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14-3-3 proteins regulates various  processes in plants 

• Conservative protein spread family 
• Phosphate-dependent  modulators of protein-

protein interaction
• Homo and heterodimers
• Various isoforms

• Arabidopsis thaliana – 15 isoforms 
(epsilon, iota, kappa, lambda, mu, nu, 
omicron, pi, upsilon, phi, chi, psi, omega)
• Nicotiana tabacum – 17 isoforms
• Oryza sativa – 8 isoforms
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In this study, to explore origin of 
multiple isoforms of 14-3-3 proteins 

we employed evolutionary analysis in 
broad phylogenetic scale



Materials and Methods

Sampling 
sequences from 

Databases

• Phytozome 12

• GenBank NCBI

• UniProt
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phylogenetic 
analysis 
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Filter/Trimming

>Araha.0877s0002_Org_Ahalleri_CDS:_Araha.0877s0002.1.p_(1_of_10)_K06630_-_14-3-3_protein_epsilon_(YWHAE)_(PAC:28848556)
ATGGAGAATGAGAGGGAAAAGCAGGTTTACTTGGCTAAGCTCTCTGAGCAAACCGAAAGATACGATGAAATGGTGGAGGCGATGAAGAAAGTTGCTCAGCTTGATGTGGAGCTAACTGTGGAGGAGAGAAA
TCTTGTTTCTGTGGGGTACAAGAATGTGATTGGTGCAAGGAGAGCTTCATGGAGAATACTATCCTCCATTGAGCAGAAGGAAGAGTCCAAGGGAAATGAGGAAAATGTCAAGAGGCTTAAGACTTATCGAAAG
AGGGTTGAAGATGAGCTTGCCAAAGTTTGTAATGACATCTTGTCCGTCATCGATAAGCATCTCATTCCATCGTCTAACGCTGTGGAGTCAACTGTCTTTTTCTACAAAATGAAAGGAGATTACTATCGCTATCTGG
CAGAGTTCAGTTCTGGTACTGAACGCAAGGAAGCTGCAGATCAGTCTCTTGAAGCATATAAGGCTGCTGTTGCTGCTGCAGAGACTGGTTTGGCACCCACACATCCAGTTAGACTTGGCTTGGCATTGAACTTTT
CAGTTTTCTACTATGAGATCTTGAACTCTCCCGAAAGCGCATGCCAATTGGCTAAGCAAGCATTCGATGATGCAATTGCTGAACTTGACAGCCTCAACGAGGATTCATACAAGGACAGCACTCTTATTATGCAGC
TACTTAGAGACAATCTCACCTTGTGGACTTCAGACCTCAATGAGGAAGGAGATGAGCGATCCAAAGGTGCTGAAGAGCCTCAAGAAGAGAACTAA-
>Araha.14574s0004_Org_Ahalleri_CDS:_Araha.14574s0004.1.p_(1_of_3)_PTHR18860:SF27_-_14-3-3-LIKE_PROTEIN_GF14_LAMBDA_(PAC:28853404)
ATGGCGACGACGTTAAACAGAGATCAATACGTGTACATGGCGAAGCTTGCTGAACAAGCTGAGCGTTACGAAGAGATGGTTCAATTCATGGAGCAGCTCGTAAGTGGAGCTACACCGGCCGGTGAACTCACG
GTTGAAGAGAGGAATCTTCTCTCCGTCGCGTATAAGAACGTGATCGGATCTCTTCGTGCGGCATGGAGAATCGTTTCTTCGATTGAGCAAAAGGAAGAGAGCAGGAAGAACGAAGAACACGTGTCGCTTGTTA
AGGATTACAGATCTAAAGTTGAGAGTGAGCTTTCTTCGATCTGTTCTGGAATTCTCAGGTTGCTTGATTCGCATCTGATTCCTTCAGCTACTGCTAGTGAGTCTAAGGTTTTTTACTTGAAGATGAAAGGAGATTA
TCATCGTTATTTGGCTGAGTTTAAATCTGGTGATGAGAGGAAAACAGCTGCGGAAGATACTATGATCGCTTACAAAGCTGCTCAGGACGTTGCGGTTGCTGATCTAGCACCAACACATCCGATCAGGCTGGGTC
TGGCTCTCAATTTCTCAGTGTTTTACTACGAGATTCTCAACTCTTCAGAGAAAGCTTGTAGCATGGCCAAACAGGCTTTTGAAGAAGCCATTGCTGAGCTGGACACATTGGGAGAGGAGTCATACAAGGACAGT
ACTCTCATCATGCAGTTGCTGAGGGACAATCTAACCCTTTGGACCTCCGATATGCAGGAGCAGATGGATGAGGCCTGA-
>Araha.1854s0003_Org_Ahalleri_CDS:_Araha.1854s0003.1.p_(1_of_1)_PTHR18860:SF12_-_14-3-3-LIKE_PROTEIN_GF14_IOTA_(PAC:28849702)
ATGTCATCATCAGGATCCGACAAAGAGAGAGAGACTTTTGTCTATATGGCTAAGCTCTCTGAACAAGCCGAACGATACGACGAGATGGTGGAGACGATGAAGAAAGTGGCAAAGGTGAATAGTGAGCTGACG
GTGGAAGAGAGGAATCTGTTGTCGGTTGGTTACAAGAACGTGATCGGAGCAAGACGAGCTTCGTGGAGGATAATGTCGTCGATCGAGCAGAAAGAAGAGTCCAAAGGCAATGAATCAAACGTGAAACATATC
AAGGGTTATCGCCAAAAGGTTGAAGATGAGCTCGCTAACATTTGCCAAGACATTCTCTCCATCATTGATCAGCATCTCATCCCTCACGCTACCTCAGGGGAAGCCACCGTCTTCTACTACAAGATGAAAGGAGAT
TATTACCGTTACTTGGCTGAGTTTAAGACCGAGCAAGAGAGGAAGGAAGCCGCTGAACAGTCGCTCAAAGGCTATGAGGCTGCAACACAAGCTGCAAGCACTGAGCTTCCTTCGACCCATCCGATTCGTCTTGG
CCTTGCTCTTAACTTCTCTGTTTTTTACTATGAGATCATGAACTCTCCTGAAAGAGCTTGCCATTTGGCGAAGCAAGCCTTCGATGAGGCGATTGCAGAGTTAGATACTCTAAGTGAGGAGTCATACAAGGACAG
CACTTTGATCATGCAGCTCCTGAGAGACAACCTCACCCTCTGGACTTCTGATCTTCCTGAAGATGGAGGAGAAGACAACATCAAGACTGAAGAACCCAAGCAAGAACAGGCTAAGCCTGCCGATGGCACTGAG
AACTGA
>Araha.2504s0014_Org_Ahalleri_CDS:_Araha.2504s0014.1.p_(1_of_1)_PTHR18860//PTHR18860:SF31_-_14-3-3_PROTEIN_//_SUBFAMILY_NOT_NAMED_(PAC:28850928)
ATGGGTTCTGGAAAAGAGCGTGACACTTTCGTCTACCTCGCTAAGCTCTCTGAGCAAGCTGAGCGCTATGAAGAAATGGTGGAATCAATGAAAAATGTTGCGAAATTGAATGTTGATCTGACGGTGGAAGAGA
GGAATTTGCTCTCTGTGGGATACAAGAACGTGATTGGTTCAAGGAGAGCTTCGTGGAGGATCTTCTCGTCGATCGAACAAAAGGAAGCAGTGAAAGGGAATGATGTTAATGTAAAGAGGATCAAAGAGTATAT
GGAGAAGGTTGAGTTGGAGCTTTCAAACATATGCATTGATATAATGTCTGTGTTAGATGAGCATCTGATTCCATCAGCTTCCGAGGGTGAATCAACTGTCTTCTTCAACAAGATGAAAGGTGACTATTACCGCTA
TCTTGCGGAGTTCAAATCAGGGAATGAGAGGAAAGAGGCTGCTGATCAGTCTTTGAAAGCCTATGAGATTGCTACTACTGCTGCTGAGGCTAAACTCCCTCCTACACATCCTATCAGATTGGGTTTGGCTTTGAA
TTACTCTGTCTTCTACTATGAGATCATGAACGCACCTGAAAGGGCATGTCACCTTGCGAAGCAGGCGTTCGATGAAGCTATCTCAGAGCTTGACACTCTGAATGAGGAATCCTACAAAGACAGCACCTTAATTAT
GCAACTCCTCAGGGACAATCTGACCTTGTGGACTTCTGACATCCCAGAAGAAGGAGCAGATGATGCCCATAAGACAAATGGTTCTTCCAAAGCTGGTGCAGGTGGAGATGATGCAGAGTGA----
>Araha.2597s0015_Org_Ahalleri_CDS:_Araha.2597s0015.1.p_(1_of_3)_PTHR18860:SF27_-_14-3-3-LIKE_PROTEIN_GF14_LAMBDA_(PAC:28842344)
ATGGCGGCGACATTAGGCAGAGACCAGTATGTGTACATGGCGAAGCTCGCCGAGCAGGCGGAGCGTTACGAAGAGATGGTTCAGTTCATGGAACAGCTCGTTACAGGCGCTACTCCGGCGGAAGAGCTCACC
GTTGAAGAGAGGAATCTCCTCTCTGTTGCTTACAAAAACGTGATCGGATCTCTACGCGCCGCCTGGAGGATCGTGTCTTCGATTGAGCAGAAGGAAGAGAGTCGTAAGAACGACGAGCACGTGTCGCTTGTCA
AGGATTACAGATCTAAAGTTGAGACTGAGCTTTCTTCAGTTTGCTCTGGAATCCTTAAGCTCCTTGACTCTCATCTGATCCCATCTGCTGGAGCTAGTGAGTCTAAGGTCTTTTACTTGAAGATGAAAGGTGATTA
TCATCGTTACATGGCTGAGTTTAAGTCTGGTGATGAGAGGAAAACTGCTGCTGAAGATACCATGCTCGCTTACAAAGCAGCTCAGGATATCGCAGCTGCGGATATGGCACCTACTCATCCAATAAGGCTTGGTC
TGGCCCTGAATTTCTCAGTCTTCTACTATGAGATTCTCAATTCTTCAGACAAAGCTTGTAACATGGCCAAACAGGCTTTTGAAGAAGCCATAGCTGAGCTTGACACATTGGGAGAGGAATCCTACAAAGACAGCA
CTCTCATAATGCAGTTGCTGAGGGACAATTTAACCCTTTGGACCTCCGATATGCAGGAGCAGATGGACGAGGCCTGAraha.2714s0001_Org_Ahalleri_CDS:_Araha.2714s0001.1.p_(1_of_1)_PTHR1886
0:SF32_-_14-3-3_FAMILY_PROTEIN-RELATED_(PAC:28862748)
ATGGAGAATGAGAGAGAAAAGCTTATTTACTTGGCTAAGCTCGCCTGCCTAGCTGGAAGATATGATGATATGATGAAATCGATGAGAAAAGTATGTGAGCATGATATAGAGCTAAGTGAAGAGGAAAGAGAC
CTACTAACAAGTGGGTACAAGAATGTCATGGAGACTAAGAGAGCTTCATTGAGAGTAATATCATCTATTGAAAAATTGGAAGACTCGAAAGGAAACGACCAAAATGTGAAATTGATAAAAGGACAACAAGAAA
TGGTTAAATATGAGTTTTTCGATGTTTGTAATGACATTTGGTCTCTCATTGATTCTCATCTCATACCATCAACTACTAATGTCGAATCAACTGTCTTTTTTAACAGAATGAAAGGAGATTATTTTCGATATATGGCA
GAGTTTGGTTCTGATGCTGAACGTAAAGAAAATGCGGATAATTCTCTGGAAGCATATAAGGTTGCAATGGAAATGGCAGAGAATAGTTTAGCACCCACCAATATAGTTAGACTTGGATTGGCTTTAAACTTCTC
GATATTCAATTATGAGATCCTTAAATCAATTGAAAGTAATTATGTGAATTTATACAGCGCATGCAAATTGGTTAAGAAAGCTTACGATGAAGCAATCGCTGAACTCGATGGCCTTGACAAGAAAACATGTGAAG
AGAGCATATATATCATAGAGATGCTTAAATACAATCTTTCTGCGTGGACTTTATGCGATGGTAATGGTAATGGTAATATACGTTTAGTTCGCAGTGAAAGTTTTTAA-



Results

Phylogenetic tree 
representing 
relationships 
between main 
subfamilies of plant 
14-3-3 proteins. 
Numbers on the 
branch are statistical 
support according 
aLRT/aBayes/UltraFa
st bootstrap. 455 
sequences from 42 
plant species 
(monocots, dicots 
and Amborella) 
were analysed, 
yeasts were used as 
outgroup.
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Fragment of phylogenetic tree 
representing 
relationships of 14-3-3 proteins 
in omega-group isoforms
within Brassicaceae family  

A number of sequences of 14-3-3 
proteins are annotated in 

databases as epsilon isoforms, 
whereas they are closely related 

to non-epsilon group



Conclusion

• The split on epsilon and non-epsilon isoforms types is ancient and took 

place in the early period of plants evolution, before diversification on 

monocots and dicots. 

• Ancestral forms of epsilon-group, iota-group, psi-group and kappa-group 

14-3-3 isoforms diverged in common ancestor of all flowering plants. Later 

in common ancestor of monocots and eudicots mu and omega groups 

segregated from epsilon and psi, respectively.

• omicron, pi, phi, chi, nu and lambda isoforms in Arabidopsis thaliana

resulted from subsequent whole genome duplication events during 

Brassicaceae evolution  
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