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Prokaryotes were islated from a gerile cdl culture sysem in
which gerile retroviraly transformed human eukaryotes were
subjected to an oxygen environment of alternating anaerobioss
and aerobioss All prokaryotes were isolated within 15 days of
bioprocess initiation and all were dassfied as Gram-postive
eubacteria, badilli and saphylococd, which were often highly
pleomor phic in culture. This serile bioprocess was validated in
an independent sudy. Genome szing by pulsed-fidd g dectro-
phoressindicated that the genomes of representative prokaryo-
tes have approximate sizes of 1.6 megabases and 2.1 megabases
Through DNA sequencing and in silico analysis, one representa-
tive prokaryoatic genome was found to contain transposable and
genetic dements that match DNA sequences which map to 19
different human chromosomes (1, 2, 3,4, 5, 6, 8,9, 10, 11, 12, 13,
15, 17, 18, 19, 20, 21 and X), to staphylococcal genomes and to
plant genomes. Many representative prokaryote genomic DNA
sequences analyzed were found to be novd with no significant
matches to DNA sequences contained in current nudectide se-
guence databases. As the human genome nudectide sequence
database expands and/or the methods of in slico analyss ad-
vance, some novel DNA squences, many with apparent coding
regions, might be found to match DNA sequences that map to
the human genome. Other novel DNA sequences might be the
result of widespread recombination events invalving human
retrodements. A few representative prokaryote genomic DNA
seguences match DNA sequencesthat map to both the staphylo-
coccus genome and the human genome, indicating that eubacte-
rial DNA dements are present in the human genome. In addi-
tion, immunoblot sudies indicated that various prokaryotes so
isolated express both human genesproteins that map to many
different human chromosomes and retroviral proteins Pro-
karyotes were isolated from other human and mammalian eu-
karyatic cdl lineswith this culture sysem. Biocomputing analo-
gies can be used to explain the associated eukaryoteto-
prokaryote genome evolution which appears to be speciation-
related and retrolement-reated. Although questionsremain to be
answer ed regar ding the mechanism(s), thesmplicity of thisoxy-

enrelated bioprocess a type of direted reductive evolution,
lends readily to the devdlopment of applications induding the
rapid generation of bacterial expresson sysems, human and
animal biologicals, novel chimerical proteins and vaccines [The
sequence data described in thispaper have been submitted tothe
GenBank data library under accesson numbers AF266540-
AF266551 and AF286220-AF286221.]
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Introduction

A popular theory of cellular evolution suggests that many modern-
day eukaryotes are the products of ancient endosymbioses involving
free-living prokaryotes'. Phylogenetically, Gupta and Doolittle have
considered the eukaryotic nuclear genome to be an evolutionary chi-
mera, containing both eubacterium-related genes and archaebacte-
rium-related genes™®. Based upon new approaches to molecular phy-
logenetic and biochemical reconstructions of cellular evolution and
contrary to endosymbiotic scenarios for eukaryotic genome evolu-
tion, Forterre, Poole and others have proposed an ancient eukaryotic
rooting for the universal tree of life in which the prokaryotic genome
is derived from a eukaryote-like genome’ .

Assuming that the eukaryotic genome contains prokary-
otic ‘information’ (through endosymbiosis or not) and that changes
in environment increase the rate of biologic evolution', T hypothe-
sized that changes in environment might induce the orthologous,
‘vertical” genomic DNA transfer associated with a modem-day eu-
karyote-to-prokaryote genome evolution and speciation, a higher
order process that appears to be inextricable from eukaryote-to-
prokaryote genome evolution. In addition, I assumed that the biopro-
cess might occur saltationally, i.e. within a ragd and observable
timeframe. The latter assumption counters the common assumption
in cellular evolutionary theory that all extant life including all pro-
karyotic lineages have evolved continuously from an ill-defined ‘last
universal common ancestor’ (‘LUCA’) that existed in an unobserv-
able distant past®*°.

Fruitful direction was found in consideration of the criti-
cal role of retroviral elements in environmental stress-induced mac-
roevolutionary events'”. As an environmental pressure, anoxia is a
potent stimulus for the induction of various retroelements'®-"”. Corre-
spondingly, changes in planetary oxygen atmosphere may have been
associated with symbiogenesis and the attendant genomic DNA
transfer in early cellular evolution'. After considerable empirical test-
ing, I developed a sterile bioprocess using a sterile in vitro cell culture
system in which sterile retrovirally transformed human eukaryotes
were subjected to an environmental pressure of alternating acrobiosis
and anaerobiosis. This empirical, experimental method could be
viewed as a test of a recent theoretical prediction that a prokaryotic
genome can be derived from a eukaryote-like genome® with the addi-
tional premise that this genome evolution is inextricable from cellular
evolution or speciation.

Within 15 days of bioprocess initiation, pleomorphic prokaryo-
tes with Gram-positive eubacterial features were isolated from sterile
retrovirally transformed human eukaryotes using this sterile biopro-
cess. The following results and discussion report the findings and
arguments supporting the conclusion that this sterile bioprocess
drives eukaryote-to-prokaryote genome evolution and speciation.
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Reaults

Serility Testing of the Retrovirally Transformed Human Eukaryotic
Cdl Line, ATCC CRL 11655, Indicates that the Cdll Line Is Free of
Microbial Contamination

Extensive in-house and independent sterility testing by BioReliance
Corp. (Rockville, MD) indicated that the ATCC CRL 11655 cells
(Fig. 1a) used in these experiments harbored no microorganisms
prior to exposure to the oxygen-related environmental pressure. Ste-
rility studies included a highly sensitive, double-step-PCR molecular
phylogenetic method using nested, degenerate primers and positive
controls to detect gene sequences coding for the evolutionary con-
served 16 S rRNA of some twenty-five mycoplasmas, including
those most commonly found in cell cultures'®.

Figure 1 Photomicroscopies of retrovirally transformed human eu-
karyotic cells and a prokaryote isolated from the cell culture system.
a, light photomicroscopy of the retrovirally transformed human eu-
karyotic cell line in culture actively propagating under standard aero-
bic cell culture conditions (magnification, x 25), b, transmission elec-
tron photomicroscopy of a prokaryote isolated from the cell culture
system (magnification, x 45,900), ¢, fungus-like morphologies ob-
served for some prokaryotes (magnification, x 37.5).
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Prokaryotes Were I0lated from the Serile Cdl Culture Sytem
Within 15 Days of Bioprocess Initiation

The sterile cell culture system involved exposing sterilely vented
culture flasks of sterilely cultured eukaryotic cells to sterile alternat-
ing aerobic/anaerobic conditions (the environmental pressure phase)
followed by sterile aerobic bacteriological cell culture of flask con-
tents (the propagation phase). Approximately one prokaryotic colony
was isolated during the propagation phase for each 7.5 x 10" ATCC
CRL 11165 cells exposed to the oxygen-related environmental pres-
sure in the environmental pressure phase. All colonies were isolated
within 15 days of the initiation of experiments. Prokaryotes were
isolated from no other condition including medium-only controls in
the modified anaerobic jar and controls in the environmental pressure
phase in which eukaryotic cells were incubated in a stable atmos-
phere of air/5% CO, (see Methods). Prokaryotes were isolated from
this sterile cell culture system in an extensively-controlled independ-
ent study by BioReliance Corp. (see Methods). A total of 19 different
prokaryotic colonies were isolated in 11 experiments using various
mammalian eukaryotic cell lines including those human, murine ,
porcine and derived from tumors.

Prokaryotes | solated with the Bioprocess Have Gram-Pogtive
Eubacterial Featuresand Are Often Pleomorphic

All prokaryotes were classified initially as various species of Gram-
positive eubacteria. Morphologies observed include those coccal
(Fig. 1b), bacillary and, often, highly pleomorphic and fungus-like
(Fig. 1c). Prokaryote W, an isolate selected for in-depth molecular
analysis, was identified by biochemical typing at the ATCC, with
difficulty and tentatively, as a strain of Saphylococcus capitis
Saphylococcus capitis is a member of the Staphylococcus epider-
midisspecies group".

Genome Szesof Pleomorphic Prokaryote W Colony Variants Differ
by Several Kilobases

The prokaryote P genome size was determined to be approximately
2.1 megabases by one-dimensional pulsed-field gel electrophoresis
(not shown)™. Prokaryote W was highly pleomorphic, exhibiting
two colony variants during plate culture for pulsed-field gel electro-
phoresis. This colony-variant pleomorphism in plate culture was ob-
served with other prokaryotes derived with this bioprocess. Pulsed-
field gel electrophoresis indicated that the prokaryote W colony vari-
ants have genome sizes of approximately 1.6 megabases and 2.1
megabases.

The Riboprint of One Prokaryote W Colony Variant Does Not Match
Any Known Genome Sze of Its Species Group

Riboprinting or automated ribotyping, the automated determination
of DNA sequence restriction patterns for prokaryotic RNA, can be
useful in the classification of prokaryotes into species groups. Ribo-
printing for the prokaryote W colony variant with a genome size of
approximately 2.1 megabases was indeterminate with respect to ex-
isting riboprint databases. The riboprint for the prokaryote W colony
variant with a genome size of approximately 1.6 megabases indi-
cated that this colony variant belongs to the Saphylococcus epider-
midis species group (not shown). However, no average genome size
for this staphylococcus species group has been observed to be less




than approximately 2.2 megabases'®. This mismatching of riboprint
and prokaryote W genome size with reference to existing literature
and the difficulties in riboprinting in general highlight the novelty of
the often pleomorphic prokaryotes derived with this bioprocess. Pro-
karyote P riboprinting was also indeterminate.

Immunoblotting Sudies Indicate that Prokaryotes |solated Express
Murine Retroviral and ‘Human' Proteins

Prokaryotes derived with this bioprocess were examined for the pres-
ence of murine retroviral genes/proteins from the murine retrovirus

used to establish the retrovirally transformed human eukaryotic cell
line. Prokaryotes and retrovirally transformed human eukaryotic cells
express several retroviral gag precursor polyproteins in addition to
the retroviral gag p30 core protein® *** (Fig, 2a). This finding was
confirmed by restriction mapping of a 500-bp murine retroviral gag
gene product, PCR-amplified from retrovirally transformed human
eukaryotic cell DNA templates and from prokaryotic DNA tem-
plates (not shown). One prokaryote expresses and Secretes two iso-
forms of human serum albumin (Fig. 2b). Immunoblot studies indi-
cate that other prokaryotes isolated express a variety of human pro-
teins (not shown).
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Figure 2 Detection of the L-cell virus p30 core protein and related polyproteins. 8, Immunoblot for murine retroviral gag p30 core pro-
tein. Lanes: 1, retrovirally transformed human eukaryotic cell protein pellet; 2, a protein pellet from a prokaryote isolate used for the gag
gene PCR and restriction enzyme analysis; b, Immunoblot of human serum albumin (HSA). Lanes: 1, HSA standard (1.5 fg); 2, open; 3,
prokaryotic protein pellet; 4, prokaryotic culture supernatant protein pellet. This blot was probed with a monoclonal, anti-human serum
albumin antibody that recognizes 63 and 66 kD HSAs. Note that the prokaryotic protein pellet sample contains the 63 kD isoform and
related polyproteins. The supernatant protein pellet sample contains the 63 kD isoform and the 66 kD isoform.
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Human AIW/LINE-1-directed PCR Anplification of Prokaryotic Ge-
nomic DNA Suggests that Human Genome-Rdated Trangposable
Elements Are Present

Human AIWLINE-1-directed PCR amplification of prokaryotic ge-
nomic DNA was used to screen for the presence of human genome-
related transposable/repeat elements. Gel electrophoresis DNA
smears typical of human AIWLINE-1-directed PCR amplification
were observed when using ‘human-specific’ Alu and LINE-1
imers™*** with genomic DNA templates from human placenta,
the retrovirally transformed human eukaryotic cell line, and two pro-
karyotes, P (ATCC 55589) and W (ATCC 55590) (Fig. 3). No Alu
and LINE-1 inter-repeat element DNA smears were observed when
using control porcine genomic DNA templates. The presence of
these DNA smears suggests that many sequences are amplified, ob-
scuring gel-electrophoresis visualization of individual sequences™.
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Figure 3 Gel electrophoresis DNA smears typical of human Alw/
LINE-1-directed PCR of inter-repeat elements. Lanes: 1, 1 kb lad-
der (BRL); 2, human placenta; 3, retrovirally transformed human
endothelial cell; 4, prokaryote P; 5, prokaryote W; 6, porcine eu-
karyotic cell control; 7, human placenta; 8, retrovirally transformed
human endothelial cell; 9, prokaryote P; 10, prokaryote W; 11, por-
cine eukaryotic cell control. Alu and human LINE-1 inter-repeat
element DNA smears in lanes 2-6 were amplified using oligonucleo-
tide primers designated ‘517’ * and ‘L1S’ **. Smears in lanes 7-11
were amplified using oligonucleotide primers designated “TC-65"%
and, again, ‘L1S.” The molecular weights of the AWLINE-1 PCR
inter-repeat element DNA products were in the kilobase range.
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DNA Sequencing and In Slico Analyss of Cloned Human Alu
LINE-1-directed PCR Amplification of DNA Products from Prokary-
otic Genomic DNA Reveals Human Genome-Related DNA

DNA products from a human AIWLINE-1-directed PCR amplifica-
tion of prokaryotes P and W genomic DNA using oligonucleotide
primers ‘TC65” and ‘L1S™"* were cloned with a T/A cloning
method and sequenced by primer extension. Fifty PCR DNA prod-
ucts from each amplification were sequenced. Using the National
Center for Biotechnology Information (NCBI) BLASTN and
BLASTX programs > with the GenBank nonredundant (nr) nucleo-
tide sequence database, a number of the PCR DNA sequences from
both the genomes of prokaryotes P and W matched DNA sequences
that map to the human genome. These PCR DNA sequences include
both human genome-related extragenic repeat elements (SINEs,
LINEs, MIRs, €c.,) and human genome-related non-repeat genetic
elements. The prokaryote W genome was selected for in-depth in
dlico analysis.

DNA Seguencing and In Slico Analyss of Cloned Human Alw/
LINE-1-directed PCR Amplification of DNA Products from Prokary-
ote W Genormic DNA Reveal 22 Kilobases of DNA Rdated to 19
Different Hurman Chromosomes

Human AIWLINE-1-directed PCR DNA sequences amplified from
the prokaryote W genome were found to match DNA sequences
that map to specific human chromosomes. Fig. 4 and Sa-c depict
PCR DNA sequence matches that map to human chromosomes 9,
11, 12, 20, 21 and X and a human kpni repeat mRNA cDNA se-
quence using the BLASTN and BLASTX programs with the Gen-
Bank nonredundant (nr) nucleotide database (see Appendix I for a
representative sequence alignment). Matches to DNA sequences
from chromosomes 9, 11, 12 and X and the kpni repeat mRNA
cDNA were found to have Expect values (E values) of 0.0 . The E
value is a parameter or statistical significance threshold that describes
the number of hits (or "background noise") one can expect to see just
by chance when searching a database of a particular size for se-
quence matches™. For the database searches described, the default
value of 10 was used, such that 10 matches are expected to be found
merely by chance.

Using the BLASTN program with the GenBank high through-
put genome sequencing (htgs) nucleotide sequence database, other
AIWLINE-1-directed PCR DNA sequences amplified from the pro-
karyote W genome were found to match DNA sequences that map
to human chromosomes 2, 4, 5, 6,9, 10, 11, 12, 17 and 21 (E values:
0.0) and human chromosomes 1 (E value: 1e-102), 3 (E value: 2e-
141), 8 (E value: 1e-99), 13 (E value: 8¢-82), 15 (E value: 2¢-91), 18
(E value: 2e-100) and 19 (E value: 1e-122). Most of these htgs-
matched PCR DNA sequences were found to contain nonrepeat
genetic elements when using repeat masking to exclude repeat DNA
sequences from the target DNA sequences during in Slico analysis.
Altogether, 22 kilobases of human AIWLINE-1-directed PCR DNA
sequences from the prokaryote W genome were found to be related
to DNA sequences that map to these 19 different human chromo-
somes (1,2,3,4,5,6,8,9,10, 11, 12, 13, 15, 17, 18, 19, 20, 21 and
X; E values of 0.0 for sixteen DNA sequence matches).

The prokaryote P genome was found to contain human Alw/
LINE-1-directed PCR DNA sequences that match DNA sequences
that map to at least 10 different human chromosomes (not shown).
Other AIWLINE-1-directed PCR DNA sequences from the prokary-
ote P genome appeared to be human but indeterminate as to specific
human chromosomal origin.




A Few Human AlWLINE-1-directed PCR Armplification DNA Prod-
ucts from Prokaryote W Genomic DNA Are Prokaryote-Related
DNA Sequences

Several kilobases of human AIWLINE-1-directed PCR DNA se-
quences were found to match DNA sequences that map to the
Saphylococcus epidermidis genome through BLASTN analysis (as
in Fig. 5d). Several PCR-product DNA sequences did not have
matches to human or Saphylococcus epidermidis genomic DNA
sequences using current nucleotide databases. Some prokaryote W
nucleotide sequences match DNA sequences of proteins involved in
Saphylococcus aureus cell wall synthesis (Fig. 5e). Sequence identi-
ties of these prokaryote W nucleotide sequences to these known
DNA sequences are moderate with matches varying from 71% to
82%. It is possible that these Saphylococcus aureuslike sequences
will be found to match Staphylococcus epidermidis genome se-
quences in future studies. Nonetheless, these PCR DNA sequence
amplification data indicate that the prokaryote W genome is chimeri-
cal, consisting of human-like DNA sequences admixed with pro-
karyote-like DNA sequences. This observation may have some rela-
tionship to protein phylogenies that indicate a close evolutionary rela-
tionship between Gram-positive eubacteria and the probable exis-
tence of ‘chimerical’ prokaryotic genomes in nature *+>*%.

DNA Sxquencing and In Slico Analyds of a Shotgun Library Sam
pling of the Prokaryote W Genome Indicates That 60% of Prokary-
ote W Shotgun Library DNA Sequences (67 kilobases of DNA) Are
Nove

Next, a shotgun library of prokaryote isolate W genomic DNA was
constructed to obtain a random sampling of genomic DNA frag-
ments for sequencing and in Slico analysis. 109 kilobases of DNA
were sequenced. 60% of the DNA sequences from the shotgun li-
brary sampling (67 kilobases of DNA) have no significant matches
to DNA sequences (E values < 1e-20) contained in the current NCBI
nucleotide sequence databases using the NCBI BLASTN program.

Other Shotgun Library Prokaryote W DNA Sequences Are Related
to Prokaryote Genetic Elements, to Both Prokaryotic and Human
Genetic Elements and to Plant Genetic Elements

Approximately 37% of the DNA sequences from the shotgun library
sampling (40 kilobases of DNA) match DNA sequences that map to
the Saphylococcus epidermidis genome (E values: 0.0) using the
NCBI BLASTN program. Prokaryote W was typed as a strain of
Saphylococcus capitis, which belongs to the Staphylococcus epider-
midis species group. Figure 6a depicts one such prokaryote W shot-
gun library DNA sequence that matches a Staphylococcus epider-
midis DNA sequence that contains 16S and 23S rRNA DNA se-
quences. This finding agrees with one prokaryote W riboprinting (see
above). Multiple regions of this DNA sequence match htgs-database
DNA sequences that map to human chromosomes 5 and 16 DNA
sequences submitted by the Production Sequencing Facility of the
DOE Joint Genome Institute.”” The in Slico analysis of these infor-
mational gene-related DNA sequences suggests that some nucleotide
sequences within the human genome may be "eubacterial” in nature.
Two prokaryote W shotgun library DNA sequences are shown that
match DNA sequences that map to the Saphylococcus aureus
SRImec-I and SCCmec-I region (Fig. 6b) and a DNA sequence of
the Staphylococcus epidermidis genome (Fig. 6¢). These DNA se-
quences are representative of prokaryote W DNA sequences that ap-
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pear to be staphylococcal in nature.

One novel shotgun library prokaryote W genomic sequence
matches a DNA sequence that maps to an mRNA of a putative
Hslpro-1 homologue from Glycine max (soybean) using analysis
with the GenBank nr nucleotide sequence database (Fig. 6d). An-
other novel shotgun library prokaryote W genomic sequence
matches a DNA sequence that maps to a cytochrome p450 mRNA
from Mgna radiata (mung bean) (not shown). Recently, a human
gene similar to plant lysophosphatidic acid acyltransferase was dis-
covered within human chromosome 21%. These findings suggest
that the prokaryote W genome contains homologues of plant genes
that were transferred from the human genome. Since the Hs1pro-1
homologue corresponds to an mRNA sequence, its transfer may
have involved reverse transcription. This mRNA sequence corre-
sponds to less than half of an approximate three kilobase DNA se-
quence. The remainder of this DNA sequence is novel with no sig-
nificant matches to DNA sequences contained in current NCBI nu-
cleotide sequence databases (Fig. 6d, second figure). Other prokary-
ote W shotgun library DNA sequences were found to match htgs-
database DNA sequences that map to human chromosomes 9 and 17
(not shown).

Discusson

The Evidence Indicates a Process of a Eukaryote-to-Prokaryote Ge-
nome Evolution That Involves a \ertical Genomic DNA Trandfer of
Speciation Rather Than Eukaryote-to-Prokaryote Horizontal Ge-
nomic DNA Trandfer

Little, if any, literature documents experimental environmental pres-
sure-induced eukaryote-to-prokaryote horizontal DNA transfer. Most
studies of eukaryote-to-prokaryote horizontal DNA transfer involve
historical, non-empirical molecular phylogenetic reconstructions of
discrete genomic DNA transfers®. A recent review of horizontal
(lateral) gene transfer in bacteria emphasizes prokaryote-to-
prokaryote horizontal gene transfer and notes the importance of
transposon-related sequences in horizontal gene transfer in bacteria™.
However, few specifics are given regarding eukaryote-to-prokaryote
horizontal gene transfer and no mention is made of experimental
environmental pressure-induced eukaryote-to-prokaryote horizontal
DNA transfer.

The invitro and in silico evidence presented documents a repre-
sentative prokaryotic genome that contains at least 22 kilobases of
genomic DNA sequences, both genetic and extragenic, which match
DNA sequences that have been mapped to 19 different human chro-
mosomes (1,2,3,4,5,6,8,9,10, 11, 12,13, 15, 17, 18, 19, 20, 21
and X; E values of 0.0 for sixteen DNA sequence matches). This
finding indicates widespread inter-chromosomal recombination of
human genome-related DNA as part of the genomic DNA transfer
process. The human AIWLINE-1-directed PCR DNA smear and
DNA sequence data indicate that numerous human genome-related
retroelements are involved in the genomic DNA transfer and that
prokaryote-related genetic elements are admixed with human ge-
nome-related extragenic and genetic elements in these prokaryotic
genomes. These findings suggest that the genomic DNA transfer
may be retroelement-mediated.

In addition to the murine retrovirus present in this human cell
line, Aluand LINE-1 retroelements (interspersed repeats) are abun-
dantly available in the human genome to serve as a retroelement-
based infrastructure for a eukaryote-to-prokaryote genome reorgani-
zation. Recent sequencing of human chromosomes 21 and 22 reveals
that these retroelements together make up approximately one-fourth
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a e prokaryote W DNA sequence 430 bp
—_—_——_—e————— human chromosome X sequence 400 bp
99% match

b ————- )rokaryote W DNA sequence 947 bp
—- human chromosome 11p13 DNA sequence 934 bp

98% match

C ————- prokaryote W DNA sequence 788 bp
I

human kpni repeat mMRNA cDNA sequence 349 bp
98% match

(  ——- prokaryote W DNA sequence 937 bp
— human chromosome 21922 DNA sequence 747 bp
85% match
— ORF - human transposon LRE 2 40k protein

e — prokaryote W DNA Sequence 2058 bp
————————> |\ man chromosome X DNA sequence 1971 bp

99% match

Figure 4 Sequence analysis of inter-repeat element DNA products from a human AIWLINE-1-directed PCR amplification of prokaryote
W genomic DNA using oligonucleotide primers "TC65" and L1S." Matches (or percent identities) map to DNA sequences contained
in the GenBank nonredundant (nr) database. &, a prokaryote W DNA sequence (GenBank accession number AF266540) that matches a
DNA sequence that maps to human chromosome X and contains an Alu-Sb repeat subfamily and other human repeat sequences (E
value: 0.0) (GenBank accession number AC004074), b, a prokaryote W DNA sequence (GenBank accession number AF266541) that
matches a DNA sequence that maps to human chromosome 11p13 (E value: 0.0) and contains LINE-1 and Alu-Sx subfamily repeats
(EMBL accession number HSDJ259N9), ¢, a prokaryote W DNA sequence (GenBank accession number AF266542) that matches a
cDNA sequence that maps to a human kpni (LINE-1) repeat mRNA (E value: 0.0) (GenBank accession number HUMRSKPOS), d, a
prokaryote W DNA sequence (GenBank accession number AF266543) that matches a DNA sequence that maps to human chromo-
some 21q22 and contains a LINE-1 repeat encoding a peptide with homology (42%-44% si by BLASTX analysis) to a number of hu-
man p40 proteins (highest E values: 9e-172 for the nucleotide sequence / 3e-44 for the protein sequence) (GenBank accession number
AF020803; PIR accession number 138587) and € a prokaryote W DNA sequence (GenBank accession number AF266544) that
matches a DNA sequence that maps to human chromosome X (E value: 0.0) (EMBL accession number HSU227D1). See Appendix I
for a representative sequence alignment. In some sequence series, short duplicated repeats flank the sequence with an E value of 0.0.
Sequences upstream and downstream to these repeats have lower E values.
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a4 ———  Drokaryote W DNA sequence 343 bp
EE————  human chromosome 20 DNA sequence 337 bp
96% match

b — prokaryote W DNA sequence 863 bp

human chromosome 12p13 sequence 692 bp
100% match

C  ——s———)- )0k aryote W DNA sequence 1836 bp
——————————————————- human chromosome 9 DNA sequence 1769 bp

98% match

d — prokaryote W DNA sequence 1781 bp
—— Staphylococcus epiderimidis DNA sequence 1752 bp

99% match

€ ————————————————————— prokaryote W DNA sequence 2356 bp

—— = ORF1 & ORF2 — dhdp synthase and reductase
—- ORF3 —thdp succinylase
ORF1 ORF2 ORF3
72% match 71% match 82% match
(S. aureus) (S. aureus) (S. aureus)

Figure 5 Sequence analysis of inter-repeat element DNA products from a human AIWLINE-1-directed PCR amplification of prokary-
ote W genomic DNA using oligonucleotide primers "TC65" and L1S." Matches (or percent identities) map to DNA sequences con-
tained in the GenBank nonredundant (nr) database. &, a prokaryote W DNA sequence (GenBank accession number AF266545) that
matches a DNA sequence (L1IMC?2 repeat) that maps to human chromosome 20 (highest E value: 2e-83) (EMBL accession number
HSJ944N18), b, a prokaryote W DNA sequence (GenBank accession number AF266546) that matches a DNA sequence that maps to
human chromosome 12 (E value: 0.0) (GenBank accession number AC012156) and contains MIR and MSTA repeats, C, a prokaryote
W DNA sequence (GenBank accession number AF266547) that matches a DNA sequence that maps to human chromosome 9 (E
value: 0.0) and contains the repeat families AluY, L1P1, MIR, L1M4 and L1PA6 in addition to non-repeat sequence (GenBank acces-
sion number AC006313), d, a prokaryote W DNA sequence (GenBank accession number AF266549) that matches a DNA sequence
that maps to the Saphylococcus epidermidis genome (E value: 0.0) (GenBank accession number AF269663) and € a prokaryote W
DNA sequence (GenBank accession number AF266548) that matches a DNA sequence that maps to a DNA sequence that contains a
tandem repetition of genes/proteins homologous to dihydrodipicolinate (dhdp) synthase and reductase and tetrahydrodipicolinate (thdp)
succinylase in Saphylococcusaureus (E values: ORF1 - e-120, ORF2 - 3e-88 and ORF3 - 2¢-83) (ORFs 1, 2 and 3 - GenBank acces-
sion number AF306669). In some sequence series, short duplicated repeats flank the sequence with an E value of 0.0. Sequences up-
stream and downstream to these repeats have lower E values.
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a — prokaryote W DNA sequence 2871 bp
————————————— Staphylococcus epidermidis DNA sequence 2783 bp

99% match
Em E E———— - - - P human chromosomes 5 & 16 DNA sequences 941 bp
81%- 93% matches (total)

b — prokaryote W DNA sequence 552 bp
_—_— . Staphylococcus aureus DNA sequence 487 bp (SRImec-l and SCCmec-1)
90% match

C prokaryote W DNA sequence 787 bp
T ————__gtaphylococeus epidermidis DNA sequence 756 bp

98% match
e —— Glycine max putative HS1pro-1-ike receptor mRNA
94% match

MRNA N 1441 bp/455aa

Glycine max putative HS1pro-1-ike receptor mRNA (94% match)

Figure 6 Shotgun library sequences from the prokaryote W genome. Matches (or percent identities) map to DNA sequences contained in
the GenBank nonredundant (nr) database and the GenBank htgs database. @, a prokaryote W DNA sequence (GenBank accession
number AF266550) matches a DNA sequence that maps to the Saphylococcus epidermidis genome (E value: 0.0) (GenBank acces-
sion number AF269568) and contains 16S rRNA and 23S rRNA DNA sequences. Multiple regions of this DNA sequence match
DNA sequences that map to human chromosome 5 (GenBank accession numbers AC009017 and AC008706) and human chromo-
some 16 (GenBank accession number AC009112), b, a prokaryote W DNA sequence (GenBank accession number AF286220) that
matches a DNA sequence that maps to a Staphylococcus aureus nucleotide sequence, SRImec-I and SCCmec-I region (highest E
value: 1e-168) (GenBank accession number AB033763) and contains the opening reading frame, ORFN042 (DDBJ accession number
BAA94662.1), c, a prokaryote W DNA sequence (GenBank accession number AF286221) that matches a DNA sequence that maps
to the Staphylococcus epidermidis genome (GenBank accession number AF269325) and d, a prokaryote W genomic sequence
(GenBank accession number AF266551) shows similarity to the mRNA of a putative Hslpro-1 homologue from Glycine max
(soybean) (highest Expect value: 0.0) (GenBank accession number AF280812). This mRNA corresponds to less than half of an approxi-
mate three kilobase DNA sequence, the remainder of which is novel with no significant DNA sequence matches to DNA sequences
contained in current nucleotide sequence databases (second figure).
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of human chromosomal DNA sequences™*’. The potentially large
number of kilobase-sized human genome-related extragenic and
genetic elements transferred ‘vertically’ in these experiments (as
indicated by the AIWLINE-1 PCR data) is at odds with assumptions
regarding the rate of horizontal transfer and/or the maintenance of
horizontally transferred sequences in bacterial genomes, both con-
sidered to be very low”. As corollary, these findings may indicate a
eukaryotic origin for bacterial reverse transcriptase® .

Some prokaryote W shotgun library DNA sequences match
DNA sequences that have been mapped to human chromosomes 5,
9, 16 and 17. These data indicate that prokaryote-like DNA se-
quences, in particular Gram-positive eubacterium-like DNA se-
quences, may be ‘hard-wired’ in the human genome. This result is
consistent with the suggestion that ... .the presence of many bacte-
rial genes with many kinds of functions..." within the eukaryotic
nuclear genome ". .. should not be a surprise.” **

Although a portion of the prokaryote W genomic shotgun li-
brary sampling contains DNA sequences that match DNA se-
quences that map to the Staphylococcus epiderimidis genome, most
of the prokaryote W genomic shotgun library sampling (60%) con-
sisted of DNA sequences with no significant matches by BLASTN
analysis (matches with E values >1e-20), indicating a genetic/
genomic novelty that may be due to widespread retroelement-
mediated recombination events. Contrarily, as the human genome
nucleotide sequence database expands, some novel DNA sequences
may be found to match DNA sequences that map to the human ge-
nome. The plant-gene homologue discovered in the prokaryote W
genome may be human genome-related since recent efforts to se-
quence the human genome reveal a novel gene similar to a plant
gene within the human genome. Immunoblot studies indicate that
these prokaryotes express human genes/proteins that map to many
different human chromosomes and retroviral proteins. In addition,
the variations in genome size and riboprinting between prokaryote
W colony variants emphasize the highly plastic and pleomorphic
nature of prokaryotes derived with this bioprocess as might be ex-
pected of a continuing process of eukaryote-to-prokaryote genome
evolution.

Finally and crucially important, the rigorous, independently
tested sterile cell culture methods used minimized the possibility that
human genomic DNA sequences were transferred to microbes con-
taminating the cell culture systems. Altogether, this in Vitro and in
dlico evidence is not easily reconcilable with a scenario of a xenolo-
gous eukaryote-to-prokaryote horizontal genomic DNA transfer but
rather is more compatible with a scenario of orthologous eukaryote-
to-prokaryote vertical genomic DNA transfer and a genome evolu-
tion associated with speciation. Clearly, the resulting genome is chi-
merical and rightly cannot be deemed to be ‘staphylococcal’ in any
traditional taxonomic/genotypic sense.

Changes in the Oxygen Environment Drive Chromosomal Rear-
rangerments and the Formation of Circular Double Minute Chromo-
somesin Tunor Cdls

In the context of genome evolution, recent work by Coquelle and
colleagues™ might shed light on the role of an oxygen-related envi-
ronmental pressure in eukaryote-to-prokaryote genomic DNA trans-
fer. In tumor cells, they have demonstrated that hypoxia is a potent
stimulus for fragile site induction, fusion of double minute chromo-
somes (DMs) and their targeted reintegration into chromosomal
fragile sites, generating homogenously staining regions (HSRs). The
HSRs so formed contain nonsyntenic sequences, i.€. sequences de-
rived from different chromosomes, frequently observed in solid

9

tumors. DMs are extrachromosomal circular DNA elements that
contain SINEs and LINEs (including Alu and LINE-1 elements) in
addition to other chromosomal elements that may be nonsyntenic. It
has been postulated that the generation of Alu-containing extrachro-
mosomal DNA such as DMs involves reverse transcription.
Extrachromosomal DNA circularization may occur also by homolo-
gous or nonhomologous recombination®®. In addition, anoxia has
been found to be a potent stimulus for the induction of various
retroelements'®*!"” . Correspondingly, the genomes of these prokaryo-
tes may be derived through hypoxia-driven formation and fusion of
numerous, complex circular DMs, containing SINEs, LINEs and
other genetic elements, which undergo selection to the level of a
(circular) prokaryotic genome. This model of genome transforma-
tion is similar to the model of retroviral "plasmid transfer"-type lin-
ear-to-circular eukaryote-to-prokaryote genome transformation pro-
posed by Poole and co-workers®.

Human Retrodements Likely Play a Central Role in this Evolution-
ary Bioprocess and Might Account for the Genome Pladticity Ob-
served in Prokaryote W Colony \eriants

Retroviral and endogenous retrotransposons in the human eu-
karyotic cell genome(s), together with oxygen-related environmental
pressure, likely act as driving forces in this rapid eukaryote-to-
prokaryote genome evolution. Accumulation of retrosequences that
give rise to novel genes may accelerate genomic change/evolution,
catalyzing organismic evolution’’. Genome reorganization and/or
evolution may involve exon shuffling by L1 retrotransposition,
which is postulated to represent a general mechanism for the evolu-
tion of new genes™. Other genetic/retrogenetic mechanisms of this
genome evolution may include retrotransposon  reverse-
transcriptase-mediated repair of chromosomal breaks by non-
homologous recombination® %,

Several prokaryotes isolated with this culture system exhibited
pleomorphic colony variation in plate culture, similar to that ob-
served in the prokaryote W colony variants. The genome sizes of
two prokaryote W colony variants, observed during the pulse-field
gel electrophoresis procedure for genome sizing, differed by ap-
proximately 500 kilobases. Riboprinting and shotgun library DNA
sequencing of the prokaryote W colony variant with the smaller
genome size of approximately 1.6 megabases indicates this colony
variant belongs to the Saphylococcus epidermidis species group
although documented genome sizes of this species group are no less
than approximately 2.2 megabases'.

Similar genome plasticity with significant variations in genome
size up to the megabase range occurs in various species of strepto-
myces and appears to be related to genomic instability and recombi-
nation events associated with streptomyces chromosomal terminal
inverted repeats*'**. This genomic instability has been related to
streptomyces colony development™.

In the case of the prokaryote W colony variation, the associ-
ated genome plasticity is likely due to recombination mediated by
human repeats or retroelements, i.e SINEs, LINEs, €c., that are
present in the prokaryote W genome(s). It should not go unnoticed
that a short well-conserved region of the human eukaryotic Alu
retroelement has homology with the prokaryotic chi nucleotide se-
quence that stimulates homologous recombination in various eubac-
terial species™. In addition, an AluRNA motif is highly conserved in
signal recognition particle RNAs from higher eukaryotes to yeast
and from archaea to some Gram-positive eubacteria®. The biopro-
cess findings presented indicate that the human Alu-related nucleo-
tide motifs found in prokaryotes in other investigations might have
eukaryotic origins.
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Biocomputing Analogies Help Explain Eukaryote-to-Prokaryote
Genome Evolution

One explanation for this genome evolution involves "the logic of
soft-wired genomes" as described by Herbert and Rich***. Here,
organisms generate RNA species that differ markedly from their
DNA through the interaction of numerous gene products, variable
RNA processing networks and the environment to determine RNA-
species outcomes. RNA processing events implement mechanisms
that are functionally equivalent to binary “logic gates.” This combi-
natorial RNA-based ‘logic’ permits different sets of phenotypes or
ribotypes to be selected from the DNA repertoire. These ribotypes
are available for reverse transcription and integration into a DNA
genome. The numerous human eukaryotic mRNA transcripts of a
particular ribotype might co-opt the reverse transcription enzymatic
machinery of human LINEs® and any transforming retrovirus, if
present, to generate diverse functional processed pseudogenes/genes
that serve the genetic functions of a prokaryotic organism. In this
oxygen environment-driven genomic DNA transfer, a prokaryote-
like ribotype ‘soft-wired’ genome may be generated from the DNA
of multiple human chromosomes and selected for reverse transcrip-
tion into a ‘hard-wired’ prokaryote-like DNA genome. Some hu-
man nucleotide sequences might pass from ribotype through the
combinatorial RNA-based “logic gates” unscathed (as in Fig. 4a-c,
Fig. 5a-c and Fig. 6d). Others might recombine to become novel
DNA sequences or possibly eubacterial and plant-like sequences as
observed in the prokaryote W shotgun library analysis.

From a population biology perspective, it is assumed that the
selection of a ‘successful’ prokaryote-like ribotype, i€ one that is
reverse transcribed into a functional prokaryotic genome, is a low-
probability event. In some experiments, approximately one prokary-
otic genome of approximately two megabases in size was derived
from approximately 7.5 x 10" human eukaryotic nuclear genomes,
comprising a collective genome-population size or ‘genome space’
of approximately 2.25 x 10" megabases,. This represents a genome
reduction in megabases by a factor of approximately 8.9 x 10™
(human eukaryotic nuclear ‘genome space’ : prokaryotic genome).
Clearly, in this bioprocess, there appears to be much human eu-
karyotic nuclear ‘genome space’ available for the biocomputing of a
successful, albeit low-probability, prokaryote-like ribotype. Of
course, this scenario does not take into account likely biocomputing
contributions from human eukaryotic organellar ‘genome space.’

Some aspects of the ‘soft-wired’ genome scenario of eu-
karyote-to-prokaryote genome evolution may have some resem-
blance to the mechanism of retroelement-related double minute
chromosome formation noted above. Shapiro offers another bio-
computing analogy for genome reorganization in which genomes,
organized like integrated computer programs, are built upon a
"system architecture” composed of repetitive DNA elements®-*.
Altogether, this mechanism of genome evolution is likely inextrica-
ble from a higher order process of speciation.

This Bioprocess Might Provide Indghts into Evolutionary Features
of Tumorigenesis Which Indude Eukaryote-to-Prokaryote Genome
Evolution

It is possible that this work has relevance in studies of the role of
highly pleomorphic staphylococci in tumorigenesis’'. The pleomor-
phism of eubacteria with staphylococcal features isolated with this
bioprocess likely is associated with a human retroelement-mediated
genome plasticity. In this vein, it has been postulated that the evolu-
tionary role of tumors is to provide the conditions for the expression
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of previously evolutionary new genes and, so, the material for the
origin of new cell types™. These evolutionary new genes are dor-
mant prior to their expression in a tumor. As regards the oxygen-
related bioprocess described, the evolutionary role of retrovirally
transformed eukaryotes, which possess tumor cell-like characteris-
tics, is to provide the conditions for the expression of evolutionary
new genes (prokaryote-like) and, so, the material for the origin of
new cell types, i.e prokaryotes. Accordingly, eukaryote-to-
prokaryote genome evolution and speciation might be fundamental
aspects of the evolutionary processes of tumorigenesis and immune
deficiency in the multicellular eukaryotic organism. Similarly, re-
cently documented constant genome reorganization in malignancy,
attributed to chromosomal breakage-fusion-bridge events and indi-
cated by genetic intratumor heterogeneity, appears to provide a flexi-
ble genetic system for clonal evolution and tumor progression™. The
constant eukaryotic genome reorganization observed in malignancy
might provide the combinatorial DNA ‘shuffling’ necessary to eu-
karyote-to-prokaryote genome evolution and speciation Corre-
spondingly, it has been postulated that carcinogenesis involves Alu-
related “re-evolution” from eukaryotic to prokaryotic replication
units in eukaryotes™* >,

QuegtionsRemain

Several features of this eukaryote-to-prokaryote genome evolution
and speciation remain to be determined. It is beyond the scope of the
present work to speculate as to what, if any, prokaryotic genetic
functions might be served by many of the numerous ‘intact’ human
genomic DNA sequences found in the prokaryote W genome.
However, as discovered in human chromosomes 5, 9, 16 and 17,
other eubacterium-like DNA sequences may be ‘hard-wired’ in the
human eukaryotic nuclear genome, perhaps endosymbiotic rem-
nants'”. These ‘human/eubacterial’ DNA sequencesawait a mobi-
lizing environmental pressure to make the eukaryote-to-prokaryote
genomic transition.

The largest portion of the prokaryote W genomic shotgun li-
brary sampling (60%) consisted of DNA sequences with no siginifi-
cant matches to DNA sequences as of December 2000 using NCBI
GenBank nucleotide databases and BLAST programs. Subse-
quently, preliminary in Slico analysis of these DNA sequences has
revealed the presence of coding regions and translated nucleotide
sequences with ill-defined, low homologies to proteins from a wide
variety of taxa (human, prokaryotic and plant), indicating possible
protein-related functions. Some of these DNA sequences might be
found to match DNA sequences that map to the human genome as
the human genome nucleotide sequence database expands and/or
the methods of in Slico analysis advance. Other ‘unknown’ DNA
sequences, if generated through recombination and reverse tran-
scription of human genome DNA elements, might be found to be
chimerical, containing combinations of different DNA elements
related to diverse genomes, human, prokaryote, plant and other.

Traditionally, prokaryotic genomes have been thought to lack
repetitive DNA sequences, appearing to be optimized towards com-
pactness. Recent analyses of complete prokaryotic genomes reveal
unexpectedly high numbers of repetitive DNA sequences™™™.
Whether or not these repetitive DNA sequences found in other pro-
karyotes have any direct relationship to those observed in the pro-
karyotes examined in the present study remains to be determined.
However, it is likely that in both cases the repetitive DNA sequences
participate in various mechanisms of prokaryotic genome plasticity,
including amplifications, deletions, inversions, translocations and
transpositions..
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Many questions beyond those concerning genome evolution
alone remain. A genetic ‘dissection’ of bioprocess products, i.€. pro-
karyotes, was instrumental in determining prokaryotic origins. How-
ever, it is unlikely that current paradigms of evolutionary analysis,
which largely focus on reductive genetic or molecular mechanisms
that are often assumed to occur in the distant past or over expanses
of time not directly observable, can give an adequate explanation for
the coordinated transformation of numerous cellular systems, i.e
those biochemical, genetic, structural, €tc., necessary to a rapid eu-
karyote-to-prokaryote cellular evolution. In this emergent phenome-
non of speciation, "the whole is greater than the sum of its parts"
where the lowest living level of reduction, clearly not molecular, is at
the level of the organism.

Using various models of evolutionary reconstruction, a small
group of evolutionary biologists has proposed recently a eukaryotic
rooting for the universal tree of life, postulating a eukaryotic origin
for prokaryotic life-forms™"*®. The experiments and findings pre-
sented offer empirical evidence for a present-day, oxygen environ-
ment-driven, eukaryote-to-prokaryote vertical genomic DNA trans-
fer and genome evolution of speciation. These studies suggest that
some prokaryotic lineages are polyphyletic, the result of discrete,
contemporaneous events of eukaryote-to-prokaryote cellular evolu-
tion. When this work is extended, it is likely that other novel evolu-
tionary relationships will be discovered including some pertaining to
the evolution of the mammalian retrovirus. Biotechnological appli-
cations need not await a more complete understanding of the
mechanisms of this bioprocess, a type of directed reductive evolu-
tion, since its simplicity lends readily to the rapid generation of bac-
terial expression systems, human and animal biologicals, novel chi-
merical proteins and vaccines. N

Methods

Retrovirally Transformed Hurman Eukaryotic Cel Line

The retrovirally transformed human eukaryotic cell line was pro-
duced by cloning human cerebral microvascular endothelial cells
that had been transformed by L cell-conditioned medium. Similar
methods have been used to establish retrovirally transformed por-
cine cerebral microvascular endothelial cell lines™. This cell line is
available from the American Type Culture Collection (ATCC)
(Manassas, VA) and is designated as ATCC CRL 11655.

Serility Teding of the Retrovirally Transformed Human Eukaryotic
Cdl Line, ATCC CRL 11655

Prior to use in the bioprocess experiments, ATCC CRL 11655 was
found to be free of microbial contamination in in-house studies and
in independent sterility testing for fungal, bacterial and mycoplasma
contamination (BioReliance Corp., Rockville, MD) using stringent
controls. Sterility testing also included a highly sensitive, double-
step-PCR molecular phylogenetic method using nested, degenerate
primers to detect gene sequences coding for the evolutionary con-
served 16S rRNA of some twenty-five mycoplasmas, including
those most commonly found in cell cultures'®.

Serile Cdl Culture Sygem

Strict sterile procedures were followed during all antibiotic-free cell
culture and cell culture system manipulations. For the ernvironmental
pressure phase, sterilely vented flasks containing approximately 1.8
x 10® ATCC CRL 11655 cells in nitrogen gas-flushed medium and a
medium-only control flask were placed in a modified anaerobic jar.
The jar was purged with sterile-filtered N, gas until the oxygen level
read 0% on at least two consecutive analyses by oximetry (1-2 hr).

n

The jar with gas lines clamped was placed in a standard cell culture
incubator for 24 hours with temperatures of 30°C + 2°C or 36°C +
2°C. Control flasks containing an equal number of ATCC CRL
11655 cells were fed with the medium and incubated in air/5% CO,
in the same incubator. At 24 and 48 hours, all flasks were taken from
the incubator, uncapped and exposed to air for 2-3 minutes under a
laminar flow hood. The flasks were returned to their respective con-
ditions for the second and third 24-hour periods repeating in each
cycle the steps outlined above. For the propagation phase, flasks
were scraped sterilely to dislodge adherent eukaryotic cells. Flask
contents, containing eukaryotic cells and media, were thoroughly
mixed. Flask contents were either pooled or processed individually
and transferred to aerobic bacteriological cell culture. In some ex-
periments, flask contents were filtered through 0.22 pm sterile filters
prior to transfer thus excluding eukaryotic cells from bacteriological
cell culture in the propagation phase and possibly indicating a cell-
wall deficient characteristic of the prokaryotes propagated. The
propagation phase, lasting up to 15 to 21 days, included a wide
range of sterility tests for bacteria (aerobic and anaerobic), fungi, and
mycoplasmas with extensive use of positive and negative controls.
Any microorganisms isolated in the propagation phase were subcul-
tured.

I ndependent Testing of Serile Cdl Culture Sygtem

Experiments using this cell culture system were performed inde-
pendently at BioReliance Corp. (Rockville, MD; formerly known as
Microbiological Associates, Inc.) with sterility testing protocols that
followed stringent U.S. FDA guidelines. A total of four bioprocess
experiments or ‘runs’ were performed; two with alternating anaero-
bic/aerobic conditions during the environmental pressure phase and
two with anaerobic conditions only during the environmental pres-
sure phase. For these experiments, a total of 978 separate cultures
using a wide variety of bacteriological cell culture media were made
to test for bacterial, fungal and mycoplasma growth. These cultures
included those for experimental cell samples, control cell samples,
media control samples and assay positive and negative controls. All
negative controls were negative. All positive controls were positive.
For the two bioprocess experiments using alternating anaerobic/
aerobic conditions during the environmental pressure phase, the
experimental cell sample cultures totaled 151. A full reporting of this
validation study can be viewed at http://www.denovo-bio.com/
pdf/6AE40510.pdf.

Prokaryotes| solated Deposited at the ATCC

Prokaryotes P and W, described in this work, were deposited at the
ATCC. These microorganisms can be obtained from the ATCC un-
der the designations ATCC 55589 and ATCC 55590, respectively.

Genome Szng
One-dimensional pulsed-field gel electrophoresis was used to size
the prokaryote P and prokaryote W genomes™.

Riboprinting
Riboprinting was performed using the Qualicon RiboPrinter® Mi-
crobial Characterization System (Qualicon, Inc., Wilmington DE).

Immunoblots
Standard immunoblotting methods were employed. For the retrovi-
ral gag protein, a 1:500 dilution of antisera raised against the Molo-
ney MuLV gag p30 core protein and Pr65%® polyprotein was used
2. Similar immunoblotting methods were employed to detect hu-
man proteins.
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Genormic DNA Preparation

Eukaryotic genomic DNA was isolated using standard methods.
Prokaryotic genomic DNA was isolated with a protocol used by the
ATCC for Gram-positive prokaryote genomic DNA preparations.
Prokaryotic genomic DNA was prepared only from prokaryotes
propagated in bacteriological liquid media used for scale-up culture.
These prokaryotes (‘P and “W”) were isolated initially from individ-
ual bacterial colonies on plate culture during the propagation phase
after flask contents from the environmental pressure phase had been
filtered through sterile 0.22 pm filters prior to transfer. These culture
methods excluded the unlikely possibility that eukaryotic cells from
the environmental pressure phase might propagate in and contami-
nate bacteriological cell cultures in the propagation phase.

Human AlWLINE-1-directed Polymerase Chain Reaction
Oligonucleotide primers 5' CGACCTCGAGATC-
TYRGCTCACTGCAA 3' (°517°) and 5 ' AAGTCGCGGCCGC-
TTGCAGTGAGCCGAGAT 3' ("TC-65"), human Alu-specific®,
and 5' ACGTTGTGCACATGTACC 3' ('L1S), human LINE-1-
specific™!, were synthesized. These ‘human-specific’ primers were
paired and used in PCR conditions which included the use of 1X
Taq polymerase buffer (BRL), 1.5 mM MgCl,, 200 mM dNTPs
(Perkin Elmer), 2.5 units Taq polymerase and 2 ug genomic DNA.
Cycling parameters were as follows: 35 cycles of 94°C denaturation
(1 min), 55°C annealing (45 sec), 70°C extension (5 min), and a final
extension at 72°C (10 min) in an automated thermal cycler (Perkin-
Elmer). PCR products were electrophoresed on a 0.8% agarose gel.

DNA Sequencing and In Silico Analysis

Human AI/LINE-1-directed PCR products amplified from pro-
karyotic genomic DNA of isolates P and W were cloned using a T/
A cloning method. Sequencing was performed by primer extension.
A genomic shotgun library of prokaryote W was prepared and se-
quenced by primer extension. Genomic fragments were cloned us-
ing a double-adaptor method (SeqWright, Houston, TX). Sequenc-
ing reactions were performed on clones randomly selected from this
library. Bioinformatics analysis of DNA sequences relied primarily
upon the use of the NCBI GenBank nucleotide databases (current to
December 2000) and BLAST programs®™ for sequence match
searches [ www.ncbi.nlm.nih.gov/BLAST ]. In general, sequence
matches with E values > 1e-20 were considered insignificant for the
purposes of this study.
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Pogscript

Two versions of the human genome draft sequence and its analysis
were published' shortly after the completion of this research article.
The following observations follow from perspectives gained from
initial reviews of these publications and their possible relationships
to the present work.

Interestingly, close to half of the human genome appears to
consist of various transposable elements including LINEs, SINEs,
LTR retrotransposons and DNA transposons. Transposons appear
to be a creative evolutionary force, responsible for important innova-
tions in genome evolution, human and other. At least 47 human
genes may be human transposon-derived, many newly recognized
through human genome sequencing and analysis. The majority oft-
hese human genes are derived from DNA transposons. Evidence
strongly supports the role of LINE-1 activity in the origin of at least
eight human genes’.

Surprisingly, hundreds to thousands of sequences in the draft
human genome sequence appear to have been reverse transcribed
from various noncoding RNAs and coding RNAs related to the
translation system." As much as 40% of retrotransposed intronless
paralogues are related to ribosomal proteins with another 10% of
retrotransposed intronless paralogues related to translation elonga-
tion factors”. The large number of human pseusdogenes, fragments
and paralogues, retrotransposed from components of the translation
system, suggests an active evolutionary relationship between reverse
transcription and the translation system. This finding suggests a pri-
mary role for reverse transcription in the translation system transfor-
mation associated with eukaryote-to-prokaryote cellular evolution.
(See Fig. 6a.)

Human proteome analysis of the human genome draft se-
quence indicates the presence of 223 proteins that have significant
similarity to proteins from bacteria with no comparable similarity to
other non-vertebrate eukaryotic proteins'. These ‘bacterial” proteins
comprise perhaps less than one percent of predicted human proteins.
However, approximately one fifth of human proteins are homolo-
gous to both eukaryotic and prokaryotic proteins.
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The authors of the international consortium report' favor a
mechanism of prokaryote-to-eukaryote horizontal gene transfer to
account for these ‘bacterial’ proteins in the human proteome reper-
toire. However, they “...cannot formally exclude the possibility that
gene transfer occurred in the opposite direction - that is, that the
genes were invented in the vertebrate lineage and then transferred to
bacteria.” They regard this scenario as less likely due to restraints on
prokaryote-to-prokaryote horizontal dissemination after initial eu-
karyote-to-prokaryote horizontal gene transfer (likely presumed to
involve one or a few prokaryotes). In addition, the authors consider
the functional repertoire of these proteins (primarily intracellular
enzyme homologues) to be ““...uncharacteristic of vertebrate-specific
evolutionary innovation...”” which appear to be extracellular protein-
centric. Not surprisingly, the authors do not include consideration of
multiple events of vertical DNA transfer associated with eukaryote-
to-prokaryote genome evolution and speciation.

Another observation concerns the methods of analysis of the
human genome sequence in order to mine these ‘bacterial’ proteins.
‘Bioinformatically,” the human genome sequence was filtered to
““...eliminate sequences that were essentially identical to known
bacterial plasmid, transposon or chromosomal DNA (such as the
host strains for large-insert clones).”" Although neither report con-
tains specifics regarding exactly which bacterial species were in-
cluded for sequence editing, this method might have had an impact
on the genome analysis of the present work. Pertinently, the Celera
team masked approximately 35 megabases of ‘nonhuman’ DNA
sequence from the GenBank data it used in constructing its version
of the human genome draft sequence’.

In early htgs database searches and sequence alignments in the
present work, two reported prokaryote W DNA sequences
(GenBank accession numbers AF286220 and AF286221; Fig. 6b-c)
matched both staphylococcal genome sequences and human chro-
mosome 5 DNA sequences (GenBank accession number
AC022126, gi version 8576127). The translated BLAST search
(translated nucleotide queried against a protein database) indicated
that one of these ‘staphylococcal’lhuman’ DNA  sequences
(AF286221) was homologous to a portion of a bacterial copper-
transporting ATPase. As of November 2000, these prokaryote W
DNA sequences no longer matched revisions of this human chro-
mosome 5 DNA sequence (GenBank gi versions subsequent to gi
8576127).

Contamination of human genome sequences by DNA se-
quences from a bacterial host strain used in human genome se-
quencing such as E. coli is not uncommon. However, it is less likely
that staphylococcal genome sequences contaminated the human
genome sequences during human genome cloning and sequencing
efforts. Therefore, it is reasonable to speculate that these prokaryote
W DNA sequences indeed have matches to both staphylococcal
genome sequences and human genome sequences and that the
matches to human genome sequences were edited in Slico in human
genome draft sequence revisions. If so, human genomes might con-
tain many bacterial DNA sequences, staphylococcal and other, that
have been and will be omitted due to similar bioinformatics se-
quence-filtering biases. If such bacterial DNA sequences were incor-
porated into a Spedific human genome in Vivo, i.e. prior to its cloning
and sequencing, it is reasonable to argue that asa part of that human
genome, these ‘human/bacterial’ DNA sequences should remain in
the human genome sequence record(s). It is likely that individual
human genomes vary widely with respect to the number and types
of ‘humarn/ bacterial’ DNA sequences they contain.

As corollary, preliminary in Slico analysis of the prokaryote W
genomic shotgun library in April 2001, using the EMBL nucleotide
databases and the European Bioinformatics Institute WU-BLAST
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2.0 program, indicates the presence of several DNA sequences that
appear to be chimeras of staphylococcus genome-related DNA se-
quences and human genome-related DNA sequences (see Appendix
II for representative chimerical DNA sequence alignments). Many
other shotgun library DNA sequences appear to be human genome-
related, fungus genome-related (Botrytis cinerea) and plant genome-
related. The phylogenetic diversity of these DNA sequences sup-
ports a mechanism of eukaryote-to-prokaryote genome evolution
that involves widespread genetic recombination and possibly has
some relationship to the pleomorphism observed in prokaryotes
derived with this oxygen-related bioprocess. As recently as Decem-
ber 2000, these prokaryote W genomic shotgun library DNA se-
quences were found to have no significant matches to DNA se-
quences contained in the NCBI GenBank nucleotide databases us-
ing the NCBI BLASTN program.

It is possible that other ‘nonhuman’ sequences, such the plant-
like sequence in Fig. 6d, have been and will be filtered out as se-
quencing and in Slico analysis of the human genome continues. In
this vein, ongoing in Slico analysis of the prokaryote W genome
shotgun library using a commercial cDNA database indicates the
presence of cDNA sequence fragments that show significant simi-
larities to human/plant eukaryotic elongation translation initiation
factors, plant eukaryotic 60S ribosomal proteins and a plant eu-
karyotic arginine-tRNA-protein transferase. While 48-60% of genes
involved in Arabidopds protein synthesis have been found to have
counterparts in other eukaryotic genomes, at least 36 Arabidopss
genes have significant similarities to human disease genes*. Accord-
ingly, plant-like cDNA sequences, similar to that depicted in Fig. 6d,
might be expected to be present in the human genome and, so, a
human genome-derived prokaryotic genome.

Nonetheless, upon initial review of the human genome draft
sequence and its analysis, it is clear that the human genome contains
many potential genome-sculpting transposable elements along with
many bacterial gene homologues, some recognized and some possi-
bly relegated with other ‘nonhuman’ homologues to the ‘cutting
room floor’ in Slico. One can only guess at what other surprises will
be discovered as human genome sequencing and its analysis contin-
ues. With the above observations in mind, it seems evermore credi-
ble that the human eukaryotic genome and cell might have the po-
tential for grand evolutionary innovation, i.e eukaryote-to-
prokaryote genome evolution and speciation, if given the right envi-
ronmental nudge by Nature.
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Appendix |
A Representative AWLINE-1-directed PCRDNA Sequence Alignment, Fig. 4e

Sequence alignment for prokaryote W DNA sequence (GenBank accession number AF266544) that matches a DNA sequence that maps to

human chromosome X (E value: 0.0) (EMBL accession number HSU227D1).

>gi | 1171570| enb| Z68908. 1| HSR27DL Human DNA sequence from cosmd W27D1, between narkers DXS366 and DXS87 on chromo-

sone X Length = 33667

Score = 3808 bits (1921), Expect = 0.0
Identities = 1955/ 1971 (99%
Srand = Plus / Plus

Query: 1 o] atatatttgctagaaaattatgactgctctgttga
_ CEEEEEEETEEEEr et e e e e e e et e e e e e e e e e e e e e e e e e r
Shj ct: 16154 gaacct aaaattaaaattaaaaataatatatttgctagaaaattatgactgctctgttga
Query: 61 gtgatttgtagtcataaacaccattttgatctttaattccaaaaaacacaagtcacctag
_ CEEEEEEETEEE e et e e e e e et e e e e et e e e e e e e e e ey
Shjct: 16214 gtgatttgtagtcataaacaccattttgatctttaattccaaaaaacacaagtcacctat
Query: 121 gtttttcaggagct gat aatt aagacacct cat at at att aat agat gaaccaaggat ca
_ CEEEEEEETEEEr et e e e e e et e e e e e e e e e e e e e e e e e e eer
Shjct: 16274 gtttttcaggagctgataattaagacacctcatat at att aat agat gaaccaaggat ca
Query: 181 tttttcaaatcctctctccagattctttctgcagcect gt gaagagectgtttttggaaact
_ CEEEEEEETEEE et e e e e e et e e e e e e e e e e e e e e e e e e reer
Shjct: 16334 tttttcaaatcctctctccagattctttctgcagectgtgaagagetgtttttggaaact
Query: 241 gcat t agaagaaggaaaggct t ggt t t ggaagaacaggat cagcttt ccaccct gt gcct
_ CEEEEEEETEEEE e e e e et e e e e e e e e e e e b e e e e e eer
Shj ct: 16394 gcattagaagaaggaaaggctt ggtttggaagaacaggat cagctttccaccctgtgcect
Query: 301 ggcagaggct at ggct gccct ccat gt gaagctt caaat t aaaat gaagt t gt ggt gect
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shj ct: 16454 ggcagaggct at ggct gccct ccat gt gaagcett caaat t aaaat gaagt t gt ggt gect
Query: 361 acgcagct t ct ggaact acagggggt t ctt ccacagcaggt t acacagagct aaaat aat
_ CEEEEEEEEEEE et e e e e e e et e e e e e e e e e e e e e e e e e
Shj ct: 16514 acgcagcttctggaactacagggggttcttccacagcaggttacacagagct aaaat aat
Query: 421 tgagtgtggtgttgtttaccaacat cagggagaaaaacagcaaaagt caat at aaaccat
_ CEEEEEEETEEEE et e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 16574 tgagtgtggtgttgtttaccaacat cagggagaaaaacagcaaaagt caat at aaaccat
Query: 481 gaaagt agt aaattcccaattttgtcttggttaggtacat gttgggagagaagagaaaaa
_ CEEEEEEEEEEEE et e e e e e et e e e e e e e e e e e e e e e e e e e
Shj ct: 16634 gaaagtagtaaattcccaattttgtcttggttaggtacatgttgggagagaagagaaaaa
Query: 541 aactttagt caggaaaaat aaaaacaat tt at agaaaaact aaccat aag
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shj ct: 16694 gag tacaactttagt caggaaaaat aaaaacaat tt at agaaaaact aaccat aag
Query: 601 at gt ggt ct cccaaat gcagt t aagaaaattcttatacttgtctggttct gt gatggtac
_ CEEEEEEETEEEE e e e e e e e e e e e e e e e e e e e e e e e ey
Shj ct: 16754 at gtggtctcccaaatgcagttaagaaaattcttatacttgtctggttctgtgatggtac
Query: 661 at aaat gt aaagggctt gagattttagt at gagagact cagattttagaaactccattcc
_ CEEEEEEETEEE et e e e e e e e e e e e e e e e e b e e e e e
Shj ct: 16814 at aaat gt aaagggcttgagattttagtat gagagact cagattttagaaactccattcc
Query: 721 caaat gggaagcagaagaggt t aagccaag
_ ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Shj ct: 16874 acc ct gct ct caaat gggaagcagaagaggt t aagccaag
Query: 781 at gt aaat acaaat atttttggagt agct aaaat acaat c
_ CEEEEEEETEEEE et e e e e e e e e e e e et e e e e e e e e e ey
Shj ct: 16934 ccaatcttaaat gt cagt aaat gt aaat acaaatatttttggagt agct aaaat acaatc
Query: 841 taccttcagat aat gaaatgtttgtgtttaataacatacctttacatatgcatagtgctg
_ CEEEEEEETEEEE e e e e e e et e e e e e e e e e e e e e e e e eer
Shjct: 16994 taccttcagataatgaaatgtttgtgtttaataacatacctttacatatgcatagtgctg
Query: 901 tttacttttcaaatcactttaacccattttacccttacaacaaagttaaagtgcgtatgg
_ CEEEEEEEEEEEr et e e e e e et e e e e e e e e e e e e e e e e e e
Shjct: 17054 tttacttttcaaatcactttaacccattttacccttacaacaaagttaaagtgcgtatgg
15
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Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:
Query:
Shj ct:

961

17114

1081

17234

1141

17294

1201

17354 t

1261

17414

1321

17474 a

1381

17534 a

1441

17594 a

1501

17654

1561

17714

1621

17774

1681

17834 t

1741

17894

1801

17954 t

1861

18014 aattagtttccat

1921

18074 acaagccat gct

ggat gagtt aaat t aaggcaccattgagttaatgatttgta
I

tagtt
[T
tagtt ggat gagtt aaat t aaggcaccattgagttaatgatttgta

L —

ttttacagtttca
NERRRRRERIAN
ttttacagtttca

aagcagtcatgtttccaattttatgct gagt gccagt aagt cat agggat att ccct gca

FEEEEEErrrrreeeeeeeeeeeeeeeeeeeereeeeeereerree e e e e ereeee
aagcagtcatgtttccaattttatgct gagt gccagt aagt cat agggat att ccct gca

tttat aaccaggt gt ccaaaaagaagat gagaattacttctgcttctccaatttcccatc
CEEEEEErrerreerereereeeeeeeeereeeeeeeeeeeeeererrererereeee
tttat aaccaggt gt ccaaaaagaagat gagaattacttctgcttctccaatttcccatc

act gc
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

tgc
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ngcaaggct aggagaaaat gt t gcagagggct t ct cct gt gagggcagaaagcagaggga

CEEEEErrrerrereeeeereerereeeeeeeereeeeereerreeereree e e e
agcaaggct aggagaaaat gt t gcagagggct t ct cct gt gagggcagaaagcagaggga

cagat ggggagcagt gt ct ggagaaat cagggt cat gggggt gtt agcat tt
I

ttggggga
(LT
cagat ggggagcagt gt ct ggagaaat cagggt cat gggggt gt t agcat tt t t ggggga
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ttctcact aat gt at ggagat agaaggccact aaaaat ctt caatttgcttct cat aagg
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accat att caaggcccccttctttacacctttacct cact act gt caaaact ct aacc

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

caaccat at t caaggcccccttctttacacctttacct cact act gt caaaact ct aacc
a
I
a
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Appendix 11
Representative Chimerical DNA Squence Alignments

Sequence alignments of a prokaryote W genomic shotgun library DNA sequence that appears to be a chimera of a staphylo-
coccus genome-related DNA sequence and a human genome-related DNA sequence. The alignments were generated using
the EMBL nucleotide databases and the European Bioinformatics Institute WU-BLAST 2.0 program.

EM PRO AF269879 AF269879 St aphyl ococcus epidernmidis strain SRL cl one
st ep. 1028b05 genoni ¢ sequence.
Length = 3609

Pl us Strand HSPs:

Score = 1028 (160.3 bits), Expect = 2.6e-56, Sum P(2) = 2.6e-56
Identities = 220/238 (92%, Positives = 220/238 (92%, Strand = Plus / Plus

Query: 272 AGCCAGTAATTATGICCCTGCTTTTTCTTTATTTATATAACTTTCATATTGAACGACTCG 331

[11 RN AR AN RN
Sbjct: 1886 AGCTAGTAATTATGICCCTGCTTTTTCTTTATTTATATAACTTTCATATTGAACGACTCG 1945

Query: 332 TCATCAAAAGITACCGTTTCAGCCTGTATTTTGGATTCGCGCACCTTTCACAGAAATATC 391

R R A AR NN
Sbjct: 1946 TCATCAAAAGTTACCGTTTCAGCCTGTATTTTGGATTCGCGCACCTTTCACAGAAATATC 2005

Query: 392 GTAATAACACTACGTATTAACATATCATCTTATTTTTACATGITTTACAAAAGATATTTT 451

COVE T e ettt L e
Sbjct: 2006 GTAAAAACACTACGTATTAACATATAATCTTATTTTTAAATGTTTTAAAAAAGATATTTT 2065

Query: 452 TTATTTAGITCCAGATTAGTCTTCGICTCCTTTCGCTTATTGITTCTTTTAGACGITT 509

R A e e N A AR R
Sbjct: 2066 TTATTTAGTAAAAGATTAGTATAAGITAACTTTTGATTATTGITACTTTTAGAAGITT 2123

EM HUM AC018634 AC018634 Human Chronosone 7 clone RP11-243E12, conplete
sequence.
Length = 174, 241

Pl us Strand HSPs:

Score = 1170 (181.6 bits), Expect = 7.2e-50, Sum P(2) = 7.2e-50
Identities = 554/829 (66%, Positives = 554/829 (66%, Strand = Plus / Plus

Query: 416 TCATCTTATTTTTACATGITTTACAAAAGATATTTT- TTATT- TAGTTCCAGATTAGICT 473

Ll o 1l LIl
Sbj ct: 144951 TCTTCTTCTTCTT- CTTCTTCTTCTTCTTCTTCTTCCTTCTTCTTCTTCTTC TTCTTCT 145008

Query: 474 TCGICTCCTTTCGCTTATTGIT- TCTT- TTAGACGT- TTCTCCTTAGCTTT- TTCTCCCC 529

R R e A A
Sbj ct: 145009 TCTTCTTCTTCTTCTTCTTCTTCTCTTCTTCTTCTTCTTCTTCTT- - CTTTCTTCTCTCT 145066

Query: 530 - CCTCTTCTTCC- CTT- TTG TCCTCC- - CTTCTTTCCTCATTCTTTTCCGCTTTCTTAT 583

R A A A A
Sbj ct: 145067 TCCTCTTCCTCTTCTTCTTCGTCTTCCTTCTTCTTTTCTTCTTCTTTTCTTCTT- CTTCT 145125

Query: 584 - CTTCTCCTTCTT- TCTTCCTCGITCCCCTTTCC- CTCCCTCCTCTCTTTCATTCCTTTT 640

LA S A W B
Sbj ct: 145126 TCTTTTC TTCTTCTTTTCTTC TTCTTCTTTCTTCTTCTTCCT- TCTT- CTTTT- TCTT 145180

Query: 641 CCTATTTTTTGGCTTCCTCGITCCGTCCTCCTCTTCCTCTTATTCTCCTCTTTCTTCTTC 700

L 1 ||||||||||||| L1 ||||| ||
Sbj ct: 145181 CTTCTTCTTTCTCTTCTTC TTCC- TCTTCCTCT CTTCCTCTCCCTCTTCCTC 145238

Query: 701 - TCTTGCTCCCCCATCC- CCTCTTC- TCCAT- TACTT- TCTTCTTCGCTCTCCCTATTCT 755

L Eeee b tee teereeer AR FEEE LT
Sbj ct: 145239 CTCCTCCTCCTCT- TCCTCCTCTTCCTCCTCCTCCTCCTCCTCTTCTTCCTCC- TCTTCC 145296

Query: 756 TGCTCCTCTTCTCTCTGICCTTCGIC- TCCTCCTCT- CTTTCGCTCCCTCATTGCTTTTC 813

Lot e e e e e e e e e
Sbj ct: 145297 TCTTCTTCTTCTTCCTCTTCTTCTTCCTCTTCCTCTTCTTCCTCTTCCTC TTCCTCTTC 145355
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Query: 814
Shj ct: 145356
Query: 870
Shj ct: 145413
Query: 929
Shj ct: 145468
Query: 986
Shj ct: 145524
Query: 1046
Shj ct: 145580
Query: 1101
Shj ct: 145634
Query: 1157

Sbhj ct: 145690

version 12.01.03

CCCCCTTCTTCT- CCTCT- CTCTCCTCCTCTA- TTCACGACTTCT- CAGCTCCNCGI TCT

(VR e e e e et e 1l
TTT- CTTCTTCTTCCTCTTCTTTCTTCTTCTTCTTC- CT- CTTCTTCTTCTTCTCCTTCT

CTCCCTCCTCTCTCTCTCTCTCCCTCTCTCTCTCCTCCTCCTCATGCTC- TGCTCCTTCT

I AR R A A
TTCT- TCTTCT- TCTTCCTCTTCCTCT- TCT- TC- TCCTCCTCCTTCTCCTTCTCCTTCC

GICTCTCTCTTTCA- CTACTTGATTT- CTTAGTCCCTC- TCTTCCGATCTTACCTGTATC

IR R e A e |
- TCT- TCTCCTTCCTCTTCTCCTTCCACTTC- TCCTTCCTCTTCTCCT- TCCCCTTCOCC

TCTTCCTCCATCTGI TCCCCCATATACAATTCTTTGCCCCCGTCTCGCTTCGTCTGTCGC

L e et et
TCCTTCTCCTCCTCCTCCTCOGTCTCC: - TCOGTCTCCTCCATCTC CTTCATCTC- CTT

ACTATCGICTCTCTGTGITCGACT- CTC- TCCTCCC- CCTCGTTCTCCCGICC- CT- CCC

NI A
- CT- TCTTCT- TCT- TCTTCTCCTTCTCCTTCTCCTTCCTC- TTCTCCT- TCCTCTTCCC

TGACTCTCTCCTCTCTC- TCTGTAACCTCTCATCACCT- CTCCT- C- CATTGCTCTCATC

(O e e e e e e e i
CTCCT- TCTCCTC- CTCCTCOGTCTCCTC- CATCTCCTTCTCCTTCTCCTTCTTCTT- TC

TCTTTCGNAGTCTTCGITGC- CTGCTATCTTT- TTCTT- TCCCCCTCCC 1202

L LT et il
TCCTTCTTCTTCTTCTTTCTTCTTCT- TCTTTCTTCTTCTTCCTCTTCC 145737
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869

145412

928

145467

985

145523

1045

145579

1100

145633

1156

145689
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