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714 Lqwurgxfwlrq

�Zhqq hv dov qdfkjhzlhvhq ehwudfkwhw zhughq ndqq/ gd glh Xpnhkuxq0
jhq/ yrq ghqhq glh Uhgh jhzhvhq lvw/ zlunolfk yrq hlqhu Yhuçqghuxqj ghu
Phwdoorehu çfkh dekçqjhq/ vr p wh hv qxq yrq Zlfkwljnhlw vh|q/ glh
Ehvfkd�hqkhlw glhvhu Xpvwçqgh dxfk fkhplvfk qdfk}xzhlvhq1 Lfk jhvwhkh
dxiulfkwlj/ gd lfk i u glh Içooh/ zr hv jhudgh dp zlfkwljvwhq zçuh/ klhu0
ehu Dxivfkox }x hukdowhq/ nhlqhq Zhj gd}x zhl 1�

P1J1Wk1 Ihfkqhu/ Mdkuexfk ghu Fkhplh xqg Sk|vln/ 86LL +4;5;, 47:

Ryhu wkh odvw ihz ghfdghv/ lpsuhvvlyh whfkqrorjlfdo vwulghv iruzdug kdyh ehhq pdgh
lq rughu wr lqyhvwljdwh wkh uhdo vwdwh ri wkh hohfwurfkhplfdo lqwhuidfh gxulqj rvflood0
wru| surfhvvhv1 Dorqjvlgh zlwk dq lqfuhdvlqj qxpehu ri vrsklvwlfdwhg/ h{shulphqwdo
vwxglhv/ d jurzlqj qxpehu ri wkhruhwlfdo vshfxodwlrqv dv wr wkh ghwdlohg phfkdqlvwlf
ruljlq ri wkh rvfloodwru| lqvwdelolwlhv lq fhuwdlq v|vwhpv kdyh dovr ehhq sxw iruzdug1

Wkh �uvw revhuydwlrq ri whpsrudoo| shulrglf lqvwdelolwlhv gxulqj wkh hohfwurfdw0
do|wlf r{lgdwlrq ri iruplf dflg +ID,/ KFRRK/ gdwhv edfn doprvw vhyhqw| |hduv ^443/
444`1 Wklv hduo| zrun zdv shuiruphg rq hohfwurghv ri Uk / Sw dqg Sg xqghu jdoydqrv0
wdwlf frqwuro ^444/ 445/ 446/ 447/ 448/ 449/ 44:/ 44;/ 44</ 453`1 Lq wkh fdvh ri Sw/ irfxv
zdv �uvw sodfhg rq sro|fu|vwdoolqh vwxglhv ^454/ 455/ 456/ 457/ 458`1 Ilqdoo|/ dq lpsru0
wdqw vwhs wrzdugv dq xqghuvwdqglqj ri wkh uhohydqw fkhplfdo surfhvvhv zdv dfklhyhg
zkhq/ iurp wkh hduo| hljkwlhv rq/ vlqjoh fu|vwdov/ suhgrplqdqwo| Sw/ zhuh lqwurgxfhg
dv zrunlqj hohfwurghv ^459/ 45:/ 45;/ <3/ 45</ 463/ ;;/ 464/ 465/ 466/ 467/ 468`1 Vrsklv0
wlfdwhg h{shulphqwdo whfkqltxhv zhuh hpsor|hg wr lqyhvwljdwh wkh v|vwhp*v phfkdqlvp
vxfk dv LU vshfwurvfrs| ^469/ 53/ 46:/ 449`/ pdvv vshfwurvfrs| ^46;/ 46</ 473/ 474`/
HTPE +Hohfwurfkhplfdo txduw} plfuredodqfh, ^475` dv zhoo dv h{0vlwx phwkrgv xqghu
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Xowud0Kljk0Ydfxxp ^476/ 477`1 Wkhvh vwxglhv ri wkh sxuh iruplf dflg r{lgdwlrq v|vwhp
zhuh frpsohphqwhg e| wkh lqyhvwljdwlrq ri wkh h�hfw ri frdgvruehg phwdov vxfk dv El
^478/ 479`/ Ve ^47:`ru El dqg Dv ^47;/ 47<`1 Doo wkhvh h{shulphqwdo vwxglhv surylghg
d fohdu lghd dv wr zklfk fkhplfdo surfhvvhv dqg zklfk lqwhuphgldwhv duh lqyroyhg lq
wkh r{lgdwlrq surfhvv1 Lq sduwlfxodu/ wkh qdwxuh ri wkh srlvrqlqj lqwhuphgldwh zklfk
kdv orqj ehhq wkh vxemhfw ri krw frqwuryhuvdulhv ^46;/ 483/ 46:` frxog eh uhvroyhg1
Yleudwlrqdo gdwd ^484/ 449/ 46:` fohduo| lqglfdwhg wkdw olqhdu/ eulgjhg dqg wulirog FR
0 ghshqglqj rq wkh srwhqwldo dqg wkh fryhudjh0 lv wkh pdmru vxuidfh srlvrq zklfk lv
r{lgl}hg wr wkh �qdo surgxfw FR2 dw kljkhu srwhqwldov1

Wkhuh duh rqo| ihz vwxglhv ghdolqj zlwk rvfloodwlrqv ri wkh phdvxuhg fxuuhqw gxulqj
ID r{lgdwlrq rq orz0lqgh{ Sw vlqjoh fu|vwdov ^463/ ;;/ 464/ 465` xqghu srwhqwlrvwdwlf
frqwuro1 Wkhvh vwxglhv surylgh vlplodu sk|vlfrfkhplfdo lqwhusuhwdwlrqv ri wkh fxuuhqw
rvfloodwlrqv dvvxplqj iruplf dflg wr eh r{lgl}hg yld d gluhfw dqg dq lqgluhfw uhdfwlrq
sdwk +gxdo0sdwk phfkdqlvp ^455/ 485`,1 Wkh shulrglf dgvruswlrq dqg uhdfwlyh uhprydo
ri FR e| dgvruehg r{|jhq vshflhv +srvvleo| frpelqhg zlwk shulrglf fkdqjhv lq wkh
vxuidfh vwuxfwxuh ^464` ru wkh orfdo sK ^463/ ;;/ 465`, lv lghqwl�hg zlwk wkh h{shul0
phqwdo fxuuhqw rvfloodwlrqv1 Lq uhi1 ^464/ 465`/ wkh dxwkruv sursrvhg dq dxwrfdwdo|wlf
uhprydo ri FR lq rughu wr dffrxqw iru wkh revhuyhg lqvwdelolwlhv/ zkhuhdv uhi1 ^463/ ;;`
irxqg wkh ID r{lgdwlrq phfkdqlvp wr frqwdlq xqvwdeoh qhwzrun ihdwxuhv1 Wkxv/ doo
srwhqwlrvwdwlf ID vwxglhv hpskdvl}hg sxuho| fkhplfdo vrxufhv ri lqvwdelolw|/ zkhuhdv
wkh uroh ri wkh rkplf uhvlvwdqfh U zdv qrw h{solflwo| frqvlghuhg1

Wkh srwhqwlrvwdwlf vwxglhv duh lq djuhhphqw dv wr wkh vljql�fdqw gl�huhqfh ehwzhhq
wkh vlqjoh fu|vwdo sodqhv/ exw gl�hu frqvlghudeo| lq wkh uhvxowv frqfhuqlqj wkh uroh ri
pdvv wudqvsruw dqg wkh orfdo sK1 Sw+433, zdv irxqg wr uhsurgxfleo| vkrz fxuuhqw rv0
floodwlrqv/ zkhuhdv rq Sw+443, dqg Sw+444, rvfloodwru| ehkdylru zdv dovr uhsurgxfleoh
exw pruh vwurqjo| ghshqghqw rq suhwuhdwphqw1

Lq wklv fkdswhu/ d ghwdlohg h{shulphqwdo dqdo|vlv ri fxuuhqw rvfloodwlrqv gxulqj ID
r{lgdwlrq rffxulqj rq wkh wkuhh orz0lqgh{ Sw sodqhv zloo eh suhvhqwhg ^486`1 Wkh
vwxg| zloo eh suhfhhghg e| dq lqyhvwljdwlrq ri wkh fxuuhqw2srwhqwldo ehkdylru ri wkh
hohfwurfkhplfdo FR r{lgdwlrq +vhfwlrq 6, zklfk fdq eh frqvlghuhg dv d vxev|vwhp ri
wkh ID v|vwhp1 Vhfwlrq 7 �uvw frqvlghuv wkh fxuuhqw2srwhqwldo fkdudfwhulvwlfv gxulqj
iruplf dflg r{lgdwlrq rq Sw+433,/ Sw+443, dqg Sw+444, dw orz rkplf uhvlvwdqfh ehiruh
dgguhvvlqj wkh frpsoh{ rvfloodwru| lqvwdelolwlhv vhhq lq wkh f|foryrowdpprjudpv +FYv,
dw kljkhu rkplf uhvlvwdqfhv1 Ixuwkhupruh/ zh irfxv rq fxuuhqw rvfloodwlrqv dqg/ �qdoo|/
uhsruw wkh revhuyhg h�hfwv zkhq vwluulqj lv dssolhg1

715 H{shulphqwdo

Doo srwhqwldov jlyhq lq wklv fkdswhu uhihu wr wkh vwdqgdug fdorpho hohfwurgh +VFH,1 Lq
wkh pdlq frpsduwphqw orz0lqgh{ Sw vlqjoh fu|vwdov Sw+433,/ Sw+443, dqg Sw+444, + �
319 fp2 hdfk, zhuh xvhg dv zrunlqj hohfwurghv1 Lq rughu wr dyrlg fu|vwdo hgjh h�hfwv/
wkh zrunlqj hohfwurgh zdv �uvw glsshg lqwr wkh hohfwuro|wh dqg wkhq sxoohg rxw dv
idu dv srvvleoh vxfk wkdw wkh hohfwuro|wh zdv h{foxvlyho| lq frqwdfw zlwk wkh rulhqwhg
vxuidfh ^487`1

Wkh suhwuhdwphqw ri wkh vlqjoh fu|vwdov zdv dv iroorzv= Iluvw/ wkh| zhuh dqqhdohg
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dw 4833 N lq d Exqvhq  dph iru derxw 4 plq1 Wkh fu|vwdov zhuh wkhq frrohg lq dq
Q2 dwprvskhuh iru dw ohdvw 8 plq dqg udslgo| wudqvihuuhg lqwr wkh hohfwurfkhplfdo
fhoo ^488`1 Iodph dqqhdolqj ehfdph qhfhvvdu| zkhqhyhu wkh dssolhg vzhhs srwhqwldov
uhdfkhg ydoxhv zkhuh vxuidfh urxjkhqlqj vhwv lq1

Doo hohfwuro|wh vroxwlrqv +4 P Qd2VRe vdwxudwhg zlwk jdvhrxv FR iru wkh FR
r{lgdwlrq h{shulphqwv dqg 3138P KFRRK lq 433� PKFoRe dqg 4PKFRRQd lq 318
P K2VRe iru h{shulphqwv lqyroylqj iruplf dflg, zhuh suhsduhg zlwk wulghvwloohg zdwhu1
K2VRe dqg KFoRe +Phufn, zhuh sxufkdvhg dv vxsudsxuh fkhplfdov dqg zhuh xvhg
zlwkrxw ixuwkhu sxul�fdwlrq1 KFRRK/ KFRRQd/ Qd2VRe/QdFoRe dqg QdRK zhuh
hpsor|hg zlwk s1D1 sxulw|1 Ehiruh hdfk phdvxuhphqw ri vhfwlrq 6/ �uvw dq Q2 +8Q,
jdv vwuhdp zdv exeeohg wkurxjk wkh vroxwlrq lq rughu wr uhpryh glvvroyhg r{|jhq1
Wkhuhdiwhu/ FR +71: Q, jdv zdv h{whqvlyho| exeeohg wkurxjk wkh hohfwurfkhplfdo
fhoo wr dfklhyh vdwxudwlrq1 Wkh jdv vwuhdp zdv pdlqwdlqhg gxulqj FR r{lgdwlrq
h{shulphqwv hqvxulqj d FR dwprvskhuh1 Wkh ghjuhh ri vdwxudwlrq zdv prqlwruhg e|
phdqv ri wkh phdvxuhg fxuuhqw ghqvlwlhv1 Lq rughu wr pdwfk wkh sK frqglwlrqv ri
wkh iruplf dflg h{shulphqwv/ wkh FR vdwxudwhg vroxwlrq zdv vhw wr sK� 5=: xvlqj
vxoskxulf dflg1 Ehiruh dqg gxulqj wkh h{shulphqwv rq iruplf dflg/ d Q2 jdv vwuhdp
zdv exeeohg wkurxjk wkh fhoo hohfwuro|wh lq rughu wr nhhs wkh fhoo iuhh ri dlu1

Vwluulqj zdv dfklhyhg e| phdqv ri d pdjqhwlf vwluuhu vlwwlqj rq wkh erwwrp ri wkh
fhoo1 Wkh phdvxuhphqwv zhuh shuiruphg dw urrp whpshudwxuh wkurxjkrxw1

716 Hohfwurfkhplfdo FR0R{lgdwlrq

Wkhuh lv vljql�fdqw hylghqfh wkdw wkh hohfwurfkhplfdo iruplf dflg r{lgdwlrq sduwldoo|
surfhhgv yld d vxuidfh srlvrq zklfk lv r{lgl}hg e| r{|jhq0frqwdlqlqj vshflhv iruplqj
dw kljkhu grxeoh0od|hu srwhqwldov1 Wkh srlvrqrxv lqwhuphgldwh zdv uhfhqwo| lghqwl�hg
wr eh FR ^53/ 46:/ 449/ 484`1 Frqvhtxhqwo|/ wkh hohfwurfkhplfdo FR0r{lgdwlrq v|v0
whp fdq eh wkrxjkw ri dv d vlpsoh vxephfkdqlvp ri wkdw ri iruplf dflg r{lgdwlrq1
Lq wkh iroorzlqj zh uhsruw h{shulphqwv rq FR0R{lgdwlrq lq vroxwlrq ri kljk lrqlf
frqgxfwlylw| +4 P Qd2VRe, lq rughu wr dyrlg dq| hohfwurfkhplfdo lqvwdelolwlhv1

Ilj1 704 vkrzv wkh vfdqqhg L@X fxuyhv ri wkh wkuhh orz0lqgh{ Sw vlqjoh fu|vwdov
Sw+433,/ Sw+443, dqg Sw+444, iru wzr gl�huhqw xsshu olplw srwhqwldov1 Doo wkuhh vxu0
idfhv duh vhhq wr h{klelw wzr gl�huhqw vwdwhv iru vpdoo dqg kljk ydoxhv ri wkh rxwhu
srwhqwldo X / uhvshfwlyho|= Dw orz srwhqwldov ri X / wkh vxuidfh lv srlvrqhg e| FR
dqg wkh fxuuhqw ghqvlw| ydqlvkhv/ zkhuhdv dw kljkhu ydoxhv ri X r{|jhq0frqwdlqlqj
vshflhv ghdfwlydwh wkh vxuidfh1 Wkh eorfndjh ri wkh vxuidfh e| r{|jhq vshflhv/ krz0
hyhu/ lv qrw frpsohwh lq wkh srwhqwldo udqjh frqvlghuhg/ vlqfh d fxuuhqw lv revhuyhg
lq wkh kljk0srwhqwldo vwdwh vxjjhvwlqj dq rqjrlqj gl�xvlrq0olplwhg r{lgdwlrq ri FR
ghvslwh ri r{|jhq lqklelwlrq1 Ehwzhhq wkh wzr frqvwdqw fxuuhqw sodwhdxv d vkdus FR0
r{lgdwlrq shdn lv ylvleoh rq wkh dqrglf vfdq/ zkhuhdv d vprrwkhu wudqvlwlrq rffxuv
vzhhslqj fdwkrglfdoo| wrzdugv wkh FR fryhuhg vwdwh1 Rqh lpphgldwho| uhfrjql}hv
wkdw wkh srwhqwldo udqjh ryhu zklfk wkh FR srlvrqlqj rffxuv rq wkh fdwkrglf vfdq lv
vkliwhg wrzdugv vpdoohu ydoxhv ri X frpsduhg wr wkh srwhqwldo udqjh ri FR uhprydo
gxulqj wkh dqrglf vfdq1 Wklv h�hfw uhpdlqv hyhq iru wxuqlqj srwhqwldov uljkw sdvw wkh
FR0r{lgdwlrq shdn lqglfdwlqj wkdw lw lv qrw hqwluho| gxh wr luuhyhuvleoh r{lgh irupd0
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Iljxuh 704= H{shulphqwdo f|foryrowdpprjudpv +FYv, ri wkh FR r{lgdwlrq dw Sw+433,/
Sw+443, dqg Sw+444, vlqjoh fu|vwdo vxuidfhv1 Hohfwuro|wh= 4P Qd2VRe/ sK 51:/ vdwx0
udwhg zlwk FR1 vfdq udwh 43 pY2v/ pdjqhwlf vwluulqj1

wlrqv1 Dw �uvw vljkw/ wklv ehkdylru vxjjhvwv wkh frh{lvwhqfh ri wzr ydoxhv ri L iru rqh
jlyhq ydoxh ri X 1 Lq rughu wr grxeohfkhfn iru vxfk d frh{lvwhqfh/ wkh FR0r{lgdwlrq
v|vwhp zdv vxemhfw wr jdoydqrvwdwlf frqglwlrqv= Dv wkh fxuuhqw zdv lqfuhdvhg lq vpdoo
lqfuhphqwv iurp }hur xs wr wkh gl�xvlrq olplwlqj fxuuhqw ri Ilj1 704/ qr ydoxh ri L
frxog eh irxqg iru zklfk X ghfuhdvhg zlwk lqfuhdvlqj L +qhjdwlyh L@X fkdudfwhulvwlf,1
Vxfk d fkdudfwhulvwlf fruuhvsrqglqj wr wkh srwhqwlrvwdwlfdoo| xqdffhvvleoh/ xqvwdeoh
vwhdg|0vwdwh eudqfk lv h{shfwhg lq wkh suhvhqfh ri d wuxh srwhqwlrvwdwlf elvwdelolw|1
Lqvwhdg/ wkhuh zdv d lghqwlfdo/ uhyhuvleoh rqh0wr0rqh fruuhvsrqghqfh ehwzhhq fxuuhqw
ydoxhv L dqg wkh rxwhu srwhqwldov X rq erwk vfdq gluhfwlrqv1

Wkh vwdwlrqdu| phdvxuhphqwv uhyhdo wkdw wkh L@X ehkdylru ri FR uhprydo frlq0
flghv xqghu vfdqqhg dqg vwdwlrqdu| frqglwlrqv/ zkhuhdv wkh FR srlvrqlqj lv vkliwhg
wr kljkhu ydoxhv ri X lq wkh vwdwlrqdu| fdvh1

Ilj1 704 ixuwkhu uhyhdov wkdw wkh FR r{lgdwlrq shdn grhv qrw frlqflgh iru wkh wkuhh
vlqjoh fu|vwdov1 Lqvwhdg/ wkh fxuuhqw L ulvhv dw lqfuhdvlqjo| vpdoohu ydoxhv ri X rq wkh
dqrglf vzhhs jrlqj iurp Sw+433, wr Sw+443, dqg wr Sw+444,1

Iru wkh vdnh ri frpsdulvrq/ Ilj1 705 vkrzv d w|slfdo L@X ehkdylru ri wkh FR
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v|vwhp rq d urwdwlqj sro|fu|vwdoolqh Sw hohfwurgh1 Khuh/ wkh pdvv wudqvsruw lv pxfk
ehwwhu gh�qhg frpsduhg wr pdjqhwlf vwluulqj1 Wkh ydoxhv ri fxuuhqw ghqvlwlhv duh
kljkhu> krzhyhu/ wkh ryhudoo ehkdylru ri wkh hohfwurfkhplfdo v|vwhp lv vhhq wr eh
txdolwdwlyho| xqfkdqjhg1

Iljxuh 705= H{shulphqwdo FYv ri wkh FR r{lgdwlrq +d, dqg wkh RK dgvruswlrq dqg
ghvruswlrq +e, rq d urwdwlqj glvn hohfwurgh +Sw sro|, zlwk vwluulqj ri 6333 usp/ vfdq
udwh 53 pY2v1 Hohfwuro|wh= 4 P Qd2VRe/ sK 51:> vdwxudwhg zlwk FR +d,/ vdwxudwhg
zlwk Q2 +e,

717 Hohfwurfkhplfdo KFRRK R{lgdwlrq

Zh uhsruw f|foryrowdpphwulf phdvxuhphqwv rq Sw+433,/ Sw+443, dqg Sw+444,1 Wkh
f|foryrowdpprjudpv duh frpsohphqwhg e| phdvxuhphqwv ri wkh whpsrudo hyroxwlrq
ri wkh fxuuhqw L iru d frqvwdqw srwhqwldo X 1 H{fhsw iru wkh xsfrplqj vhfwlrq rq
vwluulqj h�hfwv/ doo FYv dqg fxuuhqw rvfloodwlrqv zhuh phdvxuhg zlwkrxw vwluulqj wkh
hohfwuro|wh1

71714 U*L fkdudfwhulvwlfv dw orz rkplf uhvlvwdqfhv

Ilj1 706 vkrzv wkh FYv ri wkh wkuhh vlqjoh fu|vwdo vxuidfhv dw d vfdq udwh ri 43 pY2v
lq d vroxwlrq ri kljk lrq frqgxfwlylw|/ l1h1 doprvw ydqlvklqj rkplf uhvlvwdqfh U1

Rqh uhfrjql}hv wkh w|slfdo fxuuhqw0srwhqwldo fkdudfwhulvwlfv ri vhoi0srlvrqlqj r{l0
gdwlrq uhdfwlrqv ri vpdoo rujdqlf frpsrxqgv ^;;/ 468/ 465/ 53`1 Vwduwlqj dw orz ydoxhv
ri wkh rxwhu srwhqwldo X / Sw+433, dqg Sw+443, vkrz d yhu| vlplodu ehkdylru= d kljk
ghjuhh ri srlvrqlqj ri wkh vxuidfh lq wkh srwhqwldo uhjlrq 3150318 Y uhvxowv lq d orz
fxuuhqw ghqvlw|1 Wkh vpdoo shdn revhuyhg lq wklv uhjlrq zloo eh uhihuuhg wr dv shdn L
^455/ 489`1 Dw kljkhu ydoxhv ri X +31880319 Y,/ dgvruswlrq zlwk r{|jhq vshflhv +RK,
vwduwv ohdglqj wr dq dfwlydwlrq ri wkh vxuidfh e| r{lgdwlrq ri wkh srlvrqlqj vshflhv1
Wkh fxuuhqw lqfuhdvhv frqvlghudeo|1 Lq wkh iroorzlqj/ wklv fxuuhqw shdn zloo eh uhihuuhg
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Iljxuh 706= L@X fkdudfwhulvwlfv iru wkh r{lgdwlrq ri iruplf dflg +ID, rq wkh wkuhh Sw
vlqjoh fu|vwdo vxuidfhv1 Hohfwuro|wh= 4P KFRRQd . 318P K2VRe/ sK 519 / zlwkrxw
vwluulqj1 Vrolg fxuyh= vfdqqhg zlwk 43 pY2v/ gdvkhg fxuyh= vwdwlrqdu| ehkdylru

wr dv shdn LL ^489`1 Ixuwkhu lqfuhdvh ri X xs wr 31;031< Y ohdgv edfn wr d ghdfwlydwhg
vxuidfh gxh wr wkh fryhudjh ri r{|jhq vshflhv1 Qrwh wkdw wkh fxuuhqw ghqvlw| grhv qrw
ghfuhdvh edfn wr wkh ydoxhv zkhuh lw vwduwhg zkhq wkh vxuidfh zdv srlvrqhg1 Lqvwhdg/
wkh fxuuhqw vwd|v dw durxqg 4 pD2fp2 lqglfdwlqj dq lqfrpsohwh lqklelwlrq ri iruplf
dflg r{lgdwlrq e| wkh RK fryhudjh1 Dw frqvlghudeo| kljkhu ydoxhv ri X / d wklug dqrglf
shdn +shdn LLL, rffxuv ^454/ 455` zklfk/ krzhyhu/ zloo qrw eh frqvlghuhg lq wklv vwxg|
vlqfh wkh srwhqwldo vzhhs zdv uhyhuvhg dv vrrq dv wkh vxuidfh kdg ehhq ghdfwlydwhg
sdvw shdn LL1

Rq wkh uhyhuvhg vfdq ri Sw+433, dqg Sw+443,/ wkh vxuidfh jhwv uhdfwlydwhg yhu|
udslgo| dv vrrq dv wkh RK vshflhv ghvrue +3190318 Y,1 Qrz/ wkh vxuidfh lv doprvw iuhh ri
srlvrqlqj vshflhv dqg wkh r{lgdwlrq ri iruplf dflg surfhhgv lq dq xqklqghuhg pdqqhu
zklfk ohdgv wr d odujh fxuuhqw shdn uhihuuhg wr dv shdn LY1 Vfdqqlqj wr pruh qhjdwlyh
srwhqwldo/ krzhyhu/ wkh FY uhyhdov dqrwkhu fxuuhqw shdn durxqg 3158 Y iru erwk
Sw+433, dqg Sw+443, +uhihuuhg wr dv shdn Y,1 Zkhuhdv rq Sw+433, shdn LY lv vpdoohu
wkdq shdn Y/ wkh uhyhuvh krogv iru Sw+443,/ zkhuh shdn Y dsshduv dv d vkrxoghu ri
shdn LY1

Lq frqwudvw wr Sw+433, dqg Sw+443,/ Sw+444, vkrzv d glvwlqfw shdn L dqg d vpdoo
vsolwwhg shdn LL1 Ixuwkhupruh/ rq wkh fdwkrglf vfdq wkhuh lv qr vhsdudwlrq ehwzhhq
shdn LY dqg Y1 Lqvwhdg/ erwk shdnv phujh lqwr rqh eurdg fxuuhqw shdn1

Ixuwkhu lqyhvwljdwlrq ri wkh fkdudfwhulvwlfv ri shdn LY dqg Y uhyhdohg d frpsoh{
ghshqghqfh ri erwk shdnv rq wkh vfdq udwh dqg wkh dqrglf olplw srwhqwldo= Ilj1 707d
dqg e vkrz wkh ghshqghqfh ri shdn LY dqg shdn Y rq wkh xsshu olplw srwhqldo1 Wkh
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qhjdwlyh sruwlrq ri wkh L@X fxuyh ri wkh sxuh hohfwuro|wh zlwkrxw iruplf dflg lv vkrzq
lq Ilj1 707f wr frpsduh wkh srwhqwldo uhjlrqv ri shdn LY dqg Y dqg wkh srwhqwldo
dw zklfk wkh ghsrvlwhg +lu,uhyhuvleoh vxuidfh r{lghv duh uhgxfhg1 Wkh h{shulphqwv
vxjjhvw d vwurqj lqfuhdvh ri shdn LY zlwk wkh xsshu wxuqlqj srwhqwldo +jrlqj iurp
grwwhg/ gdvkhg wr vrolg, rq erwk vxuidfhv +rq Sw+443, hyhq pruh gudvwlf wkdq rq
Sw+433,,1 Wkh h�hfw ri wkh wxuqlqj srwhqwldo rq shdn Y/ krzhyhu/ gl�huv vljql�fdqwo|
rq Sw+433, dqg Sw+443,= Zkhuhdv dq lqfuhdvh lq wxuqlqj srwhqwldo ohdgv wr d vpdoo
lqfuhdvh ri wkh vkrxoghu0olnh shdn Y rq Sw+443,/ lw uhvxowv lqwr d prghudwh ghfuhdvh
ri shdn Y rq Sw+433,1 Vxe�jxuh f djdlq frq�upv wkdw shdn LY rffxuv dw ydoxhv ri X
zkhuh wkh udwh ri ghvruswlrq2uhgxfwlrq ri RK uhdfkhv lwv pd{lpxp1

Rq Sw+433, dv zhoo dv rq Sw+443,/ shdn LY zdv irxqg wr lqfuhdvh dw kljkhu vzhhs
udwhv1 shdn Y/ krzhyhu/ uhpdlqhg xqfkdqjhg rq Sw+443,/ exw lqfuhdvhg rq Sw+433,1

Orrnlqj dw wkh FYv ri Ilj1 707 dqg 706 rqh pljkw eh whpswhg wr lqihu iurp
wkh gl�huhqw fxuuhqw ghqvlwlhv gxulqj wkh dqrglf dqg fdwkrglf vfdq wkh suhvhqfh ri
d elvwdelolw| vrphzkhuh lq wkh frqvlghuhg srwhqwldo lqwhuydo1 Wkh vwdwlrqdu| L@X0
fxuyhv/ krzhyhu/ +grwwhg olqh lq Ilj1 706, uhyhdov wkh nlqhwlf qdwxuh ri wkh gl�huhqfhv
lq fxuuhqw ghqvlwlhv1 Li rqh vwrsv wkh srwhqwldo vzhhs rq shdn LY/ iru lqvwdqfh/ wkh
fxuuhqw hyhqwxdoo| ghfuhdvhv grzq wr wkh grwwhg olqh1 Iru hdfk ydoxh ri X wkhuh h{lvwv
h{dfwo| rqh ydoxh ri L1 Wkxv/ lq djuhhphqw wr zkdw kdv ehhq srlqwhg rxw lq wkh
lqwurgxfwlrq wkhuh lv qr hohfwurfkhplfdo lqvwdelolw| suhvhqw lq wkh v|vwhp iru d vpdoo
ydoxh ri U1

71715 Lqvwdelolwlhv dw kljk ydoxhv ri -

Lq wkh lqwurgxfwlrq/ d jhqhudo dujxphqw kdv ehhq jlyhq lq rughu wr h{sodlq wkh lqvwd0
elolw| rffxuulqj dw vx!flhqwo| kljk ydoxhv ri U1 Ilj1 708 looxvwudwhv wklv lghd vfkhpdw0
lfdoo| iru wkh FY ri Sw+433, jlyhq lq Ilj1 706f dqg surylghv d txdolwdwlyh h{sodqdwlrq
ri wkh revhuyhg vkdshv ri wkh FY1 Lq Ilj1 708d/ wkh FY ri Sw+433, lv vkrzq zlwkrxw
dq dgglwlrqdo h{whuqdo vhulhv uhvlvwdqfh Ue%1 Lqfuhdvlqj Ue% dqg fruuhfwlqj wkh FY e|
wkh ydoxh ri wkh LU gurs uhvxowv lq wkh glvwruwlrq ri wkh ruljlqdo FY dv fdq eh vhhq
e| wkh grwwhg olqh lq Ilj1 708e dqg 708f1 Qrwh wkdw wkh grwwhg L � X fxuyh lv qrw
hqwluho| dffhvvleoh/ l1h1 grhv qrw fruuhvsrqg wr d uhdo FY1 Lqvwhdg/ wkh vrolg olqh lq
Ilj1 708e dqg 708f vfkhpdwlfdoo| vnhwfkhv rxw wkh FY wkdw rqh zrxog phdvxuh gxu0
lqj d fdwkrglf dqg dqrglf srwhqwldo vfdq li qr rvfloodwru| lqvwdelolwlhv zhuh suhvhqw1
Vfdqqlqj dqrglfdoo|/ rqh fdq vhh wkdw shdn LL ehfrphv vwurqjo| dv|pphwulf> dw wkh
wxuqlqj srlqw wkh fxuuhqw idoov r� deuxswo| wr orz ydoxhv1 Rq wkh uhyhuvhg vfdq lq
Ilj1 708f/ wkh fxuuhqw uhpdlqv orz hyhq eh|rqg wkh srwhqwldo dw zklfk wkh fxuuhqw ihoo
r� iurp shdn LL1 Dw hyhq orzhu srwhqwldo wkh fxuuhqw lqfuhdvhv djdlq deuxswo| dqg
iroorzv wkh grwwhg fxuyh grzq wr orz ydoxhv ri X 1 Wkxv/ elvwdelolw| lv jhqhudwhg zlwk
d vx!flhqwo| odujh h{whuqdo uhvlvwdqfh1

Ilj1 709 vkrzv wkh phdvxuhg L � X fxuyhv iru wkh wkuhh vlqjoh fu|vwdo vxuidfhv dw
d frqfhqwudwlrq ri 3138 P KFRRK lq 433� P KFoRe1 Lq dffrugdqfh wr wkh suhylrxv
sdudjudsk/ doo FYv duh glvwruwhg wrzdugv voljkwo| kljkhu ydoxhv ri X dv frpsduhg wr
wkh fxuyhv ri Ilj1 7061 Iru Sw+433, kljk fxuuhqw vslnhv rffxu rq wkh fdwkrglf vfdq/
zkhuhdv Sw+443, h{klelwv kljk iuhtxhqf| vslnhv rq shdn LL1 Sw+444,/ lq frqwudvw/ grhv
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Iljxuh 707= L@X fxuyhv ri wkh ID r{lgdwlrq +d, dqg +e,/ dqg RK ghvruswlrq +f, dw
Sw+443, dqg Sw+433,1 Hohfwuro|wh= 4P KFRRQd . 318 P K2VRe/ sK 519 +d, dqg +e,/
4P Qd2VRe/ sK 5191 Wkh vfdq +53 pY2v, zdv uhyhuvhg dw gl�huhqw dqrglf srwhqwldov
dv lqglfdwhg e| wkh duurzv1

qrw vkrz dq| vslnlqj1
Lq rughu wr ghwhuplqh zkhwkhu wkh rkplf uhvlvwdqfh ri wkh hohfwuro|wh lv fuxfldo

iru wkh revhuyhg lqvwdelolwlhv/ wkh L � X fkdudfwhulvwlfv ri Sw+433, +Ilj1 709f, zhuh
prqlwruhg iru ghfuhdvlqj ydoxhv riU1 Wkh ghfuhdvh ri U zdv dfklhyhg e| wkh vxffhvvlyh
dgglwlrq ri QdFoRe1 Lq Ilj1 70:d/ rqh fohduo| vhhv krz wkh fxuuhqw vslnhv glvdsshdu
dv wkh rkplf uhvlvwdqfh lv ghfuhdvhg1 Diwhu wkh dgglwlrq ri 4=9� 433� P QdFoRe wkh
FY ri Sw+433, htxdov wkh rqh vkrzq lq Ilj1 706f1 Frqyhuvho|/ lq Ilj1 70:e lw lv vkrzq
wkdw vwduwlqj zlwk d FY ri Sw+433, vlplodu wr wkdw jlyhq lq Ilj1 706f dqg lqfuhdvlqj
wkh rkplf uhvlvwdqfh U e| dgglqj dq h{whuqdo uhvlvwru Ue% rqh lqgxfhv wkh fxuuhqw
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Iljxuh 708= H�hfw ri dq lqfuhdvlqj h{whuqdo rkplf uhvlvwdqfh Ue% rq dq h{shulphqwdo
FY ri wkh ID r{lgdwlrq uhdfwlrq phdvxuhg lq vroxwlrq ri kljk lrqlf frqgxfwlylw| dqg
zlwk Ue% @ 3> X � !1 Vxe�jxuh +d, vkrzv wkh h{shulphqwdo FY rq Sw+433, lq 4 P
KFRRQd/ 318 P K2VRe/ vfdq udwh 43 pY2v +vhh Ilj1 6,1 Vxe�jxuh +e, dqg +f, glvsod|
wkh fdofxodwhg L@X fxuyhv dffruglqj wr X @ !. LU iru Ue% @ 433
 dqg Ue% @ 533
/
uhvshfwlyho| dv gdvkhg fxuyhv1 Wkh h{shulphqwdo FYv h{shfwhg lq wkh suhvhqfh ri dq
h{whuqdo rkplf uhvlvwdqfh +fdvhv +e, dqg +f,, duh vkrzq e| wkh vrolg fxuyhv1 Lw lv vhhq
wkdw vrph sduwv ri wkh gdvkhg fxuyh duh qrw dffhvvleoh h{shulphqwdoo|1 Ixuwkhupruh/
wkh jhqhudwlrq ri d k|vwhuhvlv +elvwdelolw|, lv revhuyhg lq wkh vrolg vfdqqhg fxuyhv dw
d vx!flhqwo| kljk ydoxh ri Ue%1

vslnhv zklfk lqglfdwh lqvwdelolw|1 Lw fdq eh frqfoxghg wkdw wkh revhuyhg lqvwdelolwlhv
uhtxluh d vx!flhqwo| odujh rkplf uhvlvwdqfh U1

71716 Fxuuhqw rvfloodwlrqv dw �{hg ydoxhv ri L

Orz KFRRK frqfhqwudwlrq

Xqohvv vwdwhg rwkhuzlvh/ wkh exon hohfwuro|wh xvhg lq wkh iroorzlqj frqwdlqhg 3138
P KFRRK dqg 433� P KFoRe1 Gxulqj prvw phdvxuhphqwv dq dgglwlrqdo h{whuqdo
uhvlvwru Ue% zdv xvhg lq vhulhv wr wkh hohfwurfkhplfdo fhoo1

Sw+433,1 Ilj1 70;d ghslfwv wkh phdvxuhg FY zlwk Ue% @ 933
1 Rq wkh fdwkrglf
vfdq wkhuh duh wkh fxuuhqw vslnhv dv lq Ilj1 709/ exw qrz wkhuh duh dovr fxuuhqw vslnhv
ylvleoh rq shdn LL lqglfdwlqj d uhjlph ri fxuuhqw rvfloodwlrqv1 D vpdoo uhjlrq ri elvwd0
elolw| lv glvfhuqleoh ehwzhhq wkh srwhqwldo ri uhdfwlydwlrq rq wkh fdwkrglf vfdq dqg
wkh srwhqwldo ri r{|jhq eorfnlqj sdvw shdn LL1 Wr fkhfn d srvvleoh fruuhvsrqghqfh ri
wkh rvfloodwru| srwhqwldo udqjh ri erwk vfdq gluhfwlrqv/ wkh dqrglf vfdq zdv vwrsshg
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Iljxuh 709= FYv ri ID r{lgdwlrq rq wkh wkuhh Sw vlqjoh fu|vwdo vxuidfhv dw orz frq0
fhqwudwlrqv ri ID dqg ri wkh exon hohfwuro|wh= 3138 P KFRRK/ 433� P KFoRe/ vfdq
udwh 43 pY2v1

dw gl�huhqw srwhqwldov rq wkh dvfhqglqj  dqn ri shdn LL1 Lq idfw/ vwdeoh uhod{dwlrqdo
fxuuhqw rvfloodwlrqv zhuh �qdoo| rewdlqhg zkhuh d vprrwk fxuyh kdv ehhq rewdlqhg
zkhq vfdqqlqj1 Ilj1 70;e gluhfwo| frqwudvwv wkh zdyhirupv ri wkh fxuuhqw rvfloodwlrqv
rewdlqhg zkhq kroglqj wkh srwhqwldo lq wkh dqrglf dqg wkh fdwkrglf vfdq1 Wkh txdo0
lwdwlyh djuhhphqw ri wkh rvfloodwru| zdyhirupv lv fohduo| vhhq1 Wkh rvfloodwlrqv duh
fkdudfwhul}hg e| d judgxdo lqfuhdvh ri wkh fxuuhqw ghqvlw| iroorzhg e| d yhu| udslg
ghfuhdvh gxh wr wkh srlvrqlqj uhdfwlrq1 Ixuwkhupruh/ wkh rvfloodwlrqv dw kljkhu ydoxhv
ri X duh pruh uhod{dwlrqdo dqg ri odujhu dpsolwxgh wkdq wkrvh dw orzhu ydoxhv ri X
lqglfdwlqj d Krsi elixufdwlrq dw orz ydoxhv ri X 1

Sw+443,1 Lq Ilj1 70<d d FY ri wkh +443, vxuidfh lv jlyhq zlwk Ue% @ ;3
1
Wkh dqrglf vfdq lv gudzq dv vrolg olqh/ zkhuhdv iru wkh vdnh ri fodulw| wkh uhyhuvhg
lv vkrzq dv gdvkhg olqh1 Vlplodu wr Ilj1 709e/ wkhuh lv d srwhqwldo uhjlrq rq shdn LL
zkhuh kljk0iuhtxhqf| fxuuhqw vslnhv rffxu1 Qr fxuuhqw vslnhv duh vhhq rq wkh fdwkrglf
vfdq1 Il{lqj wkh srwhqwldo lqvlgh wkh fxuuhqw vslnh uhjlrq/ ohdgv wr wudqvlhqw fxuuhqw
rvfloodwlrqv dv jlyhq lq Ilj1 <e iru X @ :37pY dqg X @ :58pY 1 Wkh olih wlph ri
wkh rvfloodwlrqv lv derxw rqh plqxwh1 Wkhuhdiwhu/ wkh fxuuhqw uhpdlqv orz gxh wr kljk
RK fryhudjh1 Orrnlqj dw wkh zdyhirup ri wkh rvfloodwlrqv/ rqh uhfrjql}hv d ghod|hg
fxuuhqw ghfuhdvh/ l1h1 d vorzhu srlvrqlqj surfhvv dv frpsduhg wr Sw+433,/ exw d yhu|
udslg lqfuhdvh lq fxuuhqw ghqvlw|1

Sw+444,1 Lq frqwudvw wr wkh FY jlyhq lq Ilj1 709d/ wkh FY vkrzq lq Ilj1 7043d
zdv uhfrughg zlwk Ue% @ 763
1 Vhyhudo eurdg fxuuhqw vslnhv fdq eh vhhq rq wkh
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Iljxuh 70:= d, FYv ri ID r{lgdwlrq rq Sw+433, iru lqfuhdvlqj lrqlf frqgxfwlylw| ri
wkh exon hohfwuro|wh lq wkh devhqfh ri dq| h{whuqdo uhvlvwdqfh1 Lqlwldo exon vroxwlrq=
3138 P KFRRK/ 433� P KFoRe1 Lqfuhdvh lq frqgxfwlylw| lv dfklhyhg e| dgglwlrq ri
gl�huhqw dprxqwv ri QdFoRe1 Vfdq udwh 43pY2v wkurxjkrxw1 e, FYv ri ID r{lgdwlrq
rq Sw+433, iru lqfuhdvlqj h{whuqdo rkplf uhvlvwdqfhv1 exon vroxwlrq= 4 P KFRRQd/
4 P KFRRK/ sK 6131 Vfdq udwh 43 pY2v wkurxjkrxw1

dvfhqglqj  dqn ri shdn LL1 Qr vslnhv frxog eh revhuyhg rq wkh fdwkrglf vfdq1 Khuh/
wkh k|vwhuhvlv ri wkh wudqvlwlrq ehwzhhq d suhgrplqdqwo| FR0fryhuhg vxuidfh dqg d
suhgrplqdqwo| r{|jhq fryhuhg vxuidfh lv yhu| surqrxqfhg1 Vwrsslqj wkh dqrglf vfdq
dw <98 pY/ wudqvlhqw fxuuhqw rvfloodwlrqv hyroyhg hyhqwxdoo| idoolqj r� shdn LL dv vkrzq
lq Ilj1 7043e1 Qrwh wkh h{wuhpho| orqj srlvrqlqj surfhvv ohdglqj wr d vorz ghfuhdvh
ri wkh fxuuhqw ghqvlw| iroorzhg e| wkh yhu| udslg lqfuhdvh lq wkh fxuuhqw gxh wr wkh
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Iljxuh 70;= d, FY ri ID r{lgdwlrq rq Sw+433, zlwk h{whuqdo uhvlvwdqfh Ue% @ 933

dw orz ID frqfhqwudwlrq1 Exon vroxwlrq= 3138 P KFRRK/ 433� P KFoRe1 Vfdq
udwh 8 pY2v1 Vkdus fxuuhqw vslnhv dsshdu rq erwk wkh dqrglf dqg wkh fdwkrglf vfdq
lqglfdwlqj rvfloodwru| ehkdylru ri wkh fxuuhqw1e, Fxuuhqw rvfloodwlrqv diwhu kroglqj wkh
vfdq dw gl�huhqw srwhqwldov X 1 Iurp ohiw wr uljkw/ wkh �uvw wkuhh wlphv vhulhv zhuh
rewdlqhg zkhq vwrsslqj rq wkh dqrglf vfdq/ wkh uhpdlqlqj wzr rqhv zkhq vwrsslqj
rq wkh fdwkrglf vfdq1

uhprydo ri wkh srlvrq1 Lq Ilj1 7043d/ qhdu wkh hgjh ri shdn LL/ zkhuh wkh L �X fxuyh
deuxswo| idoov r�/ vrph kljk0iuhtxhqf| vpdoo0dpsolwxgh vslnhv duh dovr glvfhuqleoh lq
wkh revhuyhg FY1 Vlplodu vslnlqj lv revhuyhg gxulqj wkh wlph vhulhv ri Ilj1 7043e1
Iru orqjhu revhuydwlrq wlphv/ krzhyhu/ wklv skhqrphqrq vhhpv wr glvdsshdu dv vhhq
iru wkh vhfrqg sruwlrq ri wkh wlph vhulhv lq Ilj1 7043e1 Lw vkrxog eh dgghg wkdw /
hvshfldoo| iru orz KFRRK frqfhqwudwlrqv/ rvfloodwlrqv rq Sw+444, duh frpsdudwlyho|
gl!fxow wr rewdlq dv kdv ehhq vwdwhg e| ydulrxv dxwkruv ^;;/ 464`1

Kljk KFRRK frqfhqwudwlrq

Lq dgglwlrq wr wkh fxuuhqw rvfloodwlrqv irxqg rq wkh orz0lqgh{ vlqjoh fu|vwdo vxuidfhv dw
orz frqfhqwudwlrq/ g|qdplfdo lqvwdelolwlhv zhuh dovr revhuyhg iru frqvlghudeo| kljkhu
exon frqfhqwudwlrq ri KFRRK1 Wkh iroorzlqj h{shulphqwv zhuh shuiruphg lq d vxs0
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Iljxuh 70<= d, FY ri ID r{lgdwlrq rq Sw+443, zlwk h{whuqdo uhvlvwdqfh Ue% @ ;3
 dw
orz ID frqfhqwudwlrq1 Exon vroxwlrq= 3138 P KFRRK/ 433� P KFoRe1 Vfdq udwh 8
pY2v1 Vkdus fxuuhqw vslnhv dsshdu rq wkh dqrglf vfdq rqo|1e, Fxuuhqw rvfloodwlrqv
zkhq wkh vfdq zdv vwrsshg dw :37 pY dqg :58 pY1

sruwlqj hohfwuro|wh frqwdlqlqj 4 P KFRRQd dqg 318 P K2VRe1
Sw+433,1 Iru Ue% @ 6<3
 wkh +433, vxuidfh h{klelwv d ulfk ydulhw| ri rvfloodwru|

vwdwhv1 Ilj1 7044 glvsod|v wkh phdvxuhg FY dw 8 pY2v1 Xqolnh wkh FY dw orz frq0
fhqwudwlrq/ wkhuh lv d eurdg srwhqwldo uhjlrq ri ylvleoh odujh0dpsolwxgh fxuuhqw vslnhv
rq wkh fdwkrglf  dqn ri shdn LL1 Orrnlqj dw wklv uhjlrq pruh forvho| ixuwkhu uhyhdov
wkdw vpdoo kljk0iuhtxhqf| vslnhv dsshdu ehwzhhq wkh odujh vslnhv zklfk vxjjhvwv wkh
suhvhqfh ri pl{hg0prgh rvfloodwlrqv1 Vwdwlrqdu| phdvxuhphqwv ri wkh fxuuhqw dw gli0
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Iljxuh 7043= d, FY ri ID r{lgdwlrq rq Sw+444, zlwk h{whuqdo uhvlvwdqfh Ue% @ 763

dw orz ID frqfhqwudwlrq1 Exon vroxwlrq= 3138 P KFRRK/ 433� P KFoRe1 Vfdq udwh
8 pY2v1 Eurdg fxuuhqw rvfloodwlrqv dsshdu rq wkh dqrglf vfdq rqo|1

ihuhqw �{hg srwhqwldov X frq�uphg wkh frqmhfwxuh= Ilj1 7045 hylghqfhv iru wkh �uvw
wlph srwhqwlrvwdwlf pl{hg0prgh rvfloodwlrqv +PPRv, gxulqj wkh r{lgdwlrq ri iruplf
dflg1

Iru X ehorz 4 Y/ wkh PPRv frqvlvw ri d odujh fxuuhqw vslnh iroorzhg e| d qxpehu
ri vpdoo0dpsolwxgh shdnv +wkhuh duh dw ohdvw 47 vpdoo shdnv dw X @ 3=<46Y ,1 Dv X lv
ixuwkhu lqfuhdvhg/ wkh qxpehu ri vpdoo vslnhv ghfuhdvhv xqwlo dw X @ 4=5Y wkh v|vwhp
h{klelwv shulrg04 rvfloodwlrqv1 Dw qr sdudphwhu ydoxh ri X wkh g|qdplfv uhvhpeohg
wkdw forvh wr d krprfolqlf ruelw1 Lq dgglwlrq/ qr txdvlshulrglf uhjlphv ehwzhhq wzr
pl{hg0prgh vwdwhv frxog eh lghqwl�hg1 Lqvwhdg/ dshulrglf pl{hg0prgh uhjlphv zhuh
irxqg wr h{lvw lq yhu| qduurz srwhqwldo uhjlrqv ehwzhhq wzr vxffhvvlyh pl{hg0prgh
vwdwhv1

Sw+443,1 Dw kljk frqfhqwudwlrq ri KFRRK/ erwk wkh L � X fkdudfwhuvwlfv dqg
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Iljxuh 7044= FY ri ID r{lgdwlrq rq Sw+433, zlwk h{whuqdo uhvlvwdqfh Ue% @ 6<3
 dw
kljk ID frqfhqwudwlrq1 Exon vroxwlrq= 4 P KFRRQd/ 318 P K2VRe1 Vfdq udwh 8
pY2v1 Vpdoo dqg odujh fxuuhqw vslnhv dsshdu rq wkh dqrglf vfdq rqo|1

Iljxuh 7045= Pl{hg0prgh rvfloodwlrqv dw gl�huhqw frqvwdqw srwhqwldov X 1
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wkh vkdsh ri wkh wudqvlhqw fxuuhqw rvfloodwlrqv rq wkh +443, vxuidfh zhuh irxqg wr eh
yhu| vlplodu wr zkdw lv vkrzq lq Ilj1 70<1 Wkhuhiruh/ wkhvh uhvxowv duh qrw uhsruwhg
lq ghwdlo1

Sw+444,1 Ilj1 7046d glvsod|v wkh kljk0frqfhqwudwlrq FY rewdlqhg zlwk 553 
 rq
wkh +444, vxuidfh1 Wkh dqrglf srwhqwldo vzhhs uhyhdov uhjxodu odujh0dpsolwxgh fxu0
uhqw vslnhv rq shdn LL1 Dv zlwk wkh orz KFRRK frqfhqwudwlrq/ qr fxuuhqw vslnhv
zhuh revhuyhg lq wkh uhyhuvhg srwhqwldo vfdq +h{fhsw iru yhu| vpdoo vfdq udwhv,1 Iru
X @ 3=;:3Y / uhjxodu fxuuhqw rvfloodwlrqv zhuh revhuyhg +Ilj1 7046e, zklfk frqvlg0
hudeo| ghfuhdvhg lq shulrg ohqjwk gxulqj wkh vwdwlrqdu| phdvxuhphqw1 Dv iru wkhlu
zdyhirup/ wkh rvfloodwlrqv duh uhod{dwlrq0w|sh rvfloodwlrqv> dv vhhq rq Sw+433,/ wklv
w|sh ri rvfloodwlrq lv fkdudfwhul}hg e| wkh suhvhqfh ri gl�huhqw wlph vfdohv rq zklfk
wkh xqghuo|lqj fkhplfdo surfhvvhv hyroyh1 Wkh h{wuhpho| udslg lqfuhdvh lq fxuuhqw
ghqvlw| lv iroorzhg e| dq lqlwldoo| vorz srlvrqlqj surfhvv zklfk jhwv frqvlghudeo|
dffhohudwhg iru ghfuhdvlqj fxuuhqw ghqvlwlhv1 Dv irxqg lq Ilj1 7043e/ wkh rvfloodwlrq
shulrg rq Sw+444, zdv irxqg wr eh pxfk odujhu wkdq iru wkh rwkhu wzr vxuidfhv1 Zkhq
wkh vfdq zdv vwrsshg lpphgldwho| sdvw wkh uhdfwlydwlrq ri wkh vxuidfh zkloh vfdqqlqj
fdwkrglfdoo|/ vwdeoh rvfloodwlrqv zhuh irxqg diwhu d frpsdudwlyho| orqj wudqvlhqw1 Wklv
vkrzv wkdw 0 vlplodu wr Sw+433, 0 rvfloodwru| ehkdylru lv suhvhqw rq erwk vfdqv/ exw lv
vxssuhvvhg gxh wr nlqhwlf uhdvrqv1

71717 Elixufdwlrq ehkdylru

Lq g|qdplfdo v|vwhpv wkhru|/ sdudphwhu uhjlrqv ri d glvwlqfw g|qdplfv duh frqyh0
qlhqwo| vkrzq lq elixufdwlrq gldjudpv1 Ydu|lqj d frqvwudlqw d elixufdwlrq lv vdlg wr
rffxu li wkh ehkdylru ri d g|qdplfdo v|vwhp fkdqjhv txdolwdwlyho|1 Ilj1 7047 vkrzv
vxfk dq h{shulphqwdo elixufdwlrq gldjudp ri wkh g|qdplfv ri wkh Sw+433, vxuidfh iru d
yhu| orz vfdq udwh ri wkh srwhqwldo +8pY2v,1 Lw vkrxog eh qrwhg wkdw gxh wr wkh �qlwh
srwhqwldo vzhhs udwh Ilj1 7047 grhv qrw frqvwlwxwh d vwdwlrqdu| elixufdwlrq gldjudp
dv xvxdoo| xvhg lq Qrqolqhdu G|qdplfv1 Rq wkh d{hv/ wkh wzr pdmru frqvwudlqwv/ wkh
qrupdol}hg h{whuqdo uhvlvwdqfh Ue% � D +mxvw ghqrwhg dv UD lq wkh �jxuh, dqg wkh
dssolhg rxwhu srwhqwldo X / duh sorwwhg1 Wkh qrupdol}hg uhvlvwdqfh UD zdv fkrvhq
wr eh lqghshqghqw ri lqglylgxdo hohfwurgh jhrphwulhv1 Lq Ilj1 7047/ iru d jlyhq ydoxh
ri UD/ wkh plqlpdo dqg pd{lpdo srwhqwldo X dw zklfk fxuuhqw vslnhv zhuh revhuyhg
lq wkh FY duh lqglfdwhg dv vrolg olqhv uhjdugohvv li revhuyhg gxulqj wkh dqrglf ru
fdwkrglf vfdq1 Wkxv/ iru �{hg sdudphwhu ydoxhv ri X dqg UD ehwzhhq wkh wzr vrolg
olqhv/ fxuuhqw rvfloodwlrqv fdq eh revhuyhg1 Wkh grwwhg olqh lqglfdwhv wkh udslg lq0
fuhdvh lq fxuuhqw lq wkh fdwkrglf vfdq/ fruuhvsrqglqj wr wkh uhjhqhudwlrq ri ydfdqw
vxuidfh vlwhv e| ghvruswlrq ri RK1 Vlqfh wkh elixufdwlrq gldjudp zdv uhfrughg dw orz
KFRRK frqfhqwudwlrqv/ hyhq zlwkrxw h{whuqdo uhvlvwdqfh fxuuhqw rvfloodwlrqv rffxu1

71718 Vwluulqj h�hfwv rq rvfloodwlrqv

Lq wkh iroorzlqj/ wkh lq xhqfh ri vwluulqj rq fxuuhqw rvfloodwlrqv lv wr eh lqyhvwljdwhg1
Ilj1 7048d glvsod|v wkh revhuyhg h�hfw ri vwluulqj rq shulrg 4 rvfloodwlrq rq wkh +433,
vxuidfh dw orz KFRRK frqfhqwudwlrq1 Zkhq vwluulqj lv wxuqhg rq/ wkh fxuuhqw rvflo0
odwlrqv uhpdlq vwdeoh/ exw fkdqjh wkhlu vkdsh1 Zkhq vwluulqj lv vwrsshg djdlq/ wkh



Wkh iruplf dflg r{lgdwlrq 0 H{shulphqwv 9:

Iljxuh 7046= d, FY ri ID r{lgdwlrq rq Sw+444, zlwk h{whuqdo uhvlvwdqfh Ue% @ 553

dw kljk ID frqfhqwudwlrq1 Exon vroxwlrq= 4 P KFRRQd/ 318 P K2VRe 1 Vfdq udwh 8
pY2v1 Eurdg fxuuhqw rvfloodwlrqv dsshdu rq wkh dqrglf vfdq rqo|1

fxuuhqw rvfloodwlrqv uhod{ edfn wr d vkdsh vlplodu wr wkh lqlwldo rqh1 Lq Ilj1 7048e/
fxuuhqw rvfloodwlrqv rq wkh +444, vxuidfh zhuh vxemhfwhg wr vwluulqj1 Dv fdq eh vhhq/
vwluulqj uhvxowv lq dq lqlwldo skdvh ghod| ri wkh rvfloodwlrq shulrg1 Vlplodu wr Sw+433,/
wkh rvfloodwlrqv uhpdlq vwdeoh zlwkrxw frqvlghudeoh fkdqjh ri wkhlu zdyhirup1

Lq Ilj1 7049 wkh h�hfw ri vwluulqj rq vwdeoh pl{hg0prgh rvfloodwlrqv zdv lqyhvwl0
jdwhg rq wkh Sw+433, vxuidfh1 Pl{hg0prgh rvfloodwlrqv +vhh Ilj1 44e, duh vxemhfwhg
wr vwluulqj diwhu 75 vhf +yhuwlfdo olqh lq Ilj1 7049,1 Iluvw/ wkh pl{hg0prgh fkdudfwhu ri
wkh fxuuhqw rvfloodwlrqv ydqlvkhv e| wkh glvdsshdudqfh ri wkh vpdoo0dpsolwxgh shdnv1
Wkhuhdiwhu/ wkh shulrg 4 rvfloodwlrqv fkdqjh wkhlu vkdsh> wkh srlvrqlqj surfhvv eh0
frphv frqvlghudeo| ghod|hg1 Derxw ;3 vhf diwhu vwduwlqj wkh vwluulqj/ wkh glvwruwhg
shulrg 4 rvfloodwlrqv duh vxssuhvvhg frpsohwho| iru derxw 733 vhf1 Ilqdoo|/ shulrg
4 rvfloodwlrqv uhwxuq zklfk uhvhpeoh wkrvh revhuyhg dw orz KFRRK frqfhqwudwlrq
xqghu vwluulqj1 Wkh �qdo shulrg 4 rvfloodwlrqv duh ri odujhu shulrg frpsduhg wr wkh
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Iljxuh 7047= H{shulphqwdoo| phdvxuhg elixufdwlrq gldjudp iru Sw+433, lq 3138 P
KFRRK/ 433� P KFoRe1 Wkh orzhu dqg xsshu vrolg olqh ghqrwh wkh orz0srwhqwldo
dqg kljk0srwhqwldo wudqvlwlrq srlqwv ehwzhhq vwdeoh fxuuhqw ehkdylru dqg vxvwdlqhg
fxuuhqw rvfloodwlrqv/ uhvshfwlyho|/ dv irxqg zkhq vfdqqlqj zlwk 8 pY2v1 Wkh gdvkhg
olqh glvsod|hv wkh orfdwlrqv zkhuh wkh deuxsw wudqvlwlrq iurp orz wr kljk ydoxhv ri wkh
fxuuhqw rffxuv zkhq vfdqqlqj fdwkrglfdoo|1

lqlwdo pl{hg0prgh rvfloodwlrqv1 Lq rughu wr uxoh rxw d vlpsoh sdudphwhu vkliw ri wkh
uhjlrq ri pl{hg0prgh rvfloodwlrqv zh lqyhvwljdwhg wkh v|vwhp g|qdplfv xqghu vwluuhg
frqglwlrqv iru d ydulhw| ri srwhqwldov X dqg ri KFRRK frqfhqwudwlrqv1 Pl{hg0prgh
rvfloodwlrqv/ krzhyhu/ zhuh qhyhu irxqg zlwk vwluuhg hohfwuro|wh1

718 Glvfxvvlrq dqg phfkdqlvwlf frqvlghudwlrqv

71814 Uroh ri wkh rkplf uhvlvwdqfh -

Lq wkh suhylrxv vhfwlrq/ d v|vwhpdwlf lqyhvwljdwlrq ri g|qdplfdo lqvwdelolwlhv rffxulqj
gxulqj iruplf dflg r{lgdwlrq rq wkh wkuhh vlqjoh fu|vwdo vxuidfhv Sw+433,/ Sw+443, dqg
Sw+444, zdv uhsruwhg1 Iluvw wkh vwurqj uhodwlrq ehwzhhq hohfwurfkhplfdo lqvwdelolwlhv
dqg wkh ryhudoo rkplf uhvlvwdqfh U zdv hpskdvl}hg zkhuh wkh odwwhu zdv jlyhq e| wkh
vxp ri wkh rkplf uhvlvwdqfh ri wkh exon vroxwlrq dqg dq h{whuqdoo| dssolhg uhvlvwdqfh
Ue%1 Xqiruwxqdwho|/ wkh lpsruwdqw uroh ri wkh rkplf uhvlvwdqfh U dqg/ dffruglqjo|/
wkh uroh ri wkh lrqlf frqfhqwudwlrq ri wkh exon vroxwlrq zhuh vrphwlphv qhjohfwhg lq
suhylrxv srwhqwlrvwdwlf vwxglhv ^445/ 463/ 464/ ;;/ 447`1 Ilj1 70:d dqg 70:e fohduo|
vkrz wkdw lw lv wkh rkplf uhvlvwdqfh U zklfk dffrxqwv iru wkh rffxuuhqfh ri hohfwur0
fkhplfdo lqvwdelolwlhv pdqlihvwlqj wkhpvhoyhv lq wkh fdvh ri iruplf dflg qrw rqo| e|
elvwdelolw|/ exw gxh wr dssursuldwh vorz fkhplfdo surfhvvhv dv vkdus shulrglf fxuuhqw
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Iljxuh 7048= Vwluulqj h�hfwv rq vxvwdlqhg shulrg04 rvfloodwlrqv d, rq Sw+433, lq 3138
P KFRRK/ 433� P KFoRe/ zlwk Ue% @ 933
 dw X @ ;4:pY / e, rq Sw+444, lq
3138 P KFRRK/ 433� P KFoRe/ zlwk Ue% @ :33
 dw X @ 43:3pY 1 Wkh shulrg04
rvfloodwlrqv vxuylyh zkhq wkh vwluulqj lv vzlwfkhg rq1

vslnhv +Ilj1 709/70:d dqg 70:e,1 Wkh vwxg| ixuwkhu uhyhdohg wkdw e| dssolfdwlrq ri
dq h{whuqdo rkplf uhvlvwdqfh qhz/ dgglwlrqdo g|qdplf uhjlphv duh revhuydeoh lq wkh
v|vwhp1 Pruhryhu/ zh irxqg wkdw dq h{whuqdo vhulhv uhvlvwru frqwulexwhg frqvlghudeo|
wr wkh vwdelolw| dqg uhsurgxfdelolw| ri wkh revhuyhg g|qdplfv1 Wklv lv vhhq e| wkh zhoo
uhsurgxfleoh fxuuhqw rvfloodwlrqv rq Sw+443, dqg Sw+444, dv zhoo dv wkh srwhqwlrvwdwlf
pl{hg0prgh uhjlphv rq Sw+433,1

71815 Wkh FR0r{lgdwlrq v|vwhp

Wkh hohfwurfkhplfdo r{lgdwlrq ri FR fdq eh frqvlghuhg dv d vlpsol�hg vxev|vwhp ri
wkh iruplf dflg r{lgdwlrq v|vwhp lqyroylqj vlplodu vxuidfh r{lgdwlrq uhdfwlrqv ri wkh
vxuidfh srlvrq/ exw gl�hulqj lq wkh vrxufh ri wkh srlvrq1 Wkhuhiruh/ wkh lqyhvwljdwlrq
ri wkh FR r{lgdwlrq fdq surylgh ydoxdeoh lqirupdwlrq rq wkh uhdfwlylw| ri FR zlwk
r{|jhq frqwdlqlqj vshflhv rq wkh wkuhh Sw0vlqjoh fu|vwdov1

Dowkrxjk wkh vfdqqhg FYv +Ilj1 704, vxjjhvw wkh suhvhqfh ri d elvwdelolw| lq wkh
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Iljxuh 7049= Vwluulqj h�hfw rq pl{hg0prgh rvfloodwlrqv rq Sw+433, lq 4 P KFRRQd/
318 P K2VRe zlwk Ue% @ 5;3
 dw X @ <;7pY 1 Wkh pl{hg0prgh rvfloodwlrqv duh
vhhq wr eh �uvw txhqfkhg e| vwluulqj> diwhu d wudqvlhqw/ shulrg04 rvfloodwlrqv hyroyh1

v|vwhp/ wkh txdvlvwdwlrqdu| +Ilj1 704, dqg jdoydqrvwdwlf phdvxuhphqwv lqglfdwh wkdw
wkh k|vwhuhvlv lv phuho| gxh wr d vorz FR dgvruswlrq surfhvv1 Li dw doo/ wuxh elvwdelolw|
rqo| rffxuv lq wkh devhqfh ri vwluulqj1

Dq lpsruwdqw frqfoxvlrq iurp wkh iruhjrlqj glvfxvvlrq lv wkdw wkh FR r{lgdwlrq
v|vwhp dsshduv wr eh prqrvwdeoh iru hdfk vlqjoh fu|vwdo1 Frqvhtxhqwo|/ d wuxo| srwhq0
wlrvwdwlf/ l1h1 sxuho| fkhplfdo/ lqvwdelolw| 0 dowkrxjk ihdvleoh 0 vhhpv qrw wr eh suhvhqw1
Wklv uhvxow uxohv rxw fhuwdlq vxjjhvwlrqv dv wr wkh vrxufh ri wkh lqvwdelolw| ri wkh iruplf
dflg v|vwhp zklfk kdyh ehhq sxw iruzdug e| gl�huhqw dxwkruv ^445/ 48:/ 48;/ 48</ 493`1

Iurp wkh uhodwlyh srvlwlrq ri wkh FR uhprydo shdnv ri wkh wkuhh vxuidfhv/ zh
ixuwkhu frqfoxgh wkdw wkh FR srlvrqlqj ri wkh vxuidfh ehfrphv ohvv surqrxqfhg lq
wkh rughu Sw+433,/ Sw+443, wr Sw+444,1 D yhu| ghqvh prqrod|hu ri FR rq Sw+433,
reylrxvo| r�huv ihz eduh vlwhv iru r{|jhq vshflhv wr dgvrue lq frqwudvw wr Sw+444,
zkhuh r{lgdwlrq vwduwv dw vpdoohu X 1

Wkh �qlwh r{lgdwlrq fxuuhqw dw kljk ydoxhv ri X lqglfdwhv wkdw wkh vxuidfh suh0
grplqdqwo| fryhuhg zlwk RK doorzv iru FR wr eh dgvruehg dqg r{lgl}hg +dv|pphwulf
lqklelwlrq ^494`,1

71816 D vlpsoh phfkdqlvp iru wkh iruplf dflg v|vwhp

Prvw vwxglhv djuhh rq wkh idfw wkdw iruplf dflg r{lgdwlrq surfhhgv yld d gxdo sdwk
phfkdqlvp �uvw sursrvhg e| Fdsrq dqg Sduvrqv ^455/ 485`1 Dffruglqj wr wkhvh
dxwkruv/ wkh lqlwldo dgvruswlrq ri iruplf dflg lv iroorzhg e| wkh irupdwlrq ri d uhdfwlyh
lqwhuphgldwh +suhvxpdeo| �FRRK, zklfk lv lpphgldwho| r{lgl}hg ixuwkhu wr FR2/ wkh
�qdo surgxfw1 Wkh uhdfwlrq vwhsv fdq eh irupxodwhg dv
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KFRRKE@^� 
 KFRRK
@_

+714,

KFRRK
@_
�$ FRRK

@_
.Kn . h3 +715,

FRRK
@_
�$ FR2 .Kn . h3 +716,

wkhuhe| dvvxplqj wkh r{lgdwlrq ri k|gurjhq udglfdov wr eh yhu| idvw1 Wkh udwh
ri uhdfwlrq 715 lv fhuwdlqo| orzhu wkdq wkdw ri uhdfwlrq 716 vlqfh udglfdo vshflhv duh
lqyroyhg/ exw pd| eh ri frpsdudeoh vl}h wr wkh dgvruswlrq uhdfwlrq 714 ghshqglqj
rq wkh gl�xvlrq wklfnqhvv/ wkh frqfhqwudwlrq ri KFRRK dqg wkh qxpehu ri dydlodeoh
iuhh vxuidfh vlwhv1 Wkh uhdfwlrq sdwk jlyhq e| uhdfwlrqv 715 dqg 716 lv xvxdoo| uhihuuhg
wr dv wkh gluhfw sdwk ri iruplf dflg r{lgdwlrq1 Lw lv lpsruwdqw wr qrwh wkdw lw lv
wklv uhdfwlrq sdwk zklfk surylghv wkh qhfhvvdu| fxuuhqw ghqvlw| wr dffrxqw iru wkh
phdvxuhg fxuuhqw shdnv1

Wkh gxdo sdwk phfkdqlvp ^455/ 485` ixuwkhupruh srvwxodwhv d sdudooho uhdfwlrq
sdwk wr FR2 yld dq lqwhuphgldwh zklfk eorfnv wkh vxuidfh dqg lpshghv ixuwkhu dg0
vruswlrq ri KFRRK1 Wkh qdwxuh ri wklv srlvrqlqj vshflhv kdv orqj ehhq wkh vxemhfw ri
lqwhqvlyh vshfxodwlrqv ^46:/ 495/ 46;/ 496/ 497`1 Uhfhqw lq0vlwx LU vshfwurphwu|/ krz0
hyhu/ jdyh ulvh wr eholhyh wkdw wkh grplqdwlqj srlvrqlqj vshflhv lv FR ^53/ 46:/ 449`1
Lq wkh suhvhqw vwxg|/ zh iroorz wkh prvw uhfhqw uhvxowv dqg dvvxph FR@_ wr eh wkh
rqo| srlvrq lqyroyhg ^464`1 Wkh srlvrqlqj uhdfwlrq lv dvvxphg wr iroorz wkh vlpsoh
vfkhph

KFRRK
@_
�$ FR

@_
.K2R= +717,

Dw kljkhu srwhqwldo/ FR@_ lv dvvxphg wr eh uhpryhg wkurxjk d vxuidfh uhdfwlrq
zlwk dgvruehg RK vwhpplqj iurp wkh r{lgdwlrq ri zdwhu prohfxohv=

K2R
 RK@_ .Kn . h3 +718,

RK
@_
.FR

@_
�$ FR2 .Kn . h3 +719,

Uhdfwlrqv 717/ 718 dqg 719 duh xvxdoo| uhihuuhg wr dv wkh lqgluhfw sdwk ri iruplf dflg
r{lgdwlrq1 Vhyhudo dxwkruv ^445/ 48:/ 48;/ 48</ 493` dvvxphg wkh nlqhwlfv ri uhdfwlrq
719 wr lqyroyh dq dgglwlrqdo iuhh vxuidfh vlwh lq rughu wr dffrxqw iru dq dxwrfdwdo|wlf
ihhgedfn zklfk lq wxuq pd| fdxvh d nlqhwlf lqvwdelolw|1 Lq ylhz ri rxu uhvxowv ri wkh
suhylrxv sdudjudsk/ krzhyhu/ zh frqvlghu dq| dgglwlrqdo nlqhwlf dvvxpswlrq dv luuho0
hydqw wr wkh ruljlq ri rvfloodwru| lqvwdelolwlhv lq wkh iruplf dflg v|vwhp1 Djdlq/ zh
iroorz d vlpsoh phfkdqlvp dqg dw wklv srlqw qhjohfw dq| ixuwkhu r{|jhq vshflhv vxfk
dv SwR>SwR2 ru SwR+R, ^455/ 498/ 499` dqg vxevxuidfh k|gur{lgh dqg r{|jhq ^49:`
zklfk zhuh srvwxodwhg wr rffxu dw grxeoh od|hu srwhqwldov !

_,
A 4=3Y 1 Wklv vlpsol0

�fdwlrq iru wkh lqwhusuhwdwlrq ri rvfloodwlrqv fdq eh mxvwl�hg dv iroorzv= Fruuhfwlqj
wkh revhuyhg fxuuhqw rvfloodwlrqv e| wkh LU gurs dv jlyhq lq vhfwlrq 6 rqh rewdlqv
wkh *uhdo* srwhqwldo rvfloodwlrqv dfurvv wkh grxeoh od|hu !

_,
1 Rqh �qgv wkdw doo fxuuhqw

rvfloodwlrqv dw �{hg X revhuyhg lq wklv vwxg| fruuhvsrqg wr rvfloodwlrqv ri !
_,
lq wkh



:5 Wkh iruplf dflg r{lgdwlrq 0 H{shulphqwv

udqjh ri 314031: Y1
Wkh �qglqjv lq wkh suhfhglqj vhfwlrqv lqglfdwhv wkdw d uhjlrq ri QGU lv uhtxluhg

iru lqvwdelolw| lq wkh ID v|vwhp1 Xvlqj wkh fkhplfdo uhdfwlrqv jlyhq deryh wkh rf0
fxuuhqfh ri wkh QGU fdq qrz eh pdgh sodxvleoh1 Zkhuhdv wkh gluhfw r{lgdwlrq sdwk
+uhdfwlrqv 714/715/716, vkrzv d joredo srvlwlyh srwhqwldo fkdudfwhulvwlf/ l1h1 dq lqfuhdv0
lqj uhdfwlrq udwh dv wkh dssolhg srwhqwldo lv lqfuhdvhg +srvlwlyh vorsh ri wkh L@X fxuyh,/
wkh frpelqdwlrq ri wkh gluhfw sdwk dqg uhdfwlrq 718 ohdgv wr dq Q0vkdshg L�X fxuyh
vkrzlqj d uhjlrq ri QGU +qhjdwlyh vorsh,1 Wklv lv gxh wr wkh RK srlvrqlqj ri wkh
vxuidfh zklfk ghfuhdvhv wkh qxpehu ri iuhh vlwhv dydlodeoh iru wkh gluhfw r{lgdwlrq
sdwk1

Zlwk wkh fkhplfdo +svhxgr,uhdfwlrqv jlyhq deryh d sodxvleoh vlpsoh prgho lv re0
wdlqhg zklfk vkrxog lq sulqflsoh eh deoh wr txdolwdwlyho| dffrxqw iru wkh rffxuuhqfh
ri rvfloodwru| lqvwdelolwlhv1 Zh qrz wxuq wr d pruh ghwdlohg glvfxvvlrq ri wkh fxuuhqw
shdnv revhuyhg lq wkh FY dqg wu| wr frph xs zlwk d sodxvleoh lqwhusuhwdwlrq lq whupv
ri wkh fkhplfdo uhdfwlrq vwhsv ri wkh vlpsoh prgho1

71817 Shdn L dqg LL

Iru �3=4 Y? X ? 3=8 Y/ l1h1 wkh srwhqwldo udqjh ri shdn L/ wkh uhvlgxdo qxpehu ri
iuhh vxuidfh vlwhv ghwhuplqhv wkh udwh ri wkh gluhfw r{lgdwlrq sdwk dqg vlpxowdqhrxvo|
wkh phdvxuhg fxuuhqw ghqvlw| rq doo wkuhh vxuidfhv1 Iru ydoxhv ri X A 3=8 Y/ RK
lv dgvruehg rq wkh vxuidfh +uhdfwlrq 718, uhjhqhudwlqj dq lqfuhdvlqj qxpehu ri iuhh
vxuidfh vlwhv yld uhdfwlrq 7191 Wkxv/ wkh udwh ri wkh gluhfw sdwk lqfuhdvhv frqvlghudeo|1
Dv X lqfuhdvhv ixuwkhu/ doo srlvrqlqj FR lv uhpryhg/ dqg wkh vxuidfh ehfrphv eorfnhg
e| wkh RK vshflhv1 Wklv vfhqdulr lv eholhyhg wr htxdoo| krog iru doo wkuhh vxuidfhv
gxulqj wkh dqrglf vfdq1 Ilj1 706/ krzhyhu/ vkrzv surqrxqfhg glvfuhsdqflhv ehwzhhq
wkh vxuidfhv gxulqj fdwkrglf vzhhslqj zklfk fdq eh pdgh sodxvleoh dv iroorzv= Sw+444,
h{klelwv d orzhu d!qlw| wrzdugv FR wkxv vkrzlqj lqfrpsohwh srlvrqlqj e| FR ^49;/
49</ 465` +vhh dovr wkh uhvxowv rq FR r{lgdwlrq,1 Lq frqwudvw/ Sw+433, zdv irxqg wr
eh frpsohwho| eorfnhg e| wkh srlvrqlqj vshflhv ^49;/ 49</ 465`1 Ixuwkhupruh/ wkh
gluhfw sdwk zdv dovr irxqg wr surfhhg idvwhu rq Sw+433, wkdq rq Sw+444, ^49<`1 Wklv
vwuxfwxudo gl�huhqfh ohdgv wr d ydqlvklqj shdn L/ exw wr d surqrxqfhg shdn LL iru
Sw+433, 1 Wkh uhyhuvh/ krzhyhu/ krogv wuxh iru Sw+444,1 Sw+443, dsshduv wr ehkdyh
vlplodu wr Sw+433,1 Lw vkrxog eh qrwhg wkdw wkh FY ri Sw+444, lq Ilj1 706 gl�huv iurp
wkrvh phdvxuhg lq suhylrxv vwxglhv ^465/ 468` lq wkdw wkh fxuuhqw ghqvlw| ri shdn LY2Y
lq wkh fdwkrglf vfdq zdv irxqg wr eh pxfk odujhu wkdq wkdw ri shdn L lq wkh dqrglf
vfdq1

71818 Shdn LY dqg Y

Lq vhfwlrq 7/ zh kdyh vkrzq wkh vsolwwlqj ri wkh odujh fxuuhqw shdn rq wkh fdwkrglf vfdq
ri Sw+433, dqg Sw+443, lqwr shdn LY dqg Y dqg phqwlrqhg uhvxowv rq wkh ghshqghqfh
ri wkhvh shdnv rq wkh vfdq udwh dqg dqrglf uhyhuvh srwhqwldo1 E| phdqv ri rxu vlpsoh
prgho phfkdqlvp/ zh lqwhusuhw wkh udslg fxuuhqw lqfuhdvh gxulqj wkh fdwkrglf vfdq dv
wkh yhu| udslg uhjhqhudwlrq ri d odujh qxpehu ri iuhh vxuidfh vlwhv uhvxowlqj lq d kljk
udwh ri wkh gluhfw r{lgdwlrq sdwk1 Dv X ghfuhdvhv/ wkh vxuidfh ehfrphv pruh dqg pruh
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srlvrqhg e| FR yld uhdfwlrq 717 xqwlo wkh fxuuhqw ghqvlw| ydqlvkhv1 Wklv txdolwdwlyh
lqwhusuhwdwlrq lv htxdoo| ydolg iru doo wkuhh vxuidfhv dqg wkhuhiruh grhv qrw dffrxqw
iru wkh vwuxfwxudo h�hfwv ohdglqj wr wkh wzr glvwlqfw shdnv LY dqg Y1 Lw lv reylrxvo|
qhfhvvdu| wr uhfrqvlghu srvvleoh dgglwlrqdo uhdfwlrq vwhsv zklfk duh frqvlvwhqw zlwk
rxu h{shulphqwdo �qglqjv1

Wkh ghshqghqfh ri shdn LY rq wkh xsshu olplw srwhqwldo vkrzv d uhodwlrqvkls eh0
wzhhq wkh dprxqw ri ghsrvlwhg r{|jhq vshflhv dqg shdn LY1 Frpsduhg wr dgvruswlrq/
wkh ghvruswlrq ri wkh r{|jhq vshflhv uhtxluhv d vpdoohu srwhqwldo1 Frqvhtxhqwo|/ wkhuh
lv dq ryhuods ri wkh srwhqwldo uhjlrqv zkhuh wkh vxuidfh r{|jhq vshflhv duh vwloo suhvhqw/
|hw zkhuh iruplf dflg uhvwduwv wr ghsrvlw rq eduh vlwhv1 Iurp wklv/ lw lv sodxvleoh wr
lghqwli| shdn LY zlwk wkh uhdfwlrq ri uh0dgvruehg KFRRK dqg uhdfwlyh vxuidfh r{lghv
zklfk uhpdlqhg rq wkh vxuidfh1 Zh wkhuhiruh frqvlghu dq dgglwlrqdo fkhplfdo uhdfwlrq
vwhs vxfk dv

KFRRK
@_

. Sw�RK �$ K2R .FR2 . Sw.Kn . h3 +71:,

wr eh lqyroyhg lq wkh fkhplfdo surfhvvhv rffxuulqj dw shdn LY1 Wkh h{shulphqwdo
�qglqj wkdw shdn LY lqfuhdvhv zlwk lqfuhdvlqj vfdqudwh lv frqvlvwhqw zlwk wkh dvvxps0
wlrq wkdw dw ohdvw d sduw ri wkh fkdujh wudqvihu lqyroyhv suhdgvruehg vshflhv1 Shdn
Y doprvw frlqflghv zlwk shdn L lq srwhqwldo vxjjhvwlqj lwv ruljlq wr eh wkh gluhfw
r{lgdwlrq sdwk dv glvfxvvhg iru shdn L +uhdfwlrqv 715/716,1

Lw iroorzv wkdw Shdn LY ruljlqdwhv lq wkh r{lgdwlrq ri ID lq wkh suhvhqfh ri dgvruehg
r{|jhq vshflhv/ zkhuhdv Shdn Y vwhpv iurp wkh gluhfw ID r{lgdwlrq zkloh dw wkh vdph
wlph wkh vxuidfh jhwv vorzo| srlvrqhg e| FR1

71819 Rvfloodwru| lqvwdelolwlhv

Zh kdyh vkrzq rvfloodwru| ehkdylru ri wkh fxuuhqw ghqvlw| rq wkh wkuhh orz0lqgh{
Sw vlqjoh fu|vwdov dw erwk orz dqg kljk KFRRK frqfhqwudwlrqv1 Lq jhqhudo/ fxu0
uhqw rvfloodwlrqv dw kljk KFRRK frqfhqwudwlrq suryhg wr eh pruh vwdeoh dqg ehwwhu
uhsurgxfleoh wkdq dw orz frqfhqwudwlrqv1

Rq wkh edvlv ri wkh h{shulphqwdo uhvxowv/ wkh rffxuhqfh ri wkh fxuuhqw rvfloodwlrqv
fdq eh ghvfulehg lq sk|vlfrfkhplfdo whupv dv iroorzv= Iru dq dssursuldwh frqvwdqw
rxwhu srwhqwldo X dqg d vx!flhqwo| odujh rkplf uhvlvwdqfh U/ wkh wrwdo fxuuhqw ghqvlw|
L edvhg rq wkh gluhfw r{lgdwlrq sdwk ghfuhdvhv gxh wr FR srlvrqlqj ri wkh dfwlyh
vxuidfh1 Wkhuhe|/ wkh lqlwldoo| orz grxeoh od|hu srwhqwldo !

_,
@ X � LU lqfuhdvhv

ohdglqj wr wkh dgvruswlrq ri RK1 Gxh wr RK
@_

hyhq pruh vlwhv duh eorfnhg/ zklfk
lq wxuq orzhuv wkh fxuuhqw/ lqfuhdvhv !

_,
/ hqkdqfhv RK irupdwlrq dqg ohdgv wr dq

ryhuvkrrwlqj ri !
_,
rq d idvw wlph vfdoh1 Wkhq/ krzhyhu/ wkh uhdfwlyh uhprydo ri FR

+lqgluhfw sdwk, vhwv lq/ uhjhqhudwlqj ydfdqw vxuidfh vlwhv1 Wklv uhvxowv lq dq lqfuhdvh
ri L dqg/ gxh wr wkh hohfwulfdo uhodwlrq jlyhq deryh/ lq d ghfuhdvh ri !

_,
xqwlo doo RK

kdv ghvruehg dqg wkh vorz FR srlvrqlqj surfhvv uhvxphv1
Lq vhfwlrq 7/ lw zdv vkrzq wkdw wkh rvfloodwru| srwhqwldo udqjh dv zhoo dv wkh

zdyhirup ri wkh fxuuhqw rvfloodwlrqv zhuh yhu| vlplodu rq erwk wkh fdwkrglf dqg wkh
dqrglf vfdq1 Wklv vxjjhvwv wkh rvfloodwlrqv rq hlwkhu vfdq wr eh fdxvhg e| wkh vdph
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lqvwdelolw|1 Krzhyhu/ zk| lv lw wkdw rvfloodwru| vslnhv duh ylvleoh ryhu d eurdg srwhqwldo
udqjh rq wkh fdwkrglf vfdq/ exw kdugo| dsshdu rq wkh dqrglf vfdqB Wkh uhdvrq iru
wkdw pxvw eh vrxjkw lq wkh gl�huhqw lqlwldo frqglwlrqv wkdw krog zkhq wkh grxeoh
od|hu srwhqwldo hqwhuv wkh xqvwdeoh srwhqwldo udqjh1 Rq wkh dqrglf vfdq/ wkh vxuidfh
lv doprvw frpsohwho| eorfnhg e| FR1 Wkhuhiruh/ wkh FR fryhudjh lv wrr kljk iru
vxvwdlqhg rvfloodwlrqv wr rffxu1 Vfdqqlqj dqrglfdoo|/ d vorz uhprydo ri FR e| dgvruehg
RK rffxuv rq wkh fdwkrglf  dqn ri shdn LL1 Vwloo/ wkh wudqvlhqw ehkdylru ri wkh fxuuhqw/
l1h1 wkh wlph xqwlo wkh fryhudjhv ri FR dqg RK qhfhvvdu| iru rvfloodwlrqv duh uhdfkhg/
lv orqj frpsduhg wr wkh wlph wkh v|vwhp qhhgv wr ohdyh wkh rvfloodwru| srwhqwldo
udqjh dw wkh fkrvhq vzhhs udwh1 Wkxv/ qr fxuuhqw vslnhv duh vhhq vfdqqlqj lq dqrglf
gluhfwlrq1 Rq wkh uhyhuvhg vfdq/ krzhyhu/ d odujh qxpehu ri iuhh vxuidfh vlwhv lv
udslgo| uhjhqhudwhg diwhu wkh �uvw RK ghvruswlrq shdn1 Vlqfh rq Sw+433, wkh udwh
ri srlvrqlqj lv kljk ^49;/ 49</ 465` / wkh wlph wr uhdfk wkh FR fryhudjh qhfhvvdu|
iru rvfloodwlrqv lv vkruw frpsduhg wr wkh wlph wkh v|vwhp vshqgv lq wkh rvfloodwru|
srwhqwldo uhjlrq1 Frqvhtxhqwo|/ vkdus fxuuhqw vslnhv duh ylvleoh1

Rq Sw+444,/ wkh udwh ri srlvrqlqj +surfhvv 717, lv frpsdudwlyho| vorz ^49;/ 49</
465` ohdglqj wr wkh fkdudfwhulvwlf rvfloodwru| zdyhirup vkrzq lq Ilj1 7043e dqg Ilj1
7046e1 Wkh orz d!qlw| ri Sw+444, wrzdugv FR fdq dovr eh xvhg wr h{sodlq wkh devhqfh
ri fxuuhqw vslnhv rq wkh fdwkrglf vfdq +vhh Ilj1 7043d dqg 7046d,1 Wkh uhdvrqlqj lv
vlplodu wr wkh rqh glvfxvvhg iru Sw+433,= Dv vrrq dv wkh vxuidfh jhwv uhdfwlydwhg +dw
X @ 3=< Y lq Ilj1 7043d/ dw X @ 3=<8 Y lq Ilj1 7046d,/ wkh grxeoh od|hu srwhqwldo lv wrr
orz iru rvfloodwlrqv wr rffxu gxh wr wkh kljk LU gurs1 Qrz/ wkh wudqvlhqw wlph xqwlo
wkh FR fryhudjh kdv uhdfkhg wkh wkuhvkrog ydoxh qhfhvvdu| iru fxuuhqw rvfloodwlrqv
lv orqj frpsduhg wr wkh wlph wkh v|vwhpv vshqgv lq wkh rvfloodwru| srwhqwldo uhjlrq1
Ixuwkhu hylghqfh lq idyru ri wklv lqwhusuhwdwlrq lv surylghg e| wkh h{shulphqwdo �qg0
lqj wkdw fxuuhqw rvfloodwlrqv hyhqwxdoo| hyroyh li wkh fdwkrglf vzhhs lv vwrsshg diwhu
uhdfwlydwlrq1 Frpsduhg wr Sw+433,/ fxuuhqw rvfloodwlrqv rq Sw+444, duh lq jhqhudo
ohvv vwdeoh dqg vkrz wudqvlhqw ehkdylru ryhu d frqvlghudeoh srwhqwldo udqjh hqglqj
xs rq wkh RK0srlvrqhg vwdwh1 Lq jhqhudo/ wkh suhvhqfh dqg devhqfh ri fxuuhqw vslnhv
ghshqgv rq wkh uhodwlyh udwh ri vfdqqlqj dqg lqgxfwlrq ri rvfloodwlrqv1

Wkh �qglqjv rq Sw+443, +Ilj1 70<d, ehvw doorz d frqfoxvlrq rq wkh w|sh ri el0
ixufdwlrqv wkdw ohdg wr rvfloodwru| lqvwdelolwlhv1 Dw wkh orzhu olplw ri wkh rvfloodwru|
srwhqwldo uhjlrq +X @ 3=9; Y,/ rvfloodwlrqv hphujh zlwk yhu| vpdoo dpsolwxgh dqg
kljk iuhtxhqf| vxjjhvwlqj d Krsi elixufdwlrq dv frqmhfwxuhg lq wkh fdvh ri Sw+433,1
Dw wkh xsshu olplw/ krzhyhu/ wkh uhod{dwlrq rvfloodwlrqv glvdsshduhg dw �qlwh dpsol0
wxgh dqg orqj shulrg1 Iurp Qrqolqhdu G|qdplfv lw lv zhoo nqrzq wkdw wklv lv w|slfdo
iru d vdggoh0orrs elixufdwlrq1 Vlplodu wr Sw+444, dw orz KFRRK frqfhqwudwlrq/ wkh
rvfloodwlrqv duh wudqvlhqw dqg glh rq wkh orz fxuuhqw eudqfk1

Dw kljkhu KFRRK frqfhqwudwlrqv/ wkh +433, vxuidfh zdv irxqg wr h{klelw d vh0
txhqfh ri pl{hg0prgh rvfloodwlrqv +PPRv, fkdudfwhul}hg e| odujh fxuuhqw vslnhv iro0
orzhg e| dq lqfuhdvlqj qxpehu ri vpdoo kljk0iuhtxhqf| vslnhv iru orzhu ydoxhv ri wkh
dssolhg srwhqwldo X 1 Wklv lv 0 wr rxu nqrzohgjh 0 wkh �uvw revhuydwlrq ri PPRv
gxulqj iruplf dflg r{lgdwlrq xqghu srwhqwlrvwdwlf frqwuro1 Suhylrxv zrun rq iruplf
dflg ghdolqj zlwk PPRv irfxvhg pdlqo| rq jdoydqrvwdwlf frqglwlrqv ^48</ 48;/ 493`1

Iurp wkh h{shulphqwdo �qglqjv lw zrxog eh gdulqj wr vhwwoh wkh txhvwlrq ri zkdw
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w|sh ri elixufdwlrq vfhqdulr ohdgv wr wkh irupdwlrq ri pl{hg0prgh rvfloodwlrqv1 Zh
fdq/ krzhyhu/ fhuwdlqo| dvvxph dq dgglwlrqdo qhjdwlyh ihhgedfn yduldeoh +fkhplfdo
vshflhv, wr eh fuxfldo wr wkh g|qdplfv/ zklfk wrjhwkhu zlwk wkh qhjdwlyh dqg wkh
srvlwlyh ihhgedfn lqyroyhg lq wkh shulrg04 rvfloodwlrqv jlyhv ulvh wr wzr lqwhudfwlqj
rvfloodwruv dqg frqvhtxhqwo| wr pl{hg0prgh rvfloodwlrqv1

7181: Vwluulqj h�hfwv

Uhjdugohvv ri wkh rulhqwdwlrq ri wkh vlqjoh fu|vwdo vxuidfhv/ shulrg04 rvfloodwlrqv gxulqj
iruplf dflg r{lgdwlrq zhuh irxqg wr vxuylyh zkloh vwluulqj1 Wklv lv lq djuhhphqw zlwk
hduo| zrun rq sro|fu|vwdoolqh Sg ^445`/ exw lq frqwudvw wr uhfhqw uhvxowv rq Sw+433,
^;;` zkhuh vwluulqj zdv irxqg wr vxssuhvv vxvwdlqhg rvfloodwlrqv1 Rq Sw+433,/ wkh
rvfloodwru| zdyhirup suryhg vhqvlwlyh wrzdugv vwluulqj lq wkdw lw ehfdph ohvv uhod{0
dwlrqdo> wkh hphujlqj rvfloodwru| zdyhirup uhvhpeohg wkdw zklfk zdv irxqg li / xqghu
xqvwluuhg frqglwlrqv/ rqh vfdqqhg wr vpdoohu srwhqwldov X 1 Wkxv/ wkh vhw ri fkhplfdo
vshflhv hvvhqwldo wr wkh rvfloodwru| shulrg04 lqvwdelolw| vhhpv qrw wr lqfoxgh dq| vr0
oxwlrq vshflhv dv/ dw kljkhu vwluulqj udwhv/ wkh vroxwlrq vshflhv qhdu wkh grxeoh od|hu
ehfrph hlwkhu txhqfkhg wr wkhlu exon frqfhqwudwlrq gxh wr udslg pdvv wudqvsruw ru
duh udslgo| uhpryhg iurp wkh vxuidfh1

Iurp wkh joredo glvdsshdudqfh ri pl{hg0prgh rvfloodwlrqv rq Sw+433, zkhq vxe0
mhfw wr vwluulqj/ zh fdq frqfoxgh wkdw wkh vhw ri fkhplfdo vshflhv hvvhqwldo iru wkh
rffxuuhqfh ri wkh vpdoo0dpsolwxgh vslnhv grhv lqyroyh dw ohdvw rqh vroxwlrq vshflhv1
Lq ylhz ri wkh iruhjrlqj glvfxvvlrq rq wkh ruljlq ri wkh PPRv zh frxog lghqwli| wklv
vroxwlrq vshflhv dv d fdqglgdwh iru dq dgglwlrqdo +qhjdwlyh0ihhgedfn, vshflhv hvvhqwldo
iru wkh g|qdplfv ri PPRv/ exw qrqhvvhqwldo iru shulrg04 rvfloodwlrqv1 Xqghu vwluuhg
frqglwlrqv wklv vroxwlrq vshflhv lv qrw dydlodeoh dv d g|qdplfdo yduldeoh vr wkdw rqo|
shulrg04 rvfloodwlrqv uhpdlq1 Wkh orqj wudqvlhqw ehiruh vwdeoh rvfloodwlrqv uhwxuq lv
suhvxpdeo| wkh frqvhtxhqfh ri vorzo| uhhvwdeolvklqj frqfhqwudwlrq frqglwlrqv qhdu
wkh grxeoh od|hu qhfhvvdu| iru rvfloodwlrqv1
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