





Figure A.7 Phylogenetic analysis of Subject 162 C3 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env C3 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.
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Figure A.8 Phylogenetic analysis of Subject 162 C4 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env C4 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.

120



Figure A.9 Phylogenetic analysis of Subject 162 C5 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env C5 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.
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Figure A.10 Phylogenetic analysis of Subject 162 V1 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env V1 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.
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Figure A.11 Phylogenetic analysis of Subject 162 V2 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env V2 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.
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Figure A.12 Phylogenetic analysis of Subject 162 V3 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env V3 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.

124



Figure A.13 Phylogenetic analysis of Subject 162 V4 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env V4 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.
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Figure A.14 Phylogenetic analysis of Subject 162 V5 sequences Full length HIV-1
envs were amplified from three brain regions (frontal lobe, occipital lobe, and parietal
lobe), colon, lung, and lymph node. Four unrelated reference sequences were used as
an outgroup. A maximum likelihood tree was constructed using MEGA version 5 for
functional HIV-1 env V5 regions. Bootstrap vaues 270% are noted at branch points.
Scale bar shows nucleotide substitutions per site.
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Tissue Envelope

131

Brain - Frontal Lobe (FL)
14 envelopes 33-2-2
33-10-5
33-25-3
35-11-3
35-15-4
35-20-1
35-21-2
35-22-1
35-28-4
35-31-2
35-35-1
35-47-1
35-49-1
35-79-1
Brain - Occipital Lobe (OL)
1 envelope 19-26
Brain - Parietal Lobe (PL)
1 envelope 20-32-1

Tissue

Envelope

Blood Cells (BC)

1 envelope
Colon (C)

3 envelopes

Lung (L)
9 envelopes

Lymph Node (LN)
2 envelopes

103-5-1

26-5-3
26-4-1
23-69-1

10-22-2
10-23-1
10-27-3
10-29-2
10-32-1
10-40-4
10-45-5
12-39-17
12-44-10

16-38-2
34-26-4

Table A.2 Subject 123 HIV-1 envelopes isolated from different tissues HIV-
1 envs were isolated from three brain regions (frontal lobe, occipital lobe, and
parietal lobe), blood cells, colon, lung, and lymph node using nested PCR and

DNA at limiting dilution.



Figure A.15 Phylogenetic analysis of Subject 123 gp160 sequences Full
length HIV-1 envs were amplified from three brain regions (frontal lobe,
occipital lobe, and parietal lobe), blood cells, colon, lung, and lymph node. Four
unrelated reference sequences were used as an outgroup. A maximum
likelihood tree was constructed using MEGA version 5 for functional HIV-1
envs. Bootstrap vaues =270% are noted at branch points. Scale bar shows
nucleotide substitutions per site.
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Figure A.16 Alignment of Subject 123 V3 loop sequences V3 loop
sequences were aligned using GeneDoc (Pittsburgh Supercomputing Center).
Sequences from the brain (frontal lobe, occipital lobe, and parietal lobe) were
compared to sequences from the body (blood cells, colon, lung, and lymph
node).
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Envs from the brain were predicted to use CCR5 and Envs from the body
were predicted to use CXCR4

V3 loop sequences were used to predict coreceptor use using the
WebPSSM program (University of Washington; Jensen et al, 2003) based on V3
net charge and amino acids at postions 11 and 25, which are known to play a role
in coreceptor use (Table A.3). An increased net charge or an arginine or lysine at
position 11 or 25 have been correlated with a switch to use the CXCR4 coreceptor.
The WebPSSM program also compares envs to known and functional tested
CCR5-using and CXCR4-using variants. All envelopes from brain tissues were
predicted to use CCRS5, while all envelopes from tissues of the body were predicted
to use CXCR4 (Table A.3). Envelopes from the brain had a lower net charge
around 4 and S and D at amino acid positions 11 and 25, respectively. However
envelopes from the tissues of the body had a net charge around 6 with R at amino

acid position 11 and E at amino acid position 25.

Different env populations in the brain and body tissues were from the same
subject

To rule out the possibility of laboratory contamination or accidentally
switching tissues with another subject, Subject 123 tissues were examined using
STR Analysis to determine if they came from the same person. STR Analysis
confirmed that tissues from Subject 123 had the same STR profile and therefore

were from the same subject (Table A.4).



Tissue Genotype Average Predicted
11/25 Net Charge Coreceptor
Frontal Lobe SD 4 CCR5
Occipital Lobe SD 4 CCR5
Parietal Lobe SD 4 CCR5
Blood Cells RE 6 CXCR4
Colon RE 6 CXCR4
Lung RE 6 CXCR4
Lymph Node RE 6 CXCR4

Table A.3 Predicted coreceptor use for Subject 123 Envs WebPSSM
(University of Washington) was used to determine amino acid genotype at
positions 11 and 25 of the V3 loop, calculate the net charge, and predict

coreceptor use.
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Pacific Biosciences sequencing revealed low levels of mixing between
CCR5- and CXCR4-using variants

Pacific Biosciences (PacBio) next generation sequencing was used to
examine several thousand sequences from Subject 123 (Table A.5). In total,
44,630 full length env sequnces were generated: 3,702 from the frontal lobe,
12,625 from the occipital lobe, 12,834 from the parietal lobe, 4,474 from the blood
cells, 202 from the colon, 7,099 from the lung, and 3,694 from the lymph node.

Phylogenetic trees were assembled from 250 randomly selected sequences
from each tissue (Figure A.17). Trees showed tight compartmentalization of envs
from tissues of the brain (frontal lobe, occipital lobe, and parietal lobe) and from
tissues of the body (blood cells, colon, lung, and lymph node). The majority of brain
derived envelopes were predicted to use CCRS as a coreceptor, while most of the
body derived envelopes were predicted to use CXCR4 as a coreceptor (Table A.5).
However interestingly, a small number of CXCR4-using variants were detected in
the brain and CCR5-using variants were detected in each of the body tissues

(Table A.5; Figure A.17).

Discussion

Subject 123 had two distinct viral populations that did not appear to be
related. This was observed in the complete segregation of populations from the
brain and body on the phylogenetic tree (Figure A.15), as well as by comparing

sequence alignments of the V3 loop (Figure A.16). STR Analysis was used to



Subject Tissue Profile
123 Frontal Lobe A
123 Occipital Lobe A
123 Parietal Lobe A
123 Lymph Node A
123 Lung A
162 Frontal Lobe B
162 Lung B
162 Colon B
124 Frontal Lobe C
124 Lung C

Table A.4 Short Tandem Repeat (STR) Analysis STR Analysis was
performed on ten DNA samples from three subjects for three different loci. It
was determined that the DNA samples could be categorized into three profiles,
A, B, and C, and that these corresponded to the DNA samples from the three

different subjects.
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Tissue Total CCR5-using CXCRA4-using
Sequences
Number Percent Number Percent
Frontal Lobe 3,702 3,702 100 0 0
Occipital Lobe 12,625 12,625 100 0 0
Parietal Lobe 12,834 12,831 99.98 3 0.02
Blood Cells 4474 104 2.32 4,370 97.68
Colon 202 68 33.66 134 66.33
Lung 7,099 14 0.20 7,085 99.80
Lymph Node 3,694 101 2.73 3,593 97.27
Total 44,630 29,445 65.98 15,185 34.02

Table A.5 Subject 123 PacBio sequencing results The V3 loop nucleic acid sequences for
all sequences in each data set were isolated using Geneious software version 9 (Kearse et al,
2012). Gene Cutter (Los Alamos National Laboratory) was used to codon align and translate
sequences. The sequencing approach resulted in some gapped positions, so any V3 amino
acid sequence containing an ambiguous position was removed from the alignment. Tropism

prediction was performed using WebPSSM (Jensen et al, 2003) and the x4r5 matrix.
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Figure A.17 Phylogenetic analysis of Subject 123 PacBio sequences A
python script was generated to randomly select 250 sequences from each tissue.
Due to the small number of sequences generated, all colon sequences were
used. Maximum likelihood phylogenies were generated with phyML (Guindon et
al, 2010) using the HKY85 substitution model, the NNI tree improvement method,
and the approximate likelihood ratio test (Anisimova and Gascuel, 2006). Trees
were graphed and colored according to tissue type (A) and predicted coreceptor
usage (B) using FigTree software (http://tree.bio.ed.ac.uk/software/figtree/).
Trees were midpoint rooted. Branch support is shown on the scale to the left,
with red indicating branches with very high support.
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confirm that all tissue samples did actually come from the same subject (Table
A.4). It was therefore possible that Subject 123 had dual infection. This may arise
as a result of coinfection or superinfection. Coinfection occurs when a subject is
infected with more than one viral variant at the same time and both variants
establish infection. Alternatively, Subject 123 may have been superinfected with a
second variant after an initial infection event, with both variants establishing viral
populations. It is also possible that the two populations originated from a single
viral variant that acquired many mutations and became highly compartmentalized
due to different selection pressures in the tissues of the brain and the body.
Previous studies have shown that this level of diversity can be possible (Lin et al,
2012).

Though sequences from the tissues of the brain and the body were tightly
compartmentalized, preliminary results from PacBio sequencing data showed low
levels of CXCR4-using variants in the brain and CCR5-using variants in the body.
PacBio studies are ongoing, as a pipeline for analysis had to be developed for this
project. Future studies will examine whether recombination occurred between
CXCR4-using and CCRS5-using variants and will include additional phylogenetic
analyses, such as constructing time rooted trees to investigate which tissues
became infected first and how viral variants may have trafficked throughout the
body. In addition, future studies will include phenotypic analyses to look at tropism

(coreceptor use and macrophage tropism).
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