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Do lizards and snakes form separate apobaramins?
Matthew Cserhati

Lizards (Lacertilia) and snakes (Serpentes) are both sub-
orders of squamates, which are reptiles, with a unique 

jaw joint, and which shed their scaly skin. These two groups 
have 4,900 and 3,070 living species, respectively, making 
them the second largest group of terrestrial vertebrates.1 
Squamates have a large ecological and medicinal importance.

According to one interpretation of the book of Genesis, 
the serpent was cursed to crawl on its belly and eat the dust 
of the earth (Genesis 3:15).2 It is possible that the serpent 
was originally created with legs. The fact that some snake 
fossils have been found with reduced limbs corroborates 
this.3 Multiple lizard species belonging to several families 
have also undergone limb reduction, such as some skinks 
(family Scincidae, worm/legless lizards).

The evolution of snakes has been debated for a long time.4 
According to some extreme theories, both snakes and varanid 
lizards (a family that includes monitor lizards and goannas) 
originate from limbless marine reptiles, such as mosasaurs.5 
Some evolutionists claim that legless lizards and snakes are 
related to one another, based on their long, slender bodies 
and loss of limbs.

Baraminology is the study of the created kinds mentioned 
in Genesis 1. The focus of baraminology is to determine the 
created kind, otherwise known as the baramin. A baramin 
consists of species which are all related to one another, but 
unrelated to all other species. An apobaramin is a group 
which consists of at least one baramin, unrelated to all other 
species.

If we translate this question to baraminology, do lizards 
and snakes form a single baramin, or separate baramins? 
In other words, are squamates members of an apobaramin, 
containing both lizards and snakes? Suborders Lacertilia 
and Serpentes are taxa which are higher than the family. 
In general, baraminologists tend to equate kinds with the 
family.6 Therefore, it is possible that there may be multiple 
lizard and snake baramins, if these two suborders indeed turn 
out to be separate apobaramins. However, the focus of this 

paper is to examine whether these two groups are separate 
apobaramins. Table 1 lists differences between lizards and 
snakes.7

General genomic differences

Reptiles are a very diverse group of organisms, when 
it comes to genome size, chromosome number, presence 
of microchromosomes, mitochondrial gene arrangement, 
and sex chromosome configuration. This alone indicates 
substantial barriers which divide reptiles into separate 
apobaramins. For example, in snakes, females exhibit 
heterogamety (i.e. they carry different sex chromosomes, 
e.g. X and Y in humans), whereas in lizards, either males 
and/or females show heterogamety, and in some groups, sex 
determination is temperature dependent.8

According to mitochondrial studies, snakes have unusual 
mitochondrial DNA characteristics, such as translocated, 
truncated tRNA genes and other shortened genes, as well as 
a second control region (CR) nested between NADH subunits 
1 and 2.9 Based on an analysis of the protein-coding genes 
and the rRNA genes of the mtDNA, Jiang et al. found that 
lizards and snakes cluster well away from one another.10 
Castoe et al. found similar results based on the analysis of 
the Cytochrome Oxidase I (COI) subunit.11

The ‘venome’ is a term used to describe the repertoire 
of venom proteins secreted by both lizards and snakes. 
Transcript studies show that nine types of toxins are shared 
by both lizards and snakes. These venom proteins are normal 
proteins, but which adversely affect the physiology of its 
victim when injected into the bloodstream, as any foreign 
protein would. Iguanian lizards have venom-secreting glands 
on both their upper and lower jaws, whereas snakes and 
anguimorph lizards have lost either their mandibular or 
maxillary venom glands.12 

Interestingly, the front-fanged venom system (where the 
fangs are placed anteriorly in the upper jaw)13 is known to 

Lizards and snakes are both squamate reptiles, meaning they have a unique joint between their jaws as well as scales which 
they shed in a special manner. Some evolutionists claim that snakes are related to legless lizards, based on superficial 
morphological similarities. The molecular-based Gene Content Method (GCM) and the morphology-based BDIST methods 
were combined to analyze a proteomics data set and a morphology data set to determine baraminic relationships. The 
eight snake and lizard species separated from one another under GCM. Morphological results classified 123 squamate 
species into 17 baramins (one amphisbaenian, one chameleon, one dibamid, two gecko, two iguana, three lizard, four 
skink, and three snake baramins), reproducing some results from previous baraminology studies. The present results 
show that the similarities between snakes and legless lizards are superficial, meaning they are unrelated. Rather, they 
form their own separate apobaramins.
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and Viperidae.14,15 Frankhauser and 
Cumming also found evidence of ex ten-
sive hybridization within the Colu-
bridae, so the number of baramins in 
this group is currently indeterminate.16 
Wood performed BDIST analysis on the 
gecko family Pygopodidae, separating 
two baramins from one another, the 
two genera Aprasia and Delma.17 This 
indicates that there could be multiple 
gecko baramins.

Principle of analysis

It would be helpful to use molecular 
baraminology approaches to quantify 
the differences between lizards and 
snakes and attempt to identify their 
baraminic status. For example, there 
may be important physiological and 
genomic differences between lizards 
and snakes which are not visible 
phenotypically.

The Gene Content Method (GCM)18 
was applied to the whole proteomes 
of three lizard species and five snake 
species. The green sea turtle (Chelonia 
mydas) was used as a control. These 
species are listed in table 2.

A morphology-based baraminology 
analysis was also performed using 
an expanded data set containing 192 
species and 691 characters assem-
bled by Reeder et al.19 This data set 
contained species of lizards, snakes, and 
amphisbaenians, a group of squamates 
containing species with slender bodies 
and loss of legs and eyes.

Materials and methods

All supplementary data and figures 
are available along with a description 
file on github at github.com/csmatyi/
squamates.

The Refseq proteins of three lizard 
species, five snake species, and C. mydas were downloaded 
from the NCBI Protein database. These proteomes were run 
using the OrthoMCL algorithm using default parameters at 
the Globus Genomics website.20

Data analysis and heat map generation were performed in 
R (version 3.6.0). K-means clustering was used to partition 
the species into clusters using the k-means command in 
R, after setting the algorithm parameter to ‘Forgy’. The 

Characteristic Snakes Lizards

Diet carnivores carnivores, herbivores, omnivores

Eyelids no eyelids eyelids present

Jaw flexible immobile

Locomotion gliding on bottom scales twisting body and legs

Nictitating membrane absent present

Sensory organs heat pits (many species); no ears external ears

Tails short, do not break off long, can break off

Teeth fangs (sometimes hollow) flat teeth

Table 1. Main morphological differences between lizards and snakes

Table 2. List of species used in the GCM analysis

Species Suborder Family Refseq 
proteins

OrthoMCL 
hits

Anolis carolinensis Lacertilia Dactyloidae 34,816 32,159

Gekko japonicus Lacertilia Gekkonidae 24,474 23,146

Pogona vitticeps Lacertilia Agamidae 38,725 36,268

Notechis scutatus Serpentes Elapidae 31,232 29,149

Protobothrops 
mucrosquamatus

Serpentes Viperidae 23,352 22,005

Pseudonaja textilis Serpentes Elapidae 31,677 29,643

Python bivittatus Serpentes Pythonidae 32,724 30,695

Thamnophis 
sirtalis

Serpentes Colubridae 25,180 23,386

Chelonia mydas 
(control)

Testudines Cheloniidae 28,672 27,103

Table 3. Results of kmeans clustering based on results from the GCM algorithm

Baramin Species Mean 
JCV st. dev. min JCV max JCV p-value

Serpentes 5 0.758 0.054 0.683 0.874 0.023

Lacertilia 3 0.731 0.028 0.702 0.758 0.318

be present in three snake groups: viperids (rattlesnakes and 
vipers), atractaspidines (burrowing asps), and elapids (a large 
group of snakes that includes cobras and sea snakes).1

Previous baraminology studies

Hennigan estimated that there are 41 snake kinds be long ing 
to three families, Boidae (boas), Colubridae (the largest snake 
family, with 249 genera and approximately 1,700 species), 
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Forgy algorithm is a widely used 
k-means clustering algorithm, which 
classifies entities based on their minimal 
distance to k previously determined 
centroids, each of which represents one 
of the k clusters. The centroids can be 
determined by selecting those k entities 
which are the farthest from one another. 
In each iterative step, entities are 
assigned to one of the k centroids, after 
which the centroids are recalculated.21 
To determine the optimal number of 
clusters, the ‘cluster’ and ‘factoextra’ 
libraries and the fviz_nbclust command 
were used, after setting the method 
parameter to ‘wss’ (weighted sum 
statistic). Heat maps were constructed 
using the ‘heatmap’ command, using the 
‘average’ clustering method.

The Reeves data set was downloaded 
from the Dryad website at datadryad.org/
stash/dataset/doi:10.5061/dryad.38417. 
The data set was filtered using the 
EntropyFilter.R script at github.com/
csmatyi/EntropyFilter.22 The BDIST 
software version 2.0 was then run 
on the reduced data set to determine 
baraminic relationships at coresci.org/
bdist.html.23–25 BDIST was run using 
a character relevance cutoff of 0.95. 
The cutree command was used in R 
to determine baraminic membership 
in the reduced version of this dataset. 
Baraminic relationships were visualized 
with the KiNG (Kinemage, Next Gen-
eration) software (64-bit Windows 
version) available at kinemage.biochem.
duke.edu/software/king.php.26 The 
KiNG file (Cserhati_Reeves_reduced_
squamates_king.txt) is also available 
online at the github address.

Results and discussion

Biblical analysis

Leviticus 11:29–30 mentions several 
kinds of lizards:

“And these are unclean to you 
among the swarming things that 
swarm on the ground: the mole rat, 
the mouse, the great lizard of any 
kind, the gecko, the monitor lizard, 
the lizard, the sand lizard, and the 
chameleon.” (ESV)

Figure 1. Heat map depicting JCV values between the nine species in the GCM analysis. Lighter 
shades represent higher JCV values, close to 1 (higher similarity). Darker shades represent lower 
JCV values, close to 0 (dissimilarity).

Figure 2. 3D MDS plot depicting the baraminic relationships between the 123 species coming from 
the reduced Reeves data set. Four baramins can be seen: Gekkota (light grey), Iguania (medium 
grey), Lacertilia (white), and Serpentes (dark grey). Two species in black belong to other squamate 
groups (Chamaeleo laevigatus and Sphenodon punctatus).
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Table 4. Clustering of the nine species using kmeans clustering, based 
on GCM results

Table 5. Baramin statistics for 14 of the 17 predicted baramins from the reduced Reeves data set. 
Only those baramins are shown which have at least three species.

Species Cluster

Anolis carolinensis 2

Chelonia mydas outlier

Gekko japonicus 2

Notechis scutatus 1

Pogona vitticeps 2

Protobothrops mucrosquamatus 1

Pseudonaja textilis 1

Python bivittatus 1

Thamnophis sirtalis 1

Baramin Species mean stdev min max p-value

1 3 0.174 0.028 0.149 0.204 0.005

2 10 0.1 0.019 0.048 0.128 9.01E-142

3 16 0.09 0.028 0.014 0.136 0

4 6 0.099 0.032 0.055 0.162 4.72E-20

5 8 0.077 0.02 0.045 0.124 6.56E-80

8 27 0.082 0.019 0.031 0.145 0

9 13 0.124 0.036 0.038 0.198 1.02E-137

10 4 0.072 0.014 0.048 0.089 1.92E-20

11 4 0.121 0.056 0.01 0.156 5.87E-05

12 3 0.204 0.109 0.079 0.276 0.104

13 10 0.152 0.042 0.024 0.223 7.79E-37

14 4 0.103 0.029 0.056 0.133 1.13E-07

15 3 0.097 0.034 0.059 0.125 0.0035

17 6 0.128 0.047 0.007 0.175 4.73E-12

all possible species pairs (figure 1). The JCV value determines 
the ratio of common ortholog groups divided by the union 
of all ortholog groups between two species. Values closer 
to 1 correspond to species more likely to belong to the same 
baramin. Values closer to 0 correspond to species which likely 
belong to separate baramins. The JCV matrix is available 
online at the provided github address (supplementary file 1).

Pre-clustering analysis was performed on the JCV data set. 
The Hopkins statistic is relatively low (0.595), meaning it is 
still usable for clustering even though values greater than 0.75 
are preferable. In supplementary figure 1, we can see that the 
optimal cluster number is 4 (as defined by the wss method 
used by the fviz_nbclust command in R). This suggests that 
lizards and snakes belong to separate apobaramins. If lizards 
and snakes belong to the same apobaramin, then the optimal 
cluster number would be 2 (cluster 1 = the outlier, cluster 2 = 
lizards + snakes).

Figure 1 shows the main result from the GCM algorithm. 
Tables 3 and 4 show the result of the k-means clustering, 
along with descriptive statistics. The five snake species cluster 
well together in the heat map. They also separate well from 
C. mydas, the outlier species, and the three lizard species. 
The snake cluster has a p-value of 2.3%, meaning that it is 
a statistically significant cluster. However, the other cluster, 
which includes the three lizard species, has a very high p-value 
> 5% (31.8%). The reason for the poor clustering of lizards 
could be because the three species which were sampled could 
possibly belong to separate baramins. Inclusion of more species 

could clarify whether there are one or 
more lizard kinds.

Morphological analysis of squamates 
using the BDIST algorithm

In order to get a more complete 
picture of the baraminic relationships 
between different squamate groups, a 
morphological analysis of a data set of 
192 squamate species including lizards, 
snakes, and amphisbaenians was used, 
with 691 morphological characters. 
The species and character values in this 
data set are available online at github 
(supplementary file 2).

Since 33.5% of the character values 
in the data were undetermined (?), data 
filtering was done using the Entropy 
Filtering method as described in the 
Materials and Methods section. The 
maximum proportion of unknown values 
per species and per column were both 
set to 40%, with a minimum entropy 
value of 10%. After filtering, 5.5% of 
the characters remained undetermined, 

Based on these verses we can suspect that lizards and 
snakes do indeed belong to different kinds, especially if there 
are several kinds of lizards, some here even mentioned by 
name, for example the gecko and the chameleon.

Application of the GCM algorithm

The GCM algorithm was run on the whole proteomes of 
the nine species included in this study. A Jaccard Coefficient 
Value (JCV) matrix was derived showing the JCV values for 
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leaving 123 species and 409 characters. Data reduction was 
2.6-fold.

The BDIST software was run on the reduced data set, 
with a character relevance cutoff of 0.95. The resulting 
BDC matrix shows two large groups showing statistically 

significant continuity within them, and significant 
discontinuity between them. Snakes separate well from all 
other squamates used in the data set (supplementary figure 2). 
A stress plot shows a minimal unscaled stress value of 0.026 
at 17 dimensions (supplementary figure 3).

Figure 3. Heat map depicting JCV values between the 123 species coming from the entropy filtered data set in the morphology analysis. Lighter shades 
represent higher JCV values, close to 1 (higher similarity). Darker shades represent lower JCV values, close to 0 (dissimilarity).
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A 3D MDS plot was drawn for the 123 species, which 
can be seen in figure 2. Four larger groups can be seen in 
different shades. Serpentes separates well away from all the 
other species. Gekkota (geckos) and Iguania (iguanas) both 
form a small group next to a larger cluster, Lacertilia (lizards).

The distance matrix coming from the BDIST analysis 
was transformed into a proximity matrix by subtracting the 
distance values from 1 to reflect the proximity of each species 
to each other. The Hopkins statistic was 0.916, particularly 
high, meaning that the data set can be clustered very well. 
An Elbow plot made with the proximity matrix shows 
that the optimal number of clusters in the data set is four 
(supplementary figure 4).

A heat map was made from the proximity matrix (figure 3). 
Here also snakes (lower left) quite visibly separate from all 
other squamates (upper right). According to the stress plot, 
the minimum unscaled stress was shown for 17 baramins. 
Fourteen of the 17 predicted baramins had at least three 
members. Of these 14, 13 are statistically significant (p-value 
< 5%). Classification of species into clusters is described more 
fully in supplementary file 2 online. The statistics for these 
predicted baramins can be seen in table 5.

These groups correspond to one amphisbaenian baramin, 
one chameleon, one dibamid, two gecko, two iguana, three 
lizard, four skink, and three snake baramins. Among the 
lizard baramins we have an anguimorph and a varanus 
baramin, consisting of the family Lacertidae. Interestingly, 
the baraminic classification of Wood was also partially 
reproduced, putting the two gecko species Delma borea and 
Lialis burtonis into the same baramin (cluster #16).

Conclusion

These results are in harmony with previous squamate 
baraminology studies. The present studies provide 
further molecular proof that snakes form a well-defined 
group separate from all other reptiles. Despite superficial 
resemblance between snakes and legless lizards, snakes and 
lizards are apparently unrelated. Thus, snakes and lizards can 
be comfortably classified into their own separate apobaramins. 
Multiple snake and lizard baramins also indicate that, as 
opposed to humans, God could have created several baramins 
which closely resemble one another (i.e. multiple snake 
‘kinds’), but further studies are required to work out their 
exact relationships.
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