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Abstract
Because bacteria, archaea, and eukarya contain unique mosaics of genetic features and 

 share similarities to both domains 
of prokaryotes (Bacteria and Archaea) while also exhibiting many innovative molecular features 
found in neither. Nevertheless, evolutionists postulate that some sort of mythical bacterial-archaeal 

In a previous report, we showed that a vast chasm exists 
between archaea and eukarya in regard to basic molecular machines involved in DNA replication, 
RNA transcription, and protein translation. The differences in information processing mechanisms and 
systems are even greater between bacteria and eukarya, which we elaborate upon in this report. Based 

bacteria and eukarya, we continue to demonstrate that the same unbridgeable evolutionary chasms 
exist—further invalidating the myth of eukaryogenesis.
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Introduction
What is life? Where did life come from? Are 

all 
“Tree of Life . . . with its ever branching and beautiful 

 C an w e 
reconstruct the history of life according to our 

Mountains of computer-generated phylogenetic 

In order to build the Tree of Life, the National Science 

Supplemental Table
of years, several computer programs have allowed 
for visualizing the TOL, branches and leaves, on 

of species at each node, are extremely impressive. 

of life and which various evolutionary models have 
been proposed to explain? Several reviews from 

both secular and creationist authors have recently 
been published discussing this whole state of affairs 

literature studying the molecular phylogeny of life 
will show that one can draw not only one great tree 

molecules generate different trees, and even different 
regions of the same molecule can generate different 

accumulate, molecular data sets become massive 

proportion of genes with genuinely discordant 
evolutionary histories has increased from limited 
to substantial . . . If phylogenomic analysis is the 

removed from the data set in order to improve 

More and more studies have demonstrated that 
even the most phylogenetically favorable biological 

end up a forest, although often they are not presented 

http://www.answersingenesis.org/arj/v8/eukaryogenesis-bacteria-eukarya.pdf
http://www.answersresearchjournal.org
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colleagues reported a thorough phylogenomic analysis 

are monophyletic from 234,892 protein families from 

LECA clades were obtained. To reduce the size of the 
trees and the taxonomic biases, they selected 144 
bacterial and 39 archaeal genomes. For each LECA 

authors then reconstructed the phylogenetic trees 

Based 

the 243 LECA clades with bacterial origin, only 44 

to Alphaproteobacteria, two to Cyanobacteria, and one 
the authors 

found that the “trees were extremely heterogeneous 
in terms of species content, number of paralogs per 
genome, branching patterns, as well as in terms of 
branch length and bootstrap support distributions 
among branches.
This echoes the conclusion of an earlier study by 
Puigbo and colleagues, who found that no two trees 

Fig. 1. A.
chose genes for their phylogenetic analysis. Note that data selection, including the removal of genes that do not 
have phylogenetic signals or genes that are supposed to be laterally-transferred, is a common practice among 
evolutionists. B.

shaded gray, bacteria blue, and archaea red. C.
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in their 102 nearly universal trees were the same 
. Thus, even with the 

could be obtained in either of these studies.
Why so many different trees, even after carefully 

essential reason for the resistance of all molecules to 

We base our argument on two observations: distinct 

and a comparison of the vital molecular machines 

companion paper published prior to this report, 

information processing machinery between archaea 

Genes that are required for the viability of an 
organism are called essential genes. An organism dies 
when any one of its essential genes does not function 

the tiny Drosophila gene 
Drosophila 

, and this gene occupies less than 0.02 
percent of the Drosophila 

Hundreds of genes are necessary to sustain even 
the simplest life forms. For example, the organism 

a cell, the pathogenic bacterium Mycoplasma 

case of the lethal mutations with respect to the 
survival of Drosophila
these 381 genes will render  inviable 
even “in an environment that is free from stress and 

It is worth mentioning that there are many genes 

organism, but result in the death of the organism when 
deleted along with another nonessential gene. This 

M. 
genome are required for its survival, 

once synthetic lethality is considered. In addition, 

all organisms tested for gene essentiality are done in 

are not indicative of natural conditions. 
Current data suggest that many essential genes 

 
Escherichia coli E. coli

number of essential genes of E. coli 
than the total number of genes encoded by the M. 

of have E. coli counterparts, although 
both organisms belong to the same bacterial 

47 of the 
essential genes have homologs only 

in Mollicutes, a bacterial class that E. coli does not 

essential genes of 
E. coli
homologs and some of them actually only have 
homologs in the Enterobacteriaceae family which 

E. coli species. 
In fact, only a small portion of the essential genes 
have homologs across the three domains of life, or 
belong to the group of cellular organism genes based 
on their inferred phyletic age or the hypothesized 
evolutionary origin of a gene, which is typically 

where homologous biological sequences can be found 

more complicated an organism is, the smaller that 
portion of universal essential genes becomes, from 

E. coli

of the yeast Saccharomyces cerevisiae S. cerevisiae

case with E. coli, some of the yeast essential genes 

below the actual number. We cannot do lab experiments 

and we cannot predict whether a human gene is essential 
or not based on the essentiality of its mouse orthologs 

to generate a viable human baby. 
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Note that the exact number belonging to different 
groups of genes may change with the discovery of 
more genes in currently uncharacterized organisms. 
However, this will not alter the conclusion that most 

and that some essential genes are restricted to 

From the viewpoint of evolutionists, it is puzzling 
that so many essential genes have a limited 
distribution. As mentioned earlier, an organism 
cannot survive unless all its essential genes are 
functional. Therefore, it is impossible for organism 

of B’s essential genes have homologs in A. Therefore, 

genes do not have a bacterial homolog, we argue that 

Is it really possible for an essential gene to duplicate 
and for the duplicate to evolve into a different 

A and B to have the same essential function covered 
by two seemingly different genes? A thorough study 

mouse genes and discovered that the proportion 

organism M. genitalium E. coli K-12 S. cerevisiae Mus musculus

protein genes in the genomea 482 4800 5770 ~23,000

total essential genesb 381 712 1110 >2618

analyzed genesc 475 3527 5635 6038

analyzed essential genesc 381 604 1049 2618

apparent age of analyzed essential genesd

apparent age 
of analyzed 
essential 
genesd

cellular organisms 91 121

Bacteria 90 124

Mollicutes 47

Proteobacteria 61

Gammaproteobacteria 55

Enterobacteriaceae 182

Eukaryota 505 856

Fungi/Metazoa group 96 248

Fungi 78

Ascomycota 67

Saccharomycetes 110

Metazoa 996

Chordata 330

Mammalia 54

Not assigned 153 61eg 97fg 61
Notes: 
a. http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/G/GenomeSizes.html
b. Database of Essential Genes. http://tubic.tju.edu.cn/deg_5.4a/
c. M. genitalium. OGEE dataset 357; E. coli. OGEE dataset 367; S. cerevisiae. OGEE dataset 350; Mus musculus. OGEE dataset 349.

OGEE website.
E. coli and do not have

homologs in any other organisms listed in the current non-redundant protein sequences of NCBI (National Center for Biotechnology 
Information) website.

S. cerevisiae and do
not have homologs in any other organisms listed in the current non-redundant protein sequences of NCBI website. 

Database of Orthologous Groups (OrthoDB, http://orthodb.org/orthodb7), which contains 52 vertebrates, 45 arthropods, 142 fungi, 13 
basal metazoans, and 1115 bacteria (Waterhouse et al. 2013), and then in the Database of Complete Genome Homologous Genes 
Families (HOGENOM v6, http://doua.prabi.fr/databases/hogenom/home.php?contents=query) (Penel et al. 2009), which contains 1233 

settings of the current non-redundant protein sequences at http://blast.ncbi.nlm.nih.gov is performed to see if homologs outside of the 
E. coli S. cerevisiae

Table 1.  and E. coli S. cerevisiae
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rarely compensate for each other, and that the absence 

should not be automatically attributed to paralogous 

similar phenomenon has been observed in the studies 

proteins are functionally distinct, even though some 
of them are nearly identical in protein sequence 

Information Processing Molecular Machines 
As Bruce Alberts said, the cell is “a factory that 

assembly lines, each of which is composed of a set 

Not only do all cells contain sophisticated nano-
machines, but different organisms may use distinct 
mechanisms or molecules to accomplish the same 

what one would expect from the universal common 
descent theory. 

Before we plunge into the details of any molecular 

E. coli S. 
cerevisiae E. 
coli and S. cerevisiae not because anybody claimed 
that S. cerevisiae
from E. coli but because the same conclusion can 

E. coli and S. cerevisiae 
provide the advantage of being the most studied 
organisms. 

E. coli has a circular 

duplication, transcription, and translation all occur 
in the same compartment. In contrast, S. cerevisiae, 

S. 
cerevisiae

of 12 million bases or 12 Mb, more than two times 

Fig. 2.

A: . OGEE dataset 357. B: 
E. coli. OGEE dataset 367. C: S. cerevisiae. OGEE dataset 350. D: 
of essentiality for both  and E. coli: genes whose mutants cannot be obtained from the mutagenesis 
library, for S. cerevisiae : 
genes whose removal result in a lethal or infertile phenotype.
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the 4.6 Mb of the E. coli genome. S. cerevisiae is also 

understanding cellular and molecular processes. In 

in the nucleus, while translation occurs in the 
cytosol, also called the cytoplasm. Both E. coli and S. 
cerevisiae 

nanomachines they use for replication, transcription, 
and translation are not at all interchangeable. 

A. DNA replication machines used by cells to 
duplicate their genomic DNA

origin-binding proteins bind the initiation site 

origin will be unwound, or melted. Helicases, which 
are responsible for separating the double-stranded 

continuously, while the antiparallel lagging strand is 

trans-elements, i.e. the proteins that execute and 

A.1 Differences in the initiation site of 
replication

of start sites at the origins of replication by origin-

E. coli requires an E. coli

while duplication in S. cerevisiae requires an S. 
cerevisiae
of replication are not interchangeable. This fact is 
experimentally demonstrated on a daily basis in 
many laboratories throughout the world: to clone 
and replicate an S. cerevisiae gene in E. coli requires 
a vector with an E. coli origin of replication, and to 
clone and replicate a bacterial gene in S. cerevisiae 
requires a vector carrying an S. cerevisiae origin of 

of origins of replication. Bacteria typically have a 
single circular chromosome with a single origin 

thousands of origins of replication spread across 
multiple linear chromosomes. So how could evolution 

But since it would have only one origin of replication, 

the cell would die. It would have to simultaneously 
generate new origins of replication for all 16 pieces.

replication. Bacterial origins of replication have well-

origins of replication in higher animals are typically 

site sequences, but by the organization of the 

S. cerevisiae 

of replication, though the sequence of S. cerevisiae 
origins of replication is completely different to that 

the difference of the origins of replication in sequence 

different proteins to recognize them, which is indeed 
the case as will be discussed below.

A.2 Differences in core replication 
machineries

E. coli on the left, and 
S. cerevisiae 

First, in E. coli, a few copies of a single protein 
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complex and is made of six different proteins. How 
could an alleged evolving bacterium invent a complex 

generated origin of replication for all 16 pieces of 

This licensing occurs during the G1 phase of the cell 
cycle, while the next step, activation of the origin of 
replication, occurs later, during the S phase, with the 

a licensed origin will be used depends on the cell type 
and developmental or health status of a cell. More 
than a dozen proteins are required to activate a 
licensed origin. Consistent with the unique origins of 
replication in E. coli and S. cerevisiae
existent in yeast or multicellular plants and animals, 

replication are not present in bacteria.
Second, no sequence similarity has been detected 

wound up around a set of eight histone proteins that 
do not exist in bacteria—along with a complexly 

epigenetically control genes and genome function. 

and precisely moved about for replication to begin 
and proceed. 

the opposite directions. The bacterial helicase, a 

Fig. 3. Origins of replication. A

B: An E. coli origin of replication. The 
E. coli

stimulates initiation, while FIS binding inhibits initiation. C: An S. cerevisiae origin of replication, autonomously 
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of six different proteins, is loaded on the leading 

Finally, in bacteria, both the leading and lagging primers made by the primase required to initiate 
strand replication.

Fig. 4. E. coli S. cerevisiae. A: Initiation in 
E. coli

B: Initiation in yeast. The origins of replication are licensed during the G1 

and Sld7, enabling Sld3-Sld7-Cdc45 to bind the licensed origins by interacting with MCM2-7. Phosphorylation of 

Subsequently, Polymerases  and   

onto pre-replication complexes at origins of replication, GINS: Go-Ichi-Ni-San complex, MCM: mini-chromosome 

Antigen, Sld: synthetic lethality with dpb11.
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replication. Thus, it is impossible for any bacteria to 

A.3 Differences in replication termination
Because of differences in their chromosomal 

at the completion of their chromosomal replication. 
For E. coli
replication ceases at the termination sites, which 

such as S. cerevisiae. Completely copying their linear 
chromosomes requires a complex ribonucleoprotein 

that does not exist in bacteria, called telomerase 

the chromosomes of S. cerevisiae would be shortened 
during each round of cell division, and before long, 
chromosome ends would erode to the point of 
structural and functional failure. In other words, 

S. cerevisiae telomerase, 

to the chromosome ends, S. cerevisiae could not exist.  
Variants of this telomere-telomerase system are 

this system so that they do not have it. A comparison 
 found 

in Appendix A.

even if it somehow magically succeeded in initiation. 

it somehow succeeded in passing new origins of 
replication onto all 16 chromosomes at the same 
time, they would need to create totally different 
origins of replication and all the proteins that can 
recognize the new origins of replication at about the 
same time. And of course all of them would have to be 
replicated into identical pairs to initiate the process 
of reproduction. At the same time, they would need 
to generate a centromere and all the other machinery 
needed to separate the pairs during cell division. This 

the future, in producing protein parts for machines 
that do not yet exist and in creating machinery to 

assemble these machines that evolution realizes will 
be useful in the future.

which cannot use the bacterial machinery to copy its 

would inevitably entail the death of the organism 

machinery cannot be used to copy bacterial genomes. 

the same result, even though archaea replication 

there seems to be an evolutionarily impassable gap 

between them will be forever missing because cell 
death is a barrier that the alleged mythical power of 
evolution cannot cross.

B. Transcription machines used by cells to 
transcribe their genomic genes

When pondering the origin of cellular machinery, 

of all the processes required for the engineering of the 

As we shall see, more challenges to evolutionary 
theory are waiting when we consider transcription, 

replication, during transcription and translation, 

in the initiation and termination stages. In addition, 
they also differ during the elongation steps of these 
two complex processes, but not as dramatically as 

B.1 Differences in RNA polymerases 

protein components than its bacterial counterpart. 
E. coli

those that will be translated into proteins if they code 

of many proteins, are responsible for the process of 
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different categories, and generally are found in single, 
or low copy numbers, in the genome. In contrast, both 

genes. For example, some plants contain thousands of 

S. cerevisiae

E. coli

subunits, while S. cerevisiae Pol I consists of 14 
different proteins, Pol II has 12, and Pol III a total of 
17. Most of the components of Pol I, II, and III have

Though being composed of more proteins,  

polymerases can transcribe their target genes by 
themselves or with very limited help from other 

require the help of many different proteins and 

at the right time, and at the right place, requires 

mediators, and chromatin modifying and remodeling 

transcription can be found in Appendix B.

unique to their own domains, especially in the 
promoter and terminator regions. A promoter is a 

transcription factors, dictates where and how much 
a gene will be transcribed, often with the help of 

protein binding partners. E. coli promoters and yeast 
promoters are distinct and cannot be cross recognized 

will transcribe. For example, the single-subunit viral 

commonly used in molecular biology laboratories 
for in vitro transcription, require a polymerase-

transcribe genes containing an Sp6 promoter, while 

that have a T7 promoter. Therefore, one may not use 

recognize the genes of its own domain of life, bacterial 

she must clone the gene of interest under a bacterial 
promoter in a bacterial vector that has a bacterial 
origin of replication. To express a bacterial gene in 

B.2 Differences in RNA processing
E. coli, which can be used 

directly to synthesize proteins, protein-coding 

must be processed and exported from the nucleus 
to the cytoplasm for translation. In fact, in E. coli, 
a gene can be translated while it is still being 

the transcription machinery are only precursors of 

for a variety of different cellular functions.

Pol II, are capped with a 7-methylguanosine-

in multicellular organisms. The most complicated 

exception for polyadenylation is that of histone pre-

and help establish the higher order structure of the 
chromatin. The histones of the nucleosomes also 
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gene and genome function. Histones are the most 

end. Occasionally, bacteria add poly-A tails to their 

genes is often interrupted with non-protein coding 

to many other chromosomal signals required for gene 

Intron splicing is a very demanding process. 

or the splicing acceptor, and the branching point, 
respectively. Occasionally, splicing enhancers or 
silencers inside exons or introns are also necessary 
to ensure correct intron-exon recognition and 
splicing. Furthermore, many specialized small 

The human spliceosome is composed of at least 170 
Behzadnia et 

al., 2007

introns are essential for the normal operation and 

splicing to deal with stress and even to determine 

Misregulation of splicing is the underlying cause of 

sequence may even cause lethal diseases in humans 

features that do not exist in bacteria. Successful 
capping, poly-A tail addition, and intron-splicing 

exist. The dilemma is that the many genes encoding 

the corresponding cellular machinery are not found 
in bacteria because bacteria do not need them.

C. Translation machines used by cells to translate 
their protein-coding genes

complexes used for translation in bacteria and 
yeast share a few basic designs, but they are not 
interchangeable and the differences are too vast to be 
explained by evolution.

C.1 Similarity in basic design

are called ribosomes. All ribosomes are made of two 

houses the peptide bond-forming center while the 

subunit in the language of proteins while the other 

and ribosomal proteins. However, as discussed below, 

needs to be cloned into a bacterial vector, so that the 

all of its introns removed. 

C.2 The critical differences
We will describe two categories of differences 

and the other functional below:

C.2.1 The non-interchangeable components

1. Differences in Mature Ribosomes
E. coli ribosomes are made of three types of

33 proteins together form the large subunit, while 

subunit. Of the 55 E. coli ribosomal proteins, 45 
have experimentally been shown to be essential for 
the viability of E. coli 

A total of 57 ribosomal proteins have been found in 
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E. 
coli

S. cerevisiae 

proteins. Forty-three of the 78 S. cerevisiae ribosomal 

S. cerevisiae ribosomal genes have 
been experimentally shown to be essential for the 
viability of S. cerevisiae

as paralogs, with almost the same protein-coding 

2. Differences in Ribosome Assembly Factors

involved in facilitating the protein synthesis that 
goes on in the mature ribosomes. For example, more 
than 150 non-ribosomal proteins and more than 70 

hundred proteins have been implicated in human 

E. coli, more than 20 assembly factors, including 
helicases, GTPases, and chaperones, are necessary for 
assembling E. coli 

organisms, even though their coding products 

interchanged even between alleged closely related 

transcription machinery, and vice versa. A close 

diverse organisms, although there are species-

coding regions determine whether and how much 

evolutionist, especially when considered together. 
First, they are depicted by high copy-number genes, 

organism are almost identical. Third, ribosomal 
genes between different organisms are highly species-

transcribed by its close relatives. Some suggest that a 
mythical process called concerted evolution accounts 
for the high homogeneity within a species and the 

organism magically change together in unison, 
then suddenly, a new species is born. Proponents 
of this idea seem to forget about the many proteins 

which cannot function at all except in transcribing 

units that can freely move within the chromosome 
or be freely and independently changed around the 

accompanied by differences in ribosomal binding 

assembling factors in an organism must change in 
a miraculous coordinated fashion for evolution to 

independent changes would be lethal. But how would 

It would have to plan ahead very carefully or 
the death of the cells involved would hinder its 

random mindless naturalistic process incapable of 
strategizing or planning anything.

As mentioned, many ribosomal proteins are
unique to their domains in the schema of life. Twenty-
three of the 57 bacterial ribosomal proteins are only 
found in bacteria and 43 of the 78 yeast ribosomal 
proteins do not have bacterial counterparts. In 

introns, which are not found in bacteria. Indeed, 
introns seem to be enriched in ribosomal protein 
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Fig. 5. Drosophila, yeast and E. coli. A. A schematic drawing of human, 
mouse, Drosophila, yeast and E. coli

Drosophila
E. coli

Bacteria do not have any 5.8S counterpart. E. coli

Consequently, E. coli

B
Drosophila E. coli

E. coli
E. coli

-BK000964.3, 
human Homo sapiens-U13369.1, - M21017.1, yeast S. cerevisiae-U53879.1, E. coli
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more than a hundred molecules, including proteins 

ribosomal protein genes cannot be processed in 
bacteria. Furthermore, 59 of the 78 S. cerevisiae 
ribosomal proteins are each encoded by two genes, so-
called paralogs, with almost identical protein-coding 
regions, and thus S. cerevisiae has 137 ribosomal 
genes. Contrary to what might be expected for two 
highly similar genes, these paralogous ribosomal 

Thus, to summarize, bacterial ribosomes can only 

proteins but also because of the specialized complexity 

assembly.

C.2.2 Ribosomal function is not 
exchangeable between bacteria and yeast

and yeast ribosomes, bacterial ribosomes can only 

E. 
coli genes are determined by the exact base-pairing 

to determine where to start translation. Instead, 

called scanning model of initiation, to determine the 
direction of translation and often start its translation 

the start codon, to facilitate their correct translation. 

gene has to be cloned into a bacterial vector with a 

sequence that is necessary for it to be translated 
by the bacterial machinery. In contrast, to express 

can be found in Appendix C. 

Conclusions
In summary, evolutionists are faced with a dilemma: 

on the one hand, all life forms share common basic 
building materials and many biological processes. On 
the other hand, there are many unbridgeable gaps 
between diverse organisms, as shown by the many 
indispensable and non-interchangeable molecular 
machines that replicate, transcribe, and translate 

tree to depict the relationships of different life forms 

we must accept the mess of a tangled web as some 

creationist prediction of an orchard of life, not a tree 

consistent with the creation record of the Bible in 
that all animals, including humans, were each made 
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Bacteria (E. coli) Eukaryote (S. cerevisiae)

1. DNA replication is semiconservative 

2. DNA replication is bidirectional 

3. DNA replication is semi-discontinuous: the leading strand is made continuously and the lagging strand discontinuously as 
Okazaki fragments 

4. DNA polymerases need a primer to function

5. RNA polymerases synthesize the primers, which are RNAs

6. Primers are RNAs and need to be replaced with DNAs before the completion of replication

7. DNA ligase connects adjacent Okazaki fragments after the RNA primers are removed 

1. Circular chromosome 1. Linear chromosomes 

2. One origin of replication 2. Many origins of replication

3. Key proteins (all unique to bacteria): 3. Require origin licensing

a. DnaA: initiator 4. The licensed origin must be activated before replication 
can take placeb. DnaB: helicase

c. DnaC: helicase loader
to eukaryotesd. DnaG: primase

1. Requires only one DNA polymerase: 1. Requires three DNA polymerase:

a. DNA polymerase III holoenzyme is made of nine 
distinct proteins (primase), and two regulatory subunits, involved in 

replication initiation

b. The core polymerase made of genes dnaE (DNA 

regulatory subunits, replicating the lagging strand

2. Clamp loader made of genes dnaX, holA, holB, holC, 
holD regulatory subunits, replicating the leading strand

3. ß clamp made of two copies (homodimer) of dnaN 2. Clamp loader RFC1-5 (replication factor C1-5) function 
as a heteropentamer

4. RNA primers are removed by DNA polymerase I encoded 
by polA gene

3. ß clamp made of three copies (homotrimer) of PCNA, 
which has no sequence homology with the E. coli ß  
clamp dnaN

5. DNA ligase is NAD+- dependent 4. RNA primers are removed by Flap endonuclease 
(FEN1)

5. DNA ligase is ATP-dependent

1. Occurs when the two replicating forks meet half way 
around the bacterial chromosome

1. Require a special enzyme, telomerase, to form their 
ends

2. Terminator region:
a. Termination site (Ter): DNA sequences allowing or 

stopping replication depending on their orientation

2. Telomerase uses an RNA template to add nucleotide 
repeats to chromosome ends

b. TUS: a protein binds Ter sites and arrests the replicatin 
by ihibiting DnaB helicase

3. Topoisomerase IV and recombinase allow the two newly 
synthesized sister chromosomes to separate
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Appendix B

Bacteria (E. coli) Eukaryote (S. cerevisiae)

1. DNA template sequence determines the RNA sequence

2. ATP, CTP, GTP, and UTP are required for RNA synthesis

3. The template DNA is read from 3’ to 5’, RNA is created from 5’ to 3’ direction

4. Three main types of RNAs: rRNAs, mRNAs, and tRNAs

1. One single RNA polymerase to synthesize all RNAs 1. Three RNA polymerase

a. RNA Pol I in nucleolus: makes pre-rRNAs

b. RNA Pol II in nucleoplasm: makes pre-mRNAs which 
codes for all proteins

c. RNA Pol III in nucleoplasm: makes tRNAs, 5S rRNAs, 
and other small RNAs

2. Fourteen subunits for Pol I, 12 for Pol II, 17 for Pol III

Requires the assistance of at most a few accessory factors 
to transcribe genes

Require numerous transcription factors to transcribe 
genes

a. Several general transcription factors made of dozens 
of proteins

c. Mediators (one yeast mediator contains 21 different 
proteins)

1. RNA polymerase holoenzyme has direct access to its 
DNA template DNA template because eukaryotic DNAs are wrapped 

around histones and are highly compacted

2. Bacterial genes tend to be turned on or require at most a 
couple of regulatory proteins to become fully active

2. Eukaryotic genes tend to be turned off in the absence 
of regulatory proteins

degradation 1. For RNA Pol II:

and to facilitate splicing and translation

to stablizie mRNA and to facilitate splicing and 
translation

c. Containing spliceosomal introns which are removed 
from pre-mRNA

d. Using alternative splicing such that one eukaryotic 
gene can be spliced in different ways, generating 
various mRNAs and proteins

translated

f. The processes a-e are all coupled processes

2. Many bases of RNA Pol I and Pol III transcripts are 

cap or polyA tails will be added
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Appendix C.

Bacteria (E. coli) Eukaryote (S. cerevisiae)

1. Similarities in transfer RNA:

a. An amino acid must be attached to a tRNA before it can be incorporated into a protein

b. tRNAs have cloverleaf secondary and L-shaped three-dimensional structures

2. Similarities in aminoacyl-tRNA synthetases:

a. Aminoacyl-tRNA synthetases activate amino acids and attach them to tRNAs

b. Aminoacyl-tRNA synthetases can be divided into class I and class II types

3. Similarities in messenger RNA and the genetic code:

a. Messenger RNAs program ribosomes to synthesize proteins

b. Three adjacent bases in the mRNA specify an amino acid codon

e. The genetic code is non-overlapping, commaless, highly degenerate, and unambiguous

4. Similarities in ribosomes:

a. Ribosomes are made of two subunits, each composed of both rRNAs and proteins

b. The large ribosomal subunit synthesizes the peptide bonds

c. The small ribosomal subunit decodes the mRNAs

d. A ribosome is dissembled (that is, the two ribosome subunits are separated) after synthesizing one protein molecule

e. The separated ribosomal subunits can be reassembled, assisted by initiation factors, with the initiating tRNAs and mRNAs. 
In fact, ribosomes are either synthesizing proteins or they fall apart. Thus, intact, funcational ribosomes that are free of 

. 1. Transcription and translation take place in the same 
compartment

1. Transcription happens in the nucleus, and translation 
takes place in the cytoplasm

2. Translation occurs while the mRNA is being made 2. Translation occurs after transcription and processing of 
pre-mRNAs

3. 70S ribosome: 3. 80S ribosome:

a. large subunit 50S: 23S rRNA + 5S rRNA + 33 proteins a. large subunit 60S: 25S rRNA + 5.8S rRNA + 5S 
rRNA + 46 proteins

b. small subunit 30S: 16S rRNA + 22 proteins b. small subunit 30S: 18S rRNA + 32 proteins

c. 22 of the E. coli 55 ribosomal proteins are unique for 
bacteria

c. 43 of the 79 S. cerevisiae ribosomal proteins have no 
bacteria homologs

4. Initiating aminoacyl-tRBA is N-formyl-methionyl-tRNA, and 

into a polypeptide

4. Initiator tRNA is charged with a methionine that is not 
formylated

5. The Shine-Dalgarno sequence shows ribosomes where 
to start

5. No Shine-Dalgarno sequence: ribosomes often choose 
the most upstream start codon

6. Three initiation factors 6. Eukaryotes have at least 12 different initiation factors

7. Scanning model of initiation

8. A Kozak sequence may facilitate the start codon 
determination

Bacteria have three protein release factors Eukaryotes have two release factors

a. RF1: recognizes the UAA and UAG a. eRF1: recognizes all three termination codons

b. RF2: recognizes the UAA and UGA b. eRF3: a ribosome-dependent GTPase helping eRF1 

c. RF3: stimulates the rate of peptide release by RF1 or 
RF2 but does not act on its own
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