
Mendelian	  Gene*cs	  in	  Humans	  



What	  are	  Mendelian	  Gene*cs?	  

•  Characteris*cs	  that	  have	  a	  single	  gene	  
•  Each	  characteris*c	  doesn’t	  influence	  others	  

h<p://en.wikipedia.org/wiki/Mendelian_inheritance#mediaviewer/
File:Punne<_square_mendel_flowers.svg	  

Characteris*cs	  can	  be	  :	  
•  Dominant	  (purple	  in	  this	  

example)	  
•  Recessive	  (white	  in	  this	  

example)	  
•  Sex-‐linked	  (recessive,	  but	  

located	  on	  the	  X	  chromosome)	  



What	  leads	  to	  the	  changes	  in	  
characteris*cs?	  

•  Changes	  in	  genome	  sequence	  lead	  to	  changes	  
in	  protein	  sequence	  or	  amount	  



Gene*c	  Characteris*c	  Test	  

•  Everyone	  take	  1	  control	  strip	  and	  1	  PTC	  strip	  

•  Taste	  the	  strip	  
– Do	  you	  taste	  the	  PTC?	  



Ability	  to	  taste	  PTC	  determined	  by	  
gene*cs	  

•  Let’s	  see	  if	  we	  can	  learn	  more	  about	  this:	  

– OMIM.org	  

– Genome	  Browser	  
– dbSNP	  
– Craig	  Venter	  



Cys*c	  Fibrosis	  
•  Common	  autosomally	  recessive	  disease	  
– Most	  common	  lethal	  gene*c	  disease	  
affec*ng	  the	  white	  popula*on	  

– 1	  in	  2000	  live	  births	  (at	  least	  in	  1989)	  
– 1/20-‐1/30	  Americans	  of	  European	  descent	  
are	  carriers	  

•  Named	  in	  1930’s	  by	  physician	  Dorothy	  
Hansine	  Andersen	  for	  the	  cysts	  that	  form	  
In	  the	  pancreas	  acer	  pancrea*c	  failure	  



Symptoms	  
•  Mucus	  is	  thicker	  than	  usual,	  building	  up	  in	  airway	  	  
–  Excellent	  place	  for	  bacteria	  to	  grow	  
–  Repeated	  infec*ons	  damage	  lungs	  

•  Mucus	  also	  builds	  up	  in	  pancrea*c	  ducts	  
–  Can	  cause	  malnutri*on	  

•  Sweat	  becomes	  excep*onally	  salty	  

•  Defect	  in	  ion	  transport	  across	  membranes	  

•  Ocen	  die	  of	  infec*on	  or	  respiratory	  failure	  	  
– Used	  to	  die	  young	  (pre-‐teens)	  now	  living	  into	  30s-‐40s	  



Let’s	  look	  at	  gene	  

•  CFTR	  in	  genome	  browser	  
– Why	  so	  many	  SNPs	  iden*fied?	  

•  Gene	  iden*fied	  in	  1989	  
– Thought	  we’d	  have	  a	  cure	  in	  10	  years	  



Loss	  of	  CTT	  correlates	  with	  disease	  

Fig. 2. Detection of the AF508 mutation bv
oligonucleotide hvbridization. Autoradiographs
show the hybridization results of genomic DNA
from representative CF families with the two
specific oligonucleotide probes as indicated.
Oligo-N detects the normal DNA sequence and Oligo-N *
oligo-AF detects the mutant sequencc. Genomic
DNA sample from each family member was am- Oligo-AF
plified by PCR (35), and the products were
separated by electrophoresis on a 1.4 percent ,S @
agarose gel, and transferred to Zetaprobe (Bio-
Rad) membrane according to standard proce-
durcs. The membrane was hybridized with 32p N L E NN:AAA GAA AA'labeled oligonucleotide probes, washed, and ex-

L E Nposed to Kodak XAR film as described (35). CF(AF): L E N
Samples without DNA (H20) and plasmid DNA,
T16 (N cDNA) and C16 (cDNA with the AF508 deletion), were included as
controls. AF is the abbreviation for AF508. Families B, D, E, and H are CF-PI
(diagnosis for the other families not available). The illustration is based on

Table 4. Population analysis of CF-PI and CF-PS.

Assumed Predicted
genotype* frequencyt

Pancreatic AF508AF508 0.459 21 21.1
Insufficient (PI) AF508S 0.331 14 15.2

SS 0.060 4 2.7
Total 0.850 39

Paincreatic AF508M 0.106 1511 14.8
Sufficient (PS) SM 0.038 6 6.2

MM 0.006 I
Total 0.150 21

*Allele designations: AF508, the 3-bp deletion; S, uncharacterized severe mutant alleles;
M, uncharacterized mild mutant alleles. tAssuming that the CF-PI mutant pheno-
tvpe is recessive to the CF-PS mutant phenotype, the frequencv ofCF-PI mutant alleles,
including the 3-bp deletion, could be estimated from the observed pro tion of CF-PI
patients in our CF clinic (18), that is, (0.85)1/2 = 0.92. The observed allele frequency for
tAF508 in the total CF population is 0.68 (Table 2); the frequency for S is 0.92 - 0.68 =
0.24; the frequency for M is 1 -0.92 = 0.08. The frequency for each genotype was then
calculated from the Hardy-Weinberg law. tThe number of CF-PI and CF-PS
patients in each category was obtained by oligonucleotide hybridization analysis as
illustrated in Fig. 2. The patients were from the CF families used in our linkage analysis
(36) with 14 additional CF-PS patients or families from a subsequent study
(19). SThe expected numbers were calculated for CF-PI and CF-PS after normaliza-
tion within each group. The x2 of fit is 0.86, df = 3, 0.74 < P < 0.90. IiThis
number is higher than would be expected (15 observed compared to 9.6) if AF508 is in
Hardv-Weinberg equilibrium among all CF chromosomes (X2 = 6.48, df = 1; P <
0.01i).

to be defined, none of these mutations severely affect the region
corresponding to the oligonucleotide binding sites used in the PCR-
hybridization experiment (Fig. 2 and legend).

Pancreatic sufficiency. CF-PS is defined clinically as sufficient
pancreatic exocrine function for digestion of food; however, the
level of residual pancreatic enzyme activity varies among patients (1,
40). Our previous haplotype data suggested that the CF-PI and CF-
PS patients have different mutant alleles (19). Although the basic
biochemical defect in CF has yet to be defined, it is possible that the
residual pancreatic enzyme activity in CF-PS patients is a direct
reflection of the activity of the mutant CF gene product. Thus, the
residual exocrine function conferred by a mild (CF-PS) allele,
although much lower than that of the normal gene product, would
constitute a dominant phenotype over that of more severe (CF-PI)
mutations with little or no function. Therefore, only patients
carrying two copies of severe alleles would be CF-PI and patients
carrying one or two mild alleles would be CF-PS.
To test this hypothesis, we used the information on the propor-

tion of CF patients carrying the AF508 deletion. If we assume that a
severe mutation is recessive to a mild mutation and a distribution of
CF alleles among the patient population according to the Hardy-

1078

plasmid
B 0 D E G H 0 DNA

9 " w + >9 @ >< ;,9 @ g: >9 g:+@ <,@<>@ +++@fl,@ ++ AF N

N I I F G V
AT ATC ATC_TTT GGT GTT Oligo-N: 3' CTTTTATAGTAGAAACCAC 5'

NT ATC AT- --T GGT GTT Oligo-AF: 3' TTCTTTTATAGTA---ACCACAA 5'

the assumption that the triplet CIT was deleted; the sequencing data do not
X allow distinction between deletion of these nucleotides or other combinations.

Weinberg law, the frequency could be estimated to be -0.92 for the
severe alleles and -0.08 for the mild alleles (M) (Table 4). Since
most CF-PI patients were homozygous for AF508, it was reasonable
to assume that this mutation corresponded to one of the severe
alLeles. Given the observed frequency of AF508 (0.68) in the studied
CF population (Table 2), the frequency of the remaining severe
alleles could be derived. The proportion of AF508AF508, SS, MM,
AF508S, zAF508M, and SM patients was then calculated. Since
individuals with SM and MM could not be distinguished phenotypi-
cally or genotypically, they were combined in the analysis. The
observed frequencies for alL five groups of patients were as expected
from this hypothesis (Table 4).
The above analysis thus provides strong support for our hypothe-

sis that CF-PI is due to the presence of two severe alleles and that a
CF-PS patient carries either a single severe allele or two mild alleles.
This model also explains the lower frequency of AF508 in the CF-PS
than in the CF-PI population and the excess number of CF-PS
patients with one copy of the deletion (Table 4).
Given the predicted dominant phenotype conferred by the M

alleles, it was necessary to examine the CF chromosomes in CF-PS
patients individually in order to identify those carrying the M alleles.
Five ofthe seven representative CF-PS patients carry one copy ofthe
AF508 deletion; at least five different haplotypes could be assigned to
the other CF chromosomes (Table 5). These latter observations
further support our previous suggestion that the majority of CF-PS
patients are compound heterozygotes (19). Further delineation of
these and other CF haplotypes observed in our study would require
a larger patient population or a more detailed characterization ofCF
mutations (or both).
Meconium ileus (MI), which occurs in 5 to 10 percent of

newborns with CF, is generally ascribed to failure of pancreatic
enzyme secretion and digestion of intraluminal contents in utero
(1). Although only six patients were identified to have MI in our
study (41), all of them belong to the CF-PI subgroup, five of them
homozygous and one heterozygous for AF508 (Table 5). It is
therefore tempting to speculate that homozygous AF508 (or equiva-
lent severe mutations) may be a prerequisite for development ofMI.
Moreover, since MI only occurs in a small proportion ofCF patients
and with only 30 percent concordance within families (42), it is
probable that this condition is also determined by other genetic or
nongenetic factors.

Implications for genetic diagnosis. Previous DNA-based genet-
ic testing for CF has only been available to families with affected
children and to their close relatives (14, 43). Knowledge of the CF
mutations at the DNA sequence level should permit testing any
random individual. On the basis of our estimate (Table 4), 46
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Southern	  Blot	  

h<ps://www.mun.ca/biology/scarr/Gr12-‐18.html	  



Loss	  of	  CTT	  correlates	  with	  disease	  
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Rad) membrane according to standard proce-
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Samples without DNA (H20) and plasmid DNA,
T16 (N cDNA) and C16 (cDNA with the AF508 deletion), were included as
controls. AF is the abbreviation for AF508. Families B, D, E, and H are CF-PI
(diagnosis for the other families not available). The illustration is based on
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genotype* frequencyt
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patients in our CF clinic (18), that is, (0.85)1/2 = 0.92. The observed allele frequency for
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patients in each category was obtained by oligonucleotide hybridization analysis as
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(36) with 14 additional CF-PS patients or families from a subsequent study
(19). SThe expected numbers were calculated for CF-PI and CF-PS after normaliza-
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number is higher than would be expected (15 observed compared to 9.6) if AF508 is in
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to be defined, none of these mutations severely affect the region
corresponding to the oligonucleotide binding sites used in the PCR-
hybridization experiment (Fig. 2 and legend).

Pancreatic sufficiency. CF-PS is defined clinically as sufficient
pancreatic exocrine function for digestion of food; however, the
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reflection of the activity of the mutant CF gene product. Thus, the
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although much lower than that of the normal gene product, would
constitute a dominant phenotype over that of more severe (CF-PI)
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Weinberg law, the frequency could be estimated to be -0.92 for the
severe alleles and -0.08 for the mild alleles (M) (Table 4). Since
most CF-PI patients were homozygous for AF508, it was reasonable
to assume that this mutation corresponded to one of the severe
alLeles. Given the observed frequency of AF508 (0.68) in the studied
CF population (Table 2), the frequency of the remaining severe
alleles could be derived. The proportion of AF508AF508, SS, MM,
AF508S, zAF508M, and SM patients was then calculated. Since
individuals with SM and MM could not be distinguished phenotypi-
cally or genotypically, they were combined in the analysis. The
observed frequencies for alL five groups of patients were as expected
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This model also explains the lower frequency of AF508 in the CF-PS
than in the CF-PI population and the excess number of CF-PS
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alleles, it was necessary to examine the CF chromosomes in CF-PS
patients individually in order to identify those carrying the M alleles.
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AF508 deletion; at least five different haplotypes could be assigned to
the other CF chromosomes (Table 5). These latter observations
further support our previous suggestion that the majority of CF-PS
patients are compound heterozygotes (19). Further delineation of
these and other CF haplotypes observed in our study would require
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homozygous and one heterozygous for AF508 (Table 5). It is
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ic testing for CF has only been available to families with affected
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Does	  Craig	  Venter	  have	  to	  worry	  about	  
his	  children	  having	  CF?	  

•  In	  Venter	  viewer,	  they	  are	  calling	  this	  muta*on	  
rs332.	  



How	  does	  this	  change	  the	  protein	  

•  Download	  CFTR	  sequences.txt	  
•  h<p://web.expasy.org/translate/	  
•  h<p://www.ebi.ac.uk/Tools/st/
emboss_transeq/	  

•  h<p://www.ebi.ac.uk/Tools/msa/clustalo/	  



h<ps://www.youtube.com/watch?v=_j99-‐xgOIaw	  



Other	  Mendelian	  Diseases	  

•  Hun*ngton’s	  Disease	  
•  Tay-‐Sachs	  Disease	  
•  Muscular	  Dystrophies	  

•  Sickle-‐Cell	  Anemia	  



Cys*c	  Fibrosis	  


