCTGGAAAGTAGGCCCAT 895
T-MiFRK2Z  AAGCCATTACGGGCCCCCAATCGCGGCATGGTGATGGTGATTCGAAGAGATCCTGCACCATCAAAGTTTGTCTATTTGTGATGATCAGGCGACATCACGTGGTAAATATGACGGTACAATGACACCTCAGATGCTGAAAAGTACGCCCAT 898
Consensus aagcgattacgsgcccccaat gcatggtgatgeteatt tcctgcacgatcaaagtttgtctatttgtgatgatcagscgacatcacgtggtaaatatgacggtacaatgacacgtcagatgctgaaaagtacgeccat
R-MiFRK2  CTGT..GGGCCCACGCTTT. GCTGGATTCCACTATTGTCCAATTTT. GATTTCTATTTATTAATGTATAACTAGATAGTTTTATATTAATAATAAATCATATTTAATTAACTTATAATTATTTATATAGATAATTTGATTATTTICCAAA 1041
T-MiFRK2  CCCGTGGGGCCCACGCTTTIGCTGGATTCCACTATTGTCCAATTTTIGATTTTTATITATCAATGTATAATTAGATAGGTTTATATAAATAATAAATCATATTTAATTAACTTATAATTATTTATATAGATAATTIGATTATTTTCCAAA 1048
C ceegt ttttgctggattccactattgtccaatttttgatttctatttatcaatgtataactagataggtitatatasataatasatcatatttaattaacttataattatttatatagataatttgattattttccaaa
R-MiFRK2  TTATTTATCATTTAATTTTGAATATTTAGTCTATCCTTTAAATAACAAGGAATACATCACTGTGTGATCTAATTAGAGAATAAAATATTATCTAAATAATTAATTAAATATTTAAATAACATACATATTATIGAAATGAATTTAATAACA 1191
T-MiFRK2  TTATTTATCATTTAATTTITGAATATTTAGTCTATCCTTTAAATAACAAGGAATACATCACTGTGTGATCTAATTAGAGAATAAAATATTATCTAAATAATTAATTAAATATTTAAATAACATACATATTATTIGAAATGAATTTAATAACA 1198
Consensus ttatttatcatttaattttgaatatttagtctatcctttaaataacaaggaatacatcactgtgtgatctaattagagaataaaatattatctaaataattaattaaatatttaaataacatacatattattgaaatgaatttaataaca
R-MiFRK2  TCATAAATAAATATCCGAAAACTTTTTCAGATAATAATAAAATITTTATIATATTAAAATTTAGGTTTTGATGCAAAGATTCAGCTACTATCATGCCCACATGITTTATATGATCTATGITTITTTIGGGTTAAAATTICAGTAATTATG 1341
T-MiFRK2  TTATAAATAAATATCCGAAAACTTITTCAGATAATAATAAAATTTTTATIATATTAAAATTTAGGTTTTGATGCAAAGATTCAGCTACTATCATGCCCACATGTTTTACATGATCTATGITTTTTITGGGTTAAAATTIGAGTAATTATG 1348
Consensus tcataaataaatatccgaaaactttttcagataataatazaatttttattatattaaaatttaggttitgatgcaaagatticagetactatcatgeccacatgttttacatgatctatgttitttttgggttaaaatttgagtaattaty
R-MiFRK2  ATCTTATTITITAATTATATTITTITAATTACTTTGATGTATGCAGGCCAAGGTCTICCATTATGGATCAATAAGTTTGATCGTGGAGCCATGTAGATCAGCTCACTTAAAGGCAATGGAGGTTGCTAAGGATGCAGGAGCCCTCCTTIC 1491
T-MiFRK2  ATCTTATTITITAATTATATTTTITTAATTACCTTGATGTATGCAGGCCAAGATCTICCATTATGGATCAATAAGTTTGATCGTGGAGCCATGTAGATCAGCTCACTTAAAGGCAATGGAGGTTGCTAAGGATGCAGGAGCCCTCCTTIC 1498
Consensus atcttattttttaattatatttttttaattaccttgatgtatgcaggccaagatcticcattatggatcaataagtttgatcgtggagccatgtagatcagctcacttaaaggcaatggaggttgctaaggatgcaggagccctectitc
R-MiFRK2  CTACGACCCAAACCTCAGACTACCATTGTGGCCCTCTCCCGAGGAGGCGCGCACACAGATCCTGAGCATTTGGGACAAGGCAGAGGTGATCAAGGTCAGTGATGTGGAGCTGGAGTTCCTAACTGGTAGTGACAAGATTIGATGACGAATC 1641
T-MiFRK2  CTACGACCCAAACCTCAGACTACCATTGTGGCCCTCTCCCGAGGAGGCGCGCACACAGATCCTGAGCATTTGGGACAAGGCAGAGGTGATCAAGGTCAGTGATGTGGAGCTGGAGTTCCTAACTGGTAGTGACAAGATIGATGACGAATC 1648
C cti tcagactaccattgtggccctctcccgaggags: tcctgageattt, tgatcaaggtcagtgatgtggagetggagttcctaactggtagtgacaagattgatgacgaatc
R-MiFRK2 ~ TGCCTTGTCGCTATGGCATCCTAACCTGAAGCTCCTITTGGTCACTCTTGGTGAAAAGGGTTGTAGGTACTATACTAAGGTAAGCTATCTTAATCTCICTATICCGTTTGITGIGTTAGITGAAACTTGAATAATIGTTAGCTGCCTAAA 1791
T-MiFRK2  TGCCTTGTCGCTATGGCATCCTAACCTGAAGCTCCTTTTGGTCACTCTTGGTGAAAAGGGTTGTAGGTACTATACTAAGGTAAGCTATCTTAATCTCTCTATTCCGTTTIGTTGTGTTAGTTGAAACTTGAATAATTGTTAGCTGCCTAAA 1798
Consensus tgccttgtcgctatggcatcctaacctgaagetecttttggtcactcttggtgaaaagegttgtaggtactatactaaggtaagetatcttaatctetetattccgtttgttgtgttagttgaaacttgaataattgttagctgectaaa
R-MiFRK2  ATTTTGACTTCTAGCIGTAATGGGICGGTAGCTGIGAATTTTAGATGGACATGAATGTATATCTAGATGGCCACTTGTACCCAGGTGGCTAATTIGGTTGAGAATTTATGGATCAAGTAGGTTAAGTICTGAACACTTTGTTIGCTITACA 1941
T-MiFRK2  ATTTTGACTTCTAGCTGTAATGGGTCGGTAGCTGTGAATTTITAGATGGACATGAATGTATATCTAGATGGCCACTTGTACCCAGGTGGCTAATTGGTIGAGAATTTATGAATCAAGTAGGTTAAGTTCTGAACACTITGTTIGCTITACA 1948
Consensus attttgacttctagctgtaatgggtcggtagctgtgaattttagatggacatgaatgtatatetagatggecactigtacccaggtggctaattggttgagaatttatgaatcaagtaggttaagttctgaacactttgtitgetttaca
R-MiFRK2  AGTAACTCTAGATCCCAATTTIGGGCATITAATITATAGTAAAATTATGIGTACCTATITIAAATACACAAATGAGTATATATITGTGTCATCATATAATIGAGTGTTATTTTATTTTTAAGTTAAAATCCTCTTATCATACAATAACAC 2091
T-MiFRK2  AGTAACTCTAGATCCCAATTTTGGGCATTTAATTTATAGTAAAATTATGIGTACCTATTTTAAATACACAAATGAGTATATATTIGTGTCATCATATAATTIGAGTGTTATTITIATTITTAAGTTAAAATCCTCTTATCATACAATAACAC 2098
Consensus agtaactctagatcccaattttggscatttaatttatagtaasattatgtgtacctattttaaatacacaaatgagtatatatttgtgtcatcatataattgagtgttattttatttttaagttaasaatcctettatcatacaataacac
R-MiFRK2  ATCTCAAATACGTATCTATTTATATACTCAAAATAAATACATATAGITTTATIGTTGAATTAAACTCTAAAAATGTGCAGCTACCTCAATATTTTATTIGAAAAGCAAGTTCAAGGTGACATGTCAAGTAAGCCATTTCIGTTAGGATTIT 2241
T-MiFRK2  ATCTCAAATACGTATCTATTTATATACTCAAAATAAATACATATAGTTTTATTGTTGAATTAAACTCTAAAAATGTGCAGCTACCTCAATATTTTATTGAAAAGCAAGTTCAAGGTGACATGTCAAGTAAGCCATTTCTGTTAGGATTTT 2248
Consensus atctcaaatacgtatctatttatatactcaaaataaatacatatagttttatigttgaattaaactctaaaaatgtgcagctacctcaatattttattgaaaagcaagttcaaggtgacatgtcaagtaagecatttctgttaggatitt
R-MiFRK2  GAATTCTAGCTTTAGAAAGTTAGCAGCTGTATTTTTCAGACCTAACAACTGGCAAATTGCATGTGCATGAATGATTTTIGTGGATCTGAGTITGAATTATATTTITTAATGGGTATTTTIGTATCAGTGTAAACTAAACGACAAATATATA 2391
T-MiFRK2 ~ GAATTCTAGCTTTAGAAAGTTAGCAGCTGTATTTTTCAGACCTAACAACTGGCAAATTGCATGTGCATGAATGATITTGTGGATCTGAGTTTGAATTATATTTITTAATGGGTATTITTGTATCAGTGTAAACTAAACGACAAATATATA 2398
Consensus gaattctagctttagaaagttagcagctgtatttttcagacctaacaactggcaaattgcatgtgcatgaatgattttgtggatctgagtttgaattatattttttaatgggtatttttgtatcagtgtaaact tatata
R-MiFRK2  TATATAGAGAGAGAGAGAGAGA. . CATGAAGTCTAGTCAGCTTTATGAAAAAGTCATATCAGAAGGGTTTTCTTATIGAAGATGACAATTAGATAATGTCCCTTAGATGGTCCTCAAGGTCAGGCTGTTGAAGCTTTTAGGAAGCATAAA 2539
T-MiFRK2Z ~ TATATAGAGAGAGAGAGAGAGAGACATGAAGTCTAGTCAGCTTTATGAAAAAGTCATATCAGAAGGGTTTTCTTATIGAAGATGACAATTAGATAATGTCCCTTAGATGGTCCTCAAGGACAGGCTGTTGAAGCTTTTAGGAAGCATAAA 2548
C tatat atgaagtctagtcagetttatgaaaaagtcatatcagaagggttticttattgaagatgacaattagataatgteccttagatggtectcaaggacaggctgttgaagettttaggaageataaa
R-MiFRK2 ~ TTCACTGGGGTACTCATGTAGTCAGCCCCACAACCAACTTTGATATTTTITGCCTAATGGTAGCTGGTAGTIGGGTCTTACCCCGCAAAAGATAAAATTATACTAACAAACAAATTTICACTAACTTATCAGTAATTAGATGATATGATIA 2689
T-MiFRK2  TTCACTGGGGTACTCATGTAGTCAGCCCCACAACCAACTTIGATATTTTITGCCTAATGGTAGCTGGTAGTTGGATCTTACCCCGCAAAAGATAAAATTATACTAACAAACAAATTTICACTAACTTATCAGTAATTAGATGATATGATTIA 2698
C gtactcatg tttgatattttttgcctaatggtagctggtagttggatcttaccccgcaaangataanattatactaacasacasatttcactaacttatcagtaattagatgatatgatta
R-MiFRK2  TTTATCTATTTTTTAATITTAAAATCATTICAATCACTIGTTATIACGATAGTTTTTATAGATAGGATTATTCTTCGATCAGAAGTAGAGGGGTTTGCACTTGCAAAACTTGCACTGAAACTGTCATCGGTTGGATTTICTTICTAAGACT 2839
T-MiFRK2  TITATTTATTTTTTAATITTAAAATCATTCAATCACTIGTTATTACGATAGTTTTTATAGATAGGATTATTCTTCGATCAGAAGTAGAGGGGTTTIGCACTTGCAAAACTTGCACTGAAACTGTCATCGGTTGGATTTTICTTTICTAAGACT 2848
Consensus tttatctattttttaattttaaaatcattcaatcacttgttattacgatagtititatagataggattattcticgatcagaagtagagggstttgcacttgcaaaacttgeactgaaactgtcatcggttggattttetitctaagact
R-MiFRK2  ATTAATTTITCATTCTTCAAATTIGCTCAAATGTAGGGTTTCAAAGGAGAAGTGGAAGCCTTCCATGTCAACACAGTAGATACAACTGGTGCTGGCGATGCATIIGTCGGTGCTTTACTATGCAATATIGTCGATGATCACTCCCITCIT — 2989
T-MiFRK2  ATTAATTTITCATTCTTCAAATTTGCTCAAATGTAGGGTTTCAAAGGAGCAGTGGAAGCCTTCCATGTCAACACAGTAGATACAACTGGTGCTGGCGATGCATTTGTCGGTGCTTTACTATGCAAGATTGTCGATGATCACTCCCTTCIT 2998
Consensus attaatttttcattcttcaaatttgctcaaatgtagggttt t ttccatgt tagatacaactggtgctggcgatgcatttgtcggtgctttactatgcaagattgtcgatgatcacteccttett
R-MiFRK2  GAGGTAAATTCTTGTICTTTGATTCTGTACTCAAATCCAATGGCTGTTACTTGTAGATTAAAACTAGTCATCCTTIGTCACTTTTACAGGACGAAGCAAGGCTGAGARAAGTACTTAAATATGCCAATGCATGTIGGAGCCATAACCACCAC 3139
T-MiFRK2  GAGGTAAATTCTTGTICTTTGATTCTGTACTCAAATCCAATGGCTGTTACTTGTAGATTAAAACTAGTCATCCTTGTCACTTTTACAGGACGAAGCAAGGCTGAGAGAAGTACTTAAATATGCCAATGCATGTGGAGCCATAACCACCAC 3148
Consensus gaggtaaattcttgttctttgattctgtactcaaatccaatggetgttacttgtagattaaaactagtcatecttgtcacttttacaggacgaagcaaggctgagaaaagtacttaaatatgecaatgeatgtggagecataaccaccac
R-MiFRK2  CAAAAAGGGAGCCATTCCAGCTCTTCCCAAAGAGGCTGATGTCCTCAGCTTAATCAAAGGGGCATATTAAAAAAATTAATTCCTCAATTTCCTTICTITTTAAAATTTCTTCTICTCCGGGTTTGTIGTTTGCCACAGAAGATGGCTTGGA — 3289
T-MiFRK2Z ~ CAAAAAGGGAGCCATTCCAGCTCTTCCCAGAGAGGCTGATGTCCTCAGCTTAATCAAAGGGGCATATTAAAAAGATTAATTCCTCAAATTCTTTCTITTTAAAAATTTTICTICCCCTCGCGTGTIGTTTGCCACAGAAGATGGCTTGGA 3298
C catt tt tgatgtcctcaget tat taattcctcaaattccttctttttaaaaattcttctt tgttgtt ggcttgga
R-MiFRK2 T 3290
T-MiFRK2 T 3299
Consensus t

LKA % . Green means different.
2 SRMEEFEEREEFNERMIFRK2) DNA F5Ixtt

Fig.2 DNA sequence comparison of MiFRK2 (with significant differences) between two mango cultivars
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-886 CAATCCTTCTTGCTCTGCCTTTCTAATTCAATCTTICACCTTCAGAGCTTAAATGGCTAAGAATCCCACTTCAGGTGAGTCTTTCTTTTCCTTTCTATACGTCTAAGCTIGTTIGTTTTTCATICAATCTITGITA MiFRK1
CAAT-box TATA-box
=750 TTTTICTTGTITTTGATTTTTICATAAGAGGGAATCAATAACCTTTTTATGTCTTTTGAACTGGTTTTACTATIGCAAGATTGTTTCTTTCTGAATAGTICTTGTAAAGATTTCATIGTITTTATCTTICTGATTIGAGATTCTTCCTGCGTT MiFRK1

CAAT-box TCA-element CAAT-box TATA-box
-600 TCTATGTGTTGAATCAATTTACCTICTAGATCICTAGCAGCATCTTCTAGGTAGTGCTICTTTGTIGTGTGAATAACGTGATGCTTTATCGTTGTCCATTAACTATIGITCTCTITCTTTAGTATCTTTATGTCAGTITTCTGCTCACAAAT MiFRK1
CAAT-box ABRE
-450 TACTTGGGGAAACT TCAAGGCAGATGCGTTTTATCTAGTGGGGTTATCAGAGATTTACTGTGATGTAACTCTTCGTATCAGTITTTICTTAATTTATTCGAATAGAATCAGGGTGAAAAAAAAAAAAATCATTTTTTGACATTTCTGATTT MiFRK1
CAAT-box
-300 CGCTGAATCTIGAGTTATGAAAAGTAGATAATTTTCTCAATTGATCTAGGAATGGTGTTTGATTTAGGAATATATGCTTGATTTGTTITTCCCTGAAAATTTTTTCATTAGTAGTGAGGTGTTGGAGATTTCTATGGCTTGACTGAAAACA MiFRK1
CAAT-box
-150 CCTTAGATCTTAAATGCAGCTGAAACCCTTTTGAGTTGTGATGCTACAGAGAGTACAAGGCAGTTTCTGAACAATGTTGTTGAATTCATTTIGTTGCCACTTGAATTGTTATCAATAATTATGCAATTATGGGAGGTTCTTATATCTTCTT — MiFRK1
P-box CAAT-box MYC CAT-box CAAT-box CAAT-box
3 MIFRKI BE#F o
Fig. 3 Promoter element analysis of MIFRK]

R-MiFRK1  MDMKAGSGNRNSLVVCFGEMLIDFVPTVGGVSLAEAPAFKKAPGGAPANVAVGISRLGGSSAFVGKVGDDEFGYMLADILKQNNVDTSSVRYDSSARTAL 100
T-MiFRK1  MDMKAGSGNRNSLVVCFGEMLIDFVPTVGGVSLAEAPAFKKAPGGAPANVAVGISRLGGSSAFVGKVGDDEFGYMLADILKQNNVDTSSVRYDSSARTAL 100
Consensus wmdmkagsgnrnslvvcfgemlidfvptvggvslaeapafkkapggapanvavgisrlggssafvgkveddefgymladilkgnnvdtssvrydssartal
R-MiFRK1  AFVILRADGEREFLFFRHPSADMLLHESELDKKLIKQARIFHYGSISLIAEPCKSTHLAAMKIAKESGSILSYDPNLRLPLWPSEDAAREGIMSIWGQAD 200
T-MiFRK1  AFVILRADGEREFLFFRHPSADMLLHESELDKKLIKQARIFHYGSISLIAEPCKSTHLAAMKIAKESGSILSYDPNLRLPLWPSEDAAREGIMSIWGQAD 200
Consensus afvtlradgereflffrhpsadmllheseldkklikqarifhygsisliaepcksthlaamkiakesgsilsydpnlrlplwpsedaaregimsiwgqad
R-MiFRK1  IIKISEDEITFLTGGDDHNDDNVVLGKLFHPNLKLLVVTEGSKGCRYYTKEFRGFVPGVKAISVDTTGAGDAFVSGILSCLASDLSLFKDEKRLREALLF 300
T-MiFRK1  IIKISEDEITFLTGGDDHNDDNVVLGKLFHPNLKLLVVTEGSKGCRYYTKEFRGFVPGVKAISVDTTGAGDAFVSGILSCLASDLSLFKDEKRLREALLF 300
Consensus iikisedeitfltggddhnddnvvlgklfhpnlkllvvtegskgcryytkefrgfvpgvkaisvdttgagdafvsgilsclasdlslfkdekrlreallf
R-MiFRK1  ANACGALTVTERGAIPALPTKEAVLKLLEPVAAS 334
T-MiFRK1  ANACGALTVTERGAIPALPTKEAVLKLLEPVAAS 334
Consensus anacgaltvtergaipalptkeavlkllepvaas
R-MiFRK2  MASNGAVSGSSLIVSFGEMLIDFVPTVSGVSLAEAPGFLKAPGGAPANVAIAVARLGGKAAFVGKLGDDEFGHMLAGILKENGVSGAGINFDQGARTALA 100
T-MiFRK2  MASNGAVSGSSLIVSFGEMLIDFVPTVSGVSLSEAPGFLKAPGGAPANVAIAVARLGGKAAFVGKLGDDEFGHMLAGILKENGVSGDGINFDQGARTALA 100
Consensus masngavsgsslivsfgemlidfvptvsgvslaeapgflkapggapanvaiavarlggkaafvgklgddefghmlagilkengvsgaginfdggartala
R-MiFRK2 FVILRADGEREFMFYRNPSADMLLRPDELNLELIKSAKVFHYGSISLIVEPCRSAHLKAMEVAKDAGALLSYDPNLRLPLWPSPEEARTQILSIWDEKAEV 200
T-MiFRK2  FVTLRADGEREFMFYRNPSADMLLRPDELNLELIKSAKIFHYGSISLIVEPCRSAHLKAMEVAKDAGALLSYDPNLRLPLWPSPEEARTQILSIWDRKAEV 200
Consensus fvtlradgerefofyrnpsadmllrpdelnleliksakifhygsislivepcrsahlkamevakdagallsydpnlrlplwpspeeartqilsiwdkaev
R-MiFRK2 IKVSDVELEFLTGSDKIDDESALSLWHPNLELLLVTLGEKGCRYYTKGFKGEVEAFHVNTVDTTGAGDAFVGALLCNIVDDHSLLEDEARLRKVLKYANA 300
T-MiFRK2  IKVSDVELEFLTGSDKIDDESALSLWHPNLKLLLVTLGEKGCRYYTKGFKGAVEAFHVNTVDITGAGDAFVGALLCKIVDDHSLLEDEARLREVLKYANA 300
Consensus ikvsdvelefltgsdkiddesalslwhpnlklllvtlgekgcryytkgfkgaveafhvntvdttgagdafvgallckivddhslledearlrevlkyana
R-MiFRK2 CGAITTTKKGAIPALPKEADVLSLIKGAY 329
T-MiFRK2 CGAITTTKKGAIPALPREADVLSLIKGAY 329
Consensus cgaitttkkgaipalpkeadvlslikgay

4 MiFRK %i5RIEEELF53 bt
Fig. 4 Amino acid sequence comparison encoded by MiFRK genes

S L ANRROE R TR 7 IR L R e BURT T 38 B K
% ¥5 % (Grand average of hydropathicity, GRAVY)
s TR PL(E 2) , R-MiFRK 1. T-MiFRK 1 .R-Mi-
FRK2 F1 T-MiFRK2 [#) 43 Jii & 43 %1124 35.79.35.79.
35.05 A1 35.11 ku; & HL 5543 3 04 5.62.5.62.5.27 il
5.19; FE AR E RE5 18 30.55.30.55.18.10 Al
17.35, B ket E s IR R e R IR 4R 8 5 B B
J5i ) # R 5 P A 2%, R-MIiFRK 1. T-MiFRK1 . R-Mi-
FRK2 1 T-MiFRK2 £ [ (1) JIg 7 1% 28 25k 1R 48 25053 0l
N 94.97.94.97.100.88 1 100.88 , & s P4 4% 177 s R-
MiFRK1.T-MiFRK.R-MiFRK2 #I T-MiFRK2 % 9
(1135115 0.057.0.057.0.122 F10.114, ¥ A K 1 &
H. HH Cell-PLoc 2.0 # 47 MiFRK & [ V.48 Jfid &
A7 00, & B R-MiFRK 1 fil T-MiFRK 1 7] g 72 {7 T
IH- 23 AR A4 B S5, R-MIFRK2 1] BE & o7 T M- 444, T-

MiFRK?2 0] ¢ & fir T M &% 4 f1 28 kL & . R A
TMHMM (http: //www.cbs.dtu.dk/services/ TMHMM-
2.0) THXT 8 [ AT 5 B IX 4544 Tt , R-MiFRK \ T-
MiFRK 1. R-MiFRK2 1 T-MiFRK2 # N F. 4 5 i
X, T Pt i 2 A R B .

232 R MIiFRK & & £ #)3 . — R &My fo = 21 45
#Fam FF NCBI H 1) CD-Search 75 28 73 #4121
MIFRK & [ O) 57 45 #8380, 45 R (B 5) 2R 2 A i
(1) MiFRK 1 F1 MiFRK?2 2% ¥4 48 #H [7] , R-MiFRK1 . T-
MiFRK1.R-MiFRK2 F1 T-MiFRK2 B4 ## /K At & ¥
Tk 122 SR M B 2 (PAKB family ) F £ 57 Th g I8, 1
L5 3N RS A X3, 6 4 ATP &5 & A s A 1 AR
SF 45 1938 PLN02323 . #EJI] R-MiFRK 1. T-MiFRK1 .
R-MiFRK2 Al T-MiFRK2 & [ 5 A {3 55 45 #4351
fE, J& T FRK, 6 S0 A & B2 e e ko



952 I S #3996
Fz2 AFREMRMEMH MIFRK 5B ER
Table 2 Physicochemical properties of MiFRK proteins in different species of mango
MIFRK &1 AR 735 LR FHR AT L AT AFaE R B JEWTR A R IR T B KR
MiFRK protein Molecular weight/ku ~ Theoretical pl Instability index Aliphatic index Grand average of hydropathicity
R-MiFRK1 35.79 5.62 30.55 94.97 0.057
T-MiFRK1 35.79 5.62 30.55 94.97 0.057
R-MiFRK2 35.05 5.27 18.1 100.88 0.122
T-MiFRK2 35.11 5.19 17.35 100.88 0.114
Ty 1 25 50 s 100 128 150 178 200 225 250 278 300 325 34
— putative ATP binding site A MM A
putative substrate binding site A
Specific hit: ﬁ 3
Superfamilies ribokinase_pfkB_like superfamily
1 25 s s 190 125 150 178 200 225 250 278 300 325 334
B T R e N T
o putative ATP binding site ™ AMA
putative substrate binding site § rvYy
Specific hits E
Superfamili ribokinase_pfkB_like superfamily
ARG 1 s S0 s 100 128 150 175 200 225 2%0 275 n 329
putative ATP hinding site A ASLA
putative substrate binding site LA
Specific hits _
Superfamilies ribokinase_pfkB_like superfamily
1 5 50 7 100 128 150 175 200 225 250 s £l 329
TVRKY e e e
putative ATP hinding site A AL
bstrate binds

5 #LR MiFRK & B R-F4H11
Fig. 5 Conserved Domain of mango MiFRK
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Blue. a-helix; Red. Extended strand; Green. S-turn; Purple. Random coil.
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Fig. 6 Secondary structure of MiFRK proteins
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Fig. 7 Tertiary model of MiFRK proteins
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FRK2 (XP_042985185.1) . # Bt JrFRK2 (XP_
018839987.1) A1 /i K W ME CaFRK2 (XP_
027119568. 1) SN ARIT , SRAE— 2. 10 Hik K I
SEG K ZAIE YR FRK B A — OB E— N 2,
W FRK e RFE HEAL A OR ST 53X 1 5 RS0 4517
BIF 5 1) FRIK i [R] 5 5 T8 A & R R ~F 1Y) &5 18 A —
. AT MiFRK]I 5 MiFRK2 3K W] fE1E AR

K [Glycine max(Linn.)Merr.] GmFRK2(XP_003541157.2)
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Fig. 8 Phylogentic tree of FRK proteins in mango and other plants



954 3 i

{4 #39%

4

g R B A DhRg
24 ICRFRKERARERE R FITHAFRIEERK
F ] QRT-PCR 46l MiFRK 2 [K] 75 4 5t = 4 A1
ECHE 2 A R A [F) R R SRR oL, &5 R WK 9.
MiFRKI F1 MiFRK2 5& RI/EA [F) RS2 % & i B 2 A
REFRIEBR . MiFRK] 1E 552 %) 5 31 578 2ot
R R L& 2R BERE T mE%s, B Mi-
FRKITERA 1 S H B AR RIEE KT ER 1
TIEAR L SRR B . MiIFRK2 TEFAKR 1
SRERGRBREY RPN RIEER, BE
MR SHRMENRIEBRHERT AR5 K
10 S K IABRAR , B )5 , MiFRK2 7 #% 15 75 24
WA Rk & B, 7E 58 SR TR R B, T MiFRK2
TEG AR 155 R AR AN Rk S #vf 1
SR TR AR X I B AR SR T B, AR SE R
FikE LA HETHELS,

—— #4415 Renong No.1
- - = = 41" Tainong No.1

MiFRK1

AHXS ik

A B C D
WS % B i 4] Fruit development stage

MiFRK1

FRRT R Ik
Relative expression
=)

[*)

A B C D
Wik B Fruit development stage
B9 FRRILABIE MiFRKs EERRIEER
Fig. 9 Expression pattern of MiFRKs of mango at

different fruit development stages

2.5 FERIABHPAREIETNL

FET v OB E 520 2 A i AN [R] I S5 2R
W B REAT 2B (B 100 o A4 2 30 380 SR s i K3
2 AR S B 2T R ES, HAKR 1SR
BEAR TR L 05, &K 1S RRIES R4k4:

#41°5 Renong No.1

- = = = &4%1'5 Tainong No.l
60 r

50 Pid
40 ’
30 ’

20 | e

wORHD
Fructose content/(mg-g")

10 -

A B C D
F5 K E W A Fruit development stage
10 FRIRELAENPRESSE

Fig. 10 Fructose content of mango during fruit ripening

FhE, M 1 SR RES R 2 TREA . MK
PESHT R I, PR 15 MiFRKT AN KA B 5 R
B2 B AU 96 (-0.798) , T & 4% 1 5 o MiFRK 1 Y]
MuREiE5REEERE R E EMK0.979),
2N R MiFRK2 AR RIE B 5 RS 2 RIA
B 3 AR OGRS H 2 A B S 2175 #UH MiFRK2
(AE X R IA B 5 S & 2R A I, T
B 58 B R J5 G FE AR LB A — S

3% w

TR NS AT b MiFRK 5 R AE & 68 AR RS AT
SRt b i) 22 S, BB N A% 1R 2 S MIFRK FE A
MiFRKI F1 MiFRK2 £ 1= §E A HE 2 A i ol o (0]
DRI &5 1 B 1 1 o M 45 M RN R IA AR S 22 R AT T
Mro WEFERIBL, 28Rt MiFRK 1 3K 51— 30, Fi
i () IR — B X R BT X F ST 4 K
L, 5 B [X B #1754 ) TATA-box Al CAAT-box #% /0>
Ja 87 e 4b , $64 ABRE. CAT-box MYC. P-
box Al TCA-element JCAF , ¥ A - MiFRK 1] 3Rk
MK TR A8 55 2= AR BRI R 42, [R5 Bk 3t
8 TE R S LR A 5% o oAt SR H A i it
IR IR R KRR T R 5 RS b
SRR K. MiFRK2 JE[K P 545 2 AN dh R a1 £
A2 A 5, B R-MiFRK2 5 T-MiFRK2 Ji 4 i 1)
FHEFR A AL AN 97.87% , 41 MiFRK2 5 2 A FT-
SR R E A Z R

W5 B 2250 B & B R-MiFRK 1 . T-MiFRK1 .
R-MiFRK2 #1 T-MiFRK2 (1] # F 4 it & £ 35.05~
35.79 ku 2 6], Z5 L 5504 5.19~5.62, 5 & 0™, B4
FUFIMIFC P T AR — S, HARAE Pego SR IFIHH



%6

R AT SR SR MiFRK LR TE e 0K A B A 955

VI FRK HAR S T S [ 34~37 ku N o #E—20 0
BT R BLIX 4 4> MAFRK 35 2 #4 R e 1 558 1 Fa e 1
HH M HRA IS RS R g K & B X 5T
LbFRK 7% PL 2 ¥4 FaFRK 345 FRK & H — 3.

F| F Cell- PLoc 2.0 (http://www.csbio.sjtu.edu.
cn/bioinf/Cell-PLoc-2/) 147 MiFRK & H V.41 i 5 f7
T, & B R-MiFRK 1 F1 T-MiFRK 1 5€ i T I &% 44
FTZH B T, R-MiFRK2 & f7 T ¢4 , T-MiFRK2 &
BTt SRAR TR A . T 273 4 Uk W % Al SI-
FRK3 (Solyc02g091490) & fir. T~ it £ 441, {H £E U,
J¥ /1, Gilkerson %6 ™ %5 %€ Jf iy 44 1 7 4> FRK 2 [A
(At5g51830. At2g31390. Atlg66430. Atdgl0260.
At1g06020. Atlg06030 F1 At3g59480) , H
At1g66430CAtFRK3) 5EAL T AR , Ho4x 6 AN A4 i i
FRK. Wt B [ —fE A [7] FRK AT REAE F A A A7
o AR MIFRK AJ B £E 2R AART 20 1 5 33 R %A
H 1 R-MiFRK2 = ZE H T i 2844 , T-MiFRK2 7]
GG L R e R 2SN ES 7 ST NS

FRK 7E WA h il 5 CE F , Rl =000
BT R I, MiFRK T AE 2 /4™ SR &) S B AR X R I8 A
T AE T 28 SR 58 2R T B B AR R A &, 1K
53R MAFKIP R BB, HAERK 15
AN RERE T AL 1S HRMED TR I, Ak
15 MiFRKI [P AR I8 & 5 BU5E 5 & B A0 G
(-0.798), 1M & 4% 1 ‘5 /1 MiFRK 1 FAH X ik i 5 R
Bl 5 25 IE A 26.(0.979%) , Ui B MiFRK 1 15 2 /™ A
RWEERPERS T HEEEM. MiFRK2 RIS A
PETE AR, 7R R 15 4 LI AR N 20k & v T Rk
R IX SR EjFRK™ . i L McFRK 2" A Cu-
FRK1 H1 Cufik2"™ . 21 Ji % % FaFRK3 J& K ™2 # g
MrFPK2™ SR MAFK2 MAdFK3 F1 MdFK4> ) %%k
B, T BN HAZ B E N EES . (HEE
T ORI MIFRK2 £ 6 4 1 5 AR R A X R ik 248
AN, N F 23 B 2 T R 5 a2
kBT . 1 H NS SR T 2O, 2 4 A
MiFRK2 [P R X} 2% 5 5 BURE & 5 B AR 304 & A
FWE S B A R, YA IE A SR BB
MiFRK2 W] RefEAT R RpE B b R 45— 25, B
HRIEIK52 B W B 2 M=

4 B

SR SRHE I MiFRK T 7] e 52 VA TR IR R 3R

TR AR B i 58 Y428 LA — SR A () 7 A - A A 4 g
JRRIEAER , MiFRK2 7E 2 /™ i A b (1) 36 18] 7 51 e &
IR ZE 7K, AT RE DL R AR IR 2UTE I S AR N 2k
Witk RIEVEH . MiFRK1 R MiFRK2 ¥4E 2 A5
PP SRR 2 R R B — A .

S Xk References:

[1] FUCHSY,PESIS E,ZAUBERMAN G. Changes in amylase ac-
tivity, starch and sugars contents in mango fruit pulp[J]. Scientia
Horticulturae, 1980, 13(2): 155-160.

[2] OFFER C E, PATRICK J W. Cellular pathway and hormonal
control of short distance transfer in sink regions[J]. Plant Biolo-
gy, 1986,1:295-306.

[3]  FRLLE, B OK, XG5kl . 2 AN A AL oRE S B A

REEEVE BB FE[I]. FE 20540, 2005, 32(2):239-243.
QI Hongyan, LI Tianlai, LIU Haitao, ZHANG Jie. Studies on
carbohydrate content and sucrose-metabolizing enzymes activi-
ties in different parts of tomato[J]. Acta Horticulturae Sinica,
2005,32(2):239-243.

[4]  AEIE, 2Ok, AR ) . SMIR AR K 3 PCPA X 25 il SR S JRE M A
W], L7752, 2008(5): 8-12.

CUI Na, LI Tianlai, ZHAO Juyong. Effects on sucrose metabo-
lism of tomato fruit by PCPA treatment[J]. Northern Horticul-
ture,2008(5):8-12.

[S] LIL,WUHX,MAXW,XUWT,LIANG Q Z,ZHANR L,
WANG S B. Transcriptional mechanism of differential sugar ac-
cumulation in pulp of two contrasting mango (Mangifera indica
L.) cultivars[J]. Genomics,2020,112(6):4505-4515.

[6]  Wkekos, skadBe , WK IF, X2, RAR, 3L, TKIR-F, HACHE .

AN TR R B A AL IR S ] RS 2H 23 S B RARFE D). v AR
B}22,2010,43(20):4229-4237.
YAO Gaifang, ZHANG Shaoling, CAO Yufen, LIU Jun, WU
Jun, YUAN lJiang, ZHANG Huping, XIAO Changcheng. Char-
acteristics of components and contents of soluble sugars in pear
fruits from different species[J]. Scientia Agricultura Sinica,
2010,43(20):4229-4237.

[71 GRANOT D. Role of tomato hexose kinases[J]. Functional Plant
Biology,2007,34(6):564-570.

[8] PEGO JV,SMEEKENS S. Plant fructokinases: A sweet family
get-together[J]. Trends in Plant Science,2000,5(12):531-536.

[9] GONZALI S, PISTELLI L, DE BELLIS L, ALPI A. Character-
ization of two Arabidopsis thaliana fructokinase[J]. Plant Sci-
ence,2001,160(6):1107-1114.

[10] SMITH S B, TAYLOR M A,BURCH L R, DAVIES H V. Prima-
ry structure and characterization of a cDNA clone of fructoki-
nase from potato (Solanum tuberosum L. cv. Record)[J]. Plant
Physiology,1993,102(3): 1043-1043.

[11] TAYLOR M A,ROSS H A, GARDNER A, DAVIES H V. Char-
acterisation of a cDNA encoding fructokinase from potato (Sola-
num tuberosum L.)[J]. Journal of Plant Physiology, 1995, 145
(3):253-256.

[12] KANAYAMA Y, DAI N, GRANOT D, PETREIKOV M,
SCHAFFER A, BENNETT A B. Divergent fructokinase genes
are differentially expressed in tomato[J]. Plant Physiology,
1997,113(4):1379-1384.



956 3 i)

4

{4 #39%

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

FEIF AR, T, BN, 2Rk . R S A
TR 1) v e S H R IE b [J]. Hedb A 2544k ,2011,26(3) : 11-15.
WANG Weiping, CUI Na, YU Zhihai, BAI Liping, LI Tianlai.
Cloning and expression analysis of fructokinase gene (FRK)
from tomato fruit[J]. Acta Agriculturae Boreali-Sinica, 2011,26
(3):11-15.

GERMAN M A, ASHER I, PETREIKOV M, DAI N, SCHAF-
FER A A, GRANOT D. Cloning, expression and characteriza-
tion of LeFRK3, the fourth tomato (Lycopersicon esculentum
Mill.) gene encoding fructokinase[J]. Plant Science, 2004, 166
(2):285-291.

JIANG H W,DIAN W M, LIU F Y, WU P. Isolation and charac-
terization of two fructokinase cDNA clones from rice[J]. Phyto-
chemistry,2003,62(1):47-52.

HOEPFNER S W, BOTHA F C. Expression of fructokinase iso-
forms in the sugarcane culm[J]. Plant Physiology and Biochem-
isty,2003,41(8):741-747.

WRE S, kAR . M O S I IR SRR AL A L T RET]. 7
TR B F,2016,14(2):359-369.

CHEN Yihong, ZHANG Jisen. A review for gene evolution and
functional study in plant fructokinase[J]. Molecular Plant Breed-
ing,2016,14(2):359-369.

QIN QP,ZHANG S L,CHEN J W,XIEM,JINY F,CHENK S,
SYED A. Isolation and expression analysis of fructokinase genes
from citrus[J]. Acta Botanica Sinica,2004,46(12):1408-1415.
YAOY,GENGM T, WU X H,SUN C,WANG Y L, CHEN X,
SHANG L,LU X H,LIZ,LIRM,FU S P,DUANR J,LIU J,
HU X W, GUO J C. Identification, expression, and functional
analysis of the fructokinase gene family in Cassava[J]. Interna-
tional Journal of Molecular Sciences,2017,18(11):2398.
QINQP,CUIYY,ZHANG L L, LIN F F, LAI Q X. Isolation
and induced expression of a fructokinase gene from loquat[J].
Russian Journal of Plant Physiology,2014,61(3):289-297.
TR, B, O, 0, ERAE, R OB EERSRE
TR AW RO e A LR D AR AL [T, B AT AR A
#%,2022,30(1):63-69.

WANG Qingfen, GONG Shusen, BAI Yan, LIU nian, WANG
Peiyuan, WU Tian. Changes in fructose, fructokinase and its
gene in Morinda citrifolia during fruit development[J]. Journal
of Tropical and Subtropical Botany,2022,30(1):63-69.

B SO, SR, m A, BOAT L LD B A O A
FaFRK3 {58 % 5RIE 0 M[0]. LRl 2#4),2020,36(6): 1-5.
LU Wenyuan, ZHANG Liging, GAO Qinghua, DUAN Ke. Clon-
ing and expression analysis of fructokinase gene FaFRK3 from
‘Benihoppe’ strawberry[J]. Acta Agriculturae Shanghai, 2020,
36(6):1-5.

WREE, TN, R, R AT, KK AR MR e . i ROBE VR
SR MrFRK2 [ 50 W B AL BRI 92 (3R 35 70 ], [ 2
2241,2016,43(8): 1585-1592.

CHEN Xin, SHI Liyu, SHAO Jiarong, CHEN Wei,ZHENG Yong-
hua, YANG Zhenfeng. Molecular cloning and expression analy-
sis of MrFRK?2 in Chinese bayberry during fruit ripening[J]. Ac-
ta Horticulturae Sinica,2016,43(8):1585-1592.

R, TR, B, EE, B, 8 . AT R
Fe P LOFRK7 () 50 S 2k o M [0]. PU LA 424, 2018, 38
(5):816-822.

ZHAO Jianhua, YIN Yue, LI Haoxia, WANG Yajun, LI Yan-
long, AN Wei. Cloning and expression analysis of fructokinase

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

gene (LbFRK7) from wolfberry (Lycium barbarum Linn.)[J]. Ac-
ta Botanica Boreali-Occidentalia Sinica,2018,38(5):816-822.
KRG . 3R MdFKs B8 12235 93 5 IR A% 3R TE [D]. Mk -
PEABAMBHER 22, 2015.

LIU Fengli. The expression analysis of apple (Malus domestic)
MdAFKs genes and prokaryotic expression[D]. Yangling: North-
west A & F University,2015.

R, F[m, FEH, FRA, TRME . MR LT
ZLAL SRl Sy AR B B R TR 34 22 SO AT 0], A 2
#%,2017,34(5):534-540.

YUAN Hui, WEI Yun, LI Xinyue, LI Juncai, WANG Aide. Dif-
ferences in sugar accumulation and the related gene expression
in fruit development between ‘Nanguo’ and its mutant ‘Nan-
hong’ pears[J]. Journal of Fruit Science,2017,34(5): 534-540.
BRI, T T, ARG EIEE, SRR L A YRR RO BT STk
JE[T]. AR 2837, 2010,26(14):41-47.

CUI Na, WANG Weiping, LIN Feng, BAI Liping, ZHANG
Yulong. Update on fructokinase in higher plants[J]. Chinese Ag-
ricultural Science Bulletin,2010,26(14):41-47.

EStIC, BAT, BRI, Rk gl . SN 7 R A1 IR B R AL
PR S AR B RS (0] LR 2 S R (SRR
2014,15(1):47-51.

WANG Guiyuan, XIA Renxue, ZENG Xiangguo, WU Qiang-
sheng. Dynamic changes of sugar concentrations in pulp of
‘Cara cara’ navel orange (Citrus. sinensis L. Osbeck) after ap-
plication by exogenous ABA and GA;[J]. Agricultural Science
and Technology,2014,15(1):47-51.

AT ML RS, B, BHOE UEOCE, KA B AER
Xof AU AR I S G B L D) B (s A 0], LA I R
RN/ ,2015,33(3):21-28.

LI Jiefa, YANF Qi, YU Xiuming, WANG Lei, WANG Shiping,
XU Wenping, ZHANG Caixi. Influence of cibberellins on sugar
mrtabolism and related gene expression in fruit of pear (Pyrus
pyrifolia)[J]. Journal of Shanghai Jiaotong University (Agricul-
tural Science),2015,33(3):21-28.

X e e , 2= 5, A8 11 MRS 6 . KR R X A1 B R A R S
E b ST SZ I [T]. PG A RS2 22 0 CE AR RO , 2014, 34
(3):258-261.

LIU Xiaofeng, LI Changheng, MU Wei, WEN Pengfei. Influ-
ence of salicylic acid on the internal qualities of grape berry cv.
Cabernet Sauvignon[J]. Journal of Shanxi Agricultural Universi-
ty (Natural Science Edition),2014,34(3):258-261.

BT TRG AR MR BT R 2B e . TR
TELOT B RO SR SE TR R TR A A I R (K A D). B R A
2448,2021,34(2): 272-278.

GONG Chengyu, WANG Yi, SONG Haiyan, YANG Ke, TAO
Haiqing, LIU Junhong, GONG Ronggao. Effects of drought
stress on fruit quality and enzyme activity of glycolic acid me-
tabolism in Huangguogan fruit[J]. Southwest China Journal of
Agricultural Sciences,2021,34(2):272-278.

GILKERSON J, PEREZ-RUIZ J M, CHORY J, CALLIS J. The
plastid- localized pfkB-type carbohydrate kinases FRUCTOKI-
NASE-LIKE 1 and 2 are essential for growth and development
of Arabidopsis thaliana[J]. BMC Plant Biology, 2012, 12(1):
102.

SCHAFFER A A, PETREIKOV M. Sucrose- to- starch metabo-
lism in tomato fruit undergoing transient starch accumulation[J].
Plant physiology, 1997, 113(3): 739-746.



