
TTTT    hhhh    eeee        NNNN    eeee    wwww    ssss    llll    eeee    tttt    tttt    eeee    rrrr        oooo    ffff    

TTTT    hhhh    eeee        AAAA    mmmm    eeee    rrrr    iiii    cccc    aaaa    nnnn        IIII    nnnn    ssss    tttt    iiii    tttt    uuuu    tttt    eeee        oooo    ffff        SSSS    tttt    rrrr    eeee    ssss    ssss    
          September             2002

S T R E S S ,  S C H I Z O P H R E N I A  & 
A D D I C T I O N  -  I N  O U R  G E N E S ? 
KEYWORDS: H a i r  c o l o r  a n d  c o p p e r ,  i d e n t i c a l  a n d  f r a t e r n a l  t w i n s ,  H u m a n  G e n o m e  P r o j e c t , 
g e n e s  f o r  b r e a s t  a n d  c o l o n  c a n c e r ,  a d d i c t i o n  a n d  s e l f  e s t e e m ,  s m o k i n g ,  e u g e n i c s 

H E A L T H  A N D  S T R E S S 

both your parents passed on the genes for
blue eyes, blond and straight hair. However,
other influences may determine the final
results.

Parents with black or brunette hair
tend to have dark-haired children who might
still have recessive genes that would be
passed on to succeeding generations. People
with auburn hair undoubtedly had ancestors
with red hair somewhere in their lineage
even if there is no record of this. The gene
for red hair is on a different chromosome. If
two are inherited, your hair will be more
intensely red compared to only one, and if
absent, there is no reddish hue. The final
shade depends on other factors since the
darker the hair color the more the redness
will be masked. Blond-haired children with
two red genes will likely wind up as flaming
red heads.

To further complicate things, hair
color is determined by the amount and type
of melanin made by pigment producing cells.
The more densely melanin granules are
packed together the darker the hair.
Eumelanin makes brown hair darker and
pheomelanin gives yellow-blond hair a
reddish color. While genes influence melanin
production, the amount that is manufactured
depends on how the body metabolizes a
molecule called tyrosine. Copper is a crucial

Some individuals are aggressive and
extraverted while others tend to be timid
and keep their feelings concealed. These and
other traits are determined by both inherited
and environmental influences. Which one of
these ultimately proves to be the most
important in shaping how we perceive things
or react to stressful situations can be difficult
to predict and may also vary for each of us.

With respect to physical features,
whether we will be tall or short, have a cleft
chin, or dimples is primarily preordained.
The genes we inherit from both parents
remain permanent throughout life but
whether they are expressed depends on
several factors. Genes for black or curly
hair and brown eyes are dominant while
those for blond hair, straight hair and blue
eyes are recessive. Thus, you will tend to
have dark, curly hair and brown eyes unless
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component in this process. When dietary
intake of copper is adequate tyrosine is
completely broken down and plenty of
melanin is accessible to give hair a darker
color. If there is a deficiency of copper new
hair growth will be light regardless of your
genes. When the cells that produce pigment
fail to function as we age, any new hair that
grows in will be gray or white.

Schizophrenia, Cats And Litter Boxes
Eye color also depends on melanin

content and some people can have one
brown and one blue eye. How hair or eye
color is determined is complicated but not
nearly as complex as trying to figure out how
genes influence personality and behavior.
Identical twin studies show that although
they share the very same genes, their traits
and behaviors are often far from identical,
especially when they are reared in different
homes. In one report on 68 pairs of identical
twins, one of who was schizophrenic, there
were 28 instances where the other twin
remained completely normal. In addition,
none of the abnormalities in brain function
on imaging studies often seen in
schizophrenia were seen in the healthy twin.

Up until a few decades ago,
psychiatrists blamed schizophrenia on bad
mothers and/or poor parenting. However,
heredity must play some role since children
of schizophrenics are ten times more likely
to develop the disorder than others without a
family history. Identical twins have the
same genes but this only occurs in 50%
of fraternal twins. If a gene caused
schizophrenia then one would suspect
that identical twins should be affected
twice as much as both fraternal twins,
whereas the actual ratio is closer to five
to one.

What causes these differences seems
to be whether or not a gene is "expressed"
or "turned on" by physical, emotional, and/or
environmental factors. In schizophrenia,
some suspect that this could be due to an
infection, emotional stress or some
combination of both. There is increasing
evidence that the disorder can be triggered
by fetal exposure to certain infections during
pregnancy. Schizophrenia usually starts
in the late teens or twenties and
researchers report that the number of

young people in whom the diagnosis
was first established tended to peak all
over the world about two decades
following flu epidemics.

In addition to flu, herpes, Borna
viruses and parasites carried by cats have
also been implicated. One study found that
51 percent of schizophrenics had cats at
home when they were kids, compared to
only 38 percent of a control group. It has
been observed that schizophrenics are
more likely to have been born in late
winter or early spring when cats stay
inside and use their litter boxes more.
In addition, schizophrenia was
relatively rare in Europe until the late
19th century, when cats first became
popular as pets.

Not much attention was paid to any of
this until a 1999 study of 53,000 frozen
blood samples taken from pregnant women
during the 1950's in connection with a study
being conducted on poliomyelitis. A Harvard
researcher tracked down their offspring and
zeroed in on 100 who had developed
schizophrenia around two decades later. He
found that their mothers had antibodies to
Toxoplasma gondii at a rate 4.5 times higher
compared to mothers with normal children
and antibodies to herpes simplex virus were
7.5 times higher. Toxoplasma is a parasite
found in cat feces that is usually destroyed
by the immune system before it causes the
disease toxoplasmosis. If exposed to cat
feces, a pregnant woman without any
signs or symptoms of infection can still
transmit the parasite to her fetus.

Researchers believe that the organism
lies dormant in brain cells until it is activated
by some stressor. Why this should tend to
take two decades to occur and vary from a
progressive down hill course to intermittent
episodes is not clear. Could stress be the
culprit?

Genes , S tres s  A nd T he "One- Two" Punch
It is rare for schizophrenia to begin

before 16 or after 45 years of age with the
average age of onset being in the mid-
twenties. Although men and women are
affected equally it tends to strike females
later in life. Signs and symptoms frequently
start to surface when susceptible individuals
are subjected to stress, which may explain
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s o m e  o f  t h e s e  o b s e r v a t i o n s .  E a r l y 
a d ul t h o o d ca n  be  on e  of  t h e  m o s t  st r e s sf u l 
p e ri o d s  of  li f e  as  ind i v i d ua l s  are  st r iv i n g  to 
g a in  in d e p e n d e nc e ,  se c u r e  a go o d  jo b  and 
d e v e l o p  cl o s e  re l a t i on s h i p s.  T h i s is  t he 
m o st  co m m o n  t i m e  f o r  sc h i z op h r e n ia  t o 
s t ar t  in  m e n .  Ma j o r  li f e  st r e s s e s f o r  wo m e n 
a r e  m o r e  of t e n  re l a t e d  t o  pr o b l e m s  re l at e d 
t o  pr e g n an c y ,  ch i l d b ir t h  and  ch i ld - r e a ri n g 
t h at  us u al l y  occ u r  w he n  t h e y  ar e  a li t t l e 
o l de r . 

S e v e ra l sur v e y s ha v e  fo und  t ha t 
si gn if ica nt ly  st re ssf ul  ev e n t s  su ch  as  a
de at h of  a fam il y  me m be r, lo ss  of  a jo b,  or
br e a k - up of  a cl os e  re l at i on sh ip te nd to 
m a k e  schi z o phr e n ia  wo rs e . Ev e n  se e m ing ly 
m i ld  st re ss f ul  sit uat io ns su ch  as  a jo b
in t e rv ie w  or a dat e  can  ha v e  a de v a st a t i ng 
e f f e c t .  S t u d i e s  a l s o  s h o w  t h a t 
sc hi z o phr e n ics  are  mo re  af f e ct e d by 
ph y s ic al as  we ll  as e m o t io na l st r e s s as
as se ss e d by  he ar t  rat e  cha ng e s  an d hig he r
ra t e s of  ca rdi ov as cul ar  di se as e . Th is
in cr e a se d  susc e p t i bil it y  t o st re s s is
co ns is t e n t  wit h th e  con ce p t  th at 
sc hi z o phr e n ia is  char ac t e r iz e d  by  dif f ic ul t ie s
in  f il t e r in g out  w hat  is hap pe nin g in th e 
ou t s id e  w or ld be ca use  of  an in abi li t y  to 
in t e rp re t  soci al  cue s  com b in e d  wi t h  fa ul t y 
in t e rp re t at ion s of  in t e rna l th oug ht s and 
f e e l in gs. 

S c hi z o phr e n ia is  not  a dis cr e t e 
di se as e  but  ra t h e r  a gr oup  of  re l at e d
ps y c hi at r ic  di st ur ban ce s con t a ini ng  va ry in g
co m b in at i on s of  th e  f ol low in g tra it s and 
be ha v i ors :
•  " P o s i t i v e "  p s y c h o t i c  s y m p t o m s 

m a ni f e st e d by  pa ra noi a,  de lu si ons 
an d ha llu ci nat io ns 

•  " N e g at iv e "  sy m pt om s suc h as an 
ap pa re nt  la ck  of  e m ot io n or
m o t i v a t io n tha t  pr odu ce  pa ss iv it y  and
a "f la t  af f e ct " 

•  Co gn it iv e  de f e ct s tha t  int e r f e re  wi t h
sh or t  te r m  me m or y  and  conc e n t r at i ng 
ab il it ie s 

S c hi z o p h re n i c s  ca n  sit  qu i e t l y  m ak i n g  li t t l e 
o r  no  e y e  co n t ac t  or  ac t  agi t a t e d as  t he y 
e x pe r i e n ce  e l a bo r a t e  ha l l u ci n a t i on s  an d
d e lu s i o n s,  as  de p i c t e d  in  "A  Be a u t i f u l 
M i nd " . 

G e ne s,  ca t  par as it e s,  v iru se s and 
st re ss  al l se e m  to  be  risk  f ac t or s for 
sc hi z o phr e n ia bu t  wha t  is th e  spe ci f ic  rol e  of 

e a ch ?  Why  doe s  it  te n d to be gi n in the 
se co nd  or  t hir d de cad e ?  So ph is t ic at e d br ai n-
im ag in g t e c hno lo gy  ha s de m on st rat e d  th at 
sc hi z o phr e n ia is  as m uc h an or gan ic  br ai n
d i s o r d e r ,  a s  i s  m u l t i p l e  s c l e r o s i s , 
Pa rk in son 's  or  A lz he i m e r's  dis e as e .  Is  t he re 
an y  wa y  t o put  all  of  t his  t og e t h e r ? 

T h e  le adi ng  th e o ry  ab ou t  t he  orig in  of 
sc hi z o phr e n ia is  t hat  t he  di se ase  re su lt s,  in 
pa rt , fro m  abn or m a l e ar ly  de v e lop m e nt  in 
su sc e p t ib le  in di v i dua ls . T hi s is su ppo rt e d  by 
st ud ie s sho w in g th e  e x i st e nc e  of  st ruc t u ra l
br ai n abn or m al it ie s lon g be f or e  t he 
ap pe ar anc e  of  an y  psy ch iat ri c sy m pt om s  as
w e ll  as an inc re as e d in cid e n ce  of  ce rt ai n
m i no r phy si cal  ano m al ie s suc h as a hig h
ar ch e d  pa la t e ,  asy m m e t r ica l ea rs,  curv e d 
f i f t h fin ge r and  w e bb e d  to e s . How e v e r, 
m a ny  indi v i dua ls  w it h  t he s e  ab nor m a lit ie s
ne v e r de v e l op sc hi z op hr e ni a. 

T h is  has le d t o th e  " t w o-h it "  or "o ne - 
t w o pu nch "  hy p ot he sis  of  sch iz oph re nia :
ge ne t i c v ul ne r ab il it y  a nd/ o r  p ro b le m s 
in  t he  wo m b  s e t  t h e  s t a ge ,  b ut  a s e co n d
"h it " dur in g e ar ly  ad ul t ho o d  i s  w ha t 
ca us e s  s c hi z o p hr e n ia t o  s u rf ac e .
E v e r y o n e ' s  D N A  h a s  " e n d o g e n o u s 
re t r ov iru se s"  th at  ar e  ve s t i ge s of  inf e c t i ons 
ou r an ce s t o rs on ce  ha d.  Th e y  are  no rm a ll y 
ha rm le ss,  but  if  act i v a t e d , be gin  caus in g
di st ur ban ce s in th e  hip poc am pu s, a por t i on 
of  t he  br ai n re s po nsi bl e  f or  shor t - t e r m 
m e m o ry  an d re t ri e v al.  T he  da m a ge  do e sn 't 
sh ow  up unt il th e  bra in  st op s gro w i ng, 
w h ic h is in  la t e  adol e s ce n ce , whe n
sc hi z o phr e n ia te nd s t o st a rt .

S c ie nt ist s be l ie v e  th at  to x o pl asm a lie s
la t e nt  in  brai n ce lls  unt i l so m e t im e  be t w e e n
ag e  15  an d 30  wh e n  it  act i v a t e s
re t r ov iru se s t ha t  cau se  sc hi z o phr e n ia to 
de v e lo p. In cre as e d  st re ss is  a li k e ly 
ca nd id at e  t o be  th e  cul pri t  be cau se  it  low e rs 
t h e  im m un e  sy s t e m ' s abi lit y  to  in ac t iv at e 
u n w a n t e d  m i c r o o r g a n i s m s .  O n e 
co m p re he n s i ve  s t ud y c o n fir m e d t ha t 
4 6 % o f  s c hi z o p hr e n ic pa t ie nt s  had 
e x pe ri e nc e d  s o m e  s ign if ica nt  s t re s s ful 
li fe  e ve n t  in t h e  t hr e e  m o nt hs  pr io r t o 
t h e  o n s e t  o f s ym pt o m s . S t r e s s-r e l at e d
ho rm on e s li k e  co rt iso l als o ca use 
hi pp oc am p al  da m a ge  an d pro bl e m s w it h
m e m o ry  an d con ce nt rat io n and  e le v at e d
co rt is ol le v e l s ar e  com m on  in sch iz oid 
ad ol e s ce n t s .
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Chromosom es, Ge nes, DNA And Genom es
T h e  ph y si ca l cha ra ct e ri st i cs  of 

ch il dr e n us ual ly  re se m b le  th os e  of  one  or
bo t h  pare nt s and  in som e  ins t a nce s,  th e y 
ca n be  th e  "sp it t i ng im age "  of  a
gr an dp are nt  or  som e  ot h e r an ce st o r. 
A l t h ou gh pa re n t s  w ho ar e  v e r y  sho rt  te nd  t o
ha v e  shor t  of f sp ri ng it  is  not  un us ual  f or  on e 
t o  be  sur pr isi ng ly  ta ll . Re l at iv e s are  apt  to 
qu ic k l y  ide nt i f y  som e  f orb e a r who  w as we ll 
ov e r  six  fe e t ,  e x p lai ni ng th at  th e  tra it  m ust 
ha v e  " sk i pp e d"  a ge ne ra t io n to  av oi d any 
su gg e s t io n tha t  th e  m il k m a n mi ght  hav e 
be e n  inv o lv e d.  T he  sa m e  is  t ru e  f or 
be ha v i ora l cha ra ct e ri st ics  as pe o pl e  are  t old 
t h e y  inhe ri t e d  U nc le  Ch arl ie 's  se ns e  of 
hu m o r and  quic k  wi t  or som e b od y  e ls e 's 
ge ne s for  bad te m p e r. 

Ev e r y  ce l l in th e  bod y  con t a in s
t w e n t y -t h re e  pai rs  of  chro m o so m e s , one 
f r om  e ach  pare nt . Chr om oso m e s are 
st ud de d w it h ge n e s  an d are  com pos e d  of 
D N A  (d e ox y r ibo nu cl e ic  acid ),  a co m p le x 
m o le cu le  th at  de t e rm i ne s v ar io us as pe c t s  of 
ho w  we  de v e lop  phy sic al ly ,  and  po ss ibl y 
e m ot io nal ly . Wat so n and  Cr ic k  sha re d a
1 9 6 2  N obe l Pri z e  f or de m on st ra t in g tha t  th e 
st ru ct ure  of  D N A  w as a dou bl e  he l ix  or 
t w is t e d lad de r  w ho se  ru ngs  w e r e  com pos e d 
of  v ar ie d  com b in at ion s of  fo ur  pr ot e in s. 
Ev e r y o ne  ha s he a rd  ab ou t  D N A  by  now 
be ca us e  it s  ab il it y  t o de t e r m i ne  th e  ide nt it y 
of  ind iv i du als  is sup e r ior  t o fin ge rpr in t 
an al y s is.  D N A  te st ing  has be e n  es pe cia ll y 
e f f e ct iv e  in de t e r m in in g pat e r nit y  or
e s t a bl ish in g gui lt  an d inn oc e n ce  ba se d  on
e v id e n ce  co lle ct e d  at  crim e  sc e ne s. 

I t  w as  fi rs t  use d in th e  lat e  19 8 0 ' s t o
co nv ic t  a m an of  rapi ng  an d im pre gn at i ng 
hi s 13  ye ar -ol d da ugh t e r. DN A  ana ly sis  of 
t i ss ue  ta k e n f ro m  bot h the  f at he r  and th e 
ab or t e d f e t us we re  so  conc lu si v e  th at  th e 
m a n co nf e ss e d.  T he  te st  wa s re m ar k a ble 
be ca us e  alt hou gh  t he  fe t us  con t ai ne d bot h
t h e  ma n’s  and gi rl 's DN A , sc ie nt i st s w e r e 
st il l abl e  to fi nd  sp e c if i c se que nc e s th at 
pr ov e d  th e  fat he r' s gui lt .  D N A  te st ing  has 
be e n  incr e a sin gl y  use d in co ur t ro om s ov e r
the past decade, most notably as evidence in
the O.J. Simpson trial. DNA analysis cleared
Sam Sheppard, the physician who was
convicted for brutally killing his wife but
always insisted that a "bushy-haired" man
did it. Such an individual was later ide nt if i e d .

D N A  te st s  show e d  t hat  som e  blo od at 
t h e  mu rde r sce ne  w as no t  f ro m  She pp ard  or
his wife, proving that someone else was
there, which inspired the TV series and
movie, The Fugitive. DNA tests have freed so
many thousands of suspected and convicted
prisoners, including many on death row, that
doubts are being raised about the reliability
of the criminal justice system and current
criteria for capital punishment. The United
States is the only Western democracy
that carries out executions. European
Union membership requires a country to
abolish the death penalty.

Genome is a term for all the inherited
instructions required for the formation and
function of an organism that will be passed
on to succeeding generations. Genomes
contain genes that are packaged in
chromosomes composed of DNA. These
relationships can be visualized as a set of
Chinese boxes nested inside another. The
largest box is the genome that holds a
smaller box of chromosomes, inside of which
is a box representing genes that contain the
smallest box, the DNA. Every species on
earth has its own distinct genome. There are
genomes for different breeds of dogs, cows,
flies, corn, wheat, bacteria, viruses and all
living things, but  the num be r of chromosom es
they  contain varie s considerably. In simple
organisms like bacte ria the ent ire  genome is
contained in a single chromosome.

In general, similar species have
similar numbers but there is no correlation
based on the complexity of evolution. A
mosquito has 6 chromosomes, a pea 14, a
sunflower 34, a cat 38 and humans have 46;
but chimpanzees have 48, dogs have 78 and
goldfish have 94! The number of genes in a
chromosome also varies widely and can
range from 231 to 2,968 in humans.
Although genomes belong to species, the
genome and DNA sequencing pattern found
in each of the trillions of cells in the human
body is unique for every individual. Unless
you are an identical twin or are cloned,
your genome is different from that of
every other person who has ever lived
or will live. However, you will still show
certain distinctions. Even identical twins
have different fingerprints and numerous
environmental factors influence how we
finally develop.
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Genetic Profiling - A Two-Edged Sword?
The Human Genome Project's

roadmap of the human genome DNA
sequencing pattern has identified about
30,000 genes, which is much less than the
100,000 originally predicted. It was hoped
that this new data would allow doctors to
detect diseases at earlier stages, improve
diagnostic accuracy and make therapy safer
and more focused by tailoring drugs to fit an
individual's specific DNA sequence. Its
publication early last year was preceded by a
decade of hype about the discovery of genes
for various malignancies, metabolic,
musculoskeletal, neurologic and other
diseases. In addition, there were claims that
genes were responsible for or associated
with traits and attributes as diverse as
obesity, risk-taking, IQ, neurotic and
psychotic disorders, addiction to alcohol,
cigarettes and drugs, aggression and even
views on the death penalty.

The significance of such relationships
has stirred considerable controversy and
revived the age-old debate over the relative
significance of heritable and environmental
factors in different disorders. To date, this
has generated many more questions than
answers and has also raised new concerns.
Scientists have been able to identify DNA
variations that are associated with certain
m a l i g n a n c i e s ,  a s t h m a ,  d i a b e t e s , 
hypertension, Alzheimer's and the way
people react to certain drugs. However, the
ability to uncover health risks could threaten
obtaining employment or health and life
insurance if our personal genetic profiles
were made available to others.

One 46 year-old worker had always
received excellent work reviews until she
was diagnosed with a genetic lung disease
that had killed her brother. It required
treatment with an expensive drug and when
her self-insured employer started receiving
medical bills of almost $4,000/month, she
was told that her services were no longer
needed. Thirty states and the federal
government have laws that prohibit denying
employment or insurance based on genetic
information but many feel that privacy
should not depend on your zip code. As the
NIH director of genome research noted, "We
don't get to pick our genes, so our
genes shouldn't be used against us."

Fr an ke ns t e i n Fr o m  A  T e s t  T u be ? 
I n  add it i on  to  all ow i ng  mo re  accu ra t e 

id e n t i f ic at ion  of  ind iv idu al s,  th e  abi li t y  to 
de t e rm ine  t he  ex ac t  nat ure  of  DN A 
se qu e n cin g has  im p ort an t  m e d ic al
im pl ic at i on s. Tw o de c ad e s ag o,  Da v i d
B a lt im ore  and co ll e ag ue s sha re d a N obe l
Pr iz e  for  de t e rm in ing  t he  ge ne t ic  se qu e n ce 
of  t he  po li ov i ru s.  He  also  m ad e  a phy s ic al 
co py  of  it s  ge ne t i c nat ure  and  fo un d t ha t 
t h is  clon e  cou ld  caus e  the  inf e ct io n w he n
in je ct e d in t o ex pe rim e n t al  ani m al s.  T h is 
wa s  t h e  f ir s t  pr o o f t ha t  D NA  a lo n e 
co ul d be  us e d t o  m ake  a  vi ru s .  T he  D N A 
us e d  cam e  f rom  liv ing  ce ll s an d sci e nt is t s 
w o nd e r e d if  it  w ou ld be  po ss ib le  to  do  t he 
sa m e  t hin g by  si m p ly  pu t t i ng  t he  co rre ct 
ch e m ic als  int o  t he  pr op e r se qu e nc e  wit ho ut 
us in g liv in g ce l ls .

A few months ago, researchers
reported in Sc ience  that they had
succeeded in synthetically replicating
the poliovirus from scratch without the
aid of any living cells. In addition, they
showed that this artificial preparation
could infect cells and cause paralysis in
mice. This has important implications since
it suggests that as long as you know the
roadmap of DNA sequencing, it should be
possible to reconstruct smallpox, herpes and
other viruses. This would obviate the need to
stockpile stores of smallpox virus to make
vaccines in the event of biowarfare. It might
also be possible to vary the genetic makeup
of a virus to make safer and superior
vaccines. The downside is that terrorists
might use this technology to wreak
widespread havoc.

That's not likely to happen soon since
the polio virus genome is comparatively
small, with a genetic code consisting of
7,741 molecular letters. Smallpox has almost
200,000 letters in a complex geometric code
pattern that would be difficult to duplicate in
a three-dimensional structure. Nevertheless,
many scientists remain concerned and some
called the publication of the paper in Science
irresponsible. The American Association for
the Advancement of Science, which
publishes the journal, defended the article as
an important scientific advance but admitted
that they were now considering a formal
policy on how to deal with potentially
dangerous research reports.
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The Fallacy Of Is It Nature Or Nurture?
Progress in characterizing the human

genome offered the promise of learning
more about the role of heredity and genes in
different diseases and behaviors. Prenatal
screening has been useful in identifying
unaffected individuals who carry genes for
certain disorders that might influence
decisions about pregnancy. Testing
newborns or asymptomatic individuals at
high risk for Huntington's, Alzheimer's and
other disease could also lead to discovering
effective ways to prevent or delay their
onset. Nevertheless, the more we
understand how genes function the more the
pendulum seems to swing towards
environmental factors as being more
important in determining health outcomes.

Genes simply contain the
instructions for creating certain specific
proteins. It is these proteins that
actually determine such things as
carotene in your hair, collagen in your
skin or hemoglobin in your red blood
cells. One gene can make multiple proteins,
whose activities are modified by numerous
environmental influences, as previously
illustrated by the example of hair color. We
may only have 30,000 genes, but they
probably produce 100,000 distinct proteins
that might result in a million modifications.
Knowing what genes you have is not the
final answer.

As one leading authority explained, a
Boeing 777 has approximately 100,000 parts
ranging from screws and wires to rudders
and wings. You could have a list of all of
these but that wouldn't tell you how to put
them together correctly. Certain parts are
more essential than others and some of
them probably don't matter too much. If
specific screws are missing or not in the right
place it may merely mean that your arm rest
or dinner tray will be loose or crooked.
However, if they happen to be the screws on
a propeller, it could be disastrous. A parts
list provides important information about the
composition of the plane but that's not
enough to allow you to understand why it
flies. The Human Genome Project is
essentially little more than a parts list of our
chromosomes and the genes they contain. It
does not explain how they function or
interact.

In the seesaw struggle between our
genes (nature) and environmental influences
(nurture), nurture is increasingly gaining the
upper hand. We know that changes in
specific genes cause certain diseases like
cystic fibrosis because they are present in all
such patients. However, if you study the rest
of the population, many people with these
identical genetic changes don't develop
cystic fibrosis. Some get chronic lung
disease, pancreatitis, male sterility, asthma
or sinusitis and others may be perfectly
healthy. These genes always produce the
same proteins, but how these are modified
by different environmental factors can vary
tremendously.

For example, colon malignancies are
often associated with a defective "colon
cancer" gene. Patients carry this mutated
gene in all of their cells so why is it that
cancer occurs only in the colon? Researchers
believe that toxins secreted by bacteria in
the colon are what trigger malignant activity.
Other studies have shown that heavy
smokers have twice the incidence of cancer
of the colon and rectum compared to
controls with no exposure to tobacco.
However, the colon has two regions. The
distal or left side consists of the descending
and sigmoid portion and the proximal or
right side includes the caecum, appendix,
ascending colon, hepatic flexure, transverse
colon and splenic flexure. A recent study
found that cigarette smoking was associated
with an increase in cancer of the proximal
colon and cigar smokers had higher rates of
rectal cancer. However, cigarette
smoking actually protected against
malignancies of the distal colon! There
was no obvious explanation for this although
the researchers noted that smokers tend to
eat more meat and less fruit and vegetables.
These dietary habits are associated with less
risk of distal cancer colon.

Despite a decade of headlines touting
the discovery of a "breast cancer" and "colon
cancer" gene, a Scandinavian study of
45,000 pairs of twins concluded that cancer
is caused more by environmental than
inherited factors. Almost everyone now
agrees that whether we develop a disease or
a specific trait is no longer a question of "Is
It Nature or Nurture?" but depends on
complex interactions between both.
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Genes, Emotions And Behavioral Traits
The first scientist to systematically

study whether genes could significantly
influence behavior was Francis Galton, the
Victorian psychologist and mathematician
who invented fingerprint identification. A
pioneer in the field of the significance of
statistical correlation, he was convinced of
the crucial role of heredity and coined the
term "eugenics", meaning "well born".
Galton studied groups of families to learn
whether intelligence, violence, alcoholism
and other aspects of social well being might
be inherited in the belief that eugenics could
improve the quality of the human species.
His American disciple, Charles Davenport,
continued the search for familial patterns in
alcoholism, criminality, insanity and other
traits believed to be passed on from prior
generations. He and his colleagues also
attributed certain characteristics to particular
races and concluded that Italians were
drawn to crimes of personal violence, Greeks
were slovenly, Swedes tended to be tidy.
Ethnic jokes persist about Irish and Polish
"stupidity".

Eugenicists hoped to eliminate social
problems in the U.S. through immigration
restrictions and involuntary sterilization and
abortion legislation. By 1935, thirty states
had passed sterilization laws to prevent
reproduction by genetically "inferior" people.
Hitler expanded on this to justify massive
sterilization and extermination programs and
although Nazi atrocities discredited the
eugenics movement, involuntary sterilization
persisted in the U.S. until 1973. As of 1985,
some twenty states still had laws permitting
the sterilization of people with mental
disabilities.

T r ai t s  su ch  as  e la bor at e  m at in g
ri t u al s are  un do ub t e d ly  sp e c ie s spe cif ic  in
ce rt ai n bir ds an d ani m a ls.  A  chic k a de e  w il l
ca rr y  one  sunf lo w e r se e d at  a tim e  fro m  a
f e e d e r  to  a ne ar by  br an ch,  se c ure  it 
be t w e e n it s  fe e t , pe c k  it  op e n , e at  th e 
co nt e n t s,  and ke e p  re pe at i ng  t his . Fin ch e s 
st ay  at  t he  fe e d e r  fo r lon g pe rio ds  of  t im e 
op e n in g lar ge  nu m b e rs  of  se e ds  wi t h  th e i r
t h ic k  be a k s . Lab ra dor s hav e  in st i nc t iv e 
re t r ie v al  be ha v i or s, Co lli e s  hav e  he rd in g
t e nd e n cie s,  Do be rm ans  are  pr ot e ct iv e  and 
al l th e se  t rai t s  pe rs is t  re g ar dle ss  of  t he 
e n v i ro nm e nt .

Traits in humans can be more difficult
to define. Is intelligence being able to
solve certain problems and score high
on IQ tests, or common sense that
allows you to excel in dealing with daily
challenges? In one report, the learning
ability of mice was significantly improved by
inserting a gene that makes a protein in
brain cells associated with memory storage
and retrieval. The media named it the "IQ
gene", as if memory was the most important
crite rion for def ining inte llige nce. Howe ve r,
som e idiot  savant s can pe rf orm incre dible 
m em ory feats and the re  is no unive rsal
agree me nt on how be st to de fine  inte llige nce .

Studies on mice are a convenient way
to investigate the genetic roots of behavior
since the components of the mouse genome
are surprisingly similar to ours but are
arranged in a different order. Scientists have
learned how to breed strains of "knockout
mice" in whom certain genes are inactivated
to study their effects. One such strain
without a particular receptor for serotonin
showed belligerent behavior and seemed
unusually attracted to and tolerant of
alcohol. Another strain missing a gene to
produce nitric oxide acted extremely
aggressive and violent when challenged.

Other researchers hunt for strains of
mice that crave alcohol or behave in a
certain way and then look for the responsible
gene. Once this has been identified they try
to determine if its human counterpart has a
similar effect - but it's not that simple. In
one study of mice that kept returning to a
morphine-laced drinking bottle, the
explanation turned out to be not that they
had an "addiction gene" but rather hated the
taste of the quinine in the alternative choice.
Does a mouse that strikes at another rodent
on top of its cage have a gene that makes it
aggressive, or could it simply be more
anxious, claustrophobic and sensitive to a
sudden shadow?

Researchers recently reported finding
an "anxiety gene" that makes people
significantly more reactive to stress because
of effects on serotonin. While sophisticated
imaging studies confirmed greater activity in
portions of the brain activated during stress,
this has little practical significance. Our
responses to stress depend mostly on
environmental influences.
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How Stress Influences Health And
Behavior By Turning Genes On And Off

In addition, even if you have a trait-
related gene it will have no effect if it is
"turned off". It has been well established
that stress and stress-related hormones like
cortisol lower immune system defenses to
microbial invaders. Research in medical
students subjected to the strains of final
exams confirmed that those who scored high
on stress measurements had a
correspondingly high incidence of upper
respiratory infections. Further investigation
revealed that genes in certain white cells
that normally produce proteins to recognize
foreign intruders had become inactivated
and could not detect or combat these
bacteria and viruses. Studies suggest that
stress-induced suppression of gene
expression may explain chronic disorders
such as post-traumatic stress syndrome.
Early environmental influences not only
affect gene expression but also how the
organism responds to stress later on. How
much a mother rat handles and licks her
offspring determines whether genes for
stress hormone receptors in the brain
will be expressed. Rats raised by
attentive moms were less fearful and
more curious compared to those who
received less maternal grooming and
grew up to be timid and withdrawn when
exposed to challenges.

Trying to comprehend how heredity
influences human behavior requires
analyzing groups of people to determine
whether the presence or absence of specific
genes correlates with certain traits. This
provides statistics about what might possibly
be due to genetic factors but does not
predict what is likely to result in anyone not
in that exact environment. Identical twins

ar e  of t e n  st ud ie d be c au se  of  st ar t l ing 
si m i la rit ie s in th ose  t hat  are  ra is e d ap ar t .
H o w e v e r, th e re  m ay  be  e x pl an at ion s ot h e r 
t h an  ge ne t i cs si nc e  ind iv i du al s w it h t he 
sa m e  phy s ic al fe at ure s te n d to  be  t re a t e d
al ik e  and  t hus  m ay  sh ar e  de v e l opm e n t al 
e x pe ri e nc e s . I de nt ica l tw i ns  m ay  bo t h be 
t a ll  and so cie t y  t e nd s to tr e a t  t al le r  pe o ple 
w i t h  m ore  re sp e c t ,  at t e nt i on  and
re in f o rce m e nt ,  all  of  w hic h ar e  lik e ly  t o
in cr e a se  se lf  es t e e m .  S uch  t w i ns wo uld 
pr ob ab ly  bo t h sc or e  hig h f or  se lf -c onf id e n ce 
an d ex t ra v e rsi on  on pe r son al it y  t e s t s,  but 
no t  be cau se  th e y  bot h  inhe ri t e d any  "s e l f 
e s t e e m "  ge n e .

While terms like "genetic",
"inherited" and "familial" are often used
interchangeably, they are not
synonymous. The first two involve the
physical transfer of genes from a preceding
generation while "familial" simply means that
a trait occurs at a higher rate within a
family. This could be due to inherited or
environmental influences but is usually some
combination of both, as illustrated by the
effect of stressful life change events in
triggering schizophrenia. Even feelings and
thoughts can "turn on" genes. One
in di v i dua l con f i ne d f or  se v e ra l w e e k s on  a
re m o t e  is la nd in  com p ar at i v e  isol at ion 
re po rt e d th at  th e  day  be f o re  he  w as  du e  to 
le av e ,  hi s be a rd  be ga n to sp ro ut  in  a
re m a rk abl e  fas hi on . T he  mo st  lik e ly 
e x pl an at i on  is  t ha t  t he  st im ul us fo r t hi s
su dd e n  lu x u rio us  grow t h  wa s re lat e d  t o  t he 
an t i ci pat io n o f s e xua l act iv it y t ha t  wou ld 
s oo n  f ol l ow  an d t ha t  his  li b id in o us  th ou g ht s 
a nd  fe e l i ng s  had  un l e a sh e d a f lo o d of 
t e s t os t e r on e . Wh a t  t ur ns  ge n e s  on  an d of f 
m ay  be  m o re  im po r t a n t  th a n t he ir 
p re s e n ce .  S t re ss  ca n  pla y  a cr uc i al  ro le  in 
t hi s , so  st a y  tu n e d ! 
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