
���wv~W�B 5WA, O,A,+�B,�,WAv
#N+W�B �+�A,W� ,V�wNAW��

MHIIUH\ P1 NRVKL
��LT�)t�Ut +iti@hU� #���t�L?c N?��iht�|) Lu ��U��}@?

�?? �hMLhc �W eH�fb��fDD N5�

��hhi?| @__hittG �ihiL? Bi?L4�Utc eD 5�_?i| 5|�c �@4Mh�_}i �� f2��b

ULFKDUG D1 JROGVWHLQ
#iT|� Lu ��i4�t|h) @?_ ��LT�)t�Ut +iti@hU� #���t�L?c N?��iht�|) Lu ��U��}@?

�?? �hMLhc �W eH�fb��fDD N5�

�i� UL4T�|@|�L?@* 4L_i*t Lu |�i !�?i|�Ut Lu ?@|�h@* t�|i t�Mt|�|�|�L?t �? ThL|i�?t
@hi _itUh�Mi_ M@ti_ L? |�i �?_ih*)�?} T�)t�U@* U�i4�U@* ThLTih|�it Lu |�i @4�?L
@U�_t� A�i ULhhitTL?_�?} hi_�U|�L? �? |�i ?�4Mih Lu @_��t|@M*i T@h@4i|iht @**L�t
�t |L @?@*)3i t�|i��i|ihL}i?i�|)� �TT*)�?} |��t i�L*�|�L?@h) 4L_i* |L �@h�L�t _@|@
ti|t @**L�t �t |L �_i?|�u) |�i �4TLh|@?| u@U|Lht UL?t|h@�?�?} 4L*iU�*@h i�L*�|�L?c
ThL��_�?} �?t�}�| �?|L |�i hi*@|�L?t��T Mi|�ii? @4�?L @U�_ ThLTih|�it @?_ ThL|i�?
t|h�U|�hi�

Lqwurgxfwlrq

Ghvslwh wkh odujh dqg jurzlqj qxpehu ri vroyhg surwhlq vwuxfwxuhv/ zh vwloo gr
qrw xqghuvwdqg wkh edvlf irufhv wkdw ghwhuplqh d surwhlq*v wkuhh glphqvlrqdo
irog1 Wkh uroh ri k|gurskrelflw| kdv ehhq hpskdvl}hg e| d qxpehu ri uh0
vhdufkhuv/ exw wkh h{whqw ri lwv h�hfwv dqg wkh lpsruwdqfh ri rwkhu idfwruv vxfk
dv vlgh0fkdlq yroxph dqg orfdo vwuxfwxuh surshqvlw| duh vwloo zlgho| ghedwhg1
D pruh ghwdlohg txhvwlrq lv wkh h�hfw ri orfdo hqylurqphqw rq wkh lpsruwdqfh
ri wkhvh idfwruv1 Zkdw dplqr dflg fkdudfwhulvwlfv duh lpsruwdqw lq vroyhqw0
h{srvhg orfdwlrqv dv frpsduhg wr vroyhqw0exulhg srvlwlrqv/ ru iru uhvlgxhv lq
doskd kholfhv yv1 frlovB

Pxfk kdv ehhq ohduqhg wkurxjk gluhfwhg vlwh0pxwdjhqhvlv/ zkhuh wkh h�hfwv
ri ydulrxv vxevwlwxwlrqv rq surwhlq ixqfwlrq dqg2ru vwdelolw| duh h{dplqhg1
Fuhdwlqj/ yhuli|lqj/ sxuli|lqj/ dqg fkdudfwhul}lqj wkhvh pxwdqw surwhlqv lv d
wlph0frqvxplqj surfhvv/ krzhyhu/ olplwlqj wkh qxpehu ri vxevwlwxwlrqv wkdw
fdq eh vwxglhg1 Hyhq zruvh/ uhvhdufkhuv duh riwhq lqwhuhvwhg lq orrnlqj dw
nh| vwuxfwxudo ru dfwlyh vlwh uhvlgxhv wkdw duh xquhsuhvhqwdwlyh ri pruh jhqhudo
orfdwlrqv lq wkh surwhlq1 Zlwk wkhvh sureohpv/ lw lv gl�fxow wr frqvwuxfw d gdwd
vhw ri duwl�fldo vxevwlwxwlrqv odujh hqrxjk wr dqdo|}h jhqhudo whqghqflhv1

Uhvhdufkhuv kdyh rqo| uhfhqwo| ehhq deoh wr shuirup vlwh0pxwdjhqhvlv whvwv/
exw qdwxuh kdv ehhq grlqj vr iru eloolrqv ri |hduv1 Lq dgglwlrq/ doo wkh h{shul0
phqwv grqh e| hyroxwlrq zhuh shuiruphg lq ylyr1 Wkh gl�fxow| lv lq dqdo|}lqj
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qdwxuh*v gdwd edvh1 Uhvhdufkhuv kdyh wulhg vhyhudo phwkrgv wr vroyh wklv sure0
ohp edvhg rq wkh revhuydwlrq wkdw hyroxwlrq kdv khog vwuxfwxuh dqg ixqfwlrq
odujho| frqvwdqw ryhu jhrorjlf wlph vfdohv dqg ryhu zlgho| ydu|lqj vhtxhqfhv1
Lw lv olnho| wkdw dwwulexwhv suhvhuyhg gxulqj hyroxwlrq duh wkh rqhv wkdw duh lp0
sruwdqw lq frqvhuylqj vwuxfwxuh dqg ixqfwlrq1 Iru lqvwdqfh/ Vfkhudjd/ Qdndl/
Wrpll/ dqg wkhlu uhvshfwlyh frzrunhuv h{dplqhg wkh fruuhodwlrqv ehwzhhq wkh
pdq| dplqr dflg surshuwlhv/ dqg lqyhvwljdwhg vlpsoh olqhdu fruuhodwlrqv ri wkhvh
surshuwlhv zlwk vxevwlwxwlrq udwhv14�6 Zh xvhg d vlplodu dssurdfk wr dqdo|}h
rxu suhylrxvo|0ghulyhg vwuxfwxuh0ghshqghqw vxevwlwxwlrq pdwulfhv17>8

Fruuhodwlrq dqdo|vhv shuiruphg rq vxevwlwxwlrq pdwulfhv kdyh vhyhudo olpl0
wdwlrqv1 Rqh ri wkhvh lv wkh odfn ri d uljrurxv wkhruhwlfdo edvlv iru wkh dqdo|vlv1
Pruh ixqgdphqwdoo|/ wkh frqvwuxfwlrq ri wkhvh pdwulfhv jhqhudoo| dvvxph wkdw
doo orfdwlrqv lq wkh surwhlq duh htxlydohqw dqg wkdw doo surolqhv duh htxdoo|0olnho|
wr pxwdwh wr dodqlqh lqghshqghqw ri srvlwlrq lq wkh surwhlq1 Lq uhdolw|/ wkh de0
vroxwh dqg uhodwlyh vxevwlwxwlrq udwhv zloo ghshqg rq pdq| vshfl�f ihdwxuhv
ri wkh jlyhq uhvlgxh dqg orfdwlrq/ lqfoxglqj vroyhqw h{srvxuh dqg vhfrqgdu|
vwuxfwxuh/ whuwldu| frqwdfwv/ dqg ixqfwlrqdo vljql�fdqfh19�43 Zkloh wkhuh lv d
kljk ghjuhh ri vhtxhqfh sodvwlflw|/ wkhuh duh pdq| orfdwlrqv xqghu vhohfwlyh
suhvvxuh wr suhvhuyh vshfl�f sk|vlfdo0fkhplfdo surshuwlhv ru hyhq dplqr dflg
lghqwlwlhv1 Zkloh prghov ri hyroxwlrq kdyh ehhq ghyhorshg wkdw lqfoxgh khwhur0
jhqhlw| ri vxevwlwxwlrq udwhv/44 wkhvh prghov riwhq whqg wr dvvxph wkdw wkh udwlr
ehwzhhq wkh ydulrxv vxevwlwxwlrq udwhv dw hdfk orfdwlrq lv uhodwlyho| frqvwdqw
dqg wkdw rqo| wkh pdjqlwxgh ri wkh udwhv fkdqjhv1 Lq idfw/ d jlyhq dplqr
dflg fkdqjh pd| uhsuhvhqw d frqvhuydwlyh vxevwlwxwlrq lq vrph lqvwdqfhv dqg
d kljko| ghohwhulrxv vxevwlwxwlrq lq rwkhuv1

Rqh dssurdfk wr ghdo zlwk wklv glvwulexwlrq lv wr glylgh wkh surwhlq lqwr
gl�huhqw vlwh fodvvhv rq wkh edvlv ri orfdo vwuxfwxuh dqg vxuidfh dffhvvlelolw|/ dqg
fdofxodwh vshfl�f pdwulfhv iru wkh ydulrxv fodvvhv19>;><>43 Wklv ljqruhv yduldwlrqv
lq wkh vhohfwlyh suhvvxuh dw gl�huhqw orfdwlrqv wkdw vkduh orfdo frqglwlrqv vr wkdw
gl�huhqw vxevwlwxwlrq udwhv gxh wr ixqfwlrqdo frqvlghudwlrqv dqg sdfnlqj frq0
vwudlqwv duh dyhudjhg1 Dq dowhuqdwlyh dssurdfk lv wr frqvlghu wkh dplqr dflg
uhvlgxhv revhuyhg lq hdfk srvlwlrq lq rughu wr frqvwuxfw vhsdudwh vxevwlwxwlrq
prghov iru hdfk vlwh145 Wkh olplwhg gdwd dydlodeoh dw hdfk orfdwlrq pdnhv lw gli0
�fxow wr xvh wkhvh prghov wr jdlq txdolwdwlyh dqg txdqwlwdwlyh xqghuvwdqglqjv
ri wkh uhodwlrqvkls ehwzhhq dplqr dflg surshuwlhv dqg surwhlq vwuxfwxuh dqg
ixqfwlrq1 Uhfhqwo| dq dssurdfk kdv ehhq ghyhorshg/ zklfk zh fdoo d Klgghq
Vwdwhv Prgho +KVP,143>46�4; Lq wklv dssurdfk/ hdfk orfdwlrq lq wkh surwhlq lv
dvvxphg wr ehorqj wr rqh ri d vhw ri srvvleoh vlwh fodvvhv/ hdfk fruuhvsrqglqj
wr d vhsdudwh vxevwlwxwlrq pdwul{1 Wkh lghqwlw| ri wkh vlwh fodvv ghvfulelqj
dq| sduwlfxodu vlwh lv xqnqrzq +dqg wkxv _klgghq%,/ dqg fdq rqo| eh ghwhu0
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plqhg suredelolvwlfdoo|> hdfk vlwh fodvv lv dvvljqhg dq d sulrul suredelolw| wkdw
dq| surwhlq orfdwlrq zrxog eh lq wkdw fodvv 1 Zh fdq xvh pd{lpxp0olnholkrrg
phwkrgv wr rswlpl}h wkh hqwluh vhw ri vxevwlwxwlrq pdwulfhv dqg fruuhvsrqglqj
d sulrul suredelolwlhv1 Wkh sureohp zlwk wklv dssurdfk lv wkh h{sorvlrq lq wkh
qxpehu ri dgmxvwdeoh sdudphwhuv wkdw pxvw eh vlpxowdqhrxvo| ghwhuplqhg1

Udwkhu wkdq ghyhors d KVP iru wkh vxevwlwxwlrq udwhv dw ydulrxv orfdwlrqv
edvhg rq wkh lghqwlw| ri wkh dplqr dflgv dqg dwwhpsw wr fruuhodwh wkh ydulrxv
vxevwlwxwlrq udwhv zlwk fkdqjhv lq sk|vlfdo0fkhplfdo sdudphwhuv/ d qxpehu ri
lqyhvwljdwruv kdyh frqvwuxfwhg vxevwlwxwlrq udwhv dv d gluhfw ixqfwlrq ri wkh
xqghuo|lqj surshuwlhv ri wkh dplqr dflgv1 Wzr gl�huhqw dssurdfkhv kdyh
ehhq h{soruhg1 Rqh dssurdfk 44>4; lv edvhg rq wkh idfw wkdw vlplodu dplqr
dflgv whqg wr uhsodfh hdfk rwkhu pruh iuhtxhqwo| wkdq glvvlplodu dplqr dflgv14<

Vxevwlwxwlrq udwhv fdq wkhq eh xvhg wr ghwhuplqh zkdw gh�qhv _vlplodu% dqg
_glvvlplodu%/ wkdw lv/ zkdw surshuwlhv qdwxuh frqvlghuv vx�flhqwo| lpsruwdqw
wr frqvhuyh1 Zh kdyh ehhq sxuvxlqj d gl�huhqw dssurdfk edvhg rq frqfhswv
iurp vwuxfwxudo elrorj|/ zkhuh zh lpdjlqh wkdw wkhuh lv d surshqvlw| iru gli0
ihuhqw dplqr dflgv lq gl�huhqw orfdwlrqv dqg wkdw vxevwlwxwlrqv wr dplqr dflgv
zlwk kljkhu surshqvlwlhv zrxog eh idyruhg148>49 Lq wklv dssurdfk/ lw lv wkh uho0
dwlyh surshqvlwlhv ri wkh uhvshfwlyh dplqr dflgv wkdw pdwwhu udwkhu wkdq wkhlu
vlplodulwlhv> hyroxwlrq idyruv frqvhuydwlyh vxevwlwxwlrqv ehfdxvh ri d vwdwlvwlfdo
surshqvlw| iru fkdqjhv ehwzhhq uhodwlyho| kljk0surshqvlw| dplqr1 Erwk ri wkhvh
phwkrgv juhdwo| uhgxfhv wkh qxpehu ri dgmxvwdeoh sdudphwhuv vr wkdw pxowl
vlwh0fodvv KVPv fdq eh rswlpl}hg iru surwhlq gdwdvhwv ri rqo| prghvw vl}h1 Lq
dgglwlrq/ wkh lqwhusuhwdwlrq ri wkh vxevwlwxwlrq udwhv duh vwudljkw0iruzdug lq
wkdw wkh prghov duh douhdg| edvhg rq wkh sk|vlfdo0fkhplfdo surshuwlhv1

Lq hduolhu zrun/ zh vkrzhg wkdw rxu prghov fdq ehwwhu uhsuhvhqw wkh hyrox0
wlrqdu| sdwwhuqv ri vshfl�f vhwv ri surwhlqv wkdq wudglwlrqdo vxevwlwxwlrq pdwul0
fhv 49 dqg vkrzhg krz wkhvh prghov frxog eh xvhg lq sk|orjhqhwlf dqdo|vhv153

Lq wklv sdshu/ zh dqdo|}h zkdw wkhvh vxevwlwxwlrq prghov fdq vd| derxw wkh
qdwxuh ri wkh vhohfwlyh suhvvxuh rffxuulqj dw ydulrxv orfdwlrqv lq wkh surwhlq1
Rswlpl}dwlrqv zhuh grqh ryhu d jhqhudo surwhlq gdwd vhw/ dqg ydulrxv vxevhwv
ghwhuplqhg e| vhfrqgdu| vwuxfwxuh dqg vxuidfh dffhvvlelolw|1 Lq djuhhphqw zlwk
hduolhu zrun/ zh irxqg k|gurskrelflw| wr eh dq lpsruwdqw idfwru lq doo orfdo
hqylurqphqwv/ hvshfldoo| lq h{srvhg srvlwlrqv1 Zh dovr revhuyhg dq lqwhuhvwlqj
yduldwlrqv lq wkh lpsruwdqfh ri k|gurskrelflw| ryhu gl�huhqw vhfrqgdu| vwuxf0
wxuhv/ zlwk h{srvhg �0kholfhv ghprqvwudwhg wkh vwurqjhvw ghshqghqfh iroorzhg
forvho| e| h{srvhg �0vkhhwv1 Prvw orfdwlrqv/ hvshfldoo| wxuqv dqg frlov/ suh0
ihuuhg vpdoohu uhvlgxhv lq djuhhphqw zlwk wkh lghd wkdw odujhu uhvlgxhv zlwk
pruh frqirupdwlrqdo �h{lelolw| duh glvidyruhg iru hqwurslf uhdvrqv1
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Phwkrgv

Zh �uvw uhylhz rxu prgho iru vlwh vxevwlwxwlrqv dv ghvfulehg hovhzkhuh149>53>4:

Zh hqfrpsdvv wkh glvwulexwlrq ri vhohfwlyh suhvvxuh dw ydulrxv orfdwlrqv lq wkh
surwhlq e| dvvxplqj wkdw hdfk orfdwlrq xqghu frqvlghudwlrq fdq eh ghvfulehg
e| rqh ri d qxpehu ri srvvleoh vlwh0fodvvhv Vn1 Zh gr qrw nqrz zklfk orfdwlrq
ehorqjv wr zklfk sduwlfxodu vlwh0fodvv1 Lqvwhdg/ zh lpdjlqh wkdw hdfk orfdwlrq
kdv dq d sulrul suredelolw| S +n, ri ehorqjlqj wr vlwh fodvv Vn1 Dv doo orfdwlrqv
pxvw ehorqj wr vrph vlwh fodvv/

S
S +n, @ 41 Wkh udwhv ri vxevwlwxwlrq iurp

dplqr dflg Dl wr dplqr dflg Dm iru orfdwlrqv lq vlwh fodvv Vn duh ghvfulehg
e| vxevwlwxwlrq pdwul{ Pn

l>m 1 Hdfk vlwh fodvv kdv lwv rzq glvwlqfw vxevwlwxwlrq
pdwul{1 Wkh prgho frqvlvwv ri wkh vhw ri vxevwlwxwlrq pdwulfhv dqg d sulrul
suredelolwlhv iru doo ri wkh ydulrxv vlwh fodvvhv1

Dv phqwlrqhg lq wkh lqwurgxfwlrq/ zh uhsuhvhqw wkh vxevwlwxwlrq udwhv hq0
frghg lq Pn

l>m dv d ixqfwlrq ri wkh surshuwlhv ri dplqr dflgv Dl dqg Dm / udwkhu
wkdq wkhlu lghqwlwlhv1 Zh dvvxph wkdw wkh _�wqhvv% In+Dl, ri dplqr dflg
Dl iru dq| orfdwlrq ghvfulehg e| d sduwlfxodu vlwh fodvv Vn fdq eh h{suhvvhg
dv d vlpsoh olqhdu ru txdgudwlf irup ri d vhw ri sk|vlfdo0fkhplfdo sdudphwhuv
vxfk dv k|gurskrelflw|/ exon/ dqg orfdo vwuxfwxuh surshqvlw|1 In>o+Dl,/ wkh
frqwulexwlrqv wr wkh �wqhvv ixqfwlrq gxh wr sk|vlfdo0fkhplfdo surshuw| o/ duh
dvvxphg wr eh hlwkhu ri wkh olqhdu irup In>o+Dl, @ �n>o to+Dl, ru wkh txdgudwlf

irup In>o+Dl, @ �n>o

�
to+Dl,� trswn>o

�5
/ zkhuh to+Dl, uhsuhvhqwv wkh ydoxh ri

wkh sk|vlfdo0fkhplfdo sdudphwhu o iru dplqr dflg Dl/ dqg �n>o dqg trswn>o duh
sdudphwhuv wkdw ghshqg xsrq wkh vlwh fodvv Vn1 Wkh olqhdu �wqhvv ixqfwlrq lv
dssursuldwh zkhq wkhuh lv d jhqhudo whqghqf| iru wkdw sk|vlfdo0fkhplfdo idfwru
wr eh hlwkhu idyruhg ru glvidyruhg dw wkdw vlwh1 Wkh txdgudwlf irup zrxog eh ds0
sursuldwh zkhq wkhuh lv hlwkhu dq rswlpdo sdudphwhu ydoxh +iru srvlwlyh �n>o, ru
prvw qrq0rswlpdo ydoxh +iru qhjdwlyh �n>o,1 Wkh wrwdo �wqhvv lv wkh vxp ri wkh
whupv uh�hfwlqj wkh ydulrxv sk|vlfdo0fkhplfdo idfwruv/ dv In+Dl, @

S
o In>o+Dl,1

Iru wkh sk|vlfdo0fkhplfdo sdudphwhuv to+Dl, lq wkh deryh htxdwlrqv/ zh xvh
wkh irxu ruwkrjrqdo surshuw| lqglfhv ghyhorshg e| Vfkhudjd dqg frzrunhuv/
fruuhodwhg suhgrplqdqwo| zlwk doskd kholfdo dqg wxuq surshqvlw| +�2wxuq,/
exon0uhodwhg idfwruv +yroxph/ prohfxodu zhljkw/ hwf1,/ ehwd vkhhw surshqvlw|/
dqg k|gurskrelflw|14 Wkh �2wxuq lqgh{ lv qhjdwlyho| fruuhodwhg zlwk �0kholfdo
surshqvlw| dqg srvlwlyho| fruuhodwhg zlwk wxuq surshqvlw| 0 l1h1 dplqr dflgv
zlwk kljk �0kholfdo surshqvlwlhv whqg wrzdugv qhjdwlyh ydoxhv/ dqg dplqr dflgv
zlwk kljk wxuq surshqvlwlhv whqg wrzdugv srvlwlyh ydoxhv1 Wkh exon0uhodwhg dqg
�0vkhhw surshqvlw| lqglfhv duh srvlwlyho| fruuhodwhg zlwk wkhlu idfwruv/ vr odujh
uhvlgxhv vxfk dv Wus dqg kljk �0vkhhw surshqvlw| uhvlgxhv vxfk dv Ydo zloo kdyh
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odujh/ srvlwlyh ydoxhv lq wkhlu uhvshfwlyh lqglfhv1 Wkh k|gurskrelflw| lqgh{ lv
qhjdwlyho| fruuhodwhg zlwk k|gurskrelflw|/ phdqlqj k|gursklolf uhvlgxhv kdyh
kljk srvlwlyh ydoxhv lq wklv lqgh{1

Zh dvvxph wkdw wkh suredelolw| Sn+Dl, ri dq| jlyhq dplqr dflg Dl rffxu0
ulqj dw dq| orfdwlrq ghvfulehg e| d vlwh fodvv n lv jlyhq e| d Erow}pdqq uhodwlrq
Sn+Dl, @ hIn+Dl,@

�S
l3 h

In+Dl3,
�
zkhuh l3 lv dq lqgh{ ryhu doo dplqr dflgv1 Wklv

h{suhvvlrq fdq eh frqvlghuhg d gh�qlwlrq ri wkh �wqhvv In+Dl,1 Zh frqvlghu
wkh vxevwlwxwlrq udwh dv htxdo wr wkh surgxfw ri d vlwh0fodvv ghshqghqw dwwhpsw
udwh �n dqg d uhodwlyh suredelolw| ri �{dwlrq lq wkh srsxodwlrq ri wkh vshflhv1
Zh frqvlghu wkdw wkh uhodwlyh suredelolw| ri doo idyrudeoh vxevwlwxwlrqv duh frq0
vwdqw zkloh xqidyrudeoh vxevwlwxwlrqv wr ohvv0�w dplqr dflgv duh dffhswhg dw dq
h{srqhqwldoo|0ghfuhdvlqj ixqfwlrq ri wkh gl�huhqfh lq �wqhvv ydoxhv1 Wkh ydoxh
ri Pn

lm fruuhvsrqglqj wr d vxevwlwxwlrq iurp dplqr dflg Dl wr Dm lq d orfdwlrq
ghvfulehg e| vlwh fodvv Vn lv wkhq jlyhq e| Phwursrolv nlqhwlfv=

Pn
lm @

�
�n m In+Dm, A In+Dl,
�n h

+In+Dm,�In+Dl,, m In+Dm, � In+Dl,
+4,

Wkh Phwursrolv vfkhph lv wkh rqo| nlqhwlfv vfkhph hqvxulqj d Erow}pdqq glv0
wulexwlrq dqg ghwdlohg edodqfh dqg zkhuh d idyrudeoh vxevwlwxwlrq lv dozd|v
dffhswhg dw wkh pd{lpxp udwh1

Dv wkh sk|vlfdo0fkhplfdo sdudphwhuv ito+Dl,j iru doo ri wkh dplqr dflgv
duh �{hg/ wkh prgho lv frpsohwho| gh�qhg e| wkh d sulrul suredelolwlhv iS +n,j/
wkh �wqhvv sdudphwhuv i�n>oj dqg itrswn>o j/ dqg wkh pd{lpxp vxevwlwxwlrq udwhv
i�nj1 Wkh ydulrxv vxevwlwxwlrq pdwulfhv duh fdofxodwhg xvlqj htxdwlrq 4/ dqg
wkh hqwluh vhw ri sdudphwhuv rswlpl}hg dv ghvfulehg ehiruh1 9>49 Wkh orj0
olnholkrrg ri wkh gdwd jlyhq wkh prgho lv fdofxodwhg e| frqvlghulqj hdfk orfdwlrq
q lq d vhw ri doljqhg vhtxhqfhv vhsdudwho| dqg fdofxodwlqj S +iDqjmPn

l>m,> wkh
suredelolw| ri revhuylqj suhvhqw0gd| dplqr dflgv iDqj dw wkdw orfdwlrq lq wkh
ydulrxv surwhlq vhtxhqfhv/ jlyhq wkdw wklv orfdwlrq ehorqjv wr vlwh fodvv Vn1 Dv
zh gr qrw nqrz wkh lghqwlw| ri wkh vlwh fodvv vshfl�f iru hdfk orfdwlrq/ zh fdq
fdofxodwh S +iDqj,/ wkh ryhudoo suredelolw| ri wkh revhuyhg dplqr dflgv ehlqj
revhuyhg dw vlwh q/ e| pxowlso|lqj wkh frqglwlrqdo suredelolwlhv S +iDqjmPn

l>m,
e| wkh d sulrul suredelolw| S +n, dqg vxpplqj ryhu doo srvvleoh fodvvhv/ dv
S +iDqj, @

S
n S +iDqjmPn

l>m, S +n,1 Vxpplqj wkh orjdulwkp ri wklv suredelo0
lw| ryhu doo orfdwlrqv surylghv xv zlwk d phdvxuh ri wkh orj olnholkrrg iru wkh
gdwdedvh ri revhuyhg vhtxhqfhv jlyhq wkh prgho1 Wkh sdudphwhuv ri wkh prgho
zhuh wkhq rswlpl}hg iru wkh gdwdvhw xvlqj d vhtxhqwldo txdgudwlf surjudpplqj
dojrulwkp 54 iurp wkh QDJ vriwzduh sdfndjh +Qxphulfdo Dojrulwkpv Jurxs
Owg/ R{irug/ XN,1 Wkh delolw| ri d jlyhq prgho wr uhsuhvhqw wkh gdwd lv suh0
vhqwhg dv d T ydoxh/ gh�qhg e| T @ orj^S +Prgho,`� orj^S +Udqgrp,`/ zkhuh

Pacific Symposium on Biocomputing 6:191-202 (2001) 



orj^S +Prgho,` lv wkh orj ri wkh suredelolw| wkdw wkh jlyhq prgho zrxog surgxfh
wkh gdwd/ dqg orj^S +Udqgrp,` lv d frqvwdqw uhsuhvhqwlqj wkh suredelolw| wkdw
wkh gdwd zrxog uhvxow iurp sxuho| qhxwudo guliw zlwk qr vhohfwlyh suhvvxuh1

Uhvxowv

Rqh xvh ri rxu vlpsoh prghov lv wr ghwhuplqh zkdw dplqr dflg lqglfhv frq0
wulexwh wkh prvw wr wkh �wqhvv ixqfwlrqv1 Iru wklv sxusrvh/ d jhqhudo surwhlq
gdwd vhw zdv frqvwuxfwhg e| vhohfwlqj 75 surwhlqv ri ohqjwk juhdwhu wkdq ;3
uhvlgxhv iurp wkh olvw frqvwuxfwhg e| Krerkp dqg Vdqghu/55 doo zlwk 9 wr 44
krprorjv ri 63( ru juhdwhu vhtxhqfh lghqwlw| olvwhg lq wkh KVVS gdwdedvh156

Wkh dyhudjh qxpehu ri krprorjv iru hdfk surwhlq zdv 43181 D pxowlsoh doljq0
phqw dqg xqurrwhg sk|orjhqhwlf wuhh zdv fuhdwhg iru hdfk vhw xvlqj wkh surjudp
FoxvwdoY157 Wkh vhtxhqfh/ vwuxfwxuh/ dqg vxuidfh dffhvvlelolwlhv zhuh irxqg e|
xvh ri wkh GVVS surjudp rq wkh fruuhvsrqglqj SGE �ohv158>59 �0kholfhv zhuh
lqfoxghg zlwk �0kholfhv/ 6430kholfhv dqg ehqgv zhuh lqfoxghg zlwk wxuqv/ zkloh
�0eulgjhv zhuh lqfoxghg zlwk frlov1 Uhvlgxhv zhuh frqvlghuhg h{srvhg li juhdwhu
wkdq 4;( ri wkhlu vxuidfh duhd zdv h{srvhg wr vroyhqw1

Prghov zlwk wzr vlwh fodvvhv zhuh rswlpl}hg zkhuh In zdv d ixqfwlrq ri
doo irxu ri Vfkhudjd*v ruwkrjrqdo lqglfhv1 Wkhvh prghov xvhg txdgudwlf �wqhvv
ixqfwlrqv iru hdfk lqgh{ lq hdfk vlwh fodvv/ vhsdudwh �n ydoxhv iru hdfk vlwh fodvv/
dqg wzr S +n, ydoxhv/ rqh iru hdfk vlwh fodvv1 Dv wkh wzr S +n, ydoxhv pxvw vxp
wr rqh/ wkhuh zhuh d wrwdo ri qlqhwhhq dgmxvwdeoh sdudphwhuv1 Wklv surfhvv
zdv fduulhg rxw iru wkh wrwdo hqvhpeoh ri gdwd srlqwv/ dv zhoo dv lqghshqghqwo|
iru vxevhwv ri wkh gdwd edvhg rq vhfrqgdu| vwuxfwxuh dqg vroyhqw dffhvvlelo0
lw|1 Wkhvh prghov/ dowkrxjk wkh| kdyh 53 wlphv ihzhu sdudphwhuv wkdq rxu
vxevwlwxwlrq pdwulfhv/ vhhphg wr hqfrpsdvv prvw ri wkh ghwdlov fdswxuhg e|
rxu pdwulfhv/ dfklhylqj iurp 84 wr :7( ri wkh T ydoxh ri wkh pruh frpsohwh
vxevwlwxwlrq pdwul{ rswlpl}hg ryhu wkh vdph gdwd vhw1 Lq hdfk fdvh/ zh fdofx0
odwhg krz pxfk hdfk sk|vlfdo fkhplfdo sdudphwhu frqwulexwhg wr wkh yduldqfh
ri wkh �wqhvv ydoxhv ri wkh gl�huhqw dplqr dflgv iru hdfk ri wkh vlwh fodvvhv1
Wkh gdwd vhw zdv eurnhq lqwr �iwkv/ dqg sdudphwhuv rswlpl}hg vhsdudwho| iru
hdfk vxevhw> wkh ydoxhv/ uhsruwhg lq Wdeoh L/ uhsuhvhqw wkh phdq dv irxqg iurp
wkhvh 8 wuldov1

Iru h{srvhg uhvlgxhv/ k|gurskrelflw| vhhphg wr eh wkh prvw lpsruwdqw
frqvwudlqw1 Wkh prvw srsxodwhg vlwh fodvv iru h{srvhg uhvlgxhv kdg d odujh
iudfwlrq ri wkh wrwdo yduldqfh ghshqghqw rq suhvhuylqj k|gursklolflw|/ zlwk wkh
exon0uhodwhg lqgh{ d glvwdqw vhfrqg1 Dv zh kdyh vxjjhvwhg hduolhu/ wkh uhdvrq
iru wkh lpsruwdqfh ri frqvhuylqj k|gursklolflw| lq h{srvhg uhvlgxh srvlwlrqv lv
olnho| wkh uhyhuvh k|gurskrelf h�hfw/ wkdw lv/ wkh whqghqf| ri wkh surwhlq wr
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vlwh Shufhqwdjh ri yduldqfh dffrxqwhg e|

gdwd vhw fodvv ( rff �n �0khol{/wxuq exon0uhodwhg �0vkhhw k|gurskrelflw|

h{srvhg 4 98 513< 6 +..., 56 +�� �, 4 +��, :7 +...,
5 68 31<7 65 +�, 43 +., < +.., 7< +�� �,

exulhg 4 89 31;8 9 +..., :9 +��, 6 +..., 48 +...,
5 77 4194 4; +� � �, 47 +..., 65 +..., 68 +�� �,

h{srvhg 4 8< 51<< 316 +�� �, 9 +�� �, 5 +��, <5 +...,
�0khol{ 5 74 4138 7: +�� �, 7+�, < +..., 73 +.,

h{srvhg 4 86 5137 4 +�, 4: +�� �, 4 +��, ;5 +...,
�0vkhhw 5 7: 413< 48 +��, 59 +�, 55 +..., 69 +�,

h{srvhg 4 98 5185 8 +..., 86 +�� �, 9 +� ��, 69 +...,
wxuq 5 68 31;4 55 +., 5< +��, 6 +..., 79 +�,

h{srvhg 4 95 5153 < +..., 69 +�� �, 4 +� ��, 87 +...,
frlo 5 6; 3195 78 +.., 57 +�� �, 4 +., 5< +��,

exulhg 4 77 514; 55 +� � �, 318 +�, 83 +..., 5: +�� �,
�0khol{ 5 89 31;8 315 +�� �, :< +��, 3 +.., 53 +...,

exulhg 4 89 4135 : +�, :3 +�� �, ; +..., 48 +�,
�0vkhhw 5 77 41<7 < +��, 69 +., 45 +..., 76 +�� �,

exulhg 4 93 4137 8 +., 96 +��, < +., 56 +�,
wxuq 5 73 31:9 66 +., 4< +��, 5; +�, 53 +�,

exulhg 4 8; 4138 < +�, 85 +��, 44 +.., 5; +�,
frlo 5 75 31:9 7< +., 46 +�, 7 +�, 67 +��,

dyrlg vwdelol}lqj dowhuqdwlyh frqirupdwlrqv lq zklfk wkhvh uhvlgxhv duh exulhg18

Dowkrxjk k|gurskrelflw| zdv dovr dq lpsruwdqw idfwru iru wkh vhfrqg vlwh fodvv/
wkh suhihuhqfh zdv iru k|gurskrelf uhvlgxhv1 Lq dgglwlrq/ wklv k|gurskrelflw|
idfwru zdv vljql�fdqwo| prgl�hg e| dq doprvw htxdoo| vwurqj suhihuhqfh iru
uhvlgxhv zlwk kljk �0kholfdo surshqvlw| +wkh �2wxuq lqgh{ lv qhjdwlyho| fruuh0
odwhg zlwk �0kholfdo surshqvlw|,1

Wkh lpsruwdqfh ri k|gurskrelflw| gl�huhg iru gl�huhqw h{srvhg vhfrqgdu|
vwuxfwxuhv1 Lq wkh vlwh fodvv zkhuh k|gursklolf uhvlgxhv zhuh prvw vwurqjo|
suhihuuhg/ h{srvhg �0kholfhv vkrzhg wkh juhdwhvw ghshqghqfh rq k|gurskrelf0
lw|/ zlwk wkh lpsruwdqfh iru h{srvhg �0vkhhwv vrphzkdw orzhu/ dqg hyhq orzhu
lpsruwdqfh iru h{srvhg frlov dqg wxuqv1 Wklv pljkw uh�hfw wkh uhodwlyh lp0
sruwdqfh ri k|gurskrelflw| lq pdlqwdlqlqj wkhvh ydulrxv h{srvhg vhfrqgdu|
vwuxfwxuhv1 Wklv frqfoxvlrq djuhhv zlwk rxu suhylrxv frqfoxvlrqv dqg wkrvh
ri rwkhu jurxsv wkdw vhfrqgdu| vwuxfwxuh surshqvlw| dsshduv wr eh ri olwwoh
lpsruwdqfh frpsduhg wr sdwwhuqv ri k|gurskrelflw| lq pdlqwdlqlqj vwuxfwxuhv/
hvshfldoo| lq �0kholfhv1 8>5:>5; Lq doo fdvhv h{fhsw h{srvhg �0kholfhv/ rqh h{srvhg
vlwh fodvv vkrzhg d suhihuhqfh iru k|gurskrelf uhvlgxhv1 Iru h{srvhg �0kholfhv/
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wkh vhfrqg vlwh zlwk d zhdnhu ghshqghqfh rq k|gurskrelflw| vkrzhg d vwurqj
whqghqf| iru odujh �0khol{ surshqvlw| +fruuhvsrqglqj wr d qhjdwlyh ydoxh ri wkh
�2wxuq lqgh{,1 Lq jhqhudo/ h{srvhg orfdwlrqv vkrzhg dw prvw prghudwh frq0
fhuq iru �0vkhhw surshqvlw| frpsduhg wr wkhvh rwkhu idfwruv/ hyhq lq �0vkhhwv1
Frlov/ dqg wr d ohvvhu h{whqw wxuqv/ vkrzhg d surshqvlw| iru dplqr dflgv zlwk
d vwurqj wxuq surshqvlw|/ dqg d fruuhvsrqglqj whqghqf| wr dyrlg uhvlgxhv zlwk
�0kholfdo surshqvlw|/ lqglfdwlyh ri wkh qhhg iru wkh surwhlq wr lqwhuuxsw uhjxodu
vwuxfwxuhv1

Wkh vlwxdwlrq iru exulhg uhvlgxhv zdv vrphzkdw gl�huhqw/ zlwk k|gurskr0
elflw| frpshwlqj zlwk exon dqg �0vkhhw surshqvlw| iru lpsruwdqfh1 Wklv
ghprqvwudwhv wkh lpsruwdqfh ri sdfnlqj lqwhudfwlrqv lq wkh surwhlq lqwhulru/
dv zhoo dv wkh juhdwhu whqghqf| iru �0vkhhwv wr eh exulhg/ zkhuh wkhlu vwuxf0
wxuh fdqqrw eh frqvwudlqhg e| sdwwhuqv ri k|gurskrelflw|1 Vxusulvlqjo|/ exulhg
�0kholfhv h{klelwhg d vwurqj srvlwlyh ghshqghqfh rq �0vkhhw surshqvlw|1 Wklv
suhihuhqfh ri exulhg �0kholfhv iru uhvlgxhv zlwk kljk �0vkhhw surshqvlw| zrxog
phdq wkhvh wzr vwuxfwxuhv zrxog h{huw vlplodu vhohfwlyh suhvvxuhv rq wkhlu frq0
vwlwxhqw dplqr dflgv1 Wklv idfw frxog khos h{sodlq zk| vhfrqgdu| vwuxfwxuh
suhglfwlrq dojrulwkpv kdyh vxfk d gl�fxow wlph gl�huhqwldwlqj ehwzhhq exulhg
�0kholfhv dqg �0vkhhwv1

Lq rughu wr pruh frpsohwho| xqudyho wkh vlwh khwhurjhqhlw| iru k|gurskr0
elflw| dqg wkh exon0uhodwhg lqglfhv/ zh ixuwkhu lqyhvwljdwhg prghov zlwk 44
vlwh0fodvvhv/ hdfk zlwk d gl�huhqw �{hg rswlpdo sdudphwhu1 Hdfk vlwh0fodvv zdv
txdgudwlf lq wkh vdph vlqjoh sdudphwhu/ zlwk trswn ydoxhv vsdfhg dw uhjxodu lq0
whuydov dqg �{hg � ydoxhv1 � zdv frqvlghuhg d joredo sdudphwhu uhsuhvhqwlqj
wkh pd{lpxp vxevwlwxwlrq udwh iru doo vlwh fodvvhv1 Wkxv/ wkh rqo| yduldeohv lq
wklv prgho zhuh wkh vlqjoh dyhudjh � ydoxh dqg wkh vlwh fodvv suredelolwlhv S +n,1
Iljxuh 4 vkrzv wkhvh uhvxowv iru gl�huhqw vxuidfh dffhvvlelolw| dqg vhfrqgdu|
vwuxfwxuh fodvvhv1

D vpdoo iudfwlrq ri h{srvhg orfdwlrqv/ 4:(/ suhihuuhg k|gurskrelf uhvlgxhv1
+Wkh uhgxfhg iudfwlrq frpsduhg zlwk wkh srsxodwlrq ri h{srvhg orfdwlrqv lq
vlwh fodvv 5 iurp Wdeoh 4 lv olnho| gxh wr wkh lqfrusrudwlrq ri orfdwlrqv zlwk
vwurqj �0kholfdo surshqvlw| lqwr wklv odwwhu vlwh fodvv1, Lq frqwudvw/ exulhg
orfdwlrqv kdg d pxfk ohvv vwulqjhqw uhtxluhphqw/ dv vkrzq lq Iljxuh 4/ zkhuh
exulhg uhvlgxhv kdyh d vljql�fdqw srsxodwlrq suhihuulqj voljkwo| k|gursklolf
uhvlgxhv/ lqglfdwlyh ri wkh juhdwhu frpsoh{lw| ri vhohfwlyh frqvwudlqwv lq wkh
surwhlq lqwhulru1 Wklv khwhurjhqhlw| ri orfdwlrqv fdq h{sodlq zk| zh irxqg
k|gurskrelflw| pruh frqvhuyhg lq h{srvhg orfdwlrqv wkdq lq exulhg orfdwlrqv
lq hduolhu zrun18

Wkhuh zdv d jhqhudo whqghqf| djdlqvw exon| uhvlgxhv lq doo vhfrqgdu| vwuxf0
wxuhv dqg vxuidfh dffhvvlelolwlhv1 Rqh srvvleoh h{sodqdwlrq iru wklv uhvxow lv
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wkdw gxulqj iroglqj odujh vlgh fkdlqv h{shulhqfh d vwhhs orvv ri frqirupdwlrqdo
hqwurs|1 Odujh vlgh fkdlqv zlwk pruh frqirupdwlrqdo hqwurs| zrxog kdyh d
juhdwhu whqghqf| wr ghvwdelol}h wkh iroghg vwdwh1 Wkhuh lv juhdwhu yduldwlrq lq
wkh rswlpdo vl}h iru exulhg uhvlgxhv dv zrxog eh h{shfwhg jlyhq wkh khwhurjhqh0
lw| ri sdfnlqj lqwhudfwlrqv1 Lqwhuhvwlqjo|/ erwk exulhg �0kholfhv dqg �0vkhhwv
vkrz d elprgdo glvwulexwlrq zlwklq wkh qhjdwlyh udqjh ri wkh exon0uhodwhg lqgh{
+suhihuulqj vpdoohu uhvlgxhv,1 Wklv vxjjhvwv wkhvh exulhg vhfrqgdu| vwuxfwxuhv
kdyh dw ohdvw wzr glvwlqfw hqylurqphqwv suhihuulqj vpdoo uhvlgxhv 0 rqh zlwk
d suhihuhqfh iru yhu| vpdoo uhvlgxhv/ dqg dqrwkhu suhihuulqj rqo| prghudwho|
vpdoo uhvlgxhv1

Glvfxvvlrq

Rxu vwxg| ghprqvwudwhv wkdw wkh k|gurskrelflw| lqgh{ zdv wkh grplqdqw idf0
wru iru h{srvhg srvlwlrqv zkloh wkh exon0uhodwhg lqgh{ zdv grplqdqw iru exulhg
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uhvlgxhv1 Wklv revhuydwlrq khog ryhu doo vhfrqgdu| vwuxfwxuhv1 Wkh lpsruwdqfh
ri k|gurskrelflw| lq h{srvhg srvlwlrqv kdv qrw ehhq dv hpskdvl}hg dv kdv lwv
uroh lq wkh k|gurskrelf surwhlq fruh1 Wklv pd| eh dq lqglfdwlrq wkdw wkh uhyhuvh
k|gurskrelf h�hfw kdv pruh ri d nh| uroh wkdq suhylrxvo| wkrxjkw1 Dqrwkhu lq0
whuhvwlqj revhuydwlrq zdv wkh gl�hulqj lpsruwdqfh lq wkh k|gurskrelflw| lqgh{
ryhu h{srvhg vhfrqgdu| vwuxfwxuhv1 H{srvhg �0kholfhv vkrzhg wkh vwurqjhvw
frqwulexwlrq ri k|gurskrelflw|/ iroorzhg e| h{srvhg �0vkhhwv dqg �qdoo| e|
wxuqv dqg frlov1 Wklv gl�huhqfh pd| uh�hfw wkh lpsruwdqfh ri k|gurskrelflw|
lq pdlqwdlqlqj h{srvhg vhfrqgdu| vwuxfwxuhv1 Doprvw doo w|shv ri orfdwlrqv
vkrzhg khwhurjhqhlw| lq k|gurskrelflw|/ zlwk vrph h{srvhg orfdwlrqv suhihu0
ulqj k|gurskrelf uhvlgxhv/ hvshfldoo| lq �0vkhhwv/ dqg zlwk d odujh iudfwlrq ri
lqwhuqdo orfdwlrqv suhihuulqj k|gursklolf uhvlgxhv1

H{srvhg �0kholfhv vkrzhg d suhihuhqfh iru uhvlgxhv zlwk kljk �0kholfdo
surshqvlw|/ zkloh exulhg �0kholfhv kdg d suhihuhqfh iru uhvlgxhv zlwk kljk �0
vkhhw surshqvlw|/ vxjjhvwlqj wkh lpsruwdqfh ri frqvlghulqj wkh orfdwlrq ri wkh
surwhlq vxuidfh zkhq suhglfwlqj orfdo vwuxfwxuh1 Rxu uhvxowv dovr vkrzhg erwk
exulhg dqg h{srvhg orfdwlrqv whqg wr glvidyru odujh/ exon| uhvlgxhv/ frqvlvwhqw
zlwk wkh lghd wkdw exon| uhvlgxhv duh glvidyruhg gxh wr wkhlu odujh orvv lq vlgh0
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