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Human X-chromosomal mental disability genes are

evolutionarily conserved

A high density of
X-linked genes for
general cognitive
ability: a run-away
process shaping
human evolution?
Ulrich Zechner, Monika Wilda,

Hildegard Kehrer-Sawatzki, Walther Vogel,

Rainald Fundele and Horst Hameister

The incidence of mental disability is 30% higher in males than in females. We

have examined entries in the OMIM database that are associated with mental

disability and for several other common defects. Our findings indicate that

compared with the autosomes, the X chromosome contains a significantly

higher number of genes that, when mutated, cause mental impairment. We

propose that these genes are involved in the development of cognitive abilities

and thus exert a large X-chromosome effect on general intelligence in humans.

We discuss these conclusions with regard to the conservation of the vertebrate

X-chromosomal linkage group and to human evolution.
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Female mate-choice has shaped the human mind
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Table 1. Number and relative frequency of genes associated with mental

retardationa

Chromosome Number of genesb Genes associated Percentage of genes 

with mental associated with 

retardationc mental retardationc

1 658 20 3.04

2 406 8 1.97

3 336 9 2.69

4 258 10 3.88

5 283 6 2.12

6 397 12 3.02

7 308 8 2.60

8 222 7 3.15

9 255 8 3.14

10 230 6 2.61

11 418 8 1.91

12 351 11 3.13

13 109 5 4.59

14 206 8 3.88

15 175 5 2.86

16 251 11 4.38

17 403 9 2.23

18 96 2 2.08

19 438 9 2.05

20 147 7 4.76

21 90 4 4.44

22 146 7 4.79

All autosomes 6182 180 2.91

X 406 41 10.1

Y 23 0 0

aThe data are based on the Online Mendelian Inheritance in Man (OMIM) database  statistics from

28 January 2001. 
bThe total number of mapped and identified genes is given. 
cThe number and relative frequency of genes that, when mutated, lead to a disease including

mental disability as a symptom. The relative frequency of such mental retardation genes on the

X chromosome was analysed by two-way contingency tables (Statview5.0, SAS-Institute, and

SYSTAT9.0, SPSS Inc.). When the X chromosome was compared with the sum of all autosomes,

the frequency of genes associated with mental disability was three times higher on the

X chromosome (odd ratio, OR = 3.7, Fisher's exact test P < 0.00001). An identical result was

obtained tabulating all single chromosomes (Pearson χ2 = 73.5; df = 22; P < 0.00001), with all the

significance coming from the X chromosome. This is evident when comparing with the result of

the autosomes only (Pearson χ2 = 14.7; df = 21; P > 0.8).



The brain and testis association
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Table 2. Number and relative frequency of X chromosomal and autosomal

OMIM entries obtained when queried with commonly observed defect

phenotypesa

Defect phenotype Number (and frequency) of Percentage X chromosomal

defect phenotypesb loci/percentage autosomal 

X chromosome Autosomes locic

(%) (%)

Polydactyly 5 (1.21) 35 (0.55) 2.20

Cleft palate 10 (2.34) 56 (0.88) 2.76

Facial dysplasia 7 (1.70) 45 (0.71) 2.39

Skeletal dysplasia 11 (2.67) 76 (1.19) 2.24

Growth retardation 13 (3.16) 94 (1.48) 2.14

Mental retardation 103 (25.0) 222 (3.49) 7.16

Mental retardation 17 (4.13) 27 (0.42) 9.83

and (hypogonadism/

cryptorchidism/

macroorchidism)

aThe data are based on the Online Mendelian Inheritance in Man (OMIM) database  statistics from

28 January 2001. 
bThe number and frequency (in parenthesis) of X chromosomal and autosomal OMIM entries

obtained when queried with several commonly observed defect phenotypes. The frequency was

calculated relative to the total number of X chromosomal (n = 412) and autosomal (n = 6367)

OMIM entries. 
cThe ratio between the relative frequency of X chromosomal defects and the relative frequency of

autosomal defects. The search was limited to entries with an asterisk as a prefix (i.e. mode of

inheritance is proven).

Table 3. Summary of cloned genes associated with non-syndromal mental retardation in human

Gene symbol Gene Position Expression Function Orthologous Refsb

EST sequencea

FMR2 Fragile X mental Xq27.3 Neocortex, Purkinje cells, Nuclear protein, putative Drosophila 23

retardation 2 hippocampus, testis, thymus, transcription activator melanogaster

placenta

GDI1 GDP dissociation Xq28 Differentiated neuronal cells of the Helps to maintain a soluble Saccharomyces 24

inhibitor 1 central and peripheral nervous  pool of Rab-GDP, cerevisiae

system participates in vesicle fusion

OPHN1 Oligophrenin 1 Xq12 Fetal brain, lung, kidney, placenta Rho-GTPase activating Onchocerca 25

protein volvulus

PAK3 p21 (CDKN1A)-activated Xq22 Brain, spinal cord, lung, testis Downstream effector of Saccharomyces 26

kinase 3 Rho-GTPases cerevisiae

RPS6KA3 Ribosomal protein S6 Xp22.2 Brain, kidney, pituitary and thyroid MAPK-activated signalling Danio rerio 27

kinase, 90KD, gland pathway

polypeptide 3

IL1RAPL1 Interleukin 1 receptor Xq21 Not known IL1 signalling during Danio rerio 28

accessory protein-like 1 inflammation

TM4SF2 Transmembrane 4 Xp11.4 Cerebral cortex, hippocampus, Organization of actin- Torpedo 29

superfamily member 2 adult heart, brain, liver, kidney, cytoskeleton via marmorata

pancreas β-integrins

ARHGEF6 Rho guanine nucleotide Xq26 Ubiquitous Rho-GTPase activating Danio rerio 30

exchange factor 6

RPS6KA6 Ribosomal protein S6 Xp21.3– Brain, kidney, placenta, pancreas MAPK-activated signalling Danio rerio 31

kinase, 90KD, p22.1 pathway

polypeptide 6

aThe most distantly related organism from human for which orthologous expressed sequence tag (EST) sequences were identified. 
bFor recent reviews see Refs 32–34.



The X chromosome in the evolution of vertebrate

diversification and human cognitive abilities
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Fig. 1. Inheritance of an X chromosomal superhaplotype that confers high

cognitive abilities. In the model only six genes with several alleles (A, B,

C, D) spread over the whole X chromosome are shown. In the mother of

the first generation the superhaplotype (red), which is characterized by 

the presence of A alleles of all six genes on the same X chromosome, is

formed by meiotic recombination. This superhaplotype is expressed in

the son of the second generation. The son of the second generation

transmits the superhaplotype to the daughter of the third generation,

where it occurs together with a second normal haplotype X chromosome.

In the daughter of the third generation, obligatory meiotic recombination

in the short and long arm leads to a breakdown of the superhaplotype.

Consequently, the superhaplotype is no longer present in any individual

of the fourth generation. Therefore, the formation of a superhaplotype is a

random, unique event within a family, but the respective alleles are

present within the population.
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‘Genome cleansing’

Chaperone overload
is a possible
contributor to
‘civilization diseases’ 
Peter Csermely

Molecular chaperones dampen the effect of damaging mutations that would

otherwise be removed from the population by natural selection. Here, I propose

that the development of modern medical practice depressed this process,

leading to a rise of phenotypically silent mutations in the genome. The

background of misfolded proteins increases during ageing and, by competition,

prevents the chaperone-mediated buffering of silent mutations. Phenotypically

exposed mutations contribute to a more-abundant manifestation of multigene-

diseases. This ‘chaperone overload’ hypothesis emphasizes the need for

efficient ways to enhance chaperone capacity in ageing subjects, and will

hopefully lead to the identification and ‘repair’ of silent mutations.
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