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Executive Summary 

 
      For many years, the heritability hypothesis has found broad support among scientists working in autism, with 

some claiming that autism is as much as 90% inherited. The hypothesis states that the critical events in the causation 

of autism occur during meiosis and fertilization when genes from each parent recombine and are passed on to a 

child. Over the last decade, numerous genome scans by different groups have attempted to identify in these 

recombination patterns the relevant DNA sequences, or “autism genes”, that are more frequently passed on from 

parents to affected versus unaffected children.  

      The earlier genome scans conducted with smaller samples have met with little success in finding or replicating 

prior findings of “autism genes”. So the leading researchers in the field recently combined forces in an Autism 

Genome Project Consortium (AGPC). By pooling resources and genetic material from nearly 1500 families with 

multiple affected children, the AGPC believed they could increase the odds of locating areas of the parental genome 

that could be linked to their autistic offspring.  

     The results of the AGPC effort produced a result that is little different than the result one might expect from 

taking a randomized group of unaffected families. It also failed to replicate any of the most highly touted suggestive 

findings from earlier genome scans. The negative AGPC findings provide strong evidence that heritability claims in 

autism are exaggerated if not false. Provided with enormous resource support and under the most favorable study 

conditions, the AGPC found no evidence of heritability. 

     The negative results highlight the weakness of the concordance evidence cited to support the heritability 

hypothesis. Examination of this evidence shows that: identical twins are frequently non-concordant for autism; 

fraternal twins are concordant for autism more frequently than siblings and at rates closer to identical twins than 

previously acknowledged; sibling risk may not exceed population risk as much as previously reported; and 

population risk is rising at a rapid rate. These considerations argue against the foundations of the heritability 

hypothesis. 

     The AGPC paper emphasized a new area with little bearing on the heritability hypothesis. Instead of frank 

acknowledgement of the negative genome scan findings and even a nominal consideration of its implications, the 

study authors chose instead to highlight isolated findings of this new area: de novo genetic mutations (copy number 

variants or CNVs) in their study subjects. Although findings of CNV frequency in autism are worth noting, the 

AGPC results were tentative and inconclusive. It appears that the AGPC authors preferred to change the subject to 

an entirely different area of genetic research rather than to reflect upon the implications of their negative findings on 

heritability. 

     The falsification of the heritability hypothesis in autism is an important finding. It suggests that what many 

scientists believe about autism causation is wrong. It supports the argument advanced by many autism parents and a 

rising number of scientists that the role of environmental factors in autism is far more important than previously 

recognized. And it calls for a shift in financial resources away from the pursuit of heritability research and towards 

environmental factors research. 
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Introduction 

 

     It is time to move beyond the strict heritability 

hypothesis of autism causation. This theory, which has 

dominated the research agenda in autism for three 

decades, has been tested repeatedly, rigorously, with 

extraordinary resources and under the most favorable 

conditions. Despite the high hopes and aggressive claims 

of many (“autism is one of the most heritable complex 

disorders, with compelling evidence for genetic factors 

and little or no support for environmental influence”
2
), 

the theory has failed repeated tests. These tests 

consistently cannot distinguish between positive findings 

for evidence of heritability and the null hypothesis of no 

heritability. In a recent publication, authors from the 

Autism Genome Project Consortium (AGPC) restate 

their allegiance to the heritability hypothesis as follows: 

“We hypothesize that liability to autism is due, in large 

part, to oligogenic inheritance in which combinations of 

susceptibility alleles contribute.” Unfortunately, their 

allegiance is not supported by their data. 

     The recent study findings from the AGPC provide 

new evidence to falsify the strict heritability theory of 

autism. This evidence provides support for an immediate 

shift in resource priorities in autism: away from 

continuing investment in a failed theory and towards an 

urgent investigation of environmental factors. This shift 

does not imply an abandonment of genetic research 

altogether; it does, however, suggest that future genetic 

research should be oriented to a search for genetic 

vulnerability factors that combine with environmental 

exposures to cause autism. 

     It’s important to place these new findings in proper 

context. The largest full genome scan ever performed, 

the AGPC has been years in the making and required 

Herculean efforts to organize and execute. Many 

organizations were involved, although the National 

Alliance for Autism Research (NAAR, now subsumed 

into Autism Speaks) was the primary initial sponsor in 

orchestrating the project. The AGPC effort, which 

required the cooperation of numerous diverse parties to 

share credit and resources, is a “consortium of 

consortiums”, formally an alliance between four groups: 

the Autism Genome Consortium (AGC), the 

International Molecular Genome Study for Autism 

Consortium (IMGSAC), the Collaborative Programs for 

Excellence (CPEA) and the Autism Genetics Resource 

Exchange (AGRE). Three of these consortia—AGC, 

IMGSAC and AGRE—contributed participants, 

resources, and materials to the AGPC from nine prior 

genome scanning groups.
3-12 

     The AGPC collected and combined genetic samples 

and data from nearly 1500 families, each of which had at 

least two affected siblings. Their paper—just published 

in Nature Genetics—listed 135 authors, including 24 

“lead investigators.” The author roster includes many of 

the most active and prominent autism scientists and reads 

like a who’s who of the extended autism genetics 

research enterprise. The AGPC was a landmark effort; 

the only prior genetics project of comparable scale was 

the sequencing of the human genome itself. If one were 

going to find meaningful heritable genetic effects in 

autism, this approach was the right way to do it. And 

certainly, the discovery of some kind of positive result 

would have been an important contribution to the science 

of autism.  

     The AGPC study was designed to heighten the 

sensitivity of the analysis to genetic causation effects and 

therefore maximized the possibility of a favorable result. 

The study subjects were limited to “multiplex families” 

in which at least two children were diagnosed with an 

autistic spectrum disorder (ASD). The starting sample of 

nearly 1500 families provided unprecedented statistical 

power (prior studies were limited to a range of 28-345 

families). This large sample gave the investigators the 

opportunity to pursue multiple analytical strategies, 

segment the study sample into numerous sub-groups and 

exercise stringent quality control measures that allowed 

them to eliminate families in which the data quality was 

less robust (the final linkage analysis used data from only 

1,168 of the original 1,496 families). The flexibility 

afforded by the large study sample gave the investigators 

the freedom to pursue multiple iterations as follow ups to 

their initial results and not be constrained by ex ante 

hypotheses. Instead of a single full genome scan, the 

authors estimate that “we effectively performed the 

equivalent of four to five independent genome scans.”
1
 

     In light of the importance of this project and the 

power of its findings, a clear look at the reported study 

findings and their implications are warranted. Such an 

analysis should distinguish between the research 

evidence described in the scientific journal and the 

public relations commentary that has accompanied its 

release. 

     A sample of positive comments in the press from 

prominent study authors includes the following: 

 

� "We have known for years that autism is a strongly 

genetic disorder--this study helps us to significantly 

advance research on genetic mechanisms," said [Dr. 

Fred] Volkmar, study co-author, Yale Child Study 

Center Director and the Irving B. Harris Professor of 

Child Psychiatry, Pediatrics and Psychology.
13 

 

� "Not only have we found which haystack the needle 

is in, we now know where in the haystack that 

needle is located," said [Dr. Peter] Szatmari… head 

of child psychiatry at McMaster University. …"This 
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is a major breakthrough in our efforts to better 

understand the disorder and improve diagnosis and 

treatment for patients and their families."
14 

 

� “The evidence suggests that autism is over 90 

percent caused by genes,” said Dr. Joseph 

Buxbaum.”
15

 

 

 

Negative AGPC Results 

 

     The study findings themselves provide no support for 

these claims and no favorable outcomes for autism 

science; indeed, the most striking conclusion, in light of 

the remarkable resources and favorable conditions, was 

that the AGPC results were indistinguishable from the 

null hypothesis of no heritability effect. To place the 

findings in the clearest possible relief, we would point 

out three key points. 

 

1. The AGPC study reported only a single “suggestive 

linkage” result from their entire full genome scan 

and no significant findings. The suggestive finding 

emerged on a region of the short arm of 

chromosome 11, or 11p12-p13. In genome scans, a 

linkage score is considered “significant” if the Z-

score exceeds 4.1 and “suggestive” if the Z-score 

exceeds 3.2. 
16 

One region on chromosome 11 

crossed the suggestive linkage threshold with a score 

of 3.57. But because of the immense size of the 

human genome there is a large chance that random 

variations in linkage will produce false positive 

results, so suggestive results like this need to be 

treated with great skepticism. Eric Lander and 

Leonid Kruglyak, the geneticists who developed the 

statistical standards for interpreting full genome 

scans, have argued that there is a high probability 

that any genome scan will produce one suggestive 

linkage finding due to chance alone. To illustrate 

their point, Lander and Kruglyak directly tested the 

null hypothesis in a simulated genome scan. 

 

“To illustrate the random fluctuations expected in a 

whole genome scan, we generated simulated 

genotypes assuming independent assortment 

throughout the genome—that is that there are no 

trait causing loci. All positive scores in such data 

necessarily represent random fluctuations, not true 

linkage…[In the simulation, a] single region on 

chromosome 14 reached the status of suggestive 

linkage, as expected, while no region showed 

significant linkage. If these results had occurred in a 

real dataset, an investigator would likely call 

attention to the possibility of linked genes on 

chromosome 14…The example thus illustrates that 

false positives can cluster in candidate regions and 

otherwise mimic true loci.”
16 

 

The suggestive region on chromosome 11p12 has 

come up as a region of interest in only one prior 

autism genome scan
8
, and was falsified in the rest. In 

other words, the AGPC findings are little different 

from the results one would expect from a random 

number generator. Substitute chromosome 11 for 

chromosome 14 in the above quotation and you 

would have a description that is virtually identical to 

the AGPC results. 

   

2. The AGPC finding falsified all suggestive study 

results from previous regions of interest. Prior 

genome scans have been similarly inconclusive. 

Like this study’s reporting of 11p, they have 

reported a number of suggestive findings. The first 

major genome scan performed by the IMGSAC
3,4

 

yielded a number of suggestive findings, most 

notably for regions on chromosomes 2q, 7q and 17q. 

None of these findings have received consistent 

support. For example, a Stanford group
17

 found 

suggestive linkage on chromosome 1p, but nothing 

on 2q, 7q or 17q; one AGRE scan
8
 found some 

suggestive evidence of heritability on chromosome 

17q, but not on 7q or 2q; a scan from a group at the 

Seaver Autism Center
10

 in New York City found 

suggestive evidence for heritability on chromosome 

2q, but not on chromosome 7q and 17q; and other 

collaborations such as PARIS
5
, CLSA

6
, CAT

9
 

reported a diffuse set of results in new regions on 

chromosomes 6q, 13q and Xq, respectively, but with 

no consistent support for the earlier regions of 

interest. The strongest finding to date has come from 

two recent AGRE samples
18,19

, in which an initial 

report of linkage on chromosome 17q was replicated 

in a sample that excluded male subjects. Notably, 

the authors stated that “taken together, these samples 

provide a replication of linkage to this chromosome 

region that is, to our knowledge, the first such 

replication in autism [emphasis added].
19

 

 

But the AGPC scan found no evidence of even 

suggestive linkage for any of these three regions on 

2q, 7q and 17q. In the world’s most powerful scan to 

date, multiple analyses of sub-groups, including 

analyses that eliminated males, could not yield even 

a hint of support for the solitary replication finding 

on 17q, and not even suggestive findings for 

chromosomes 2q and 7q. In effect, the AGPC results 

demonstrated that the findings of previous scans 

reported as “promising” differed little from a 

random number generator. 
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3. Based on only two cases out of 3,000, the AGPC 

authors promoted the importance of a new 

heritability gene candidate on chromosome 11, 

based on an unusual mutation found in the Neurexin 

1 (NRXN 1) gene of two sisters. The authors’ case 

for the importance of the NRXN 1 finding in a 

single family is a puzzling claim and is supported 

neither by the AGPC evidence nor any cited studies. 

Chromosomal abnormalities have been a common 

subject of analysis in the autism genetic literature, 

with typical reports of abnormality rates falling in a 

range from 0-15% and averaging about 5%.
2,20

 But 

these reports vary wildly in their methods, their 

intent and their time of publication; most notably, 

they report no standard for what to expect in terms 

of chromosomal abnormality in an unaffected 

individual. Such standards are a critical and until 

recently unexplored topic in human genetics (see 

below). The NRXN 1 finding relied almost entirely 

on a new technique for identifying such 

abnormalities known as copy number variant (CNV) 

analysis. Further tests on the NRXN 1 mutations and 

transmission patterns from parent to child in the 

broader sample were inconclusive and provided no 

evidence for heritability in any functional variant of 

NRXN 1. Despite this negative result, the authors 

chose to place great emphasis on the potential 

significance of this isolated finding, both in their 

paper and in subsequent media accounts. In light of 

the absence of evidence for the heritability of any 

functional variant of NRXN 1, the authors appear to 

be offering an implicit transition to a new theory of 

genetic causation in autism—i.e., that autism is 

caused by an unusual excess of chromosomal 

damage that may not be a result of inheritance but 

rather of de novo mutation—but they do this only 

indirectly and provide no elaboration for how such a 

theory might work. Although this shift in hypotheses 

from heritability to de novo mutation is of historical 

importance, the authors fail to note it.  They also fail 

to note that such de novo DNA alterations may be 

caused by environmental exposures. 

 

 

Overstated Heritability Arguments  

 

     Beyond its specific findings, the commentary in the 

AGPC paper reiterated common misstatements about the 

high degree of heritability in autism. This consistent 

overstatement of the arguments supporting a high degree 

of “genetic loading” in autism provides what should now 

be seen as a false foundation for a failed theory. Indeed, 

upon close examination, the commonly cited evidence 

that makes up this theoretical foundation is incorrect in 

almost all of its particulars.  

     More specifically, the evidence base for high genetic 

loading can be described as a series of simple 

mathematical relationships (each of which we describe 

sequentially below):  

 

Monozygotic twin (MZ) concordance rates ≈ 100% 

>> dizygotic twin (DZ) concordance rates ≈ sibling 

concordance rates >> population prevalence.  

 

     Each link in this sequence is proving to be weaker 

than the assertion commonly offered. Let us take each 

common assertion in turn. 

� Monozygotic (identical) twin concordance rates are 

nearly 100%. The AGPC authors claim that “twin 

studies show a concordance of 60-92% for 

monozygotic twins.” This claim rests on a selective 

citation of the evidence. Three twin studies
21-23

—

published in 1985, 1989 and 1995 and covering twin 

populations born well before the sharp autism 

increases of the 1990s—form the core evidence base 

for the claim of high MZ twin concordance. Based 

on a sample of 50 identical twin pairs, these three 

studies report 43 pairs in which both twins meet 

criteria for autism, for an average 86% concordance 

rate and a range of 60-90% MZ twin concordance. 

There are, however, several other studies that report 

lower rates. The first autism twin study, from 1977, 

reported MZ concordance of only 36%.
24

 Another 

more recent study reported MZ twin concordance of 

44%.
25

 A recent unpublished study may have had 

rates as low as 59%.
27

 Recognizing that MZ twins 

also share highly similar pre- and post-natal 

environments, the observance of high concordance 

need not be surprising and reports of concordance 

rates below 50-60% should neither be ignored nor 

minimized. 

 

� The ratio of monozygotic to dizygotic (identical to 

fraternal) twin concordance rates is very high. The 

AGPC authors assert that concordance rates of 60-

92% in MZ twins contrast with rates of 0-10% in DZ 

twins. The primary source of this evidence comes 

from just two concordance studies
22,23

 with small 

samples of twin pairs (21 and 27 twin pairs 

respectively) all of whom were born before the 

recent sharp increases in autism rates. Yet these two 

studies are used to suggest that the MZ/DZ 

concordance rate ratio is effectively infinite. This 

selective sampling ignores two other twin 

concordance studies, one of which
24

 found relatively 

low MZ twin concordance alongside a 0% DZ 

concordance rate, another of which
21

 found a 23% 

DZ twin concordance rate alongside a 96% MZ twin 

concordance rate. Taken together, the twin pairs in 

all four of these studies show an MZ twin 

concordance of 77% and a DZ twin concordance of 
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11% (including evidence of additional twin pair 

reports cited in one study
21

), giving a concordance 

rate ratio of 7. This ratio is high, supporting a strong 

role for genetic factors in early autism cases, but not 

nearly as high as the AGPC authors imply. More 

recent autism twin studies suggest that the MZ/DZ 

concordance ratio is even lower than these early 

studies: one study reports a MZ/DZ concordance 

rate ratio of less than 2 in a population sample
26

; 

another unpublished study of California twins 

estimated an MZ/DZ concordance ratio somewhere 

in the range of 1.6 to 6.3 (based on an MZ 

concordance rate ranges between 58-88% and a DZ 

concordance rate range of 14-36%). The analysts of 

the California twins noted that “These data suggest 

that heritability estimates from previous studies may 

have overestimated the role of genetics and 

underestimated the role of environmental factors in 

the etiology of autism.”
27

 We concur; the overall 

findings from all of the twin studies suggest that MZ 

and DZ twin concordance rates are far more similar 

than advocates for the strong heritability hypothesis 

report. 

 

� Dizygotic (fraternal) twin concordance rates are the 

same as singleton sibling concordance rates. The 

heritability hypothesis predicts no different in 

concordance rates between fraternal twins and 

siblings, since their genetic relationship is the same. 

A difference in rates would suggest a role for 

environmental factors in autism causation. Three 

recent twin studies
27-29

 have in fact suggested that 

twinning itself is a risk factor for autism, since twins 

pairs have been found at an unusually high rate in 

efforts to recruit populations of affected sibling 

pairs. One of these studies
28

 suggested that the rate 

of DZ twin concordance was over four times the 

expected rate for DZ twins in the overall population 

and another calculated a 60% higher twinning rate in 

autism.
27

 In light of arguments suggesting that twin 

studies in general confuse the relative impact of 

genes and environment
30

, the conclusions drawn 

from twin studies appear far greater than the twin 

evidence supports. 

 

� Sibling concordance rates are far higher than 

population prevalence rates. Autism risk in non-

twin siblings is commonly estimated to be 4-5%.
2,30 

Compared to historic autism prevalence rate 

estimates of 4-5 per 10,000, the sibling risk would 

constitute a risk level 100 times higher than 

population risk, suggesting a very strong role for 

familial autism risk. In light of more recent autism 

prevalence rates of about 1% in some geographies
32-

34
, and little comparable evidence of sibling risk in 

these more recent cohorts, the relative role of 

familial autism risk, though likely still important, 

needs to be recalculated based on the newer overall 

risk rates. Given the huge reliance on the sibling and 

twin recurrence rates for justification of continued 

genetics funding, it is remarkable that newer studies 

on this subject have not been done. 

 

� There is no upward trend in autism rates; any 

increase in reported rates is due to better 

diagnosing.  In light of historic autism estimates of 

4-5 per 10,000 and recent estimates of full syndrome 

autism of 40-50 per 10,000, the evidence for an 

increasing trend over time is overwhelming.
35

 It 

almost goes without saying, but bears repeating, that 

a change in prevalence to this degree requires an 

environmental trigger of some type and cannot be 

explained by inheritance alone, or even by random 

mutation-causing or epigenetically-altering 

mechanisms. 

 

 

Need to Justify Genetic Research Funding  

 

     In contrast to the tendency of the authors to overstate 

the foundations of the heritability hypothesis in the 

published paper and associated press commentary, one 

notable aspect of the AGPC article was the failure to 

note properly the weakness of the findings. The negative 

linkage scores are given one sentence in the Results 

section. The Lander and Kruglyak standards are 

mentioned in small print in the notes to a single graph. A 

single sentence in the Discussion section, “None of our 

linkage results can be interpreted as ‘statistically 

significant’ because we have performed numerous 

analyses of the data,” is ignored in the remaining 

portions and in the overall tone of the article. The vast 

majority of the reporting and discussion is devoted to the 

CNV findings, which themselves are noted in passing as 

being inconsistent across families and even within 

sibling pairs. 

     CNV is emerging as a promising technique to 

examine de novo genetic variations in the human 

genome. This approach is quite consistent with a model 

of environmental causation and may indeed offer greater 

promise than heritability research in addressing the 

contribution of genetic abnormalities to the pathogenesis 

of autism. But variation in the human genome is by no 

means unexpected and, as there is very little in the way 

of a track record for CNV research in human disease, 

much of this work remains exploratory. A recent study 

by Sebat and colleagues, many of whom are AGPC 

authors, found a rate of de novo mutation of 10% in a 

small sample of simplex autism families, as compared to 

a 1% rate in controls and 2.6% in multiplex families.
36

 

This is an interesting, if modest, finding, yet the claims 

of the authors are extravagant. “As technology for 
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discovering spontaneous germline mutation in children 

improves, the proportion of autism cases with detectable 

events is bound to rise.” In their enthusiasm, the authors 

neglect to comment on several limitations of their 

findings, such as the weak effect in boys, the possibility 

for uncontrolled variation in geographic and 

environmental effects and the absence of any larger 

standard for copy number variation beyond the 196 

controls. 

     The AGPC CNV results are even more tentative and 

the related linkage findings are barely suggestive of 

anything useful. Taken together with the Sebat et al 

study, this newfound enthusiasm for CNV research 

without even noting the collapse of the heritability 

hypothesis raises the possibility that the AGPC findings 

are being used in an instrumental fashion to justify a new 

phase of speculative genetics research. In light of this 

promotional emphasis, it is worth noting that a 

significant portion of the AGPC investigators are part of 

a commercial enterprise. At a minimum, the universities 

and hospitals hosting all of the AGPC groups are 

dependent on continuing funding to support their genetic 

research activities. In addition, roughly 20% of AGPC 

authors have been listed as inventors on a gene patent, 

many of which involved genes involved in autism. 

Notably, a full 50% of the AGPC lead investigators have 

filed gene patents.
37

 The list of commercially involved 

authors includes Drs. Buxbaum, Sutcliffe, Rodier, 

Betancur, Schellenberg, Wijsman, Scherer, Pericak-

Vance, Haines, Geschwind, Cantor, Devlin, Monaco, 

Gilliam, Gilberg, Leboyer, Tanzi and Sheffield.  

     More recently, Dr. Scherer—a member of the 

scientific advisory board of CombiMatrix,a lead 

investigator of the AGPC and the Director of the Center 

for Applied Genomics at the University of Toronto—

announced a commercial partnership with CombiMatrix 

to develop genetic screening techniques.
38

 This 

partnership appears to be reliant on the AGPC data and 

would therefore have a clear commercial interest in a 

positive result. Certainly, there is nothing wrong with 

public private partnership, but it is important to 

recognize that academic researchers involved in patent 

development and commercial activities may hold 

economic interests that rise above their career interests in 

funding their own research. Of particular note in this era 

of journal policing of conflicts of interest by authors, the 

“Competing Interests Statement” at the end of the paper 

by Nature Genetics says, “The authors declare that they 

have no competing financial interests.” 

 

 

Conclusion 

 

     In summary, the AGPC findings provide the strongest 

support to date for the case to shift autism research 

resources away from deterministic heritability research 

and towards environmental investigations, including 

investigation of gene-environment interactions. Despite 

their weak evidence and unsupported claims, the study 

authors have not adequately faced the implications of 

three decades of failure in the gene transmission 

hypothesis of autism causation. Instead, they continue to 

promote new and speculative genetic research projects. 

These authors are influenced by their institutional and 

commercial interests and their advocacy should be 

considered in that light. It is time to move on to more 

productive activities and focus research on the areas that 

can more rapidly help individuals with autism and 

prevent future cases through removal of environmental 

triggers. 
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