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Deletion of the 50f2/C ( DYS7C) locus in interval 6 of Yq
has previously been reported as a polymorphism in
three males. We describe a survey of worldwide
populations for further instances of this deletion. Of 859
males tested, 55 ( [6%) show absence of the 50f2/C
locus; duplication of the locus was also detected in
eight out of 595 males ( [11.4%). Populations having the
deletion are confined to Asia, Australasia, and southern
and northern Europe; of those of reasonable sample
size, Finns had the highest deletion frequency (55%;
n=21). The deletions vary in size and the larger ones
remove some of the RBM (RNA Binding Motif) genes,
but none of the deletion males lack DAZ (Deleted in
AZoospermia), a candidate gene for the azoospermia
factor. On a tree of Y haplotypes, 28 deletion and eight
duplication chromosomes fall into six and four
haplotypic groups respectively, each of which is likely

to represent an independent deletion or duplication
event. Microsatellite and other haplotyping data
suggest the existence of at least two further classes of
deletion. Thus duplications and deletions in this region

of Yq have occurred many times in human evolution,
but remain useful markers for paternal lineages.

INTRODUCTION

study of human paternal lineages). ( Analysis of DNA
polymorphisms allows the construction of haplotypes which can be
used to build trees of Y chromosomes, and comparisons of the
frequencies of these haplotypes in different populations can give
information about population histories and relationships. Although
several new polymorphisms have been reported recéntly, (
there is still a need for many more.

Three insertion/deletion type polymorphisms have been
reported on the Y chromosome. Two of these, the insertion of an
Alu element DYS287(6)] since the human—chimp divergence,
and a 2 kb insertion or deletion detected by the probe¥211
(7)], appear to represent unique events in human evolution, and
are useful in the construction of trees and in population analysis.

Deletion of the 50f2/CYS7Q locus was previously reported
as a polymorphism in a single male of Finnish origin, who was the
normal father of an XY female), A subsequent survey of 200
normal Japanese males revealed two more c3dastthere has
been no evaluation of the usefulness of this marker for evolutionary
purposes. We have now searched in worldwide samples for further
instances of such deletions, and addressed the question of whethe
all males having a deletion of 50f2/C share it by descent.

As well as its potential as an evolutionary tool, deletion of
50f2/C is relevant to the issue of male infertility: genetic evidence
has existed for many years for the presence in the distal
euchromatin of Yq of a gene or genes (azoospermia fasioF)—
essential for spermatogenesisl)( and de novo interstitial
deletions, some of which include 50f2/) are associated with
azoospermia. We ask whether any of the candidate ge#e&or

Because it is uniparentally inherited and escapes from recombinatime removed with 50f2/C in normal males, and our study also
along most of its length, the Y chromosome is a useful tool for treantributes to knowledge of the normal variation in the structure
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Figure 1. Autoradiographs showing the results of hybridisations of four probes to digests of DNAs from a control female, a control male (m95), the three delet
males m238, m223 and m640, and the duplication male n&}G6&ope 50f2EcaRlI digests: the 50f2/C fragment is absent in m238, m223, and m640, and is present
at increased intensity in m206. The 50f2/A and B fragments are also absent irbjrBdhd MK5 RBMcDNA), EcaRl digests: a 9.5 kb band is absent from m223
alone, defining the ‘large’ deletiore) (Probe 20/3EcaRlI digests: a 1.9 kb band is absent from the same male. Presence or absence of the strong 4.1 kb band is
unrelated polymorphism; 20/3 detects multiple fragments on Yp, as well as Yq, and absence of some of these from m640 is likely to be the result of the short arm de
in this male. d) Probe LLY22gHindIll digests: the D fragment (3.5 kb) is absent from the ‘large’ deletion male m223 only. Absence of the A, B, C and F fragment:
from m640 is a result of his short arm deletion, and the faintness of other signals in this sample is due to underloading.Hitzakéfsagments of phage DNA.

of Yq, which is an essential basis for interpreting the significanateletion of the 50f2/A and B loci, mapping to Yi3), as well as

of rearrangements which apparently have phenotypic consequen&@§2/C. This could be due either to two separate deletion events,
or to a pericentric inversion bringing the three loci close together,

RESULTS followed by a single deletion.

Survey of worldwide samples for 50f2/C deletions Duplication of the 50f2/C locus

We used two methods, based on hybridisation and PCR, to seakghye|| as deletions of 50f2/C, hybridisation analysis of 595

for 50f2/C deletions in 859 males from 46 different populationgnsjes revealed eight cases where the intensity of the 50f2/C
The probe 50f20§Y S7 detects five Y-chromosomal loci, seen asgq R fragment was greater than normal (TableThis was

five EcaRI fragments in hybridisation analysis (Flg); 50f2/C  confirmed by densitometry, and shown to be consistent with

is the third largest of these, and maps to interval 6E oajq (g plication of 50f2/C. The PCR assay did not demonstrate these
595 males were tested using this hybridisation method, and dgpjications convincingly. Duplication males are found in the

new deletions detected. For the remainder (264 males), sufficigiibngolian and Indian populations, and also in an Algerian, a San,
DNA was not available for hybridisation, and so a PCR assay W3S in two Adygeans (from south-western Russia).

used, detecting a further 23 new deletions. In all cases where

sample availability permitted, the two assays were shown to ) ;

concordant: all (35/35) deletion males defined by hybridisatiolislj?arkers co-deleted with 50f2/C

were shown to be deleted by the criterion of the PCR assay, ah@ the 58 deletions the result of a single event in human

50/50 males positive by hybridisation were also positive by PCRvolution? Two approaches were taken to address this issue. In

In these, and in subsequent experiments, the three previousig first, loci were sought which map to the same region of the

described deletion males (m121, gfcases 920 and 1423, ref. chromosome as 50f2/C and are deleted in some, but not all,

9) were also included. deletion males. This would reflect differences in the sizes and,
The 55 new deletion males (Taldlgbelong to 12 different therefore, probably the origins of the deletion events.

populations from Asia, Europe and Oceania. ObservedIn hybridisation analysis, three probes, 20/3, LLY22g, and MK5

population frequencies of deletions vary from 0 to >50%. ThigDNA for the gené&RBM(RNA Binding Motif), previously known

first deletion male to be describef) (vas of Finnish origin. For as YRRM(Y chromosome RNA Recognition Motif);4] detect

this reason Finns were included in our survey, and were foundrt@jor bands which are absent from a sub-set of the deletion males

have the highest frequency of deletions of any population ébund only in Mongolia and China (m223 in Hig, ¢ and d). Minor

reasonable sample size: 11 of 20 males had a deletion. Hands detected by the probes 48, 94/3, 27, 36b and RBF2 were

hybridisation analysis, one Sri Lankan male (m640) showealso absent (data not shown). Two classes of deletions are thus
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Table 1.Results of population screening for 50f2/C deletions and duplications

Continent |r_um Mo.bested | Mo delebed | Mo bested | Mo, duplicated |
[Emrope LUK g 1] £ 1]
B Iadian 32 0 12 o
French 4 0 3 0
Gerrum 2 0 2 o
| Partuguess 1 0 1 o
L= [Basque 0 o kN )
Finmnish afn 11 ¥ i
i W i M [
Swedish 1 0 1 o
 |ssami 5 3 B o
|Greek T 2 o 0
[T — 1 o i o
_ |Buslgasian 5 o 5 0
vaber 15 o 18 o
Asla Chinese 53 5 52 0
18 o 2 0
‘ﬁ T 0 1 o
Cambodian 1 0 1 o

[Indian 23 1 215 =

|@!E‘-‘ 1 o 1 o
Tibetan 3 1 3 o
| Pakistani 2 o 2 o
_ |snlankan 25 1 5 0
[pangatian 85 12 a8 1
Indonesian 17 0 ] 0
Altai 8 5 0 0
Yakut 5 5 5 o
T T 0 0 0
Adygean 4 0 d 3
cther 2 0 2 0
Jﬁ.ﬁiﬂ. Ken: 14 v} 4 0
Bl b 0 [ o]
Zimbahwann 4 [t} 1] 1]
Chanalan 1 1] 1 Q
San ] o 5 1
Blaka Pygmy 3 0 4 0
HMEEEL. 1 o 1 0
Barber 1 1] 1] [i}

Algrian # o I .
other b | a 4 [1]
Oveamia | Australian m & 5 a
Conk lalander 19 0 1] [}
~ Melanesian 2 1 2 [
Papua Mew Guinean 1 1 a 0
Americs  |Kartlana 1 0 1 0
[Surut 18 1 3 0
liyan 1 0 1 o
i Mawaba 1 0 1 0
Tahono O'0dham 1 P 1 0
ather 2 0 2 i
[ Total 859 55 595 B

Deletion testing was done by PCR or hybridisation analysis or both, and duplication testing by hybridisation

analysis only. The previously described deletion cases are not included.
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defined, which are referred to as ‘large’ and ‘small’; four of 28iversity within deletion and duplication classes
males tested had ‘large’ deletions. Male 640, deleted for 50f2/efined using microsatellites
and B as well as C, shows normal hybridisation patterns for MK5

(Fig. 1b); in the case of LLY22g (Figd), the band (D) deleted g, of the six different haplotypic groups associated with
in the ‘large’ class of males is present, but four. others (A, B, eletions of 50f2/C are found in a single population, the
gnd F) are abdsent. 'I;]hese_ w%%fgfﬁ)’(gnéj gre Ilkebly tg hgve Magngolians. Do other populations display similar levels of
een removed together wit /A and B. Some bands deteciege ogeneity, and can we find evidence of further independent
by %0/3 t‘."‘re aIs?_ absent from this male (Em, and the same yojetion events? Since amounts of DNA were limiting,
explanation applies. . aplotyping with Y-specific microsatellites, which can be assayed
Fourteen ESta§I'$hEdf andh tgg]ig /Cnovgl Y—SpeCIIfIC ST CR, was used to address this question. Because of their
(sequence-tagged sites) from the region were also SCreefiigyiyely high mutation rates, microsatellites also give a measure

in PCR assays for co-deletion with 50f2/C. Because it was ; it 3 ;
particular interest to see whetlihZ (Deleted in AZoospermia), E Ggfngw%ﬁlety %LT'{LETE %‘?E%f engjd ?ggrlOtgiF)r:;Ig-rlc())ltj:ﬂz'
a candidate gene féiZF, was absent from any of the deletion i osatellites PYS19 DYS390DYS425andDY S425, we first
males, two STSs from tHeAZ gene itself 15) were included.  getermined haplotypes for the 28 deletion chromosomes which
None of the STSs tested were deleted from any of the males, Wére already well characterised, and seven of the eight duplication
this analysis is therefore uninformative, but the hyb”d'sat'OEhromosomes. These data are summarised in Table
analysis shows @hat the d.eletions are heterogeneous: the ‘larg 'he 28 deletion chromosomes have eight different
and ‘small’ deletions are likely to represent at least two eventsnicrosatellite haplotypes. Correlation between these and the six
groups already defined is good. The three singletons m38, m204
and m640 each have unique haplotypes, as does m238,
emphasising the distinctness of this chromosome from those in
the two Australian males which belong, with m238, to group 2
o ] o within the tree. The Australians have microsatellite haplotypes
One of the individuals carrying a duplication of 50f2/C, the SaRot seen elsewhere, which differ from each other by a single
male m720, also showed an increase in intensity of the 50f2fEpeat unit change BXYS19 The three group 10L Mongolians
fragment consistent with a duplication of this locus. 50f2/E lies ofith the ‘large’ deletion share a haplotype not seen in 212
the long arm of the Y chromosome, proximal to 50f2/C in intervadon-deletion males tested. Seventeen of the 19 common group 12
6A (16), and is probably co-duplicated in a single event witfjeletion chromosomes share a single microsatellite haplotype,
50f2/C. Hybridisation using the probe LLY22g shows awhich has not been observed elsewhere, and the remaining two
duplication of the E fragment, which, from analysis of 50f2have a haplotype which differs from this only by a single repeat
containing YAC clones, lies close to 50f2/E (data not shown). ynit gain aDYS390

The microsatellite data on the seven typed duplication chromo-
somes divide the four group 2 chromosomes into three distinct
. . — haplotypic classes, suggesting that there may be more than one
Compound haplotyping of deletion and duplication duplication event represented in this group. However, we cannot
chromosomes exclude the possibility that these chromosomes share their

duplications by descent.

The second approach taken to the issue of heterogeneity of origiMicrosatellite haplotypes were next determined for the
of the deletions, and also the duplications, was to usemaining 30 deletion chromosomes. The six newly analysed
Y-chromosomal haplotyping. Combinations of polymorphismgwustralians share a haplotype which stands out as being different
which are likely to represent very rare or unique events defirieom those of all other deletion chromosomes: they may therefore
haplotypes which can be used to build trees of Y chromosompgssess a distinct deletion. Of the remainder, 13 chromosomes
(1). We wanted to use haplotyping to ask where on such a tree tiave one of the two haplotypes previously shown to be associated
deletion and duplication chromosomes lay. Because many with group 12, and five have a haplotype differing from these only
these polymorphisms cannot be assayed by PCR, and relylmna single repeat unit gain or losatS19%r DYS3900ne of
traditional methods, this approach was feasible only for sampltee Greeks has the haplotype seen in the Mongolian (group 10L)
where large amounts of high molecular weight DNA werdarge’ deletions, and three of the Altai, one of the Japanese and
available. Twenty-eight of the 58 deletion chromosomes, and #tle Papua New Guinean have haplotypes which differ from this
eight of the duplication chromosomes were analysed. only by one or two repeat unit gaindDatS19and single repeat

Figure 2 shows a tree of Y chromosome haplotypic groupsinit gains atDYS390 In addition, the prediction that these
constructed using 15 polymorphisms, and the positions upon itludiplotypes are associated with a ‘large’ deletion could be tested
50f2/C deletion and duplication cases; the group to which eaahthe case of the Greek and Altai samples by hybridisation using
individual belongs is shown in Tal#te LLY22g (data not shown), and was borne out—the D fragment

The ‘large’ deletions occur in two different haplotypic groupsyvas absent in each case. The six Australians could also be tested
and the ‘small’ deletions in four. Thus both the large and smalnd showed a normal LLY22g hybridisation pattern, indicating
deletions are themselves heterogeneous. A single haplotype, grthat their deletion is ‘small’.
12, accounts for 19 of the 28 deletion chromosomes. DeletionsThe finding of identical microsatellite haplotypes shared by
associated with the remaining five groups are rare, and four (m3&letion chromosomes within populations such as the Australians
m204, m238 and m640) occur as singletons. The eight duplicati@18), the Yakut (5/5) and the Finns (8/11) suggests that these
chromosomes belong to four different haplotypic groups. males may also share recent patrilineal descent. This possible

Markers co-duplicated with 50f2/C
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Table 2. Haplotypes of deletion and duplication chromosomes

Creletion chromosomes
Micranainiites Ha
DTEdlE DYFIRI D¥Ee25 | DY513 | Dyasd | obaerved) deduced
o] a5, 108 H [ 1% ]
i 20, 195 LT U 2
“ 1,019 i ) FIT] 12
S I03, I, G T 3 FT] i
£ LT T 0 FIT] [
E2] 231,198 | s Ll 12
% A, 00, e e . 214 L.
£l CW,198 L ] a1 [F]
[ L 3, 1 Hn (e Fit T
1 = M, 193 L T T ]
£ 200, 198 1 ] FIT] [F
| = HM, 300, 1R = [ Fit] -
4 N Fol] [0 [T T
- 0, 198 m 17 FT] 1
£ 0, 158 Fol] 150 FT =l
2] I Fil 15 i AR
[T a0, 10, 300 ] 0 T A
w N Il | 10 I | B
e A, g A 0 FT] =
5 0, 155 F] [ T
“ A, 158 F] 150 FIT] 12
[T A, 19 ] i 3 i3
BT 20, 158 BT T TR - 3
o] T, THE F 17 1! n I
[ W EE | oW | 30 I
[ am, 158 2 150 FIT] 53
L 35, E o [ n n
[T a0, 158 =H T T B
] . K F 14 s i
. a1, e O 0 " 2
[T am, 138 2H ] FIT 12
[ 3, g il p 21 v
H 201, 198 M) wa ] oA | | B
[ 30, 138 Fo] 150 1T 1
[T A, e = 0 ) [F
| 0, 15E 2 | 1w FIT e
[ 01, TRE F] 1 it 3
= a3 Hil, b = [ e T
LELAISH  |Finmish o HL & o | 1w FI I
] Gaami u 0. 1 F] 1%} il [
S11 Saami a3 Hl_HE £ [ s | T
54 Saami w W8 | M | 1% 215 [H]
ul Aussiralion a3 A7, 3, 3, 195 £ an i b
A Ausiralian L] BT, HW, 01, 195 20 m Al 7
AT Ausiralian ] ST, BML 3, 198 o N m 7
Au Ausiralian a3 A T N T 7
Aull Aussiralian M 207, WL 20, 188 Fo] am m 7
Aulb Fussizalion ] 207, W4, 301, 185 ] e EET ]
A [ i M, 200,195 | 30 | 19 5 1L
GER Cazerk ke HiL, HR o 192 pall 12
AR AR B L. 158 am ) 15 |
A5 ARy E 104, 291, 193 m 158 mns | L
AT [Ahai ] AL, 1 ani T i 12
Ak Abiai LN 08, 301, 195 o | e 5 L
Al Abai L W, 30, 108 am 19K 9 0L
| [ Ina, 300, 155 Hil 0 19 1L
[ " 200,19 m T I I
GO i Mo Gumein ) 08, 300, 155 W | 0 0L
Duplication chremasames
mik M ] T4, 300, TR m | o | @ 1
mis Indian W | neanewds | md | B0 | wR | r
mdlE Indian % |3 200,195 ml | nd FiT]
mAlE Indian 57 | 280, A0, T8 201, 195 | W | nd 2
i A n nd.  md wi | nd .
w2 San W A, T, 1S mull frlir] ™
o | Ay 5 W7, 1R, 155 W | 1 am 3
Adygras W LIALIEE | w7 | 14 ] F]

Allele sizes (in bp) are shown for the microsatellites testedDF&371, there are four (rarely, five) loci on the Y chromosome; often, fewer than four products
are visible, due to comigration or absence of one or more producBBYB#25ssay amplifies one of e/ F371loci specifically: the product size for this assay

is actually 94 bp smaller than that of the same locus amplified wilhR87 1four-locus assay, but, to avoid confusion, the size given in the table is the correspon-
ding DYF371size. The haplotypic groups observed directly for 28 deletion and all eight duplication chromosomes are shown (see Fig. 2), as are those dedt
from the microsatellite haplotypes of the remaining 30 deletion chromosomes. The suffix ‘L’ denotes a ‘large’ deletion, and the suffix ‘AB’ denotes deletion
50f2/A and B loci. ‘?" indicates that the haplotypic group is unknown. ‘null’ (microsat®N®42% indicates that a PCR assay failed to give a product in at least
three attempts, and may be due to deletion of the locus or mutation in a primer site.

n.d., not done.
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(3,4)], and microsatellites a high ratéllp-3 per locus per
generation 17)]. The rate expected for a Yq deletion can be
1 estimated from the frequency of deletions leading to infertility.
This is 10 per generationl@), but since at least three distinct
loci are involved, an average deletion rate for a Yq locus would
be 3x 10-° per generation. Although these figures are imprecise,
it is considerably [1000-fold) more likely that a deletion will
have recurred than a point mutation. Thus, when deletions occur
as subsets of the chromosomes in Y groupsZigey are likely
to represent independent events. Taking into account the ‘large’
and ‘small’ sizes of the deletions, such reasoning would suggest a
minimum of five deletion events. This minimum number would
require that the group 12 chromosomes (which are all deleted for
50f2/C), two of the Australian deletion chromosomes (group 2 in
the tree) and m238 (also group 2), share their deletions by descent.
The group 2 Australian chromosomes differ from m238 at three
and four of the five microsatellite loci tested and also at other loci
(results not shown); taking into account their distinct geographical
location, this suggests a separate deletion event. It is more difficult
to decide whether the group 12 chromosomes could share the m238
50f2/C deletion. For some chromosomes the microsatellites differ
at only two of the five loci, and the geographical ranges overlap.
o m@%‘m 2 These considerations therefore suggest the existence of either six
S im or seven deletion events. The final set of distinct deletion
g SO debetion . :
o i e chromosomes is represented_ by the Australians Au2-Auls. They
T differ from all the other deletion chromosomes at the multilocus
;e B chplaalor microsatelliteDYF371, but are otherwise most similar to the
Figure 2. Unrooted parsimony tree of 15 Y chromosome haplotypic groups, Japanese (920) group 10L chromosome. However, the finding that
showing the positions of deletion and duplication chromosomes. Large circlethey do not possess a ‘large’ deletion makes it seem likely that they
represent haplotypic groups, and single lines between these represent singlépresent an independent 50f2/C deletion event. In conclusion, our
mutation events. The_ ‘Ia_rge’ oeletlons occur in two groups, the ‘small’ in fourdata suggest that there have been seven or eight 50f2/C deletions
groups, and the duplications in four groups. All of the group 12 chromosomes™ . . . S
have a small deletion of 50f2/C, and this is indicated by shading of the large circle It iS €asier to evaluate the number of duplication events because
in this case. Fourteen polymorphisms which are thought to represent uniquéhere are fewer chromosomes and haplotyping information is
events in human evolution were used to construct this tree, which is based on opg/ailable for all of them. They form subsets of four different

published previously (1). Haplotypic groups are numbered in their order of plotypic groups implying the existence of at least four distinct
discovery, and some used in the original tree have now been renamed: group Uplication events’

was previously ‘J', 6 =‘P’, 7 = 'IK’, 8 = ‘Af’", 9 = ‘Med'. Because of ambiguity L . .
about the status of one polymorphiSRY(ref. 1; unpublished data), partofthe IS the large number of 50f2/C duplication and deletion events in

tree is shown as a network. Novel polymorphisms used in tree construction withe population({i7%b) typical of other parts of the Y chromosome?

be described elsewhere (A.Paneyal, manuscript in preparation). Triplications ofDYS19(19), and duplication and triplication of the
pDP31 PXYS1Ylocus @0) exist, and we have found a deletion

problem of sampling means that regional figures for deletioff 50f2/A and B. The proportion of chromosomes carrying

frequencies should be regarded with caution. However, in 4l¢letions and duplications must be high, and the action of these

independent sample of Finns, seven of 18 males were found tody@amic processes over long periods of time helps to explain why

deleted (P.J.Salo, unpublished data), and so in this case, at ldfgfe are so few unique sequences on the Y.

the high frequency we have observed may well be typical of thelLittle can be said from these studies about the sizes of the deleted

population as a whole. or duplicated regions: the duplication in m720 includes the 50f2/E
locus, and is therefore likely to be on the megabase scale, and
DISCUSSION preliminary studies of YAC clones containing 50f2/C as well as the

loci which are co-deleted in the ‘large’ deletions suggests that these
We have found 55 apparently normal males who lack the 50f2&vents involve at least several hundreds of kilobases. The
locus in the distal euchromatin of Yg. In order to understand thmechanisms at work may be similar to those of deletions which lead
origins of these chromosomes and the three previously knovimazoospermia through the loss of genes in Yg, and are likely to
50f2/C deletions, we constructed haplotypes using polyavolve aberrant recombination events between repeat sequences, ir
morphisms representing unique or rare mutations (28hich the region is particularly rich.
chromosomes) and using microsatellites (all 58 chromosomes)Positional cloning of thAZF locus (or loci) has proved difficult.
The resulting haplotypes (Table Fig. 2) show that some Two candidate genes have been identifikBM (21) is a gene
polymorphisms must have arisen more than once. We can damily with about 30 very similar members on Yp as well as Yq,
information on the mutation rates of the different types ofome of which are absent from infertile males, but it has been
polymorphism to determine the likely number of origins of thalifficult to determine which, if any, of these are essential for
50f2/C deletion. Base substitutions have a very low mutation ragpermatogenesi®AZ is reported to be a single-copy locis)(
[(1L0~° per base per year, or310~4 per base per generation however, although 18e novodeletions including this gene were
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Figure 3. World distribution of different classes of 50f2/C deletions. The classes of deletion within each of 13 populations are indicated by the pie charts. The ¢
of each chart is proportional to the number of individuals. Seven classes are here defined by haplotypic group; however, the deletions in haplotypic group 2 fou
Mongolians and Australians are likely to have different origins (see text).

found in infertile males, point mutations have yet to be describeHurope £2,23). A second and relatively common deletion class
Our results illustrate the importance of demonstrating that deletiofgroup 10L) exists, in nine of the 58 males, with a more easterly
arede novoevents. The absence of some of RBM sequences distribution (Fig.3). The rare deletions and the duplications
from the ‘large’ classes of deletion indicates that these members(which are difficult to score) appear less informative, but may
this gene family, at least, are dispensable. None of the deleted maksy/e to be useful markers for populations we have not sampled
lack DAZ, which is consistent with this gene befigr here. There is no reason to suppose that we have discovered al

Despite the recurrence of 50f2/C deletions, they can ks the existing classes of deletion; indeed, the representation of
combined with other markers to provide important insights inteveral classes by single chromosomes in our collection suggests
population history. Thirty-seven of the total of 58 deletion malehat other classes remain undetected. The inclusion of the 50f2/C
belong to a single haplotypic group, group 12, and therefofRCR assay in population studies in the future may reveal more.
represent a relatively common and geographically widespreadViarkers representing unique mutational events have been
class of deletion chromosome, stretching from Siberia in tH&own to be useful for Y evolutionary studiéy put few are
north-east of Asia, south to China, Japan, and India, and Wesﬁt@”f?‘b'e- In a(_idltlon to loci like 50f2/C, there are now more than
Scandinavia (Fig3). The high frequency (55%) in Finns is 20 microsatellites known on the Y chromosorfetffis study),
particularly striking, and appears to show an affinity betweefind used in combination they can generate very many haplotypes.
Finnish, Siberian and Mongolian Y-chromosomal lineages; thidlthough the construction of trees using such haplotypes alone is
is in contrast to the data from autosomal and mitochondrial DNRfOblematic £7), we have demonstrated the value of using them
studies 22,23), which show Finns to be closely related t0W|th|ntheframevyorkofarobust_tre_e_deflned using unique or rare
Indo-European speakers such as Italians and Germans, an§Y€nt Polymorphisms. The availability of many different classes
more consistent with traditional linguistic studies which sugge§ Polymorphism with different mutation rates is one of the
that the Finns have their origins in a ‘Finno—Ugric homelangi€atures which makes the Y chromosome such a useful tool for
either in the Altai, Uralic or Volga region34). The history of Y studying human evolution.
chromosomes is distinct from the histories of other parts of the
genome, and is influenced by the phe_notype that the Y QonfetﬁATERIALS AND METHODS
i.e., maleness. Thus, these observations may reflect historical
Ej)r\g%n;ents, predominantly of males, across Northern Asia a%ndard methods were as described previon&)gq).

Alternatively, the high frequency of these deletion chromo-
somes in the Finns may be the result of drift in a population whigBenomic DNA samples
had been founded by only a few individuals, or, as some
Y-chromosomal and mitochondrial DNA data suggesi),( The 859 samples screened included those previously described
subject to a bottleneck in its early history. Similar explanation&0,31), several collections made by the authors, Basque and
have been proposed for the high incidences of some genetiigerian DNAs kindly donated by Adolfo Lépez de Munain and
disorders in the Finns2§). The finding of these group 12 Doudja Nafa respectively, several samples kindly donated by Alec
chromosomes in three of nine Saamis is more in agreement wisffreys, and a sub-set from the Y Chromosome Consortium
findings from other markers, which show Saamis as outliers Repository 82). Male 121 is the first deletion case to be described,
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the father of patient 2 in ref, and samples 920 and 1423 are thénybridisation selection (N.Fretwell, J.A.L.Armour and M.A.Jabling,

two previously discovered Japanese deletion majes ( manuscript in preparation); primers Y F371amplify four (and
rarely, five) Y-chromosomal loci, but a third primer can be used to
Probes amplify one of these specificalip{S42% Primer sequences for

. DYS426 are: 4D11A 5-GGTGACAAGACGAGACTTTG-
Sources, references, and conditions for the probes B¥2%  TG.3: 4D11R 5-CTCAAAGTATGAAAGCATGACC-3, and
20/3 OYS26, 94/3 DYS3Y, 48 OYSG, 36b DYS4, 27 OYS)  for DYF371 and DYS425 2E10AL B-GTGGGCTGAGA-
and RBF2 can be found in r80. Details of LLY22g are givenin  AATTTCTGG-3: 2E10R SAGTAATTCTGGAGGTAAA-
ref. 11. MK5 (theRBM cDNA) was a gift from Ma Kun (MRC ATGG-3: 2E10D1 5TGGAGAGAAGAAGAGAGAAAT-3'.
Human Genetics Unit, Edinburgh), and was used as desdriyed ( pcR conditions, fobYS39Q1), DYS426ndDYF371(primers
_ 2E10AL and R): 24 cycles of 98 20 s, 60C 45 s, 70C 50 s;
Haplotyping for DYS425primers 2E10D1 and R): as before, but withG8

Eight of the 14 polymorphisms used to construct the haplotyp?c,nnealing temperaturBYS19as described previousigg).

tree (Fig.2), and methods for their typing, have been described
previously (); six are novel, and will be described elsewhere
(A.Pandyaet al, manuscript in preparation). Further details of CKNOWLEDGEMENTS

these polymorphisms are available from C.Tyler-Smith on )
request. We thank Ma Kun for the probe MK5, Pieter de Jong for the

Y-specific cosmid library LLOYNCO03, Nathan Ellis and Michael
Hammer for DNA samples from the Y Chromosome Consortium
Repository, Adolfo Lépez de Munain for Basque DNAs, Doudja
Filters showing putative duplications of 50f2/C were scannelNafa for Algerian DNAs, Bryan Sykes for Cook Islander DNAs,
using the Packard Instantimager or the Molecular Dynami@nd Ryk Ward for helpful comments and suggestions. We also
Phosphorimager, and bands quantitated using the manufacturgngnk John Armour, Nourdine Bouzekri and Paul Taylor for

Densitometric analysis
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50f2/C deletion PCR primers 1) designed to amplify the Foundation and the Finnish Medical Society Duodecim.
Y-specific minisatellite MSY1 [DYF155S1 (34)], which is

adjacent to the 50f2/B locus, coamplify a 196 bp product

(DYF155S21lying 4 kb from the 50f2/C locus. Absence of thisSREFERENCES

product, with the concomitant presence of M®Y1product
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