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I!!!! transmembrane 
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~ 3' untranslaled 

X-linked yc-SCID Mutations 
• nonsense 0 missense 
• Insertion, frame shift A deletion, frame shift 
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* splice site 
A deletion, in frame 

large deletion 

Fig 5 U--2Ry chain exons, intervening sequences, and known mutations as of the 

year 2000 (URL 4). 

Analyses of phenotypic data still reveal no clear genotype-phenotype correlation. 

1.7.2 IL-7 

U--7 is a 25-kDa soluble protein, is localized to the long arm of chromosome 8 at ' 

position 8q12-q13 and is produced primarily by the bone marrow- and the thymic 

stromal cells. It functions as a growth factor for pro- and pre-B cells, thymocytes, and 

has a number of effects on lymphocytes. In addition it augments the generation of 

anti-viral, alloreative, and anti-tumor cytotoxic T cells and the proliferation of NK 

cells. However, U--7 is unable to stimulate the proliferation of mature B cells (Wei et 

al2000, Tang et al1997, Perumal et al1997, Pandrau-Garcia et al1994). 
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Schematic representations of the full-length human Ragl and Rag2 

proteins are shown in A and B, respectively. The structural and functional 

domains are also given as well as the gene mutations reported in the 

scientific literature (taken from Villa et aI1999). 
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EXON2 

Lanes 1 2 3 4 5 6 7 8 9 10 11 

1 ."..-~+--~Sl 

S2 

Fig8. SSCP banding pattern of exon 2 of the ll.2Ryc. The separated sense and antisense 

strands from normal controls are shown as SSl and SS2. Lanes 1-5 and 7-11-

normal controls; lane 6- PI. Normal control male or female (N). Arrows indicate 

mobility shifted bands. 

3.1.4 Sequencing results 

Sequencing revealed a single base transition of G ---+ A at base position 216 of the cDNA 

sequence. This base change replaced the normal glutamic acid-encoding codon (GAG) 

with a lysine-encoding codon (AAG) (Fig 9A and B). Glu216 is located in the 

extracellular domain of the yc molecule, outside the consensus motifs belonging to the 

class 1 cytokine receptor family and is conserved in the mouse. Substitution of glutamic 

acid by lysine would be expected to impinge on the function or stability of the 

synthesised yc as it entails a charge inversion, where a negatively charged residue has 

been substituted with a positively charged one (Fig 10). This mutation is not novel and 

has been previously reported. There are currently 220 mutations in unrelated patients in 

the common gamma chain database; 147 of these mutations are unique, having only been 

reported once. At present there are 17 mutations in exon 2, one of these being the 

Glu216Lys; the rest are caused by nonsense mutations (3), deletions (4), splice site 

mutations (2), one insertion and missense mutations (6). 
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G T G T T C AA T G T C G A G 

• 
A 

CONTROL 

T G T T C A A T G T C A G T A C A T 

B 

PATIENT 

Fig 9 Sequence traces of the sequence strand of exon 2 from the affected male of 

kindred 1 and a control subject, showing the G to A transition at nucleotide 

position 216 of the cDNA sequence (GenBank accession number L12176). 
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Primer 1 Hin fl Tf ~ 
"--

Fig 12 

253bp __ -+ 

125bp __ -+ 
69bp __ -+ 
59bp---+ 

Fig 13 

I 

I 
69bp 59bp 125bp Primer 2 

~ 
--V 

253 bp 

" 

Schematic diagram of the PCR product of exon 2 digested with Taq I 

and Hinfl and the sizes of the fragments generated. 

-~ 
"---
- . -_ .I 

2345678910 

~ 

~ ...... .... --- ""'- .:r 

-- -.& ':::: 
~...-------' . - . -. 

CONTROLLL 
S 

~. 

, ... Ii: ..... 

....... 

-- . -',.--
~-~ - -
~ 

PI ' 

'-

J 
_==;;;;;;1: .. ,. 

" I p 

" 

PAGE of exon 2 of the IL2R yc gene of patient 1, co-digested with 

Taq 1 and Hin fl. Lanes 2,4 and 6 - undigested control DNA. Lanes 

3,5 and 7- digested control DNA. Lane 8-undigested DNA of PI and 

lane 9- digested DNA ofPl. Lanes 1 and lO-molecular weight marker 

VIII from Roche Biochemicals (appendix 3). 

The PCR product was amplified, digested with Taq 1 and Hin fl and run on a 20% 

polyacrylamide gel (Fig 13). The undigested DNA of the control samples and PI was 

253bp (Fig 13: lanes2, 4, 6 and 8); three fragments (125bp, 69; and 59bp) can 
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clearly be seen in the control DNA (Fig 13 lanes 3, 5 and 7) while two (184bp and 

69bp) are given by the mutant DNA (Fig 13: lane9); this is explained by the fact that 

only one of the enzymes (Hin fl) had cut the PCR product even though the product 

had been double digested with both enzymes. This gel further verifies the loss of the 

Taq 1 cut site in exon 2 of the IL2Ryc of PI. At the time of this study there were no 

female siblings of the proband. However, should the situation change, carrier 

detection (through restriction digestion) and genetic counselling could be offered to 

this family. Carrier detection for the patient's mother could not be effected, as DNA 

from her was not available. Restriction digestion would now be a much quicker 

method for carrier screening in this family than SSCP or X-inactivation. 

3.2 Kindred 2 

c;, I ,C?t--------,-----~ ~ 
11:2' 11:1 

Fig 14 The family tree of kindred 2 showing the affected male and his carrier 

mother. 

3.2.1 Immunophenotype: rB~K-

Candidate genes: GAMMA CHAIN (yc) gene, JAK3 

The proband in kindred 2 presented to Red Cross Children's Hospital during 1998 at 

3.5 months of age with failure to thrive, combined with Escherichia coli and 

Klebsiella pneumoniae septicaemia and persistent thrush. He died one month later 

due to recurrent Escherichia coli septicaemia before treatment with T-cell depleted 

haploidentical bone marrow could be carried out. Only the immediate relatives are 

shown in the family tree in Fig 14. Despite the absence of a relevant family history 

for the proband, the rB~K- immunophenotype again suggested X-linked SCID. 

With the proband being male, it was felt that XSCID was a far stronger possibility 

than JAK3 deficiency. 
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3.2.2 PCR 

All eight exons of the IL2Ryc for patient 2 were successfully amplified. 

3.2.3 SSCP analysis 

Two different SSCP gel running conditions were used. Exons 1, 2, 4, 5, 6, 7 and 8 

were separated by running the SSCP gel at 4°C; as exon 3 did not separate very well 

at 4°C it required running the gels at room temperature to separate the two bands. The 

size of the PCR product of exon 8 necessitated the running of the SSCP gel for an 

extra 2 hours to allow for separation and was thus not included in the gel shown in Fig 

15. Also no band alteration was evident. A normal SSCP migration pattern was seen 

for all exons of the y chain, except for exon 5 (Fig 15: exon5, lane2-SS 1). Expecting a 

base change in this exon, it was PCR amplified and sequenced to determine the nature 

of the mutation. 

exonl exon2 exon3 exon4 exon5 exon6 exon7 

~~ 
234 1234 

Fig 15 SSCP screening ofexons 1-7 of the common gamma chain gene. DNA bands 

were visualised by silver staining. The lanes for each exon are labelled as 1, 2, 

3 and 4. Single strands are indicated as SS 1, SS2. The mobility shifted band 

in exon 5 of P2 is indicated by the black arrow (SS3). Lane 1,3 - control 

DNA, lane 2 -patient 2 DNA, lane 4- patient 3 DNA. 
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R224 

aminoacids Q K R Y T F R V J s N P 

nuleo-661 AGAAACGCT ~71 CACGTITCGT681 GITCGGAGCC691 GCITf AACCC 

L C G S A Q W S H 

701 ACTCTGTGGA 711 AGTGCTCAGC 

H W S E 

721 ATTGGAGTGA 731 ATGGAGCCAC 

FIG 16 

A 

B 

WSXWS-motif 

Schematic presentation of the transmembrane region of the IL2Ryc 

containing the WSEWS motif as well as the 2 CpG hotspots in exon 5. 

C G TTT C G T G TTT G G A G 

CONTROL 

C G T TT C G T G T G G A G 

PATIENT 

Fig 17 Sections of the sequencing traces from exon 5 showing the C to T transition at 

nucleotide position 684 of the IL2Ryc cDNA of patient 2. 
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amino acid sequence: 

amino acid sequence: 

wild type sequence: 

mutated sequence: 

codon: 

transition: 

change in charge: 

mutation nomenclature: 

w 
t 

R V R S R 

Arg Val Arg Ser Arg 

CGT GTT eGG AGC CGC 

CGT GTT TGG AGC CGC 

222 223 224 225 226 

C684 ~ T684 

basic ~ hydrophobic (loss of positive charge) 

R224W 

coo­
I 

+H.:sN-C-H 
I 

coo­
I 

+H3N---C-H CI-Iz 
I 
CI-Iz 
I 
CI-Iz 
I 
NH 
I 
C=NI-Iz+ 
I 
NI-Iz 

Arginine 
(arg) 

I 
crt! 

j=:J) 
H 

Tryptophan 
(trp) 

Figl8 A summary of the nature and characteristics of the IL2Ryc gene defect 

detected in the proband of kindred 2. The wild-type sequence depicted is 

taken from the cDNA sequence as recorded in GenBank under accession 

number Ll2l80 
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3.2.5 Mutation verification 

R224W mutation (patient 2) 

The C~ T transition underlying the R224W mutation could not be confirmed by 

restriction analysis as it neither created nor abolished a restriction enzyme cutting site. 

A PCR primer was therefore designed to artificially generate a new Bst Xl cutting site 

at the site of the mutation. As a naturally occurring Bst Xl cut site is found in exon 5, 

the introduction of an additional Bst Xl site in the PCR product from the mutant 

allele, generates 3 fragments of sizes 22bp, 64bp and 62bp (Fig 19). In contrast the 

PCR product from the normal allele lacks the additional Bst Xl site and gives two 

fragments only (86bp and 62bp) (Fig 20). The assay was used to confirm carrier 

status in the mother of the proband and is available for carrier testing should other 

female relatives request genetic counselling. 

Fig 19 

* Bst Xl 

rrimer I 

I · 

BstXl 

22bp 64bp 

~------- ~------) y 
86bp 

62bp Primer 2 

~------------- -------------~ ----v 
148bp 

Schematic diagram of the PCR product from exon 5 digested with Bst 

X I and the respective fragment sizes (*, introduced cutting site). 
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Bst Xl recognition sequence CCANs ~NTGG 

Designed primer AG AAA CGC TAC ACG CCA CGT GTT 

CCA 

____________ ~Il~ __ _ 
Mutated sequence of patient 3: 5' AG AAA CGC TAC ACG TTT CGT GTT TGG 

AGC CGC-3' 

Wild type sequence: 

AGC CGC-3' 

Amino acid sequence: 

Codon position 

5' AG AAA CGC TAC ACG TTT CGT GTT eGG 

Q K R y T F R V R 

224 

Fig 20 Sections of the sequence of exon 5 containing the Bst Xl cutting sites. 

The cutting sites for these enzymes are underlined while the C~ T 

transition affecting the Bst Xl site is given in bold type. 

148bp 
86bp 
62bp 

1 2 3 4 5 

---- -1-+------:::,..--....... -~ _ ---- .~ , 

6 7 

- '-­. .. ... 

8 9 

-. 
10 

-----------.... ' ..... 
:- t . .. 4----,==--____ f-62/64bp 

'-----_v-__ ----"J 

Controls P2 Control 

Fig 21 Restriction digest analysis of exon 5 with Bst X 1 run on 20% PAGE. Lane 2,4 

and 8-undigested control DNA. Lane 3, 5 and 9- digested control DNA. Lane 

6 and 7- undigested and digested DNA of P2. Lanes 1 and 10 contain 

molecular weight marker VIII from Roche Biochemicals (appendix 3). 
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This kindred differed significantly from the previous kindreds investigated in that there 

was a family history of affected male siblings; with early male deaths occurring in 3 

generations, this being strongly suggestive of an X-linked condition (Fig 22). The r 
B~- immunophenotype of the proband led geneticists and immunologists to suggest 

the yc gene as the possible cause of the disorder (Fig 22). P3 had a successful HLA­

identical bone marrow transplant 3 months after diagnosis which resulted in the full 

reconstitution of his immune system and is effectively cured. P3 has a phenotypically 

normal, unaffected older sister and younger brother. 

3.3.2 PCR 

All eight exons of the IL2Ryc of patient 3 were successfully amplified by PCR and were 

run on a SSCP gel under the specified conditions. 

3.3 .3 SSCP analysis 

SSCP revealed a mobility shift in exon 6 (Fig 23: exon 6, lane 4). The exon was PCR 

amplified and sequenced. The PCR product of the mother of P3 was run alongside that 

of the proband (Fig 23: exon 6, lane 3); no altered migration pattern was observed. This 

was unexpected but subsequently showed to be due to a sample mix up. Carrier status 

was confirmed initially by X-inactivation studies and eventually by mutational analysis. 

3.3.4 Sequencing results 

Sequencing revealed a G~A transition (Fig 24A and B) at cDNA position 869, which 

caused a substitution of arginine for glutamine. This missense mutation resulted in a 

charge shift with replacement of a basic residue with a neutral one in the transmembrane 

domain of exon 6 (Fig 25). The R285Q mutation has been previously reported by Puck 

et at 1997 and Clark et al 1995. This codon is considered a mutational hot spot as 9 

unrelated patients have been reported to carry the G~A transition. 
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exonl exon2 exon3 exon4 exon5 exon6 exon7 

~~~~~~~ 
234123412341234123412341234 

SS3 

+--___ SSI 

Fig 23 SSCP screening of exons 1-7 of the common gamma chain. DNA strands were 

visualised by silver staining. The lanes for each exon were labelled 1, 2, 3 and 4. 

Single strands are indicated by SSl, SS2. Mother of P3 - exon 6, lane 3. The 

mobility shifted band in exon 6 ofP3 is indicated by the black arrow (SS3). 
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T G G e T G G A A C G G T G 

A 

CONTROL 

e T G G A A C A G T G 

B 

PATIENT 

Fig 24 Sequencing traces of the sense strand of exon 6 from a control and the affected 

male of kindred 3, showing a G to A transition in the proband. 
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Bsi Y1 recognition sequence CCNs -1.N2GG 

Designed primer C TGT GTG TAT TTCTCC CTG GAA C 
CC 

Designed primer 5' ------------~;-\~----
Mutated sequence of patient 3: 5' CTC TGT GTG TAT TTC TGG CTG GAA CAG 

-3' 

Wild type sequence: 5' CTC TGT GTG TAT TTC TGG CTG GAA CGG 

-3' I 

Amino acid sequence: L C V Y F WL E R 

cDNA position 869 

Fig 27 Sections of the sequence of exon 6 containing the Bsi Yl cutting site. 

The cutting site for this enzyme is underlined while the G---j. A 

transition within the Bsi Yl site is given in bold type. 

2 3 4 5 6 7 8 9 10 11 12 13 14 

~-~~ ... --- ....,., 
--- '. - < ~ '. ---- .~ -"" ~ 

Sib - .. . ....... 
p-I--------. - - ------- ... _ .... ..... .... ....... '--y---J .... ..--
~--~----. P3 '--y---J ~R '--y---J 

CONTROLS 

60bp 

MOTHER DAUGHTER 

Fig 28 PAGE of PCR amplified DNA from exon 6, digested with Bsi YI. Lane 2, 4 

and 10- undigested control DNA; lanes 3, 5 and II-digested control DNA; 

lane 6,7- undigested and digested DNA from patient 3; lanes 8, 9 and 12, 13-

undigested and digested DNA from the mother and daughter respectively. 

Lanes 1 and 14 -molecular weight marker VIII from Roche Biochemicals 

(appendix 3). 
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One such class of sequences in humans consists of simple tandem repeats (STR's), often a 

dinucleotide (sometimes tri- or tetra-) repeat consisting for example, of CA (adenosine 

and cytosine) on one DNA strand and GT (guanine and thymine) on the other. This 

repeated element (CA repeat) is the commonest type of STR and occurs in an estimated 

50,000 to 100,000 locations within the genome. Such repeats of 2-5 nucleotide segments 

are known as micro satellite DNA. Frequently, the number of copies of the repeating unit 

of the STR differs in the two chromosomes, thus producing heterozygosity for the repeat 

copy number. A single pair of PCR oligonucleotide primers that surround such 

sequences produce variably-sized DNA fragments depending upon the number of repeats 

(Fig 31) (URL 6). 

Fig 31 

FORWARD PRIMER----:­
GGGT ATCTGGGC~C TGGGG7 
1120 1130 ;'1-10 1150 1160 1:70 118C 

TTCAAAGGGT ATCTGGGC~C TGGGG7GATT CCCATTGGCC TGTTCCTCCC TTATTTCCCT CATTCATTC; 
MGTTTCCCA TCGACCCGAG ACCCC.;C':".:..A GGGTMCCGG ACAAGGAGGG MTAAAGGGA GTMGP';G~ 

1190 1200 :210 1220 1230 1240 1250 
TTCATTCAT~ CATTCATTCA TTCAT7CACC ATGGAGTCTG TGTTCCCTGT GACCTGCACT CGGMGCCC':" 
AQGTe;"GTAA GTAbGTAAGj AAGT~~G7GG TACCTCAGAC AC.;AGGGACA CTGG~CGTGn GCCTTCGGGA 

i 
1 2 
T 

CCTCAGAC ACAAGGGACA CTGG 
< - - - - - - - REVERSE PRIMER 

6r 7 

i I I 

3 4 5 

Z Z Z·12 Z Z Z Z·12 
Z·16 Z·12 Z-16 Z Z-16 Z;4 Z-16 

An example of a microsatellite showing a CA TT tetranucleotide repeat in 

the tyrosine hydroxylase (TH) gene on human chromosome llp15 

(Hearne et aI, 1992). 
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Microsatellites have increasingly been used as gene markers of choice. They are found in 

large numbers and are relatively evenly spaced throughout the genome. Technically 

microsatellites are more desirable than the larger VNTR loci because they can be 

analyzed via PCR and the alleles can be unambiguously sized on polyacrylamide gels 

(URL 7). 

Microsatellites are useful for a number of analyses. They were originally utilized for 

genetic mapping and have been extensively used for linkage analyses in the association 

with disease susceptibility genes. In addition they have proven useful in the analyses of 

paternity and kinship. Due to their high level of heterozygosity, they are informative 

markers that can be used for many population genetic purposes, ranging from the 

individual level (e. g. clone and strain identification) to closely related species. They can 

be used to estimate effective population size and to gain insight into the degree of 

population substructure including both the amount of migration between sUbpopulations 

and genetic relationships among the various subpopulations (URL 7). Due to the small 

amount of DNA required they are also suitable in identifying people for forensic 

purposes. 

The enormous variation conveyed by micro satellite repeats results from the fact that the 

repeats are especially prone to DNA-replication errors, often through what is called 

slipped-strand mispairing due or unequal crossing over due to misalignment of sister 

chromatids. During replication the ladder splits down the middle, separating the base 

pairs. As the DNA polymerases copy each strand a new strand is made which then pairs 

with its template. Slipped-strand mispairing can occur when either the old, template 

strand or the newly forming complimentary strand slips and pairs with the wrong repeat 

on the other strand (Fig 32). This then leads to modest increases or decreases in size. 

Repeat length and base composition also affect the mutation rate, e.g. dinucleotides (CA) 

mutate faster than trinucleotide repeats (CAG), and sequences with a high AT content 

mutate faster than those with a high GC content. The mutation rate of micro satellites is 

estimated to be around 5 x 10-5 
(, Moxon and Wills 1999). 
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DNA POLYMERASE COMPLEX 

Fig 32 The mechanism of slipped-strand mispairing. (a) DNA helicase unzips the 

parental DNA helix while the DNA polymerase complex copies both strands. (1) 

Lagging strand- synthesis of a short fragment beginning with an RNA primer (2) 

skips ahead and generates a second short fragment. (b) Increase in the number of 

repeats when the new strand slips down one repeat in its binding to the old, 

template strand resulting in an extra repeat in the new strand. (c) The old, 

template strand slips and the enzyme deletes a repeat unit with the result that a 

shorter fragment is produced (Moxon and Willis 1999). 

Because of their small size microsatellite loci can be amplified bypeR and the products 

analysed by electrophoresis on native or denaturing gels to separate the alleles according 

to size. Alleles can be visualised using radioactive end labelling or incorporation, 
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As the mutation in family 3 had been confirmed through PCR-SSCP, sequencing and 

restriction digestion it was decided to use this family as a control for the microsatellite 

analysis study. Theoretically, to be informative, markers DXS983 and DXS986 for 

family 3 should reveal a linkage pattern where the affected son inherited the defective 

allele from his mother; his sister, being a carrier, should have inherited the normal 

from her father and the defective allele from her mother. 

A 

Fig 34. 

Family 3 (Control) B Family 4 (Test) 

1 2 

1 2 0 

o---r-= .- 6
4 

1 

3 3 4 
2 3 4 1 2 3 4 

(I,~) (3) (\) (I)i) 

• ~ 
• • 

(1.)&) (,) (2.) C~) 

DXS983 DXS983 

Autoradiographs showing yc gene microsatellite marker DXS983 for 

family 3 (A) lane I-mother, lane 2-father, lane3-proband and lane4-

unaffected sister. Family 4 (B) lane I-mother, lane 2-father, lane 3-

proband and lane 4- unaffected brother. 
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Microsatellite DXS983 proved to be fully infonnative for family 3. Both alleles of 

the mother were clearly discernible and distinct from that of her husband, enabling 

accurate scoring of the alleles for each family member. The resultant genetic linkage 

pattern with marker DXS983 revealed that patient 3 (Fig34A: lane 3) had inherited 

allele 1 from the mother (Fig 34A: lane 1). The sister of patient 3 (Fig 34: lane 4) had 

also inherited allele 1 from her mother and allele 3 from her father (Fig 34A: lane 3). 

These results are compatible with the IL2Ryc gene being the cause of the mutation in 

patient3 and reveal that allele 1 of the mother carries the yc mutation. The 

autoradiograph for this marker confinned what had been proven in chapter 3; both the 

proband and his sister had inherited the same defective allele from their mother. 

For marker DXS983 in kindred 4, it was not possible to distinguish between the 

maternal alleles (Fig 348: lane 1). Thus no clear segregation pattern emerged for 

either of the two boys (Fig 348: lanes 3 and 4) as the defective allele could not be 

detennined. This marker was thus uninfonnative for this family; with the result that 

the yc gene could not be excluded as the cause of this disease. 

Family 3 was again used as a control for marker DXS986. The two alleles of the 

mother had separated clearly. It was clear that the affected son (Fig 35A: lane3) had 

inherited allele 2 from his mother (Fig 35A: lane 1) while the daughter (Fig 35A: lane 

4) had inherited allele 1 from her father (Fig 35A: lane 2) and allele 2 from her 

mother. This marker was very infonnative for this family as allele separation enabled 

correct scoring of the alleles. This autoradiograph was again, compatible with a 

mutation in the yc gene, underlying the disorder in P3 and the positive carrier status in 

the sister. Again the patient and his sister had inherited the same defective allele from 

their mother. 

Analysis with marker DXS986 for family 4 revealed that the affected male (Fig 358: 

lane3) had inherited allele 3 from his mother (Fig 358: lane 1) while his brother (Fig 

358: lane4) had inherited allele 1 from his mother. This marker was not very helpful 

at exclusion in this family as each boy had inherited a different allele. This finding 

would however, be compatible with X-linked SCID. 
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DNA sequencing, where all 8 exons were shown to comprise nonnal sequences, 

finally excluded the yc gene. 

A Family 3 (Control) + B Family 4 (Test) 

b---r=3 
1 2 

0 3- 6
4 

3 4 
1 2 3 4 1 2 3 4 

• • 

• 

• 

DXS986 DXS986 

Fig 35. Autoradiographs showing yc gene microsatellite marker DXS986 for 

family 3 (A) lane I-mother, lane 2-father, lane3-proband and lane4-

unaffected sister. Family 4 (B) lane 1-mother, lane 2-father, lane 3-

proband and lane 4- unaffected brother. 
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4.3.2 Interleuken 7 (IL7) microsatellites 

Fig 36. 

D8S1760 

D8S1 05 

"-r-' 
lcM 

Schematic diagram of the position of markers D8S 1760, D8S548 and 

D8S 1805 in relation to the IL 7 gene on chromosome 8. 

Three markers, D8S 1760, D8S548 and D8S 1805, in the region of the IL 7 were 

selected from published polymorphic markers in the GDB and the Genethon linkage 

map, with additional information taken from CEPH. They are located on chromosome 

8 on either side of the IL 7 gene, have an average separation size of 3 cM and a 

recombination probability of less than 2% (Fig 36). 

A Family 4 (Test) B Family 4 (Test) 

1 2 1 2 

o~ O--,----L-J 

3 4 
3 4 

1 2 3 4 1 2 3 4 

, 

08S1805 08S1760 
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C Family 4 (Test) 

Fig 37. 

3 4 1 2 

(1,2) 

- (1,3) (23) 
, (3,3) 

D8S548 

Autoradiographs showing micro satellite markers (A) D8S 1805 (B) 

D8S1760 (C) D8S548 for family 4; (A+B) lane I-mother, lane 2-father, 

lane3-proband and lane4-unaffected brother. (C) lane I-unaffected 

brother, lane 2-proband, lane 3-mother and lane 4- father. 

Theoretically we expected a linkage pattern where both boys had either (1) inherited the 

same alleles from their parents thereby leading to the exclusion of the ~ 7 gene or (2) 

inherited different alleles, thereby leading to the retention of the n., 7 gene as a candidate 

for the defect in this family. These scenarios applied to all three markers. 
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Unfortunately, all three microsatellites in Fig 37 were uninformative in this family. In 

each case one of the parents was found to be homozygous, precluding the identification 

of allele segregation in the two boys. Exclusion of the lL 7 gene was thus not possible 

and it remained a candidate gene for the defect in this famHy. 

4.3.3 Interleuken 7 receptor alpha elL 7Ra) microsatellites 

D5St95 

D5S1f4 IL~Ra 

I [ _1-------
Fig 38 

~ 

1cM 

Schematic diagram of the position of markers D5S1994 and D5S395 in 

relation to the lL 7Ra gene on chromosome 5. 

In the search for exclusion! inclusion of the lL 7Rac gene two markers, D5S 1994 and 

D5S394 were selected from published polymorphic markers in the GDB, the G€methon 

linkage map, with additional information taken from CEPH and HUGO. These markers 

are located 5' to the IL 7ac gene, lie within 1 cM and thus have a recombination 

probability of less than 1 % (Fig 38). 

Segregation analysis of marker D5S1994 for family 4 revealed that the affected boy (Fig 

39A:lane 3) had inherited allele 2 from the father (Fig 39A:lane 2) and allele 3 from the 

mother (Fig 39A: lane 1). The brother (Fig 39A: lane 4) had inherited allele 1 from the 

father and allele 3 from the mother. Marker D5S1994 was informative for family 4 as both 

alleles of the mother and the father were separated well on the gel. The inheritance of 

different alleles at the IL 7Rac locus in the two brothers precludes exclusion of the gene 

and thus is compatible with the postulate of a possible lL 7Ra chain defect in this family. 
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4 

A 

Fig 39 

Family 4 (Test) B Family 4 (Test) 
1 

0 

1 

2 1 2 

i ~ 
o~ 

3 4 3 4 

2 3 4 1 2 3 4 

DSS1994 DSS39S 

Autoradiographs showing microsatellite markers for IL 7Rac in family 

4. (A) DSS 1994: lane I-mother, lane 2-father, lane3-proband and 

lane4-unaffected brother. (B) DSS39S: lane I-mother, lane 2-father, 

lane 3-proband and lane 4- unaffected brother. 

For marker DSS39S the autoradiograph revealed that the affected male (Fig 39B: lane 

3) had inherited allele 1 from his mother (Fig 39B: lane 1) and allele 4 from his father, 

(Fig 39B: lane 2) while his nonnal brother (Fig 39B: lane 4) had inherited allele 1 from 

his mother and allele 3 from his father. This micro satellite marker was fully 

infonnative in this family but was unable to exclude the IL 7Rac as a candidate. 
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4.3.4 Ragl/Rag2 microsatellites 

Fig 40 

DtS4102 

DllSr J;.r------tJ_2 --+t ___ _ 
"-y-' "-y-' 

lcM 0.8cM 

Schematic diagram of the position of markers DllS935 and DllS4102 in 

relation to the Ragl and Rag 2 genes on chromosome. 11 . 

The markers in the regIOn of the Ragl/Rag2 genes were selected from published 

polymorphic markers in the GDB, the Genethon linkage map, with additional information 

taken from CEPH and HUGO. The two markers, DllS4102 and DllS395, flanking the 

Ragl/Rag2 genes are approximately 2cM apart and thus have a recombination probability 

of2% (Fig 40). 

Theoretically we expected P5 to be homozygous for the mutation. As the proband's 

parents are consangious and the disease is AR. We anticipated the proband to have 

inherited the same defective allele from each parent and would thus be homozygous for a 

gene mutation, and homozygous for markers flanking the defective gene. At least one of 

these markers would also be different from those inherited by the unaffected daughter. 
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A Family 5 8 

3 1 2 4 

DllS4102 

Family 5 

1 2 oro 
~ 6. 
3 1 2 4 

• 

• 
(1,1) 

. 
t 

(1,2) (2,2) 

(1,2) 

DllS395 

Fig 41 Autoradiographs showing microsatellite markers (A) DllS4102 :lane 1 

proband, lane 2-mother, lane3-father and lane4-unaffected sister. (8) 

Dl1S395:lane I-proband, lane 2-mother, lane 3-father and lane 4-

unaffected sister 

Marker Dl1S4102 revealed that the affected daughter (Fig 41A: lane 1) had inherited 

allele 3 from her mother (Fig 41A: lane 2) and the other allele 3 from her father (Fig 

41A: lane 3). The unaffected sister (Fig 41A: lane 4) had inherited allele 1 from her 

father and allele 2 from her mother. If positive for a Ragl/Rag2 mutation this result 

indicate that the unaffected daughter would not be a carrier of this disease, as she has 

not inherited the defective allele (allele 3) from either of her parents. For marker 

DllS395 the auto radiograph revealed that the patient (Fig 41B: lane 1) had inherited 

allele 1 from her mother (Fig 41B: lane 2) and the other allele 1 from her father (Fig 
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Gametes 
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1 
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t 
XJS 

l 
or 

RandomXlnaodvauon 

I',; -+ : 
~ : 
'~ Inactive X 

me1hylatad 

,;~ ....... 
I~ ....... ~ i).,~ Proll (aralion, 

cI (ferert latl on 

m ~ 
m TIssue mosaldsm 

B Nonrandom X Inaotivation in Tissue Affeoted by MutaUon 

I- ~ I
· .. · Mutation affactlng 
,~ cell survIVal 

;. .......... Selective 
',~ dl sadvart age -;;.; 
':~. 

, Early 
\, ambryo '%, m 
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m 

Mutated , 
XlST 1:··' -,,: :;...-',. m 

2. m 
,,~ 

Fig 42 Mechanisms leading to skewed X-inactivation in females. Panel A shows 

normal, random X-inactivation. X chromosomes are inactivated at random and there 

is a 50: 50 distribution of cells. Panel B shows the mutation bearing X chromosome 

hindering survival of the cells with the result that this disadvantage leads to a skewed 

pattern of X-inactivation in mature tissues, In panel C a mutation in Xist results in 

non random , selection of the X chromosome that is to be inactivated (Puck and 
i 

Willard, 1~. 
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she has inherited the mutant X-chromosome from her mother (Fig45 lane9) and must 

be a carrier. Both the father (Fig45 lanes 2 and 3) and son (Fig45 lane 4 and 5) in this 

family show the absence of PCR product following Hpa II digestion. This is to be 

expected as their X chromosomes are fully active and being unmethylated will have 

the HUMARA repeat template destroyed by Hpa II digestion. 

Fig 45 

Lanes 1 2 3 4 5 6 7 8 9 10 

o U 0 U D U D U 

X-inactivation PAGE gel of family 3 usmg genomic DNA.The 

genomic DNA of P3 and his father were used as control samples (lanes 

2,3,4 and 5). The DNA sample of the daughter was run in lanes 6 and 

7. The genomic DNA of the mother of P3 was run in lanes 8 and 9. 

(D-digested, U-undigsted, M- marker) 

Different results were obtained for the mother of patient 4 (Fig 46 Lanes 2 and 

3)where this person shows slight partial skewing in her X-inactivation pattern, which 

is often encountered in females. This result was expected as X-linked SCID was an 

unlikely candidate disorder in this family, where the phenotype was more suggestive 

of a defect in the IL-7 signalling system. T-cell DNA from two control females was 

also included. The first of these, control 1 (Fig46 lanes 6 and 7), on visual inspection 

shows slight partial skewing, while the other (Fig46 lanes 8 and 9) is not informative 

and one cannot comment of her X-inactivation status. 
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Lanes 

Fig 46 

1 2 3 4 5 6 7 8 9 10 

'---=----J-- DNA of 

the father was used as a male control sample (lanes 4 and 5). The 

DNA sample of the other female controls were run as well (lanes 6, 7, 

8 and 9). The T cell DNA of the mother of P4 was run in lanes 2 and 

3. (D-digested, U-undigested, M- marker) 
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DNA 

NA Diagnostic Lall>o~atolrv 

Blood volumes Children 2-3ml in and EDT A tube 

ml EDTAtube 

Tel: (021) 6585223 Fax: (02l) 6891287 

PIe" •• DO NOT •• lId specimen. 011 ice or fro""n_ 

Please fill ill all the information requested: 

Sumame: _________ --- First Name(s): ________ _ 

Yes 0 No 0 (!fno, please fill in family name) Family name: 

Medical Aid: ______________ Medical Aid No: __________ _ 

Sex: MO FO Date of Birth: Day: _____ Month: _____ year: _______ _ 

Number ofchildreo: _______________ _ 

Ethnic Origin' ( please indicate ancestry of both your mother and father , _____ -= _________ _ 
Contact Address: ____________ Town: _-= _______ .~ .. _______ _ 

Referring Doctor/Sister: __________ Town: ________ Tel: _______ _ 

Fax: 
Hospital or Address: __________ _ ________ Tel: ______ _ 

Reason for Referral (Clinical diagnosis):", '" ..... , ...... '" .... ,. '" .. , ", '" " .. , .. , .... ,., .. , ... '" " ... ' .,.,' 

Testing required: o Galactosemia o Spinal Muscular Atrophy o Cystic Fibrosis (OF508) 

o Lipoprou:in o McArdles OMCAD o Other. ..... '" .. " .... ,," '" 
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4. 

5 

6. 

an attempt be 
where not 

material for analysis is to be obtained from: blood cells/skin sanlpi!l/other 

I request that no portion of the sample be stored for later use. D (Mark if applicable 
Or 

I request that a portion of the sample be stored indefinitely for (Delete where not applicable): 

I 

(a) 

(b) 
( c) research 

Committee, 
ToWll Research Ethics 

remain confidential. 

to: not 

• care 

• 

(a) 

me. 

( b ) the condition mentioned above and carmot determine 
the 

( c the confidentiality . 
( may not be informative some or family members. 
( e even conditions, current technology of this type is not perfect and could lead to 

incorrect results. 
( f) where biological material is used for research purposes, there may be no direct benefit to me. 
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7. at 

8. 

DATE: 

Patient signature _________ _ Witnessed consent 

:l!o!:..!.JJ.!J.,'l!!JJ1:!!]!.J;!H..Q?!lr;.. , 
: DNA number: Vol.Blood: (ml) Other: ______ _ , 
: Date Received: Year: Month: Day: Computer Index No: _______ _ 
: __________________________________________ ~ __________ _________________________ 1 
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Appendix 3 

Molecular Weight Marker VIII (Roche Biochemicals) 
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