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Abstract 

 

The PHD-finger proteins are conserved in eukaryotic organisms and are involved in a variety of important functions in 

different biological processes in plants. However, the function of PHD fingers are poorly known in tomato (Solanum 

lycopersicum L.). In current study, we identified 45 putative genes coding PHD-finger protein in tomato distributed on 11 

chromosomes except for chromosome 8. Some of the genes encode other conserved key domains besides PHD-finger. 

Phylogenetic analysis of these 45 proteins resulted in seven clusters. Most PHD finger proteins were predicted to PML body 

location. These PHD-finger genes displayed differential expression either in various organs, at different development stages 

and under stresses in tomato. Our study provides the first systematic analysis of PHD-finger genes and proteins in tomato. 

This preliminary study provides a very useful reference information for PHD-finger proteins in tomato. They will be helpful 

for cloning and functional study of tomato PHD-finger genes. 
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Introduction 

 

Tomato (Solanum lycopersicum L.), as an important 

vegetable (Siddiq et al., 2009), is now grown and 

consumed worldwide in diverse ways including raw in 

salads, ketchup and vegetable. In addition, tomato is an 

excellent model for other berry crops due to its well-known 

genetic characteristics. It has a relatively moderate size of 

diploid genome (~900 Mb, n=12) (Consortium, 2012), has 

hundreds of molecular markers, abundant collections of 

germplasm and mutants, and it is transformable (Hasan et 

al., 2008). Genetic and functionally genomic study in 

tomato will support breeding references to tomato, other 

Solanaceae family members and even fleshy berry plants in 

order to satisfy requirements for both consumers and 

farmers. Though more and more important genes in tomato 

have been cloned and identified (Martin et al., 1993; 

Powell et al., 2012), the function of many genes still 

remains largely unknown, especially the ones determining 

key agronomic characters. To study gene function, the first 

and basal strategy is to analyze gene family from genomic 

database using bioinformatics and choose potential 

candidates as research targets. 

The PHD (Plant homeodomain) finger was first 

discovered by Schindler (Schindler et al., 1993), who noted 

a Cys4-His-Cys3 motif of HAT3 protein in Arabidopsis 

thaliana in 1993. This PHD finger domain, composed of 

approximately 50 to 80 amino acids, can bind two zinc ions 

as metal binding RING domain through so-called 'cross-

brace' motif. In general, the PHD finger adopts a globular 

fold, consisting of a two-stranded beta-sheet and an alpha-

helix. The region consisting of these secondary structures 

and the residues involved in coordinating the zinc-ions are 

highly conserved among eukaryotic species. The loop 

regions 1 and 2 formed by PHD finger are variable and 

could contribute functional specificities to the different 

PHD fingers. It occurs as a single or in clusters of two or 

three, and it also occurs together with other domains, such 

as the chromodomain and the bromodomain (Ragvin et al., 

2004). As conserved domain in eukaryotic organisms, 

PHD-finger family tends to be found in nuclear proteins 

that have a role in epigenetics (Sanchez & Zhou, 2011), 

histone modification and chromatin-mediated 

transcriptional regulation (Aasland et al., 1995). Some 

views have emphasized the ideas that PHD finger domains, 

such as related LIM and RING finger domains, are 

probably involved in protein-protein, protein-DNA and 

protein-RNA interactions (Linder et al., 2000; Lyngso et 

al., 2000). Some evidences suggested that PHD finger 

showed E3 ubiquitin ligase activity and it was described 

primarily as E3 ubiquitin ligases (Aravind et al., 2003; 

Coscoy & Ganem, 2003). In plant kingdom, many PHD 

finger proteins were identified as important components or 

regulators in plant development, fertility, photoperiod 

pathways and vernalization (Mussig et al., 2000; Sung & 

Amasino, 2004; Sung et al., 2006). For example, ALFIN-

LIKE 6, a PHD finger protein, is involved in root hair 

elongation during phosphate deficiency in Arabidopsis 

(Chandrika et al., 2013). Another two PHD finger proteins 

(OBE1 and OBE2) in Arabidopsis were identified as 

crucial components for apical meristem maintenance and 

embryonic meristem initiation (Saiga et al., 2008; Saiga et 

al., 2012). In rice, PTC1 encodes a PHD-finger protein that 

is required for tapetal cell death and pollen development 

(Li et al., 2011). Two PHD-finger proteins in soybean 

(GmZF-HD1 and GmZF-HD2) function as transcription 

factors to activate GmCaM4 gene expression in response to 

pathogen (Park et al., 2007). These findings indicate the 

key roles of PHD finger in plants. 

Whether PHD fingers have specific biological 

function in tomato is unclear. There was no literature 

reporting PHD finger function in tomato and no 

systematic analyses of PHD finger family in tomato were 

carried out previously. Here, we reported that 45 genes 

coding PHD finger proteins in tomato were identified 

through bioinformatics strategy. Multiple sequences 

alignment, phylogenetic tree, prediction of sub-nuclear 

location and gene expression profile in different tissues 
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and response to stresses provided a better understanding 

of PHD finger family in tomato. Our preliminary results 

can be utilized as a reference for cloning PHD finger 

genes and further exploring the function of PHD finger 

protein family in tomato. 

 

Materials and Methods 

 

Database searches for genes encoding PHD-finger 

proteins: To identify genes encoding PHD-finger 

proteins in tomato, multiple strategies were employed to 

search candidates from public tomato genomic database 

ITAG2.3 (International Tomato Annotation Group) 

(http://solgenomics.net/organism/Solanum_lycopersic

um/genome) and non-redundant protein database from 

NCBI (National Center for Biotechnology 

Information) (http://www.ncbi.nlm.nih.gov/). The 

sequence of published PHD-finger genes form 

Arabidopsis thaliana and Oryza sativa were used to run 

BLASTN in ITAG2.3 for comprehensive collection. 

Sequences with E values above 1e-6 and maximum 

identity less than 30% were excluded from our dataset. 

Self-BLAST of the sequences was carried out manually to 

remove the redundancy. Sequence of candidates was 

reconfirmed using Pfam (http://pfam.sanger.ac.uk/search) 

and conserved domain database (CDD) 

(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). 

 

Gene annotations and protein domain composition: 

The information of tomato PHD-finger genes, including 

gene locus, chromosomal location, length, number of 

exons and protein description were retrieved from 

ITAG2.3 database. The conserved domains were 

determined by Pfam and CDD. Illustrator CS5 software 

was used to draw protein model and gene distribution 

along chromosomes. 

 

Multiple sequence alignment of PHD-finger domain: 

Complete amino acid sequences of PHD-finger genes 

were downloaded from ITAG2.3 database and 

transformed to FASTA format. Multiple sequence 

alignments were performed using Clustal W. 

Subsequently, alignments of PHD-finger domain were 

adjusted using Bioedit 7.0 software. Typical ‘cross-

brace’ model of the PHD-finger domain was designed 

by Illustrator CS5 with a reference to previous literature 

(Kosarev et al., 2002). 

 

Phylogenetic analysis of the PHD-finger proteins: Full 

length protein sequence was employed to generate 

phylogenetic tree by the neighbor-joining method using 

MEGA 5.0 software (Tamura et al., 2011). The bootstrap 

test was carried out with 1000 replicates to assess the 

reliability of the interior nodes. 

 

Prediction of protein sub-nuclear location: PHD-finger 

proteins were predicted to analyze sub-nuclear locations 

using Sub-nuclear Compartments Prediction System v2.0 

(http://array.bioengr.uic.edu/subnuclear.htm) (Lei & Dai, 

2005; Lei &  Dai, 2006). 

Plant materials, treatments and gene expression 

analysis: Seeds of tomato (cv. Micro-Tom) were 

germinated and grown in grown mix (peat : 

vermiculite = 1:1) in climate-controlled chamber 

under long day conditions (16 h light at 25°C /8 h 

dark at 20°C cycle). 

Three-week-old seedlings were transplanted to 

pots and various tissues including root, stem, leaf, 

flower and green fruit were collected at fruit formation 

stage. Abiotic stress treatments including heat (38°C, 4 

h), cold (4°C, 4 h), salt (150 mM NaCl, 4 h) and 

drought (Dry air blow, 3 h) were carried out when the 

seedlings were 28-day-old. Leaf tissues were harvested 

and frozen immediately in liquid nitrogen after 

treatments. 5 representative PHD-finger genes 

(Solyc05g032760, Solyc06g062850, Solyc07g041190, 

Solyc07g049210, Solyc10g078520) were chosen to 

carry out real time RT-PCR for gene expression 

analysis. The primer sequences are listed as follows:  

 

Solyc05g032760-F: 5’-AAGAGGAGGAAGAGCATGG-3’ 

Solyc05g032760-R: 5’-CTCTTGTTGCTGCATGATGG-3’ 

Solyc06g062850-F: 5’-AGTTAGCAAAGTTGCAGGC-3’ 

Solyc06g062850-R: 5’-AATTTTCTCCACAGGCACC-3’ 

Solyc07g041190-F:5’-AGATGAACATGGCGACACTC-3’ 

Solyc07g041190-R: 5’-CTTTATATGCTCGGCCTTGG-3’ 

Solyc07g049210-F: 5’-GATGAGACCATCTGATTCTG-3’ 

Solyc07g049210-R 5’-CTGCACATCAAAGTGATCTG-3’ 

Solyc10g078520-F: 5’-AGCTTCCTGCAGATGAACC-3’ 

Solyc10g078520-R: 5’-AGTCTCTGTCACGTTCTCG-3’ 

 
About 100 mg tissues were employed to extract 

total RNA using Column Plant RNA out reagent kit 

according to manufacturer’s protocol (TIANDZ, Beijing, 

China). RNA concentration was measured by 

NanoDrop2000 (Thermo SCIENTIFIC, USA) to further 

normalize RNA template among different samples. The 

first strand cDNAs were synthesized (~0.4 µg RNA as 

template) using Super Quick RT cDNA Synthesis kit 

(CWBIO, Beijing, China). Real-time quantification RT-

PCR reactions were performed in iQ
TM
5 machine (Bio-

Rad, USA) using the SYBR Premix Ex Taq II (TaKaRa, 

Dalian, China) according to the manufacturer’s 

instructions. Each PCR reaction (25 µl) contained 15 µl 

Mix, 0.8 µl of each primer, and appropriately diluted 

cDNA. The PCR program was 95°C for 30 s followed 

by 40 cycles of 95°C for 20 s, 58°C for 30 s, and 68°C 

for 45 s. The Actin 2/7 (de Jong et al., 2009) was used as 

internal reference for all the RT-PCR analysis. Each 

treatment was repeated three times independently. 

Microarray expression profiles of 10 PHD-finger 

genes (Solyc01g102750, Solyc01g102760, 

Solyc01g110020, Solyc03g121930, Solyc05g032760, 

Solyc06g051420, Solyc06g062850, Solyc07g041190, 

Solyc07g049210, Solyc10g078520) were obtained from 

online server Genevestigator (Hruz et al., 2008). 

Detailed experimental information, plant materials and 

methods can be acquired at the website 

(http://www.genevestigator.com/gv/). 
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Results 

 

Identification of genes encoding PHD-finger protein in 

tomato: Using integrated database mining, 45 putative 

genes encoding PHD-finger protein in tomato were 

identified from ITAG2.3 database. As shown in Table 1, 

the gene length varied from 1482 to 27813 bp and their 

encoding proteins varied from 97 to 2002 (aa) in length. 

The number of exon differed from 2 to 23 and the number 

of intron differed widely (Data not shown) indicating gene 

diversity in component. Besides PHD-finger domain, some 

genes encoded other conserved domains, such as BAH 

(Bromo-Adjacent Homology) domain, ING (Inhibitor of 

Growth) domain, RING finger domain and so on (Table 1). 

According to protein annotation from the database, some 

PHD-finger proteins played roles in methylation, 

demethylation and DNA banding activity (Table 1) 

indicating their various biochemical property. According to 

chromosomal location from ITAG2.3, these PHD-finger 

genes were distributed from chromosome 1 to 12 with an 

exception of chromosome 8 (Fig. 1). Chromosome 1, 9 and 

10 were rich in the PHD-finger genes relatively. There 

were two gene aggregates on the bottom of chromosome 1 

and 10 respectively (Fig. 1). Interestingly, the gene 

Solyc01g102750.2.1 and Solyc01g102760.2.1 were quite 

close (~ 1.4 kb in between) to each other on the bottom of 

chromosome 1 suggesting that they might belong to the 

same gene cluster (Fig. 1). 

 

Table 1. List of 45 PHD-finger genes identified in tomato. 

Gene locus Length (bp) Exons Chr. 
Protein 

length (aa) 
Protein description 

Solyc01g095890.2.1 12179 23 1 1048 Histone-lysine N-methyltransferase 

Solyc01g100130.2.1 3864 3 1 925 PHD-finger family 

Solyc01g102750.2.1 5458 5 1 249 PHD-finger family 

Solyc01g102760.2.1 6606 6 1 248 PHD-finger family 

Solyc01g107410.2.1 7422 9 1 796 PHD-finger family 

Solyc01g110020.2.1 6389 5 1 216 Contain BAH-PHD domain 

Solyc02g069980.2.1 9696 8 2 494 Contain RING finger domain 

Solyc02g081130.1.1 3549 6 2 211 Contain BAH-PHD domain 

Solyc03g005170.2.1 11108 9 3 1104 PHD-finger family 

Solyc03g071550.1.1 6959 10 3 963 Chromodomain helicase DNA binding 

Solyc03g083410.2.1 10406 24 3 981 Histone-lysine N-methyltransferase 

Solyc03g116440.1.1 2438 3 3 709 PHD-finger family 

Solyc03g121930.2.1 4828 5 3 276 PHD-finger family 

Solyc04g007270.2.1 3852 6 4 703 PHD-finger family 

Solyc04g008420.1.1 3085 3 4 678 PHD-finger family 

Solyc04g058190.2.1 14502 6 4 603 Lysine-specific demethylase 

Solyc05g005640.2.1 11531 9 5 2002 Contain methyl-CpG binding domain 

Solyc05g032760.2.1 6043 3 5 97 PHD-finger family 
Solyc05g042030.2.1 7733 5 5 212 Contain BAH-PHD domain 
Solyc06g010220.1.1 7015 8 6 637 Chromodomain helicase DNA binding 
Solyc06g051420.2.1 12723 5 6 245 PHD-finger family 
Solyc06g062850.2.1 5428 5 6 257 PHD-finger family 
Solyc06g069360.2.1 6633 3 6 650 PHD-finger family 
Solyc06g074640.1.1 7050 9 6 1569 Chromodomain helicase DNA binding 
Solyc07g008730.1.1 8703 10 7 707 Pathogenesis-related homeodomain 
Solyc07g041190.2.1 4016 5 7 246 PHD-finger family 
Solyc07g049210.2.1 4719 5 7 216 Contain BAH-PHD domain 
Solyc07g062100.2.1 1482 2 7 302 Bromodomain and PHD finger 
Solyc07g062600.2.1 7260 9 7 1141 PHD-finger family 
Solyc09g005360.2.1 8419 5 9 241 PHD-finger family 
Solyc09g008520.2.1 8670 21 9 930 Chromodomain helicase DNA binding 
Solyc09g031580.2.1 8932 11 9 1213 Chromodomain helicase DNA binding 
Solyc09g065340.2.1 10651 8 9 1360 PHD-finger family 
Solyc09g076010.2.1 11175 8 9 1364 PHD-finger family 
Solyc09g091190.2.1 4822 7 9 236 Inhibitor of growth protein 
Solyc10g005490.2.1 27813 32 10 1258 Protein strawberry notch homolog 
Solyc10g076690.1.1 5960 5 10 240 PHD-finger family 
Solyc10g078520.1.1 3377 7 10 258 Inhibitor of growth protein 
Solyc10g083800.1.1 10624 21 10 906 Chromodomain helicase DNA binding 
Solyc10g084650.1.1 12643 19 10 1349 PHD-finger family 
Solyc10g085180.1.1 4964 5 10 240 PHD-finger family 
Solyc11g065140.1.1 3101 3 11 717 Chromodomain helicase DNA binding 
Solyc11g066480.1.1 8880 17 11 1064 PHD-finger family 
Solyc12g014540.1.1 10471 6 12 817 Lysine-specific demethylase 
Solyc12g096040.1.1 7690 5 12 254 PHD finger family 
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Fig. 1. Chromosomal distribution of PHD-finger genes in tomato. 

Tomato chromosomes are represented by grey bars. The approximate location of each candidate PHD-finger genes was deduced from 

ITAG2.3 database. The two red boxes indicate gene aggregates. 

 

Multiple sequence alignment of PHD-finger domain: 

PHD-finger domain, containing typical Cys4-His-Cys3 

zinc banding motif, is highly conserved in more than 

400 eukaryotic organisms (Kaadige & Ayer, 2006). To 

investigate conservative property of Cys4-His-Cys3 

motif of these PHD-finger proteins, full-length amino 

acid sequence was used to generate multiple sequence 

alignment. All of the PHD-finger domains, consisting 

of approximately 60 residues, had a highly consensus 

Cys4-His-Cys3 motif (Fig. 2A). The amino acid 

sequences between cysteines and histidine were also 

relatively conserved, which was considered to be a 

typical property of PHD-finger domain (Bienz, 2006). 

The PHD-finger domain can bind two zinc ions as 

metal binding RING domain through the so-called 

'cross-brace' model (Fig. 2B). The Loop 1 (between C2 

and C3) and Loop 2 (between C5 and C6) of 45 PHD-

fingers varied in length and constituted two different 

surfaces of the domain according to structure model 

(Fig. 2). Loop 2 (12-19 residues) was longer compared 

with loop 1 (4-18 residues) and contained related 

functional residues, such as Leu and Thr, suggesting 

that loop2 constituted a prime interaction surface of 

these PHD fingers (Bienz, 2006). 
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Fig. 2. Multiple sequence alignment (A) and structure of PHD-finger domain (B). 

C4HC3 zinc-finger-like motif is shaded black (A). Schematic presentation (‘cross-brace’ model) of the structure of a PHD-finger domain (B). 
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Analysis of domain composition: Protein function is 

determined by its domain composition. So it is necessary 

to analyze domain composition as references for protein 

function study. Protein model of our identified PHD-

fingers in tomato is shown in Fig. 3. Besides PHD-finger 

domain, other conserved domains were observed 

through Pfam and CDD of NCBI. Many of them 

contained only one PHD-finger domains without any 

other conserved domains. Differently, the gene 

Solyc04g058190.2.1 encoded two PHD-finger domains 

in cluster. Ten PHD-finger proteins contained DUF3594 

(domain of unknown function 3594) domain which was 

functionally uncharacterized (Fig. 3). Conserved 

DUF3594 domain family was found in eukaryotes and is 

approximately 140 amino acids in length. Interestingly, 

DUF3594 domain was found association with PHD 

finger, implying strong relationship between them. 

There were five PHD-finger proteins connecting with 

BAH domain which was found in proteins such as 

eukaryotic DNA methyltransferases and transcriptional 

regulation. The BAH domain might therefore play an 

important role in linking DNA methylation, replication 

and transcriptional regulation (Callebaut et al., 1999). 

ING (Inhibitor of Growth) domain and DDT (DNA 

binding homeobox and different transcription factors) 

domain serving as transcript regulation and chromosome 

remodeling (Doerks et al., 2001; Chruscicki et al., 2010) 

were also observed in 45 PHD-finger proteins. PHD-

finger like domain, such as PHD-2, zf-HC5HC2H-2 and 

zf-RING-2 were tandem to PHD-finger and might have 

the similar zinc ion banding activity. Other conserved 

domains, such as WHIM1, PWWP, SET and etc. joint 

together with PHD-finger domain. Combined with many 

other conserved domains, these 45 PHD-fingers might 

play multiple roles in tomato. 

 

Phylogenetic analysis of the PHD-finger proteins in 

tomato: Phylogenetic tree was generated from full-

length amino acid sequence to examine the 

evolutionary relationships among 45 PHD-finger 

family members in tomato. These PHD-finger members 

can be grouped into 7 clusters based on the ≥ 50% 

bootstrap values (Fig. 4). Two main clusters were 

composed with 11 and 10 members respectively. The 

third largest group contained 4 members and the forth 

group contained 3 members. There were 3 small groups 

composed with 2 members. The grouped PHD-fingers 

in tomato may have strong evolutionary relationships 

among subfamily members. There were 11 unclassified 

clades indicating relative far evolutionary relationships 

between each other (Fig. 4). In all, the 45 PHD-finger 

gene family may have undergone multiple duplications 

during the evolution history. 

 

Prediction of protein sub-nuclear location: Identified 

PHD-finger proteins were known to be nuclear in model 

organism (Conti et al., 1998; Huh et al., 2003). So these 

45 PHD-finger proteins were predicted to analyze sub-

nuclear locations using Sub-nuclear Compartments 

Prediction System (Version 2.0) which can predict 

locations in cell nucleus (Lei & Dai, 2005; Lei & Dai, 

2006). According to the prediction results, most of PHD-

finger proteins (64%) were thought to be PML body 

which was dynamic nuclear protein aggregates 

interspersed between chromatin (Fig. 5). PML bodies 

show discrete nuclear foci, 0.2-1.0 micrometer wide, were 

present in most mammalian cell nuclei and typically 

number 1 to 30 bodies per nucleus, depending on the cell 

type, cell-cycle phase and differentiation stage. Eight 

members of them (18%) were predicted to localize at 

chromatin which was the combination of DNA and 

proteins that make up the contents of the nucleus of a cell 

(Fig. 5). There were seven PHD-finger proteins harboring 

at nucleoplasm which was a highly viscous liquid that 

surrounds the chromosomes and nucleoli. Protein encoded 

by Solyc12g096040.1.1 was considered to localize at 

nuclear lamina which function in regulating important 

cellular events such as DNA replication and cell division. 

Additionally, nuclear lamina participated in chromatin 

organization and anchored the nuclear pore complexes 

embedded in the nuclear envelope. Different sub-nuclear 

location results indicated that PHD-finger proteins might 

have diverse biochemical function in cell nucleus. 

 

Gene expression analysis in various tissues and at 

different developmental stages: To observe expression 

profiles of the PHD-finger genes in tomato development, 

the expression of these genes was analyzed under normal 

growth conditions by Genevestigator (Hruz et al., 2008). 

Ten representative genes were chosen to create standard 

heat map in various tissues including seedling, 

inflorescence, racemose cyme, flower, fruit, shoot, stem, 

leaf, hypocotyl, cotyledon, roots, unspecified root and 

root tip. The gene Solyc01g102760.2.1 had higher 

expression in racemose cyme and flower. The expression 

level of the gene Solyc10g078520.1.1 was higher in 

seedling (Fig. 6A). In addition, we also identified the 

expression profiles of PHD-finger family genes at 

different developmental stages through analysis of public 

microarray database. The whole growth stages were 

divided into six periods and similar heat map was 

generated. Obviously, all the 10 genes investigated 

showed relatively high expression level at final stage 

(Fruit ripening complete) suggesting these genes may 

play a role in fruit maturity or plant senescence (Fig. 6B). 

 

Gene expression analysis under stresses: To further 

understand the gene function, the change of gene 

expression induced by stresses including salt, heat, 

drought and three pathogens of tomato was analyzed. 

Fold change of 10 genes was investigated through 

Genevestigator (Hruz et al., 2008). Many of them showed 

down-regulation trend after stress treatment suggesting 

their negative role in stress responses (Fig. 7). The 

expression level of Solyc07g041190.2.1 was significantly 

down regulated by drought and Colletotrichum coccodes 

infection, indicating that the gene may play a negative 

role in response to the two stresses. 
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Fig. 3. Domain composition of 45 PHD-finger proteins. 

Proteins with similar domain composition are listed together. 

The length of the lines and boxes is determined by protein 

length (aa). The green box is used to represent PHD-finger and 

RING domain. 

 
 
Fig. 4. Phylogenetic tree of 45 PHD-finger proteins. 

Neighbor-joining tree was created using MEGA 5.0 program 

with 1000 bootstrap. Bootstrapping values are indicated as 

percentages (when more than or equal to 50%) along the 

branches. Different clusters are shown with various colors. 

 

Gene expression analysis in model tomato cv. Micro-

Tom: In tomato germplasm, a miniature tomato cultivar 

of Solanum lycopersicum cv. Micro-Tom is regarded as 

an excellent model system (Kobayashi et al., 2013). 

Micro-Tom has characteristics that make it suitable for 

experimental study, such as small size, short generation 

time and ease of transformation. Currently, many 

Micro-Tom background mutants have been developed 

through various mutagenized strategies (Matsukura et 

al., 2008). Thus, analysis of gene expression in the 

model cultivar would provide references to study gene 

function in tomato. On the other hand, gene expression 

pattern may differ in different cultivar as a result of 

diverse genetic background. To better understand the 

expression of PHD-finger genes in Micro-Tom, real 

time RT-PCR was carried out in various plant tissues 

and under stresses. Expression level of four genes 

investigated in leaf tissue was relatively higher 

compared with other tissues except for 

Solyc07g049210.2.1 (Fig. 8A). The gene 

Solyc07g049210.2.1 was slightly up-regulated induced 

by cold and drought stress (Fig. 8B). Other four genes 

were all down regulated in response to cold, heat, salt 

and drought stresses (Fig. 8B). Different expression 

pattern compared with microarray data might result 

from differed cultivar or experimental conditions. 

Taken together, PHD-finger genes may play multiple 

roles in tomato because of various expression patterns. 
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Fig. 5. Prediction of protein sub-nuclear location. 

Sub-nuclear Compartments Prediction System (Version 2.0) was 

used to predict locations in cell nucleus. Prediction results are 

presented by colors in the form of pie chart. Percentage of 

location in 45 proteins is calculated. 

 

 
 

Fig. 6. Expression potential of PHD-finger genes in various 

tissues (A) and at different developmental stages (B). 

Degree of blue color stands for various expressions potential. 

The complete fruit ripening stage is highlighted by red box. 

 
 

Fig. 7. Variation of PHD-finger gene expression induced by stresses. 

Fold change is presented by black bars. The same gene is shaded 

gray for easy observation. Values above or below zero mean up 

or down regulation of gene expression respectively. 

 

Discussion 

 
As the progress of several whole-genome sequencing 

projects, including human, mouse, fruit fly, Arabidopsis 
and so on, more and more genomic DNA sequences have 
become available. When it comes to Solanum species, 
new version with high-quality genome sequence in 
tomato was released publicly in 2012 (Consortium, 2012), 
which provide a powerful support to tomato researchers. 
These genomic sequencing projects make it possible to 
analyze gene families in one species systematically. One 
of the well-known strategies for gene family analysis is to 
detect all the gene models first in one genome through 
bioinformatics tools (Andolfo et al., 2012; Cai et al., 
2013; Chen et al., 2013). Here, key words searching and 
BLAST program were undertaken to screen genes coding 
PHD-finger domain in tomato genome. In total, 45 
putative PHD-fingers were identified and further 
analyzed. The gene and their coded protein varied from 
each other in length. Protein annotation suggested their 
roles in methylation, demethylation and DNA binding 
activity. The distribution of genes, in general, is 
nonrandom in plant genomes. Our analyses showed that 
the PHD finger genes were differentially represented on 
each of the tomato chromosomes except number 8. It 
seems that there were two gene aggregates on the bottom 
of chromosome 1 and 10 respectively indicating a 
nonrandom distribution to some extent.  
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The PHD finger is a common structural motif found in 

all eukaryotic organisms (Bienz, 2006). So PHD finger 

domain from 45 proteins in tomato was generated to 

multiple sequence alignment to investigate typical 

conserved Cys4-His-Cys3 motif. According to the results, 

all of them showed identical Cys4-His-Cys3 motif forming 

Loop1 and Loop2. The PHD finger binds two zinc ions 

through the so-called 'cross-brace' motif and is thus 

structurally related to the RING finger (Bienz, 2006). 

Besides PHD-finger domain, these genes encoded other 

conserved domains, such as BAH domain, ING domain, 

RING finger domain and so on, indicating multiple 

biochemical function. The PHD finger was thought to be 

involved in epigenetics, E3 binding activity, protein 

interaction and chromatin-mediated transcriptional 

regulation (Sanchez & Zhou, 2011). Phylogenetic tree was 

generated to examine the evolutionary relationships among 

different PHD-finger family members in tomato. These 

PHD-finger members can be grouped into 7 clusters (Fig. 

4), suggesting the gene family may have undergone 

multiple duplications during the evolution history. 

At present, more and more online servers can be used 

to predict protein sub-cellular location providing useful 

clues before experimental investigation (Emanuelsson et 

al., 2000). The PHD finger proteins are nuclear in some 

model species including budding yeast and fruit fly 

(Bienz, 2006). So it is speculated that our newly identified 

PHD finger proteins in tomato might have the potential of 

nuclear location. The predicted results provide a better 

understand the functional mechanism of PHD fingers. For 

instance, PHD finger can have nucleosome-binding 

activity such as p300 and ACF1 (Eberharter et al., 2004; 

Ragvin et al., 2004). Based on our prediction, 8 members 

from PHD fingers in tomato localized at chromatin (Fig. 

5) indicating their potential of nucleosome-binding 

activity. According to gene expression profile from 

Genevestigator and real time RT-PCR results in Micro-

Tom, some PHD finer genes might regulate fruit 

maturation or plant senescence and respond to stresses. 

In plant kingdom, some literatures have proved 

that PHD fingers play roles in plant development, 

fertility, photoperiod pathways and vernalization 

(Mussig et al., 2000; Sung & Amasino, 2004; Sung et 

al., 2006). For instance, Rice gene PTC1 encodes a 

PHD-finger protein that is required for tapetal cell 

death and pollen development (Chandrika et al., 2013). 

However, the relationship between PHD finger and 

their biological roles remain largely unknown in plant 

world. As worldwide vegetable, tomato is crucial to 

human diet and health because of its source of vitamin 

and active chemical lycopene functioning in antitumor 

(Ishfaq et al., 2012). Genetic and functionally genomic 

study will support tomato breeding profoundly. 

However, the function of a great number genes in 

tomato still remains largely unknown, especially those 

ones determining key agronomic characters. Our 

preliminary results provided a supportive information 

of gene cloning and a better understanding of PHD 

finger gene family in tomato. However, further study is 

needed to determine the functions of the PHD fingers 

by additional biological experiments. 

 
 
Fig. 8. Gene expression analysis in model tomato cv. Micro-Tom. 

Relative expression of 5 representative genes in various tissues 

were determined by real-time qRT-PCR. Gene expression after 

cold, heat, salt and drought treatments was determined through the 

same strategy. Expression levels were normalized by Actin 2/7 (de 

Jong et al., 2009). Error bars represent means of three replicates ± 

SD. Fold change of gene expression was compared with control 

(No treatment). Up and down regulation were determined by 

values above and below 1 respectively. One of three independent 

experimental replicates with similar results is shown. 

 

Conclusions 

 

Our study first provides the systematic analysis of the 

Solanum lycopersicum PHD-finger genes and proteins they 

encoded. From tomato genomic database, 45 putative 

PHD-finger genes were identified through multiple 

bioinformatics strategies. The PHD-finger gene family 

distributed among 11 chromosomes and might have 

undergone multiple duplications during the evolution 

history. The Cys4-His-Cys3 motif in these PHD-finger 

proteins was highly identical. In addition to PHD-finger 

domain, other conserved domains were observed among 

these proteins. Based on phylogenetic analysis, these PHD-

finger proteins were grouped into 7 clusters. As nuclear 

protein, most of PHD-finger proteins were predicted to be 

involved in PML body. The PHD-finger genes might play 

multiple roles in tomato because of various expression 

patterns. Our results presented here may provide a starting 

point and supportive information for the functional 

dissection of PHD-finger family in tomato. 
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