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Abstract

The young-earth creation model currently lacks a robust explanation for molecular diversity. No 
comprehensive method exists by which absolute or relative sequence differences among species can 
be predicted, and no method has been formulated to rigorously predict the function of molecular 
residues, especially those in so-called “house-keeping” proteins. In this study, I derived a method to 
predict the function of molecular differences between biblical “kinds.” Applying this method to the 
mitochondrial “house-keeping” protein sequences of ~2700 species, I found that differences among 
“kinds” were not due to neutral changes since creation, but were explicable in functional terms. This 
ÀQGLQJ�KDV�LPSOLFDWLRQV�IRU�WKH�PHFKDQLVPV�DQG�IHDVLELOLW\�RI�VSHFLHV·�FKDQJH��&RQYHUVHO\��,�DOVR�IRXQG�
WKDW�DEVROXWH�JHQHWLF�GLIIHUHQFHV�ZLWKLQ�D�´NLQGµ�ZHUH�SUHGLFWDEOH�WR�D�ÀUVW�DSSUR[LPDWLRQ�E\�PRGHUQ�
mutation rates and the young-earth timescale. These data provide a compelling alternative to old-
earth and evolutionary explanations for molecular diversity, and they challenge the millions-of-years 
timescale common to these models.  
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Introduction 
Why do anatomically distinct species share 

molecular sequence? Why do morphologically similar 
VSHFLHV� GLYHUJH� DW� WKH� JHQRPLF� OHYHO"� 5HFRQFLOLQJ�
these seemingly contradictory phenomena is the 
PDMRU�WDVN�RI�RULJLQV�PROHFXODU�ELRORJ\��

The creation and evolutionary models contrast 
sharply in their explanations of these facts. The 
evolutionary model explains these molecular patterns 
with a single rule: Species have diverged over 
millions of years from a universal common ancestor. 
2FFDVLRQDOO\��HYROXWLRQLVWV�PDNH�DQ�H[FHSWLRQ�WR�WKLV�
rule and appeal to convergent evolution, but their 
SULPDU\� H[SODQDWLRQ� LV� GHVFHQW� ZLWK� PRGLÀFDWLRQ��
6SHFLÀFDOO\�� HYROXWLRQLVWV� DWWULEXWH� WKH� H[LVWHQFH�
of shared sequences among diverse species to 
inheritance from a common ancestor. Conversely, 
they explain genetic distance as a function of 
evolutionary time—the more time that has elapsed 
since two species shared a common ancestor, the 
greater the molecular difference between them. 

In support of these claims, evolutionists cite the 
nested hierarchical order among species’ molecular 
differences as evidence of their common ancestry 
WKURXJK�HYROXWLRQDU\�WLPH��'DZNLQV�������7KHREDOG�
2012). For example, they cite the genetic similarity 
among humans and chimpanzees as evidence of their 
recent common ancestry (within the last few million 
years) (Carroll 2005), and they explain the dramatic 
genomic structural differences among Drosophila 
species (Drosophila 12 Genomes Consortium 
������ DV� UHÁHFWLYH� RI� WKHLU� PRUH� GLVWDQW� FRPPRQ�

ancestry (tens of millions of years) (debates over 
the precise human-chimpanzee sequence identity 
QRWZLWKVWDQGLQJ�>%HUJPDQ�DQG�7RPNLQV�������7KH�
Chimpanzee Sequencing and Analysis Consortium 
������ 7RPNLQV� ������ 7RPNLQV� ������ 7RPNLQV� DQG�
%HUJPDQ�������:RRG�����D@���

The evolutionary model is so robust that it leads 
to predictions of molecular function. Under the 
assumptions of this model, species will grow more 
and more distant molecularly over time, unless 
some natural force constrains random variation. 
For proteins that have evolved differences rapidly, 
evolutionists predict that these proteins have fewer 
functional constraints than proteins which have 
evolved differences slowly (Futuyma 2009).

The evolutionary model also predicts that  
sequences which are highly conserved among 
distantly related species are functional. Natural 
selection is the only available mechanism under this 
model by which sequence identity can be maintained 
over time, and if two species that diverged early 
in evolution still share some level of sequence 
identity, natural selection must have preserved 
this commonality. Since natural selection requires 
a function upon which to act, shared sequences 
between these species must be functional. 

In contrast, the creation model offers a very 
different explanation for molecular unity and 
diversity. Creationists explain shared sequences 
among diverse species either by God’s initial creation 
DFW� RU� E\� FRQYHUJHQFH� VLQFH� WKH� &UHDWLRQ� ZHHN��
,Q� HLWKHU� VFHQDULR�� WKH� FUHDWLRQ� PRGHO³OLNH� WKH�
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evolutionary model—predicts that highly similar 
sequences in different species exist for a functional 
purpose.
8QOLNH�WKH�HYROXWLRQDU\�PRGHO��WKH�FUHDWLRQ�PRGHO�

ODFNV� D� FOHDU�� SUHGLFWLYH� H[SODQDWLRQ� IRU� PROHFXODU�
diversity. Because Scripture is silent on the identity 
of the sequences that God created during the Creation 
ZHHN�� D� QXPEHU� RI� FRPSHWLQJ� H[SODQDWLRQV� VWLOO�
exist. For example, molecular differences between 
two individuals might be due to the initial creation 
of sequence differences between them, or to the 
accumulation of random changes since the Creation 
ZHHN��7KHVH�FRQWUDVWLQJ�H[SODQDWLRQV�PDNH�RSSRVLWH�
predictions about the function of the sequences in 
question. Data to date have not resolved the precise 
relationship between these explanations, and this 
RQJRLQJ�DPELJXLW\�PDNHV�WKH�FUHDWLRQ�PRGHO�ZHDN�
on the question of molecular diversity.
7KLV� FRQXQGUXP� LQWHQVLÀHV� ZKHQ� FRQVLGHULQJ�

hierarchical sequence patterns. For example, 
different species of Drosophila are more genetically 
distant from one another (Drosophila 12 Genomes 
Consortium 2007) than humans and chimpanzees 
are from one another (again, debates over the precise 
sequence identity notwithstanding [Bergman and 
7RPNLQV� ������ 7KH� &KLPSDQ]HH� 6HTXHQFLQJ� DQG�
$QDO\VLV�&RQVRUWLXP�������7RPNLQV�������7RPNLQV�
������ 7RPNLQV� DQG� %HUJPDQ� ������:RRG� ����D@���
Yet, the Drosophila� VSHFLHV� OLNHO\� VKDUH�D� FRPPRQ�
ancestor since they belong to the same biological family 
(Wood 2006a), whereas humans and chimpanzees 
clearly have separate ancestries (Genesis 1:26–28). 
Why would differences between the related species 
exceed differences between unrelated ones?

This puzzle becomes even more challenging when 
considering genes that are thought to perform the 
same vital function in very diverse creatures (i.e., 
´KRXVH�NHHSLQJµ� JHQHV���)RU� LQVWDQFH�� WKH� VHTXHQFH�
IRU� WKH� KRXVH�NHHSLQJ� JHQH� cytochrome c is more 
similar between humans and primates than between 
humans and insects. From a creation perspective, 
LW�LV�WHPSWLQJ�WR�LPPHGLDWHO\�LQYRNH�IXQFWLRQ�DV�DQ�
explanation for these differences since humans share 
more anatomy and physiology with chimpanzees 
WKDQ� ZLWK� IUXLW� ÁLHV�� %XW� ZKDW� GRHV� cytochrome c 
KDYH�WR�GR�VSHFLÀFDOO\�ZLWK�WKH�VKDUHG�IHDWXUHV��H�J���
with the presence of four limbs)? Furthermore, since 
many positions in protein sequences appear to be 
functionally redundant (McLaughlin et al. 2012), 
ZK\� GR� ´KRXVH�NHHSLQJµ� JHQHV� KDYH� DQ\� VHTXHQFH�
differences at all? This dilemma is so penetrating 
that evolutionists have exploited it in their criticism 
of the creation model (Theobald 2012). 

Hence, the young-earth molecular biology model 
faces a daunting challenge: (1) Predict absolute 
VHTXHQFH� GLIIHUHQFHV� EHWZHHQ� GLIIHUHQW� VSHFLHV�� ����

predict the relative hierarchy of sequence differences 
DPRQJ� VSHFLHV�� ���� SUHGLFW� PROHFXODU� IXQFWLRQ� IRU�
differences among species.

Biblical constraints on molecular explanations

Any molecular model proposed in answer to these 
challenges must conform to the explicit teaching of 
Scripture. Several scriptural parameters restrict and 
inform potential explanations.

First, molecular diversity must be explicable on a 
relatively short timescale—several thousand years. 
This is seen clearly in Genesis 1. The text describes 
D� OLWHUDO�� VL[�GD\� &UHDWLRQ� ZHHN� WKDW� LQFOXGHV� WKH�
creation of biological organisms on Days 3, 5, and 6, 
DQG�WKH�GDWH�RI�WKLV�&UHDWLRQ�ZHHN�LV�DURXQG�������
years ago according to the genealogies of Genesis 5, 
*HQHVLV� ����0DWWKHZ� ��� DQG�/XNH� ��� 7KH�&UHDWLRQ�
ZHHN�FDQQRW�KDYH�RFFXUUHG�PRUH�WKDQ��������\HDUV�
ago (McGee 2012). Thus, any biblically consistent 
model of genetic differences must conform to a recent 
time frame (thousands, not millions, of years).

Second, genetic ancestry must ultimately trace 
EDFN� WR� WKH� FUHDWHG� ´NLQGVµ� RI� WKH� &UHDWLRQ� ZHHN��
Genesis 1 repeatedly uses the phrase “after their 
NLQGµ�WR�GHVFULEH�WKH�ELRORJLFDO�UHVXOWV�RI�*RG·V�VSRNHQ�
activity, and in this context, this phrase suggests a 
grouping or type. These types were not predated by 
DQ\�RWKHU�RUJDQLVPV��XQLYHUVDO�FRPPRQ�DQFHVWU\�LV�
not the biblical model for molecular origins. Thus, 
modern molecular differences must not be traced 
EDFN� EH\RQG� WKH� &UHDWLRQ� ZHHN� WR� ´SUH�FUHDWLRQµ�
sequences.

Third, genetic ancestry must be limited to 
PHPEHUV�RI�WKH�VDPH�´NLQG�µ�2Q�WKLV�SDUDPHWHU��WKH�
Flood account is clear. When God commanded Noah 
WR�WDNH�WKH�DLU�EUHDWKLQJ�ODQG�DQLPDOV�RQ�ERDUG�WKH�
$UN��+H�FRPPDQGHG�WKDW�DW�OHDVW�RQH�SDLU�RI�every 
´NLQGµ�EH�SUHVHUYHG��*HQHVLV�����²�����:K\"�́ 7R�NHHS�
VHHG�>RIIVSULQJ@�DOLYH�XSRQ�WKH�IDFH�RI�DOO�WKH�HDUWKµ�
�*HQHVLV� ����� .-9��� *RG� FRXOG� KDYH� FRPPDQGHG�
pairs of some�RI�WKH�ODQG��DLU�EUHDWKLQJ�´NLQGVµ�WR�EH�
EURXJKW�RQ�ERDUG�WKH�$UN��+RZHYHU��KDG�+H�GRQH�VR��
WKLV�SDVVDJH�LPSOLHV�WKDW�WKH�´VHHGµ�RI�WKRVH�´NLQGVµ�
not�RQ�ERDUG�WKH�$UN�ZRXOG�KDYH�EHFRPH�H[WLQFW�LQ�WKH�
)ORRG��3KUDVHG�GLIIHUHQWO\��LI�RQH�´NLQGµ�RI�FUHDWXUH�
FRXOG�EH�FKDQJHG�LQWR�DQRWKHU�́ NLQGµ�RI�FUHDWXUH��WKHQ�
WKHUH�ZRXOG�EH�QR�QHHG�WR�WDNH�SDLUV�RI�every�´NLQGµ�
RQ�ERDUG�WKH�$UN��$�IHZ�SDLUV�ZRXOG�KDYH�VXIÀFHG�WR�
NHHS�´VHHGµ�DOLYH�DIWHU�WKH�)ORRG��6LQFH�SDLUV�RI�every 
´NLQGµ�ZHUH�FRPPDQGHG��´NLQGVµ�FDQQRW�EH�FKDQJHG�
LQWR�RWKHU�´NLQGV�µ�DQG�JHQHWLF�DQFHVWU\�IRU�D�VSHFLHV�
LV�OLPLWHG�WR�D�VLQJOH�´NLQG�µ�

Finally, large amounts of genetic change within 
´NLQGVµ� DUH�ELEOLFDOO\�SHUPLVVLEOH�� ,Q�DOO� ���XVHV� RI�
the Hebrew word transliterated as min (translated 
LQ�(QJOLVK�DV�´NLQGµ���6FULSWXUH�QHYHU�IRUELGV�LQWUD�
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´NLQGµ� FKDQJH��+HQFH�� WKH�JHQHWLF� FKDQJH�ZLWKLQ�D�
´NLQGµ³HYHQ�FKDQJH�WKDW� OHDGV�WR�WKH� IRUPDWLRQ�RI�
new species—is biblically compatible.
 
Hypotheses on mitochondrial DNA diversity

7KHVH� ELEOLFDO� SDUDPHWHUV� OHDG� WR� WKUHH� PDMRU�
hypotheses for the origin of modern molecular 
GLIIHUHQFHV� DPRQJ� VSHFLHV·� KRXVH�NHHSLQJ� JHQHV��
First, God may have created sequence diversity 
DPRQJ�LQGLYLGXDOV�ZKHQ�+H�FUHDWHG�HDFK�´NLQGµ�DQG�
HDFK� PHPEHU� RI� HDFK� ´NLQGµ� GXULQJ� WKH� &UHDWLRQ�
ZHHN�� 6HFRQG�� PRGHUQ� VSHFLHV·� VHTXHQFHV� PD\� EH�
the result of non-random change processes since the 
&UHDWLRQ�ZHHN��)RU�H[DPSOH��GHVLJQHG�PHFKDQLVPV�RI�
change may have altered the original sequences, and 
natural selection may have produced non-random 
outcomes for a set of randomly changed sequences. 
Third, diversity may the outcome of strictly random 
change processes, random both on the mechanistic 
and outcome steps of the process.

Focusing the explanatory task: 

Mitochondrial DNA origins

I explored and tested these hypotheses on the 
published metazoan mitochondrial DNA and protein 
sequence dataset. Metazoan mitochondrial genomes 
FRQWDLQ��DV�D�JHQHUDO�UXOH��D�VHW�RI�51$�FRGLQJ�JHQHV�
�W51$V��HWF����VHFWLRQV�RI�QRQ�FRGLQJ�'1$�VHTXHQFH�
(e.g., the D-loop), and the same 13 protein-coding 
genes (see data presented in this paper). All 13 of the 
ODWWHU�DUH�LGHQWLÀHG�DV�LQYROYHG�LQ�WKH�PLWRFKRQGULDO�
electron transport chain and would, therefore, be 
LPPHGLDWHO\�FODVVLÀHG�DV�´KRXVH�NHHSLQJµ�VLQFH�WKH\�
appear to perform the same basal biochemical function 
of energy transformation in all metazoans. Yet, in 
these proteins, profound sequence differences exist 
DFURVV�WKH�DQLPDO�NLQJGRP��VHH�GDWD�LQ�WKLV�SDSHU���
Thus, this dataset provided a unique opportunity to 
identify and formulate a detailed creationist response 
to the evolutionary challenge stemming from the 
apparent functional redundancy of residues within 
´KRXVH�NHHSLQJµ�SURWHLQV��7KHREDOG���������

This metazoan mitochondrial dataset also 
possessed practical advantages over other molecular 
datasets. At the time of this study, ~2700 metazoan 
species with completely sequenced mitochondrial 
genomes were present in the database, representing 
multiple phyla, classes, orders, and families. If family 
LV� XVHG� DV� WKH� VXUURJDWH� PHDVXUH� IRU� WKH� ´NLQGµ�
boundary (Wood 2006b), this database effectively 
FRQWDLQV�D�ODUJH�GLYHUVLW\�RI�ELEOLFDO�́ NLQGV�µ�7KXV��E\�
using this dataset, I could test creationist hypotheses 
DFURVV� QXPHURXV� ´NLQGVµ� VLPXOWDQHRXVO\� DQG�
thereby discover the general explanatory principles 
for the young-earth model rather than isolated 
cases. Conversely, by limiting the analysis to only 

PLWRFKRQGULDO� VHTXHQFHV�� ,� VLPSOLÀHG� WKH� QXPEHU�
of potential models of sequence change because 
mitochondrial genomes are thought to be inherited 
XQLSDUHQWDOO\�LQ�PDQ\��EXW�QRW�DOO��DQLPDOV��$O�5DZL�
HW�DO��������6DWR�DQG�6DWR��������

Together, these considerations suggested that 
comparison of metazoan mitochondrial sequences 
would be useful means of elucidating the details of 
the young-earth model of molecular diversity. For 
practical reasons that follow, I investigated diversity 
between� ´NLQGVµ� VHSDUDWHO\� IURP� GLYHUVLW\� within 
´NLQGV�µ�

Explaining Molecular Diversity Between “Kinds”

What might be the explanation for mitochondrial 
VHTXHQFH� GLIIHUHQFHV� EHWZHHQ� DQLPDO� ´NLQGVµ"�
*LYHQ�WKH�DSSDUHQW�´KRXVH�NHHSLQJµ�IXQFWLRQ�IRU�WKH�
mitochondrial protein-coding genes, it is tempting 
to speculate that mitochondrial genomes were 
FUHDWHG� LGHQWLFDO� DFURVV� DOO� ´NLQGVµ� DQG� WKDW� WKH\�
performed the identical function in each. Under this 
hypothesis, current molecular differences represent 
random changes since creation, largely unaffected 
by natural selection. In the absence of selection, 
modern differences due to random change would be 
functionally neutral.

In contrast, perhaps God created sequences 
XQLTXH� WR� HDFK� ´NLQGµ� IRU� D� IXQFWLRQDO� PROHFXODU�
SXUSRVH� �KLWKHUWR� XQNQRZQ���*LYHQ� WKH� FRPSOH[LW\�
of intracellular interactions and function, God may 
have created even the individual members of each 
´NLQGµ� JHQHWLFDOO\� GLVWLQFW�� 8QGHU� WKLV� K\SRWKHVLV��
JHQHWLF�GLIIHUHQFHV�EHWZHHQ�´NLQGVµ�DUH�D�SURGXFW�RI�
three factors—(1) initial (created) diversity between 
´NLQGVµ������LQLWLDO��FUHDWHG��GLYHUVLW\�ZLWKLQ�´NLQGVµ��
and (3) time (for mutations to accumulate). Predicting 
function under the hypothesis of an identical 
starting sequence is less complicated than under 
this hypothesis, yet the latter clearly predicts more 
function for molecular differences than the former.

Testing molecular diversity hypotheses

How might these (and other) hypotheses be tested? 
Ideally, any methods that were employed would 
reveal the original sequence that God created in each 
´NLQG�µ�)RU�H[DPSOH��SRSXODWLRQ�JHQHWLF�PRGHOV�PLJKW�
be constructed for each of these hypotheses, and 
the predictions of these models might be compared 
to modern molecular data. However, empirically-
determined mitochondrial mutation rates are critical 
WR�PDNH�WKHVH�PRGHOV�UHDOLVWLF��DQG�WKHVH�UDWHV�DUH�
NQRZQ� IRU� RQO\� IRXU� PHWD]RDQ� VSHFLHV� �'HQYHU� HW�
DO�� ������+DDJ�/LDXWDUG�HW�DO�� ������3DUVRQV�HW�DO��
������;X�HW�DO���������+HQFH��GLVFRYHULQJ�WKH�RULJLQDO�
&UHDWLRQ� ZHHN� VHTXHQFH� IRU� DOO� PHWD]RDQ� ´NLQGVµ�
seemed unfeasible with current data.
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Alternatively, the functional predictions of 
each hypothesis might be tested as a surrogate for 
empirically determining the original mitochondrial 
genome sequence. The most straightforward method 
to test the functional component of each hypothesis 
is systematic mutagenesis—individually mutating 
each amino acid in each of the 13 proteins in each 
species. This would unambiguously answer the 
question of whether current amino acid differences 
EHWZHHQ�´NLQGVµ�UHSUHVHQW�QHXWUDO�FKDQJH�RYHU�WLPH��
or functional change/functionally created diversity. 
However, the vast number of species and the sheer 
volume of individual sequence differences to examine 
(see data in this study) made this experiment cost 
and labor prohibitive.

A third method for testing these hypotheses 
is nuanced and somewhat counterintuitive, but 
SRZHUIXO��5DWKHU�WKDQ�WHVW�HDFK�K\SRWKHVLV�GLUHFWO\��
a strict null hypothesis could be constructed and then 
refuted. This would necessarily imply that one of the 
alternatives to the null must be true. For example, 
elimination of the null might point towards created 
GLYHUVLW\�DV�WKH�OLNHO\�FDQGLGDWH��+HQFH��E\�SURFHVV�RI�
elimination, the real explanation might be discovered.

In this paper, I formulated and tested a null 
hypothesis for mitochondrial sequence diversity. 
This hypothesis consists of two claims: (1) God 
FUHDWHG� DOO� PHWD]RDQ� ´NLQGVµ� ZLWK� WKH� VDPH�
mitochondrial genomic sequence during the Creation 
ZHHN�� 7KLV� LPSOLHV� WKDW� DOO� ´NLQGVµ³IURP� JLUDIIHV�
to grasshoppers—had an identical mitochondrial 
sequence in the beginning, including each individual 
PHPEHU� RI� HDFK� ´NLQG�µ� ���� $OO� FKDQJH� VLQFH� WKH�
&UHDWLRQ�ZHHN�KDV� EHHQ� UDQGRP��7KLV�PHDQV� WKDW�
mechanisms such as natural selection and non-
random means of mutation (e.g., site directed 
mutases such as the rag genes in the immune system) 
FDQQRW�EH�LQYRNHG�WR�H[SODLQ�PROHFXODU�GLIIHUHQFHV��
(VVHQWLDOO\�� FODLP� ��� UHSUHVHQWV� DQ� LQÀQLWH� VLWHV�
model where any site can be mutated at random 
without functional consequence.

On these two points—one common starting 
sequence and strictly random change over time—
the null hypothesis resembles the evolutionary 
assumption of a single common ancestral sequence 
for mitochondrial DNA origins, but on a much shorter 
timescale and with stricter limits on ancestry. 

Testing the null hypothesis

With respect to molecular diversity between 
VHSDUDWH� ´NLQGV�µ� WKH� QXOO� K\SRWKHVLV� XVHG� LQ� WKLV�
SDSHU� PDNHV� YHU\� VSHFLÀF� SUHGLFWLRQV�� 6LQFH� WKH�
QXOO�SRVWXODWHV�WKDW�DOO�´NLQGVµ�EHJDQ�ZLWK�WKH�VDPH�
sequence and diverged randomly over time, the null 
SUHGLFWV�WKDW�DOO�´NLQGVµ�ZLOO�JURZ�PRUH�GLVWDQW�RYHU�
WLPH��%\�GHÀQLWLRQ��QR�PHFKDQLVP�H[LVWV�XQGHU�WKH�

QXOO�K\SRWKHVLV�WKDW�ZRXOG�NHHS�´NLQGVµ�PROHFXODUO\�
identical to one another or that would direct them to 
change along the same molecular  path. Biblically
VSHDNLQJ�� ´NLQGVµ� KDYH� VHSDUDWH� JHQHWLF� DQFHVWULHV�
�VHH� MXVWLÀFDWLRQ� LQ� ´%LEOLFDO� FRQVWUDLQWVµ� VHFWLRQ���
and natural selection and non-random mutation 
DUH�ERWK�H[FOXGHG�E\�GHÀQLWLRQ��1R�GLUHFWLRQDOLW\�WR�
change is possible under the null.

This claim immediately presents a test by which 
the null can be refuted. If sequence comparisons 
EHWZHHQ�́ NLQGVµ�VKRZ�HYLGHQFH�RI�GLUHFWLRQDO�FKDQJH��
then the predictions of the null are violated, and the 
hypothesis must be false. When the null is violated, 
alternatives to the null must then be true—either 
*RG� FUHDWHG� VHTXHQFH� GLYHUVLW\� DPRQJ� ´NLQGV�µ� RU�
change has happened non-randomly, or both. Any of 
these latter explanations would imply a functional 
role for the sequences compared.

A third explanation might also be true. God may  
have created genetic diversity simply for aesthetic 
reasons. However, testing this hypothesis is nearly 
impossible at the present. Furthermore, given 
the amount of function already demonstrated 
for individual nucleotides in the human genome 
�(1&2'(�3URMHFW�&RQVRUWLXP��������WKLV�K\SRWKHVLV�
VHHPV� XQOLNHO\�� ,QIRUPDWLRQ� FRPSUHVVLRQ� DW� WKH�
JHQRPLF� OHYHO� VHHPV� WRR� JUHDW� WR� LQYRNH� SXUHO\�
aesthetic reasons for the existence of certain 
nucleotides. While the functional interplay among 
nucleotides is certainly elegant and aesthetically 
pleasing, the complexity of molecular interactions 
argues against strictly aesthetic reasons as an 
explanation for a particular DNA sequence. 

Differing mutational rates cannot explain 
GLUHFWLRQDO� FKDQJH� EHWZHHQ� ´NLQGV�µ� 6LQFH�� E\�
GHÀQLWLRQ��DOO�PXWDWLRQDO�HYHQWV�DUH�UDQGRP�XQGHU�
the null hypothesis, speeding up or slowing down 
random mutations affects only the magnitude of 
WKH� PROHFXODU� GLIIHUHQFHV� DPRQJ� ´NLQGV�µ� QRW� WKH�
direction of change leading to the differences among 
them.
5DQGRP� FKDQFH� DOVR� IDLOV� WR� H[SODLQ� GLUHFWLRQDO�

change. Assuming an average mitochondrial genome 
size of 16,500 nucleotides, the chance that the same 
genomic position would be mutated in the same 
two organisms is 1 in 16,500. The chance that both 
nucleotides would be changed to the same alternative 
nucleotide is 1 in 3 (not 1 in 4 since both begin with 
the fourth possible nucleotide). Hence, the chance 
that even one position in the mitochondrial genome 
of a species would mutate along the same path as the 
mitochondrial genome of another species is about 1 in 
50,000 (1 in 16,500 multiplied by 1 in 3 = 1 in 49,500). 
Given the 6000 years of history that have passed 
VLQFH�WKH�FUHDWLRQ�RI�WKH�´NLQGV�µ�UDQGRP�PDWFKLQJ�
VHHPV�YHU\�XQOLNHO\�
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Identifying directional change

Practically, how might directional change be 
recognized? The process of identifying directional 
FKDQJH�DVVXPHV�WKDW�FKDQJH�LWVHOI�FDQ�EH�LGHQWLÀHG��
Normally, this involves comparing a sequence in 
question to the original sequence. However, no 
&UHDWLRQ�ZHHN� VHTXHQFHV�DUH�NQRZQ�XQHTXLYRFDOO\�
IRU�DQ\�´NLQG�µ�$W�ÀUVW�SDVV��WKLV�IDFW�ZRXOG�VXJJHVW�
that identifying change is impossible.
<HW� HYHQ� ZLWKRXW� DQ� D� SULRUL� NQRZOHGJH� RI�

WKH� &UHDWLRQ� ZHHN� VHTXHQFH� LQ� HDFK� ´NLQG�µ� WKH�
assumptions of the null hypothesis are such that 
testing for directional change is simply a test of 
the internal consistency of the null. Since the 
QXOO� SURSRVHV� WKDW� DOO� ´NLQGVµ� EHJDQ� ZLWK� WKH�
same mitochondrial DNA sequence, any sequence 
GLIIHUHQFHV�DPRQJ�´NLQGVµ�PXVW�UHSUHVHQW�VHTXHQFH�
FKDQJHV�VLQFH�WKH�&UHDWLRQ�ZHHN��7KXV�� LI�D�JLUDIIH�
and a grasshopper differ by 350 nucleotides, a 
total of 350 mutations have occurred between both 
´NLQGV�µ� �7KH� WRWDO�PXWDWLRQV� UHSUHVHQW� WKH�VXP�RI�
WKH�PXWDWLRQV�LQ�HDFK�´NLQGµ³WKDW�LV��PXWDWLRQV�LQ�
the giraffe plus mutations in the grasshopper.) As 
long as the two individuals compared have separate 
DQFHVWULHV��L�H���EHORQJ�WR�VHSDUDWH�´NLQGVµ���VHTXHQFH�
differences represent mutations that have occurred 
VLQFH�WKH�&UHDWLRQ�ZHHN�

The only exception to this rule occurs when one or 
ERWK�RI�WKH�´NLQGVµ�DSSURDFK�PXWDWLRQDO�VDWXUDWLRQ��
Once mutations have accumulated such that nearly 
every position in the genome has been altered, it 
becomes impossible to identify mutations since every 
nucleotide position has a 1 in 4 chance of randomly 
matching the nucleotide base at the corresponding 
SRVLWLRQ�� 7ZR� PXWDWLRQDOO\� VDWXUDWHG� ´NLQGVµ� ZLOO�
still be 25% identical at the nucleotide level (5% 
at the amino acid level since the existence of 20 
SRVVLEOH�DPLQR�DFLGV�OHDGV�WR�>RQ�DYHUDJH@�D���LQ����
chance of random matching) long after every base 
has been mutated. Thus, on the condition that two 
´NLQGVµ�KDYH�QRW�\HW�UHDFKHG�PXWDWLRQDO�VDWXUDWLRQ�
(i.e., they are far greater than 25% or 5% identical 
at the nucleotide or amino acid levels, respectively), 
sequence differences represent mutations from the 
RULJLQDO��&UHDWLRQ�ZHHN��VHTXHQFH�

This relative method of identifying sequence 
change restricts the means by which directional 
FKDQJH�FDQ�EH�LGHQWLÀHG��6LQFH�WKH�LGHQWLÀFDWLRQ�RI�
any molecular change under the null hypothesis is 
UHODWLYH�WR�WKH�´NLQGVµ�FRPSDUHG��GLUHFWLRQDO�FKDQJH�
can be recognized only when groups� RI� ´NLQGVµ�DUH�
compared. An example below illustrates this fact.
&RQVLGHU�IRXU�́ NLQGVµ��ODEHOHG�$��%��&��DQG�'���DOO�RI�

which have a nucleotide or amino acid identity above 
����RU�����UHVSHFWLYHO\��)RU�VDNH�RI�DUJXPHQW��OHW�WKH�
PROHFXODU�GLIIHUHQFH�EHWZHHQ�´NLQGµ�$�DQG�´NLQGµ�%�

be 60 nucleotides. Assume the mitochondrial genome 
VL]H� IRU� HDFK� ´NLQGµ� LV� ������� QXFOHRWLGHV�� 7KXV��
60/16,500 = 0.004 = 0.4% different = 99.6% identical, 
which is far from mutation saturation. Also, let the 
PROHFXODU� GLIIHUHQFH� EHWZHHQ� ´NLQGµ� &� DQG� ´NLQGµ�
D be 90 nucleotides. They are then 0.5% different,  
99.5% identical. A series of pairwise comparisons 
among all members of this group can reveal 
signatures of directional change. 

A single pairwise comparison alone does not reveal 
directional change. Comparison of A to B simply 
reveals the number of mutations either one of these 
´NLQGVµ�KDYH�XQGHUJRQH��$W�PRVW��$�KDV�XQGHUJRQH� 
60 mutations and B zero, or vice-versa. The same 
is true in principle of C and D. At most, C has 
undergone 90 mutations and D zero or vice-versa. 
7KHVH�QXPEHUV�GR�QRW�UHÁHFW�WKH�GLUHFWLRQ�RI�FKDQJH�

However, performing the remaining pairwise 
comparisons (A to C, A to D, B to C, B to D) can 
identify directional change. For example, assuming 
the extreme value in the paragraph above (e.g., A has 
undergone 60 mutations, B zero, C 90, D zero), the 
maximum molecular difference between A and C is 
����QXFOHRWLGHV��E\�GHÀQLWLRQ��VLQFH�$�KDV�XQGHUJRQH�
60 mutations and C has undergone 90 mutations 
(60 + 90 = 150). A difference greater than this means 
that more changes have occurred in A and/or C than 
the original comparisons revealed, and some form of 
GLUHFWLRQDO� FKDQJH�PXVW�EH� LQYRNHG� WR�H[SODLQ� WKLV�
result. 

Why? Only two explanations for this mathematical 
discrepancy are possible. First, shared mutations 
PD\�KDYH�PDVNHG�WKH�WRWDO�QXPEHU�RI�PXWDWLRQV��)RU�
H[DPSOH��´NLQGµ�$�PD\�KDYH�PXWDWHG�PRUH�WKDQ����
WLPHV�DQG�́ NLQGµ�%�PRUH�WKDQ�]HUR�WLPHV��EXW�VRPH�RI�
the mutations may have been shared between these 
WZR�´NLQGV�µ�PDVNLQJ�WKH�WRWDO�DPRXQW�RI�FKDQJH�LQ�
HDFK�LQGLYLGXDO�´NLQG�µ�$OWHUQDWLYHO\��´NLQGµ�&�PD\�
KDYH�XQGHUJRQH�PRUH�WKDQ����PXWDWLRQV�DQG�´NLQGµ�
D more than zero, but some of these may have been 
VKDUHG�EHWZHHQ�WKHP��PDVNLQJ�WKH�WRWDO�DPRXQW�RI�
FKDQJH�LQ�HDFK�LQGLYLGXDO�´NLQG�µ�+HQFH��WKH�LQLWLDO�
A–B and C–D comparisons would not have revealed 
the total amount of change that had occurred, but 
the A–C, A–D, B–C, or B–D comparisons would have 
UHYHDOHG�WKH�WUXH�OHYHO�RI�FKDQJH��7ZR�´NLQGVµ�WKDW�
share mutations represent the result of directional 
(non-random) change, which is a violation of the null 
hypothesis. 
6HFRQG�� ´NLQGVµ� $� DQG� &� PD\� KDYH� EHJXQ�

changing from different molecular starting points. 
)RU�H[DPSOH��́ NLQGVµ�$�DQG�%�PD\�KDYH�EHHQ�FUHDWHG�
ZLWK�D�GLIIHUHQW�PLWRFKRQGULDO�VHTXHQFH�WKDQ�́ NLQGVµ�
C and D. In this case, an A–C, A–D, B–C, or B–D 
comparison would measure not only mutational 
change but also created differences, thus giving rise 
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to more changes in these latter four comparisons 
than expected based on mutational considerations 
alone. This explanation is also a form of directional 
FKDQJH� VLQFH� WZR� RI� WKH� ´NLQGVµ� VWDUWHG� FKDQJLQJ�
from different original sequences, another violation 
of the null hypothesis.

These conclusions are independent of the mutation 
UDWH� LQ�HDFK�RI� WKH� IRXU� ´NLQGV�µ�(YHQ� LI�RQH�RI� WKH�
´NLQGVµ� KDG�PXWDWHG� IDVW� DQG� DQRWKHU� VORZ�� WKHVH�
differences in rates would have affected only the 
magnitude of the change, not the direction of change. 
'LUHFWLRQ��QRW�PDJQLWXGH��LV�WKH�NH\�WHVW�RI�LQWHUQDO�
consistency for the null hypothesis.
,Q� VXPPDU\�� D� TXDGUXSOH� ´NLQGµ� FRPSDULVRQ�

can refute the null hypothesis if evidence for 
directional change is found since directional change 
can be explained only by non-random mutation 
or by different starting sequences. Either of these 
explanations violates one of the two fundamental 
tenets of the null hypothesis, namely, (1) random 
mutations from (2) a common genomic starting 
point. When the null is refuted by this test, then only 
functional explanations remain for at least one of the 
SDLUV�RI�´NLQGVµ�WHVWHG�

Deriving a formula for testing the null hypothesis 
This test of the null hypothesis can be represented 

in a more rigorous mathematical manner, again 
assuming that mutational saturation has not yet 
EHHQ�UHDFKHG��)RU�WKH�VDNH�RI�DUJXPHQW�
–Let α�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�RQO\�LQ�NLQG�$
–Let β�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�RQO\�LQ�NLQG�%
–Let γ�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�RQO\�LQ�NLQG�&
–Let δ�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�RQO\�LQ�NLQG�'
–Let x�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�EHWZHHQ�NLQG�$�DQG�NLQG�%
–Let y�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�EHWZHHQ�NLQG�&�DQG�NLQG�'
–Let j�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�EHWZHHQ�NLQG�$�DQG�NLQG�&
–Let k�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�EHWZHHQ�NLQG�$�DQG�NLQG�'
–Let m�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�EHWZHHQ�NLQG�%�DQG�NLQG�&
–Let n�EH�WKH�DPRXQW�RI�PROHFXODU�FKDQJH�EHWZHHQ�NLQG�%�DQG�NLQG�'

As we saw in the preceding section, the null can 
be tested for internal consistency, and internal 
consistency requires that the pairwise molecular 
FRPSDULVRQ� RI� DQ\� WZR� ´NLQGVµ�PXVW� UHSUHVHQW� WKH�
addition of the individual, absolute amounts of 
FKDQJH�LQ�HDFK�VHSDUDWH�́ NLQG�µ�0DWKHPDWLFDOO\��WKLV�
means that the molecular differences must be related 
as follows:
– The molecular difference between A and B:

x = α + β
– The molecular difference between C and D:

y = γ + δ
– The molecular difference between A and C:

j = α + γ
– The molecular difference between A and D:

k = α + δ

– The molecular difference between B and C:
m = β + γ

– The molecular difference between B and D:
n = β + δ

Among equations (1)–(6), one particularly useful 
relationship arises by which violations of the null can 
EH� UHFRJQL]HG� TXLFNO\�� 6SHFLÀFDOO\��ZKHQ� WZLFH� WKH�
sum of the original pairwise comparisons (A–B, C–D) 
(i.e., 2[x + y@��LV�HTXLYDOHQW�WR�WKH�VXP�RI�WKH�UHPDLQLQJ�
SDLUZLVH�FRPSDULVRQV�DPRQJ�DOO� IRXU�´NLQGVµ� �$²&��
B–C, A–D, B–D) [i.e., j + k + m + n@��WKH�QXOO�K\SRWKHVLV�
is valid. If the two sides of this equation are not 
equivalent, then the null hypothesis is false. Proof is 
as follows: 
– Sum of the remaining pairwise comparisons:

j + k + m + n 
– Substitute with equations (3), (4), (5), and (6) above:

(α + γ) + (α + δ) + (β + γ) + (β + δ)
– Combine common factors:

2α + 2β + 2γ + 2δ
– Factor out the constants:

2(α + β) + 2(γ + δ) 
– Substitute with equations (1) and (2) above:

2(x) + 2(y)
– Factor out the constant:

2(x + y)
Thus, the null hypothesis is violated if the following 
HTXDWLRQ�LV�QRW�VDWLVÀHG�

2(x + y) = j + k + m + n
The test of the null hypothesis with equation (7) 

can be performed in a statistically rigorous manner. 
,GHDOO\�� ZKHQ� FRPSDULQJ� IRXU� ´NLQGVµ� PROHFXODUO\��
several sequencing runs would be performed each 
individual involved. Then, the resultant sequences 
would be compared, one sequencing run at a time, 
and the absolute differences among the pairs of 
´NLQGVµ�ZRXOG�EH�DSSOLHG�WR�HTXDWLRQ������,I�WKH�WZR�
sides of the equation were not equivalent (with 
����FRQÀGHQFH���WKHQ�WKH�QXOO�K\SRWKHVLV�ZRXOG�EH�
violated. However, to simplify this process, I used 
VHTXHQFHV�IURP�RQO\�WKH�1&%,�1XFOHRWLGH�5HIHUHQFH�
6HTXHQFH� �5HI6HT�� GDWDEDVH� ��KWWS���ZZZ�QFEL�
nlm.nih.gov/nucleotide/>), a curated database, and 
DVVXPHG�WKDW�WKH�5HI6HT�VHTXHQFHV�IRU�HDFK�VSHFLHV�
UHSUHVHQWHG� WKH�PDMRULW\� RI� LQGLYLGXDOV� ZLWKLQ� WKH�
species from which they had been obtained. Limiting 
my analysis to this dataset implies that any sequence 
differences I might observe among species are real, 
ZLWK� D� KLJK� OHYHO� RI� FRQÀGHQFH�� DQG� LW� HIIHFWLYHO\�
relegates the statistical question to the initial 
sequencing step, which precedes this present study.

High-throughput testing of the null hypothesis 
The test of the null hypothesis with equation (7) 

can also be performed in a high-throughput manner 
XQGHU�D�XQLTXH�VHW�RI�FRQGLWLRQV��6SHFLÀFDOO\��ZKHQ�

(1)

(2)

(3)

(4)

(5)

(6)

(7)
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the four inter-group pairwise comparisons (A–C, 
B–C, A–D, and B–D) happen to be equivalent in 
value (i.e., j = k = m = n), a special relationship exists 
between the four inter-group comparisons and the 
original comparisons (A–B, C–D) (i.e., x,y). The 
derivation is as follows: 
– If the A–C, B–C, A–D, and B–D comparisons are 

the same, then:
j = k = m = n

– Substitute from equation (8) into equation (7):
2(x + y) = j + (j) + (j) + (j)

– Combine common terms:
2(x + y) = 4j

– Divide both sides by 2:
x + y = 2j

Equation (11) represents the special relationship 
that allows high-throughput testing of the null 
hypothesis. 
8QGHU�WKH�UHODWLRQVKLS�GHÀQHG�E\�HTXDWLRQ� ������

three cases exist in which the parameters of the null 
DUH� VDWLVÀHG��7KH�ÀUVW� FDVH��ZKHQ�x and y happen 
to be equal in value, requires that the value of j be 
equivalent to the value of x and y. Proof is as follows:
– Since x and y are equal in value, substitute x into equation (11):

x + (x) = 2j
– Combine common terms:

2x = 2j
– Divide both sides by 2:

x = j
– Substitute y for x:

y = j
The second case, when x and y happen to not be 

equal in value (and x is greater than y), requires that 
the value of j lie between the values of x and y. Proof:

(a) Derivation of the relationship of j to y:
– Let w be the difference between y and x:

x = y + w
– Substitute into equation (11):

(y + w) + y = 2j
– Combine common terms:

2y + w = 2j 

(b) Derivation of the relationship of j to x:
²� 5HDUUDQJH�HTXDWLRQ������

y = [ïZ
– Substitute into equation (18):

2([ïZ) + w = 2j
– Expand terms:

2[ï2w + w = 2j
– Combine common terms:

2[ïZ = 2j
Hence, when x and y are not equal in value and 
x is greater than y, then y must be less than j (as 
SHU� HTXDWLRQ� >��@�� ZKLFK� PXVW� EH� OHVV� WKDQ� x (as 
SHU� HTXDWLRQ� >��@��� ZKLFK�PHDQV� WKDW� WKH� YDOXH� RI�

j is intermediate between the values of x and y, as 
originally claimed. 

The third case, when x and y are not equal in value 
(and y is greater than x), requires that the value 
of j also lie between the values of x and y. Proof is 
YLUWXDOO\�LGHQWLFDO�WR�WKH�RQH�DERYH��HTXDWLRQV�>��@²
>��@���H[FHSW�WKDW�x and y are switched.

In summary, the special case that permits the 
high-throughput testing of the null hypothesis is 
when the four inter-group comparisons (A–C, A–D, 
B–C, and B–D) are equivalent in value (j = k = m = n). 
When this is true, three cases exist for which the null 
hypothesis is valid. When the values of the original 
comparisons (A–B and C–D, represented by x and y) 
are equivalent in value, then j must be equivalent to x 
and y. When x and y are not equivalent in value (two 
possible cases of this), then j must be intermediate 
in value between x and y. If these conditions are not 
VDWLVÀHG�� WKHQ� WKH� QXOO� K\SRWKHVLV� LV� YLRODWHG� �VHH�
HTXDWLRQV�>��@��>��@��>��@��>��@��>��@��

Again, this method does not calculate strict p 
YDOXHV� DQG� ���� FRQÀGHQFH� LQWHUYDOV� VLQFH�� LQ� WKLV�
study, I used mitochondrial sequences only from the 
5HI6HT�GDWDEDVH��D�FXUDWHG�1&%,�GDWDEDVH�

Visual testing of the null hypothesis

Under this special case, high-throughput testing 
of the null hypothesis can be done visually with heat-
mapped tables of results. If we were to compare all 
IRXU� ´NLQGVµ� �$�� %�� &�� '�� LQ� D� SDLUZLVH� IDVKLRQ� DQG�
arrange the results in a tabular format, the variables 
from equations (1)–(6) could be easily visualized (Fig. 
1A). In the special case where the four inter-group 
comparisons (A–C, A–D, B–C, B–D) are equivalent 
in value (i.e., j = k = m = n), the table reduces to three 
YDULDEOHV��VHH�HTXDWLRQV�>�@²>��@�DQG�)LJ���%���8VLQJ�
example values for x and y, the values for the remaining 
four inter-group comparisons (A–C, A–D, B–C, B–D) 
can be calculated and used to illustrate the three cases 
for which the null hypothesis is valid (Fig. 1C). 

For example, when x and y are equivalent in value 
(i.e., both = 10), then j must also be equivalent to x 
and y (i.e., j = 10). [Proof: x + y = 2j���������� ��j����� ��j��
10 = j@��VHH�OHIW�PRVW�WDEOH�LQ�)LJ���&���:KHQ�x and y 
are not equivalent in value and x is greater than y 
(i.e., x = 20 and y = 10), then j must be intermediate 
in value between x and y (i.e., j = 15). [Proof: x + y = 2j��
20 + 10 = 2j����� ��j����� �j@��VHH�FHQWHU�WDEOH�LQ�)LJ���&���
Finally, when x and y are not equivalent in value and 
x is less than y (i.e., x = 10 and y = 20), then j must 
be intermediate in value between x and y (i.e., j = 15). 
[Proof: x + y = 2j���������� ��j����� ��j����� �j@� �VHH�ULJKW�
most table in Fig. 1C). 
+HDW�PDSSLQJ� WKHVH� UHVXOWV� �VHH� FRORU� NH\� LQ�

)LJ�� �&�� SHUPLWV� UDSLG� YLVXDO� LGHQWLÀFDWLRQ� RI� WKH�
cases for which the null hypothesis is valid (Fig. 

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)
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�&��� 6SHFLÀFDOO\�� DV� ORQJ� DV� WKH� FRORUV� RI� WKH� IRXU�
intergroup comparisons (i.e., the four j values) either 
match the colors of original comparisons (see left-
most table in Fig. 1C) or are intermediate in color 
between the color of the original comparisons (see 
center and right-most tables in Fig. 1C), then the null 
hypothesis is valid.  

Conversely, using example values for x, y, and j, 
violations of the null hypothesis can be visualized easily. 
For example, if x = 5 and y = 10, the null hypothesis is true 
only if the value of j is intermediate in value between 
x and y (i.e., if j = 7.5). [Proof: x + y = 2j��������� ��j����� ��j��
7.5 = j@��,I�WKH�YDOXH�RI�j is not intermediate in value (e.g., 
j = 30), then the null is violated (Fig. 1D). 

A B C D

A 0 10 15 15

B 10 0 15 15

C 15 15 0 20

D 15 15 20 0

x = 10

y = 20

When x < y, 

j is intermediate 

between x and y

Tabular Comparison Template

When j = k = m = n

A B C D

A 0 20 15 15

B 20 0 15 15

C 15 15 0 10

D 15 15 10 0

x = 20

y = 10

When x > y, 

j is intermediate 

between x and y

A B C D

A 0 10 10 10

B 10 0 10 10

C 10 10 0 10

D 10 10 10 0

x = 10

y = 10

When x = y, 

j = x = y

A B C D

A 0 5 30 30

B 5 0 30 30

C 30 30 0 10

D 30 30 10 0

VIOLATION:

j < y < x

Special Case for High-Throughput Testing

Conditions under the Special Case 

Consistent with Null Hypothesis

Conditions under the Special Case 

in Violation of the Null Hypothesis

Represented as absolute number 
of molecular differences

Represented as percent identity
Percent Identity Color Key

0 25 50 75 100

A

B

C

D

E Special Case Violation, Changed Data Display

A B C D

A x j m

B x k n

C j k y

D m n y

A B C D

A x j j

B x j j

C j j y

D j j y

Molecular Differences Color Key

0 15 30

A B C D

A 100 99 94 94

B 99 100 94 94

C 94 94 100 98

D 94 94 98 100

A B C D

A 100 90 40 40

B 90 100 40 40

C 40 40 100 80

D 40 40 80 100

sequence length of 50 sequence length of 500

Molecular Differences Color Key

0 15 30

x = 5

y = 10

Fig. 1. Testing the null hypothesis.

The null hypothesis can be tested in a high-throughput manner using a tabular heat-mapped display. (A) For four 
´NLQGVµ��$��%��&��'���WKH�FRPSDULVRQV�EHWZHHQ�LQGLYLGXDO�SDLUV�RI�´NLQGVµ�DUH�UHSUHVHQWHG�E\�x (A–B comparison),  
j (A–C comparison), m (A–D comparison), k (B–C comparison), n (B–D comparison), and y (C–D comparison). 
(B) When the four inter-group comparisons (A–C, A–D, B–C, B–D) yield equivalent values (i.e., j = k = m = n), the 
number of variables reduces to three (x, y, j). (C) When the four intergroup comparisons (A–C, A–D, B–C, B–D) 
yield equivalent values (i.e., j = k = m= , as per [B@���WKUHH�FDVHV�H[LVW�IRU�ZKLFK�WKH�QXOO�K\SRWKHVLV�LV�YDOLG��:KHQ�WKH�
value of j is equivalent to the values of x and y (see left-hand table) and when the value of j is intermediate between 
x and y (two cases of this: When x > y and when x���y�RU��VHH�FHQWHU�DQG�ULJKW�KDQG�WDEOHV���7KHVH�FRQGLWLRQV�DUH�UHDGLO\�
YLVLEOH�ZKHQ�WKH�YDOXHV�DUH�KHDW�PDSSHG�E\�FRORU��VHH�FRORU�NH\����D) When the four intergroup comparisons (A–C, A–D, 
B–C, B–D) yield equivalent values (i.e., j = k = m = n, as per the conditions in [B@���WKH�QXOO�K\SRWKHVLV�LV�LQYDOLG�LI�QHLWKHU�RI�
the conditions in (C��LV�VDWLVÀHG³IRU�H[DPSOH��LI�j is less than both y and x. This violation of the null is easily recognizable 
YLVXDOO\�ZKHQ�WKH�YDOXHV�DUH�KHDW�PDSSHG�E\�FRORU��VHH�FRORU�NH\����E) The same data as (D), but converted to percent 
identity based on a sequence length of either 50 (left-hand table) or 500 (right-hand table). Again, the violation of the null 
LV�UHFRJQL]DEOH�YLVXDOO\�ZKHQ�WKH�YDOXHV�DUH�KHDW�PDSSHG�E\�FRORU��VHH�FRORU�NH\���

Heat-mapping this result permits rapid 
LGHQWLÀFDWLRQ�RI� WKLV� FDVH�DV�D�YLRODWLRQ�RI� WKH�QXOO�
(Fig. 1D). In general, when the colors of the four inter-
group comparisons neither match the colors of original 
comparisons (x and y) and nor are intermediate in 
color between the colors of the original comparisons 
(x and y), then the null hypothesis is violated, as per 
the example in Fig, 1D. 

Percent identity displays

,� XVHG� D� VOLJKWO\� PRGLÀHG� YHUVLRQ� RI� WKLV� KHDW�
mapped display due to several practical limitations 
of my mitochondrial DNA analysis methods. 
First, my choice of sequence alignment algorithm 
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to percent identity led to a display where the colors 
seemed to blend together. However, violation of the 
null was still apparent upon close inspection since 
the colors of the four intergroup comparisons (i.e., 
the value of j) neither matched the colors of original 
comparisons (x and y) nor were intermediate in color 
between the colors of the original comparisons (x 
and y). When sequences from curated databases are 
used, identifying small differences is realistic. When 
non-curated sequences are used, this sort of analysis 
becomes unreliable.

This high-throughput visual display of percent 
identities is useful for recognizing violations of the 
null even when j is not precisely equivalent to k, m, 
and n. As long as these four variables are roughly 
equivalent, and as long as each of these variables 
individually is much less in value than either x or y, 
it is easy to recognize violations. In this latter case, 
the four variables (j, k, m, n) will share a color much 
different than x or y, and the condition which violates 
the null (j���ERWK�x and y) will be readily apparent.

Summary

x� 6LJQLÀFDQW� WHFKQRORJLFDO� KXUGOHV� SUHYHQW� WKH�
interrogation of the origin and function of molecular 
GLYHUVLW\�DFURVV�D�ODUJH�QXPEHU�RI�DQLPDO�´NLQGVµ�
from a young-earth creation perspective using 
traditional methods.

x� As an alternative approach, I derived a method 
in which a strict null hypothesis is created to be 
UHIXWHG��DQG�WKH�UHIXWDWLRQ�LGHQWLÀHV��E\�SURFHVV�RI�
elimination) the true explanation for the function 
of molecular differences.

x� Directional change is the signature result by which 
the null hypothesis can be refuted.

x� 'LUHFWLRQDO�FKDQJH�FDQ�EH�LGHQWLÀHG�ZKHQ�JURXSV�
RI� ´NLQGVµ� DUH� FRPSDUHG� WR� RQH� DQRWKHU� EXW� QRW�
ZKHQ�PHPEHUV�RI�WKH�VDPH�´NLQGµ�DUH�FRPSDUHG�
WR�RQH�DQRWKHU�VLQFH�PHPEHUV�RI�WKH�VDPH�´NLQGµ�
can produce directional change via hybridization.

x� Special mathematical cases exist which allow 
rapid, high-throughput testing and refutation of 
the null hypothesis.

x� Under these special cases, use of percent identity 
displays and of heat-mapping allows rapid visual 
LGHQWLÀFDWLRQ�RI�YLRODWLRQV�RI�WKH�QXOO�K\SRWKHVLV�

Explaining Molecular Diversity Within “Kinds”

Could the metazoan mitochondrial DNA and 
protein datasets also be used to test hypotheses for 
the molecular differences within�́ NLQGVµ"�,Q�SULQFLSOH��
yes. In practice, the answer to this question becomes 
more challenging.

Several methods do not lend themselves to 
WHVWLQJ� K\SRWKHVHV� IRU� GLIIHUHQFHV� ZLWKLQ� ´NLQGV�µ�
5HIXWDWLRQ� RI� WKH� QXOO� K\SRWKHVLV� FDQQRW� EH� XVHG�

limited the types of sequences I could compare. All 
multiple-sequence alignment algorithms assume 
a model of sequence change (Morrison 2006), 
and each algorithm is sensitive to only a subset of 
types of molecular differences. The algorithm I 
XVHG��&/867$/;� �/DUNLQ�HW�DO�� ����� ��7KRPSVRQ��
Higgins and Gibson 1994), assumes a simple model 
of sequence change and, therefore, performs well on 
alignments of sequences with point mutations or 
small insertions/deletions, but performs poorly on 
DOLJQPHQWV�RI�VHTXHQFHV�ZLWK�VLJQLÀFDQW�VWUXFWXUDO�
rearrangements (i.e., translocations). Since 
mitochondrial gene order differs dramatically among 
metazoan species (Supplemental Table 1), I limited 
P\� NLQJGRP�ZLGH� FRPSDULVRQV� ZLWK� &/867$/;�
to individual protein sequences instead of whole 
mitochondrial genome sequences. 

Second, differences in protein sequence length 
across all ~2700 metazoan species (see Supplemental 
Tables 2–14) limited the manner in which I reported 
the results of my comparisons. Given these length 
GLIIHUHQFHV�� LW� LV� GLIÀFXOW� WR� PHDVXUH� DEVROXWH�
molecular differences among different species. In 
contrast, reporting differences as percent identity 
for those positions that actually aligned (i.e., not 
for positions which represent gaps or overhangs) 
compensates for these differences in length. Since 
all change is random under the null hypothesis, this 
´VQDSVKRWµ�PHWKRG�IRU�UHSRUWLQJ�UHVXOWV�PRGHOV�ZKROH�
protein changes, though it ultimately underestimates 
total mutational events since it ignores insertions 
and deletions. Thus, I reported all my molecular 
differences in terms of percent identity, not in terms 
of absolute levels of molecular change.

Visualizing results as percent identity

9LVXDOL]LQJ�SDLUZLVH�́ NLQGµ�FRPSDULVRQV�DV�SHUFHQW�
identity values rather than absolute molecular 
GLIIHUHQFH�YDOXHV�VWLOO�SHUPLWV�UDSLG�LGHQWLÀFDWLRQ�RI�
violations of the null hypothesis. For example, using 
the same data from Fig. 1D and converting the values 
to percent identity (assuming a sequence length of 
�����WKH�KHDW�PDSSHG�UHVXOWV�LGHQWLÀHG�D�YLRODWLRQ�RI�
WKH�QXOO�K\SRWKHVLV�MXVW�DV�ZHOO�DV�WKH�KHDW�PDSSHG�
absolute difference results (compare left-hand table 
in Fig. 1E to Fig. 1D). In both tables, the colors of 
the four inter-group comparisons (i.e., the value of j) 
neither matched the colors of original comparisons 
(x and y) nor were intermediate in color between the 
colors of the original comparisons (x and y).
9LVXDO� LGHQWLÀFDWLRQ� RI� YLRODWLRQV� RI� WKH� QXOO�

hypothesis becomes more challenging when 
molecular differences represent a small fraction of 
the total sequence length, but it is still feasible. For 
example, if I assumed a sequence length of 500 for the 
comparisons in Fig. 1D, converting the differences 
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as a method since it applies only to comparisons of 
LQGLYLGXDOV�EHORQJLQJ�WR�VHSDUDWH�´NLQGV�µ�0HPEHUV�
RI�WKH�VDPH�´NLQGµ�PD\�KDYH�VKDUHG�DQFHVWULHV�GXH�
to breeding, and this fact violates the foundational 
requirement of testing the null hypothesis, 
namely, separate ancestries among the individuals 
compared. Systematic mutagenesis also cannot be 
XVHG�VLQFH�WHVWLQJ�DOO�RI�WKH�LQWUD�´NLQGµ�GLIIHUHQFHV�
is cost  and time prohibitive. Hence, at present, 
population modeling is the only feasible means 
ZKLFK�WR�WHVW�K\SRWKHVHV�RQ�ZLWKLQ�´NLQGµ�PROHFXODU�
differences.
7KH� FKLHI� LQWUD�´NLQGµ� K\SRWKHVHV� WR� EH� WHVWHG�

DUH�ZKHWKHU�LQGLYLGXDO�PHPEHUV�RI�WKH�VDPH�´NLQGµ�
were created with identical sequences or with 
GLIIHUHQW� VHTXHQFHV�GXULQJ� WKH�&UHDWLRQ�ZHHN��DQG�
whether modern differences represent functional 
or neutral changes since creation. The hypothesis 
RI� FUHDWHG� GLYHUVLW\� FDQQRW� EH� WHVWHG� IRU� ´NLQGVµ�
WKDW� ODWHU� ERDUGHG� WKH� $UN� WZR�E\�WZR� �H�J��� IHOLGV�
>3HQGUDJRQ�DQG�:LQNOHU�����@��VLQFH�WKH�ERWWOHQHFN�
of the Flood effectively narrowed the mitochondrial 
DNA population to a single sequence, assuming that 
WKH� IHPDOH� WKDW� ERDUGHG� WKH� $UN� GLG� QRW� SRVVHVV�
heteroplasmic mitochondrial DNA sequences. For 
´NLQGVµ� WKDW� VXUYLYHG� RXWVLGH� WKH� $UN� �H�J��� ÀVK���
WKH�HIIHFWV�RI� WKH�)ORRG�RQ� ´NLQGµ�SRSXODWLRQV�VL]HV�
LV� XQNQRZQ�� DQG� SRSXODWLRQ� PRGHOLQJ� PD\� UHYHDO�
which hypothesis is true. 

The existence of fossil DNA sequences does not 
aid in answering these questions. DNA is a labile 
PROHFXOH��DQG�LW�LV�GLIÀFXOW�WR�LPDJLQH�WKDW�'1$�FRXOG�
survive without degradation for thousands of years, 
as Criswell (2009) has already discussed. Though 
VRPH� VLJQDWXUHV� RI� '1$� GHJUDGDWLRQ� DUH� NQRZQ��
LW� VHHPV� LPSRVVLEOH� WR� NQRZ� DOO� WKH� VLJQDWXUHV� RI�
DNA degradation until some independent means 
of evaluating fossil DNA sequences is discovered. 
Until then, the reliability of fossil DNA sequences 
will remain a perpetual mystery, and fossil DNA 
FDQQRW�EH�XVHG�WR�LQIRUP�K\SRWKHVHV�RQ�ZLWKLQ�¶NLQG·�
molecular differences.

Despite these historical and practical constraints, 
it is still a valuable exercise to test whether modern 
VHTXHQFH�GLYHUVLW\�FDQ�EH�WUDFHG�EDFN�WR�DQ�RULJLQDO�
VWDUWLQJ� VHTXHQFH�� )RU� ´NLQGVµ� WKDW� ERDUGHG� WKH�
$UN�DQG�� WKHUHIRUH��KDG�D�VLQJOH�VWDUWLQJ�VHTXHQFH�
E\� GHÀQLWLRQ�� SHUIRUPLQJ� WKLV� FDOFXODWLRQ� PD\�
reveal new insights into aspects of the post-Flood 
GLYHUVLÀFDWLRQ� SURFHVV�� VXFK� DV� WKH� WLPLQJ� RI�
GLYHUVLÀFDWLRQ� DQG� WKH� FRQVWDQF\� RI� WKH� PXWDWLRQ�
UDWH�� 3HUIRUPLQJ� WKLV� H[HUFLVH� IRU� RII�$UN� ´NLQGVµ�
might test the plausibility of the two chief hypotheses 
DERYH³ZKHWKHU� LQGLYLGXDO� PHPEHUV� RI� RII�$UN�
´NLQGVµ� ZHUH� FUHDWHG� ZLWK� LGHQWLFDO� VHTXHQFHV� RU�
with sequence diversity.

$WWHPSWLQJ� WR� WUDFH� GLYHUVLW\� EDFN� WR� D� VLQJOH�
starting sequence is, in essence, a coalescence 
calculation. Because I focused my studies on 
mitochondrial sequences rather than nuclear 
sequences, I eliminated the complicating elements of 
sexual reproduction, diploid states, and recombination 
from the coalescence equation. Mitochondrial 
genomes are thought to be uniparentally inherited 
DQG� WR� QRW� UHFRPELQH�� PDNLQJ� SRSXODWLRQ� PRGHOV�
simpler. Hence, the equation for mitochondrial DNA 
coalescence is as follows (after Futuyma 2009, p. 273):
— Let d represent base pair differences between two individuals
— Let r represent the mutation rate
— Let tCA represent time to a common ancestor
— The relationship among these variables:

tCA = d/r 
With respect to the mutation rate in equation (23), 

,�PDGH� WZR� DVVXPSWLRQV� WR�PDNH� WKH�PRGHO�PRUH�
UHDOLVWLF�DQG�WR�PDNH�WKH�PDWK�VLPSOHU��)LUVW��,�XVHG�
RQO\�HPSLULFDOO\�GHWHUPLQHG�PXWDWLRQ�UDWHV��8QOLNH�
PRVW�HYROXWLRQDU\�PROHFXODU�́ FORFNµ�GLVFXVVLRQV��,�GLG�
not use the evolutionary time of origin for a species to 
calculate and calibrate the mutation rate, a practice 
which is clearly useless to exploring aspects of the 
young-earth model. 

Second, I assumed a constant mutation rate 
through time. Though recent geologic studies 
suggest that the earth may have undergone a period 
of accelerated radioactive decay during the Flood 
�9DUGLPDQ��6QHOOLQJ��DQG�&KDIÀQ��������LW�LV�XQFOHDU�
to what extent this phenomenon would have affected 
WKH�PXWDWLRQ�UDWH�LQ�HDFK�´NLQG�µ

A recent human population modeling study of 
mitochondrial DNA differences suggested that the 
human mutation rate was indeed accelerated in the 
past (Wood 2012). However, this study failed to convert 
the previously published human mutation rate for the 
hyper-variable region (Parsons et al. 1997) to a whole 
mitochondrial genome rate. When converted to a 
whole genome rate (assuming an average genome size 
of 16,568 nucleotides), it is equivalent to 1 substitution 
per 1.2 generations, not Wood’s statement of “1 
VXEVWLWXWLRQ�LQ����JHQHUDWLRQVµ��:RRG�������S�������7KLV�
new rate differs from the results of Wood’s analysis 
(~10 substitutions per generation) by a factor of only 
~10 instead of his claimed factor of ~333. Furthermore, 
the entirety of Wood’s conclusions depends on the 
assumption that DNA sequences obtained from 
fossils are accurate—a tentative assumption at best, 
as discussed above. Thus, if mutation rates were 
accelerated in the past, studies to date have not 
unequivocally demonstrated this.

The interrogation of molecular differences within 
D�VLQJOH�´NLQGµ�UHTXLUHV�RQH�DGGLWLRQDO�PRGLÀFDWLRQ�
to equation (23). Since mitochondrial DNA is 
inherited largely uniparentally, differences between 

(23)
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VHSDUDWH� OLQHDJHV�ZLWKLQ�D� ´NLQGµ�DUH�HUDVHG�ZKHQ�
two individuals hybridize. If differences still exist 
EHWZHHQ�PRGHUQ�LQGLYLGXDOV�ZLWKLQ�WKH�VDPH�´NLQG�µ�
these differences must represent the accumulation 
RI� FKDQJHV� LQ� VHSDUDWH� OLQHDJHV�� +HQFH�� WKH� ÀQDO�
d will be the sum of (r * tCA) in lineage #1 and of  
(r * tCA��LQ�OLQHDJH�����7DNLQJ�LQWR�DFFRXQW�WKLV�IDFW��
and re-arranging equation (23), the new equation for 
modeling sequence diversity becomes a divergence 
calculation rather than a coalescence calculation 
(after Howell et al. 2003): 

d = 2(r * tCA)
Several practical limitations restricted the 

application of equation (24) across metazoans. First, 
mitochondrial mutation rates among metazoans have 
been measured for only four species: Caenorhabditis 
elegans (Denver et al. 2000), Drosophila melanogaster 
(Haag-Liautard et al. 2008), Daphnia pulex��;X�HW�DO��
2012), and Homo sapiens (Parsons et al. 1997). 

Second, the human mitochondrial mutation rate 
KDV� EHHQ� WKH� VXEMHFW� RI� VLJQLÀFDQW� FRQWURYHUV\��
The early results of Parsons et al. (1997) were met 
ZLWK� VNHSWLFLVP� IURP� WKH� HYROXWLRQDU\� FRPPXQLW\�
since the conclusions contradicted the evolutionary 
timescale (Gibbons 1998). At least 14 additional 
studies have been published among 13 individual 
reports, with strongly disputed conclusions (Bendall 
HW�DO��������&DYHOLHU�HW�DO��������+H\HU�HW�DO��������
+RZHOO��.XEDFND�� DQG�0DFNH\� ������+RZHOO� HW� DO��
������-DQ]LQ�HW�DO��������0DGULJDO�HW�DO��������0XPP�
HW�DO��������3DUVRQV�DQG�+ROODQG�������6DQWRV�HW�DO��
������6DQWRV�HW�DO��������6LJXUêDUGyWWLU�HW�DO��������
Soodyall et al. 1997). 
)LQDOO\�� VSHFLHV� UHSUHVHQWDWLRQ� LQ� WKH� 5HI6HT�

database is low for the families to which C. elegans, 
D. melanogaster, and D. pulex belong. Though many 
VSHFLHV� DUH� NQRZQ� WR� H[LVW� ZLWKLQ� WKHVH� IDPLOLHV��
mitochondrial genome sequences have been determined 
IRU�YHU\�IHZ�RI�WKHVH�VSHFLHV��6LQFH�WKH�WD[RQRPLF�UDQN�
RI� IDPLO\� VHHPV� WR� DSSUR[LPDWH� WKH� ´NLQGµ� DQFHVWU\�
ERXQGDU\��:RRG�����E���WKLV�PHDQW�WKDW�ZLWKLQ�´NLQGµ�
molecular diversity was poorly represented in the 
5HI6HT�GDWDEDVH�IRU�WKH�WKUHH�´NLQGV�µ

In this study, I addressed each of these problems 
separately. Though only four species possess 
measured mutation rates, these four species 
represent three distinct phyla, which together 
UHSUHVHQW� D� VLJQLÀFDQW� IUDFWLRQ� RI� DOO� DQLPDO� OLIH��
Hence, conclusions obtained from these four species 
have implications for large swaths of life.
+RZHYHU�� WKH� ´NLQGVµ� WR�ZKLFK� WKH� WKUHH�DQLPDO�

species belong possess numerous other species. It 
LV�XQNQRZQ�ZKHWKHU�DOO�WKH�VSHFLHV�ZLWKLQ�D�VLQJOH�
´NLQGµ� PXWDWH� DW� WKH� VDPH� UDWH�� )RU� VLPSOLFLW\�� ,�
DVVXPHG�WKDW�DOO�WKH�VSHFLHV�ZLWKLQ�D�´NLQGµ�FKDQJHG�
at the same rate. 

:LWK�UHVSHFW� WR� WKH�VSHFLÀF�FRQWURYHUV\�RYHU� WKH�
human mutation rate, I recalculated a pooled rate 
IURP�WKHVH�H[SHULPHQWV�DIWHU�WDNLQJ�LQWR�DFFRXQW�WKH�
statistical power in each report (see Materials and 
Methods section). 
7KH�ODFN�RI�IXOO�VHTXHQFH�UHSUHVHQWDWLRQ�IRU�HDFK�

´NLQGµ� LV�D�VLJQLÀFDQW� OLPLWDWLRQ�RI� WKLV�VWXG\��$Q\�
FRQFOXVLRQV�EDVHG�RQ�WKH�VHTXHQFH�GLYHUVLW\�NQRZQ�DW�
present may change with the publication of additional 
VHTXHQFHV� IURP� RWKHU� PHPEHUV� RI� HDFK� ´NLQG�µ�
Though this limitation is somewhat compensated 
by the assumption of a uniform mutation rate for all 
PHPEHUV�RI�WKH�´NLQG�µ�WKH�UHVXOWV�RI�WKH�SRSXODWLRQ�
modeling in this study are preliminary. 

Thus, I attempted to trace modern sequence 
GLYHUVLW\�EDFN� WR�D� VLQJOH� VWDUWLQJ� VHTXHQFH�ZLWKLQ�
each of the Homo, Drosophila, Caenorhabditis, and 
Daphnia genera using equation (24). The latter three 
JHQHUD�UHSUHVHQW�´NLQGVµ�WKDW�ZHUH�OLNHO\�QRW�RQ�WKH�
$UN��+HQFH��D�PDWFK�EHWZHHQ� WKH�SUHGLFWLRQV� IURP�
equation (24) and modern genetic diversity within 
these genera (or species) would lend support to the 
hypothesis that God created the individual members 
RI� HDFK� ´NLQGµ� ZLWK� LGHQWLFDO� PLWRFKRQGULDO� '1$�
sequences. 

I also used equation (24) to test the plausibility of 
the timescales of the creation and evolution models. 
Because equation (24) contains a time factor, it 
implicitly tests the time component of any population 
genetic model examined. Furthermore, little has 
been published from a molecular perspective which 
compares the creation and evolution models on 
the question of the age of the earth. Comparing 
evolutionary predictions based on empirically-
derived mutation rates to modern genetic diversity 
PLJKW�EH�UHYHDOLQJ��&RQÁLFWV�EHWZHHQ�WKH�WZR�FRXOG�
lead to a new argument against the millions-of-years 
timescale.

Summary

x� 5HMHFWLRQ� RI� WKH� QXOO� K\SRWKHVLV� GRHV� QRW� DSSO\�
WR� FRPSDULVRQV� ZLWKLQ� WKH� VDPH� ´NLQGµ� VLQFH�
LQGLYLGXDO� PHPEHUV� RI� WKH� VDPH� ´NLQGµ� FDQ�
hybridize.

x� Population modeling addresses the identity of 
WKH�RULJLQDO�VWDUWLQJ�VHTXHQFH�ZLWKLQ�´NLQGV�µ�EXW�
PXWDWLRQ�UDWHV�DUH�NQRZQ�IRU�RQO\�IRXU�VSHFLHV�

x� 3RSXODWLRQ�PRGHOLQJ�ZLWKLQ�́ NLQGVµ�LV�DOVR�D�WHVW�RI�
the young-earth and evolutionary timescales.

Materials and Methods

Sequence retrieval 
Whole mitochondrial genome sequence entries from 

2704 species/entries were downloaded from the NCBI 
1XFOHRWLGH� 5HIHUHQFH� 6HTXHQFH� �5HI6HT�� GDWDEDVH�
��KWWS���ZZZ�QFEL�QOP�QLK�JRY�QXFOHRWLGH�!�� RQ� -XO\�

(24) 
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18, 2012. A Python script was written and used to 
H[WUDFW�WKH�UHOHYDQW�1&%,�LGHQWLÀFDWLRQ�LQIRUPDWLRQ��
WD[RQRPLF� UDQNLQJ� ODEHOV�� DQG� SURWHLQ� RU� ZKROH�
JHQRPH� VHTXHQFHV� IURP� WKH� *HQ%DQN� ÀOH�� DQG�
the extracted information was used to populate a 
Microsoft Access database (see Supplemental Tables 
���DQG����IRU�1&%,�LGHQWLÀFDWLRQ�QXPEHUV�IRU�HDFK�
sequence). Missing information (due to limitations 
of the Python algorithm) was manually entered 
into the database either from the NCBI website or 
WKH�RULJLQDO�*HQ%DQN�ÁDW�ÀOH��4XHULHV�ZHUH�UXQ�RQ�
the Access database to obtain relevant information 
�L�H��� SURWHLQ� VHTXHQFH�� FODVVLÀFDWLRQ�� JHQRPH� VL]H��
HWF����6HTXHQFH�ÀOHV�ZHUH�VRUWHG�DOSKDEHWLFDOO\�EDVHG�
RQ�FODVVLÀFDWLRQ�UDQN�DQG� ODEHO��DQG�WKHQ�VDYHG� LQ�
&/867$/;�FRPSDWLEOH�IRUPDW�

Gene order retrieval 
The gene order of the mitochondrial protein-coding 

genes for select metazoan species was downloaded 
IURP� WKH� 1&%,� 2UJDQHOODU� *HQRPH� 5HVRXUFHV�
ZHEVLWH� ��KWWS���ZZZ�QFEL�QOP�QLK�JRY�JHQRPHV�
*HQRPHV+RPH�FJL"WD[LG ����	KRSW KWPO!��RQ�-XO\�
����������DQG�LPSRUWHG�LQWR�D�0LFURVRIW�([FHO�ÀOH�IRU�
manual color-coding and analysis. A single species 
was assigned to each row. Each row contained (in 
left-to-right order) the (1) NCBI accession number 
for the whole genome sequence for the species, (2) 
the manually color-coded protein-coding gene order 
IRU�WKH�VSHFLHV��DQG�����WKH�WD[RQRPLF�UDQN�DQG�ODEHO�
information for the species (which was used to sort the 
species vertically). Gene abbreviations were as follows: 
$73� V\QWKDVH� VXEXQLW� �� �´$73�µ��� $73� V\QWKDVH�
VXEXQLW����´$73�µ���F\WRFKURPH�F�R[LGDVH�VXEXQLWV�����
�´&2;�µ��´&2;�µ��´&2;�µ���F\WRFKURPH�%��´&<7%µ���
DQG� 1$'+� GHK\GURJHQDVH� VXEXQLWV� ���� �´1'�µ��
´1'�µ��´1'�µ��´1'�µ��´1'�/µ��´1'�µ��´1'�µ���

Protein sequence analysis 
Protein sequences (ordered by species based on 

DOSKDEHWLFDOO\�VRUWHG�WD[RQRPLF�UDQN�DQG�ODEHO��IURP�
HDFK� VSHFLHV� ZHUH� DOLJQHG� ZLWK� &/867$/;� ������
VRIWZDUH���KWWS���ZZZ�FOXVWDO�RUJ�FOXVWDO��!��DQG�UXQ�
in multiple alignment mode using default parameters, 
with the exception of changing the output order to 
´LQSXWµ��WR�SUHVHUYH�WKH�WD[RQRPLFDOO\�UDQNHG�RUGHU�
of the sequences). Sequences from each of the 13 
mitochondrial proteins were aligned separately. For 
example, all species possessing an ATP synthase 
VXEXQLW� �� �´$73�µ�� SURWHLQ� VHTXHQFH� ZHUH� DOLJQHG�
together, and all species possessing an ATP synthase 
VXEXQLW� �� �´$73�µ�� SURWHLQ� VHTXHQFH� ZHUH� DOLJQHG�
together. In each alignment, ~2600-2700 metazoan 
species were represented. 
$OLJQPHQW� ÀOHV� ZHUH� LPSRUWHG� LQWR� D� 0LFURVRIW�

Excel spreadsheet with a single, large heat-mapped 

table assigned to the results of each of the 13 
mitochondrial protein sequence alignments. Amino 
acids in each table were color-coded. One species 
was assigned to each row. Each row contained (in 
OHIW�WR�ULJKW�RUGHU��WKH�����WD[RQRPLF�UDQN�DQG�ODEHO�
information for each species, which was used to sort 
the species vertically (larger taxonomic groups were 
manually color-coded for easier visualization), and 
���� WKH� &/867$/;�DOLJQHG� DQG� PDQXDOO\� FRORU�
coded amino acid sequence for the species. 

Percent identity matrices were created from the 
results of each individual alignment and imported 
into a Microsoft Excel spreadsheet. A single species 
was assigned to a single row and to a single column. 
The vertical order of species along the y axis (top to 
bottom) was identical to the horizontal order of species 
along the x axis (left to right). Taxonomic information 
for each species was placed in the same row as each 
species. Larger taxonomic groups were manually 
color-coded for easier visualization. Percent identity 
values were heat-mapped using Excel conditional 
IRUPDWWLQJ�ZLWK�D�VOLGLQJ�FRORU�VFDOH��GDUN�EOXH� �����
white = 50%, bright red = 100%). Hence, the percent 
identity for a comparison of two species’ sequences 
was found at the intersection of the row (column) 
IRU� WKH� ÀUVW� VSHFLHV� DQG� WKH� FROXPQ� �URZ�� IRU� WKH�
second species. The entirety of the heat map in an 
individual table was captured by zooming out from 
the individual data points, and these images were 
displayed in Figs. 2–14 in this paper.

Protein statistics were calculated from the 
database created above and from alignment results. 
The average protein size for a given protein was 
calculated from the length of each species’ amino acid 
VHTXHQFH�HQWU\�LQ�WKH�5HI6HT�GDWDEDVH��7KH�DYHUDJH�
percent identity for a given protein was calculated 
from the table of percent identity results above after 
ÀUVW�UHPRYLQJ�DOO�WKH�́ ����µ�YDOXHV�WKDW�UHSUHVHQWHG�
comparisons of a species to itself (which would 
automatically yield a value of 100% identity). The 
results for both of these statistical analyses were heat-
mapped using Microsoft Excel conditional formatting 
ZLWK�D� VOLGLQJ� FRORU� VFDOH� �GDUN�EOXH� �ORZHVW�YDOXH��
white = 50th percentile, bright red = highest value). 

Taxonomy template creation 
Each species possessing an ATP synthase subunit 

�� �´$73�µ�� SURWHLQ� VHTXHQFH� ZDV� FRPSDUHG� LQ�
tabular format based on the species’ taxonomic 
UDQN� DQG� ODEHO� IRU� WKH� IRXU� KLJKHU�OHYHO� /LQQDHDQ�
WD[RQRPLF�FDWHJRULHV��NLQJGRP��SK\OXP��FODVV��RUGHU�
>QR� LQWHUPHGLDWH�FDWHJRULHV�EHWZHHQ�WKHP@���DV�SHU�
the NCBI labels assigned to each species. The only 
exceptions I made to the NCBI labels were as follows: 
I placed Crocodylidae, Testudines, Sphenodontia, 
DQG�6TXDPDWD�LQWR�D�VLQJOH�FODVV��5HSWLOLD��WKH\�ZHUH�
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separated taxonomically in the NCBI database). 
,�ODEHOHG�5XPLQDWLD�DV�DQ�RUGHU��LW�ZDV�OLVWHG�LW�DV�
a sub-order in the NCBI database), and I labeled 
Suina and Tylopoda as orders (the NCBI database 
did not). 

Species were arrayed by assigning each species 
to a single row and to a single column. The vertical 
order of species along the y axis (top to bottom) was 
identical to the horizontal order of species along the 
x axis (left to right). Taxonomic information for each 
species was placed in the same row as each species. 
'LIIHUHQFHV� LQ� FODVVLÀFDWLRQ� UDQN� DQG� ODEHO�

between two species were used to manually create 
D�WDEOH�ZKHUH��� �WKH�WZR�EHORQJ�WR�GLIIHUHQW�SK\OD��
�� �VDPH� SK\OXP�� GLIIHUHQW� FODVVHV�� �� �VDPH� FODVV��
GLIIHUHQW�RUGHU��DQG��� �VDPH�RUGHU��$OO�YDOXHV�ZHUH�
heat-mapped using Microsoft Excel conditional 
IRUPDWWLQJ�ZLWK�D�VOLGLQJ�FRORU�VFDOH��GDUN�EOXH� ����
white = 2.5, bright red = 4). The entirety of the 
heat map was captured by zooming out from the 
individual data points, and this image was displayed 
in Fig. 15.

Genetic diversity predictions

Empirically determined mitochondrial mutation 
UDWHV��´PXWDWLRQV�JHQHUDWLRQµ��IRU�C. elegans, D. me-
lanogaster, and D. pulex were obtained from the liter-
DWXUH��'HQYHU�HW�DO��������+DDJ�/LDXWDUG�HW�DO��������
;X�HW�DO���������0LWRFKRQGULDO�PXWDWLRQ�UDWHV��´PX-
WDWLRQV�JHQHUDWLRQµ��IRU�H. sapiens were also obtained 
IURP�WKH�OLWHUDWXUH��%HQGDOO�HW�DO��������&DYHOLHU�HW�
DO��������+H\HU�HW�DO��������+RZHOO�HW�DO��������+RZHOO�
HW�DO��������-DQ]LQ�HW�DO��������0DGULJDO�HW�DO��������
0XPP�HW�DO��������3DUVRQV�HW�DO��������3DUVRQV�DQG�
+ROODQG�������6DQWRV�HW�DO��������6DQWRV�HW�DO��������
6LJXUêDUGyWWLU�HW�DO��������6RRG\DOO�HW�DO���������

A pooled human mitochondrial mutation rate 
was calculated from the published base substitution 
UDWHV�LQ�WKH�OLWHUDWXUH��%HQGDOO�HW�DO��������&DYHOLHU�
HW� DO�� ������+H\HU� HW� DO�� ������+RZHOO� HW� DO�� ������
+RZHOO�HW�DO��������-DQ]LQ�HW�DO��������0DGULJDO�HW�
DO�� ������ 0XPP� HW� DO�� ������ 3DUVRQV� HW� DO�� ������
3DUVRQV�DQG�+ROODQG�������6DQWRV�HW�DO��������6DQWRV�
HW� DO�� ������ 6LJXUêDUGyWWLU� HW� DO�� ������ 6RRG\DOO� HW�
DO�� ������� 7KHVH� SXEOLVKHG� VWXGLHV� FRQÁLFW� RQ� WKH�

Published studies (D-loop region)

Paper
Method of

detection

Number of

detected mutants

Generations

(transmissions)

base pairs

(bp)

bp *

generations
Ethnicity

Bendall 1996 Heteroplasmy 4 360 313 112680

Cavelier 2000 Homoplasmy 0 292 792 231264 Swedish

Heyer 2001 Homoplasmy 4 508 673 341884 French-Quebecois

Howell 1996 Heteroplasmy 2 88 1194 105072 Australian

Howell 2003 Heteroplasmy 1 185 1122 207570 European
Howell 2003 

(UTMB) Heteroplasmy 3 263 1122 295086

Janzin 1998 Homoplasmy 0 228 370 84360 Swedish

Madrigal 2012 Homoplasmy 2 220 360 79200 Costa Rica

Mumm 1997 Homo/heteroplasmy 1 59 443 26137

Parsons 1997 Homo/heteroplasmy 10 327 610 199470 European origin

Parsons 1998 Heteroplasmy 10 306 610 186660

Santos 2005 Heteroplasmy 6 321 973 312333 Azores Islands

Sigurðardóttir 2000 Homo/heteroplasmy 5 705 673 474465 Icelanders

Soodyall 1997 Homoplasmy 0 108 698 75384 Tristan da Cunha

Published studies (coding region)

Paper
Method of

detection

Number of

detected mutants

Generations

(transmissions)

base pairs

(bp)

bp *

generations
Ethnicity

Cavelier 2000 Homoplasmy 0 256 365 93440 Swedish

Howell 2003 Heteroplasmy 4 170 15447 2625990 European

Santos 2008 Heteroplasmy 2 311 1102 342722 Azores Islands

Table 1. Summary of published human mitochondrial DNA mutation rate studies.

Modern pairwise 

difference 

(average for 

non-Africans)

Average size 

of coding 

region

Approximate 

generations 

since Adam

Required mutation rate 

for 6000 origin 

of modern sequences 

(mutants/bp/generation)

Paper

Measured 

bp* 

generations

Expected 

mutants in 

6000 years

29.9 15,447 200 4.84E-06 Cavelier 2000 93,440 0.5

Table 2. Statistical power for human coding region study.



480 N. T. Jeanson

UDWH�RI�PLWRFKRQGULDO�'1$�FKDQJH��UHÁHFWHG�LQ�WKH�
number of mutants reported for each study (Table 
1). They also differ in statistical power (e.g., base 
pairs measured, transmission events), in the ethnic 
group surveyed, in the type of mutation measured 
(homoplasmic versus heteroplasmic), and in the 
region of the mitochondrial genome surveyed (e.g., 
D-loop or coding region) (Table 1). 

Only those studies which measured the mutation 
rate from homoplasmic changes were included for 
further analysis since the fate of heteroplasmic 
PXWDWLRQV�LV�XQNQRZQ��7KLV�HIIHFWLYHO\�QDUURZHG�WKH�
available results for the D-loop region to seven studies 
since the Mumm et al. (1997) study did not give 
VXIÀFLHQW�GDWD�WR�GHWHUPLQH�WKH�UDWH�RI�KRPRSODVPLF�
changes (Table 1). 

This also effectively eliminated all coding region 
results. Strictly homoplasmic studies on the coding 
region of the mitochondrial genome exist for only 
a single study (Table 1). However, this study had 
poor statistical power. Given the average number of 
modern pair-wise nucleotide differences among non-
Africans (Kim and Schuster 2013), the average size 
of the coding region of the mitochondrial genome, 
and the approximate number of generations since 
Adam, the average mutation rate required to explain 
modern diversity on a young-earth timescale can be 
calculated (Table 2). This rate predicts that Cavelier 
et al. (2000) would have found less than one mutation 
in their study, given the number of total base pairs 
(bp * generations) they examined (Table 2). Hence, 
this study was excluded from further consideration, 

effectively limiting the present analysis to the D-loop 
region of the human mitochondrial genome. 

Comparing the remaining seven D-loop region 
studies that reported homoplasmic mutations revealed 
D�VWULNLQJ�WUHQG�EHWZHHQ�VWDWLVWLFDO�SRZHU�DQG�QXPEHU�
of mutations detected (Table 3). The three studies 
with the highest number of detected mutations had 
the highest level of statistical power, as measured 
either by number of pedigrees analyzed or by a 
product of the number of base pairs surveyed and the 
generations examined (Table 3). Conversely, one of the 
studies with the lowest number of detected mutations 
(zero) (Soodyall et al. 1997) also had the lowest level 
of statistical power as measured by total pedigrees 
surveyed (Table 3). Of the remaining two studies 
ZKLFK�UHSRUWHG�]HUR�PXWDWLRQV� �&DYHOLHU�HW�DO��������
-DQ]LQ�HW�DO���������WKH�ODWWHU�DOVR�KDG�ORZ�VWDWLVWLFDO�
power, as measured by a product of the number of 
base pairs surveyed and the generations examined 
(Table 3). Together, these trends suggested that the 
´FRQWUDGLFWLRQVµ�DPRQJ� WKHVH� VWXGLHV�PD\� VLPSO\�EH�
an artifact of the statistical power of each study.

In light of these facts, I recalculated a mutation rate 
for the human D-loop region factoring in the statistical 
power inherent to each published study. I pooled the 
raw data for number of mutants detected, and I pooled 
the results of the product of the number of generations 
surveyed and number of base pairs analyzed. This 
effectively weighs each study by the total number 
of base pairs analyzed. I used these pooled values 
to calculate an average mutation rate in terms of 
mutants per base pair per generation (Table 4). 

Table 3. Statistical power of human D-loop region studies.

Paper
bp*

generations

Actual

mutants

Total

pedigrees

(lineages)

Ethnicity

Cavelier 2000 231264 0 33 Swedish

Heyer 2001 341884 4 16 French-Quebecois
Janzin 1998 84360 0 33 Swedish

Madrigal 2012 79200 2 19 Costa Rica
Parsons 1997 199470 7 134 European origin
Sigurðardóttir 2000 474465 3 26 Icelanders
Soodyall 1997 75384 0 5 Tristan da Cunha

Paper
Homoplasmic

substitutions

Generations

(transmissions)

base pairs

(BP)

bp *

generations
Ethnicity

Average mutants/

(bp * generation)

Cavelier 2000 0 292 792 231,264 Swedish 1.08E-05
Heyer 2001 4 508 673 341,884 French-Quebecois
Janzin 1998 0 228 370 84,360 Swedish
Madrigal 2012 2 220 360 79,200 Costa Rica
Parsons 1997 7 327 610 199,470 European origin

Sigurðardóttir 2000 3 705 673 474,465 Icelanders

Soodyall 1997 0 108 698 75,384 Tristan da Cunha
Total 16 1,486,027

Table 4. Average mutation rate for the human D-loop region (homoplasmy studies only).
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This rate was used to predict divergence 
in the D-loop region among modern humans 
(Supplemental Table 17). First, the mutation rate 
ZDV� FRQYHUWHG� WR� ´PXWDWLRQV�\HDU�'�ORRS� UHJLRQµ�
using a range of generation time estimates and 
the published length of the D-loop region (Kim 
and Schuster 2013). Second, predicted divergence 
was calculated by multiplying the mutation rate 
for a given generation time by two and by the time 
RI�RULJLQ��DV�SHU�HTXDWLRQ�>��@���7LPH�RI�RULJLQ�IRU�
the creation model was assumed to be a rounded 
XSSHU�OLPLW� GDWH� IRU� WKH� &UHDWLRQ� ZHHN�� �������
years ago. The time of origin for the evolutionary 
model was determined from the literature (Soares 
HW� DO�� ������� 1LQHW\�ÀYH� SHUFHQW� FRQÀGHQFH�
intervals were calculated by treating the discovery 
of mutants in the D-loop as a Poisson-distributed 
HYHQW��7KH�����FRQÀGHQFH�LQWHUYDO��&,��IRU�3RLVVRQ�

data can be calculated as follows (Supplemental 
Table 17):
–Let λ represent the average mutation rate
–Let ν represent the sample size (in this case, number 

of pooled generational events)
CI = λ ± 1.96[¥�λ/ν�@

The predictions were compared to the published 
mitochondrial D-loop diversity for Homo sapiens 
(Kim and Schuster 2013). Ideally, my predictions 
should have been compared to the results of a 
different study since my pooled mutation rate was 
derived from non-African ethnic groups and since 
the data from Kim and Schuster included African 
sequences (Table 4). However, the African sequences 
in the Kim and Schuster study represented less than 
10% of the total sequences, and since their results 
represented over 7,000 individuals, I used their data 
ZLWKRXW�IXUWKHU�PRGLÀFDWLRQ��

Fig. 2. Kingdom-wide violations of the null hypothesis with ATP6 alignments. 
3URWHLQV�VHTXHQFHV�IRU�$73�V\QWKDVH�VXEXQLW����´$73�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�LGHQWLW\�
YDOXHV� IRU� HDFK� VSHFLHV�VSHFLHV� FRPSDULVRQ�ZHUH� KHDW�PDSSHG� �VHH� FRORU� NH\� DW� ULJKW��� 6LQFH� LQGLYLGXDO� VSHFLHV�ZHUH�
QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�WKH�
horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded to 
JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 22.
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Similar predictions were made for Caenorhabditis, 
Drosophila, and Daphnia (Supplemental Table 18). 
Published base substitution rates were converted 
WR� ´PXWDWLRQV�\HDU�JHQRPHµ� ZLWK� WKH� DYHUDJH� RI�
WKH� 5HI6HT�OLVWHG� JHQRPH� VL]H� IRU� HDFK� JHQXV� DQG�
with the generation time estimates for C. elegans, 
D. melanogaster, and D. pulex from the literature 
�'HQYHU�HW�DO��������;X�HW�DO��������DQG�IURP�DFDGHPLF�
ZHEVLWHV� ��KWWS���JHQRPH�ZXVWO�HGX�JHQRPHV�YLHZ�
caenorhabditis_elegans/>, accessed September 6, 
������ �KWWS���Á\VWRFNV�ELR�LQGLDQD�HGX�)O\B:RUN�
culturing.htm>, accessed September 6, 2012). 

Since mutation rates for two different lines of D. 
melanogaster were reported, the average of the two 
was used in this study. Also, the mutation rates 
for sexually reproducing D. pulex and asexually 
reproducing D. pulex were reported, and the average 
of these two was used in this study. 

7KH�����FRQÀGHQFH� LQWHUYDOV� IRU� WKHVH� FRQYHUWHG�
mutation rates were calculated separately for each 
bound of the interval. The upper bound was calculated 
by multiplying the upper value of the published 
����FRQÀGHQFH�LQWHUYDO�IRU�WKH�PXWDWLRQ�UDWH�E\�WKH�
average genome size, and then by dividing by the 
shortest generation time (in years) for the species. The 
lower bound was calculated by multiplying the lower 
ERXQG�RI�WKH�SXEOLVKHG�����FRQÀGHQFH�LQWHUYDO�IRU�WKH�
mutation rate by the average genome size, and then by 
dividing by the longest generation time (in years) for 
the species (Supplemental Table 18). For Drosophila, 
the upper and lower bounds were not averaged from 
WKH�WZR�OLQHV��UDWKHU��WKH�KLJKHVW�DQG�ORZHVW�UHSRUWHG�
bounds were used. For Daphnia��WKH�����FRQÀGHQFH�
intervals were calculated using only the range of 
JHQHUDWLRQ�WLPHV�VLQFH�D�����FRQÀGHQFH�LQWHUYDO�ZDV�
QRW�SXEOLVKHG�IRU�WKH�PXWDWLRQ�UDWH��;X�HW�DO��������

Fig. 3. Kingdom-wide violations of the null hypothesis with ATP8 alignments.
3URWHLQV�VHTXHQFHV�IRU�$73�V\QWKDVH�VXEXQLW����´$73�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�LGHQWLW\�
YDOXHV� IRU� HDFK� VSHFLHV�VSHFLHV� FRPSDULVRQ�ZHUH� KHDW�PDSSHG� �VHH� FRORU� NH\� DW� ULJKW��� 6LQFH� LQGLYLGXDO� VSHFLHV�ZHUH�
QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�WKH�
horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded to 
JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 23.
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Fig. 4.�.LQJGRP�ZLGH�YLRODWLRQV�RI�WKH�QXOO�K\SRWKHVLV�ZLWK�&2;��DOLJQPHQWV�
3URWHLQV�VHTXHQFHV�IRU�F\WRFKURPH�F�R[LGDVH�VXEXQLW����´&2;�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental table 24.

Predictions of genetic diversity in these 
invertebrates were calculated for the creation and 
evolution models by multiplying the converted 
mutation rate above by two and by the time of origin 
�DV� SHU� HTXDWLRQ� >��@�� �6XSSOHPHQWDO� 7DEOH� �����
Time of origin for the creation model was assumed 
to be a rounded upper-limit date for the Creation 
ZHHN�� ������� \HDUV� DJR�� 7KH� WLPH� RI� RULJLQ� IRU�
the evolutionary model was determined from the 
OLWHUDWXUH� IRU� HDFK� JHQXV� RU� VSHFLHV� �&XWWHU� ������
+DDJ�HW�DO��������2EEDUG�HW�DO���������

These predictions were compared to the 
average genetic diversity within each genus. For 
the Caenorhabditis, Drosophila, and Daphnia, 
average diversity was calculated by performing 
ZKROH� JHQRPH� DOLJQPHQWV� ZLWK� &/867$/;� ������
software. Drosophila and Caenorhabditis whole 
JHQRPH�VHTXHQFHV�ZHUH�GRZQORDGHG�IURP�WKH�5HI6HT�

GDWDEDVH�DV�VSHFLÀHG�DERYH��DQG�DOO�Daphnia whole 
JHQRPH� VHTXHQFHV� IURP� 5HI6HT� DQG� QRQ�5HI6HT�
NCBI databases were downloaded on March 26, 
������$OO�́ 1Vµ�ZHUH�UHPRYHG�IURP�Daphnia sequences 
before aligning them to one another. 

All six Drosophila�5HI6HT�HQWULHV� �melanogaster, 
mauritiana, sechellia, simulans, yakuba, littoralis) 
were aligned to one another, and all Daphnia isolates 
were aligned to one another. Both Caenorhabditis 
5HI6HT� HQWULHV� �elegans, briggsae) were aligned to 
one another. However, since the gene order data 
(Supplemental Table 1) indicated that C. elegans and 
C. briggsae possessed the same genes but in a reverse 
complementary order, the C. briggsae genome 
sequence was converted to its reverse complement 
��KWWS���ZZZ�ELRLQIRUPDWLFV�RUJ�VPV�UHYBFRPS�
html>) before aligning the sequences from the two 
species. 
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Fig. 5��.LQJGRP�ZLGH�YLRODWLRQV�RI�WKH�QXOO�K\SRWKHVLV�ZLWK�&2;��DOLJQPHQWV�
3URWHLQV�VHTXHQFHV�IRU�F\WRFKURPH�F�R[LGDVH�VXEXQLW����´&2;�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 25.
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Absolute nucleotide differences were calculated 
for each alignment (Supplemental Table 20). Percent 
identity matrices were created for the Drosophila 
and Caenorhabditis alignments and used to calculate 
average absolute nucleotide differences in two steps. 
First, the average percent difference was calculated 
by subtracting the average percent identity from 
100. Second, the average absolute difference was 
calculated by dividing the average percent difference 
by 100 and then multiplying it by the average 
genome size for the genus. Also, for the Drosophila 
alignments, the range of maximum and minimum 
absolute nucleotide differences was calculated using 
the maximum and minimum interspecies percent 
identity values. At the multiplication step of this 
calculation, the smallest genome size of the two 
VSHFLHV� FRPSDUHG� ZDV� XVHG� VLQFH� WKH� &/867$/;�
alignment algorithm reports percent identity values 
only for the positions that actually aligned. 

The maximum pair-wise difference (rather than 
the average pair-wise difference) was determined for 
the D. pulex isolates after correcting for differences 
in sequence length between the isolates compared. 
,W�ZDV�FDOFXODWHG�E\�ÀUVW�VXEWUDFWLQJ�WKH�PLQLPXP�
percent identity from 100, and then dividing this 
number by 100 and multiplying it by the appropriate 
genome size of the isolates compared. Maximum 
difference was determined in order to represent the 
maximum amount of genetic divergence that could 
have occurred since the D. pulex isolates split off from 
one another. 

As a practical measure of the relationship 
between the origins model timescale and modern 
JHQHWLF� GLYHUVLW\�� ´\HDUV� XQWLO� D� VLQJOH� PXWDWLRQµ�
were calculated (Supplemental Table 21). First, the 
required average mutation rates for the biblical and 
evolutionary timescales were calculated by dividing 
the average genetic diversity for the genus or 
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VSHFLHV�E\�WKH�PRGHO�VSHFLÀF�WLPHVFDOH��6HFRQG��WKLV�
value and the published mutation rate values were 
inverted (1/value) to calculate how many years would 
elapse before a single mutation was observed.

Results

Kingdom-wide violations of the 

null hypothesis among different “kinds” 

The alignment of each of the 13 mitochondrial 
protein sequences across thousands of metazoan 
VSHFLHV� UHYHDOHG� WKUHH�PDMRU� SDWWHUQV� �)LJV�� �²�����
First, large groups of species naturally formed 
YLVXDOO\�LGHQWLÀDEOH� JURXSV� RI� KLJK� LGHQWLW\� �L�H���
WKH�UHG�DQG�ZKLWH�´ER[HVµ�LQ�)LJV���²����VHH�SHUFHQW�
LGHQWLW\� FRORU� NH\� DW� WKH� ULJKW� RI� HDFK� ÀJXUH��� )RU�
example, a cluster of species of high molecular 
identity was consistently recognizable in the upper 
left-hand corner of each table in all mitochondrial 
SURWHLQV� H[DPLQHG� �ZKLWH�� WR� UHG�FRORUHG� ´ER[µ� RU�

cluster in Figs. 2–14). Conversely, one to three 
FOXVWHUV� RI� VSHFLHV�ZHUH� FRQVLVWHQWO\� LGHQWLÀDEOH� LQ�
the center of the table in all mitochondrial proteins 
DOLJQHG��ZKLWH��WR�UHG�FRORUHG�´ER[HVµ�RU�FOXVWHUV� LQ�
Figs. 2–14). Several other smaller clusters were 
consistently visible in the lower right-hand corner of 
HDFK�WDEOH�DV�ZHOO��)LJV���²����VHH�DOVR�6XSSOHPHQWDO�
Tables 22–34 for individual data points).

Second, these clusters of high molecular identity 
FRUUHVSRQGHG�� ODUJHO\�� WR� FODVVLÀFDWLRQ� FDWHJRULHV�
DERYH� WKH� WD[RQRPLF� UDQN� RI� IDPLO\�� )RU� H[DPSOH��
the cluster in the upper left-hand corner of each table 
corresponded to the phylum Arthropoda (including 
the class Arachnida, the subphylum Crustacea, and 
the class Insecta) (Figs. 2–14—compare the red- to 
white-colored box to the color-coded bars along the 
horizontal and vertical axes). Conversely, the single 
large cluster in the center of most tables contained 
a large subset of the vertebrate species [including 

Fig. 6.�.LQJGRP�ZLGH�YLRODWLRQV�RI�WKH�QXOO�K\SRWKHVLV�ZLWK�&2;��DOLJQPHQWV�
3URWHLQV�VHTXHQFHV�IRU�F\WRFKURPH�F�R[LGDVH�VXEXQLW����´&2;�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 26.
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the classes Actinopterygii, Aves, Amphibia, and 
Mammalia, and members (Squamata, Testudines) 
RI� WKH� IRUPHU� FODVV� 5HSWLOLD@� �)LJV�� �²��³FRPSDUH�
red and white-shaded box to the color-coded bars 
along the horizontal and vertical axes). Also, smaller 
clusters in the lower right-hand corners of most 
WDEOHV�LGHQWLÀHG�WKH�UHVW�RI�WKH�PDMRU�SK\OD��LQFOXGLQJ�
Cnidaria, Echinodermata, Mollusca (including 
the classes Bivalvia, Cephalopoda, Gastropoda), 
Nematoda, Platyhelminthes, and Porifera (Figs. 
2–14—compare the red- and white-shaded boxes 
in the lower right-hand corner to the color-coded 
EDUV�DORQJ�WKH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV��VHH�DOVR�
Supplemental Tables 22–34 for individual data 
SRLQWV�DQG�GHWDLOV�RQ�WD[RQRPLF�UDQNLQJV�DQG�ODEHOV���

These results were not limited to the taxonomic 
UDQN� RI� SK\OXP�� )RU� H[DPSOH�� D� FOXVWHU� RI� KLJK�
identity near the center of the table and within the 
YHUWHEUDWH�FOXVWHU�ZDV�FRQVLVWHQWO\�LGHQWLÀDEOH�DFURVV�

each mitochondrial protein analyzed (Figs. 2–14), 
and it corresponded to the class Aves (compare red- 
and white-shaded box to the taxonomically labeled  
bars along the horizontal and vertical axes in Figs. 
2–14). Also, a cluster of high identity near the lower 
right-hand side of the table was found across all 
proteins examined, and it corresponded to the class 
Mammalia (compare red- and white-shaded box to 
the taxonomically labeled bars along the horizontal 
DQG�YHUWLFDO�D[HV�LQ�)LJV���²����VHH�DOVR�6XSSOHPHQWDO�
Tables 22–34 for individual data points). 

Practically, these observations meant that clusters 
LGHQWLÀHG�́ NLQGVµ�RU�JURXSV�RI�́ NLQGV�µ�6LQFH�SUHYLRXV�
VWXGLHV� IRXQG� WKDW� WKH� WD[RQRPLF� UDQN� RI� IDPLO\�
DSSUR[LPDWHG� WKH� DQFHVWU\� OLPLW� IRU� HDFK� ´NLQGµ�
(Wood 2006b), these large clusters of high identity in 
)LJV���²���DOORZHG�WKH�UDSLG�YLVXDO�LGHQWLÀFDWLRQ�RI�
´NLQGVµ�DQG�RI�FOXVWHUV�RI�VHYHUDO�́ NLQGV�µ�D�QHFHVVDU\�
condition for testing the null hypothesis. 

Fig. 7. Kingdom-wide violations of the null hypothesis with CYTB alignments.
3URWHLQV�VHTXHQFHV�IRU�F\WRFKURPH�E��´&<7%µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�LGHQWLW\�YDOXHV�IRU�
HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�ZHUH�QRW�GLVFHUQLEOH�
DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�WKH�KRUL]RQWDO�DQG�
vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded to groups of species 
VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���WKH�FODVV�0DPPDOLD��
near the lower center-right of the table). Furthermore, when these groups (clusters) of species were compared against one 
another, violations of the null hypothesis were immediately observable, as per the criteria depicted on the right—clusters 
of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�FOXVWHUV�UHSUHVHQWV�j). 
Individual data points can be viewed in Supplemental Table 27.
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Third, the percent identity between any two of these 
large clusters of high identity was low. For example, 
in Fig. 2, the color of the intersection between the 
Arthropoda (phylum) cluster and the Mammalia 
(class) clusters was blue (taxonomically labeled bars 
along the horizontal and vertical axes identify the 
intersection between Arthropoda and Mammalia 
RQ� WKH� XSSHU� DQG�RU� OHIW� VLGH� RI� WKH� WDEOH�� VHH� DOVR�
Supplemental Table 22 for individual data points)—
representing much lower percent identity than 
either the arthropod species compared to one another 
(upper left-hand corner, white to red in color), or the 
mammalian species compared to one another (lower 
right-hand side of table, red in color). This relative 
hierarchy of percent identity among the comparisons 
between and within the Arthropoda and Mammalia 
clusters was consistent across each mitochondrial 
protein analyzed, though the absolute values for 

each cluster varied (i.e., the colors shifted), depending 
on the protein analyzed (Figs. 2–14), but not on the 
average size of the protein analyzed (Table 5). 

Conversely, in Fig. 2, the intersection between the 
subcluster within vertebrates (including the classes 
Actinopterygii, Amphibia, and Aves, and parts of 
the order Squamata) and the cluster of nematodes 
�SK\OXP�1HPDWRGD��ZDV�GDUN�EOXH� �WD[RQRPLFDOO\�
labeled bars along the horizontal and vertical axes 
identify the intersection between these clusters at 
WKH� ERWWRP� DQG�RU� ULJKW� VLGH� RI� WKH� WDEOH�� VHH� DOVR�
Supplemental Table 22 for individual data points)—
representing much lower percent identity than either 
the vertebrate species compared to one another (red 
in color), or the nematode species compared to one 
another (red in color) (see also Supplemental Table 
22 for individual data points). This relative hierarchy 
of percent identity among the comparisons between 

Fig. 8. Kingdom-wide violations of the null hypothesis with ND1 alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW����´1'�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 28.
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and within these two groups was consistent across 
each mitochondrial protein analyzed, though the 
absolute values for each cluster varied (i.e., the colors 
shifted), depending on the protein analyzed (Figs. 
2–14), but not on the average size of the protein 
analyzed (Table 5). 
,Q� VXPPDU\�� QXPHURXV� YLVXDOO\�LGHQWLÀDEOH�

clusters of high identity across the entire animal 
NLQJGRP� PDWFKHG� WKLV� UHODWLYH� KLHUDUFKLFDO�
pattern—high identity within each cluster, low 
identity between two clusters. Whether the cluster 
corresponded to phylum Arthropoda or the phylum 
Cnidaria, or even to the class Mammalia, a cluster 
of high identity could be compared to another cluster 
of high identity, and the identity between these two 
clusters was lower than the identity within each 
FOXVWHU� �)LJV�� �²���� VHH� DOVR� 6XSSOHPHQWDO� 7DEOHV�
22–34).

Together, these observations broadly refuted the 
null hypothesis as the explanation for the origin of 
WKHVH�VHTXHQFHV�LQ�HDFK�RI�WKHVH�´NLQGVµ�DQG�JURXSV�
RI�́ NLQGV�µ�5HIXWDWLRQ�RI�WKH�QXOO�K\SRWKHVLV�XQGHU�WKH�
special case (where j = k = m = n, or where j is roughly 
equivalent k, m, and n) required that j be less than 
both x and y (see example table on the right-hand side 
of Figs. 2–14). In each of these tables, x and y were 
UHDGLO\�LGHQWLÀDEOH�DV�HQWLUH�FOXVWHUV�RI�GDWD�SRLQWV�RI�
KLJK�LGHQWLW\��)LJV���²����VHH�DOVR�6XSSOHPHQWDO�7DEOHV�
��²���IRU�LQGLYLGXDO�GDWD�SRLQWV���UHSUHVHQWLQJ�́ NLQGVµ�
RU� JURXSV� RI� ´NLQGV�µ� &RQYHUVHO\�� WKH� LQWHUVHFWLRQ�
between each cluster of high identity represented the 
j, k, m, and n variables. The values of these latter four 
variables were roughly equivalent to one another, and 
they were consistently less than both x and y. Since 
the value of j�QHHG�QRW�EH�D�VSHFLÀF�DEVROXWH�YDOXH��L�H���
it need not be colored blue or white, but could even be 

Fig. 9. Kingdom-wide violations of the null hypothesis with ND2 alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW����´1'�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 29.
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light red in color), these violations of the null (j���ERWK�
x and y) refuted the null hypothesis as an explanation 
IRU�WKH�RULJLQ�RI�WKHVH�SURWHLQV�DPRQJ�´NLQGV�µ�

Additionally, these results implied that, not 
only mitochondrial proteins, but also the entire 
PLWRFKRQGULDO�JHQRPH�VHTXHQFH�LQ�HDFK�´NLQGµ�FRXOG�
not be explained by the null hypothesis. Since the DNA 
coding for these 13 proteins together comprised most 
of the mitochondrial genome sequence in most species 
(data not shown), the null was violated for a large 
fraction of the total genome sequence. Conversely, 
since the entire mitochondrial genome (not subsections 
which code for individual protein sequences) is passed 
on largely uniparentally and without recombining 
IURP�JHQHUDWLRQ� WR�JHQHUDWLRQ� �$O�5DZL�HW�DO��������
Sato and Sato 2011), violation of the null hypothesis 
for part of the genome sequence meant violation of the 
null for the whole genome sequence.

,GHQWLÀFDWLRQ�RI�PLWRFKRQGULDO�SURWHLQ�IXQFWLRQ
These results also implied that the modern 

PLWRFKRQGULDO� VHTXHQFH� GLIIHUHQFHV� DPRQJ� ´NLQGVµ�
represented functional differences. Since the two 
tenets of the null hypothesis were (1) identical starting 
sequence and (2) random change, one or both of these 
tenets must have been wrong, and the alternatives 
to each of these tenets implied function. If tenet (1) 
was wrong, meaning that God created sequences 
GLIIHUHQW�LQ�RQH�RU�́ NLQGV�µ�WKLV�IDFW�ZRXOG�KDYH�LPSOLHG�
function for these sequences, since God does not create 
haphazardly or accidentally. (Again, for the present 
study I assumed away the hypothesis that certain 
genetic sequences were created solely for artistic 
SXUSRVHV�� D� K\SRWKHVLV� VHHPLQJO\� LQ� FRQÁLFW� ZLWK�
UHFHQW�VWXGLHV�>(1&2'(�3URMHFW�&RQVRUWLXP�����@��

Alternatively, if tenet (2) was wrong, non-random 
change would have also implied function for modern 

Fig. 10. Kingdom-wide violations of the null hypothesis with ND3 alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW����´1'�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 30.
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sequence differences. For example, if natural selection 
were the mechanism, selection would have required 
a molecular function upon which to act. Conversely, 
if non-random mutation were the mechanism, this 
would have implied purpose and function due to the 
non-random nature of the process (e.g., the rag genes, 
ZKLFK�IXOÀOO�D�YHU\�VSHFLÀF�SXUSRVH�LQ�WKH�LPPXQH�
system). Thus, modern mitochondrial sequence 
GLIIHUHQFHV� EHWZHHQ� WKH� ´NLQGVµ� LQYHVWLJDWHG� LQ�
this study represented functional differences, not 
´OHIWRYHUVµ�RI�D�QHXWUDO�FKDQJH�SURFHVV�

What function might these individual differences 
perform? Several functional hypotheses could be 
LQYRNHG� WR� H[SODLQ� WKH� FOXVWHULQJ� SDWWHUQV� REVHUYHG�
in the mitochondrial protein sequences. However, 
since the clusters of high percent identity seemed 
WR� FRUUHODWH�ZLWK� WD[RQRPLF� UDQN�DERYH� WKH� OHYHO� RI�
family (Figs. 2–14), I explored whether taxonomic 

UDQN�ZRXOG�SUHFLVHO\�SUHGLFW�WKH�FOXVWHUV�WKDW�IRUPHG��
,I� WD[RQRPLF�UDQN�GLG�SUHFLVHO\� LGHQWLI\�WKH�FOXVWHUV�
which naturally formed, this result would imply a 
WD[RQ�VSHFLÀF�IXQFWLRQ�IRU�WKHVH�DPLQR�DFLG�GLIIHUHQFHV��

Toward this end, I created a predictive, heat-
mapped template based on the four higher-level 
/LQQDHDQ� WD[RQRPLF� FDWHJRULHV� >NLQJGRP�� SK\OXP��
class, order (no intermediate categories between 
WKHP�@��)LJ�������,�EDVHG�P\�WHPSODWH�RQ�WKH�VSHFLHV�
ZLWK� DQ� $73� V\QWKDVH� VXEXQLW� �� �´$73�µ�� HQWU\��
since the number of species (2697) with an ATP6 
protein was close to the total number downloaded 
species/entries, 2704. 
7KLV�DUWLÀFLDO�WD[RQRPLF�WHPSODWH��)LJ������FOHDUO\�

LGHQWLÀHG�VRPH�RI�WKH�FOXVWHULQJ�SDWWHUQV�,�REVHUYHG�
for the mitochondrial protein sequence alignments 
�52 value between Fig. 2 and Fig. 15 is equal to 
������� )RU� H[DPSOH�� WKH� WHPSODWH� LGHQWLÀHG� WKH�

Fig. 11. Kingdom-wide violations of the null hypothesis with ND4 alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW����´1'�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 31.
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Arthropoda and vertebrate clusters, as well as the 
Actinopterygii, Aves, Mammalia, and Testudines 
clusters (compare Fig. 15 to Figs. 2–14). The 
WHPSODWH� DOVR� LVRODWHG� VRPH� RI� WKH� PDMRU� SK\OD��
such as Cnidaria, Echinodermata, Nematoda, and 
Porifera (Fig. 15). However, the template did not 
identify all the clusters observable in the protein 
alignment results, such as the sub-cluster within 
vertebrates (including the classes Actinopterygii, 
Aves, Amphibia, and Mammalia, and members 
>6TXDPDWD��7HVWXGLQHV@�RI�WKH�IRUPHU�FODVV�5HSWLOLD���
It also failed to identify the clustering that occurred 
among Cnidaria and Porifera (compare Fig. 2 to 
Fig. 15). Thus, the overlap between the taxon-
based heat map and protein sequence-based heat 
PDS� LQGLFDWHG� WKDW� WD[RQRPLF� UDQN�DQG�JURXSLQJ�
partially explained the clusters but did not explain 
all the mitochondrial protein sequence patterns. 

Together, these results suggested that amino acid 
GLIIHUHQFHV�EHWZHHQ�´NLQGVµ�IXQFWLRQ�LQ�SDUW�LQ�WUDLWV�
unique to each taxon. 

Recent origin of mitochondrial genomes  
What might be the explanation for molecular 

differences within�́ NLQGVµ"�(TXDWLRQ������ZDV�XVHG�WR�
SUHGLFW�ZLWKLQ�´NLQGµ�PLWRFKRQGULDO�JHQHWLF�GLYHUVLW\�
on both the evolutionary and young-earth timescales. 

Comparison of the predictions of the evolutionary 
model and of the young-earth model to actual diversity 
within the Caenorhabditis, Drosophila, Daphnia, and 
Homo genera (see Supplemental Tables 22–34 for 
calculations) strongly refuted the evolutionary model 
but supported the young-earth model of a constant 
mutation rate and single starting sequence within 
HDFK�JHQXV�RU�VSHFLHV��7KH�����FRQÀGHQFH�LQWHUYDOV�
for the predictions of the creation model captured or 

Fig. 12. Kingdom-wide violations of the null hypothesis with ND4L alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW��/��´1'�/µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 32.
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overlapped actual genetic diversity for three of the 
four genera (Fig. 16A–B, D), and the predictions for 
the remaining genus (Daphnia) were still within an 
order of magnitude of the modern value (Fig. 16C) 
(see also Supplementary Tables 19–20). 

In contrast, the evolutionary model made diversity 
predictions that were orders of magnitude different 
from both the young-earth predictions and the actual 
diversity within each genus (Fig. 16A–D). (Note that 
though the errors for the evolutionary predictions 
may appear large, they do not represent the standard 
GHYLDWLRQ�EXW��UDWKHU��WKH�����FRQÀGHQFH�LQWHUYDOV��
As such, they depict the maximum possible range of 
predictions for the evolutionary model.) Clearly, the 
young-earth model came close to the real value while 
the evolutionary model could not predict reality. 

The evolutionary model could not be rescued by 
assuming a slower rate of change in the past. The 

minimal mutation rate required to explain modern 
genetic diversity on an evolutionary timescale was 
orders of magnitude different from the modern rate 
RI�FKDQJH��7DEOH����VHH�DOVR�6XSSOHPHQWDO�7DEOH����
for calculations). The required rate was so slow that 
LW�GHÀHG�SODXVLELOLW\��D�UDWH�RI���PXWDWLRQ�SHU�JHQRPH�
per 20,000–36,000 years—and consistently so for 
millions of years—implied DNA polymerase and 
'1$�UHSDLU�ÀGHOLW\�IDU�EH\RQG�NQRZQ�OHYHOV��/RGLVK�
et al. 2000). 

Thus, modern genetic diversity argued strongly 
against the evolutionary timescale and for the young-
earth timescale. Though the young-earth population 
model I used to predict genetic diversity made 
RYHU�VLPSOLI\LQJ�DVVXPSWLRQV�� LW�UHSUHVHQWHG�D�ÀUVW�
approximation, and, as such, it still argued strongly 
against the evolutionary timescale and suggested 
WKDW�ZLWKLQ�´NLQGµ�DQG�ZLWKLQ�KXPDQ�PLWRFKRQGULDO�

Fig. 13. Kingdom-wide violations of the null hypothesis with ND5 alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW����´1'�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 33.
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DNA diversity was largely explicable in terms of a 
constant mutation rate over 6000–10,000 years of 
WLPH�IURP�D�JHQXV�VSHFLÀF�VWDUWLQJ�VHTXHQFH��

Together, these population modeling conclusions 
and the results from testing of the null hypothesis 
LQ�D�NLQJGRP�ZLGH�PDQQHU�VXJJHVWHG�WKDW�PROHFXODU�
patterns within� ´NLQGVµ� ZHUH� GXH� WR� FRQVWDQW�
PXWDWLRQ� RYHU� WLPH� IURP� D� JHQXV�VSHFLÀF� VWDUWLQJ�
sequence, and that molecular patterns between 
´NLQGVµ�ZHUH�H[SOLFDEOH�LQ�IXQFWLRQDO�WHUPV�

 
Discussion

A predictive young-earth model 
What is the explanation for molecular diversity? 

The derivation of equation (7) and the successful use 
of equation (24) add predictive rigor to the young-
earth model of molecular differences. Instead of 
vague generalities, these equations offer testable, 
quantitative estimates of protein function and genetic 

GLYHUVLW\� DFURVV� WKH� HQWLUH� DQLPDO� NLQJGRP�� 1R�
longer are these molecular parameters exclusively 
D�IXQFWLRQ�RI�´HYROXWLRQDU\�FRQVHUYDWLRQµ�RU�RI�WLPH�
VLQFH� HYROXWLRQDU\� GLYHUJHQFH�� 5DWKHU�� HTXDWLRQV�
(7) and (24) provide compelling alternative methods 
based on the young-earth timescale and the biblical 
OLPLWV�RQ�DQFHVWU\��7KLV�UHSUHVHQWV�D�NH\�VWHS�IRUZDUG�
in developing the creation model.

These new tools could theoretically be applied 
to a variety of remaining young-earth biology 
questions. For example, equations (7) and (24) could 
be used to investigate the origins of mitochondrial 
DNA differences of plants, fungi, and protists. In 
addition, equation (7) could be used on comparisons 
of other molecules besides mitochondrial DNA. The 
null hypothesis could be tested for other classes of 
proteins, such a transcription factors, and for other 
W\SHV�RI�VHTXHQFHV��VXFK�DV�QRQ�FRGLQJ�51$��7KH�IXOO�
potential for these equations is yet to be realized.

Fig. 14. Kingdom-wide violations of the null hypothesis with ND6 alignments.
3URWHLQV�VHTXHQFHV�IRU�1$'+�GHK\GURJHQDVH�VXEXQLW����´1'�µ��ZHUH�FRPSDUHG�DFURVV�PHWD]RDQ�VSHFLHV��DQG�WKH�SHUFHQW�
LGHQWLW\�YDOXHV�IRU�HDFK�VSHFLHV�VSHFLHV�FRPSDULVRQ�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\�DW�ULJKW���6LQFH�LQGLYLGXDO�VSHFLHV�
ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�DORQJ�
the horizontal and vertical axes. As visible in this display, clusters of high identity were evident, and they corresponded 
WR�JURXSV�RI�VSHFLHV�VKDULQJ�D�WD[RQRPLF�UDQN�DERYH�WKH�OHYHO�RI�IDPLO\��VRPH�RI�ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���
the class Mammalia, near the lower center-right of the table). Furthermore, when these groups (clusters) of species were 
compared against one another, violations of the null hypothesis were immediately observable, as per the criteria depicted 
on the right—clusters of high identity (representing x and y��ZHUH�GLVVLPLODU�IURP�RQH�DQRWKHU��WKH�MXQFWLRQ�EHWZHHQ�WKH�
clusters represents j). Individual data points can be viewed in Supplemental Table 34.
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Explaining molecular diversity between “kinds”

Applied to mitochondrial proteins of metazoans, 
equation (7) demonstrates that the individual amino 
DFLG� GLIIHUHQFHV� EHWZHHQ� ´NLQGVµ� DUH� LQFRQVLVWHQW�
with neutral change from a single starting sequence. 
This failure of the null hypothesis to account for the 
origin of modern mitochondrial sequences raises the 
question of which assumption of the model is in error. 
The alternatives to random change include non-
random mutation and natural selection. However, 
with respect to the latter, recent research indicates 
that natural selection is very poor at creating new 
protein sequences (Behe 2007). Conversely, if non-
random mutation were the explanation, several 
GLIIHUHQW� PXWDVHV� PXWDWLQJ� DW� JHQH�VSHFLÀF� UDWHV�
would be needed since the levels of absolute protein 
sequence diversity vary among the mitochondrial 
SURWHLQV� �7DEOH� ���� 6LQFH� YHU\� IHZ� VLWH�VSHFLÀF�
PXWDVHV�DUH�FXUUHQWO\�NQRZQ��QRQUDQGRP�PXWDWLRQ�
VHHPV�HYHQ�OHVV�OLNHO\�RI�DQ�H[SODQDWLRQ�WKDQ�QDWXUDO�
selection. 

Protein name Average %identity Average Size

ND6 32 170

ATP8 32 56

ND2 39 344

ND4L 43 97

ND5 45 595

ATP6 47 225

ND4 49 454

ND3 52 116

ND1 58 318

COX2 62 230

CYTB 66 379

COX3 69 261

COX1 78 517

R2 between columns = 0.19

Table 5. Overall statistics for taxa-wide protein comparisons.

Fig. 15. Predictive taxonomy template produces observable clusters.
(DFK� VSHFLHV� SRVVHVVLQJ� DQ�$73� V\QWKDVH� VXEXQLW� �� �´$73�µ�� SURWHLQ� VHTXHQFH�ZDV� FRPSDUHG� EDVHG� RQ� WKH� VSHFLHV·�
WD[RQRPLF�UDQN�DQG�ODEHO��DQG�WKH�UHVXOWV�RI�WKHVH�SDLU�ZLVH�FRPSDULVRQV�ZHUH�KHDW�PDSSHG��VHH�FRORU�NH\���6LQFH�LQGLYLGXDO�
VSHFLHV�ZHUH�QRW�GLVFHUQLEOH�DW�WKLV�OHYHO�RI�]RRPLQJ��PDMRU�WD[RQRPLF�JURXSV�RI�VSHFLHV�ZHUH�KLJKOLJKWHG�ZLWK�RUDQJH�EDUV�
along the horizontal and vertical axes. As visible in this display, clustering patterns were immediately evident, some of 
ZKLFK�KDYH�EHHQ�LGHQWLÀHG�H[SOLFLWO\��H�J���WKH�FODVV�0DPPDOLD��QHDU�WKH�ORZHU�FHQWHU�ULJKW�RI�WKH�WDEOH���7KHVH�SDWWHUQV�
UHSOLFDWHG�VRPH��EXW�QRW�DOO��RI�WKH�FOXVWHULQJ�SDWWHUQV�REVHUYDEOH�LQ�)LJ�����5��YDOXH�EHWZHHQ�)LJ����DQG�)LJ�����LV�HTXDO�WR�
0.79). Individual data points can be viewed in Supplemental Table 35.
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Nonrandom change might also be explicable 
by thermodynamic constraints. No amino acid or 
nucleotide residue exists in isolation, and perhaps 
the sequences that God created during the Creation 
ZHHN� QDUURZ� WKH� SRVVLEOH� RSWLRQV� IRU� FKDQJH� SRVW�
Creation. In essence, this explanation is a form of 
negative selection—that mutations occur randomly 
with respect to sequence position but that existing 
IXQFWLRQDO� FRQVWUDLQWV� PDNH� WKH� RXWFRPH� RI� WKLV�
process nonrandom. Strict mathematical elimination 
of this hypothesis is beyond the scope of this study, 

and a comprehensive elimination of this hypothesis 
VHHPV� GLIÀFXOW� VLQFH� WKH� IXOO� IXQFWLRQV� RI� '1$�
DQG� SURWHLQV� DUH� MXVW� EHJLQQLQJ� WR� EH� XQGHUVWRRG��
However, given the size of the mitochondrial genome 
(~16,500 base pairs for humans) and the magnitude 
of the differences among protein sequences among 
metazoans (Figs. 2–14), an enormous amount of 
PXWDWLRQDO�´WULHVµ�VHHPV�WR�EH�UHTXLUHG�IRU�QHJDWLYH�
selection (thermodynamic constraint) to be the 
H[SODQDWLRQ�IRU�FKDQJH�RYHU�MXVW������\HDUV��+HQFH��
WKH�K\SRWKHVLV�RI�QRQ�UDQGRP�FKDQJH�DV�D�VXIÀFLHQW�
H[SODQDWLRQ� IRU� WKH� SDWWHUQV� ,� REVHUYHG� ODFNV�
compelling evidence in its favor.

In contrast, the hypothesis of created diversity 
is consistent with at least two lines of evidence. 
First, it is consistent with Scripture and with God’s 
FKDUDFWHU� WKDW� HDFK� ´NLQGµ� ZRXOG� EH� IXQFWLRQDOO\�
equipped once, rather than undergo many rounds 
of successive updates and improvements. Genesis 1  
documents God’s global biological creation acts, 
DQG�RWKHU�6FULSWXUHV��*HQHVLV����²���([RGXV��������

Fig. 16��5HFHQW�RULJLQ�RI�PLWRFKRQGULDO�JHQRPH�VHTXHQFHV�
Predictions of genetic diversity compared to modern nucleotide diversity within (A) Caenorhabditis species, (B) Drosophila 
species, (C) Daphnia pulex isolates, and (D) modern Homo sapiens. The height of the bars represents the results of the 
FDOFXODWLRQV�XVLQJ�WKH�DYHUDJH�JHQHUDWLRQ�WLPH�DQG�DYHUDJH�PXWDWLRQ�UDWH��7KH�EODFN�EDUV�UHSUHVHQW�WKH�����FRQÀGHQFH�
intervals. See Supplemental Tables 19–20 for calculations. 
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98,875
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32

Years elapsed until a single mutation occurs

Genus Evolution Creation Actual

Caenorhabditis 21,752 12 6–11

Drosophila 34,247 17 9–202

Daphnia 23,259 31 48–62

Homo 36,364 2,020 1,244–2,915

Table 6. Unrealistic mutation rate requirements for the 
evolutionary timescale
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Hebrews 4:3) indicate that God’s global creation acts 
ZHUH�ÀQLVKHG�E\�'D\����$OVR��VLQFH�*RG�LV�RPQLSRWHQW�
and omniscient, we might expect Him to genetically 
prepare each creature from the start of creation for 
future challenges, as has already been described in 
SODQWV�IRU�D�SKHQRPHQRQ�WHUPHG�´PHGLDWHG�GHVLJQµ�
(Wood and Cavanaugh 2001, Wood 2003b). 

Second, the hypothesis of created diversity is 
consistent with the approximate match between 
actual genetic diversity and the predictions of the 
VSHFLÀF�\RXQJ�HDUWK�K\SRWKHVLV�WHVWHG�LQ�WKLV�VWXG\�
(Fig. 16). This match suggests that the species within 
each genus (or individuals within each species) 
shared the same starting sequence or nearly the 
same starting sequence. Conversely, since the 
protein sequences among these four genera are 
very different (Supplemental Tables 2–14), and 
since the DNA sequences coding for the compared 
SURWHLQV� VHTXHQFHV� UHSUHVHQW� WKH� PDMRULW\� RI� HDFK�
PLWRFKRQGULDO�JHQRPH�VHTXHQFH��WKH�&UHDWLRQ�ZHHN�
VHTXHQFH� IRU�HDFK�JHQXV�ZDV� OLNHO\�XQLTXH� WR�HDFK�
genus. Furthermore, since these population genetic 
ÀQGLQJV� DUH� FRQVLVWHQW� DFURVV� WKUHH� LQGHSHQGHQW�
SK\OD��WKHVH�UHVXOWV�VXJJHVW�WKDW�´NLQGVµ�LQ�JHQHUDO�
were created with unique sequences.

Thus, the hypothesis that the modern genetic 
GLYHUVLW\�EHWZHHQ�´NLQGVµ�DURVH�E\�GLUHFW�DFW�RI�*RG�
GXULQJ� WKH� &UHDWLRQ� ZHHN� LV� WKH� PRVW� SODXVLEOH�
explanation at present. 
&UHDWHG� GLYHUVLW\� OLNHO\� UHSUHVHQWV� IXQFWLRQDO�

diversity. God could have created the sequence 
differences observed in this study for purely aesthetic 
reasons, but the strong match between traditional 
�IXQFWLRQDO��FODVVLÀFDWLRQ�FDWHJRULHV�DQG�WKH�FOXVWHUV�
in this study (Fig. 2 compared to Fig. 15) suggests 
function for the molecular differences. Thus, the 
PLWRFKRQGULDO� SURWHLQ� GLIIHUHQFHV� EHWZHHQ� ´NLQGVµ�
OLNHO\�H[LVW�IRU�IXQFWLRQDO�UHDVRQV�

How do we reconcile this statement with the 
prevailing view that amino acid residues of “house-
NHHSLQJµ� SURWHLQV� DUH� IXQFWLRQDOO\� UHGXQGDQW�
�0F/DXJKOLQ�-U��HW�DO��������7KHREDOG������"�2YHUO\�
QDUURZ�GHÀQLWLRQV�RI�WHUPV�PD\�EH�WKH�DQVZHU��

A similar type of situation arose in early studies 
DWWHPSWLQJ� WR� GHWHUPLQH� WKH�QXPEHU� RI� ´HVVHQWLDOµ�
genes in various organisms. Early genome-wide gene 
NQRFNRXW�VWXGLHV�LQ�\HDVW�DQG�C. elegans suggested 
that most genes were not essential (Kamath et al. 
������:LQ]HOHU�HW�DO���������KRZHYHU�� WKHVH�VWXGLHV�
were performed under a very restricted set of 
laboratory conditions. More recent studies expanded 
the set of conditions under which gene function 
could be tested, and the results of these experiments 
concluded the opposite—that most genes are 
HVVHQWLDO� �+LOOHQPH\HU� HW� DO�� ������ 5DPDQL� HW� DO��
2012). How were these disparate results reconciled? 

%\� FDUHIXOO\� GHÀQLQJ� ´HVVHQWLDO�µ� (DUO\� VWXGLHV�
IRXQG�WKDW�PRVW�JHQHV�ZHUH�QRW�´HVVHQWLDOµ³XQGHU�
standard laboratory conditions. Latter studies found 
WKDW�PRVW�JHQHV�ZHUH�´HVVHQWLDOµ³XQGHU�DW�OHDVW�RQH�
W\SH�RI�FRQGLWLRQ�RU�IRU�D�VSHFLÀF�OHYHO�RI�ÀWQHVV�
+RZ� KDV� ´IXQFWLRQµ� IRU� LQGLYLGXDO� DPLQR� DFLG�

SRVLWLRQV� EHHQ� GHÀQHG� XQGHU� WKH� IXQFWLRQDO�
UHGXQGDQF\� YLHZ� �0F/DXJKOLQ� -U�� HW� DO�� ������
Theobald 2012)? Studies to date have been 
performed in vitro or during restricted windows of 
embryonic development. Neither of these settings 
fully explores all the conditions under which amino 
acids may contribute to function, and many proteins 
might perform their functions during a period of 
development that is not currently experimentally 
accessible. Thus, under the functional redundancy 
YLHZ��́ IXQFWLRQµ�KDV�EHHQ�GHÀQHG�LQ�DQ�RYHUO\�QDUURZ�
sense, and the real function of each amino acid 
position might not be discovered until comprehensive 
in vivo investigations are performed. 
:KDW�VSHFLÀF�LQ�YLYR�IXQFWLRQ�PLJKW�HDFK�RI�WKHVH�

amino acid positions perform? Traditional views 
of protein function do not typically ascribe roles 
to individual amino acids (aside from active site 
residues), but the existence of so many functional 
clusters of protein diversity (Figs. 2–14) implies 
many different functions for these protein sequences. 
Furthermore, the partial match between my 
taxonomy hypothesis (Fig. 15) and the actual protein 
sequence clusters (Figs. 2–14) suggests that some of 
WKH� VHTXHQFHV� DUH� LQYROYHG� LQ� WUDLWV� GHÀQLQJ� HDFK�
taxonomic category. 

Several hypotheses can be proposed to explain 
the involvement of mitochondrial proteins with 
WD[RQ�VSHFLÀF� WUDLWV�� )RU� H[DPSOH�� PRGHUQ� SURWHLQ�
sequences might still perform the same basal 
metabolic function traditionally ascribed to them 
(i.e., participation in the electron transport chain), 
but the sequence might be optimized metabolically 
IRU� WKH� VSHFLÀF� RUJDQLVPDO� FRQWH[W� LQ� ZKLFK� HDFK�
protein is found. 

Alternatively, each protein might be connected 
LQ�D�JHQHWLF�QHWZRUN�WR�SDWKZD\V�VSHFLI\LQJ�WD[RQ�
VSHFLÀF�WUDLWV��/\QFK��0D\��DQG�:DJQHU��������7KH�
SKHQRPHQRQ�RI�SURWHLQ�́ PRRQOLJKWLQJµ��-HIIHU\�������
raises the possibility that the traditional metabolic 
IXQFWLRQV�RI�HDFK�PLWRFKRQGULDO�SURWHLQ�DUH�MXVW�RQH�
of many functions for each protein. For example, 
the electron transport chain protein cytochrome b 
�´&<7%µ��PLJKW�SDUWLFLSDWH��QRW�MXVW�LQ�EDVDO�HQHUJ\�
transformation, but also in DNA transcription as 
D� WUDQVFULSWLRQ� IDFWRU�� VLPLODU� WR� WKH� ÀQGLQJV� IRU�
the glycolytic enzyme glyceraldehyde-3-phosphate 
GHK\GURJHQDVH��´*$3'+µ���.LP�DQG�'DQJ��������
7KLV� SURWHLQ� ´PRRQOLJKWLQJµ� K\SRWKHVLV� LV�

consistent with the observation that the protein 



497Recent, Functionally Diverse Origin for Mitochondrial Genes from ~2700 Metazoan Species

clusters found in this study transcend Linnaean 
FODVVLÀFDWLRQ� FDWHJRULHV³FDWHJRULHV� ZKLFK�
sometimes separate (rather than cluster) species 
that share a functional trait. For example, bony 
ÀVK�� DPSKLELDQV�� ELUGV�� DQG� PRVW� UHSWLOHV� VKDUH�
the reproductive strategy of laying eggs, but these 
species are divided into separate Linnaean classes. 
In contrast, the ATP6 sequence comparison in this 
VWXG\�MRLQHG�VSHFLHV�IURP�$FWLQRSWHU\JLL��$PSKLELD��
$YHV��DQG�5HSWLOLD�LQWR�D�YHUWHEUDWH�VXE�FOXVWHU��)LJ��
2). Hence, the clustering patterns I observed might 
be explained in part by functions shared by multiple 
taxonomic categories.

This potential mechanism of function immediately 
suggests an answer to a current young-earth 
research question, the molecular mechanism by 
ZKLFK� VSHFLHV� GLYHUVLÀHG� SRVW�&UHDWLRQ� DQG� SRVW�
)ORRG��3DUNHU�������:RRG�������:RRG�����D��:RRG�
����E��:RRG�DQG�&DYDQDXJK��������,I�HDFK�SURWHLQ�
sequence was created to participate in many taxon-
VSHFLÀF� SDWKZD\V�� FKDQJLQJ� D� IHZ� DPLQR� DFLGV� LQ�
a single protein may lead to pleiotropic effects. For 
example, a single mutation in the ATP6 sequence of 
WKH�)HOLG�´NLQGµ�DQFHVWRU�PD\�KDYH�DOWHUHG�QRW�RQO\�
WKH�HIÀFLHQF\�RI�WKH�HOHFWURQ�WUDQVSRUW�FKDLQ�LQ�WKDW�
ancestor but also the ability to produce stripes. Thus, 
WKH�PHFKDQLVP�RI�LQWUD�´NLQGµ�GLYHUVLÀFDWLRQ�PLJKW�
be explained in part by a simple molecular process.

Conversely, if proteins were created multi-
functional, this would create additional barriers to 
the step-by-step change that evolution requires. In 
terms pioneered by the Intelligent Design movement, 
multi-functionality would represent an additional 
OHYHO� RI� ´LUUHGXFLEOH� FRPSOH[LW\µ� �%HKH� ������� )RU�
example, if a protein is involved in many genetic 
QHWZRUNV�� WKLV� LPSOLHV� WKDW�QR� DPLQR� DFLG� SRVLWLRQ�
in that protein exists in isolation. Hence, a single 
amino acid change that produces a positive effect 
in one pathway may simultaneously interfere with 
the function of several other pathways, leading to 
whole system and organismal collapse. This would 
complicate the steps required to realize large-scale 
evolutionary change.

Finally, the refutation of the null hypothesis 
answers the evolutionary challenge of functional 
UHGXQGDQF\� DPRQJ� ´KRXVH�NHHSLQJµ� SURWHLQ�
residues (Theobald 2012). Evolutionists criticize the 
creation model, wondering why God would create 
´KRXVH�NHHSLQJµ�SURWHLQ�VHTXHQFHV�LQ�D�PDQQHU�WKDW�
strongly suggests common ancestry and evolutionary 
FKDQJH�WKURXJK�WLPH��:K\�FUHDWHG�´KRXVH�NHHSLQJµ�
proteins with different sequences when they perform 
WKH� VDPH� IXQFWLRQ"� $SSDUHQWO\�� ´KRXVH�NHHSLQJµ�
proteins perform more functions than evolutionists 
originally concluded, as the results of this study 
clearly show.

Exhaustive in vivo mutagenesis studies should 
reveal which model has a better explanation for 
WKH� PROHFXODU� SDWWHUQV� EHWZHHQ� ´NLQGV�µ� ,Q� WKH�
PHDQWLPH��WKH�FKDOOHQJH�RI�´IXQFWLRQDO�UHGXQGDQF\µ�
is premature and, therefore, innocuous.

Explaining molecular diversity within “kinds”

'LG� *RG� FUHDWH� LQGLYLGXDO� PHPEHUV� RI� D� ´NLQGµ�
with the same starting sequences? The results of this 
study are consistent with this hypothesis. As Fig. 
16 demonstrates, modern genetic diversity within 
D�JHQXV�RU�VSHFLHV�FRXOG�EH�WUDFHG�EDFN�WR�D�VLQJOH�
starting sequence for 3 of the 4 groups analyzed, 
and the fourth group was still within an order of 
PDJQLWXGH� RI� WKH� NQRZQ� PRGHUQ� GLYHUVLW\� YDOXH��
This latter discrepancy may be resolved once more 
Daphnia sequences are curated. 
)XUWKHU� UHÀQHPHQWV� WR� WKLV� SRSXODWLRQ� PRGHO�

must be made before it can be fully accepted. Species 
representation is low within the families to which the 
Caenorhabditis, Drosophila, and Daphnia species 
belong, and since family seems to be the approximate 
WD[RQRPLF� ERXQGDU\� RI� D� ´NLQGµ� �:RRG� ����E���
these results do not directly address the question of 
VWDUWLQJ�VHTXHQFHV�ZLWKLQ�´NLQGV�µ�$OVR��WKH�UHVXOWV�
for Homo addressed only the origin of the D-loop, not 
the entire mitochondrial genome. In addition, the 
timescale I used represents an upper boundary of the 
GDWH�RI�WKH�&UHDWLRQ�ZHHN��QRW�WKH�PRUH�OLNHO\�GDWH�RI�
6000 years. More studies are needed to model these 
parameters appropriately before the hypothesis of a 
VLQJOH�VWDUWLQJ�VHTXHQFH�FDQ�EH�DFFHSWHG�RU�UHMHFWHG��

Modeling the young-earth timescale 
The results in Fig. 16 provide strong support for 

the recent origin of mitochondrial genome sequences. 
7KH� SUHGLFWLRQV� RI� \RXQJ�HDUWK� WLPHVFDOH� ÀW� WKH�
actual diversity in all four genera within an order 
of magnitude (Fig. 16A–D). Though this dataset is 
OLPLWHG�DQG��WKHUHIRUH��D�ÀUVW�DSSUR[LPDWLRQ��WKHVH�
data from three independent phyla suggest that 
modern mutation rates applied over 6000–10,000 
years explain mitochondrial diversity within a 
genus.

These results refute a common old-earth creation 
REMHFWLRQ� WR� WKH� \RXQJ�HDUWK� FUHDWLRQ� PRGHO��
Opponents of young-earth creation have criticized 
WKH�\RXQJ�HDUWK�PRGHO� IRU�EHLQJ� WRR�PXFK� OLNH� WKH�
HYROXWLRQDU\�PRGHO�LQ�LQYRNLQJ�UDSLG�VSHFLDWLRQ�SRVW�
Flood (Moore 2004). They view this aspect of young-
earth biology as impossible and as a strong argument 
against the biblical timescale. The results of Fig. 16 
DQVZHU� WKLV� FKDOOHQJH��0RGHUQ�JHQHWLF�GLYHUVLW\�ÀW�
the young-earth timescale very well. Not only do 
these data suggest that rapid change is plausible, 
they argue that is it real. 
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Implications for the timescale of evolutionary change 
The results of this paper also challenge the 

evolutionary timescale. The population modeling 
performed in this study strongly contradicts an 
ancient (i.e., hundreds of thousands to millions of 
years) origin for the Caenorhabditis, Drosophila, 
Daphnia, and Homo genera (Fig. 16A–D). Together, 
these results from three independent phyla 
(Nematoda, Arthropoda, and Chordata) present a 
strong challenge to the evolutionary model for the 
origin of the species within these phyla.

Might manipulation of population genetic 
parameters answer this challenge? Calculations 
of the minimal mutation rate required to explain 
modern genetic diversity on an evolutionary timescale 
ZHUH�VR�VORZ�WKDW�WKH\�GHÀHG�SODXVLELOLW\��D�UDWH�RI���
mutation per 20,000–34,000 years (and consistently 
so for millions of years) implied DNA polymerase 
DQG�'1$�UHSDLU�ÀGHOLW\�IDU�EH\RQG�NQRZQ�OHYHOV³
perhaps near miraculous (Table 6). Furthermore, 
evolutionary geologists and astronomers commonly 
and arbitrarily assume constant rates of change when 
GHWHUPLQLQJ� WKH� WLPHVFDOHV� RI� KLVWRU\� �/LVOH� ������
9DUGLPDQ��6QHOOLQJ��DQG�&KDIÀQ��������&RQVLVWHQF\�
would demand assuming (arbitrarily) a constant rate 
of change in biology as well. Thus, slower mutation 
rates could not reconcile the predictions of the 
evolutionary model with real diversity.

Coalescence theory also seems to offer little aid to 
this evolutionary dilemma. If the sequences being 
compared were nuclear DNA sequences where 
new alleles can be lost easily due to the facts of 
biparental inheritance, recombination, and diploidy, 
SHUKDSV�WKH�HYROXWLRQDU\�PRGHO�FRXOG�LQYRNH�JHQHWLF�
drift as an explanation. Instead, these calculations 
were performed on uniparentally inherited, non-
recombining mitochondrial DNA sequences where 
mutations accumulate over time much faster and have 
D�PXFK�JUHDWHU�FKDQFH�RI�EHLQJ�À[HG�LQ�WKH�SRSXODWLRQ��
I made the predictions using published methods 
for coalescence and divergence based on these facts 
�)XWX\PD�������+RZHOO�HW�DO���������7KH�HYROXWLRQDU\�
model cannot be rescued by random genetic drift.

Finally, natural selection is a poor rescuing device 
IRU� HYROXWLRQ�� ,I� LQYRNHG�� QDWXUDO� VHOHFWLRQ� LV� IDFHG�
ZLWK� D� GLIÀFXOW� H[SODQDWRU\� WDVN�� 2Q� RQH� KDQG�� LW�
must explain how, after millions of years of mutation, 
Caenorhabditis, Drosophila, and Daphnia species 
have sustained intense genomic mutational change 
with very little phenotypic consequence (Fig. 16A–C). 
In the same breath, natural selection must also explain 
the opposite—how a few mutations in the supposed 
hominid ancestor of humans and chimpanzees 
produced enormous phenotypic differences observable 
between these two species today. This seemingly ad 
hoc explanation strains credulity. 

The only potential rescuing device for evolution 
is the limits of species’ representation of this 
study. Perhaps mutation rates will be measured 
in other species that are dramatically slower than 
the published rates. Alternatively, perhaps the 
VHTXHQFLQJ�RI�RWKHU�VSHFLHV�ZLWKLQ�HDFK�´NLQGµ�ZLOO�
reveal unprecedented levels of genetic diversity more 
in line with the predictions of millions of years of 
evolution. Until these data are obtained, the results 
of this study argue strongly against the evolutionary 
timescale.

Conclusion

7KH� ÀQGLQJV� RI� WKLV� VWXG\� DGYDQFH� WKH� \RXQJ�
earth explanation for molecular diversity. Molecular 
GLYHUVLW\�EHWZHHQ�´NLQGVµ�VHHPV�WR�VWHP�SULPDULO\�
from the creation of diversity during the Creation 
ZHHN��7KLV�GLVFRYHU\�EULQJV�WKH�FUHDWLRQ�PRGHO�D�VWHS�
closer to predicting absolute and relative levels of 
PROHFXODU�GLIIHUHQFHV�EHWZHHQ�´NLQGV�µ�&RQYHUVHO\��
PROHFXODU� GLYHUVLW\� ZLWKLQ� ´NLQGVµ� DSSHDUV� WR� EH�
explicable by modern mutation rates applied over 
the young-earth timescale, with equation (24) 
adding predictive rigor to this aspect of creation 
molecular biology. The derivation of equation 
(7) allows the prediction of molecular function 
EHWZHHQ� ´NLQGV�µ� D� NH\� VWHS� IRUZDUG� LQ� DQVZHULQJ�
DQ� REMHFWLRQ� WR� WKH� \RXQJ�HDUWK� PRGHO� EDVHG� RQ�
nested hierarchical patterns of sequence diversity 
EHWZHHQ�´NLQGVµ� �7KHREDOG��������)LQDOO\�� WKH� ODFN�
RI� VLJQLÀFDQW� GLYHUVLW\� ZLWKLQ�PRGHUQ� JHQHUD� DQG�
species argues against the ancient (millions of years) 
origin of modern species. Together, the results of 
WKLV� VWXG\� VLJQLÀFDQWO\� DGYDQFH� WKH� \RXQJ�HDUWK�
understanding of molecular patterns and present a 
strong challenge to the timescale of the evolutionary 
model.
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