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Ihmisen (nisäkkään) seksuaalikromosomi on Y

Y-kromosomi?
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Ihmisen X-kromosomi on normaali kromosomi

Y on erikoinen

- kooltaan vain kolmannes
- geenejä vain sadannes (eli 1%)
- silti konjugoituu vielä X:n kanssa meioosissa

Kehityksessä erottuu neljä hyppäysvaihetta, joissa X/Y 
rekombinaatio on estynyt tietyllä alueella todennäköisesti 
inversion takia ja johtanut Y:n rapautumiseen

Miten ihmeessä se voidaan tietää?? 



Lahn ja Page etsivät ja löysivät Y-kromosomista  
yhdeksäntoista X:n kanssa homologista geeniä, 
joista osa on ns. pseudogeenejä: oikean näköisiä
mutta selvästi rappeutuneita (STOP-kodoneita ja 
frameshiftejä).  Jotkut ovat vielä vanhassa 
ryhmityksessä.

Verrattaessa homologien erilaistumista ne jaettiin 
4 ikäkerrostumaan. 

Vanhimmassa kerroksessa ovat vanhat alleelit 
SOX3 ja SRY (proteiinissa 29% ero). 

Ero on tapahtunut noin 240-320 miljoonaa vuotta 
sitten, pian lintujen ja nisäkkäiden erottua (silloin 
tosin molemmat olivat aika lailla  dinosauruksia)

Y:ssä syntyneet inversiot ovat estäneet 
rekombinaation X:n kanssa 4 vaiheessa, joista 
viimeisinkin tapahtui jo 30-50 miljoonaa vuotta 
sitten.



Muistutus:

Parasentrinen inversio

Crossing over -juosteissa on 2 
tai 0 sentromeeria, joten ne 
eivät joudu gameetteihin ikinä



Semmonen on laki, että jos ei ole rekombinaatiota, geenit rappeutuvat

Monotremata

http://www.ucmp.berkeley.edu/mammal/monotreme.html
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Tästä eteenpäin voit selailla kuvia omalla vastuulla.

Y-kromosomin erikoislaatu (haploidia, 
sukupuolirajoittuneisuus) tekevät siitä hyvän, mieshistoriaa 
syvältä kaivelevan markkerin.

Havaintoaineistot eivät vielä ole kovin kattavia 
maantieteellisesti, mutta tilanne kehittyy koko ajan
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Vihreä
Haplotyyppi Eu18

Keskus Iberian 
jääkausirefugiossa, 
niin kuin monilla 
eläimillä ja kasveilla

[mtDNA haploryhmät 
V ja  H]

Korrelaatio baskien 
kieleen on selvä
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Vihreä
Haplotyyppi Eu18

Keskus Iberian 
jääkausirefugiossa, 
niin kuin monilla 
eläimillä ja kasveilla

M173, vihreän ja 
violetin yhteinen juuri 
on 30 000 vuotta 
vanha, ehkä Aurignac-
setlementin ajoilta
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Violetti
Haplotyyppi Eu19

Keskus nykyisen 
Ukrainan seudun 
glasiaalirefugiossa, 
josta se on levinnyt 
Eurooppaan, mutta 
myös itään (Pohjois-
Intia ja Pakistan)

Korrelaatit:
Yamnaia-kulttuuri ja 
indoeurooppalainen 
kieliperhe
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Punainen
Haplot Eu9-11

Punaiseksi on väritetty  
laajan M89-merkityn 
haaran basaalityyppejä,  
joiden levinneisyyden 
painopiste on Lähi-
Idässä

Turkki
Georgia
Syyria
Libanon
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Sininen
Haplot Eu7 ja Eu8

Estimoitu ikä (M170) 
on 22 000 vuotta

Levinneisyys rajoittunut 
Eurooppaan (Eu7)

Eu8 sisältää uuden 
mutaation M26 ja 
löytyy baskeilta ja 
sardinialaisilta
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TAT -markkerin
painopiste on Aasiassa

saamelaiset

udmurtit

marit
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Figure 7 Plot of Ks (Supplementary Table 5) versus X-linked gene order for 31 X–Y gene (or gene/pseudogene) pairs. 
Colour highlighting of X-linked gene names indicates whether Y homologues are X-degenerate (yellow), ampliconic 
(blue) or X-transposed (pink). Within the plot, four yellow rectangles denote four previously defined 'evolutionary 
strata', or groups of genes26; a small pink rectangle highlights two X-transposed genes. Genes in the X chromosome are 
ordered according to the NCBI sequence assembly of November 2002; distances between genes are not drawn to scale. 
Standard errors for Ks values are shown. 

Y-kromosomin rakenteesta ja sisällöstä (todella ylimääräistä)



Figure 6 Molecular evolutionary pathways and processes that gave rise to genes in three MSY euchromatic 
sequence classes. X-degenerate genes and pseudogenes (yellow background) derived from an autosomal pair that 
was ancestral to both the X and Y chromosomes (and that was enlarged by subsequent fusion with other 
autosomes or autosomal segments50). X-transposed genes (pink background) derived from X-linked genes, 
which in turn derived from the ancestral autosomal pair. Ampliconic genes (blue background) were derived 
through three converging processes: amplification of X-degenerate genes (for example, RBMY, VCY); 
transposition and amplification of autosomal genes (DAZ); and retroposition and amplification of autosomal 
genes (CDY). Boxes enumerate dominant themes in X-degenerate (yellow) and ampliconic (blue) gene evolution. 
The asterisk indicates that Y–Y gene conversion is apparently common in the 61% of ampliconic sequences that 
exhibit intrachromosomal identities of 99.9%. 



Figure 5 Sequence similarities within the MSY. a, Triangular dot plot in which the MSY's sequence is compared to itself. Within the plot, 
each dot represents a match of >65% within a window of 2,000 nucleotides. Green dots represent matches of this quality between LINE1 
elements; red dots represent matches between heterochromatic sequences; blue dots represent matches between all other sequences. Direct 
repeats appear as horizontal lines, inverted repeats as vertical lines, and palindromes as vertical lines that nearly intersect the baseline. Long 
arrays of tandem repeats appear as pyramids. The inset indicates that the large triangular plot contains two smaller triangles (one revealing 
sequence similarities within Yp, and one revealing similarities within Yq) and a rectangle (revealing similarities between Yp and Yq). b, 
MSY schematic, as in Fig. 1b. c, Plot of intrachromosomal sequence similarity, which serves to identify ampliconic sequences (blue). Using a 
50-kb sliding window and 1-kb steps, each MSY euchromatic sequence was compared to all other available MSY euchromatic sequences. 
(Long interspersed repeats were excluded before analysis.) At each point along the length of the MSY, the highest sequence similarity 
(expressed as per cent nucleotide identity) was identified. All such values >50% are shown. An expanded version of this plot is shown in Fig. 
2f. 



HUMAN Y CHROMOSOME: AN EVOLUTIONARY MARKER COMES OF AGE
Mark A. Jobling & Chris Tyler-Smith about the authors
Preface
Until recently, the Y chromosome seemed to fulfil the role of juvenile delinquent among human chromosomes — rich in junk, 
poor in useful attributes, reluctant to socialize with its neighbours and with an inescapable tendency to degenerate. The 
availability of the near-complete chromosome sequence, plus many new polymorphisms, a highly resolved phylogeny and 
insights into its mutation processes, now provide new avenues for investigating human evolution. Y-chromosome research is 
growing up.
Summary
The human Y chromosome is male-sex-determining and haploid, and so escapes recombination for most of its length. Haplotypes, 
which can be defined by the many binary markers and microsatellites that are available, pass down paternal lineages and change only 
by mutation. 
A small effective population size and the practice of patrilocality accentuate drift, which leads to the marked geographical 
differentiation of Y haplotypes. This makes the Y chromosome a powerful tool for investigating events in human genetic history. 
The study of mutation on the Y chromosome clarifies intra-allelic processes in general, and provides specific information about 
mutation rates that is useful in estimating the coalescent times of lineages. Intrachromosomal paralogous sequences are plentiful and 
cause pathogenic and non-pathogenic structural rearrangements. 
Selection might be important in shaping Y-chromosome diversity in populations, but it has been difficult to identify. Some studies 
show associations between deleterious phenotypes and particular haplotypes, but these associations are weak; some coalescence times 
are younger than expected, which indicates recent selection, but these estimates are uncertain, and population phenomena might be an 
alternative explanation. 
The phylogeny of binary Y haplogroups is well established, but the dates of branchpoints are uncertain. Many populations have been 
poorly sampled, and there is ascertainment bias in the set of available binary markers. 
The recent coalescence time, rooting of the Y phylogeny in Africa and evidence for an 'Out-of-Africa' range expansion, all show that 
modern Y-chromosome diversity arose recently in Africa and replaced Y chromosomes elsewhere. The pattern of Y-chromosome 
variation broadly fits a model of a southern migration that reached Australia, and a northern migration into Eurasia. 
Many features of the patterns of modern Y-chromosome diversity reflect later range expansions and contractions that were driven by 
changes in climate and lifestyle. Long-term population size, social structures and social selection have also been important. 
Future developments in the field are likely to include more markers, and a move towards the unbiased resequencing of samples. 
Other parts of the genome might show a 'haplotype-block' structure that is made up of regions of strong linkage disequilibrium. If this 
is so, then methods pioneered in the analysis of the Y chromosome could be widely applicable.
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