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Big Gaps and Short Bridges:
A Model for Solving the Discontinuity Problem
Change Laura Tan, Division of Biological Sciences, 102 LeFevre Hall, University of Missouri, Columbia, MO 65211.
Abstract
This paper argues that the issue with the origin of life and the origin of biodiversity is not an issue of time,
though estimations of deep time are problematical. Instead the issue is the unbridgeable discontinuities
among different life forms, discontinuities between biological taxa that we believe cannot be crossed by the
mechanisms of random variations and natural selection. These discontinuities present themselves, time and
again, as unmovable walls during molecular cloning. In an attempt to integrate the observations of fossils,
studies of functions of genes and gene contents of various genomes, and lessons learned from molecular
FORQLQJDQHZPRGHOGHVLJQHGWRPRUHDFFXUDWHO\UHÁHFWWKHUHODWLRQVKLSVEHWZHHQOLYLQJWKLQJVRQHDUWKLV
SURYLGHG2XUKRSHLVWKDWWKLVPRGHOZLOOIDFLOLWDWHWKHIXQFWLRQDODQQRWDWLRQRIJHQRPHVDQGWKHFODVVLÀFDWLRQ
of organisms.
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Introduction
The most fundamental questions in life are: What
LVOLIH":KHUHGLGOLIHFRPHIURP"+RZDUHGLIIHUHQW
OLIHIRUPVUHODWHG"(OGUHGJHDQG*RXOG  VSHQW
DERXWRQHWKLUGRIWKHLUSDSHUHQWLWOHG´3XQFWXDWHG
equilibria: an alternative to phyletic gradualism”
WDONLQJ DERXW KRZ DQ LQGLYLGXDO·V SUHVXSSRVLWLRQV
determine his or her interpretation of data or
observations. They claimed, quite correctly, that
´7KHH[SHFWDWLRQVRIWKHRU\FRORUSHUFHSWLRQWRVXFK
a degree that new notions seldom arise from facts
FROOHFWHG XQGHU WKH LQÁXHQFH RI ROG SLFWXUHV RI WKH
ZRUOGµ (OGUHGJH DQG *RXOG    ,Q WKH ÀHOG
of biological studies, there is an urgent need to
escape from the suffocating Darwinian tree of life
PRGHO,QWKLVSDSHU,ZLOOÀUVWSURYLGHHYLGHQFHVRI
discontinuities among categories of organisms. Then
I will describe a new model of how different life forms
are related. A brief discussion of problems associated
with the most popular estimates of the age of the
universe and the age of the earth can be found in the
$SSHQGL[
Discontinuities at the Organismal Level
This includes discontinuity in morphology, in
reproduction, and in the fossil record. All have
been noticed and analyzed by many scientists.
)RU PRUSKRORJLFDO FRPSDULVRQV DQG UHSURGXFWLRQ
LVRODWLRQ K\EULGL]DWLRQ  H[SHULPHQWV SOHDVH UHIHU
WR )UDLU  /LJKWQHU    
5H0LQH5RELQVRQDQG&DYDQDXJK

6DQGHUVDQG:LVH7RPNLQV:LVH
:RRG:RRGHWDO ,QIDFWLWLVWKH
morphological discontinuities between organisms
WKDWDOORZHG&DUO/LQQDHXVWRFODVVLI\RUJDQLVPVLQWR
GLIIHUHQWWD[D /LQQDHXV 
)RVVLO GLVFRQWLQXLW\ RU WKH ODFN RI WUDQVLWLRQDO
IRVVLOV³´WKH LQWHUPHGLDWH OLQNVµ ZDV UHJDUGHG E\
Darwin as “the most obvious and serious objection
which can be urged against” his theory On the
Origin of Species by Means of Natural Selection, or
the Preservation of Favoured Races in the Struggle
for Life 'DUZLQ   'DUZLQ WKRXJKW WKDW WKLV
resulted from the incompleteness of fossil collection.
7R ÀOO WKLV VXSSRVHG GHÀFLHQF\ LQ IRVVLO FROOHFWLRQV
scientists have been arduously searching and
GLJJLQJIRUWKHODVW\HDUV5HÁHFWLQJRQWKHIRVVLO
FROOHFWLRQV RI RWKHUV DQG WKHLU RZQ (OGUHGJH DQG
Gould (1972) concluded that the fossil collections were
HVVHQWLDOO\FRPSOHWHDQG\HWODFNHGWKHWUDQVLWLRQDO
fossils, that the norm for a species was stability, and
WKDW VSHFLDWLRQ ZDV D UDUH DQG GLIÀFXOW HYHQW WKDW
punctuates a system in homeostatic equilibrium.
They believed that the transitional forms were not
found because of allopatric speciation where new
species can arise only when a small local population
becomes isolated at the margin of the geographic
range of its parent species and that the speciation
occurs rapidly. The new species, which has become
unable to mate and reproduce with its parental
VSHFLHV ODWHU PLJUDWHG EDFN WR ZKHUH LWV DQFHVWRUV
once lived.
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$Q DOWHUQDWLYH H[SODQDWLRQ ZKLFK LV D ORJLFDO
FRQFOXVLRQRIWKHQHZPRGHORIOLIHWREHH[SODLQHG
EHORZLVWKDWWKHIRVVLOGLVFRQWLQXLW\LVDUHÁHFWLRQ
of the discontinuity between different life forms
and the transitional forms have not been found
EHFDXVH WKH\ QHYHU DFWXDOO\ H[LVWHG 7KH WUXWK LV
that what we can be sure of about a fossil is that
the fossilized organism once lived and then died. If
one insists on an age association of the fossils, he/
she will be greeted by a history of morphological
disparity preceding diversity and persistent
morphological discontinuity, opposite to the
SUHGLFWLRQ RI 'DUZLQLDQ HYROXWLRQ (OGUHGJH DQG
*RXOG0H\HU5RVV1HOVRQDQG&KLHQ
0H\HU 
Discontinuities at the Molecular Level
Discontinuities revealed by distinctions
of vital molecular machineries
This is demonstrated in the basic molecular
machineries that are necessary for the survival and
SURSDJDWLRQRIDOORUJDQLVPVVSHFLÀFDOO\WKRVHIRU
DNA replication, transcription, and translation.
As detailed recently, the molecular machineries
for DNA replication, transcription, and translation
FDQQRW EH LQWHUFKDQJHG EHWZHHQ SURNDU\RWHV
DQG HXNDU\RWHV FUHDWLQJ PXOWLSOH XQEULGJHDEOH
GLVFRQWLQXLWLHV EHWZHHQ WKHP  7DQ DQG 7RPNLQV
2015a,b).
Discontinuities revealed by taxonomicallyrestricted distribution of essential genes
An essential gene is a gene in an organism that
is necessary for the viability of the organism. An
organism dies when any one of its essential genes or
essential non-coding DNA elements does not function
SURSHUO\ ,QWHUHVWLQJO\ WKH YDVW PDMRULW\  
of bacterial essential genes are bacterial domain
VSHFLÀF DQG HYHQ D KLJKHU SHUFHQWDJH   RI
HXNDU\RWLF HVVHQWLDO JHQHV DUH HXNDU\RWLF GRPDLQ
VSHFLÀF 7DQ 7KHGRPDLQVSHFLÀFGLVWULEXWLRQ
RIEDFWHULDODQGHXNDU\RWLFHVVHQWLDOJHQHVPDNHVLW
XQOLNHO\IRUSURNDU\RWHVDQGHXNDU\RWHVWRKDYHEHHQ
derived from a common ancestor or to have shared
a common phylogenetic tree. This is because of the
very nature of the essential genes and of the essential
non-coding DNA elements, namely the essential nongenes, of an organism, that the organism cannot live
without all of its essential genes and essential nongenes, and because of the inability of mutation and
QDWXUDOVHOHFWLRQWRFUHDWHQRYHOJHQHV)XUWKHUPRUH
mutagenesis studies have shown that, of all the
possible arrangements of amino acids, only an
H[WUHPHO\ WLQ\ IUDFWLRQ FDQ IXQFWLRQ DV D QDWXUDO
protein, that no novel genes have been observed
to result from spontaneous mutation and natural
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VHOHFWLRQWKDWWZREHQHÀFLDOPXWDWLRQVRIWHQFDQFHO
HDFKRWKHU·VIXQFWLRQVDQGWKDWIRUHDFKFRQVWUXFWLYH
PXWDWLRQ WKHUH DUH PDQ\ VLGHWUDFNV WKDW SUHYHQW
DQRUJDQLVPIURPWDNLQJWKHFRQVWUXFWLYHSDWK $[H
 *DXJHU HW DO  7DQ  7D\ORU HW DO
2001).
Not only are there unbridgeable discontinuities
in between domains of life, but also within each
GRPDLQ RI OLIH DV VKRZQ E\ WKH WD[RQRPLFDOO\
restricted distribution of the essential genes
of diverse organisms, including seven bacteria
(Mycoplasma genitalium, Bacillus subtilis,
Helicobacter pylori, +DHPRSKLOXV LQÁXHQ]D,
Acinetobacter, Escherichia coli, and Caulobacter
crescentus  DQG ÀYH HXNDU\RWHV Saccharomyces
cerevisiae, Caenorhabditis elegans, Drosophila
melanogaster, Mus musculus, and Homo sapiens)
(Tan 2015). Therefore, life forms on earth are best
represented as a forest of family trees.
Discontinuities revealed by taxonomicallyrestricted distribution of essential non-genes
These include differences of origins of DNA
replication, special regions of genomes where DNA
replication initiates, and differences of enhancers
and promoters of genes, regions of DNA that
determine whether, when, and how much a gene will
EHH[SUHVVHG 7DQ 
Discontinuities revealed by molecular cloning
The discontinuities revealed by comparative
studies of DNA replication, transcription, and
translation, as well as information with respect to
essential genes and essential non-genes between
different organisms, have also been shown by
molecular cloning. In addition, molecular cloning
has revealed multiple other discontinuities as shown
below.
1. Necessity of Essential Genes
7KH ÀUVW SRWHQWLDO GLVFRQWLQXLW\ UHYHDOHG E\
molecular cloning is the availability of essential
genes. The pinnacle of molecular cloning up until
the present has been the generation of Mycoplasma
mycoides JCVI-syn1.0 cells using Mycoplasma
mycoides subspecies capri as the genome donor, and
its close relative Mycoplasma capricolum subspecies
capricolum as the recipient (Gibson et al. 2010).
6WULNLQJO\ RQH VLQJOH EDVH SDLU GHOHWLRQ LQ GQD$
one of the essential genes of M. mycoides, is enough
WRUHGXFHDOOFORQLQJHIIRUWVWRQRWKLQJQRWDVLQJOH
colony made of the synthesized genome could be
JHQHUDWHG XQWLO WKH PLVVHG EDVH ZDV DGGHG EDFN
PDQXDOO\7KLVFRQÀUPVWKHQRWLRQWKDWLQGHHGHYHU\
essential gene in an organism is necessary for the
viability of that organism.

Big Gaps and Short Bridges: A Model for Solving the Discontinuity Problem

A reasonable inference from the nature of
essential genes is that an organism A cannot evolve
LQWR DQRWKHU RUJDQLVP % WKDW FRQWDLQV RUJDQLVP
%VSHFLÀF HVVHQWLDO JHQHV WKDW LV JHQHV WKDW DUH
QHFHVVDU\IRUWKHVXUYLYDORIRUJDQLVP%EXWGRQRW
have homologs in organism A. In other words, all
essential genes of an organism must have homologs
in its ancestor, though these homologs may not be
necessary for the survival of the ancestor, because
HDFK %VSHFLÀF HVVHQWLDO JHQH ZLOO FUHDWH DQ
XQEULGJHDEOHGLVFRQWLQXLW\EHWZHHQ$DQG%
2. Presence of Potential Toxic Gene Products
The second potential discontinuity revealed by
molecular cloning, which is on the opposite end of the
spectrum from essential genes for an organism, is
WKHSUHVHQFHRISRWHQWLDOWR[LFJHQHVWKRVHWKDWEULQJ
death to its potential host organisms into which they
might be cloned. When Itaya and colleagues tried to
clone the photosynthetic bacterium Synechocystis
3&& JHQRPH LQWR WKH PHVRSKLOLF EDFWHULXP B.
subtilis  WZR Synechocystis 51$ RSHURQV UUQ$
DQG UUQ% EORFNHG WKHP IURP DFKLHYLQJ WKHLU JRDO
(Itaya et al. 2005). Individually, neither rrnA nor
UUQ%FDQNLOOEXWWRJHWKHUWKH\DUHIDWDOVXJJHVWLQJ
that the lethality may be caused by their translation
product(s). In support of this hypothesis, a number
of Synechocystis genes were transcribed but very
few Synechocystis proteins were made in B. subtilis.
In addition, the cells with the hybrid genome,
ZKLFK LV PDGH RI WKH PHJDEDVH 0E  JHQRPH
of Synechocystis DQG WKH 0E JHQRPH RI WKH B.
subtilis VWLOO EHKDYH OLNH D B. subtilis cell, growing
only in the medium for culturing B. subtilis but not
in the medium for culturing Synechocystis.
/DWHU ZKHQ .DUDV DQG FROOHDJXHV WULHG WR FORQH
the Acholeplasma laidlawii 3*$ JHQRPH LQ S.
cerevisiae as a yeast centromeric plasmid, an A.
laidlawii H[WUDFHOOXODU HQGRQXFOHDVH DFWHG DV WKH
OHWKDO IDFWRU .DUDV HW DO   :KHQHYHU WKLV
HQGRQXFOHDVHLVH[SUHVVHGLQ\HDVWLWNLOOVWKH\HDVW
host cells.
An elegant, systematic, and large-scale study
RI WR[LF JHQHV KDV EHHQ SHUIRUPHG E\ 6RUHN DQG
FROOHDJXHV 6RUHN HW DO   7KH\ IRXQG WKDW WKH
main reason that some of the genomic regions of
many organisms cannot be cloned in E. coli is that
WKRVH UHJLRQV SURGXFH WR[LF SURWHLQV LQ E. coli.
They cloned 39 such genes into an E. coli inducible
H[SUHVVLRQ YHFWRU ,Q WKH DEVHQFH RI WKH H[SUHVVLRQ
inducer, the bacteria grew. In the presence of the
LQGXFHU  RI WKH  JHQHV   LQKLELWHG E. coli
JURZWK )XUWKHUPRUH WKH\ IRXQG WKDW VLPLODU
genes from different organisms sometimes behaved
GLIIHUHQWO\ )RU H[DPSOH ULERVRPDO SURWHLQ FRGLQJ
JHQHV//HDQG6IURPVRPHRUJDQLVPVFDQQRW
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be cloned in E. coliZKLOH//HDQG6JHQHVIURP
other organisms can be readily cloned in E. coli. They
found this to be due to differences in the promoters of
WKHVHJHQHV7KHSURPRWHUVRIWKRVHFORQDEOH//H
and S12 genes are not recognized by the E. coli host.
&RQVHTXHQWO\WKH\DUHQRWWUDQVFULEHGRUH[SUHVVHG
in E. coli and, thus, their coded proteins are not
SURGXFHG:KHQWKHFORQDEOH//HDQG6JHQHV
are cloned under the control of an E. coli inducible
SURPRWHUWKH\DUHDEOHWRNLOOWKHKRVWFHOOVZKHQWKHLU
H[SUHVVLRQLVLQGXFHG,QGHHGLWLVDJHQHUDOSUDFWLFH
LQFORQLQJIRUH[SUHVVLRQWRFORQHDSRWHQWLDOO\WR[LF
gene under the control of an inducible promoter,
which ensures that no harmful products will be made
in the absence of the inducer so that the cloned DNA
FDQEHPDLQWDLQHGDQGDPSOLÀHGLQLWVKRVWFHOOV
$VXUSULVLQJÀQGLQJRI6RUHNDQGFROOHDJXHVLVWKH
LPSRUWDQFHRIJHQHGRVDJH 6RUHNHWDO 7KH\
found that some of the genes from E. coli+6UHVLVW
being transferred into E. coli.FHOOVHYHQWKRXJK
the E. coli+6JHQHVKDYH!LGHQWLW\WRWKHE. coli
.JHQHV7KLVVXJJHVWVWKDWGXSOLFDWLRQRIFHUWDLQ
genes may be lethal to an organism, thus limiting the
scope of gene duplication.
6HYHUDO OHVVRQV FDQ EH OHDUQHG KHUH )LUVW WKH
necessity of one organism may be the annihilator
RI DQRWKHU 7KH SRWHQWLDO WR[LF HIIHFW RI WKH JHQH
products of one organism on another will create
a boundary preventing intermingling of the two
RUJDQLVPV6HFRQGDJHQHWKDWFDQQRWEHH[SUHVVHG
FDQQRWGRDQ\WKLQJEDGRUJRRGWKXVWKLVJHQHZLOO
be invisible to any natural selection. In fact, this gene
will only be a metabolic burden to the host organism.
Such unused genes tend to become degenerated or
totally deleted, which is why cloned genomes will be
ORVWZLWKRXWFRQWLQXHGVHOHFWLRQ .DUDVHWDO 
7KLUG JHQHV LQFOXGLQJ '1$ 51$ DQG SURWHLQV
are physical entities. They follow natural laws.
As long as a DNA binding protein sees its binding
WDUJHW LW ZLOO ELQG³LW ZLOO QRW WKLQN DQG LW FDQQRW
WKLQN:KHQWKHE. coli transcription machinery sees
DSURPRWHUWKDWORRNVOLNHDQE. coli gene promoter,
the transcription machinery will bind the promoter,
transcribe the gene, and the E. coli translation
machinery will translate the resultant transcript.
If the transcript contains the necessary sequence to
PDNHDSURWHLQLWZLOOPDNHLWHYHQLILWNLOOVWKHKRVW
E. coliFHOO%RWKWKHWUDQVFULSWLRQDQGWKHWUDQVODWLRQ
machineries will do that, predictably, repeatedly.
They will behave as determined by their chemical
DQGSK\VLFDOSURSHUWLHV7KH\ZLOOQRWWKLQNEHFDXVH
WKH\ FDQQRW WKLQN 7KH\ ZLOO QRW FKRRVH EHFDXVH
they are unable to tell whether a gene comes from
the E. coli genome or from a foreign genome. A DNA
segment with the sequence ATGC will be the same
ATGC sequence whether it be from E. coli or from a
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3. Distinction of Essential Non-Genes
The third potential discontinuity revealed by
molecular cloning is the incompatibility of the
HVVHQWLDO QRQJHQHV RI ZKLFK WKH EHVW NQRZQ LV
WKH RULJLQ RI '1$ UHSOLFDWLRQ (YHQ WKRXJK QRW
HYHU\ SHUVRQ GRLQJ PROHFXODU FORQLQJ WKLQNV DERXW
the origin of DNA replication—most people only
care about the multiple cloning sites—the origin of
replication is one of the most important features of
a cloning vector. To clone a gene in E. coli, one has
to use a vector that contains an origin of replication
that functions as an origin of replication in E. coli.
To clone a gene in S. cerevisiae, one has to use a
vector that contains an origin of replication that
functions as an origin of replication in S. cerevisiae.
To clone a gene in a vector that can grow in both E.
coli and S. cerevisiaeRQHKDVWRXVHDYHFWRUNQRZQ
DVDVKXWWOHYHFWRU )LJ WKDWFRQWDLQVDQRULJLQRI
replication that functions as an origin of replication
in E. coli and another origin of replication that
functions as an origin of replication in S. cerevisiae,
because the origin of replication of E. coli and that
of S. cerevisiae differ in their structures and differ
in their ways being recognized and activated (Tan
DQG7RPNLQVE 7KLVLVSDUWRIWKHUHDVRQZK\
'1$UHSOLFDWLRQPDFKLQHULHVDUHQRQH[FKDQJHDEOH
EHWZHHQSURNDU\RWHVDQGHXNDU\RWHVJHQHUDWLQJDQ
unbridgeable discontinuity between them.
Not only are the origins of replication from
organisms as far from one another as E. coli, a
SURNDU\RWH DQG S. cerevisiae D HXNDU\RWH QRW
interchangeable, the origins of replication from
FORVHO\UHODWHGRUJDQLVPVPD\QRWEHH[FKDQJHDEOH
)RU H[DPSOH SODVPLGV FRQVWUXFWHG IRU GLIIHUHQW
species belonging to the Mycoplasma genus, including
the genome donor M. mycoides subsp. mycoides
ODUJH FRORQ\ 0PP/&  DQG WKH JHQRPH UHFHLYHU
M. capricolum subsp. capricolum of M. mycoides
-&9,V\Q DQG WKUHH RWKHUV Spiroplasma
citri, Mycoplasma pulmonis, M. mycoides subsp.
P\FRLGHVVPDOOFRORQ\ 0PP6& FDQJURZLQWKHLU
homologous hosts but may not grow in heterologous
KRVWV /DUWLJXHHWDO 2IWKHVHÀYHMycoplasma
species, M. capricolumLVWKHEURDGHVWKRVWSODVPLGV
with the origins of replication (oriC) from all but
M. pulmonis can be replicated in M. capricolum.
In contrast, the plasmid with M. capricolum oriC
cannot be replicated even in its closely related
species MmmSC and MmmLC. This was the reason
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different organism. In other words, a cell uses what
is available and lives in the present. It does not care
about the future. This limits what a cell can do. This
VKRXOG DOVR OLPLW RQH·V WHQGHQF\ WR FODLP WKDW ´WKH
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Fig. 1. An E.coli\HDVW VKXWWOH YHFWRU 3ODVPLG PDS LV
adapted from SnapGene (http://www.snapgene.com/
UHVRXUFHVSODVPLGBÀOHV\HDVWBSODVPLGVS56 8VHG
with permission.

why Gibson and colleagues (2010) chose MmmLC
as the genome donor and the M. capricolum as the
UHFHLYHUQRWWKHUHYHUVHWRFUHDWHWKHLUÀUVWDUWLÀFLDO
EDFWHULXP)XUWKHUPRUHSODVPLGVZLWKM. pulmonis
oriC can only grow in M. pulmonis.
Interestingly, not only the identity but also the
number of the origins of replication is important
ZKHQFORQLQJORQJSLHFHVRI'1$)RULQVWDQFHZKHQ
cloning the genomic DNA of Synechococcus elongatus
3&&DKLJK*&EDFWHULXP *&FRQWHQW
  LQ S. cerevisiae, insertion of yeast origins of
replication throughout the S. elongatus DNA is
necessary to clone and maintain S. elongatus DNA
IUDJPHQWVRYHUNE 1RVNRYHWDO 
Therefore, the differences in the origins of DNA
replication between different organisms, sometimes
even between very closely related ones, can be
a potent generator of discontinuities between
different life forms, even their sharing of plasmids.
 Differences of Promoters
The fourth potential generator of discontinuities
revealed by molecular cloning is the differences
DPRQJSURPRWHUV7RH[SUHVVDJHQHLQYLWURRULQD
living host organism, one has to clone the gene into a
vector under the control of a promoter recognizable
E\ WKH RUJDQLVP RU WKH H[SUHVVLRQ V\VWHP 7R
H[SUHVVDJHQHLQE. coli, one has to clone the gene in
an E. coli vector and under the control of a promoter
that can be recognized by the E. coli transcription
PDFKLQHU\7RH[SUHVVDJHQHLQS. cerevisiae, one has
to clone the gene in a S. cerevisiae vector and under
the control of a promoter that can be recognized
by the S. cerevisiae transcription machinery. Not
surprisingly, in the E. coli-yeast shuttle vector
VKRZQ LQ )LJ  WKH \HDVW VHOHFWDEOH PDUNHU JHQH
+,6LVXQGHUWKHFRQWURORID\HDVWSURPRWHUZKLOH
WKHEDFWHULDOVHOHFWDEOHPDUNHUJHQHVWKHDQWLELRWLF
resistance gene and the lacZ gene, are under the
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FRQWURORIEDFWHULDOSURPRWHUV )LJ 7KLVNLQGRI
arrangement is necessary because the promoters
of E. coli and those of S. cerevisiae differ in their
VWUXFWXUHVDQGDUHUHFRJQL]HGE\GLIIHUHQWSURWHLQV
WKH\ DUH QRW LQWHUFKDQJHDEOH 7DQ DQG 7RPNLQV
2015b). This is another evidence of the fundamental
discontinuities between life forms.
5. Presence of Restriction Systems
7KH ÀIWK SRWHQWLDO JHQHUDWRU RI GLVFRQWLQXLWLHV
revealed by molecular cloning is the presence of
restriction systems, in that an organism may contain
restriction enzymes that will cut foreign DNA
introduced into its cell. This is another hurdle that
WKH9HQWHUJURXSKDGWRRYHUFRPHZKHQWKH\PDGH
their M. mycoides JCVI-syn1.0 cells (Gibson et al.
 /DUWLJXH HW DO   ,W WXUQHG RXW WKDW WKH
M. capricolumLVDEOHWRWDNHDQGPDLQWDLQWKHM.
mycoides genomic DNA made in M. mycoides cells,
but it will digest the M. mycoides genomic DNA made
in yeast because the endogenous M. mycoides genomic
'1$LVPHWK\ODWHGZKLOH\HDVWODFNVWKHHQ]\PHVWR
methylate the M. mycoides genomic DNA properly.
The required methyltransferases that are encoded by
the M. mycoides JCVI-syn1.0 genomic DNA cannot
be made by yeast because their promoters cannot
be recognized by the yeast transcription machinery
and because the codon incompatibility between
yeast and M. mycoides that will be discussed below.
7KHUHIRUHWKH9HQWHUWHDPKDGWRHLWKHUPHWK\ODWH
WKH V\QWKHWLF '1$ LQ YLWUR ZLWK H[WUDFWV IURP M.
capricolum or from M. mycoides RU ZLWK SXULÀHG
M. mycoides methyltransferases, or, alternatively,
to inactivate the M. capricolum restriction enzyme.
2GGO\VLQFHM. capricolum and M. mycoides share
the same restriction system, the yeast-grown M.
mycoides genomic DNA will not survive its own
UHVWULFWLRQV\VWHPDQGQRWEHZHOFRPHGEDFNWRLWV
ELRORJLFDOSDUHQW·VKRPHQRWXQWLOLWLVZUDSSHGZLWK
the armor of proper methylation.
6. Incompatibility of DNA Composition
7KH VL[WK SRWHQWLDO JHQHUDWRU RI GLVFRQWLQXLWLHV
revealed by molecular cloning is the DNA composition,
that is, the G/C contents of genomes, especially when
the G/C content of the genome to be cloned differ too
PXFK IURP WKDW RI WKH KRVW JHQRPH )RU H[DPSOH
cloning the abovementioned S. elongatus3&&
JHQRPHZKLFKKDVD*&FRQWHQWRILQ\HDVW
ZKLFK KDV D *& FRQWHQW RI  ZDV GLIÀFXOW S.
elongatus '1$ IUDJPHQWV RYHU aNE ZHUH QRW
stably maintained when only one yeast origin of
UHSOLFDWLRQZDVXVHG 1RVNRYHWDO 2QO\DIWHU
addition of yeast origins of replication throughout, at
LQWHUYDOVRINES. elongatus DNA fragments of
NEFRXOGEHFORQHGLQ\HDVW2QWKHRWKHUKDQG
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JHQRPHV ZLWK *& FRQWHQW  WR   VLPLODU WR
\HDVW DV ELJ DV 0E KDYH EHHQ FORQHG LQ \HDVW
with one yeast autonomously replicating sequences
$56  IURP WKH \HDVW FORQLQJ YHFWRU *LEVRQ HW DO
7DJZHUNHUHWDO 
7. Incompatibility of Genetic Codons
The seventh potential generator of discontinuities
revealed by molecular cloning is codon incompatibility,
including differences in the meanings of codons
and differences in the frequency of codon usage
EHWZHHQWZRRUJDQLVPV)RUH[DPSOH8*$FRGHVD
tryptophan in M. mycoides, while in yeast and most
other organisms it does not code for any amino acid
EXW VHUYHV DV D WUDQVODWLRQ VWRS VLJQDO 7KLV LV OLNH
a double-edged sword. It is advantageous when
one wishes to clone the M. mycoides genomic DNA
in yeast because the M. mycoides proteins may be
truncated, even if its genes are driven by cryptic
SURPRWHUV DFWLYH LQ \HDVW VR WKDW QR WR[LF SURWHLQV
ZLOO EH JHQHUDWHG /DUWLJXH HW DO   +RZHYHU
WR H[SUHVV DQ M. mycoides protein that contains
tryptophan codons in yeast will not be possible unless
the M. mycoides tryptophan codons are changed to
the yeast tryptophan codons.
Codon usage frequency, or codon biases, can become
WKHERWWOHQHFNLQPROHFXODUFORQLQJHVSHFLDOO\ZKHQ
RQH·V SXUSRVH LV WR SURGXFH KLJK OHYHOV RI SURWHLQV
7KLVLVFOHDUO\GHPRQVWUDWHGZLWKWKHH[SUHVVLRQRI
WKHIUDJPHQW&GRPDLQRIWKHWHWDQXVWR[LQ 7HW& 
from Clostridium tetani in various host cells. In E.
coli, removing the E. coli rare codons allowed the
H[SUHVVLRQ OHYHO WR LQFUHDVH IURP a WR a RI
FHOOSURWHLQV 0DNRIIHWDO ,QS. cerevisiae, no
TetC can be generated with the original TetC gene,
ZKLOHWKHFRGRQPRGLÀHG7HW&JHQHZLWKDKLJK*&
FRQWHQWZDVH[SUHVVHGWRaRIVROXEOHFHOOSURWHLQV
5RPDQRVHWDO ,QPichia pastoris, a different
\HDVW VWUDLQ WKH KLJK*& 7HW& FDQ EH H[SUHVVHG
XSWRRIWRWDOFHOOSURWHLQV &ODUH6UHHNULVKQD
DQG 5RPDQRV   ,Q WREDFFR FKORURSODVWV ERWK
the original low-GC and the synthetic high-GC TetC
JHQHVDUHH[SUHVVHGDWKLJKOHYHOV 7UHJRQLQJHWDO
 2IFRXUVHLQHDFKRIWKHH[SUHVVLRQV\VWHPV
the TetC gene has to be cloned into a vector that
contains an origin of replication and under the control
RI D SURPRWHU GHVLJQHG IRU WKH VSHFLÀF H[SUHVVLRQ
host organism.
Therefore, molecular cloning has revealed the
H[LVWHQFH RI YDULRXV SRWHQWLDO GLVFRQWLQXLWLHV
between organisms. These discontinuities highly
constrain the number of changes that will result
in a viable life form, thus generating gaps that are
unbridgeable via natural means, although these
barriers can be overcome by human intelligence and
engineering.
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The Two Sides of the Same Coin
In addition to discontinuity, another characteristic
shared by various life forms is similarity. These
two—similarity and discontinuity—constitute the
two sides of the same coin of every organism when it
is compared with other life forms.
As is the case with discontinuities, similarities can
also be at the molecular level or the organismal level.
2Q WKH PROHFXODU OHYHO ZH KDYH WKH EDVLF EXLOGLQJ
EORFNVRI'1$51$DQGSURWHLQVWKHJHQHWLFFRGH
the necessity and the chemistry of DNA replication,
WUDQVFULSWLRQ DQG WUDQVODWLRQ VLPLODULW\ RI
sequences and/or structures of molecules performing
VLPLODUIXQFWLRQVLQGLIIHUHQWRUJDQLVPVHWF2QWKH
organismal level, the numbers and the organization
of bones in the limbs of vertebrates, as well as the
WH[WXUHDQGIXQFWLRQRIVNLQKHDUWOLYHURUNLGQH\
tissues of various animals, etc.
Similarity is normally referred to as homology and
is generally considered to be the result of descent
IURP D FRPPRQ DQFHVWRU +RZHYHU LW LV HTXDOO\
consistent with creation by a common designer.
Admittedly, homology-from-common-ancestor is
simpler than homology-by-common-designer if
different life forms could have evolved from a common
ancestor naturally because it does not require an
H[WHUQDO DJHQW³*RG LQ WKH QDWXUDO ZRUOG PDQ LQ
WKHFORQLQJH[SHULPHQWV+RZHYHUWKHXQEULGJHDEOH
discontinuities between different organisms render
WKHLUJHQHUDWLRQE\QDWXUDOPHDQVIRUH[DPSOHE\
mutations and natural selection, impossible.
A special showcase of the organic combination of
similarity and discontinuity among living beings is
mosaics, the combination of structures or genes of
organisms showing discontinuity between closely
related species, yet similarity between unrelated
OLQHDJHV)RUH[DPSOHERWKWKHOLWWOHEURZQEDWDQG
an unrelated non-bat species, the bottlenose dolphin,
use echolocation, while two other bat species, the
VWUDZFRORUHGIUXLWEDWDQGWKHODUJHÁ\LQJIR[GRQRW
3DUNHUHWDO 
In fact, all the genomes of bacteria, archaea,
DQG HXNDU\RWHV DUH PRVDLFV %DFWHULD DQG DUFKDHD
are similar in that they have neither nuclei, nor
spliceosomal introns, nor spliceosomal intron splicing
machinery, and in that transcription and translation
occur in the same compartment, even using a
transcript for translation while it is being synthesized.
+RZHYHU WKH PHPEUDQHV RI EDFWHULD DUH PRUH
VLPLODUWRWKDWRIHXNDU\RWHVEXWYHU\GLVWLQFWIURP
WKRVHRIDUFKDHD2QWKHRWKHUKDQGWKHPROHFXODU
machines involved in DNA replication, transcription,
or translation, of archaea are very different from
WKDWRIEDFWHULDEXWDUHVLPLODUWRWKDWRIHXNDU\RWHV
7DQDQG7RPNLQVDE ,QWHUHVWLQJO\DOWKRXJK
the DNA replication and transcription machineries
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RI DUFKDHD DUH PRUH VLPLODU WR WKDW RI HXNDU\RWHV
than that of bacteria, they are different enough
to prevent those used by archaea from being used
E\ HXNDU\RWHV PDNLQJ LW LPSRVVLEOH IRU DUFKDHD
EDFWHULD RU HXNDU\RWHV WR KDYH VKDUHG D FRPPRQ
DQFHVWRU 7KLV LV D FOHDU H[DPSOH RI GLVFRQWLQXLWLHV
within similarity.
0RVDLFV DUH D QXLVDQFH IRU WKH HYROXWLRQ PRGHO
and are normally claimed to result from convergent
evolution or lateral gene transfer. Convergent
evolution is the alleged independent evolution of
similar features or genes in species of different
OLQHDJHV/DWHUDOJHQHWUDQVIHULVDSURFHVVLQZKLFK
a gene of an organism is transferred to an unrelated
organism in a way other than the vertical transfer
from a parent to its offspring. It is worth pointing
out that both convergent evolution and lateral gene
WUDQVIHUKDYHEHHQHYRNHGWRH[SODLQWKHSKHQRPHQD
RI PRVDLFV QRW EDVHG RQ REVHUYDWLRQ /DWHUDO JHQH
transfer is often claimed to be the vehicle when a
FRPSXWHUJHQHUDWHGSK\ORJHQHWLFWUHHGRHVQRWÀWWKH
predictions of the evolution model.
In contrast, mosaics are characteristics of objects
that have been designed by intelligent humans.
)RU H[DPSOH WKHUH DUH UHDO $PHULFDQ ÁDJV VRPH
ELJ DQG VRPH VPDOO 7KHUH DUH DOVR $PHULFDQ ÁDJ
shirts, pants, and shoes, not due to evolution but due
WR GHVLJQ )LJ   7KHVH $PHULFDQ ÁDJFRQWDLQLQJ
items can be organized according to their function or
PRUSKRORJ\VLPLODUO\WRWKHZD\LQZKLFK+DHFNHO
RUJDQL]HGGLIIHUHQWOLIHIRUPV 'D\UDW 2UWKH\
FDQEHRUJDQL]HGEDVHGRQWKHLUPDWHULDOPDNHXSVDV
people build molecular phylogenetic trees according
WRWKHVHTXHQFHVRI'1$51$RUSURWHLQV 3XLJEz
:ROIDQG.RRQLQ:RHVH:RHVHDQG)R[
1977).
Similarity and discontinuity, as well as mosaics,
are common phenomena in biology and need to be
H[SODLQHG%RWKWKHHYROXWLRQPRGHODQGWKHFUHDWLRQ
PRGHOFDQH[SODLQVLPLODULW\,IDQRUJDQLVPLQGHHG
can naturally evolve from another then evolution is
a simpler choice, and thus, according to the principle
RI 2FNKDP·V 5D]RU LW ZRXOG EH WKH SUHIHUUHG
PHFKDQLVP2QWKHRWKHUKDQGGLVFRQWLQXLWLHVDQG
PRVDLFV FDQ EH HDVLO\ H[SODLQHG ZLWK WKH FUHDWLRQ
PRGHOZKLOHHYROXWLRQZLOOZRUNRQO\LIWKHFODLPHG
convergent evolution or lateral gene transfer indeed
occurred. As discussed above, discontinuity is a death
sentence for Darwinian evolution but a norm for
intelligent designs.
Convergent evolution has been claimed to be
responsible for the independent generation of similar
traits (body structures, coloration, or organs)—traits
WKDW DUH ODFNLQJ LQ WKHLU DVVXPHG DQFHVWRUV³LQ
unrelated or distantly related organisms in multiple
OLQHDJHV LQFOXGLQJ PDPPDOV UHSWLOHV ÀVK ELUGV
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B. Cataloged by materials

Fig. 2. ,WHPVZLWKLPDJHVRIWKH$PHULFDQÁDJVDUUDQJHGE\IXQFWLRQ $ RUE\PDWHULDOV % $OOSLFWXUHVDUHIURP
Google search.

DUWKURSRGV DQG PROOXVNV )RU H[DPSOH NRDODV RI
$XVWUDODVLDKDYHÀQJHUSULQWVLQGLVWLQJXLVKDEOHIURP
those of humans, and some whales use echolocation
OLNHVRPHEDWV KWWSVHQZLNLSHGLDRUJZLNL/LVWBRIB
H[DPSOHVBRIBFRQYHUJHQWBHYROXWLRQ/LVWRIH[DPSOHV
of convergent evolution).
&RQYHUJHQW HYROXWLRQ LV XQOLNHO\ WR KDSSHQ
because it requires the simultaneous generation
of multiple new genes—hundreds in the case of
WKH HFKRORFDWLRQ LQ EDWV DQG ZKDOHV 3DUNHU HW DO
2013), but gene generation via mutation and natural
selection is improbable (Tan 2015). In addition, some
of the genes functioning in the processes that are
PRVDLF DUH WD[RQRPLFDOO\ UHVWULFWHG HVVHQWLDO JHQHV
whose function is indispensable for the survival of its
carrier organism (Tan 2015, and references therein).
Why do organisms on earth show not only
similarity but also discontinuity, two characters
seemingly contradictory to one another? Could it
be that many biological processes or molecules are
designed to be similar enough so that we can study
WKHP DQG FDQ DSSO\ WKH NQRZOHGJH JDLQHG IURP
studying one organism to another, yet they are
different enough to demonstrate that the mosaics are
products of intelligent designer instead of products
of evolution through accumulated mutations and
natural selection?
A New Model of the Relationship
of Different Types of Organisms
0RUH DQG PRUH FRJQLWLYH REVHUYDWLRQV RI H[WDQW
organisms, studies on hybridization, the fossil record,
and characterization of genes and genomes are

converging to support the conclusion that life forms
on earth are best represented as a forest of family
trees. This conclusion has been substantiated by
PDQ\PROHFXODUFORQLQJH[SHULPHQWV7KHQH[WVWHS
LVWRGHÀQHDQGFKDUDFWHUL]HWKHIRUHVWLQFOXGLQJLWV
VL]HDQGVFRSHZKDWRUJDQLVPVEHORQJWRDVSHFLÀF
family tree, how different trees are related, and
how different branches of the same tree are related.
It is conceivable that the process will not be easy,
EHFDXVH DV -RKQ .H\QHV VDLG ´7KH GLIÀFXOW\ LV QRW
in generating new ideas but in escaping from the old
RQHVµ TXRWHGLQ6YHUGORY 7REUHDNORRVHIURP
the stronghold of Darwinian evolution, escaping the
paradigm of one family tree connecting all organisms,
ZLOO QRW EH DQ HDV\ WDVN EHFDXVH PDQ\ SHRSOH DUH
absolutely convinced of the truth of the theory.
0\ZRUNLQJPRGHOLVWKDWDOORUJDQLVPVRQHDUWK
FDQEHRUJDQL]HGLQWRDIRUHVWRIIDPLO\WUHHV )LJ 
%UDQFKHVRQWKHVDPHWUHHDUHDOORIIVSULQJHLWKHURI
RQHDVH[XDOO\UHSURGXFLQJSDUHQWRURIDSRSXODWLRQ
of ancestors that contain the same genes, or of a pair
RI VH[XDOO\ UHSURGXFLQJ SDUHQWV /LQHV LQ EHWZHHQ
GLIIHUHQW IDPLO\ WUHHV OLQN FKDUDFWHUV SKHQRW\SHV
genes, or pathways) that are shared among
organisms that do not belong to the same family
trees. These characters include the many cases of
DOOHJHGFRQYHUJHQWHYROXWLRQ,WKLQNVXFKFKDUDFWHUV
UHÁHFWWKHPRGXODUQDWXUHRIOLIH,QDQXWVKHOOWZR
NH\ FRQFHSWV RU K\SRWKHVHV RU DVVXPSWLRQV LQ
the model are that life is modular and that not all
RUJDQLVPVEHORQJWRRQHIDPLO\WUHH(DFKRUJDQLVPLV
a combination of multiple modules. A module can be a
signal transduction pathway, a biological process, or
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biological structures. Allowing organisms to be
assigned to different family trees will free molecular
SK\ORJHQHWLFLVWVIURPWKHEXUGHQRIKDYLQJWRÀWDOO
organisms into one giant tree, and being required in
the process to throw away most of the information
when performing genomic comparisons, and from
having to deal with phylogenetic incongruities or
incomplete lineage sorting. The hope is to develop
a natural way of categorizing and understanding
diverse organisms, using all information encoded
in different genomes instead of being forced by the
VLQJOHWUHHRIOLIHPRGHOLQWRFKHUU\SLFNLQJ
References

Fig. 3. A model of the relationship of different types of
organisms. All organisms on earth can be organized
LQWR D IRUHVW RI IDPLO\ WUHHV 2UJDQLVPV RQ HDFK WUHH
are all offspring of one or a population of ancestors.
/LQHVLQEHWZHHQGLIIHUHQWIDPLO\WUHHVOLQNFKDUDFWHUV
(phenotypes or genes) that are shared among organisms
that do not belong to the same family trees.

DVSHFLDOVWUXFWXUH)RUH[DPSOHHDFKRIWKHFRPPRQ
signal transduction pathways, including the Wnt
SDWKZD\WKHKHGJHKRJSDWKZD\WKH7*)SDWKZD\
WKH1RWFKSDWKZD\FDQEHDPRGXOH2UJDQLVPVRQ
different family trees can share the same or similar
PRGXOHV(DFKPRGXOHPD\EHWDLORUHGWRLQGLYLGXDO
trees. In fact, comparison of organisms on different
IDPLO\WUHHVZLOOEHDQHIÀFLHQWZD\WRLGHQWLI\DQG
characterize various modules, the more diverse the
EHWWHU $ GHÀQLWLYH GLVWLQFWLRQ FRQFHUQLQJ ZKHWKHU
two organisms can belong to the same family tree
LV ZKHWKHU WKH\ VKDUH WKH VDPH WD[RQRPLFDOO\
restricted essential genes and essential non-genes,
ZKLOH D SUDFWLFDO DSSUR[LPDWLRQ LV ZKHWKHU WKH\
VKDUH WKH VDPH WD[RQRPLFDOO\ UHVWULFWHG JHQHV DQG
non-genes (Tan 2015).
Conclusions
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Appendix
The Age of the Universe
The most popular estimate of the age of the universe
LV  ELOOLRQ \HDUV 7KLV LV EDVHG RQ WKH YDOXH RI
WKH+XEEOHFRQVWDQW /LQVHOO  )LJ )LJLV
GHULYHGIURPD<RX7XEHSUHVHQWDWLRQE\5RJHU/LQVHOO
KWWSVZZZ\RXWXEHFRPZDWFK"Y RUZ0XSU+V< 
7KLV SUHVHQWDWLRQ ZDV SXEOLVKHG RQ -XO\  
DQGKDGEHHQYLHZHGE\SHRSOHE\0DUFK
2016. To determine how that number would change,
I visited that site a month later (April 19, 2016) and
found that number of viewers had increased to 5052.
0DQ\RWKHUVVKDUH/LQVHOO·VYLHZRQWKHFDOFXODWLRQ
RIWKHDJHRIWKHXQLYHUVHIRUH[DPSOH0LNH*XLGU\
DW 8QLYHUVLW\ RI 7HQQHVVHH KWWSFVHSSK\VXWN
edu/astr162/lect/cosmology/age.html), Carl Nave at
*HRUJLD 6WDWH 8QLYHUVLW\ KWWSK\SHUSK\VLFVSK\
astr.gsu.edu/hbase/astro/uniage.html), Christopher
3DOPD DW 3HQQV\OYDQLD 6WDWH 8QLYHUVLW\ KWWSV
ZZZHHGXFDWLRQSVXHGXDVWURFRQWHQWOB
SKWPO 2OLYHU)UDVHUDW8QLYHUVLW\RI:DVKLQJWRQ
(http://www.astro.washington.edu/courses/labs/
FOHDULQJKRXVHODEV+XEEOH/DZKXEEOHVBODZB
procedure.html), and NASA (National Aeronautics
and Space Administration, http://map.gsfc.nasa.gov/
XQLYHUVHXQLBDJHKWPO  +LV SUHVHQWDWLRQ LV FKRVHQ
because it is detailed and clear.

/LQVHOO·VHTXDWLRQLV+XEEOH·VODZZKLFKVWDWHV
WKDW  REMHFWVREVHUYHGLQGHHSVSDFH H[WUDJDODFWLF
space, ~10 megaparsecs or more) have a redshift
interpretable as relative velocity receding from the
HDUWK DQG   WKLV UHGVKLIWPHDVXUHG YHORFLW\ 9  RI
YDULRXV JDOD[LHV LV DSSUR[LPDWHO\ SURSRUWLRQDO WR
WKHLU GLVWDQFH '  IURP WKH HDUWK +0 LV WKH +XEEOH
constant. Note that one essential assumption here,
and in equation 2, which is an inversion of equation 1,
is that the observed redshift is caused by the receding
of the objects from the earth, instead of other reasons,
and our estimates of the distance of the objects are
accurate. To estimate the age of the universe, equation
LVXVHG7KHOHIWVLGHRIHTXDWLRQLVHTXDWLRQ)RU
the right side of equation 3 to hold true, a necessary
condition is that the object has been moving at
a constant speed throughout the whole journey.
Another assumption is that the big bang theory is
FRUUHFWDQGWKDWWKHFXUUHQWGLVWDQFHRIDJDOD[\IURP
WKHHDUWKLVWKHGLVWDQFHWKHJDOD[\KDVWUDYHOOHGVLQFH
the beginning of time. There is a serious problem here
regarding distance and time. The theory claims that
WKHGLVWDQFHVEHWZHHQWKHIDUDZD\JDOD[LHVDQGWKH
earth we measured are current. And yet the same
WKHRU\DOVRWHOOVXVWKDWZHDUHORRNLQJEDFNLQWLPH
billions years of time. Therefore, those objects may not
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We have several methods of
calculating the distance of other
galaxies from the earth (see Cepeid
variables and type 1a supernova).

H0 =

From Hubble’s observations we know
that the ratio of velocity to distance is
constant and if we assume that the
universe has been expanding since
the big bang with all the constituents
moving at constant velocities relative
to once another, then since:
V
H0 = and if we invert that
D
Equation 1
1 D
=
H0 V
Equation 2

Speed
changes
with
distance

Velocity
moving
away from
us

then taking
1 D
Hubble’s constant
= =T
H0 V
to be 71 kilometers
per second per
megaparsec, so:

The gradient of this line
is H0 Hubble’s constant
Distance from the earth

and D/V = time, so

Equation 3

Now a large expanding
universe with galaxies
moving apart at high
speed

V
D

T=

The age of the
universe from
now back to the
big bang

=

If H0 is indeed constant, the universe
would be forever the same age
1000 meters in a kilometer

1
71

1
71000

3.09 × 1022

meters in a megaparsec

=

3.09 × 1022
71000
seconds
seconds in a year

Speed does
not change
with distance
(constant)

At the start of
everything, the big
bang when all matter
was concentrated at
a tiny point

=

3.09 × 1022
71000 × 31,556,926
= 13.8 billion years

Fig. 4.(VWLPDWLQJWKHDJHRIWKHXQLYHUVHXVLQJWKH+XEEOH·VFRQVWDQW$OOLWHPVH[FHSWWKHEOXHDUURZVDQGWKH
ER[HGSXUSOHFRPPHQWVDUHIURP /LQVHOO).

H[LVWDQ\PRUH,IWKH\GRH[LVWLWZLOOWDNHDGGLWLRQDO
billions of years for us to see their current status,
according to the same theory). Note that according
to the big bang theory, all things were together at
a single point at the beginning, thus, their relative
VSHHGZDV]HURDWWKDWWLPH+RZHYHUHTXDWLRQVDQG
2 require things to move with different speed, while
equation 3 requires things to move at constant speed.
In addition, even if equation 1 is correct, that does
QRWPHDQHTXDWLRQLVFRUUHFWWKHPRYHPHQWRIWKH
objects does not even need to be continuous, not to say
at constant speed. Indeed, scientists used to believe
WKDWWKHH[SDQVLRQRIWKHuniverse was slowing down
GXHWRJUDYLW\DQGQRZWKLQNWKDWWKHH[SDQVLRQLV
VSHHGLQJ XS EHFDXVH RI GDUN HQHUJ\ )XUWKHUPRUH
LI WKH +XEEOH FRQVWDQW ZHUH LQGHHG FRQVWDQW DQG
HTXDWLRQZHUHWUXHWKHXQLYHUVHZRXOGVWD\IRUHYHU
DV  ELOOLRQ \HDUV ROG EHFDXVH WKH LQYHUVH RI D
constant is a constant, so it will not change with time.
A universe with an unchangeable age is absurd! (Well,
WKHQXPEHURI+0KDVEHHQFKRVHQWRJHWELOOLRQ
years for the age of the universe. The current accepted
value is a little less than this, so another constant is
QRUPDOO\LQWURGXFHGWRPDNHWKHDJHDQGWKH+XEEOH
time agree. Nonetheless, the introduction of another
constant does not affect the argument.)

0\ SRLQW LV WKDW FXUUHQW VFLHQWLÀF NQRZOHGJH RU
PHWKRGVDFWXDOO\GRQRWDOORZXVWRNQRZWKHDJHRI
the universe. All age estimations are plagued with
DVVXPSWLRQV -XVW DV $OODQ 6DQGDJH LQ KLV +HOHQ
:DUQHU3UL]HOHFWXUHRIWKH$PHULFDQ$VWURQRPLFDO
Society said “The numerical value oI+>+0LQ)LJ@
is important because it tests the time-scale criteria
LQ YDULRXV ZRUOG PRGHOV %\ LWVHOI + GRHV QRW JLYH
WKH WLPH VLQFH WKH ¶EHJLQQLQJ· RI WKH H[SDQVLRQ
.QRZOHGJHRIWKHZRUOGPRGHOPXVWDOVREHDYDLODEOHµ
6DQGDJH   7KXV WR HVWLPDWH WKH DJH RI WKH
XQLYHUVH D VFLHQWLVW KDV WR XVH +0 together with a
physical theory and assumptions.
The Age of the Earth
Radioactive Dating
The most commonly advocated age of the earth
LV  ELOOLRQ \HDUV ZKLFK LV EDVHG RQ 3E3E
isochron radioactive dating of three stony and two
iron meteorites, plus an oceanic sediment sample
whose lead was assumed to have been generated
via radioactive decay of uranium over earth time
E\ 3DWWHUVRQ DQG KLV FROOHDJXHV 3DWWHUVRQ 
3DWWHUVRQ 7LOWRQ DQG ,QJKUDP   7ZR PDLQ
assumptions for the dating are that “when the
earth was formed, it contained lead with an isotopic
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composition the same as that found in iron meteorites,
and that the ratio of lead to uranium has not
changed, H[FHSWIRUUDGLRDFWLYHGHFD\LQWKHVXUIDFH
RIWKHHDUWKVLQFHWKHVXUIDFHZDVIRUPHGµ 3DWWHUVRQ
7LOWRQDQG,QJKUDP 7KDWLV  ZHNQRZ
the initial conditions, and (2) we are dealing with
a closed system where no parental or daughter
HOHPHQWV ZHUH JDLQHG RU ORVW E\ DQ\ PHDQV H[FHSW
radioactive decay since the birth of the earth. What
is the basisIRUVXFKDQDVVXPSWLRQ"3DWWHUVRQDQG
his colleagues said bluntly: “There is no evidence,
therefore, that compels us to assume that when the
earth was formed it contained lead with the same
isotopic composition as that in iron meteorites,
although such an assumption is necessary for the
DJH FDOFXODWLRQVµ 3DWWHUVRQ 7LOWRQ DQG ,QJKUDP
1955, 70). In addition, several assumptions were
made about the meteorites: “they were formed at
WKH VDPH WLPH WKH\ H[LVWHG DV LVRODWHG DQG FORVHG
V\VWHPVWKH\RULJLQDOO\FRQWDLQHGOHDGRIWKHVDPH
LVRWRSLF FRPSRVLWLRQ WKH\ FRQWDLQ XUDQLXP ZKLFK
has the same isotopic composition as that in the
HDUWKµ 3DWWHUVRQ² 7KHUHIRUHLWZDV
assumed, out of necessity for the estimation, that
both the earth and the meteorites have to be closed
systems.
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The assumption of the initial conditions will forever
UHPDLQ DV JXHVVZRUN EHFDXVH QRERG\ FDQ JR EDFN
into history to investigate. In contrast, the second
assumption, that we are dealing with closed systems,
FDQEHWHVWHGE\REVHUYDWLRQ,QIDFW3DWWHUVRQDQG
his colleagues found that radiogenic lead varies
JUHDWO\ LQ WKH FUXVW RI WKH HDUWK 3DWWHUVRQ 7LOWRQ
and Inghram 1955): radiogenic 2063ELVLQH[FHVV
and 3ELQH[FHVVLQEDVDOWZKLOHWKH\DUH
GHÀFLHQWDQGGHÀFLHQWUHVSHFWLYHO\LQJUDQLWH
,WLVD´JRRGµDQG´H[WHQVLYHPL[LQJµRIWKHPDWHULDOV
that generated the oceanic sediment lead that was
used to deduce the age of the earth. That is, the earth
is an open system.
)XUWKHUPRUH D FDVXDO H[DPLQDWLRQ RI WKH
radioactive decay chains reveals that the assumption
of a closed system contradicts with the chemical
QDWXUHVRIWKHGHFD\LQWHUPHGLDWHV/HDG 2063E 
LV WKH ÀQDO SURGXFW RI WKH PXOWLSOH GHFD\ VWHSV RI
XUDQLXP 8)LJ$ ZKLOHWZRRWKHULVRWRSHV
of lead, 2073E DQG 3E DUH WKH ÀQDO SURGXFWV
of the multiple decay steps of 2358 )LJ %  DQG
thorium-232 (2327K)LJ& UHVSHFWLYHO\1RWHWKDW
a common intermediate element of these decay series
is radon, a noble gas. Therefore, it normally does not
bind chemically to other elements, and, as any other

Fig. 5. 'HFD\VHULHVRI $ XUDQLXP 8  % XUDQLXP 2358 DQG & WKRULXP 2327K )XOOQDPHVRI
elements shared by all three decay series are in coral, by the two uranium series in green, by 2358DQG232Th in blue,
and unique to 8RU2358LQEODFN7KHLPDJHVDUHPRGLÀHGIURPWKHGHFD\FKDLQVDWKWWSVHQZLNLSHGLDRUJZLNL
Decay_chain.
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gas, it does not stay where it is. This is why before
people decide to buy a house they want the house to
be inspected to see whether there is too much radon
in the house to avoid inhalation of the dangerous
radioactive radon gas. Another intermediate decay
product of 8LVPHUFXU\ +J)LJ$ ZKLFKLVD
liquid at room temperature and also evaporates at
URRP WHPSHUDWXUH %UHDWKLQJ DLU FRQWDPLQDWHG
with mercury vapor can cause mercury poisoning.
Therefore, neither the uranium nor the thorium
decay chains can be closed systems due to the innate
chemical natures of the decay intermediates.
2WKHU SRVVLEOH SURFHVVHV ZKLFK ZRXOG PDNH WKH
PHWHRULWHV RU WKH HDUWK URFNV ZKLFK DUH XVHG WR
estimate the age of the earth open systems include
HDUWKTXDNHV YROFDQLF HUXSWLRQV ZHDWKHULQJ DQG
processes occurring in the sun or other celestial
bodies (as discussed below).
Another unstated assumption is that the radioactive
decay rates are constant. This assumption has recently
been found to be false. In fact, the decay rates of two
of the intermediate decay products of the 8 2358
and 232Th decay series, radium and radon, have been
observed to vary with activities of the Sun, though
KRZWKLVRFFXUVLVVWLOOQRWNQRZQ -DYRUVHNHWDO
-DYRUVHNHWDO6WHLQLW]3LDWLEUDWRYDDQG
.RWODUVN\ )XUWKHUPRUHLWVHHPVWKDWWKHGHFD\
rates of radioactive materials were much faster in the
SDVW 9DUGLPDQ6QHOOLQJDQG&KDIÀQ 
Therefore, the estimate of the age of the earth
E\UDGLRDFWLYHGDWLQJLVDOVREDVHGRQDVVXPSWLRQV
one of them, the initial conditions, is untestable, and
the other two cannot be reconciled with the innate
chemical natures of the decay intermediates and
UHFHQW H[SHULPHQWDO REVHUYDWLRQV 7KXV ERWK WKH
estimate of the age of the earth based on radioactive
decay and the estimation of the age of the universe
XVLQJWKH+XEEOHFRQVWDQWDUHWKHRU\DVVXPSWLRQV
based and are questionable.
2QH PD\ DUJXH WKDW WKH XQLYHUVH DQG WKH HDUWK
are at least as old as shown by the fossil record.
7KHUHIRUHZHZLOOQH[WORRNDWWKHIRVVLOUHFRUGDQG
see what this record teaches.
The Fossil Record
,XVHGWRWKLQNWKDWRQHKDVWRGLJKDUGWRÀQGDQ\
IRVVLOV%XW,GLVFRYHUHGWKDWIRVVLOVDUHHYHU\ZKHUH
In fact, I am surrounded by fossils every day. I live
RQ D FDPSXV WKH 8QLYHUVLW\ RI 0LVVRXUL 08 
ZKLFKLVIXOORIIRVVLOVLQDFLW\&ROXPELD0LVVRXUL
ZKLFK LV IXOO RI IRVVLOV )RU H[DPSOH RQ WKH 08
campus there are many stone buildings. All of the
VWRQHVQDWXUDOVWRQHVQRWWKHDUWLÀFLDORQHVZKLFK
,KDYHFKHFNHGKDYHFULQRLGIRVVLOVLQWKHP&ULQRLG
IRVVLOV DUH WKH VWDWH IRVVLO RI 0LVVRXUL $W RQH WLPH
EHOLHYHGWREHH[WLQFWPLOOLRQ\HDUVDJRFULQRLGV
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have been found living, and there are more than
600 species of them (https://www.youtube.com/
ZDWFK"Y ,):HT'F$<*N D OLYH YLGHR RQ ´)HDWKHU
6WDUVDQG6HD/LOLHVµE\0RQWHUH\%D\$TXDULXPVHH
DOVRKWWSVHQZLNLSHGLDRUJZLNL&ULQRLG 3KRWRVRI
a few coral, bivalve, brachiopod, and crinoid fossils I
KDYHVHHQLQWKHVWRQHVRI08DUHVKRZQLQ)LJ
What the fossil record shows are the following:
• The sudden appearance of completely formed
animals and plants
 ([WLQFWLRQRIVSHFLHV
• Stasis of species (The norm for a species is
stability)
• Catastrophic burial of live organisms
The catastrophic burial of live organisms can be
vividly seen in the fossils of a dinosaur Sinosauropteryx
primaZLWKDÀVKRIDQLFKWK\RVDXUJLYLQJELUWKRID
ÀVKHDWLQJDQRWKHUÀVK 0RUULVDQG6KHUZLQ 
and of a pterosaur Rhamphorhynchus with a ganoid
ÀVK Aspidorhynchus )UH\ DQG 7LVFKOLQJHU  
The Rhamphorhynchus pterosaur seems to have
EHHQFDXJKWDOLYHZLWKRQHÀVKVWLOOLQLWVWKURDWE\
WKHJDQRLGÀVKAspidorhynchus.
As is the case with the estimate of the age of
WKH XQLYHUVH DFFRUGLQJ WR WKH +XEEOH FRQVWDQW RU
the age of the earth according to the radioactive
decay of uranium, fossils themselves do not tell us
the age of the earth. Any age association with the
fossils is dependent upon the presuppositions of the
investigators.
$V (OGUHGJH DQG *RXOG VWDWHG ´:H GR QRW
encounter facts as data discovered objectively.
All observation is colored by theory and
H[SHFWDWLRQ7KHRU\GRHVQRWGHYHORSDVDVLPSOHDQG
ORJLFDOH[WHQVLRQRIREVHUYDWLRQLWGRHVQRWDULVHPHUHO\
IURP WKH SDWLHQW DFFXPXODWLRQ RI IDFWV 5DWKHU we
observe in order to test hypotheses and examine
their consequences . . . In paleontology, even the most
¶REMHFWLYH·XQGHUWDNLQJWKH¶SXUH·GHVFULSWLRQRIIRVVLOV
is all the more affected by theory because that theory
LVXQDFNQRZOHGJHG:HGHVFULEHSDUWE\SDUWDQGDUH
OHG VXEWO\ EXW VXUHO\ WR WKH YLHZ WKDW FRPSOH[LW\ LV
irreducible . . . The inductivist view forces us into a vicious
circle. A theory often compels us to see the world in its
OLJKWDQGVXSSRUW<HWZHWKLQNZHVHHREMHFWLYHO\DQG
therefore interpret each new datum as an independent
FRQÀUPDWLRQRIRXUWKHRU\$OWKRXJKRXUWKHRU\PD\EH
ZURQJZHFDQQRWFRQIXWHLWµ (OGUHGJHDQG*RXOG
²HPSKDVLVDGGHG :KHQPHQWLRQLQJWKHLPSDFW
RIWH[WERRNVRQWKHWKRXJKWVRIQHZSURIHVVLRQDOVWKH\
TXRWHGFRPPHQWVRI.XKQ³7KH´QRUPDOVFLHQFHµWKDW
they inculcate is “a strenuous and devoted attempt
WRIRUFHQDWXUHLQWRWKHFRQFHSWXDOER[HVVXSSOLHGE\
SURIHVVLRQDOHGXFDWLRQµ (OGUHGJHDQG*RXOG 
DQGODWHUDGGHG´7KDWWKHVHROGHUWH[WVKROGVRVWURQJO\
WRSK\OHWLFJUDGXDOLVPVKRXOGVXUSULVHQRRQHKDUGHU
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WRXQGHUVWDQGLVWKHIDFWWKDWYLUWXDOO\DOOPRGHUQWH[WV
repeat the same arguments even though their warrant
KDGGLVDSSHDUHGµ (OGUHGJHDQG*RXOG 
)LQDOO\ QRW RQO\ KDV WKH DJH RI WKH XQLYHUVH
RU RI WKH HDUWK QRW EHHQ HVWDEOLVKHG E\ VFLHQWLÀF
observation, as we are so often told, but it cannot be.
This is determined by the nature of history: history
goes in only one direction and cannot be repeated.
Instead, I have argued here that the main issue at
hand, regarding the origin of life and the origin of the
diversity of life, is not time but discontinuity between
different types of life forms, such as the unbridgeable
JDSVEHWZHHQSURNDU\RWHVDQGHXNDU\RWHV

A

B

C

Fig. 6.3KRWRVRIIRVVLOVRQWKHZDOORIEXLOGLQJVRI08FDPSXV $ &RUDOV % %LYDOYHVDQGEUDFKLRSRGV & &ULQRLGV
and other organisms

