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1. ABBREVIATIONS 

AIDS == 

AMV-RT= 

APS== 

cDNA== 

dATP== 

dCTP== 

dGTP= 

dH20== 

DTP= 

dNTP== 

ddNTP== 

EDTA== 

env == 

gag = 

GUSCN= 

HIV== 

NSI == 

PBMC= 

PCR== 

SI == 

Taq == 

tat == 

TEMED= 

Acquired illlmunodeficiency syndrome 

Avian myeloblastosis virus reverse transcriptase 

Aml110nium persulphate 

complementary deoxyribonucleic acid 

2'- Deoxyadenosine '5 tri phosphate 

2' -Deoxytyrosine 5'- tri phosphate 

2'-Deoxyguanosine 5' tri phosphate 

distilled water 

2' -Deoxythymidine 5' tri phosphate 

2' Deoxinucleosine 5' tri phosphate 

2' 3' Dideoxynocleosine 5' tri phosphate 

ethylene diamine tetra acetic acid 

Envelope 

Group specific antigen 

Guanidium Isothiocynate 

Human Immunodeficiency Virus 

Non-Syncytium-Inducing 

Peripheral Blood Mononuclear Cells 

Polymerase Chain Reaction 

Syncytium-Inducing 

17lerlllopliY/lIs aqllaticlls DNA polymerase 

Transactivator of transcription 

N -N -N -tetramethy lethy lenediamine 

{ (CH 3 )2 NCH2CH2 N(CH3)2 } 
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2. REAGENTS 

· oligonucleotide primers: 

ED31== 

ED33 = 

5'V3 = 

3'V3= 

5' CCTCAGTCATTACACAGGCCTGTCCAAAG (at 6816-6844) 

5' TTAGGCATCTCCTATGGCAGGAAGCGC (at 7359-7380) 

5'-ATAAGCTTCAATGTACACATGGAATT-3' (at 6506-6523) 

5'-ATGAATTCATTACAGTAGAAAAATTCC-3' (at 6909-6928) 

· 50x T AE (Tris-acetate) == 

· lOx TBE (Tris-borate) == 

· 6x Loading buffer == 

· 20,000 x EtBr 

· DNA sequencing kit 

242 g Tris was dissolved in 800 ml of dH20, 57.1ml 

glacial acetic acid and 100 ml EDT A .5M (pH8.0) 

was added and dH20 was added to 1000 m!. 

108 g Tris base was dissolved in 800 ml of dH20, 55 

g boric acid and 40 ml O.5M EDTA (PH 8.0) was 

added and stirred well by a magnetic stiner for one 

hour. dH20 was added to 1000 ml. 

1.5 Illi Ficoll (Type 400; Phatmacia) 

Iml 0.5M EDT A (PH 8.0)0.025 g bromophenol 

0.025 g Xylene cyanol FF and dH20 to 10 Ill!. 

1 g of EtBr was dissolved well by shaking gently for 

two hours in 10ml of dH20. 

RPN 2436 Thetmos Sequenase fluorescent labelled 

primer cycle sequencing Kit 

Pro. No. 27.1492-01 

· all other reagents used are described in the ENARP laboratory protocols, which can be 

found in the appendices. 
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3. ABSTRACT 

In this study, to investigate the molecular epidemiology of the HIV-I virus in Ethiopia, the 

HIV -I gp 120 V3 loop and flanking nucleotides were amplified from viruses isolated frolll 

the plasma samples of23 I-IIV positive participants in the ongoing EHNRI-ENARP cohort 

project in Akaki and Wonji factories. A nested PCR DNA amplification protocol yielded 

correct size products, as determined by agarose gel electrophoresis in 61 out of 75 

(81 %)plasma samples collected between 1996-1999. Out of these 61 samples, 53 (87%) 

were sequenced successfully and analysed. 

Phylogenetic analysis determined that all V3 sequences are of the HIV-1 subtype C, the 

most predominant in Ethiopia. Also, the V3 sequences derived showed lower intra-person 

mutation frequencies than inter-person mutation fi·equencies. In addition, it could be 

demonstrated that the Wonji and Akaki epidemics have a common origin and do not 

originate fi'om separate introductions. Finally, the proportions of non-synonymous (dn) 

versus synonymous (ds) mutations are variable per subject and are not dependent on CD4 
~ 

counts or viral load. 
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4. INTRODUCTION 

A. HIV-l GENERAL 

Twenty years after the beginning of the AIDS epidemic and more than 14 years after the 

discovery of its etiological agent, the human immunodeficiency virus (HIV), the world is 

facing a global pandemic of vast proportions. Despite the intense national and international 

efforts to prevent new infections, about 35 million people are estimated to be living with 

HlV / AIDS, and about 11.7 million AIDS related deaths have been recorded up to the end 

of 1998 (UNAIDS and WHO Report, 1998). In Ethiopia, according to the Ministry of 

Health, approximately 2.5 million people are infected with HIV -I, amongst whom 100.000 

are children (MOH, update on HlV situation in Ethiopia). 

ORIGIN OF HIV 

Human inullunodeficient vims (HI V), is a retrovirus that belongs to the subfamily of 

lentiviruses. It is a retrovirus because it can make DNA from RNA by using reverse 

transcriptase (RT) enzyme. HIV includes at least 2 different families of viruses: HIV -I and 

HIV -2. Both of these viruses cause slow chronic diseases that ultimately lead to 

degeneration of the immune system of the host. Although the rate of the disease 

progression varies substantially, the median time from initial infection to the development 

of AIDS is approximately ten years, in the industrialised world. The accepted predictors of 

HIV disease progression are decline ofCD4, increase in viral load and change from NSI to 

SI phenotype of the virus. 

As regards the origin of HIV -I it has been speculated that transmission took place between 

Chimpanzees and humans (3). This is based on DNA analyses of the genomes of 

lentiviruses isolated from two chimpanzees (Pantroglodites troglodhes), originating from 

Gabon (SIV.cpzgab) and (SIV.cpzan,) from Zaire, which were demonstrated to be structurally 

related to the genome of HIV -I. On the other hand, several area's of the Chimpanzee 

genomes had less than 50% homology with the corresponding regions in the HIV-I 

genome. In contrast, it has been clearly demonstrated that I·IlV -2 and simian lentiviruses 

isolated fi'om wild sooty mangabeys (SIVs",) have a high degree of genetic ancI phenotypic 

homology (3), making the assumption of a zoonotic transmission of this virus a very likely 

one. 
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HlV-l SUBTYPES 

HIV -I is an extremely variable virus, due to lack of proof-rcading capacity of its reverse 

transcriptase. The error rate for HIV -I is about 10.4 per base, or about one mis­

incorporation per genome per cyele. As a result, HIV continually produces 'escape 

mutants', which eventually evade the surveillance of the immune system and 

chemotherapeutic agents. Thus, this variability of mv -I poses a major challenge to the 

immune system of the host, as well as to design of appropriate and effective vaccines. 

As a consequence of this variability, HIV-I hasevolved in various area's of the world as 

different groups, with different subtypes. First of all, HlV -I is divided into three groups: 

the major (M), the outliers (0) and the new (N), which differ >35% from each other in 

terms of their complete envelop encoding genes (I). HIV -I subtypes are defined as viruses 

which are 25-35% genetically different in their gpl20 genes. Thus, the HlV-1 group M is 

divided into at least 10 different (A-I) subtypes, whereas the group 0 consists of a pool of 

highly divergent, genetically related strains with at least 4 defined SUbtypes. The N 

subgroup is genetically placed between the two groups M and O. (2). 

In Africa most ofthe ten subtypes of group M, as well as subtypes 0 and N are currently 

circulating. The C subtype is the one predominantly found in East and South Africa, India, 

China and South East Asia. According to WHO, of all the HIV-I infected people in the 

world, 48% carry the C subtype. In Europe and America, where most ofthe HIV research 

is carried out, the most prevalent subtype is the B SUbtype. 

HlV-l STRUCTURE 

I-II V is an enveloped virus i.e. the virion is surrounded by a lipid membrane derived from 

the host cell (4). Two viral proteins encode the envelope: the outer surface glycoprotein 

gp 120 and the transmembrane glycoprotein, gp41 (See fig. I. A and C). The EIV -I virion 

has a diameter of ~ 100-120 mll. Inside the viron, the matrix protein, p 18 (fig I. B), is 

intimately associated with the inner surface of the viral membrane and the capsid protein, 

p24, forms the cone-shaped viral core (5). The core capsid protects two identical 

molecules of genomic viral RNA that arc associated with the nucleocapsid protein, piS. 

The combination of viral nucleic acid and the nucleocapsid make up the ribonucleoprotein 

complex. A single HIV -1 viron is estimated to contain 1200 Gag molecules, 80 Gag-Pol 

and upto 280 molecules of En v (6). There are also tRNA molecules found in HIV-I virons 
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that are used for the initiation of reverse transcription; HIV -I uses a specific tRNA species 

(tRNA LysJ) for initiation of reverse transcription (6). 

HlV-l GENOME 

The genome of HIV is ~9.5 kilo bases in length (7). In common with other lentiviruses, it 

contains two long tel111inal repeats (L TR) and three major genes (gag, pol, and env). These 

genes cncode the major structural proteins of the virus, via polypeptide precursors PI' 55gag
, 

PI' 160 gag.poI, and gpl60 env (8). The genome also encodes tluee regulatory proteins; Rev, 

Tat, and Nef. Finally, tlu·ee other accessory proteins that are probably involved in virus 

maturation and release are encoded: Vif, Vpu, and Vpr. 

HlV-l LIFE CYCLE 

The life cycle of HIV -1 can be arbitrarily divided into early and late phases (see fig. 2) 

(10). The early phase consists of: (I) the virion binding to the membrane using CD4 and a 

co-receptor, (2) fusion with the membrane and (3) viral entry into the host cell. The virus 

soon after it enters the host cytoplasm releases the RNA genome (4) and reverse 

transcription takes place (5). The resulting double stranded DNA molecule is transported to 

the nucleus as provirus DNA (6), where it is integrated into the host genome. Here, the 

virus can remain silent for a long period. The late phase starts upon immune activation of 

the host cell, mediated by Tat (7). Transcription of the integrated viral genome produces 

full-length mRNA transcripts that are transported intact to cytoplasm or spliced and then 

(8) transported. Translation of doubly spliced mRNA in the cytoplasm produces control 

proteins Rev (regulator of virion proteins) and Tat (transactivator of transcription). Both 

Rev and Tat migrate back to the nucleus. Tat binds to the TAR (Transactivation response) 

element, a sequence found on nascent transcripts, causing transactivation of viral 

transcription (11). Rev accumulates in the nucleus until it reaches a tlu·eshold 

concentration. It then binds to the RRE (Rev-response element), an RNA element on full­

length and singly spliced transcripts, inhibiting their splicing and facilitating their export 

from the nucleus to the cytoplasm (12). In the cytoplasm, the full-length mRNA is (9) 

translated to form the Gag (group specific antigen) and Gag-pol proteins, and the singly 

spliced mRNA is translated to form Env (envelope) protein and gp41 (10). The viral 
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protcins undcrgo post-translational modifications and are transportcd to the plasma 

membrane (13). When sufficient quantities of viral proteins have accumulated near the 

plasmamcmbrane, budding (II) takes place and immature virions are rcleascd into the 

extraeelluar envirolUnent. Virion maturation which is initiated by self-cleavagc of the 

protease, occurs during and after budding (14). Thus, HIV -I genetic material exists as 

RNA in the plasma and proviral DNA in the PBMC. 

HIV-l AND HOST CELL MEMBRANE INTERACTION 

HI V -I infection is initiated by interaction of the virion envelope glycoproteins with at least 

two cellular receptors: the CD4 molecule and a seven transmembrane domain G-protein 

coupled ehemokine (CC) receptor. 

Macrophage-tropic strains of HIV -I rcplicate in macrophages and CD4 T cells and use the 

CC chemokine receptor CCR5 for entry; these viruses are classified as R5. In most cases 

R5 viruses have a low titer, are slowly replicating, and do not induce in vifl'O syncytia 

when co-cultllred with the MT -2 cell line. The CCR5 co-receptor is used by almost all 

primary HIV -I isolates regardless of viral genetic subtype, and by the related lentiviruses 

HIV-2 and SIV. T-tropic isolates ofHIV-1 replicate in CD4 Tcells, established CD4 T 

cell lines and macrophages. All of these viruses use the chemokine receptor CXCR4, but 

on top of this co-receptor many of them also use other co-receptors, like CCR2b CCR3, 

Bonzo, Bob, CCR5 (16). Those that use CXCR4 are called X4, are the high titer, fast 

replicating and usually of the SI phenotype. Because of higher viral loads (fast 

transcription) and broader co-receptor usc (tropism), SI vimses are much more dangerous 

than NSl. Usually, the emergence of SI variants in a host predict increased destruction of 

CD4 T -cells resulting in accelerated progression towards AIDS. 

THE GP 120 V3 REGION 

The HIV -I envelope gene is characterised by a high potential for variation without loss of 

functionality. The gene encodes the viral envelope, including five variable domains (V 1-

V5), separated by relatively conserved regions (see flg.IC). The third variable domain 

(V3) has been shown to contain determinants of cell tropism (18), infectivity (19), and 

cytopathycity (20). It is also claimed to be a target for neutral ising antibodies (21), and a 

recognition site for cytotoxic T -cells. 
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Specific mutations on either side of the V3 loop can influence cellular tropism and SI 

capabilities o[vil'llses in culture. Other regions in Env are also partly responsible for 

fcatures of the viral V3-phenotype (24). In particular, mutations in other regions of En v 

can affect ligand binding to the V3 loop and, similarly, mutations in V3 loop can affect 

ligand binding to other regions (25). For HIV-I A, B, D, and E subtypes, T-cell-tropic 

strains have been demonstrated to carry positively charged amino acids llciiacent to the tip 

of the loop (23) in positions II and 27 of the V3 loop. The situation for other subtypes, like 

subtype C is not so clear. It has been speculated that positions 8 and 29 playa role for 

subtype C (47), but this needs further substantiation. 

A growing body of evidence argues that NSI, M-tropic forms of the virus are the 

predominant forms detected immediately post-infection and that SI strains emerge later 

during the course of the disease (26). However, it should be kept in mind that at least 40% 

of subtype B infected individuals die of AIDS, without the emergence of any SI variant 

(cohort studies Amsterdam, 1984-1999). 

HlV-l IN ETHIOPIA 

In Ethiopia, since the first report of HI V -I sera from 1984 and the first AIDS cases in 1986 

(31), the epidemic has rcached a prevalence of 8-16% amongst sexually active adults in 

urban areas by the end of 1997. Various studies have indicated the predominant presence 

of HIV -I subtype C in infected Ethiopians. (32-37). A national sub-typing effort is being 

carried out to shcd light on this mater. The results indicate the predominant presence of 

subtype C (38). 

EHNRl-ENARP 

The Ethiopian Health and Nutrition Research Institute-Ethiopian Netherlands AIDS 

Research Project (EHNRl-ENARP), has established a cohort study on HIV -I infection 

progression in factories in Akaki and Wonji in February 1997. Participants were informed 

about the project, in groups sessions as well as individually. After signing an informed 

consent, subjects could enrol into the prospective cohort study. Participants are entitled to 

withdraw at any moment. As an incentive, free medical care is provided to the participants 

and their direct dependants (5-7 individuals). Betwcen February 1997 and April 1999,765 

factory workers in Akaki and 511 in Wonji, a total of 1276 individuals enrolled. Out of 

these 87 (11.4%) in Akaki and 39 (7.6%) in Wonji were HIV-l positive at intake. Blood 
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samples have been collected of those subjects who returned (60-65%), every 6 months. In 

this process, 12 HIV -I seroconverters, 8 in Akaki and 4 in Wonji, were detected. Detailed 

information is being collected on those people, including immunological, virological 

epidemiological and clinical data (40). Table I summarises some clinical information on 

the HIV-I positive cohort participants. 

AIM OF PRESENT STUDY 

The aim of the present study was to assess the molecular characteristics of HIV -I virus 

isolates from HIV-positive Ethiopian factory workers, to get an insight in the dynamics of 

mutation and finally to try to relate these molecular characteristics to well established 

prognostic markers for HIV infection progression, like CD4 T-cells and viral load. 

14 



5. METHODS AND MATERIALS 

STUDY POPULATION 

Study subjects were Ethiopian factory workers at all stages of HI V-I infection, who 
palticipated in the EHNRI-ENARP cohort studies on a regular basis. Out of the 125 sero­
positive cohOit participants, 23 individuals were selected (17 from Akaki and 6 from 
Wonji). These subjects include male and female participants with a mean age of37 
(range 18-52). 

VIRUS ISOLATION AND RNA AND DNA EXTRACION 

The collection of plasma was done from heparinized veinous blood and stored at 
-80 ° C until use. 

PLASMA SAMPLES 

RNA was extracted form stored plasma samples by using the method described by 
BOOM et al (40). For that purpose 100 III of plasma was taken and mixed with 900 III of 
L6, lysis buffer. This was well mixed and 40 III of silica added to each sample and well 
vortexed. After incubating for 10 minutes at room temperature, shaking after every 2 
minutes, was centrifuged for 35 seconds. at 12000 girs. The supernatant was sacked and 
the silica was resuspended by adding 1 ml of L2, washing buffer, and vortexing for 5 
seconds. After centrifuging the process was repeated once again. Then the same process 
was repeated twice with 70% ethanol, and once with acetone. 

The silica was allowed to dry for 10 minutes at 56°C, after which 50 III of low TE-4 
buffer was added, mixed well and incubated for 15 minutes shaking gently at 56°C. The 
mixture was taken out and centrifuged for 2 minutes at 12,000 girs. 10 III of the 
supernatant RNA, was collected and added to 10111 ofRT mix. 

REVERSE TRANSCRIPTION 

RNA IS EXTREMELY UNSTABLE (STORAGE -80°C FOR 3 DAYS ONLY) 



THEREFOR \VB NEED TO MAKE DNA (MORE STABLE, EASY TO AMPLIFY) 

IN RT STEP WE MAKE SINGLE STRANDED cDNA 

lvlOST IMPORTANT ITEMS IN RT MIX ARE: 

1. 3'END PRIMER (ED33), it has the COMPLEMANTARY SEQUENCE ofthe virus at the 3' 
end (right sidc in nearly all drawings) 

2.AMV -RT == Avian myeloblastosis virus reverse transcriptase . This enzyme converts the RNA in 
to complementary DNA. 
3. RNAsin == a reagent that inhibits the activity of the RNAse enzyme. 

* REVERSE TRANSCRIPTION MIX 

RT-MIX Ix llx Stock COllC. Final conc. 
(fll) (fll) (20 fll) 

MgCI, 4.0 44.0 25mM 5mM 
RTbuffer 2.0 22.0 lOx I x 
DNTPs 2.0 22.0 10mM ImM 
RNAsin 0.5 5.5 40 Uhtl I U/fll 
AMV-RT 0.5 5.5 10 U/fll 0.25 Uhtl 
3' primer 1.0 11.0 10 pmol.!ftl .5 pmolhtl 
ED33 
Total 10 110.0 

HIV 1 RNA AFTER ISOLATION 

+ 5'- 1 ____________________________________ _ -3' HIV 
1 RNA 

CCOCAAAOOCGGGOACGAAOGGCOAACCGOOGAATCGCG 

RT STEP REVERSE TRANSCRIPTION MAKING eDNA (COMPLEMENTARY) 
OF RNA 

5'CCUCA __________________________________ TCGCG'3 HIV 1 
RNA 

+ 

CCTCA 3' PRIMER (ED33) (COMPLEMENTARY TO 3'END RNA) 
~-----

ANNEALING 3'PRIMER 
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+ 5' - [---------------------------------------[ -3' HIV 

1 RNA 

CCUCAIV\UUCGGGUACGllliUGGCUAACCGUUGAATCGCG 
I I f I' 

AGCGC-3' PRIHER 

cDNA STRAND SYNTH~SIS 

5'- [ 
RNA -c:Cc:C~U:cCAAAc:7=-U~U:cCO:G=-G=-G=-U=A:-:C:-;G=-AA=U:-:G:-:G:-:Cc:Uc:AA~Cc:Cc:GccU:::UC:G-::AA-::-::C-::A-=C-=C-=G--

III '" "," " 11f, "IfIll" II "'1 III II 

GGAGTTTAAGCCCATGCTTACCGATTGGCAACTTTGCGC 

-HIV-l 

3'- [---------------------------------------[ -5' cDNA 

STRAND 

AFTER RT THE SINGLE STRANDED HIV-l RNA STRAND HAS 

DISSAPEARED. 

RNA IS EXTREMELY UNSTABL~ 

WE NOW HAVE SINGL~ STRANDED cDNA: 

5' - [ GGAGT _______________ -"'A"'G.=C.=G.=.C- 3' cDNA 

STRAND 

N. B. The mixture was prepared for ten samples and then ali quoted in 10 
~ll PCR tubes. 

The mixture of 10 ~ll RNA and I 0 ~ll RT-Mix were incubated for 45 

minutes at 42°C. During this time the RNA is converted to cDNA by the 

AMV -RT enzyme. After the process the mixture was incubated at 95°C for 

5 minutes inorder to inactivate the enzyme and stop the process of reverse 

transcription. The miJo-iure was added to 80 ~tl of PCR I mix and was 

covered with two drops of mineral oil and put into a Thermal Cycler for the 

polymerase chain reaction. 

AFTERRT STEP (45 MINUTES AT 42 CO) WE HAVE: SINGLE 
STRANDED eDNA 

PCR I. (25) POLYMERASE CHAIN REACTION 
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In RT step there is no amplification only cDNA is made. 

In order to amplify we need to add another PRIMER: 5'END PRIMER 
(ED31) 

This PRIMER has the complementary sequence of the eDNA on thc 

5'END (left side in nearly all drawings) 

In fact this is the region of interest in sequence of the virus 

BESIDES THE 5'END PRIMER, WE NEED: 

1 O*PCR BUFFER 

dNTP'S (THE BUILDING STONES A,C,G,T OF DNA) 

TAQ POLYMERASE (ENZYME THAT ADDS THE 
COMPLEMANTRY SEQUENCE) 

MgClz (IMPORTANT FOR PRIMER ANNEALING) 

PCR I IS ALWAYS 35 CYCLES: 1 CYCLE: 
1 MIN. 95 Co (DNA DENATURATION) 

(PRIMER ANNEALING) 

(EXTENTION) 

AFTER 35 CYCLES: 

1 MIN. 55 Co 

2 MIN. 72 Co 

WE CHECK LENGTH OF 1 PCR PRODUCTS ON AGAROSE 
GEL: 

LOAD A Commercially prepared of known length DNA MARICER 
NEXT TO PCR I PRODUCTS 

RUN FOR 1 HOUR AT 100 mAs. 

CHECK WITH UV LIGHT THE MARKER AND LENGTH OF 
OUR PRODUCT 

TAKE POLAROID PICTURE OF THE GEL WITH THE HELP 
OF THE UV LIGHT. USUALLY THE PRODUCT IS NOT VISIBLE, 
BUT IF IT IS VISIBLE IT IS 564 bps LONG 
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- 5'- I GGAGT AGCGC -3' eDNA 
STRANO ------------------------------~~~ 

CCTCA-5' PRU1ER (ED31) 

------7 

72 C' SECOND STRAND DNA SYNTHESIS 

TGAACTTAAGCCCATGCTTACCGATTGGCAACTTAGCGC 
5'- 1---------------------------------------1 -3' eDNA 

STRANO 
I'" "111 f' I" 1"1111 I I 11"1,, I" I", I f 

~C~C~T~CA~ __________________________ TCGCG 

+ 3'- 1---------------------------------------1 -51 2tID DNA 
STRANO 

95C' DNA DENATURATION 

1-5' TGAACTTAAGCCCATGCTTACCGATTGGCAACTTGTGGC 1-3' 

PRIMER ANNEALING 

72 CO DNA STRAND EXTENT I ON 

DNA DENATURATION 

THEORETICLY AFTER APPOX. 25 CYCLES WE HAVE 

1.000.000 COPIES FROM 1 ORIGINAL HIV-l RNA 
PARTICLE. 

PCR I Conditions: ( file (94/ 95/ 98/ 99) 
94°e 1 min 

1 min 5x (file: 94) 

noe I min 
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94°C 15 sec 

55°C 45 sec 30x ( file: 95) 

noc I min 

noc 10 min Ix (file: 98) 

4°C soak file ( file: 99) 

From the products ofPCR I I 0 ~tl was taken and added into ten PCR tubes 

of90 ~tl each ofPCR II* mix, covered with two drops ofmincral oil and 

was put into the thermal cycler for a nested PCR. 

2" PCRMIX Ix (fll) llx (pi) Stock Final conc. 
cone. (IOOfll) 

MgCI, 16.0 176.0 25Mm 4 111m 

PCRBuffer 10.0 110.0 lOx Ix 
dNTPs 2.0 22.0 10mM 0.2 mM each 
Taq. Pol. 0.5 5.5 5 U/ fll 0.025 U/ fll 
5' primer V3-MI3F 1.0 11.0 10 pmol.lft! 0.1 pmol/ [II 
3' primer V3- MI3R 1.0 11.0 10 pmo!/ [t! 0.1 pmol/[t! 

dH20 59.5 654.5 
TOTAL 90.0 990.0 

-5'-IACTTGCGGGTATTC. ____________ TTGGGCACCG+3'-1 

5' V3 ATAAG AACCC 3' V3 

------.~ ~~r_----

5'V3 ATAAG 

-AACCC 3'V3 

NESTED PCR CONDITIONS: (file: 96/97/98/99) 

94°C I min 
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94°C 1 min 

55°C 

noc 
1 min 

1 min 

94°C 15 sec 

55°C 45 sec 

noc 1 min 

noc 10 min 

4°C soak file 

5x (file; 96) 

25x (file: 97) 

Ix (file: 98) 

(file; 99) 

The first and nested PCR products were run in 1 % Agarose Gel Electrophoresis at 

10DmA for 1 hour and Polaroid Pictures were taken. 

AGAROSE GEL ELECTROPHORESIS 

To make 1 % agarosegel we took 1.5 g of agarose powder and dissolved it in 150 ml of 

2% TAE. This was heated at microwave heater for 2 Y. minutes at 360 V. After it was 

allowed minutes at 360 V. After it was allowed to cool for about 10 minutes at room 

temperature, 7.5 III ofEtBr was added, and it was cast at the electrophoresis plate and 

was left for 30 minutes to polymerise. Meanwhile in a microplate wells 10 D1 of the 

PCR product,S III of dH20, and 5111 of loading dye buffer was mixed and added into the 

wells in the gel. The DNA which is negative runs towards the anode after the system was 

connected to an electric source of 100 mAs and 95 V s. After an hour the gel was taken to 

the dark room and a Polaroid picture of the gel taken. (see fig. 3) 



AUTOMATIC SEQUENCING GEL RUNNING 

Sequence running was done according to the Manufacturers' Manual. 

PROCESSING OF AUTOMATIC SEQUENCING DATA 

Data processing was done by using Microsoft Word and the MEGA soft 

ware program. AliglUllents of sequences were performed manually. 

PHYLOGENETIC ANALYSES 

Phylogenetic analysis was carried out on DNA sequences aligned to sets of 

previously classified non-recombinant references of subtypes A, B, C, D, E, 

F, G and H li'Olll Brazil, Britain, India, Malawi, Thailand, Uganda and 

Zambia (41), by using the Mega and PHYLIP soft ware packages (42). 

Gaps were introduced manually for optimal alignment. Gaps were excluded 

from any phylogenetic algorithms. The algorithms of the PHYLIP software 

package including DNADIST, NEIGHBOR, CONSENSE, and DRAW 

TREE were employed. The maximulll Likelihood algorithm was used for 

bootstrapping. 
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6. RESULTS 

Table 2 sunlluariscs some of the most important virological, immunological and 

other data collected from the 23 selected H1V -I positive cohort participants (17 

from Akaki and 6 liOlU Wonji). The HIV -1 positive participants werc 16 males 

and 7 females with a mean age in 1999 of38 years for males (range 29-47 years) 

and 33 years for females (range 24-45 ycars). Over thc past 3 years, some 

individuals presented already 6 times at the cohort site (e.g. E), others only 

reported once (e.g. C). The dates of visit are indicated and show that time 

intervals between visits ranged betwcen 6 months and 2 years. Mean follow up 

time of the subjects £i'om Akaki was: 1,040 days = 2 years and 10 months; mean 

follow up time of subjects from Wonji was: 830 days = 2 years and 3 months. 

Absolute CD4 T cell counts varied between 36 (subject J) and 943 (subject G) 

x106/1 whole blood. Absolute CD8 T cell counts vmied between 267 (subjcct 0) 

and 2677 (subject N) xl06/1 whole blood. CD4/CD8 ratios varied between (0.1) 

(c.g. subjects E and F) and 0.9 (subject A). Six subjects were found to consistently 

have < 200 CD4 T-cells per ~ll whole blood (B, E, F,.T, M, 0). These people are 

in the AIDS stage according to the WHO staging system of HI V -1 infection 

progression (1). All other subjects were in stages 1-3, as assessed by both CD4 T­

cell counts and clinical examinations (not shown). 

Viral loads varied between undetectable «1.90 IOi0g RNA molecules per 1111 of 

plasma, e.g. for subject X) and very high: 5.64 1010g RNA load (subjccts C and N). 

There was no clear correlation betwcen CD4 T-cell counts and viral loads of 

individual cohort participants (not shown). 

Figures 8A and 8B (see amlexes) demonstrate the dynamics of CD4 T-cell counts 

and viral loads over timc in those cohOli participants from Akaki who had> 3 

follow up visits. In general, both CD4+ T-cell counts and viral loads tended to be 

stable over the follow up timc of on the average 2112 yems. 

From the above 23 subjects, HIV-l RNA was isolated from a total of75 plasma 

samples (see Table 2) and converted into cDNA using thc reverse transcription 

system described in Materials and Methods. The cDNA was subjected to a nested 

PCR which finally resulted in 61 positive products (61/75 = 81 %, Table 2). 
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figure 3 shows some representative agarose gel electrophoresis experiments 

performed on nested PCR products using primers ED31/33 followed by tv!!3 

5'F/3'R. The expected length of first PCR products (produced by the ED31/33 

primer combination) was 564 bp. However, agarose gels hardly ever showed these 

products, because of usually a too low sensitivity of this teel1l1ique. In contrast, 

when the nested PCR was performed (with primer combination M13 5'F and MI3 

3 'R), the resulting 350 bp product was most of the times clearly visible. Figure 3 

displays some examples of PCR products with the correct sizes of 564 and 350 

bp, as compared to the molecular weight marker used. 

The nested PCR products were subjected to cycle sequencing, either using forward 

or reverse sequencing primers and the resulting DNA sequences are depicted in 

Figure 4, aligned with a consensus subtype C sequence from Los Alamos, 1998. 

Out of the 61 PCR products, 53 (87%) resulted in an interpretable DNA sequence. 

As can be seen, most of the DNA sequences aligned well with the Los Alamos 

consensus HIV -I subtype C sequence. The samples were initially sequenced by 

using the Ml3 5'f direct primer. This primer gave good results for many of the 

samples, up to the first 250 bp. However, towards the end of the sequence 

(positions 250-279), quite often ambiguities were observed. Those sequences with 

more than 10 ambiguities after editing, were re-sequenced using the M13 3'R 

reverse primer. Thus, in most cases ambiguities were reduced or even eliminated. 

The uncertain positions remaining arc indicated by question marks in Figures 4 

and 5. 
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Figure 4. Aligned V3 DNA sequences of Akaki and WOl~ji 

HIV + cohort participants. Legend: Sequences nre aligned relative to a consensus 

subtype C sequence (CONSENSC), which was obtained h'OIll the Los Alamos 1998 databases. A 

dot (.) represents the same nucleotide as the consensus, a dflsh (-) represents a deletion relative to 

the consensus, a question mark (?) represents a sequencing ambiguity. Suffix A-P + X.= cohort 

participants from Akaki; suffix Q-V = cohort participant froms Wonji . The numbers in front of 

these codes represent Lab IO's, indicating the order of visits of the pertinent subject IO's. In bold 

are the V3 loop encoding sequences. Sequences marked by a "* have a high number of ambiguous 

positions. 

CONSENSC 
00099A 
00101B 
01500B 
00143C 
00153D 
00707D 
01706D 
0724E 
00156E 
00713E 
01625E 
01l05F 
00258G 
00849G 
01687G 
0688H* 
00965H 
02357H 
006471 
00330J 
009'79J 
01748J 
00363K 
01l69K 
01763K 
0592L 
00403L 
01l95L 
01909L 
02776L 
0808M 
00409M 
01752M 
00448N 
01266N 
02009N 
02794N 
00499X 
01296X* 
01893X 
010940 
0764P 

ATA ATA ATT AGA TCT GAA AAT CTG ACA AAC AAT GTC AAA ACA ATA ATA 
G.C T.. .C. .T. 
G .. G.. G.. .C. .T. T .. 

G.. G.. GA. .C. .T. C .. 
G •. 
G •• 

?. G •• 
G •• 
G •. 
G •. 
G .• 

?. G .• 
G •• 
G •• 
G •• 
G •• 

??? ??? ??? ?? 

C .• 

A .. 

A.A 

. .A 

. . A 

G ... G. G .. 
G •. 
G •. 
G •• 

G .• 

.. A G .. 

? . 

A .. 
A .. 

.C. 

.?? 

.AT 

.AT 

.AT 

.AT 
· T. 
.T. 
.T . 

· T. 
· T. 

G.T G ................. T ............ C ..... T ...... . 
... G .......... , ........ , .......... C ..... T ..... .. 

? . 
?? 
. C. 
?C. 
?. G •. 

G •• 
G •• 

?. G •. 

.. T 

G •. 
G •. 
G .• 
G .• 

G .. 
G •• 

.? . 

. A. 

. ? 

. A. 

.A. 

.A. 

. A. 

.A. 

•• G 

A.G 

.? . 

.? . 

G •• 

A .. 
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. . T 

. . T 

. ? .. T 

T .. G .. 

? . 

· .G 
· .G 
· .G 

· .G 

G .. 

.CG 

. C. 

. C . 

.C. 
.. A .C. 

.C . 

.C. 

. C . 

.C. 

. C. 

.C . 

.C. 

.C. 

. C. 

.C. 

.C. 

. CT 

.T . 
GT . 
GT . 
GT . 
.1'. 
.T. 

· T. 
.T . 
.T . 
.1'. 
.T. 
.T. 

.T . 

.T. 

.T. 

.T . 

· .C 
.C. C .... C .. T 
.C . 
. C. 
. C. 

.T. 

.1' . 



02050P 
7202Q 
7194R 
01732R 
70508 
01100S* 
017 4 6S 
7233T* 
7043U 
018421) 
02191V 

G.. ..G 

G .. 

G .. 

G .. 
G .. 

· .G 

A.A 
A.A 

G ... C. 
.c. 
. C. 

G .... A 

.T. 

.1' . 

.T. 
A .... C G.. AC. CT. 

. .• ... ... ..• ... A.. .. C ... ... G.. ... llC. ... CT. ... . .. 

.C ......... C ....... C ... C C.C C ...... C ..... T ...... . 
?. G .. 
?. G .. 

· .G 
· .G 

A.A 

G •. 

G •• 
.C. 

.1'. 

.T. 

CONSENSC GTA CAT CTT AAT GAA TCT GTA GAA ATT GTG TGT ACA AGA CCC MC MT 

00099A 
00101B 
015008 
00143C 
00153D 
00707D 
01706D 
0724E 
00156E 
00713E 
01625E 
01105F 
00258G 
00849G 
01687G 
0688H* 
00965H 
02357H 
006471 
00330J 
00979J 
01748J 
00363K 
01169K 
01763K 
0592L 
00403L 
01195L 
01909L 
02776L 
0808M 
00409M 
01752M 
00448N 
01266N 
02009N 
02794N 
00499X 
01296X* 
01893X 
010940 
0764P 
02050P 
7202Q 

· .G 
· .G 

· .G 

•• G •• G 
•• G .• G 
•. G .. G 

· .G 
· .G 
· .G 
· .G 

· .G 

· .G 
· .G 

· .G 

· .G 

· .G 
• • G 

•• G •• G 
•• G .• G 
•. G .. G 
•. G •• G 

· .G 
· .G 
· .G 

· .G 
· .G 
.. G 

· .G 

· .G 

· .G 

· .G 

· .G 

. GG 

A .. 

· .C 
· .C 
.. A A.G C .. 
C.A .. c C .. 
C.A .. C C .. 

C.A .. c c .. 
C.A A.C C .. 
· .A C .• 

.. A ... c .. 

.. A ... C .. 

.. A A.C C .. 

C.A A.? C .. 
C.A A .. C .. 
C.A C .. 
.. A C .. 

.. A C .. 

· .A C •• 

A .. 
.GG C .. C .. 
G.G C .. C .. 

.. G C .. C .. 

· .G C .. 

· .G 

· .G 

c .. 
C •• 

.. A A .. C .. 

.. A A.C C .. 

.. A A.C C .. 

.. A A .. C .. 

.. A A.C C .. 

.. A ACC C .. 

.. A ACC C .. 

.. A ACC C .. 
•• G .• C C •• 

.. G •. C C .. 

.• G •. C C .. 

.. G A.C C .. 
.C. C .. 

.. A .C. ?. 

.. G .C. C .. 

.. A C .. 

.. A A.C C .. 

.. A .. C C .. 

... A .. 
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A .. 

C •• 

C •• 

.G. 

A .. 

C .• 

C .. 

C .• 

•• C 

.A. 

AAT 
AAT 
AAT 
AAT 

. AT 
AAT 
AAT 
AAT 
AAT 
AAT 
AAT 

· .G 
· .G 
· .G 

· .G 
.. G .. A .G. 
..G .. A .G. 

.. G .. A GG. 
· .G 

· .G 

G •... G 

· .G 

· T . 

· .G 

· .G 
· .G 

· .G 

· .G 
· .G 

· .G 
· .G 

· .G 
· .G 

· .G 

· .G 

· .G 

· .G 

· .G 

.C. 

.. T 

.G. 
GG. 
GG. 

..G .G . 

.. G .G . 

.. G .. T . G. 

· . G .. T 
..G .. T .G. 

· .G 

· .G 
· .G 

· .G 

· .G 

· .G 

· .G 

.G. 

.C. 
GG . 

· .C 
· .C 
· .C 



7194R · .A A .. AI,T G .. GG. 
01732R · .A A .. l\AT GG. 
7050S · .A · .C C. ? A .. .A. · .G GG. 
01100S' · .G · .A · .C C .. C .. · . G 
01746S · .G · .A · .C C .. · .G 
7233T* · . G · .A ACG C .. ACC TTG CCC .G. 
7043U · .A · .C C.G .A. .T. · .G GG. 
01842U · .A · .C C.G A .. .A. · .G GG. 
02191V · .G A .. A .. .. C AAT . . T GG . 
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CON8EN8C MT ACA AGA AM AGT ATA AGG ATA GGA CCA GGA CM --- --- ACA TTC 

00099A · .C C.G G .. · .C · .G 
00101B .? . C.C G .. G.G 
01500B · .C C .. · .G 
00143C · .G · .G 
001530 G.G · .G · .G 
007070 . . . .. ? .. G . . . . .. .. G ... . . . . " ... . . . . .. . .. . .. . . . . . . 
017060 . . . ? . .. G G .. . .. . .G . .. . . . . .. .. . . .. . .. . . . . . . . . . . . . 
0724E · .G .. G 
00156E C.G · .G 
00713E · .G · .G 
01625E · .G · .G 
01105F · .C G.G GGG G .. · .G 
00258G · .G · .G 
00849G ?G · .G 
01687G C.G · .G 
0688H* · .G · .G 
00965H · .G · .G .. A 
02357H · .G · .G 
006471 G .. 
00330J . T. .G. .A . · .G 
00979J · T. .G. · .G G .. 
01748J · T. .G. .A. · .G 
00363K · .C · .C · .G .. G · .T 
01169K · .G G .. · .C · .G · .T 
01763K · .G G .. · .C · .G · .T 
0592L · .G · .G 
00403L · .G G.G 
01195L · .G C .. · .G 
01909L · .G .CG 
02776L · .G · .G . G. G .. 
0808M · .G G.G · .G 
00409M · .G · .G 
01752M .GG · .G · .G 
00448N .G. · .A 
01266N . G. G .. · .A 
02009N .G? G .. · .A 
02794N .G. GG. · .A 
00499X · .C G .. 
01296X* · .C G .. ??? ??? ??? ??? ??? 
01893X G .. 
010940 · .C · .G .G. · .G 
0764P · .G C.G · .G 
02050P · .C C.G · .G 
7202Q C.G .G. · .C · .G 
7194R G .. G .. · .C 
01732R G .. · .C 
70508 · .G G.G · .A 
011008* · .G · .G 
017468 · .G · .G 
7233T* · . T · .G G .. G .. T .. CCC A .• 

7043U · .C G.G ? . G.G · .A 
01842U · .G G.G · .A 
02191V G .. 
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CONSENSC TAT GCA ACA GGA GAC ATA ATA GGA GAC ATA AGA CM GCA CAT TGT MC 

00099A · . T 
00101B · . l' 
015008 · .T 
00143C · . T 
001530 .C. · . T . . C A .. 
007070 .C. · . T 
017060 . C. · . T A .. . T . 

0724E · .G · . T 
00156E · .G · . T 
00713E · .G · .T 
01625E · .G · .T 
01l05F · .1' A.T 
00258G · .A · .T .A. T .. 
00849G · .A · .T . ? . · .? T .. 

01687G · .A · .T . A. · . T T .. 
0688R* · . T 
00965R · . T 
02357R · .T 
006471 .. T 
00330J A .. A.A · . T · .G A .. 
00979J A .. C.A · .T · .G A .. 
01748J A .. C.A " T · .G 
00363K A.'r .T. 

01169K A.T .T. 

01763K · . T .G. 
0592L . C. · .T T .. 

00403L · .G .C. · . T T .. 
01l95L .C. · .T T .. 

01909L .C. · .T 
02776L .G. .. G · .G .C. " T 1' .. 
0808M · .A · . T .G. 
00409M · .A A.T 
01752M · .A A.T 
00448N · .T G .. " T .C. 
01266N . T. · . T G .. T .. · .1' .T. .C. 
02009N . T. · .T G .. · . T · T. .C. 
02794N · . T A .. .C. 
00499X · .T · .G T .. 
01296X* ??? ??? ??? 7?? ?7? ??? ??? ??? ??? ?GC T.T TG. T .. 
01893X · . T · .G C .. 
010940 .C. · . T 
0764P · . T 
02050P · .T 
7202Q .G. .. T 
7194R · . T 
01732R .G. · . T 
7050S · . T 
OllOOS* · . T 
017 4 6S · . T 
7233T* · .T · .T G .. · . T C .. · .G 
7043U · .T · .C .. C 
01842U · .T 
02191V · . T A .. 
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CONSENS 

00099A 
001016 
015006 
00143C 
001530 
007070 

017060 
0724E 
00156E 
00713E 
01625E 
01l05F 
00258G 
00849G 
01687G 
0688H* 
00965H 
02357H 
00647I 
00330J 
009"19J 
01748J 
00363K 
01169K 
01763K 
0592L 
00403L 
01195L 
01909L 
02776L 
0808M 
00409M 
01752M 
00448N 
01266N 
02009N 
02794N 
00499X 
01296X* 
01893X 
010940 
0764P 
02050P 
7202Q 
7194R 
01732R 
7050S 
01100S* 
017 4 6S 
7233T* 
7043U 
01842U 
02191V 

ATT AGT AM GA? AM TGG AAT ?AA ACT TTA CAA IV\G GTA AGT AM AM 

G •• 

G •• 

G •• 

. . A 

? . 

. I\. GG. C. A .. T 
G .... G 

G .... G 
GG. A.G .. C 

.. C G .. A.G G .. 

.. C G .. A.G GC. 

.. C G .. A.G 
G •. A.G .? 

G .... G 
G •• A.G 
G .. A.G 
G .. ?GG 

.A. G .. A.G GC. 

.A. G .. A.G GC. 

. A. G .. A.G GC. 
GG •. GA 
GG .. GA 
GG •. GA .. T 

.. C GG ... A .. T 

GG. A.G GC. 
GG. A.G GC. 
. G. A.G GC. 
G? .. G 

GG ... G 
GG .. GG 
G .. A.G .C. 
GG. A.G .C. 
G .. A.G .C. 
G •••• G 
G .. A.G .C. 

G.G C.G GC. 
G.G C.G GC. 
G.G C.G GC. 

GAG GG ... A 
GAG GG ... A 
GAG GG ... A 
• AG GG ... A 

. G ... A 

.G ... A 

.G ... A 
G .... G .C. 

G .. A.G GC. 
G .. C.G GC. 
. G. AGT .T. 

GG ... A .. G 
GG. ?A .. G 
G .... A .. G 

. C. GG. . GG .? 

.C. G ... GG 

GG ... A .GT 
G ... GG 
G .... A .. G 
GG .. CA G.G 

AG. 
G .. 

.T. A .. 

. G. C.C 
A .. 

A .. 
G .. 

G.C 
G.C 
G.C 
G.C 
G •• 
G.C 

?. G.C 
G .. G.C 

G.C 
G.C 
G.C 
AC. 
G.C 
G.C .. C 

I\. C . T. 
.. T 

G .. 

G .. 

,AJ\ GG. ..? 
G .. G .. G. T 

G .. G .... '1' 
GT . 
G .. G .. 

..G GT. G .. 

. G. TAG GTG TTT 

• . T 

G .. 

G •• 
G •. 

G •. 
G •• 

GC. 
GC. 
GC. 

.. T G .. 

.TT 
G ... G. 

G .•. G. 

G.. G .. 
G •• 

G •• 
G .. GG. ?G. 
G •• 
G .• 

G .. 
.. CG .. 
.. CG .. 
.. C C .. 
.AG G .... T 
G •• 
G •. 

G.C .. A C.. G .. G.. C .. 
A.. A .. G .. 
G.. A .. G .. 

G.. G .. G .. 
G.. G .. 
G.. G .. 
G. . G .. 
A.C G •• 
A .. 
A .. 

A .. 

A .. 

G .• 
G •• 
G •. 

G •. 
.G. 

GG. 

GC. 
GC. 
G?G G .. 
G.G G .. 
G.G G .. 
G.G 

G •• 
G.G 

G .. G .. G .. 
G .. G .. G.G 
G .. G .. GCG 
.AA GG. 
.AA GG. 

AC. G •. 

AC. G •• 
AC. G .• 
AC. G •• 

GG ... ? .AA GG? 

A.T C •. 

A.T C .. 

T.T C .. 
G •• 
G.C 
•• C 

G •• 

A .. 

A •. 
G •. 

GG. .M GG. 
G.. ..G GG . 
G.. .AG .. G 
G.. GAG 
.G. T .. G .. T .. 

GC. 
A .. GC. 

G ... GG 
G ... GG .. T 
.AG GG. G .. 
. T. 
. T. 
G.G GG. 

? . AC. C. C 
A .. 

.C. G.A 
G .• 

CCC ??? ??? 
G •• 

GC. 
GT. G.A T .. 
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G .• 
A .. 

G .... G .AG G .... T 
.. ? G.. G.G GG ... T 

G.G G .. 

GC. .AG G .. 



CONSENSC 

00099A 
001018 
015008 
00143C 
001530 
00707D 
017060 
0724E 
00156E 
00713E 
01625E 
01105F 
00258G 
00849G 
01687G 
0688H* 
00965H 
02357H 
00647I 
00330J 
00979J 
01748J 
00363K 
01169K 
01763K 
0592L 
00403L 
01195L 
01909L 
02776L 
0808M 
00409M 
01752M 
00448N 
01266N 
02009N 
02794N 
00499X 
01296X* 
01893X 
010940 
0764P 
02050P 
7202Q 
7194R 
017 32R 
7050S 
01100S* 
01746S 
7233T* 
7043U 
01842U 
02191V 

TTA GCA GAA CAC TTC CCT AAT 

llA ... G llA ... A 
AA. A.G .C. 
AA. A.G .CT 
CA. A.? G.? .7. 
CA. C •• 

CA. C .. II .. 
AC. C.. C. T TT. CCT ?G. .. G 

CA. A .. 
CA. A.? 
CA. 
CA. 
CA. A.? .C. 
CA. A .. 
CA. A .. 
CA. A .. 
AA ... G 
AA ... G 

AA ... G 
AA? .. G .T. 
AA. .T. 
AA ... C .T. 
AA. 

•. G CA. ?. 
•• G CA. 
.. G CA. A .. 

CG. 
CA. 
CA. 
CA .. GT 

.T. 

CA. C .. 
GCT A .. A ... G. 
C .. CA. A ... G. 
CCC CAC CC .. G. 

AA ... G 
AA ... G 
AA. A.G 
AA ... G 
AA ... G 

.TG 

.TG 

.TG 

.T. 

G •• 
G •• 

?T. 

T .. 

GGG 
GGG 
.. G 
GGG 

AM ACA ATA AM TTT 

.r:. 
.G. ..C . T. 
.GT .C. CT. 
,G. ?. ,C? 

T .. G.C 
· . G .G. 

G?C CAT ?. 
.. G .. C .GC 

? . . .? 
.GC 

.. C .. T .CC 
C .. T .. ?GG 
C.. .GC 

.GC 
G. . ?GC 

.G. .G. 

.G. 

.G. 

.C. C .. CCC 7T. 
.GT 

.C. 

AM .C. 

T .. 

T.C 

T ... A. 
C •• 

T .. CGC 

.GC 

.GC 

.GC 

.GC 

.GC 

.GC 

.TC 
GTC 
.GC 
.GC 

C .. T .. GGT 
.G. 
.G. 

.G. 
.G .. A. 

· .C C.C 
AA ... G 
AA ... G 

.G? ??? ??? 
.T .. C. AAC .C. GT. CAC 

??? 
T1'7 
GGC 
GCC 

??? 
??? 

AA .. G. 
CA. A .. 

.AC AG. ACC .TT CC. TA. T.A 
C .. A .. AGA GG. 
. A .. GG T.T .. C .T. 
.A ... G .. T .C ... C 
AA. .. G . G. AA.. .A 

??? ??? ??? ??? ??? ??? ??? ??? 
AA. .T .. AT AA. GCA 

.. ? C.T CCC A?? ?? .GC 

.A. AG. CCC TT. A.T AM CC. 
AA ... G .G. AA ... A 
AG. 
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C .. 
•• G 

· CG GTG 7 .. 
.AT 

. GC 

.G? 
.G. ?GC .G. 

. GC 
. T. ? . 
.C . 

? .. .C. 
??? ??? ??? ??? 
TC. T.. . .C 

CA. TAG GTT 
T.. GTT TGC CCC 

.C. 

.. C .CC 

??? 

.. ? 



From the DNA sequences the amino acid sequences of the HlV -1 gp 120 V3 regions 

were prcdicted (see Figure 5). Thesc amino acid sequences occasionally had stop 

codons (indicated by *). The V3 loop (a 35 amino acid region between 2 conserved 

cystein (C) residues) is indicated in bold. As can be seen, there are more amino acid 

replacements in the flanking regions than in the loop itself. Most mutations are 

observed after the second cystein. 
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CONSENSC 

00099A 
00101B 
01500B 
00143C 
001530 
007070 
017060 
0724E 
00156E 
00713E 
01625E 
01l05F 
0025BG 
00849G 
01687G 
068BH* 
00965H 
02357H 
006471 
00330J 
00979J 
01748J 
00363K 
01169K 
017 63K 
0592L 
00403L 
01195L 
01909L 
02776L 
OB08M 
00409M 
017 52M 
0044BN 
01266N 
02009N 
02794N 
00499X 
01296X* 
01893X 
010940 
0764P 
02050P 
7202Q 
7l94R 
01732R 
70503 
01100S* 
017 46S 
7233T* 
7043U 
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Figure 5. Aligned predicted HIV -1 gp 120 V3 amino acid 
sequences of Akaki and Wonji HIV+ cohort participants. Legend: 

Sequences are aligned relative to a consensus sUbtype C sequence (CONSENSC), which was obtained 
from the Los Alamos 1998 databases. A dot (.) represents the same amino acid as the consensus, a 
dash (-) represents a deletion relative to the consenSlIS, n question mark (?) represents n sequencing 
ambiguity. Sample codes: sec Figure 4. In hold arc the V3 loop encoding sequences. Sequences 
marked by a * have a high Humber of ambiguous positions. * inside the sequence equals a stop 
codon. 

IIIRSENLTN NVKTIIVHLN ESVEIVCTRP NNNTRKSIRI GPGQ--TFYA TGOIIGOIRQ 

.V ......... A.I ... Q ... T ............. E.M .. 
· VV .A ...... A.IL .. Q .............. ?PG .. V .. 
· V .. A ... E •. A.IL .. Q ................... M .. 
· V ..... I ........... K KP ............... M .. 
.V ......... 1 ..... Q.Q OP ........ S .. A ... M .. ..A ...... K 
?V ......... 1. .... Q.Q OP.K ...... S .. ? ... M .. · .A ...... . 
.V ...... AS 0 ...... Q.Q OP ........ G .. ?E.M .. · .A ...... K 
.V ....... O ... N ..... Q NP ... E ........... M .. 
.V ....... O ... N ... Q.K .P ............... M .. 

.V ....... O ... N ... Q.K .P.Q ............. M .. 
?V ....... O ... N ... Q.K .P.Q ............. M .. 
.V ... Q ..... A.I. .. Q.K NP ..... A .. '" .GGGM .. .. .... N .. . 
.V ........... I ..... Q ?P ............... M .. ..E ..... K. 
.V ........... I ..... Q KP ............ ? .. M .. ..E ..... ?? 
.V ...... A .... 1 ... Q.Q .P ............... M .. ..E ..... KH 
????K.? .. ?I ... Q.K .P ........ T ...... M .. 
VV ......... A.I ... Q.K .P ............... M .. . . . - ..... . 
.V ......... A.I ... Q.K .P ............... M .. 

.A.I ... Q ... T.G.N .................... A .. . 

.A. V ... Q. R QP ... N ........ IRNM ........... T .. K ...... K 

.A.V ... Q.E QP ... N ........ IR.M ........ A .. T .. Q ...... K 

? ...... ? .A.V ... Q.K QP ... N ........ 1RNM ........... T .. Q ...... . 

? .? .... . KA.I ... Q.K .P ........ S ... S .. M .......... .. ...... N .. L 

T ........ . .A.I ... Q.K .P ........ G .... E.M .......... .. ...... N .. L 

? ....... . .A.I ... Q.K .P ........ G .... E.M .......... .. ...... ... R 

?V.K ....... A.I ..... K KP ........ S ...... M .. · .A ...... . 
.V.K ....... A.I ..... K NP ........ S ...... V .. ..A ...... . 
.V.K ....... A.I ..... K NP ........ S .... Q.M .. · .A ...... . 
?V.K.K .. SO .A.I ..... K KP ............... T .............. A ...... . 
.V.K ....... A.I ..... K NP ........ S ...... M ..... R .. A .. G .. A ...... . 
.V ............... Q.K TP ............ G .. M .............. E ...... R 

.V ....... ? ....... Q.K TP ............... M .............. E ... N .. . 

.V ..... ? ......... Q.K TP ........... R ... M .............. E ... N .. . 

........... A.I ... Q.K OP.K.O.I ....... R ................. V .... .. 

........... A.I ... Q.K OP.Q.N ....... R.E ............ F .... VL .... L 
· ........ , • A. I ... Q. K OP. Q. N. . .. . .. ? E. . .. . ....... F. . .. V ..... L 
........... A.I ... Q.K NP.Q.N ....... R.G ....................... K 
.. ? ........ A ..... Q .. AP ... N ......... E ...................... .. 
.. N .. ? .... AQ .... Q.K A? .. N ......... E ....... ??????? ????????c* 
........... A ..... Q.K AP ... N ......... E ...................... .. 
.V .... O .. O .A.I ... Q.K .P ........ S .... R.M ................ T .... . 

.V ... K ..... A.I ..... K NP ............... M .................... .. 

.V ........... I ..... K OP ........ T ...... M .. 

. V ........ OA.I ... R .. K .. O ...... G .... R.M .. .. G ....... 

.. V .... I ... A ..... Q ... 1' ... N ... A G ... GE .. .. 

.. V .... I ... A ..... Q ... 1' ... N .... G .... E .. .. .. G ....... 

.V ....... O K .. I ..... K D?K.E .... G ...... V .. 

..... K ... O .T.L ... Q.K OP.Q ............. M .. 

..... K ... O .T.L ... Q.K OP ............... M .. 
T .. S .. T.PH .A.I ... Q.K TP ... T.LP. S .... E.V.L P ...... I ...... V .... . 
?V ....... O ... I ..... K OP ... E.1 .. G ... G?V .................... S. 



01842U 7V .. · .. " D .. I ... . .K DP. K.E .... G .... .. V .. . .. . . . . . . . . . . . . . . . . . 
02191V · ..... . 1.. .A ..... Q .. KT. D.N .... G ... . E .... . . . . . . . . . . . . . . . .... K 

CON SENse AHCNISK?KI'I N?TLQKVSKK LAEHFPN-I(T IKF 

00099A ..... NGQN. · R .. Nt-l. KG? · K ... NK. -. .T. 
00101B · ..... EF ... . E .. ll .. GED .KKP .... R . . 1. 
01500B · ... · .EE .. IK ... E. GEN .KKP .... S. TL. 
00143C .. . · .GKN. SH ... E. V .. .Q?? .?R . ?? 
00153D ...... EKE . . K ..... GE. .QQ ..... *A 
00707D ..... . EKA. · K .... . VE . .QQN ...... .R. 
01706D .L ...• EK .. . E ... R*V.F TPHFP?K . -? H? 
0724E · .•.. , EK? .D ... E.GR. .QK ....... . S. 
00156E · ...•. EE .. · D •.. E.G.E .Q? ..... ? .? . 
00713E ...•.• EK .. . D ... E.G •. .Q ........ · S. 
01625E " . .,. EK .. · D ... E. G .. .Q .... D •.. .T. 
01105F ...... E ... .E .•. E.GG? .Q?P .. D .. P L? . 
00258G .Y ... NEKA. .D ... A.G .. .QK .. L ... P .S. 
00849G .Y ... NEKA. ?D .•. A.G .. .QK .. L .... · S. 
01687G .Y. .. NEKA. DD ... A.G .. .QK .. 1 ... A · ? 
0688H* · .. ... GG .. . D .. H ... E . . K ...... R . . R. 
00965H ...... GG .. · D .. HE .. E. .K ...... R. 
02357H ...... GGN. · D .. L ... Q. .K ...... R. 
006471 .•.. , .GEN. · T .. ER. KEN .?1 .... TP P? . 
00330J · .. ... GKA. .D ..... G .. .K.L ...... · S . 
00979J · .. .. • GKA. · D .•.. .G .. · KD1 .. ? T . LR. 
01748J .... • RKA . . D ... E.G.Q .K.L ...... 
00363K .... V.?E .. . K .. KE.A .. .Q? ...... S · S. 
01169K •.• . V.GE .. . E .. KE.A .• .Q ....... S · S . 
017 63K ...• V.GG .. . E .. EE.?E. · QK ....... · S. 
0592L · Y .... EKT. . E .. • E.GE. .R ........ .S. 
004031 .Y .•.• GKT. . E ... E.GE. .Q ........ · S. 
01195L • Y ... .EKT. • E ... E.G .. .Q ........ · S. 
019091 · ... , .EE .. . N ... E.G •. .QG .... KT. .1. 
02776L • Y .... EKT. .K ... E.G .. .Q .. 1.Y.*K .V. 
0808t-l · . . . . .EQA. · K ... E .GEE ATKR ..... P .S. 
00409t-l .. . . , .EQA. · K ... E. GEE .QKR ...... · S . 
01752t-l · . . . . .EQA. .K ..• E.GEA PHPR ..... P LG. 
00448N · •. T. EGE .. .TA •. R.KG. .K .... G.R. 
01266N " .T.EGE .. . TA .. G.KG. .K .... G.R . 
02009N · . · T. EGE .. · TA .. G?K? .KK ... K.-R 
02794N .•. T. KGE .. · TA .. G. KG. .K .... G.RK 
00499X · Y ... .RE .. . N ..• E.RG. .K ... L .. N . · H. 
01296X* . Y ... .RE. . N ... E.K .. .K ...... ?? ??? 
01893X ... H. .RE. .Y ... E.E .. · K ... LTNTV H?? 
010940 · .... .EET. .E ... R1G*. .KG ... " . P .G. 
0764 P · .... .EKA. · D ..... GR. .QK ....... .A. 
02050P · . .. . . EQA. ....... GRN YRTLPY*. TV ?S . 
7202Q · . · ... RSI. .E ..... KGE · PKR .. G .. N · ? 
7194R · . · .•. GE .. .K ... A.I .. · EGY .. 1. R? RI? 
01732R · . .... G ... . K .. KA.I .. .1' .. S .... S .1' . 
7050S ...... EE .. . E. " .. GG. .K.R.NK . -? · T. 
01100S* · ... . TGG?? .TP.PE.P?? ?????????? ??? 
01746S · .... TEG .. .K ... E.G .. .K.1YNA.SS · N. 
7233T* · ... · .GES. .A ... E. KEN ?PP??S .. Q *v? 
7043U · ... ?EG.V E* .. ?E.GGN *RPFIKP.*V CPo 
01842U · ... · .EE •. . E ..... GE. .K.R.NK.- . .T. 
02191V · .. · .GAE. . K ... A.KE. .R ..... . .. .T . 
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As is shown in the phylogenetic tree of Figure 6, all the samples are of the C subtype. This 

can be concludcd from the fact that all non-subtype C sequences clustered with significant 

bootstrap values away from the cohort participant-dcrived sequenccs and that thc Los Alamos 

consensus C sequence clustered together with the cohort sequences. 

A second conclusion that can be drawn is, that sequences of the same individual usually 

clustered together in this tree, often with significant bootstrap values (>80). This implies that 

the HIV -1 DNA sequence differences betwecn samples from the same individual (intra­

person) were smaller than those between different individuals (inter-person). One sequence 

from subject S, 7050 was split from its group and aligned near a group of sequences from 

another subject from Wonji, U. 

Third, the phylogenetic analysis demonstrated no separate clustering of samples from Akaki 

versus Wonji. Rather, sequences from both locales were intermixed. This indicates the 

homogeneity of the HIV -1 epidemic in these area's. 

Fourth, most cohort HIV-l gpl20 V3 sequences clustered together, showing the higher 

relatedness of Ethiopian samples amongst each other than compared to C-subtype sequences 

from other locales. The only two exceptions were subjects J and X. The HIV -1 gp 120 V3 

DNA sequences from subject J clustered with a bootstrap value of 97 away from the other 

Ethiopian sequences and showed some (although not with significant bootstrap value) 

homology with sequences of HIV -1 subtype C from Malawi (MA959-C) anel Zambia (ZMI8-

C). Subject X sequences also clustered together (and away from the other cohort sequences) 

with a bootstrap value of 77 and showed highest relatedness to a SUbtype C sequence frolll 

Brazil (BR25-C). The Indian C-subtype sequence ((lND868-C) clustered together with 

Ethiopian samples. 

Fifth, there were no sequences found to be exactly identical to each other (which would have 

been expressed by the lack of any branch length in the phylogenetic tree). This implies that 

there were no contaminations in the PCR products sequenced. 
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Figure 6: Phylogenetic tree analysis of HI V -1 gp 120 V3 
sequences derived from cohort participants, as compared to HIV-1 
consensus sequences. Legend: numbers at the branches indicate bootstrap values out ofa total of 

100 comparisons. Scnle: ench - is approximately equal to the distance of 0.003932 
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In order to assess mutation speed in the various sequences, the proportions of silent and non­

silent lllutations (ds and dn) were calculated for several combinations of sequences. Figures 

7 A (lor Akaki) and 7B (tor Woqji) give examples of these analyses. Table 3 summarises 

some data of interest, including ds, dn and the frequently used dn/ds ratio. 

First, it can be concluded that inter-person comparisons yielded higher ds and dn values (12-

19%) than intra-person comparisons (2-5%). Second, thc ds and dn values for WOl~ji cohort 

participants (both when the complete 279 bp of the V3 region and when the 105 bp of the 

V3 loop were used for the dn/ds calculations) were higher than for Akaki cohort 

participants, indicating a slightly higher accumulation of mutations in HIV -I of individuals 

from Wonji. Third, it can be concluded that cln/cls calculations basecl on V3 loops give 

similar results as based on V3 loops plus flanking sequcnces. 

Table 3. Proportions of synonymous Cds) and non-synonymous 

mutations C dn) for various selected groups of HIV -1 gp 120 V3 

sequences. 

g"OUPS of ds dn dnlds number ofbp 

sequences analysed 

inter-person comparisOJls: 

Akaki (n= 16) 15.3 ± 2.8 11.8±1.3 0.80 Complete (279) 

Akaki (11= 16) 14.3 ± 2.8 12.0 ± 1.2 0.84 V3 loop (lOS) 

Wonji (n=5) 18.6±4.1 18.4 ± 2.2 1.00 Complete (279) 

Wonji (n=5) 18.3±4.0 17.0±2.1 1.00 V3 loop (105) 

intra-person comparisons: 

L (n=5) 5.0±2.1 5.1±1.1 1.0 V3 loop (105) 

E (n=4) 4.3 ±2.2 2.6 ± 0.8 0.6 V3 loop (lOS) 

N (n=4) 1.8± 1.5 4.5 ± 1.2 2.5 V3 loop (lOS) 



Figure 7 A. Example analysis of frequency of synonymous mutations per 

synonymous site (ds) analysed for 16 different subjects from Akaki, over 

full length of sequences. 

general information: 

Distance: Jukes-Cantor corrected proportion of synonymous ditTcrences 

No. of Codons in Subset: 93 of 93 

Genetic Code: "Universal" 

Input File Name: C:IMEGAIASEFA \V.MEG on Tue Jun 01 II: 17:25 1999 

Input Data: DNA 

No. ofOtus Used: 16 of79 

Gtus Used:27 28 30 32 35 38 39 43 45 46 49 53 58 616668 

Oap Sites and Missing lnfornmtion Data: All such sites were removed from the subset data OTU Labels 

Sequences used for comparison: 

L 00099A 

2 .. 001018 

J .. 00143C 

4 .. 00707D 

5 .. 00156E 

6 .. 01105F 

7 .. 00258G 

8 .. 00965H 

Distances in the upper-right matri;x 

Standard Errors in lower-left matrix 

',;<' indicates an invalid distance value 
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9 .. 006471 

10 .. 00330J 

I L 00363K 

12 .. 00403L 

13 .. 00409M 

14 .. 01266N 

15 .. 01893X 

16 .. 07641' 
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OTUs 

1 

2 

3 

4 

5 

6 

7 

8 

1 

0.0626 

0.0587 

0.0808 

0.0548 

0.0492 

0.0625 

0.0502 

9 0.0962 

10 0.0708 

11 0.0710 

12 0.0568 

13 0.0594 

14 0.0806 

15 0.0965 

16 0.0540 

OTUs 9 

1 0.3034 

2 0.1725 

3 0.2197 

4 0.2218 

5 0.1889 

6 0.1847 

7 0.2429 

8 0.1981 

9 

10 

11 

12 

13 

14 

15 

16 

0.0621 

0.0912 

0.0671 

0.0729 

0.0534 

0.0647 

0.0823 

2 

0.1530 

0.0275 

0.0532 

0.0358 

0.0311 

0.0390 

0.0405 

0.0666 

0.0344 

0.0565 

0.0311 

0.0313 

0.0540 

0.0616 

0.0313 

10 

0.1869 

0.0520 

0.1148 

0.2078 

0.0928 

0.1154 

0.1503 

0.1426 

0.1518 

0.0719 

0.0516 

0.0521 

0.0524 

0.0504 

0.0563 

3 

0.1342 

0.0335 

0.0545 

0.0406 

0.0273 

0.0274 

0.0284 

0.0780 

0.0533 

0.0644 

0.0318 

0.0320 

0.0720 

0.0826 

0.0400 

11 

0.1873 

0.1292 

0.1591 

0.1987 

0.2135 

0.1809 

0.1958 

0.2038 

0.2827 

0.1936 

0.0653 

0.0659 

0.0835 

0.0914 

0.0721 

4 

0.2311 

0.1165 

0.1193 

0.0637 

0.0528 

0.0595 
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0.1005 

0.0436 

0.0332 

0.1156 

0.055"1 

0.0388 

0.0402 

0.0692 

0.0527 

0.0684 

0.0309 

0.0311 

0.0686 

0.0765 

0.0311 

14 

0.2346 

0.1219 

0.1958 

0.2508 

0.1892 

0.1851 

0.2231 

0.1983 

0.1186 

0.1147 

0.2508 

0.1896 

0.1866 

0.0643 

0.0783 

7 

0.1527 

0.0668 

0.0334 

0.1419 

0.1040 

0.0663 

0.0476 

0.0821 

0.0615 

0.0720 

0.0388 

0.0390 

0.0771 

0.0899 

0.0460 

15 

0.3041 

0.1506 

0.2402 

0.3158 

0.2376 

0.2177 

0.2790 

0.2485 

0.1630 

0.1048 

0.2833 

0.1896 

0.2195 

0.1638 

0.0901 

8 

0.1006 

0.0693 

0.0346 

0.1474 

0.1080 

0.0688 

0.0937 

0.0736 

o . 0607 

0.0750 

0.0276 

0.0405 

0.0729 

0.0849 

0.0477 

16 

0.1181 

0.0440 

0.0685 

0.1422 

0.0561 

0.0436 

0.0905 

0.0939 

0.2434 

0.1290 

0.1962 

0.0665 

0.0670 

0.2283 

0.2796 

Final Result: ds = 14.33% +/M 2.80%. Thus, when comparing the above 16 complete gpl20 V3 sequences 

amongst eaeh other in a pairMwise manner, the average percentage of actual silent mutations compared to the 

possible silent mutations was 14.33 % with a standard deviation of 2.80%. 
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Figure 7B. Example analysis of frequency of synonymous 

mutations per synonymous site Cds) analysed for 5 different 

subjects from Wonji, over V3 loop only. 

general information: 

Distance: lukes-Cantor corrected proportion of synonymous differences. 

No. of Codons in Subset: 37 of 93 (V3-loop only) 

Genetic Code: "Universal" 

Gap Sites and Missing Information Data: All such sites were removed from the 

subset data 

Input File Name: C:\MEGA\ASEFA W.MEG on Tue lun 01 11 :27:56 1999 

Input Data: DNA 

No. ofOtus Used: 5 of79 

Otus Used:70 72 75 78 79 

Analysed sequences: 

1.. 7202Q 

2 .. 01732R 

3 .. 01746S 

4 .. 01842U 

5 .. 02191V 

Distances in the upper-right matrix, Standard Errors in lower-left matrix, '.' indicates 

an invalid distance value 

OTUs 1 2 3 4 5 
1 0.1793 0.1373 0.1813 0.2928 
2 0.0928 0.1378 0.2082 0.0858 
3 0.0813 0.0816 0.0436 0.1399 
4 0.0939 0.1023 0.0440 0.2115 
5 0.1273 0.0616 0.0830 0.1040 

Final Result: ds = 16.18% +/- 6.09%. Thus, when comparing the above 5 partial 

gp120 V3 sequences amongst each other in a pair-wise manner, the average 

percentage of actual silent mutations compared to the possible silent mutations was 

16.18 % with a standard deviation of 6.09%. 
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7. DISCUSSION AND CONCLUSION 

As can be concluded from the results presented in Table 2 and in Figures 8A and 8B, 

the average follow up time 01'2 and a halfycars for both Akaki and Wonji COhOli 

participants did not allow for the detection of significant declines of CD4 T-cells 01' 

increases of HIV -I viral loads. Rathel', a stable situation was encountered for both 

HIV -I disease progression markers studied. Apparently the follow up time of the 

cohort participants is not yet long enough to allow for a clear detection of decrease 

of CD4 T -cells Dr increase of HIV -I viral loads, being important surrogate markers 

for HIV -I disease progression, as reported for other cohorts. 

From the above 23 cohort participants, a total of75 plasma samples (17 from Akaki, 

6 from Wonji) was sUbjected to cDNA preparation and nested PCR. As a result, 61 

PCR positive products were generated. This equals a success rate of 81 %. The 

reasons why 19% of the samples were not amplified can be various: 

I. The specific primer combination ED31/33 followed by M13 5'F1M13 3'R did not 

anneal to the target sequence. In our setting this is a rather unlikely situation, since 

for all PCR negative experiments on a certain subject, there were also PCR positive 

results on that same subject (see Table 2). It is unlikely that PCR primers fitting to a 

HIV -I target sequence of a given individual at a given time point, will not anneal to 

HIV -I target sequences of that same iudividual at a different time point. This may 

be best illustrated by the detected % of intra-person mutations (both ds and dn) in 

this study, which is in the order of 2-5% only. On top of this, the primers for HIV-I 

PCR are chosen in a very conserved region of HIV -I, which will mutate at 

considerable lower frequency than 2-5%. 

2. There was not enough target RNA. It could be that the input RNA for the cDNA 

reaction was too low and therefore created some PCR negative results. However, the 

mean IOlog viral load for PCR negative samples was 3.24 and for PCR positive 

samples 3.35, which is not significantly differcnt. Therefore, it is unlikely that a too 

low input of viral RNA is the most important cause for lack of success of certain 

PCR reactions. 

3. Technical errors. This always remains a possibility and its contribution to PCR 

negativity, although unpredictable, will be a reality. 
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Out of the 61 PCR products 53 resulted in an interpretable DNA sequence. This 

equals a sequencing success rate of 87%. So, in summary, ofthc 75 plasma samples, 

53 (71%) resulted in an interpretable HIV-I gpl20V3 sequence. This result is in 

accordance with other scquencing studies performed by EHNRI-ENARP, where on 

the average lout of 4 plasma-derived sequences is unsuccessful (personal 

communication Rinke de Wit). Reasons for failure of the sequencing reaction could 

be: 

I. Too low quantities of input DNA (normally, 100 ng should be added to a cycle 

sequence reaction. In fact, reinspection of the agarose gels revealed that 5/8 of the 

samples that failed to be sequenced had either no, very faint, or double bands after 

nested PCR. 

2. The presence of several abundant viral clones in the original plasma sample. 

Normally, one HIV -I viral clone is predominant in a plasma sample of an infected 

subject at a given time point. However, sometimes there are> I HIV -I virus clones 

present in the plasma at sufficient quantities to allow for PCR amplification and thus 

the generation of a mixed PCR product, which will give an uninterpretable 

sequencing result. 

3. Technical errors during the sequencing procedure. 

The relative contribution of each of the above explanations is not clear, but certainly 

any ofthem could have played a role. 

Based on the DNA sequences of the 53 HIV-I gpl20 V3 regIOns, amino acid 

sequences were derived (as depicted in Figure 5). When these amino acid sequences 

are studied in more detail, the far majority of them would be predicted to belong to 

EIV -I viruses of the non syncytium inducing (NSI) phenotype. As reported by 

Abebe et al. (47), amino acid positions 8 and 29 of the V3 loop lllay playa role in 

determining viral SI phenotype. According to literature, the SI phenotype of HIV-I 

is associated to poor prognosis, accelerated deeline of CD4 T -cells and usually to 

AIDS in many EIV -I subtypes, like B, D, E (48). In our data set, there were 3 

sequences from two cohort participants (M and N) that had a positively charged 

amino acid residue at position 8 (01752M, 01266N and 02794N: see Figure 5). No 

subjects had a positively charged mutation at position 29. When studied in some 

more detail, the visit 01752 of subject M was characterised by a very low CD4 T-cell 

count (10 I/ul) and relatively low IOlog viral load (2.63). Subject M in fact is an 

AIDS patient (according to the clinical WHO definition) for a period of almost 3 
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years. So, it could well be that in this patient HIV -I SI phenotype viruses have 

emerged. The second subject (N), had reasonable CD4 T-cell counts at both visits 

01266 and 02794: 352 and 302/ul, respectively. However, the IOlog viral loads at 

those visits wcre very high: 4.94 and 5.64 respectively. It could wcll be, that amongst 

these very high viral loads of subject N, viruses of the SI phcnotype are present. 

According to literaturc (49) there are 2 other positions involved in determining "SI­

ness": positions II and 27 (in our Figure 5). However, in our case, there were no 

positively charged residues detected in either of those positions for all 53 predicted 

amino acid sequences studied. This again strengthens the prediction that the far 

majority of HIV -\ positive sllbjects of the EHNRI-ENARP cohort studies in Akaki 

and Wonji harbour viruses of the NSI phenotype. 

The phylogenetic analyses of the DNA sequences from the 23 cohort participants 

have led to some important conclusions: 

1. All HIV -1 sequences derived from the cohort participants are of the C-subtype. 

This confirms earlier observations, by us (39,47) and others (13) that the HIV-I 

epidemic in Ethiopia is of a rather homogeneous nature. The explanation would be, 

that HIV -I got introduced into Ethiopia in the early 1980's and managed to saturate 

its main transmission network (commercial sex workers) very rapidly. Since then, 

introductions of possible other HIV -I subtypes have been counteracted, because of 

the phenomenon of viral exclusion: infection with HIV -I C sUbtype protects against 

a second infection with another HIV -I subtype. 

2. The intra-person variation of HIV -I is much lower than the inter-person variation, 

as reflected by tight clustering of DNA sequences on a per-individual basis. This is a 

well established fact from literature. In general, HIV -I tends to be clonal in the very 

early phases of infection and then, dependent on the selective force of the immune 

system of the host, mutates to a swarm or quasispecies of related viruses over time. 

However, within individuals the mutation percentage is reportedly bet ween 2 and 5% 

(50), which is in exact concordance with our results presented in Table 3. In fact, 

there was only one sample (from subject S): 7050, that clustered with DNA 

sequences from another subject (subject U). This could either be due to a 

contamination 01' mix-up of samples, or to the fact that both individuals were 

infected by a common source. This could well be possible, given the fact that these 

subjects are both residents from Wonji, which is a rather closed community. 
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3. There is no evidence for a founder effect of HIV-I in Akaki versus Wonji. If the 

I-IIV -Iepidemics 

in both locales would have been introduccd separately and would have iKld time to 

evolve 

independently, this would have been reflected by a separate clustering of the DNA 

sequences 

derived from these locales. However, this is not the case: the sequences branch in an 

intermixed way, demonstrating their strong phylogenetic relatedness. This 

observation is again 

consistent with the above described fact introduction and spread of the HIV -I subtype 

C epidemic 

in Ethiopia: both Akaki and Wonji got into contact with this virus subtype at an early 

stage and 

were not invaded by other subtype epidemics later on. The silent and non-silent 

mutation analysis 

of Wonji versus Akaki (Table 3) revealed a possible higher mutation frequency in 

Wonji. This 

could imply that the epidemic has reached this locale earlier in time than Akaki. 

4. Ethiopian C-subtype HIV-I seqnences show high inter-relatedness and cluster most 

of the time 

with subtype C sequences frolll India. This has been reported in literature before (e.g. 

39). It could 

be that the Ethiopian C-subtype viruses have contributed to the raise of the l-HV -I 

epidemic in 

India, which took place several years after the introduction of HIV -I into Ethiopia. 

5. The fact that amongst our 53 sequences there were no identical ones, supports the 

idea that there 

were no PCR contaminations and that all presented DNA sequences arc genuine. 

Finally, it was attempted to correlate mutation patterns, as expressed by ds and dn, to 

immune status 
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or viral loads of cohort participants. According to Holmes & Zanollo, (1998) a ratio 

of dn/ds < 1.0 

is indicative of purifying (negative) selection, dn/ds > 1.0 for positive selection and 

dn/ds =1 for 

neutral mutation, without selection. When COlllpanng dn/ds ratios of cohort 

participants as 

mentioned in Table 2 to CD4+ T-cell counts or viral loads, no significant correlation 

was found (not 

shown). In other words, subjects with relatively high CD4+ T-cell counts, who would 

be suspected 

to have a still rather strong immune system, did not show signs of strong positive 

selection (dn/ds 

> 1.0). Vice versa, subjects with high viral loads and low CD4 T-cell counts did not 

show sequence 

homogeneity in their consecutive visits. 

In conclusion, all 23 HIV -1 positive COhOli participants tested harboured viruse of C 

subtype, which 

indeed is the subtype that is predominantly present in Ethiopia. Therc is no difference 

between the 

molecular structures of the Akaki and Wonji epidemics, indicating a common origin, 

rather than a 

founder effect. The intra-person differences of mv -I gp 120 V3 sequences were 

smaller than the 

inter-person differences. More than 95% of the samples were predicted to belong to 

HIV -1 viruses 

of the NSI phenotype. The HIV -I epidemic in Wonji might be slightly older than the 

one in Akaki. 

Finally, the proportions of non-synonymous (dn) versus synonymous (ds) mutations 

are variable per subject and do not dependent on CD4 counts or viral load. 
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Table 1. An overview of clinical manifestations in HIV positive cohort 
participants fi'om Akaki, 1997-1999. 

Adapted from Kassa et ai., 1999; n = number of cohort participants with the indicated clinical 
symptoms. 

median CD4 

T -cells (xl 06/1) 

Clinical condition n 

Asymptomatic 48 324 (89-966) 

Minor weight loss 15 270 (79-504) 

Pulmonary tuberculosis 9 140 (45-436) 

Persistant generalised lymphadenopathy 8 375 (286- 798) 

Oml candidiasis 6 268 (94-436) 

Major weight loss 5 317 (151-490) 

Herpes Zoster 4 144 (92-270) 

Minor mucocutanious lesions 2 140 & 317 

Hel'pes simplex infection >1 month 1 198 

52 



Table 2: Viro-immunological data on cohort participants selected for gp120 V3 sequencing. 

Legend: Subject ID = code number of the pertinent cohort participant. Dab = date of birth; Lab ID = visit code number, CD4 = number of CD4 T-cells/ul of whole 

blood: CDS = idem for CDS T -cells; 4/S = CD4/CDS ratio; load = viral load in lOlog numbers of HIV -I RNA molecules per ml plasma (NB the lower detection limit 

ofNuclisens is SO RNA molecules per ml of plasma, which equals a lOlog value of 1.90; PCR = result of nested PCR reaction; sequence = result of sequencing 

reaction; ds = percentage of silent mutations per possible silent mutation site; dn = percentage afnon-silent mutations per possible non-silent mutation site. The 

values of ds and dn refer to a comparison between the V3 loops of 2 sequences: one on the same line and one above. NT = not tested. NA = not applicable (when 

there is only 1 sequence, ds or dn cannot be calculated). 

Sub. Dob Sex LabID Visit date Days CD4 CD8 4/8 load PCR Sequence ds dn 
ID 
A 1960 M 00099 04-03-1997 1 406 624 0.7 3.60 + + NA NA 

00670 27-08-1997 176 572 744 0.8 2.96 NT NT 
01564 23-03-1998 385 425 480 0.9 <1.90 - -
02205 13-10-1998 587 5" ~~ 730 0.7 3.20 NT NT 
02979 26-04-1999 837 521 605 0.9 2.30 NT NT 

B 1955 M 00101 04-03-1997 1 149 1014 0.1 1.90 + + 
00671 27-08-1997 152 120 506 0.2 2.92 NT NT 
01500 09-03-1998 347 NT NT NT 2.56 + + 0.00 0.42 
02099 17-09-1998 526 119 393 0.3 2.96 NT NT 
02867 15-03-1999 742 99 563 0.2 <1.90 NT NT 

C 1965 M 00143 18-03-1997 1 NT NT NT 5.64 + + NA NA 
D 1957 M 00153 19-03-1997 1 198 991 0.2 2.45 + + 

00707 17-09-1997 186 ?" -~~ 1183 0.2 3.36 + + 4.51 1.27 
01706 07-05-1998 416 288 1170 0.2 3.70 + + 0.00 5.28 
02443 01-12-1998 635 312 1455 0.2 3.08 + -
03160 03-06-1999 849 367 1748 0.2 NT NT NT 



E 1969 M 0724 26-01-1996 1 NT NT NT 2.63 + + 
00156 20-03-1997 417 179 1476 0.1 2.13 + + 9.00 0.00 
00713 18-09-1997 587 144 1350 0.1 2.46 + + 9.00 0.00 
01625 08-04-1998 782 185 1313 0.1 <1.90 + + 4.43 0.00 
02189 07-10-1998 966 150 1215 0.1 <1.90 + -
02972 22-04-1999 1235 128 1149 0.1 2.34 NT NT 

F 1970 M 00256 14-04-1997 1 1" ~~ 1065 0.1 5.04 NT NT NA NA 
01105 24-11-1997 222 110 922 0.1 4.70 + + 
02944 13-04-1999 696 114 930 0.1 4.67 NT NT 

G 1952 M 1087 16-02-1996 1 NT NT NT 3.65 - NT 
00258 14-04-1997 425 943 1185 0.8 3.80 + + 0.00 0.00 
00849 22-10-1997 615 319 1229 0.3 3.66 + + 0.00 0.00 
01687 29-04-1998 795 318 1290 0.2 3.77 + + 

H 1975 F 0688 25-01-1996 1 NT NT NT 2.80 + + 
00324 14-05-1997 474 321 947 OJ 2.45 + -
00965 12-11-1997 655 232 645 0.4 3.82 + + 0.00 1.28 
01740 20-05-1998 831 351 837 0.4 2.86 + -
02357 16-11-1998 1016 338 852 0.4 3.79 + + 0.00 0.00 

I 1971 F 0647 23-01-1996 1 NT NT NT 3.90 + + NA NA 
00326 14-05-1997 476 530 1102 0.5 3.79 + -
00966 12-11-1997 657 380 686 0.6 3.36 - NT 
01741 20-05-1998 832 459 792 0.6 2.90 + -
02358 16-11-1998 1018 491 1058 0.5 4.20 - -
03105 19-05-1999 1202 410 760 0.5 4.04 NT NT 

J 1964 F 0578 18-01-1996 1 NT NT NT 3.04 - NT 
00330 15-05-1997 481 141 437 0.3 4.04 + + 
00979 13-11-1997 670 125 437 0.3 4.00 + + 0.00 3.78 
01748 01-06-1998 870 36 510 0.1 4.38 + + 0.00 3.78 
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K 1971 F 0976 12-02-1996 1 NT NT NT 2.89 - NT 
00363 21-05-1997 464 425 867 0.5 3.50 + + 
01169 03-12-1997 660 371 800 0.5 3.46 + + 4.23 3.81 
01763 04-06-1998 843 420 958 0.4 2.98 + + 0.00 2.54 
02470 03-12-1998 1025 307 861 0.4 3.56 - NT 

L 1961 F 0592 19-01-1996 1 NT NT NT 4.15 + + 
00403 02-06-1997 468 250 451 0.6 3.64 + + 4.11 1.26 
01195 10-12-1997 659 244 568 0.4 3.26 + + 8.46 2.54 
01909 28-07-1998 889 263 504 0.5 3.85 + + 0.00 5.15 
02776 16-02-1999 1092 398 890 0.4 3.77 + + 8.37 7.93 

M 1957 M 0808 01-02-1996 1 NT NT NT < 1.90 + + 
00409 03-06-1997 495 89 850 0.1 2.30 + + 4.30 3.79 
01752 02-06-1998 860 101 1431 0.1 2.63 + + 4.48 1.23 
02512 09-12-1998 1065 103 1982 0.1 2.34 + -

N 1962 M 1043 14-02-1996 1 NT NT NT 4.68 - NT 
00448 11-06-1997 483 419 1511 OJ 4.01 + + 
01266 24-12-1997 681 352 1071 0.3 4.94 + + 2.12 8.82 
02009 24-08-1998 922 446 2677 0.2 5.18 + + 0.00 1.29 
02794 22-02-1999 1103 302 1229 0.2 5.64 + + 4.29 6.70 

X 1954 F 0779 31-01-1996 1 NT NT NT < 1.90 - NT 
00499 26-06-1997 509 239 796 0.3 < 1.90 + + 
01296 14-01-1998 712 205 614 0.3 < 1.90 + + NA NA 
01893 22-07-1998 901 280 786 0.4 < 1.90 + + 4.23 1.25 
02682 20-01-1999 1083 213 451 0.5 < 1.90 + -

0 1965 F 1094 16-02-1996 1 NT NT NT 4.93 + + NA NA 
00666 26-08-1997 194 94 508 0.2 4.85 NT NT 
01539 17-03-1998 391 122 682 0.2 4.94 - NT 
03147 01-06-1999 834 98 267 0.4 NT NT NT 

P 1957 M 0764 30-01-1996 1 NT NT NT 3.04 + + 
00701 09-09-1997 588 581 1769 0.3 2.70 + -
02050 02-09-1998 947 524 2125 0.2 4.26 + + 4.26 1.25 
02975 22-04-1999 1161 507 1814 OJ 4.26 NT NT 

- - -
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Q 1960 M 7202 26-07-1996 1 NT NT NT 4.54 + + NA NA 
C0363 11-05-1998 691 NT NT NT <1.90 - NT 
00917 23-12-1998 907 NT NT NT NT - NT 
C1470 02-06-1999 1016 559 641 0.9 NT NT NT 

R 1958 M 7194 25-07-1996 1 NT NT NT 3.34 + + 
00948 11-11-1997 493 163 567 0.3 NT NT NT 
01732 18-05-1998 671 218 886 0.2 3.30 + + 0.00 3.86 

S 1967 M 7050 28-06-1996 1 NT NT NT 3.30 + + 
01100 20-11-1997 510 441 1373 0.3 4.18 + + 4.27 3.80 
01746 26-05-1998 687 489 1467 0.3 3.99 + + 0.00 0.00 
02546 14-12-1998 759 455 1317 0.3 4.11 NT NT 

T 1969 M 7233 01-08-1996 1 NT NT NT 3.11 + + NA NA 
01225 16-12-1997 501 259 678 0.4 3.85 NT NT 
01748 17-06-1998 684 238 475 0.5 3.84 - -
02547 14-12-1998 864 NT NT NT 3.86 NT NT 

U 1954 M 7043 27-06-1996 1 NT NT NT NT + + 
01338 26-01-1998 731 368 536 0.7 3.20 NT NT 
01842 08-07-1998 834 228 456 0.5 3.93 + + 8.67 3.97 

V 1959 M 7043 25-06-1996 1 NT NT NT 2.20 - NT NA NA 
01362 02-02-1998 587 373 594 0.6 3.46 NT NT 
02191 07-10-1998 834 349 497 0.7 2.90 + + 

- - - - - -

56 



700 

600 

-0 
0 500 
~ 
D 
Q) 

"0 
J:: 
~ 400 
:; --<: 

" 0 
0 300 
Q; 
0 

~ .... 
c 
u 

200 

100 

o 

" ,\'0 

" "0"," ,,'\ 
I>< 1><'0'" ,\'0 

I>< .,,,\-'o '0"0" £'-'0 

Figure 8a 

<o~ 
<0 ,\I><"\- ~" 

'" 
Days of follow up 

~ 
'" 

qj-O:J O:J"\-'l" '0 
~" 
" 

;b 
,,~"V 

c!,'o ,," 
.~.:.l 

<i? 

I -+-Subject A I 

I-a-Subject B I 

I--ir-Subject C I 

I--*"" Subject D I 

I""""*- Subject E I 
I-e-Subject F 

-+-Subject G I 

! -Subject H I 

I-Subject 1 I 



.; 
E 
II) 
co 
a. 

E 
Iii 
"0 
co 
E 
"iii 
~ -;; 

0 
~ 

0> 
0 
-' 

Figure 8b 

6 

4 

3 

1 

" "\'0 
" ,; ,,'0 

"" ""rd> .:c-"" ",,'0'" <,<fi. '0<,<' 'O<,OJ '.0" <0 "\'O"v 

Days of follow up_ 

'O","v ~ 'l:J 

--+-SUBJECT A 

--e-SUBJECT B 

---ir-SUBJECT D 

--7E-SUBJECT E 

-liIE-SUBJECT H 

--&-SUBJECT I 

-+-SUBJECT K 

-SUBJECTL 

--e-SUBJECT N 

'O'OOJ fO'O ,,'0 g,"v ~"v 
qj ,,~ ,,<:5 ,,'V 



57 

ANNEXES: ENARP LAB PROTOCOLS 

PROTOCOL 044: BLOOD COLLECTION BY VACUTAINER SYSTEM, ENARP. 

update: 17-2-1997 

Introduction: 

111e vacutainer system is used to collect blood specimens for diagnostic analysis in the laboratory. 
The system is composed of three basic elements: 

· An evacuated glass tube containing a pre-measured vacuum to provide a controlled specified 
draw. 

· A holder which is used to secure the needle during insertion into the tube stopper and 
subsequent venapuncture. 

· A sterile single use blood collection needle suitable for drawing either single or multiple 
samples. 

Materials needed: 

- 2x purple EDT A 10 ml vacutainer tubes, holder and needle 
- marker 
- 70% alcohol swab 
- dry sterile swab 
- tou111iqllet 
- protective dressing 

1. Open needle package, but don't remove needle shield. 
2. Insert needle into holder. Cleanse the stopper of the tube with 70% alcohol and allow to 
dry. 
3. Insert tube into holder, push tube stopper onto needle until leading edge of stopper 
meets guide line of holder. 
4. Select site for venapuncture. 
5. Apply tou111iquet. Prepare venapuncture site with an appropriate antiscptic (70% 
alcohol). Do not palpate venapuncture area after cleansing. 
6. Push tube to end of holder puncture diaphragm of stopper. 
7. Remove tourniquet as soon as blood appears in tube. Do not allow contents of tube to 
contact the stopper or the end of the needle during the procedure. 
8. If no blood flows into the tube or ceases to flow before an adequate sample is collected, 
the following steps are suggested: 

a. confirm correct position ofthe needle in the vein. 
b. if a multiple sample needle is being used, remove the tube and place a new tube 

into the holder. 
c. remove needle and discard, repeat the procedure. 

9. Invert the tube 5-6 times, gently. Do not shake vigorously: mixing can cause 
haemolysis. 
10. As soon as blood stops flowing into the tube, remove the needle from the vein. Apply 
pressure to the puncture site with dry sterile swab. Keep swab in place by elevating ann. 



II. Label the tube with the Subject TD, cross check Subject TD with cohort forms. 
12. StorE tube in rack at RT, but not in direct sunlight, until transportation. 

58 
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PROTOCOL 017: PLASlvlA ISOLATION AND FREEZING, ENARP 

update: 2-12-1996 

I. Label plasma freezing vials: LAB 10 + "A","B","C","O","E". 
2. Label per subject one sterile IS ml tube with the corresponding LAB 10. 
3. Centrifuge EOTA vacutainertubes at 300 g (1640 rpm) for 10 min, with brake. Mark 
upper level with lab marker. 
4. Transfer with a sterile Pasteur pipet (pastette) plasma to the labeled IS ml tube. 
5. Add ERN medium up to mark, close vacutainer tubes and mix carefully. 
6. Centrifuge the 15 ml plasma tube 10 min 3000g at RT. 
7. Transfer with pastette CELL-FREE plasma to the freezing vials. Avoid contact with the 
cells/debris. 
8. Store freezing vials immediately at -80°C according to instructions. Keep vial "B" in-
20°C for serological assays. Write stored plasma volumes and positions on worksheet. 
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PROTOCOL 011: RNA ISOLATION FROM PLASMA, ENARP. 

update: 17 -02-1999 

N.B.l Work RNAse free: changes glovcs after evel1' step in the protocol, pl'epare bnffers 
frolllnewly opened reagents, sterilize all bottles, tubcs etc. by antoclaving, etc. 
N.B.2 All reagents/stoel{S/buffers below should be sterilized by autoc\uving in glass 
bottles. 
N.B.3 All aliquots arc made assuming an experiment on 10 samples. Aliquots should be 
used ONCE only. Any left-overs should be discarded. 

stockslreagents needed: 

10 N NaOH 
· add 400 g NaOH pellets to a I liter measure cylinder 
· add dH20 up to I liter. Be carefull, this solution becomes very hot, so 
use proper plastic containers. Never use glass measure cylinders. 
· 100 ml in waste flask of aspiration device. 

1 M Tt'is-CI pH=8.0 
· add 121.1 g Tris to 800 ml dH20 in a I liter measure cylinder 
· add 42ml 37% HCI until pH = 8.0 
· make 1 liter with dH20 

Ll buffer 
· add 12.1 g Tris to 900 ml dH20 in a I liter measure cylinder 
· add 8.1 ml of3 7% HCI 
· make I I with &I20 
· check pH with pH meter (should be G.4) 

L2 buffer (wash) 
· add 120 g gnanidinm isothiocyanate (GuSCN) to 100 ml L I buffer at GO°C in 
a 250 mlmeasure cylinder, mi.." 
· aliqnot in protions of25 ml in sterile 50 ml blne cap tnbes 
· store in the dark at RT for max G months 

0.5 M EDTA pH=8.0 
· add 93.05 g EDTA to 400 ml dH20 in 500 mlmeasure cylinder 
· stilT vigorously on magnetic stirrer (EDTA will not completely dissolve) 
· adjust pH to 8.0 with 10-11 g ofNaOH pellets 
· all EDTA shOUld be dissolved and pH should be 8.0 
· make 0.5 I with dH20 

L6 buffer (lysis) 
· add 120 g GuSCN to 100 ml Ll bnffer at GO°C in 250 mlmeasure cylinder, 
nllX 

· add 8.8 ml of 0.5 M EDTA pH=8.0 
· pipet approx. 3 ml Triton X-I 00 into a 15 ml blne cap tube, heat at GO°C 
for 10 min 
· pipet with disposable 5 ml pipet 2.4 ml (=2.G g) Triton X-I 00 into LG 
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solution 
· homogenize and make 10 ml aliquots in sterile IS ml blue cap tubes 
· store in the dark at RT for max 6 months 

dH20 
· sterilize dH20 in 500 ml bottles by autoclaving 
· aliquot in portions of Iml in Eppendorftubes and store at -20°C 

TK4 buffer 
· add 5 milM Tris-CI stock and 100 ul 0.5 M EDT A stock to 495 ml dH20 
· aliquot in portions of 600 ul per sterile Eppendorf tube and store at 
-20°C. 

silica 
· prepare according to PROTOCOL.059. 

[PROTOCOL 059: PREPARATION OF SIZE-FRACTIONATED SILICA-PARTICLES, 
ENARP. 

update: 26-10-1998 

material: Silicon dioxide (Si02), Sigma cat. No. S5631; pmlicie size distribution: 0.5-10 microns; 
80% between I -5 microns. 

I. Add 60 g silica to a total volume of 500 ml dH20 in a glass 500 mlmeasure cylinder 
(height of aqueous column = 27.5 cm; width = 5 cm). 
2. Sediment for 24 hours at RT. 
3. Dispose of 430 ml supernatant by suction, l\l1til 70 ml is left. 
4. Add dH20 up to 500 ml; resuspend by vigorous shaking. 
5. Sediment for 5 hours at RT. 
6. Dispose of 440 ml supernatant by suction, until 60 ml is left. 
7. Check pH: should be 2.0. 
8. Ifnecessmy: adjust pH with concentrated (37%) HCl using a plastic Pastette. Add HCI 
drop by drop. 
9. Leave at RT for 30 min. 
10. Using 25 ml disposable pipette, remove clear supernatant and pipet temporarily into 50 
ml blue cap tube. 
I J. ML,( the silica solution and pour into a 100 ml bottle. Rinse the 500 mlmeasure cylinder 
with the clear supernatant and add to the 100 ml bottle. 
12. Autoclave the silica. 
13. Aliquot in portions of 500 ul in Eppendorftubes and storc at 
-20Co. 

14. Write date of silica preparation on top of box containing aliquots. Discard after 6 months. 
] 

3M NaAc 
· add 102 g Na-acetate(.3H20) to measure cylinder 
· add dH20 up to 200 ml 
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· mix in measure cylinder until dissolved 
· adjust pH to 5.2 by adding glacial acetic acid 
· add dH20 to 250 ml 

ISOLATION LAB 

I. Start with PROTOCOL.083 and prepare the laminar flow of the Isolation Lab according to 
instructions. 
2. Put Eppendorf centrifuge time on 1 min (in order to put the display in "sec mode"). 
3. Vortex Eppendorfhlbes and spin down for 3 sec (display: 55 sec). 
4. Vortex silica well to get a homogeneous solution (approx. 1 min). 
5. Dispense 40 ul silica into hlbes 1-5. Do not pipet up and down. 
6. Vortex silica again until homogeneous. Dispense 40 ul into tubes 6-10. 
7. Vortex sample hlbes to get a homogeneous solution. 
8. Incubate at RT for 10 min. EvelY 2 min: mix silica by inverting the 

tubes, tUltil silica is homogeneously dissolved. 
9. During step 8: Label 10 EppendOlftubes (1.5 ml safe lock) with stickers: 

- 25 ul RNA in SOul Eth.Abs and 3ul 3M NaAc 
- date isolation 
- LAB ID 

10. Put silica sample hlbes in centrifuge with opening facing outside. 
11. Centrifuge at 12.000 g for 30 sec (display: 25 sec). 
12. Change gloves. 
13. Aspirate supernatant. N.B. Also check inside lid! Opcn1 tubc at the time under all 
circumstances! Take new yellow tip for every tube. 
14. Addlml Washing buffer (L2) with blue tip pipet (1000 ul). When tip doesn't touch tube, use 
the same tip for all tubes. Otherwise change tips. 
15. Vortex well, untill silica pellet is visually resuspended. 
16. Change gloves. 
17. Repeat step 10.-16. with L2 buffer. 
18. Repeat step 10.-16. 2x with 70% ethanol. 
19. Repeat step 10.-16. Ix with acetone. 
20. Let 10 ml of dH20 run through the rubber hose of the vacuum system: aceton eats rubber, so 
remove properly! 
21. Dry pellets in heatblock at 56°C: OPEN TUBES for 10 min. NOT LONGER! (alternatively: 
dry at RT for 20 min). 
22. Start PROTOCOL.082 in Isolation Lab, steps 1.-5. 
23. After drying, close tubes. Check if silica pellets are completely dry by tapping firmly with 
fingers. When silica is dry it's changed into white powder. 
24. Add 50 ul TE-4 and vortex well. Invert the tubes for proper mixing of silica with TE"4. 
25. Incubate 15 min 56°C in thennomixer while gently shaking (position 7). 
26. In the meantime prepare RT master mix, according to PROTOCOL.082, steps 6.-9. 
27. Put 50 ul of 100% ethanol and3ul3M NaAc in the labeled sate lock Eppendorftubes (step 9. 
of this protocol). 
28. Centrifuge the TE-4 tubes containing RNA isolate for 2 min at 12.000 g, opening facing 
outside. 
29. Transfer of each RNA isolate 10 ul supernatant to the corresponding 
RT-Illix PCR Eppendorftubes and start RT reaction according to PROTOCOL.082, 
steps 10.-12. 
30. Transfer of each RNA isolate 25 ul supernatant to the corresponding sate 
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lock Eppendorftubes. (which contain 50 ul 100% ethanol and 3 ul 3M NaAc pH5.2) 
31. Rinse tip by pipetting up and down 3 times. Vortex briefly. 
32. Spin down all tubes for 3 sec 12.000 g. 
33. Spray safe lock Eppendorftubes containing RNA/ethanol/NaAc with Ethanol 70% and put in 
clcan rack. 
34. Store RNAiethanollNaAc mixes at -SO°C ASAP! Freezer I, Holder AA, boxcs 1-11. 
35. Administrate the positions on your DNA Sequence Flow Chart 
36. Immediatly after storing RNA in -SO°C, go back to Isolation Lab and CLEAN THE 
ISOLATION FLOW! according to PROTOCOL.082 step 13. 
37. Continue PROTOCOL.082 at step 14. 
38. Enter positions of RNAIethanolmixes in FAME. 

39. For the isolation of the RNA from the -BO°C. 
40. Take the RNA/ethanollNaAc mixer from the -80°C and spin down for 30 min at 12.000 rpm. 
41. Aspirate supernatant and add 500ul cold 70% ethanol, and spin down for 10 min. 
42. Aspirate supernatant and dry pellet on the air for 20 min. 
43. Solve pellet in I Oul TEA and start RT reaction according to PROTOCOL.OS2, steps 10.-12. 
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PROTOCOL 082: RT-PCR AIDED V3 SEQUENCING SAMPLE PREPARATION, ENARP. 

update: 17-12-1998 

Notes: The cDNA synthcsis Idt of Promcga is used. Estimated RNA yield from 100 ul 
serum: <100 ng 

stock solutions: 

10 mM dNTP mix: 100 ullOO 111M dATP (Promega U 1240) 
100 ullOO mM dCTP (Promega U 1240) 
100 ul100 mM dGTP (Promega U 1240) 
100 ullOO 111M dTTP (Pro111ega U 1240) 
600ul dH20 

. aliquot in 25 ul quantities in 40 Eppendorf tubes 

ED33 primer (10 pmollul): e.g. 
Mw=6,658 

100 nnlOl in 10 ml TK4 
118.191111101 in 11.8191111 TE'4 
1000 ug/6,658 x 1000= 150 nmol 

. aliquot in 50-100 ul quantities in 120-250 EppendorfPCR tubes (0.5 ml) and store at -20°C 
freezer in airlock Isolation Lab. 

ED31 primer (10 pmollul) 
Mw= 8,786 

5'V3 M13 F primcl' (10 pmollul) 17/12/98: 99.56 nnlOl in 9.956 ml 
Mw= 10,849 

3'V3 M13 R primer (10 plllollul) 17/12/98: 98.32 nmol in 9.832 1111 
Mw= 13,343 

I. RT (RCVC1'SC Transcription) 

OFFICE 

1. Fill in Worksheet Isolation I Reverse Transcription. Collect ice 
from kitchen. 

ISOLATION LAB 

2. Power on water bath at 42°C. 
3. During step 21. of PROTO COL.O I I, thaw and homogenise the following items: 

- MgCI2, 25 111M 
- RT buffer, lOx 
- 3' prinier ED33, 10 pmol/ul 

4. Put enzymes on ice: 
- AMV-RT, 10 U/ul 
- RNAsin, 40 U/ul 
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5. Label 10 Eppendorf PCR tubes (0.5 ml): 1-10. 
6. During step 25. of PROTO COL.O I I, prepare RT-master mix according to Worksheet 
Isolation/Reverse Transcription. 
7. Put enzymes, RT buffer and 3'primer ED33 in -20°C ASAP! Lcavc MgCh and dNTP's 
on Ice. 
8. Homogenise RT-Master mix by inverting tubc. DO NOT VORTEX! 
9. Aliquot RT-Mastennix in PCR Eppendorftubes, 10 ul each and put on ice. 
10. Transfer of each RNA isolate 10 ul supernatant into the corresponding RT-mix PCR 
Eppendorf tubes. 
II. Rinse tip by 3x pipetting up and down. Spin for 3 sec DO NOT VORTEX! 
12. Start RT incubation at 42°C tor 45 min (set timer). 
13. CLEAN FLOW: - discard all unnecessary items 
- (silicaIL2/ethano170%/acetone/low TE buffer, etc.) 
- discard plastic bag out of shmp container 
- spray centrifuge (also inside!) with ethanol 70%, clean and dry with tissue 
- spray all items left in flow with ethanol 70%, clean and dry with tissue 
14. Set heat block (insidc flow) at 95°C. 
15. Prepare lSI PCR master mix according to 1st PCR Worksheet and put on ice (inside 
flow). 
16. CLEAN MIX SIDE OF LAB! (inc!. pipets etc.) using ethanol 70% and bleach 10%. 
17. After completing RT reaction (45 min): centrifuge RT tubes for 3 sec and inactivate 
by putting tubes at 95°C for 5 min in heat block. 
18. Centrifuge RT tubes (3 sec) and immediately put on ice for 5 min. 
II. Fit'st PCR 

19. Centrifuge RT tubes (3 sec). 
20. Mix lSI PCR master mix by inverting tube. 
21. Add 80 ul of lSI PCR to each RT tube (don't pipet up and down). Total volume is now: 
100 ul (20 ul RT + 80 ull sl PCR). 
22. Overlay lSI PCR tubes with 2 drops of mineral oil (Pastette). 
23. Centrifuge lSI PCR tubes (3 sec), transfer to a clean rack, outside flow. 
24. Spray flow briefly, inc!. pipets/centrifuge/vortex etc. using ethanol 70%. 
25. Transfer rack + lSI PCR tubes to Molecular Biology Lab 2. 

MOLECULAR BIOLOGY LAB 2 

26. Perform lSI PCR. This will take approximately 2.5 hours. 

Amplification conditions: (file 94/95/98/99) 

94°C I min 
55°C I min 5x (file: 94) 
noc I min 

94°C 15 sec 
55°C 45 sec 30x (file: 95) 
noc I min 

noc 5 min Ix (file: 98) 

4°C soak file (file: 99) 
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27. Take lSI PCR tubes out of machine after program has finished. Although PCR can be 
run overnight, don't leave machine soaking unneccssarily. Put tubes in fridge ASAP. 
28. Load lSI PCR products on agarose gel the same day. Use PROTOCOL.054 for 
preparing agarose gel. 
29. Label lSI PCR product tubes using stickers with: Lab !D, date, 151 primers and store at 
4°C. 
30. Only when 2nd PCR (see below) is OK, store 151 PCR products at the -20°C freezer in 
Molecular Biology Lab 2. Write tube positions on DNA Sequence Flow Chart and store in box 
file. 

III. Agarose Gel Elech'ophoresis 

Molecular Biology Lab 2 

31. Prepare agarose gel according to PROTOCOL.054 description. 
32. Vortex lSI PCR tubes well. 
33. Centrifuge 151 PCR tubes for IS sec. 
34. Pipet (x times) 10 ul of dH20 in 96 well plate; x = number of samples to be analysed. 
Take plate to kitchen. 

Kitchen 

35. In UV cabinet: take 10 ul lSI PCR samples, using filter tips and pipet in the 
corresponding 96-wellmicro titer plate wells. 
36. Rinse tip by 3x pipetting up and down. Take plate to Molecular Biology Lab 2. 

Molecular Biology Lab 2 

37. Add 5 ulloading dye (6x). Don't pipet up and down. 
38. Using P20 pipet, load 20 ul per well on agarose gel, according to Worksheet 151 PCR. 
Mix dI-l201l slPCRJLoading dye by pipetting up and down at least 3 times, before loading. 
39. Prepare molecular weight marker: make sure you load 1.5 ug of marker. Marker stock: I 
ug/ul. Dilute: 6 ulmarker (stock) + 14 ul dH20. Prepare to load: IS ul dH20 + 5 ul diluted 
marker + 5 ulloading dye. Load 20 ul of this mix per slot. 
40. Run at 100 mA (limiting factor) for I hour. Voltage = approx. ISO V 
41. Store remaining lSI PCR product at 4°C. 

Dark room 

42. Make Polaroid picture and check Mw of lSI PCR product. Ifvisible: should be 564 bp. 

IV Second PCR 

Isolation Lab 

43. Prepare 2nd PCR master mix according to 2nd PCR Worksheet. 
44. Aliquot into 0.5 ml PCR tubes: 90 ul each, overlay with 2 drops of mineral oil. 
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45. Leave tubes in fridge Isolation Lab. 

Molecular Biology Lab 2 

46. Centrifuge 151 PCR products for 3 sec. 

Kitchen 

47. Take 2nd PCR-mix tubes and 151 PCR products to hood in kitchen. 
48. Pipet 10 ull 51 PCR product through the mineral oil into the 
corresponding 2nd PCR-mixes. N.B. If the 151 PCR product was clearly positive on agarose gel, 
usc 2-5 ul of it and add 8-5 ul dH20 to make total input volumc 10 ul. 

Moleculal' Biology Lab 2 

49. Centrifuge 2nd PCR tubes for 3 sec 
50. Perform 2nd PCR: this will take approximately 1.5 hours. 

Amplification conditions: (file 96/97/98/99) 

94°C 1 min 
55°C 1 min 5x (file: 96) 
noc 1 min 

94°C 15 sec 
55°C 45 sec 25x (file: 97) 
noc 1 min 

noc 5 min Ix (file: 98) 

4°C soak file (file: 99) 

51. Take 2nd PCR tubes out of machine after program has finished. Although PCR can be 
!'Un overnight, don't leave machine soaking Ulllleccssarily. Put tubes in fridge ASAP. 
52. Load 2nd PCR products on agarose gel the same day. Use PROTOCOL.054 for 
preparing agarose gel. 
53. Label 2nd PCR product tubes using stickers with: Lab ID, date, 2nd primers and store at 
4°C. 

V Agarose Gel Electrophoresis 

Molecular Biology Lab 2 

54. Prepare agarose gel according to PROTOCOL.054 description. 
55. Vortex 2nd PCR tubes well. 
56. Centrifuge 2nd PCR tubes for 15 sec. 
57. Pipet (x times) 15 ul of dH20 in 96 well plate; x = number of samples to be analysed. 
Take plate to kitchen. 
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Kitchen 

58. In UV cabinet: take 5 ul 2nd peR samples, using filtcr tips and pipct in the corresponding 
96-wellmicro titer plate wells. 
59. Rinse tip by 3x pipetting up and down. Take platc to Molecular Biology Lab 2. 

Molecular Biology Lab 2 

60. Add 5 ulloading dye (6x). Don't pipet up and down. 
61. Using P20 pipet, load 20 ul per well on agarose gel, according to Worksheet 2nd PCR. 
Mix dH20/1 stPCRJLoading dye by pipetting up and down at least 3 times, before loading. 
62. Prepare molecular weight marker: make sure you load 1.5 ug of marker. Marker stock: 1 
ug/ul. Dilute: 6 ulmarker (stock) + 14 ul dH20. Prepare to load: 15 ul dH20 + 5 ul diluted 
marker + 5 ulloading dye. Load 20 ul of this mix per slot. 
63. Run at 100 mA (limiting factor) for 1 hour. Voltage = approx. 150 V 
64. Store remaining 2nd PCR product at 4°C. 

Darkroom 

65. Make Polaroid picture and check Mw of 2nd PCR product. Ifvisible: should be 350 bp. 
66. Interpret results according to Worksheet 2nd PCR: negative, weak positive, positive and 
strong positive. 
67. If cycle sequence is performed within 3 days, temporarily store 2nd 

PCR products in fridge, 4°C (Mol Bioi Lab 2). 
68. If cycle sequence is perforll1edlater: store 2nd PCR products at -20°C, freezer (Mol Bioi 
Lab 2) and write tube positions on DNA Sequence Flow Chart. 
69. Perform cycle sequence with optimal DNA input according to results interpreted on 
Worksheet 2nd PCR. 
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- switch on light, electricity, ventilation and put glass door in correct position 
- spray inside of flow with Ethanol 70% 
- put plastic bag in yellow sharps container 
- paper (in case of any spilling and for cleaning afterwards) 
- 1'200 pipet and tips (FILTER!) 

2. Collect the plasma samples to be tested from the -80°C freezers, according to the DNA 
Sequence Flow Chart. 
3. Thaw plasma in flow Serology Lab (in rack of Serology lab). This takes approx. 10 min, in 
the meanwhile do the following: 

Isolation Lab 

4. Takc 2 racks out of bleach 10%, rinse with tap water, spray with Ethanol 70%. 

Mix side (left side of lab, clean side) 

5. Power on water bath at 42°c' 
6. Put a new white absorbing diper on bench. 
7. Put plastic bag in sharp container. 
8. Put RNAse free pipets (1'10, P20, P200, PIOOO) on diper and spray with Ethanol 70%. 
9. Take 10 Eppendorftubes (safe lock, 1.5 ml) and close them ASAP when on the bench. 
10. Number tubes from I - 10. 
11. Pipet 900 ul Lysis Buffer (L6) into each tube. 
12. Add 100 ul dH20 to tubes 5 and 10 (blanco's), rinse tip by pipetting up and down 3 times. 

Isolation side (right side oflab, dirty side) 

Prepare laminar flow 
- switch on light and electricity, DO NOT SWITCH ON ventilation! 
- spray insidc with 70 % Ethanol 
- put plastic bag in yellow sharps container 
- get paper (in case of any spilling and for cleaning aferwards) 
- get the appropriate DIRTY pipets (PIO, P20, P200, PIOOO) and tips (FILTER!) 
- get all items needed for isolation: 

• Silica, 500 ul (from -20°C) 
• Washing buffer, (L2) 25 ml (room temp) 
• Ethanol 70%, 25 ml (room temp) 
• Acetone, IS ml (room temp) 
• Low TE Buffer (TE·4

) 600 ul (-20°C) 
• Ethanol Absolute, I ml (-20°C) 

- Check whether waste flask is fillcd with 100 lIll ION NaOH (to neutralize GuSCN/possible 
basic reagents -> gas). 

13. Take rack with tile 10 tubcs to Serology lab and place inside flow. 

Serology lab 

14. Put a spare set of clean gloves in pocket of your white coat. 
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15. Vortex 5 sec plasma samples, make sure they are completely thawed. 
16. Open 1 plasma sample at a time, put thc lid upside dO\\~l in the flow. 
17. Pipet 100 ul plasma into appropriate Eppendorf tube, according to DNA Sequence Flow 
Chart. 
18. Rinse tip by pippetting up and down 3 times. Be careful: Lysis Buffer (L6) intcnds to foam 
easily! Be careful with placing thc lid ofthc plasma tube back on. Ifin doubt of touching plasma 
with gloves: 
• spray the tube with Ethanol 70% immediately 
• change gloves immediately (from your pocket) 
• never put notes inside flow, place on a chair next to you outside 

19. When all plasma samples are added to Lysis Buffer (L6), vortex 5 sec. 
20. Spray all plasma tubes, Eppendorf tubes, racks, pipets, outside boxes of filter tips and the 
vortex with Ethanol 70%. 
21. Put all sprayed items on edge of flow, just outside the glass window. 
22. Discard the plastic bag from the sharps container. 
23. Spray sharps container and bench of flow with Ethanol 70%. 
24. Discard your gloves!!! 
25. All sprayed items are now safe to touch with bare hands, but in order to keep everything as 
RNAse free as possible, put one clean glove on and touch all items with that glove only. 
26. Take rack with L6 lysed samples to Isolation rOOlll, spray again with Ethanol 70% before 
entering, just to be sure and place in flow. 
27. Take rack with plasma samples and place them back in the -80°C freezers in appropriate 
positions, according to DNA Sequence Flow Chart. Do this ASAP! 
28. Put rack in Ethanol 70% container in Serology lab. 
29. Turn offlight and electricity and ventilation of flow in Serology lab, pull down the glass until! 
the flow is closed. 



PROTOCOL 054: AGAROSE GEL ELECTROPHORESIS, ENARP. 

update: 28-12-1998 

reagents: 0.5 M EDTA pH 8.0: . dissolve 93.05 g EDTA in 400 ml demi H20 
· stir vigorously on magnetic stirrer 
· Adjust pH to 8.0 with +/- 10 g ofNaOH pellets 
· make 0.5 I \\~th demi H20 
· sterilise by autoclaving 

SOx TAE buffer: · dissolve 242 g Tris in 800 ml dH20 
· add 57.1 ml glacial acetic acid 
· add 1001111 0.5 M EDT A (pH=8.0) 
· add dH20 to 1000 ml 

6x loading buffer: · 1.5 g FicoU (type 400, Phannacia) 
· Iml 0.5M EDTA, pH=8.0 
· 0.025 g bromophenol blue 
· 0.025 g xylene cyanol 
· add dH20 to 10 1111 

20.000x EtBr · add 0.1 g ofEtBrto 10 ml of H20 
· mix for 2 hours until dye has cOlllpletely dissolved 
· wrap container in aluminium foil to protect from light 
· store at RT 

I. Add required g agarose to ErlelUueyer of conect size (see table). 
2. Mix 3 ml50x TAE with 147ml dH20 in conect size measure cylinder. 

1 % agarosegel 

100 IllI 150 IllI 200 1111 

g agarose I 1,5 2 

ml50xTAE 2 3 4 

1111 H2O 98 147 196 

ftl EtBr 5 7,5 10 

2 010 agal'osegcl 

100 IllI 150 IllI 2001111 

g (Igarose 2 3 4 

1111 50 x E 2 3 4 

1111 H2O 98 147 196 

fll Etl3r 5 7.5 10 
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3. Add 75 ml mixed Ix TAB to the agarose powder, mix again. 
4. Heat the solution 2.5 min at 360 Watt in microwave, check whether 
all agarose has dissolved. Cool down by adding the other 75 ml IxTAE. 
5. Prepare tray using tape and put the combs in correct positions. 
6. Prepare 1.5 I of Ix TAE: 30 ml50x TAE and dH20 up to 1.5 I. 
7. Add 75 ul of EtBr to solution and mixed thoroughly. Use always 
gloves, when handling EtBr (carcinogenic! ! i). 
8. Pour gel mix in the tray and let cool for 30 min. 
9. Pour some Ix TAE buffer on top of the gel and let stand 5 min. 
10. Carefully remove combs and add Ix T AE buffer until gel is 
submerged. 
II. Add samples to slots and 11m the gel on max. 100 mA for 30-60 min. 
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PROTOCOL 084: CYCLE SEQUENCE REACTIONS AND GEL RUNNING, ENARP. 

"pdate: 14-4-1999 

III general: - wear gloves 
- use autoclaved pipet tips and eppendorf tubes 
- use the Thermo Sequenase fluorescent labelled primer cycle sequencing kit. Amersham 

IZPN 2536. 

['erfonn, as much as possible, the following steps on ice: 

I. 

-I. 

). 

h. 
7. 

N. 
l) • 

10. 
II. 

12. 
13. 
14. 

15. 
16. 
17. 
18. 
19. 
20. 

21. 
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Make a premix of primer in a 0.5 ml Eppendorftube: 
. for 10 samples: (lOx 2.1 ul) = 21 ul primer 

(lOx 14.7 ul) = 147 ulmi11i Q H20 
. for 5 samples: (5x 2.1 uL) = 10.5 ul primer 

(5x 14.7 ul) = 73.5 ulmilli Q H20 
Mix premix well before use, by pipetting up and down. 
Label Eppendorftubes (e.g. 1-10) and add 16 ul premix to each tube. 
Dependent on 2nd PCR result as analysed by agarose gel electrophoresis, add 5 ul sample to the appropriate 
tubes. So: either 5 ul undiluted, or 5 ul diluted 112, 1110, 1120. Optimal input DNA: approximately 50-100 
ng. 
Vortex 5 sec, centrifi.Jge 3 sec. 
This mix is called: Y. 
Take 4 EppendOif tubes (0.5 ml) for evelY sample and mark them with reaction number + A, C, G, T, 
respectively (e.g. 3A, 3C, 3G, 3T). 
Pipet 2 ul A-mix tl'Om the kit in all A-marked tubes. 
Do the same for C-mix, G-mix and T-lllixes. 
Tum the tubes, so that the previously added 2 ul ACGT-mixes are on the other side ofthe tube. 
Add, without touching the 2 ul A-, C-, G-, or T-mixes, 5 ul of Y-mix (see step 6.) in the four ACGT­
marked tubes of the correct reaction number 
Add I drop of mineral oil (Sigma). 
Vortex 5 sec, centrifi.Jge 3 sec. 
Run PCR program: 30" 95°C; 30" 55 °C; for 25 cycles. This will take approximately I hour. File 28 on 
both PCR machines, but please always check. 
Add to each sample 4 ulloading dye (total volume is now II ul). 
Centrittlge for 3 sec. 
Denature for 5 min at 95°C (File 17 on both PCR machines). 
Centrifhge for 3 sec. 
Put samples on ice, samples are ready to use, load 8 ul to the sequence gel. 
Load the 2 most outer wells of the ALF with dye only, to avoid smiling 
effect. 
Run gel at: 1200 V, 40 mA, 36 W, 40°C, laser power 5 mW, running time 600 min. For fhrther information 
regarding alternative gel running conditions: ALF DNA sequencer user manual, section 5 "operation". 


