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Ch rom osom es are kn own to con tain

local h ot an d cold spots th at un dergo

quite differen t rates of m eiotic recom bi-

n at ion . Th e quest ion of wh y such re-

gion al variat ion in recom bin ation rates

exists on ch rom osom es h olds a stran ge

m ix of in trigue an d frustrat ion for ge-

n et icists. On e of th e h um an ch rom o-

som es th at h as been carefu lly studied

over th e years in th is regard is th e X

ch rom osom e. Th ese studies h ave con -

cen trated on th e evaluation of th e re-

com bin ation rates across various subre-

gion s of th is ch rom osom e an d h ave, by

an d large, avoided th e m ore recalcitran t

cen t ro m ere d o m a in . In t h is issu e ,

Mah tan i an d Willard (1998) presen t an

an alysis o f recom bin at ion across th e

cen trom ere itself an d provide data in di-

cat in g a sign ifican t ly lower exch an ge

rate at th e cen trom ere th an th e average

rate of fem ale m eiotic recom bin ation on

th e h um an X ch rom osom e. In th e cur-

ren t clim ate wh ere m uch atten tion is fo-

cused on cen trom ere research , th is work

provides both usefu l in form ation an d a

tim ely rem in der for yet an oth er on e of

th e m an y un ique an d difficu lt-to-study

properties of th e cen trom ere.

Th e n otion th at th e cen trom ere ex-

erts a direct , n egative effect on m eiotic

recom bin ation both with in itself an d on

proxim al ch rom osom al DNA was recog-

n ized >6 0 yea rs a go (Bea d le 1 9 3 2 ;

Math er 1938). Th is effect , term ed th e

cen trom ere effect , h as n ow been docu-

m en ted in wide-ran gin g organ ism s, in -

clu d in g Drosophila, Neurospora, Arabi-

dopsis, buddin g an d fission yeasts, to-

m ato, corn , barley, m ouse, an d h um an

(for referen ces, see Mah tan i an d Willard

1988; Roun d et al. 1997). In som e of

th ese organ ism s, th e level of recom bin a-

t ion suppression at th e cen trom ere can

be as h igh as 10- to 40-fold th at of th e

rest of th e gen om e (Roberts 1965; Tan k-

sley et al. 1992; Cen tola an d Carbon

1994). Th e determ in ation of recom bin a-

t ion rates with in th e cen trom eres in -

volves com parison of ph ysical distan ces

across th e cen trom eres with th e gen etic

distan ces between pairs of cen trom ere-

flan kin g m arkers. Such an exercise is es-

pecially arduous in h igh er eukaryotes as

th e cen trom eres in th ese organ ism s con -

t a in an ab u n d an ce o f t an d em ly re-

p e a t e d , h e t e r o c h r o m a t i c D N A se -

q u en ces t h a t va ry grea t ly in a r ra y

len gth s an d , th erefore, in th e p recise

ph ysical distan ces th ey span , even for

differen t m em bers of th e sam e ch rom o-

som e. An even greater problem is th e se-

vere p au city of well-m ap p ed eu ch ro-

m atic DNA m arkers n ear th e cen trom ere

th at can be used to m easure gen etic dis-

tan ces accurately. Despite th ese difficu l-

t ies, Mah tan i an d Willard (1990, 1998)

described th e use of pulsed field gel elec-

t rop h oresis to d eterm in e th e average

lon g-ran ge ph ysical distan ce across th e

cen trom eres of th e h um an X ch rom o-

som e. Arm ed with th is in form ation , an d

u sin g cen t ro m ere -fla n k in g gen e t ic

m a r k e r s t h a t a r e su ffic ie n t ly w e l l

m apped, th ese workers reveal a m eiotic

exch an ge rate across th e cen t rom ere

th at is at least eigh tfold lower (colder)

th an th e average estim ates on th is ch ro-

m osom e. Th is resu lt th erefore provides

th e first m easured value for th e level of

recom bin ation suppression with in th e X

cen trom ere—a value th at closely agrees

with th at obtain ed sim ilarly for th e cen -

trom ere of h um an ch rom osom e 10 in

an earlier study (Jackson et al. 1996).

So, wh y is th e cen trom ere such a cold

spot for m eiotic recom bin ation ? Th e an -

swer to th is question is far from clear.

Recom bin ation suppression is th ough t

to be th e resu lt of th e m ore con den sed

state of cen trom eric h eteroch rom atin at

th e tim e of crossin g-over durin g m eiosis

com pared with eu ch rom at in (Roberts

1965; Kh ush an d Rick 1967, 1968; Rick

1969, 1972). However, eviden ce in dicat-

in g th at in fluen ces oth er th an h etero-

ch rom atin ization m ay be in volved h as

com e from study of th e buddin g yeast ,

in wh ich a clon ed cen trom ere, alth ough

lackin g an y visible form of h eteroch ro-

m atin , sh ows decreased recom bin ation

wh en it is art ificially in tegrated in to n ew

sites in th e gen om e (Lam bie an d Roeder

1986). Furth er eviden ce h as com e from

observation of th e persisten ce of recom -

b in at io n su p p ressio n o f cen t rom ere-

ad jacen t eu ch ro m at in in Drosoph ila

even wh en cen trom eric h eteroch rom a-

t in is deleted (Yam am oto an d Miklos

1977).

Th us, rath er th an th e h eteroch rom a-

tin , it m ay sim ply be th e cen trom ere ac-

t ivity itself th at exerts th e recom bin a-

t ion suppression effect . Recen t studies

h ave dem on strated th at cen trom ere ac-

t ivity can be separated from th e h etero-

ch rom atin . Durin g th e past 4–5 years,

an in creasin g n um ber of h um an m arker

ch rom osom es h ave been rep ort ed to

con tain active cen trom eres (or n eocen -

trom eres) th at are devoid of th e usual

cen t rom eric h eteroch rom at in an d are

apparen t ly form ed in euch rom atic re-

gion s of ch rom osom es (for review, see

Ch oo 1997). Studies of dicen tric h um an

ch rom osom es in wh ich on e cen trom ere

h as becom e in activated h ave also in di-

cated th at th e presen ce of cen trom eric

h eteroch rom atin does n ot always corre-

late with cen trom ere activity.

As to wh ich specific aspect of th e cen -

trom ere activity is in volved in recom bi-

n ation suppression , th e an swer is again

un kn own . A good guess is th at it prob-

ably h as to do with th e un ique ch rom a-

tin structure th at m akes up th e active

cen t rom ere. In creasin gly, cen t rom ere

activity is believed to be lin ked to som e

cen trom ere-specific, h igh er-order ch ro-

m atin organ ization (du Sart et al. 1997;

Karpen an d Allsh ire 1997; Ch oo 1998;

William s et al. 1998). Th is belief is h igh -

ligh ted by th e iden tification of a h iston e

H3-like protein , CENPA, th at is cen tro-

m ere specific, associates on ly with active

cen t rom eres (W arbu rton et al. 1997),

an d is th ough t to con stitu te cen trom ere-

specific ch rom atin (Sullivan et al. 1994).

In a recen t excit in g developm en t, Ek-
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wall et al. (1997) h as sh own in fission

yeast th at th e assem bly of fu lly fun c-

t ion al cen trom eres is at least part ially

im prin ted by th e deacetylation of cen -

trom eric h iston e. Th e study also dem on -

strates th at h iston e deacetylation plays a

role in th e regu lat ion of an oth er un -

usual property of th e cen trom eric h et-

eroch rom at in —n am ely, th e t ran scrip -

t ion al repression or silen cin g of m arker

gen es placed with in or close to it . At pre-

sen t, it is n ot kn own wh eth er th e ph e-

n om en a of tran scrip tion al repression of

gen es an d m eiotic recom bin ation sup-

pression exerted by th e cen trom ere are

govern ed by th e sam e m ech an ism s, per-

h aps both in volvin g specific m odifica-

t ion s of cen trom eric ch rom atin of th e

type described by Ekwall an d coworkers

(1997).

Th e stu d y of th e m ech an ism s in -

volved in recom bin ation suppression in

h um an s is n ot a sim ple m atter, as oth er

t h an m easu rin g n at u ra lly o ccu rrin g

m eiotic recom bin ation rates across th e

cen t rom ere, as Mah tan i an d W illard

(1998) h ave don e, it is practically im pos-

sible to tam per with th e cen trom ere sta-

tus in h um an subjects to test specific

m ech an ist ic m odels. Th e defin it ion of

th e recom bin ation rates across th e cen -

trom eres of h um an ch rom osom es is an

im portan t first step in wh at is likely to

be a lon g an d gruelin g process of ad-

van cin g our kn owledge on th e m ech a-

n ism of recom bin ation suppression in

th e h u m an cen t rom ere. Alth ou gh we

will con tin ue to fin d m ean s to gain such

kn owledge, it is m ore likely th at an y

such advan ce will, in th e foreseeable fu-

tu re, com e from th e in vest igat ion of

lower organ ism s, in wh ich gen etic m a-

n ipulation is m ore ten able.
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