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Introduction 
Chemical synaptic transmission is the more common way of cell-to-cell communication. In 
addition electrical synapses/gap junctions (GJ) also form low resistance bridges between cells 
for both electrical and metabolic communication. GJs utilize identical (homotypic) or different 
(heterotypic) connexin (Cx) subunits, whose combination specify junction conductance and 
modulatory processes. GJs transmit ions and various small second messengers molecules 
including Ca++, cAMP, cGMP (Bevans et al., 1998; Suchyna et al., 1999) or even larger 
compounds like the 17 kDa calmodulin (Cook & Becker 2009) or short microRNA transcripts 
(Lennox & Belke 2011).  
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19-21 Cx sequences have been described in the vertebrate genome that form functional GJs 
(Fig.1 left; Söhl & Willecke 2003, Cruciani & Mikalsen 2005) and many of these are expressed by 
one or more retinal neuron types (Fig.1 right top), the main subject of our investigations. Cxs 
have four transmembrane (TM) domains (T1-T4), two extracellular (EC) loops, an intracellular 
loop and cytoplasmic N- and C-terminal ends (Fig.1 right bottom). Whereas the amino acid 
sequences of the transmembrane domains are conservative, the intracellular loops and 
terminal endings display considerable variability. The generally accepted Cx phylogenetic tree in 
the literature has three main branches including (I) α-Cxs (Cx38 and Cx40, Cx43, Cx45, Cx46, 
Cx50) with longer intracellular sequence; (II) β-Cxs (Cx26, Cx30.2, Cx31 and Cx32) with shorter 
intracellular C-terminals; and the intermediary γ-Cxs (mammalian Cx36, skate, perch and 
zebrafish Cx35, perch Cx34.7). This latter group was differentiated based on characteristic 
functional features like the low voltage and pH sensitivity and the inability to form heterologous 
channels with α- and β-Cxs (Cruciani & Mikalsen 2006). In order to establish this rather 
organized phylogenetic tree, however, researchers eliminated variable sequence regions (like C-
terminal), that questions the validity of present Cx classification schemes. 
To reexamine this we utilize a step-by-stem truncating algorithm that results in a Cx 
phylogenetic tree similar to those in the literature.  

Results 
A CLC Main Workbench (CLC-MW) software was used for multiple alignments (MA) from 
WHOLE LENGTH retinal Cx sequences (Fig.1; Gap open cost=30.0; Gap extension cost =2.0; End 
gap cost=Free). Following MA, a Neighbor-joining (NJ) analysis was performed with 1000x 
bootstrap (BT) (Fig.2).  

Clearly, this first Cx dendrogram contains a number of discontinuities where both individual Cx 
sequences and subpopulations of Cxs were drifted from their main branch. Some of these drifts 
can be explained by the presence of partial sequences (highlighted as ‘pt’) in the analysis. 
However, the rest of the observed drifts must originate from (I) unballanced evolutionary 
divergence of variable Cx sequences; (II) problems with generally accepted classification 
schemes or (III) methodical problem throughout the analysis that would affect both variable 
and conserved regions equally. 
 
(A.) The latter (I) possibility can be ruled out by performing a similar MA/NJ analysis on the 
conserved Cx regions only. To locate conserved regions consensus nucleotid (nt.) sequence was 
determined and translated to an amino acid (aa.) sequence (CLC-MW was used). This was 
followed by NCBI Protein-BLAST and Conserved Domain analyses (Fig.4). 

After we specified the conserved TM and cysteine rich (CCC) domains we truncated the nt. 
sequences of the original MA (green and red regions in Fig 4. remain) and ran NJ with BT (for 
parameters see below). The resultant dendrograms now matched closely those of accepted 
classification schemes with some smaller drifts still retained (data not shown).  

Discussion 
 
Based on the above bioinformatic analysis we conclude that: 
 
1. The cytoplasmic C terminus is a highly variable region among Cx family members, with a 
moderately conserved CCC region (red in Fig.4).  Since they are also vary enormously in their 
lengths they are not adequate to use for phylogenetic analysis. 
 
2. TM domains, extracellular loops and the single intracellular loop (between TM domains 2 and 
3) form the most conservative regions of all Cxs (green in Fig.4), therefore Cx phylogenetic 
schemes should focus on these regions.  
 
3. The above nt.  sequence truncating steps were proved to be absolutely necessary to reach 
the level of order showed by widely accepted functional Cx phylogenetic trees.  
 
4. Final truncated Cx sequences consisted the ~ 50-80% of various whole length Cx isoforms. We 
think that the level of sequence manipulation used here is acceptable when considering the 
over 500 million years of Cx evolution. Thus, our analysis agrees with those used as a reference 
in presently accepted classification schemes. 

Fig.4. This Cx dendrogram, where only the first conserved region (green in Fig.4. – TM domains) 
was used in the analysis resulted the best match with generally accepted Cx classifications 
(color coded). 
 

Fig.4. The position of conserved regions in the aa. sequence (top) translated from the 
consensus nt. sequence. Green and red boxes indicate conserved regions, whereas white and 
pink areas mark variable and highly variable regions, respectively. The whole aa. sequence is 
shown in the bottom. 
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Fig.2. Resultant Cx dendrogram from of WHOLE LENGTH retinal Cx sequences. Branches that 
are consistent with presently accepted classification schemes are color coded (groups are 
indicated on the top left), whereas drifted sequences are outlined with red. 
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