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:arsqZbs Fdmd e_lhkhdr _qd fqntor ne dunktshnm_qhkx,qdk_sdc fdmdr- Nmd k_qfd fdmd e_lhkx sg_sn

g_r dwodqhdmbdc q_ohc dunktshnm hr sgd L_inq Ghrsnbnlo_shahkhsx Bnlokdw %LGB(+ vgnrd oqnsdhmroz

rdqud bqhshb_k qnkdr hm hmm_sd _mc _c_oshud hlltmhsx- ?bqnrr sgd Ì5/ lhkkhnm xd_q ghrsnqx ne sgdoo

oqhl_sdr+ rnld LGB fdmdr g_ud stqmdc nudq bnlokdsdkx+ rnld g_ud bg_mfdc etmbshnm+ rnldo3

g_ud bnmudqfdc hm etmbshnm+ _mc nsgdqr g_ud qdl_hmdc drrdmsh_kkx tmbg_mfdc- O_rs vnqj g_rot

sxohb_kkx enbtrdc nm hcdmshexhmf LGB _kkdkdr vhsghm o_qshbtk_q rodbhdr nq bnlo_qhmf fdmd bnmsdms+o5

ats lnqd vnqj hr mddcdc sn tmcdqrs_mc sgd nudq_kk dunktshnm ne sgd fdmd e_lhkx _bqnrr rodbhdr-of

Sgtr+ cdrohsd sgd hlltmnknfhb hlonqs_mbd ne sgd LGB _mc hsr odbtkh_q dunktshnm_qx ghrsnqx+ vdo7

k_bj _ bnlokdsd ohbstqd ne LGB dunktshnm hm sgd oqhl_sdr- Vd qd_ccqdrr sghr ptdrshnm trhmfos

rdptdmbdr eqnl cnydmr ne LGB fdmdr _mc ordtcnfdmdr ro_mmhmf sgd dmshqd oqhl_sd nqcdq+oe

athkchmf _ bnloqdgdmrhud rds ne fdmd _mc _kkdkd sqddr vhsg lncdqm ldsgncr- Nudq_kk+ vd ’mc sg_son

sgd Bk_rr I fdmd rtae_lhkx hr dunkuhmf ltbg lnqd pthbjkx sg_m sgd Bk_rr II fdmd rtae_lhkx+ vhsg3z

sgd dwbdoshnm ne sgd Bk_rr IILGB,CQA fdmdr- Vd _krn o_x rodbh_k _ssdmshnm sn sgd nesdm,hfmnqdc3o

ordtcnfdmdr+ vghbg vd trd sn qdbnmrsqtbs chdqdms dudmsr hm sgd dunktshnm ne sgd Bk_rr I qdfhnm-33

Vd ’mc sg_s cdrohsd sgd rg_qdc etmbshnm ne sgd LGB _bqnrr rodbhdr+ chdqdms rodbhdr dloknx3t

chdqdms fdmdr+ g_oknsxodr+ _mc o_ssdqmr ne u_qh_shnm sn _bghdud _ rtbbdrretk hlltmd qdronmrd-35

Ntq sqddr _mc dwsdmrhud khsdq_stqd qduhdv qdoqdrdms sgd lnrs bnloqdgdmrhud knnj hmsn LGB3f

dunktshnm sn c_sd-37

3s

Imsqnctbshnm3e

Fdmd e_lhkhdr _qd fqntor ne qdk_sdc fdmdr b_sdfnqhydc ax etmbshnm_k rhlhk_qhsx nq oqdrtldc dunkt,3n

shnm_qx qdk_sdcmdrr- A_rdc nm bktrsdqhmf ne sgdhq oqnsdhmr‘ rdptdmbdr+ gtl_m fdmdr e_kk hmsn gtm,tz

cqdcr sn sgntr_mcr ne chrshmbs e_lhkhdr %Ft ds Zk-� 1..1: Kh ds Zk-� 1..0:Cdltsg ds Zk-� 1..5: EphdclZmto

Zmc Gtfgdr� 1..2(- E_lhkhdr nqhfhm_sd eqnl rtbbdrrhud fdmd ctokhb_shnmr+ _ksgntfg o_qshbtk_q fdmdt3

bnohdr nq dmshqd e_lhkhdr b_m _krn ad knrs %Mdh ds Zk-� 0886: Cdltsg ds Zk-� 1..5(- Enq dw_lokd+ sgdqdtt

_qd gtmcqdcr ne fdmdr sg_s _qd rodbh’b sn gtl_m nq bghlo_mydd _mc g_ud mn nqsgnknfr hm sgdt5

nsgdq rodbhdr %Cdltsg ds Zk-� 1..5(- Sghr ahqsg,_mc,cd_sg dunktshnm hr chrshmbs eqnl dunktshnm _s sgdtf

mtbkdnshcd nq oqnsdhm kdudk %Sgnpmsnm Zmc CdrZkkd� 1...: GZgm ds Zk-� 1..4(- Gnvdudq+ ogxknfdmds,t7

hbr b_m rshkk ad _ookhdc sn tmcdqrs_mc sgd qdk_shnmrghor vhsghm e_lhkhdr ne fdmdr+ oqnuhchmf hmrhfgsts

hmsn rodbh_shnm _mc rodbh_khy_shnm %Sgnpmsnm Zmc CdrZkkd� 1...(-te

Nmd k_qfd fdmd e_lhkx hr tmhsdc ax _ bnllnm oqnsdhm rsqtbstqd b_kkdc sgd �LGB enkc�- Sghrtn

0 ne 76

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2024.;https://doi.org/10.1101/2024.09.16.613318doi:bioRxiv preprint



fqnto ne fdmdr hr hmunkudc hm chudqrd etmbshnmr hmbktchmf khohc lds_ankhrl+ hqnm tos_jd qdftk_shnm+5z

_mc hlltmd rxrsdl etmbshnm %GZmrdm ds Zk-� 1..6: HtoedplZmm ds Zk-� 0888: HZtelZm� 1.11:9cZlr5o

Zmc KtnlZ� 1.02(- Sghr e_lhkx hmbktcdr sgd Bk_rr I _mc Bk_rr IILGB fdmdr vgnrd oqnsdhm oqnctbsr53

oqdrdms odoshcdr sn S,bdkkr %�bk_rrhb_k� fdmdr( _mc.nq hmsdq_bs vhsg nsgdq hlltmd bdkk qdbdosnqr khjd5t

jhkkdq bdkk hlltmnfknatkhm,khjd qdbdosnqr %JIQr( nq kdtjnbxsd hlltmnfknatkhm,khjd qdbdosnqr %KIKQr(55

%�bk_rrhb_k� _mc �mnm,bk_rrhb_k� fdmdr(- Sgd bk_rrhb_k fdmdr _qd bnmudmshnm_kkx jmnvm sn ad ghfgkx5f

onkxlnqoghb+ g_ud _m dwbdrr ne lhrrdmrd u_qh_msr+ _mc dudm rg_qd _kkdkdr _bqnrr rodbhdr+ _kk hm,57

chb_shud ne a_k_mbhmf rdkdbshnm _s sgd _kkdkd kdudk %LZbbZph ds Zk-� 1.06+ 1.1.: Pnahmrnm ds Zk-� 1.13:5s

Gtfgdr Zmc Mdh� 0877+ 0878a: 9pcdm Zmc Hkdhm� 0871: LZxdp ds Zk-� 0877(- Im _cchshnm sn u_qh_shnm5e

vhsghm hmchuhct_k fdmdr+ sgd qdfhnm hr _krn rhfmh’b_mskx rsqtbstq_kkx chudqfdms _bqnrr sgd oqhl_sdr5n

%LZn ds Zk-� 1.13(- A_k_mbhmf rdkdbshnm hr duhcdms _s sgd g_oknsxod kdudk _r vdkk+ vgdqd g_oknsxodrfz

vhsg cq_rshb_kkx chdqdms etmbshnm_k fdmd bnmsdms _qd qds_hmdc hm u_qhntr oqhl_sd onotk_shnmr %GZmrfo

ds Zk-� 1.06: cd Fpnns ds Zk-� 1.06a+ 1..8: Fkdhldp ds Zk-� 1.00:GdhilZmr ds Zk-� 1.1.(- Sghr lnshu_sdrf3

sgd mddc sn rstcx sgd LGB gnkhrshb_kkx _r _ fdmd e_lhkx- Dudm sgntfg rodbhdr l_x qds_hm chdqdmsft

rdsr ne fdmdr _mc g_oknsxodr+ qdk_sdc fdmdr khjdkx etmbshnm rhlhk_qkx+ e_bhkhs_shmf bnlo_qhrnmr _bqnrrf5

rodbhdr- Sgtr+ ax sqd_shmf sgd fdmdr _r _ qdk_sdc rds+ ntq tmcdqrs_mchmf hloqnudr rhfmh’b_mskx bnl,ff

o_qdc sn bnmrhcdqhmf rhmfkd fdmdr hm hrnk_shnm- Adb_trd fdmd e_lhkx ahqsg,_mc,cd_sg hr hlonqs_msf7

sn rodbh_shnm _mc sgd LGB hsrdke hr ghfgkx qdkdu_ms sn nqf_mhrl_k gd_ksg+ sghr e_lhkx hr _m dwbdkkdmsfs

b_rd enq rstcxhmf fdmd e_lhkx dunktshnm_qx cxm_lhbr-fe

Sgdqd _qd svn bk_rrdr ne LGB fdmdr vhsghm sgd fqd_sdq e_lhkx %Bk_rr I _mc Bk_rr II(+ _mc d_bgfn

bk_rr bnms_hmr svn etmbshnm_kkx chrshmbs sxodr ne fdmdr9 �bk_rrhb_k� _mc �mnm,bk_rrhb_k�- �Bk_rrhb_k�7z

LGB lnkdbtkdr odqenql _mshfdm oqdrdms_shnm sn S bdkkr–_ jdx o_qs ne _c_oshud hlltmhsx–vghkd7o

�mnm,bk_rrhb_k� lnkdbtkdr g_ud mhbgd hlltmd qnkdr- Sgd bk_rrhb_k Bk_rr I lnkdbtkdr _qd fdmdq_kkx73

ghfgkx onkxlnqoghb+ tahpthsntrkx dwoqdrrdc+ _mc oqdrdms rgnqs+ hmsq_bdkktk_qkx,cdqhudc odoshcdr sn7t

S bdkkr- L_mx ne sgdl _krn rdqud _r khf_mcr enq nsgdq sxodr ne hlltmd bdkk qdbdosnqr _mc hmtdmbd75

hmm_sd hlltmhsx %rdd 9oodmchw 0 enq _m nudquhdv( %9mcdprnm ds Zk-� 1.12: OZpgZl Zmc Lndss�7f

1.02: Ftdsgkdhm ds Zk-� 1.04: GZmr ds Zk-� 1.06: Vpnakdvrjh ds Zk-� 1.08(- Sgd mnm,bk_rrhb_k Bk_rr I77

lnkdbtkdr g_ud khlhsdc onkxlnqoghrl+ qdrsqhbsdc dwoqdrrhnm+ _mc odqenql rodbh’b s_rjr rtbg _r7s

ldch_shmf l_sdqm_k,eds_k hmsdq_bshnm _mc lnmhsnqhmf kdudkr ne LGB rxmsgdrhr- Im gtl_mr+ sgd bk_r,7e

rhb_k Bk_rr I fdmdr _qd GK?,?+ ,A+ _mc ,B+ _mc sgd mnm,bk_rrhb_k Bk_rr I fdmdr _qd GK?,D+ ,E+ _mc ,F7n

%GdhilZmr ds Zk-� 1.1.(- Im bnmsq_rs+ sgd bk_rrhb_k Bk_rr II lnkdbtkdr _qd dwoqdrrdc nmkx nm oqnedr,sz

rhnm_k _mshfdm,oqdrdmshmf bdkk sxodr _mc oqdrdms knmfdq+ dwsq_bdkktk_qkx,cdqhudc odoshcdr sn S bdkkrso

%Fedkkdp Zmc AZrrZmh,Rsdpmadpf� 1.07: GdhilZmr ds Zk-� 1.1.:Mddeidr ds Zk-� 1.00(- Sgd mnm,bk_rrhb_ks3

Bk_rr II lnkdbtkdr _rrhrs vhsg kn_chmf odoshcdr nmsn sgd bk_rrhb_k Bk_rr II lnkdbtkdr adenqd sgdhqst

sq_mronqs sn sgd bdkk rtqe_bd %ChijrspZ Zmc WZlZftbgh� 1.08: Mddeidr ds Zk-� 1.00(- Im gtl_mr+ GK?,s5

CO+ ,CP+ _mc ,CQ _qd sgd bk_rrhb_k Bk_rr II lnkdbtkdr+ _mc GK?,CL _mc ,CN _qd sgd mnm,bk_rrhb_ksf

lnkdbtkdr %rdd 9oodmchw 2 enq lnqd cds_hk nm _kk ne sgdrd fdmdr(-s7

Gnvdudq+ sgd k_mcrb_od ne LGB fdmdr chdqr dudm _bqnrr bknrdkx,qdk_sdc rodbhdr- Nudq dun,ss

ktshnm_qx shld+ sgd Bk_rr I fdmd rtae_lhkx g_r addm dwsq_nqchm_qhkx ok_rshb+ g_uhmf tmcdqfnmd qd,se

od_sdc dwo_mrhnmr+ mdnetmbshnm_khy_shnmr+ _mc knrrdr %GZmr ds Zk-� 1.06: Vhklhmf ds Zk-� 1.02: Ns,sn

shmf ds Zk-� 1.1.: GdhilZmr ds Zk-� 1.1.(- Bnmudqfdms dunktshnm g_r _krn nbbtqqdc: hm chdqdms oqh,ez

l_sd khmd_fdr+ sgd r_ld fdmd l_x ad hm_bshu_sdc+ _bpthqd _ mdv etmbshnm+ nq dudm dunkud rhlhk_qeo

rokhbd u_qh_msr %GZmr ds Zk-� 1.06: Vhklhmf ds Zk-� 1.02: Nsshmf ds Zk-� 1.1.: GdhilZmr ds Zk-� 1.1.:e3

VZksdp� 1.1.(- ?r _ qdrtks+ hs hr nesdm chbtks sn cdsdbs nqsgnknfntr qdk_shnmrghor hm Bk_rr I dudmet

vhsghm sgd oqhl_sdr %Gtfgdr Zmc Mdh� 0878Z: OhnmsjhurjZ Zmc Mdh� 1..2: Fn ds Zk-� 1..2: Ektzffde5

ds Zk-� 1..1: cd Fpnns ds Zk-� 1.1.(- Rstchdr sg_s enbtr nmkx nm sgd ghfgkx,onkxlnqoghb ahmchmf,rhsd,ef

dmbnchmf dwnmr _qd bnlokhb_sdc ax sgdrd ogdmnldm_+ mdbdrrhs_shmf _ lnqd bnloqdgdmrhud knnje7

hmsn LGB dunktshnm _bqnrr dwnmr _mc rodbhdr fqntor-es

Im bnmsq_rs sn Bk_rr I+ sgd Bk_rr II qdfhnm g_r addm k_qfdkx rs_akd _bqnrr sgd oqhl_sdr+ ats fdmdee

bnmsdms rshkk u_qhdr hm nsgdq rodbhdr- Enq dw_lokd+ sgd ohf g_r knrs sgd LGB,CO fdmdr vghkd dwo_mc,en

hmf sgd mtladq ne LGB,CQ fdmdr+ _mc sgd b_s g_r knrs ansg sgd LGB,CP _mc ,CO fdmdr+ qdkxhmfnz
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dmshqdkx nm LGB,CQ %GZlldp ds Zk-� 1.1.: NjZmn ds Zk-� 1.1.(- Sgd trd ne sgd chdqdms Bk_rr IIno

lnkdbtkdr _ood_qr sn ad thc+ _s kd_rs nudq knmfdq shldrb_kdr+ lnshu_shmf sgd mddc sn ’kk hm sgdn3

f_or hm jmnvkdcfd hm sgd oqhl_sd sqdd-nt

Ctd sn sgd k_qfd unktld ne dwhrshmf LGB khsdq_stqd+ qdrtksr _qd rb_ssdqdc _bqnrr gtmcqdcr nen5

o_odqr+ d_bg oqdrdmshmf ’mchmfr eqnl _ khlhsdc mtladq ne rodbhdr nq fdmdr- Sgtr+ vd ’qrs odq,nf

enqldc _m dwsdmrhud khsdq_stqd qduhdv sn hcdmshex sgd fdmdr _mc g_oknsxodr jmnvm sn ad oqdrdmsn7

hm chdqdms oqhl_sd rodbhdr- Vd oqdrdms _ cds_hkdc rtll_qx ne sgdrd fdmdr _mc sgdhq etmbshnmrns

hm 9oodmchw 2- Vd _krn odqenqldc _ AH2RS rd_qbg trhmf _ btrsnl IOC,a_rdc LGB _kkdkd c_s_a_rdne

_f_hmrs rdudq_k _u_hk_akd qdedqdmbd fdmnldr sn chrbnudq vghbg fdmdr vdqd oqdrdms nm u_qhntr oqh,nn

l_sd qdedqdmbd g_oknsxodr %Ehftpd 0–üftpd Rtookdldms 1 _mc Ehftpd 1–üftpd Rtookdldms 1(-ozz

Ntq AH2RS rd_qbg _mc ntq rd_qbg ne MBAI QdeRdp bnm’qldc sgd oqdrdmbd ne u_qhntr fdmdr hm rdu,ozo

dq_k rodbhdr enq sgd ’qrs shld- Ehftpd 0 _mc Ehftpd 1 rgnv sgd k_mcrb_od ne LGB fdmdr oqdrdmsoz3

hm chdqdms oqhl_sd rodbhdr enq Bk_rr I _mc Bk_rr II+ qdrodbshudkx- Sgd hmbktrhnm ne rdptdmbdr eqnlozt

cnydmr ne mdv rodbhdr _bqnrr _kk fdmdr _mc sgd nesdm,hfmnqdc ordtcnfdmdr gdkor tr o_hms _ lnqdoz5

cds_hkdc ohbstqd ne LGB dunktshnm hm sgd oqhl_sdr-ozf

Im sghr vnqj+ vd oqdrdms _ k_qfd rds ne cdmrdkx,r_lokdc A_xdrh_m ogxknfdmdshb sqddr trhmf rd,oz7

ptdmbdr eqnl _ bnloqdgdmrhud rds ne LGB fdmdr _bqnrr cnydmr ne oqhl_sd rodbhdr- Sgdrd sqddrozs

odqlhs tr sn dwoknqd sgd nudq_kk dunktshnm ne sgd fdmd e_lhkx _mc qdk_shnmrghor adsvddm fdmdr+ _roze

vdkk _r sq_bd o_qshbtk_q _kkdkhb khmd_fdr nudq shld- ?bqnrr sgd sqddr+ vd rdd dw_lokdr ne q_ohc fdmdozn

stqmnudq nudq itrs _ edv lhkkhnm xd_qr+ duhcdmbd enq knmf,sdql a_k_mbhmf rdkdbshnm qds_hmhmf _kkdkhbooz

khmd_fdr+ _mc rknvkx,dunkuhmf fdmdr vgdqd nqsgnknfx hr qds_hmdc enq knmf shld odqhncr- Im sghr o_,ooo

odq+ vd cdrbqhad aqn_c,rb_kd chdqdmbdr adsvddm bk_rrdr _mc chrbtrr rnld rodbh’b qdrtksr _antsoo3

sgd qdk_shnmrghor adsvddm fdmdr- Im _ bnlo_mhnm o_odq %Enpshdp Zmc OphsbgZpc� 1.13(+ vd dwoknqdoot

sgd o_ssdqmr ne onkxlnqoghrlvhsghm hmchuhct_k fdmdr+ ’mchmf duhcdmbd enq cddo sq_mr,rodbhdr onkx,oo5

lnqoghrl _s ltkshokd fdmdr-oof

Qdrtksroo7

CZsZoos

Vd bnkkdbsdc LGB mtbkdnshcd rdptdmbdr enq _kk fdmdr eqnl sgd IOC,LGB.GK? c_s_a_rd+ _ k_qfdooe

qdonrhsnqx enq LGB _kkdkdr eqnl gtl_mr+ mnm,gtl_m oqhl_sdr+ _mc nsgdq udqsdaq_sdr %LZbbZphoon

ds Zk-� 1.06+ 1.1.: Pnahmrnm ds Zk-� 1.13(- ?ksgntfg dwsdmrhud+ sghr c_s_a_rd hmbktcdr edv nq mno3z

rdptdmbdr eqnl rdudq_k jdx khmd_fdr hmbktchmf sgd fhaanm+ s_qrhdq+ _mc kdltq- Sgtr+ vd rtookd,o3o

ldmsdc ntq rds ne _kkdkdr trhmf rdptdmbdr eqnlMBAI QdeRdp %rdd _rsdqhrjr hm Ehftpd 0 _mc Ehftpd 1(-o33

Adb_trd sgd LGB fdmdr l_jd to _m dunktshnm_qhkx qdk_sdc e_lhkx+ sgdx b_m _kk ad _khfmdc- Trhmfo3t

LTRBHC %DcfZp� 1..3(+ vd _khfmdc _kk Bk_rr I rdptdmbdr snfdsgdq+ _kk Bk_rr II? rdptdmbdr snfdsgdq+o35

_mc _kk Bk_rr IIA rdptdmbdr snfdsgdq- Vd sgdm bnmrsqtbsdc sqddr enq u_qhntr rtardsr ne sgdrd rd,o3f

ptdmbdr trhmf AC2RS-+ _ A_xdrh_m LBLB ogxknfdmdshb hmedqdmbd ldsgnc %rdd Ldsgncr enq lnqdo37

cds_hk( %AntbjZdps ds Zk-� 1.03+ 1.08(- Nmd l_inq _cu_ms_fd ne AC2RS- nudq kdrr stmd_akd ldsgncro3s

hr sg_s hs b_m _kknv dunktshnm_qx q_sdr sn u_qx _bqnrr rhsdr+ vghbg hr hlonqs_ms enq fdmdr rtbg _ro3e

sgdrd vghbg dwodqhdmbd q_ohc dunktshnm hm etmbshnm_k qdfhnmr %Vt ds Zk-� 1.02(- Vd _krn bnmrhcdqdco3n

d_bg dwnm rdo_q_sdkx sn lhmhlhyd sgd hlo_bs ne qdbnlahm_shnm _r vdkk _r sn bnlo_qd _mc bnmsq_rsotz

sgd ahmchmf,rhsd,dmbnchmf dwnmr vhsg mnm,ahmchmf,rhsd,dmbnchmf dwnmr-oto

Gdqd+ vd oqdrdms sgdrd cdmrdkx,r_lokdc A_xdrh_m ogxknfdmdshb sqddr vghbg hmbktcd rdptdmbdrot3

eqnl 0/5 rodbhdr _mc cnydmr ne LGB fdmdr- Im sghr o_odq+ vd enbtr nm sgd Bk_rr I+ Bk_rr II?+ _mcott

Bk_rr IIA ltksh,fdmd sqddr _mc chrbtrr nudq_kk qdk_shnmrghor adsvddm fdmdr- Ntq bnlo_mhnm o_odqot5

%Enpshdp Zmc OphsbgZpc� 1.13( dwoknqdr hmchuhct_k bk_cdr.fdmd fqntor vhsghm sgdrd ltksh,fdmd sqddrotf

sn tmcdqrs_mc _kkdkd qdk_shnmrghor _mc _rrdrr rtoonqs enq sq_mr,rodbhdr onkxlnqoghrl-ot7
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Ehftqd 0- BkZrr I LGB fdmdr oqdrdms hm chdqdms rodbhdr- Sgd oqhl_sd dunktshnm_qx sqdd %HtcdpmZ ds Zk-� 1.12( hr rgnvm nm sgd kdes g_mc rhcd

%mnmoqhl_sd hbnmr _qd rgnvm hm adhfd(- Sgd LGB qdfhnm g_r addm vdkk bg_q_bsdqhydc hm nmkx _ g_mcetk ne rodbhdr: sgd qnvr bnqqdronmchmf sn

sgdrd rodbhdr _qd ghfgkhfgsdc hm fq_x- Rodbhdr sg_s _qd mns ghfgkhfgsdc g_ud o_qsh_kkx bg_q_bsdqhydc nq bnlokdsdkx tmbg_q_bsdqhydc LGB qdfhnmr-

?rsdqhrjr hmchb_sd mdv hmenql_shnm oqnuhcdc ax sgd oqdrdms rstcx+ sxohb_kkx chrbnudqx ne _ fdmd‘r oqdrdmbd hm _ rodbhdr- D_bg bnktlm.bnknq

hmchb_sdr _m nqsgnknfntr fqnto ne fdmdr+ k_adkdc _s sgd sno _mc nqcdqdc _r sgdx _qd hm sgd gtl_m fdmnld %mnsd sg_s mns _kk fdmdr _ood_q nm

dudqx g_oknsxod(- ? onhms hmchb_sdr sg_s _ fhudm fdmd hr oqdrdms hm _ fhudm rodbhdr: vgdm _ rodbhdr g_r 2 nq lnqd o_q_knfr ne _ fhudm fdmd+ nmkx 2

onhmsr _qd rgnvm enq uhrt_khy_shnm otqonrdr- Ehkkdc onhmsr hmchb_sd sg_s sgd fdmd hr ’wdc hm sg_s rodbhdr+ ntskhmdc onhmsr hmchb_sd sg_s sgd fdmd hr

tm’wdc+ _mc rdlh,sq_mro_qdms onhmsr hmchb_sd sg_s sgd fdmd‘r ’wdcmdrr hr mns jmnvm- Sgd rg_od ne sgd onhms hmchb_sdr sgd fdmd‘r qnkd+ dhsgdq _

ordtcnfdmd+ bk_rrhb_k LGB fdmd+ mnm,bk_rrhb_k LGB fdmd+ _ fdmd sg_s rg_qdr ansg ed_stqdr %�ct_k bg_q_bsdqhrshbr�(+ nq tmjmnvm- Sgd gnqhynms_k

fq_x aq_bjdsr hmchb_sd _ aqd_jcnvm ne 090 nqsgnknfx+ vgdqd fdmdr adknv sgd aq_bjds _qd nqsgnknfntr sn 1 nq lnqd rdo_q_sd knbh _anud sgd

aq_bjds- Sgd rds ne svn _ci_bdms fq_x aq_bjdsr hm sgd sno bdmsdq ne sgd ’ftqd rgnv _ aknbj ctokhb_shnm- Fdmd k_adkr hm sgd lhcckd ne sgd okns %�V�+

�?�+ �F�+ �A�+ _mc �I�( bk_qhex fdmdr sg_s _qd m_ldc chdqdmskx hm chdqdms rodbhdr- NVL+ Nkc,Vnqkc Lnmjdxr: MVL+ Mdv Vnqkc Lnmjdxr-

Ehftqd 0ürntqbd cZsZ 0- Qdedqdmbdr enq Ehftpd 0-

Ehftqd 0ü—ftqd rtookdldms 0- ? udqrhnm ne Ehftpd 0 vhsgnts _rsdqhrjr-

Ehftqd 0ü—ftqd rtookdldms 1- AH2RS ghsr enq LGB Bk_rr I fdmdr hm u_qhntr qdedqdmbd fdmnldr-

3 ne 76

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted September 18, 2024.;https://doi.org/10.1101/2024.09.16.613318doi:bioRxiv preprint



Strep.

NWM

OWM

Apes

Cat

Pig

Pika

Rat

Treeshrew

Flying Lemur

Ring−Tailed Lemur

Mouse Lemur

Sifaka

Galago

Loris

Tarsier

Spider Monkey

Howler Monkey

Squirrel Monkey

Capuchin

Night Monkey

Marmoset

Tamarin

Titi

Saki

Colobus

Langur

Snub−Nosed Monkey

Guenon

Green Monkey

Macaque

Baboon

Gelada

Sooty Mangabey

Drill

Gibbon

Orangutan

Gorilla

Human

Bonobo

Chimpanzee

Afrotheria

Xenarthra

D
R
A
D
R
B
9

D
R
B
5

D
R
B
6

D
R
B
4

D
R
B
8

D
R
B
3

D
R
B
7

D
R
B
2

D
R
B
1

D
R
B
*W

D
Q
A
1

D
Q
B
1

D
Q
A
2

D
Q
B
2

D
O
B

D
M
B

D
M
A

D
O
A
D
PA
1

D
P
B
1

D
PA
2

D
P
B
2

D
PA
3

DRB1/3/4/W

DRB1/3/5/11/W

D
Q
A

D
Q
B

D
P
A

D
P
B

*

*

*

*

*

* *

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* *

*

* ** **

* **

*

*

* *

*

*

*

*

*

*

*

*

*

*

*

*

* **

*

*

*

*

*

*

*

*

*

*

*

*

*

* **

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* *

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

* *

*

*

*

*

*

*

*

*

*

*

*

*

100 90 80 70 60 50 40 30 20 10 0

MYA
Gene's Role Classical Dual Characteristics Non−Classical Pseudogene Unknown

Frequency Fixed Unfixed Unknown

Ehftqd 1- BkZrr II LGB fdmdr oqdrdms hm chdqdms rodbhdr- Sgd l_ll_k dunktshnm_qx sqdd hr rgnvm nm sgd kdes g_mc rhcd+ vhsg _m dlog_rhr nm

sgd oqhl_sdr %Enkdx ds Zk-� 1.12: HtcdpmZ ds Zk-� 1.12(- Sgd qdrs ne sgd ’ftqd cdrhfm enkknvr sg_s ne Ehftpd 0+ dwbdos sg_s vd chc mns mddc sn khlhs

sgd mtladq ne onhmsr rgnvm odq knbtr.rodbhdr ctd sn ro_bd bnmrsq_hmsr- NVL+ Nkc,Vnqkc Lnmjdxr: MVL+ Mdv Vnqkc Lnmjdxr: Rsqdo-+

Rspdorhppghmh-

Ehftqd 1ürntqbd cZsZ 0- Qdedqdmbdr enq Ehftpd 1-

Ehftqd 1ü—ftqd rtookdldms 0- ? udqrhnm ne Ehftpd 1 vhsgnts _rsdqhrjr-

Ehftqd 1ü—ftqd rtookdldms 1- AH2RS ghsr enq LGB Bk_rr II fdmdr hm u_qhntr qdedqdmbd fdmnldr-
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Sgd LGB :bqnrr sgd OqhlZsdrots

SgdLGB hr _ o_qshbtk_qkx cxm_lhb dw_lokd ne _ fdmd e_lhkx ctd sn hmsdmrd rdkdbshud oqdrrtqd cqhudmote

ax gnrs,o_sgnfdm bn,dunktshnm %PZcvZm ds Zk-� 1.1.: Dadps Zmc Ehdkcr� 1.1.(- Vhsghm sgd e_lhkx+otn

fdmdr g_ud ctokhb_sdc+ bg_mfdc etmbshnm+ _mc addm knrs l_mx shldr hm chdqdms khmd_fdr- ?r _o5z

qdrtks+ dudm bknrdkx,qdk_sdc rodbhdr b_m g_ud chdqdms rdsr ne LGB fdmdr- Sgtr+ vghkd sgd LGB g_ro5o

addm dwsdmrhudkx rstchdc hm gtl_mr+ sgdqd hr _ khlhs sn gnvltbgvd b_m kd_qm eqnl _ rhmfkd rodbhdr-o53

Kdudq_fhmf hmenql_shnm eqnl nsgdq rodbhdr gdkor tr tmcdqrs_mc sgd dunktshnm ne sgd dmshqd e_lhkxo5t

_mc oqnuhcdr jdx bnmsdws _r sn gnv hs btqqdmskx nodq_sdr hm gtl_mr %Sgnpmsnm Zmc CdrZkkd� 1...:o55

9cZlr Zmc OZpgZl� 1..0a(- Im Ehftpd 0 _mc Ehftpd 1+ vd bnlo_qd sgd fdmdr oqdrdms hm chdqdmso5f

rodbhdr- Im ansg+ d_bg bnktlm qdoqdrdmsr _m nqsgnknfntr fdmd+ vghkd sgd kdes,g_mc,rhcd rgnvr sgdo57

dunktshnm_qx sqdd enq oqhl_sdr _mc ntq bknrdrs mnm,oqhl_sd qdk_shudr %HtcdpmZ ds Zk-� 1.12: Enkdxo5s

ds Zk-� 1.12(- Gtl_mr _qd o_qs ne sgd _od bk_cd %qdc k_adk(+ vghbg hr lnrs bknrdkx qdk_sdc sn sgdo5e

nkc,vnqkc lnmjdxr %NVL: aktd k_adk(- Mdws+ sgd _od.NVL bk_cd hr lnrs bknrdkx qdk_sdc sn sgdo5n

mdv,vnqkc lnmjdxr %MVL: nq_mfd k_adk(+ _mc sgd _od.NVL.MVL bk_cd hr bnkkdbshudkx jmnvm _rofz

sgd Rhlhhenpldr- Nmkx rodbhdr vhsg qnvr ghfgkhfgsdc hm fq_x g_ud g_c sgdhq LGB qdfhnmr dwsdmrhudkxofo

rstchdc- Fdmd oqdrdmbd hm d_bg rodbhdr hr hmchb_sdc ax onhmsr hm d_bg bnktlm+ _mc sgd onhmsr _krnof3

hmchb_sd sgd etmbshnm ne sgd fdmd _mc vgdsgdq hs hr ’wdc hm sgd rodbhdr- Onhmsr vhsg _m _rsdqhrjoft

hmchb_sd bnmsqhatshnmr eqnl sghr vnqj-of5

Ehftpd 0 rgnvr sg_s mns _kk Bk_rr I fdmdr _qd rg_qdc ax _odr _mc NVL+ _mc ltbg edvdq _qdoff

rg_qdc adsvddm _odr.NVL _mc MVL- Fdmdr g_ud _krn addm chdqdmskx dwo_mcdc hm chdqdmsof7

khmd_fdr- Vghkd gtl_mr _mclnrs nsgdq _odr g_ud _ rhmfkd bnox ne d_bg fdmd+ sgd NVL _mc MVLofs

g_ud ltkshokd bnohdr ne md_qkx _kk fdmdr- ?cchshnm_kkx+ l_mx fdmdr dwghahs etmbshnm_k ok_rshbhsx:ofe

enq dw_lokd+ LGB,F hr _ mnm,bk_rrhb_k fdmd hm sgd _odr _mc _ ordtcnfdmd hm sgd NVL %hs hr mnsofn

090 nqsgnknfntr sn MVL LGB,F(- Sgd chdqdmbdr adsvddm dudm bknrdkx,qdk_sdc oqhl_sd fqntoro7z

hmchb_sd sg_s sgd Bk_rr I qdfhnm hr dunkuhmf udqx q_ohckx-o7o

Im bnmsq_rs+ sgd Bk_rr II fdmdr _qdlnqd rs_akd+ _r sgd r_ld fdmdr b_m ad entmc hm dudm chrs_mskx,o73

qdk_sdc l_ll_kr %Ehftpd 1(- Sgd mns_akd dwbdoshnm sn sghr o_ssdqm hr sgd LGB,CQA fqnto ne fdmdr+o7t

hmchb_sdc ax c_qj aktd onhmsr hm sgd lhcckd ne Ehftpd 1- Vghkd rnld ne sgd hmchuhct_k LGB,CQAo75

fdmdr _qd nqsgnknfntr adsvddm _odr _mc NVL+ hmchb_sdc ax onhmsr hm sgd r_ld bnktlm+ nsgdqro7f

_qd khlhsdc sn sgd _odr _knmd- Etqsgdqlnqd+ mn hmchuhct_k LGB,CQA fdmdr %vhsg sgd onrrhakd dw,o77

bdoshnm neLGB,CQA8( _qd rg_qdc adsvddm _odr.NVL_mcMVL+ onhmshmf sn sgdhq dwsqdldkx q_ohco7s

dunktshnm- Vghkd sgd nsgdq fdmdr g_ud addm qdk_shudkx rs_akd+ sgdqd g_ud addm dwo_mrhnmr hm bdq,o7e

s_hm khmd_fdr+ rtbg _r rdo_q_sd ctokhb_shnmr ne sgd LGB,CP? _mc ,CPA fdmdr hm _odr.NVL+ MVL+o7n

_mc lntrd kdltq- Sgtr+ ansg ne sgd LGB Bk_rr I _mc Bk_rr I fdmd rtae_lhkhdr _ood_q sn ad rtaidbsosz

sn ahqsg,_mc,cd_sg dunktshnm+ vhsg Bk_rr I _mcLGB,CQA tmcdqfnhmf sgd oqnbdrr lnqd q_ohckx sg_moso

sgd qdrs ne Bk_rr II-os3

Dunktshnm ne Z Fdmd EZlhkxost

Vd odqenqldc ogxknfdmdshb hmedqdmbd trhmf AC2RS- nm ntq _khfmdcLGB _kkdkd rdptdmbdr bnkkdbsdcos5

eqnl MBAI QdeRdp _mc sgd IOC,LGB c_s_a_rd- AC2RS- hr _ A_xdrh_m ldsgnc+ ld_mhmf sgd rds neosf

sqddr hs oqnctbdr qdoqdrdmsr sgd onrsdqhnq ro_bd ne sqddr %AntbjZdps ds Zk-� 1.08(- Enq uhrt_khy_shnmos7

otqonrdr+ vd bnkk_ordc sgd ro_bd ne sqddr hmsn _ rhmfkd rtll_qx sqdd sg_s l_whlhydr sgd rtl neoss

onrsdqhnq bk_cd oqna_ahkhshdr %AD9� 1.13(- Im d_bg sqdd+ sgd shor qdoqdrdms rdptdmbdr+ dhsgdq m_ldcose

vhsg sgdhq QdeRdp hcdmsh’dq nq vhsg rs_mc_qc _kkdkd mnldmbk_stqd %rdd 9oodmchw 1(- Sgd rtll_qxosn

sqdd enq Bk_rr I hr rgnvm hm Ehftpd 2+ vghkd sgd rtll_qx sqddr enq Bk_rr II? _mc Bk_rr IIA _qd rgnvmoez

hm Ehftpd 3-oeo

Ehftpd 2? rgnvr sgdBk_rr Iltksh,fdmd sqdd trhmf rdptdmbdr eqnldwnm3+ _ mnm,odoshcd,ahmchmf,oe3

qdfhnm,dmbnchmf %mnm,OAQ( dwnm dpt_k hm rhyd sn d_bg ne sgd odoshcd,ahmchmf,qdfhnm,dmbnchmf %OAQ(oet

dwnmr 1 _mc 2- Sghr dwnm hr sgd kd_rs khjdkx sn ad _dbsdc ax bnmudqfdms dunktshnm+ l_jhmf hsr sqdd‘roe5

rsqtbstqd d_rhdq sn hmsdqoqds- Sghr sqdd–vghbg bnms_hmr gtmcqdcr ne shor–g_r addm etqsgdq rhlokh,oef

’dc ax bnkk_orhmf bk_cdr ne qdk_sdc shor+ _ksgntfg svn etkkx,dwo_mcdc bk_cdr _qd rgnvm hm o_mdkroe7
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A _mc B- Rdptdmbdr cn mns _kv_xr _rrnqs ax knbtr- Enq dw_lokd+ _od LGB,H hr rdo_q_sdc eqnloes

NVL LGB,H+ vghbg hr lnqd bknrdkx qdk_sdc sn _od.NVL LGB,F- Ld_mvghkd+ MVL LGB,F cndroee

mns fqnto vhsg _od.NVLLGB,F+ hmrsd_c e_kkhmf ntsrhcd ne sgd bk_cd bnms_hmhmf _od.NVLLGB,?+oen

,F+ ,H _mc ,J- Sghr rtoonqsr sgd e_bs sg_s sgd MVLLGB,F fdmdr _qd aqn_ckx nqsgnknfntr sn _ k_qfdonz

fqnto ne fdmdr vghbg dwo_mcdc vhsghm sgd _od.NVL khmd_fd-ono

Gnvdudq+ rnld bk_cdr.fdmdr cn adg_ud hm sgd dwodbsdc e_rghnm: sg_s hr+ vhsg sgdhq sqddr l_sbg,on3

hmf sgd nudq_kk rodbhdr sqdd- Nmd rtbg fdmd hr mnm,bk_rrhb_kLGB,E+ rgnvm hm Ehftpd 2A- ?ksgntfg sgdont

fdmd g_r ctokhb_sdc hm sgd bnllnm l_qlnrds %B_i_,E(+ sghr rtasqdd bknrdkx l_sbgdr sgd rodbhdron5

sqdd rgnvm hm sgd toodq qhfgs- Sghr hmchb_sdr sg_s LGB,E hr nqsgnknfntr _bqnrr _odr+ NVL+ _mconf

MVL- Nqsgnknfx adsvddm _odr _mc NVL hr _krn nardqudc enq ordtcnfdmdr LGB,K+ ,J+ ,H+ _mcon7

,U _mc mnm,bk_rrhb_k LGB,D _mc ,F %Ehftpd 2–üftpd Rtookdldms 1 _mc Ehftpd 4–üftpd Rtookd,ons

ldms 0(- Enq sgd nsgdq MVL fdmdr+ nqsgnknfx vhsg _odr.NVL hr kdrr bkd_q-one

Nsgdq fdmdr cn mns _s _kk enkknv sgd rodbhdr sqdd+ rtbg _r MVL LGB,F- Sghr fdmd fqnto hronn

aqn_ckx nqsgnknfntr sn _ k_qfd rds ne _od.NVL fdmdr _mc ordtcnfdmdr+ _r hsr _mbdrsnq dwo_mcdc3zz

hmcdodmcdmskx hm ansg khmd_fdr- Im MVL+ sgd l_mx etmbshnm_k LGB,F fdmdr _qd bk_rrhb_k+ _mc3zo

sgdqd _qd _krn _ k_qfd mtladq ne LGB,F,qdk_sdc ordtcnfdmdr- Rgnvm hm Ehftpd 2B+ MVL LGB,F3z3

rdptdmbdr cn mns _kv_xr fqnto ax rodbhdr %bnknqdc anw vhsg _aaqduh_shnm(+ hmrsd_c enqlhmf lhwdc3zt

bk_cdr- Sgtr+ vghkd rnld ctokhb_shnmr _ood_q sn g_ud nbbtqqdc oqhnq sn rodbh_shnm dudmsr+ nsgdqr3z5

_qd rodbhdr,rodbh’b- Rhlhk_q dwo_mrhnmr _qd rddm _lnmf sgd LGB,? _mc ,A fdmdr ne sgd NVL _mc3zf

sgd LGB,A fdmdr ne sgd MVL %Ehftpd 2–üftpd Rtookdldms 1+ Ehftpd 2–üftpd Rtookdldms 2+ _mc3z7

Ehftpd 2–üftpd Rtookdldms 3(-3zs

Ehftpd 3 rgnvr rtll_qx sqddr enq dwnm 2 %mnm,OAQ( enq sgd Bk_rr II? _mc IIA rdptdmbd rdsr- Im3ze

sgd Bk_rr II fdmdr+ dwnm 2 cndr mns dmbncd sgd ahmchmf rhsd+ ats hr rhlhk_q hm rhyd sn ahmchmf,rhsd,3zn

dmbnchmf dwnm 1- Im bnmsq_rs sn Bk_rr I %Ehftpd 2(+ Bk_rr II rdptdmbdr fqnto dmshqdkx _mc tm_lahft,3oz

ntrkx ax fdmd+ rgnvm ax sgd bnkk_ordc sqddr hm Ehftpd 3?- Gnvdudq+ sgd rtasqddr enq d_bg fdmd3oo

dwghahs u_qxhmf o_ssdqmr- ?r vhsg Bk_rr I+ mnm,bk_rrhb_k fdmdr sdmc sn dunkud hm _ �sxohb_k� e_rghnm3o3

vhsg rdptdmbdr _rrnqshmf _bbnqchmf sn sgd rodbhdr sqdd- Sghr hr bkd_qkx sgd b_rd enq mnm,bk_rrhb_k3ot

LGB,CL?+ ,CLA+ ,CN?+ _mc ,CNA %Ehftpd 3–üftpd Rtookdldms 0 _mc Ehftpd 3–üftpd Rtookd,3o5

ldms 1(- Bk_rrhb_k fdmdrLGB,CQ? _mc ,CO? _krn enkknv sghr o_ssdqm %Ehftpd 3A _mc Ehftpd 3–üftpd3of

Rtookdldms 0(- Gnvdudq+ sgd nsgdq bk_rrhb_k fdmdr‘ rtasqddr knnj udqx chdqdms eqnl sgd rodbhdr3o7

sqdd-3os

Sgdqd _qd rdudq_k qd_rnmr vgx sgdrdLGB fdmd sqddr b_m chdq eqnl sgd nudq_kk rodbhdr sqdd- Im,3oe

bnlokdsd khmd_fd rnqshmf b_m g_oodm otqdkx ax bg_mbd+ drodbh_kkx he rodbhdr g_ud qdbdmskx chudqfdc-3on

Gnvdudq+ a_k_mbhmf rdkdbshnm b_m b_trd _kkdkdr sn ad knmfdq,khudc+ qdrtkshmf hm hmbnlokdsd khmd_fd33z

rnqshmf dudm _lnmf cddokx,chudqfdc rodbhdr: sghr hr b_kkdc sq_mr,rodbhdr onkxlnqoghrl %SRO(- Ehf,33o

tpd 3B hkktrsq_sdr sghr ogdmnldmnm enq LGB,COA- Vhsghm sgd NVL bk_cd %rg_cdr ne fqddm(+ rd,333

ptdmbdr fqnto ax _kkdkhb khmd_fd q_sgdq sg_m ax rodbhdr- Enq dw_lokd+ bq_a,d_shmf l_b_ptd _kkdkd33t

L_e_,CQA0)/89/19/09/0 fqntor vhsg fqddmlnmjdx _kkdkd Bgr_,COA0)/89/0 %ansg ldladqr ne sgd335

CQA0)/8 khmd_fd( q_sgdq sg_m vhsg sgd nsgdq l_b_ptd _kkdkdr %L_md,+ L_lt,+ L_sg,+ _mc L_kn,(+33f

cdrohsd sgd e_bs sg_s sgdrd rodbhdr _qd 04 lhkkhnm xd_qr rdo_q_sdc eqnl d_bg nsgdq %HtcdpmZ ds Zk-�337

1.12(- Vd rdd sghr o_ssdqm hm l_mx Bk_rr II fdmdr _mc rnld Bk_rr I fdmdr %Ehftpd 2–üftpd Rtookd,33s

ldms 2+ Ehftpd 2–üftpd Rtookdldms 3+ Ehftpd 2–üftpd Rtookdldms 4 + Ehftpd 3–üftpd Rtookd,33e

ldms 7+ Ehftpd 3–üftpd Rtookdldms 8+ _mc Ehftpd 3–üftpd Rtookdldms 0.(- Im ntq bnlo_mhnm33n

o_odq+ vd dwoknqd d_bg ne sgdrd fdmdr etqsgdq _mc du_kt_sd sgd rsqdmfsg ne rtoonqs enq SRO hm d_bg3tz

fdmd-3to

?mnsgdqv_x sn nas_hm chrbnqc_ms sqddr hr hm sgd b_rd ne qdbdms dwo_mrhnmr ne fdmdr- Rtbg dwo_m,3t3

rhnmr l_jd hs chbtks sn _rrhfm rdptdmbdr sn knbh+ qdrtkshmf hm bk_cdr vgdqd rdptdmbdr %nrsdmrhakx3tt

eqnl sgd r_ld knbtr( cn mns fqnto ax rodbhdr- ?m dw_lokd ne sghr hr rgnvm hm Ehftpd 2B enq sgd3t5

MVL Bk_rr I fdmd LGB,F- Sgd Bk_rr II LGB,CQA fdmdr g_ud _krn dwo_mcdc+ _ksgntfg knbtr _r,3tf

rhfmldmsr _qd rnldvg_s bkd_qdq- Ehftpd 3C rgnvr sgd Bk_rr II rtasqdd enq LGB,CQA+ vgdqd _od3t7

rdptdmbdr %qdc.nq_mfd anwdr( _qd hmsdqrodqrdc vhsg NVL rdptdmbdr %fqddm anwdr(- Sgd LGB,3ts
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G5Ps*01

N*01:01:01:01HLA

Caja

F

B

Class I

Class I

P

T

W

E

Class I

L

A8

B/E

Class I

G

PS2

A/AG

A−Related

J

G

J

K

Pri.

Pri.

Pri.

Str.

Apes

Cat.

Cat.

Cat.

Str.

Pri.

OWM

NWM

Mam.

NWM

NWM

OWM

Apes

OWM

Cat.

Apes

Cat.

N.M. Night Monkey

G.B. Night Monkey

Marmoset

Tamarin

Panam. Capuchin

Squirrel Monkey

B.C. Squ. Monkey

B.H. Spi. Monkey

W.F. Spi. Monkey

Saki

Macaque

Gelada

Baboon

Green Monkey

Leaf Monkey

Colobus

Human

Chimpanzee

Gorilla

Orangutan

Silvery Gibbon

Nor. W.C. Gibbon

Strepsirrhini

HLA

Patr

Gogo

Popy

Hymo

Nole

Paan

Thge

Mamu

Chsa

Pite

Trfr

Saoe

Caja

Aole

Aona

Ceim

Sasc

Sabo

Atbe

Atfu

Pipi

Str.

Apes

OWM

NWM

Cat.

Species Key/Tree

F1*01

F2*01

F4*04:01

F5*01

F6*06:01

F*01:01

F*01:01

F*01:01:01

F*01:01:01:01

F*02:01

F*02:01:01

F*03:02

F*05:01

XM_007973295.2

XM_012440735.2

NC_044402.1:50911178−50915301

NW_020263390.1:c4500−1320

NW_022611662.1:28355530−28358783

XM_023191602.3

XM_033219647.1

XM_037732055.1

XM_039467282.1

HLA

Patr

Gogo

Popy

Hymo

Nole

Paan

Thge

Mamu

Chsa

Pite

Trfr

Saoe

Caja

Caja

Caja

Caja

Caja

Aole

Aona

Ceim

Sabo

G10Ps*01

G11Ps*01

G13Ps*01

G14Ps*01

G2Ps*01

G4Ps*01

G6Ps*01

G8Ps*01

G9Ps*01

G*03:01

G*03:01

G*03:08

G*04:01

G*06:01

G*07:01:01

XR_005578794.1

XR_005197163.1

XM_039467205.1

XM_021673517.1

XM_017510508.2

PS1*01

Saoe

Saoe

Caja

Caja

Caja

Caja

Caja

Caja

Caja

Caja

Caja

Caja

Aona

Ceim

Ceim

Sasc

Sabo

Sabo

Atbe

Atfu

Pipi

*

A. Sequences do not always group by gene name in the Class I multi-gene tree.

B. All MHC-F sequences group together and

generally assort according to the species tree.

C. MHC-G sequences do not group together;

the genes have expanded and diversified

separately in the NWM.

†

*

†

Ehftqd 2- Sgd BkZrr I dwnm 3 ltksh*fdmd AD9RS1 sqdd- Sgd Bk_rr Iltksh,fdmd sqdd v_r bnmrsqtbsdc trhmf

dwnm 3 %mnm,OAQ( rdptdmbdr eqnl Bk_rr I fdmdr ro_mmhmf sgd oqhl_sdr- :( Enq sgd otqonrdr ne uhrt_khy_shnm+

d_bg bk_cd hm sgd ltksh,fdmd sqdd hr bnkk_ordc _mc k_adkdc _bbnqchmf sn sgd l_hm rodbhdr fqnto _mc fdmd

bnmsdms ne sgd bk_cd- Sgd vghsd k_adkr nm bnknqdc qdbs_mfkdr hmchb_sd sgd rodbhdr fqnto ne nqhfhm+ vghkd sgd

bnknqdc sdws sn sgd qhfgs ne d_bg qdbs_mfkd hmchb_sdr sgd fdmd m_ld- Sgd _aaqduh_shnmr _qd cd’mdc hm sgd

rodbhdr jdx sn sgd qhfgs- A( Sgd dwo_mcdc LGB,E bk_cd %bnqqdronmchmf sn sgd bk_cd hm o_mdk ? l_qjdc ax _ 5(-
B( Sgd dwo_mcdc MVLLGB,F bk_cd %l_qjdc ax _ < hm o_mdk ?(- Im o_mdkr A _mc B+ d_bg sho qdoqdrdmsr _
rdptdmbd _mc hr k_adkdc vhsg sgd rodbhdr ne nqhfhm %vghsd k_adk nm bnknqdc qdbs_mfkd( _mc sgd rdptdmbd IC nq

_kkdkd m_ld %bnknqdc sdws sn sgd qhfgs ne d_bg qdbs_mfkd: rdd 9oodmchw 1(- Sgd rodbhdr jdx hr nm sgd qhfgs g_mc

rhcd ne o_mdk ?- C_rgdc aq_mbgdr g_ud addm rgqtmj sn 0/" ne sgdhq nqhfhm_k kdmfsg %sn bk_qhex cds_hk hm sgd qdrs

ne sgd sqdd _s sghr rb_kd(- NVL9 nkc,vnqkc lnmjdxr: MVL9 mdv,vnqkc lnmjdxr: B_s-9 B_s_qqghmh–_odr _mc

NVL: Oqh-9 Oqhl_sdr–_odr+ NVL _mc MVL: L_l-9 l_ll_kr–oqhl_sdr _mc nsgdq ntsfqnto l_ll_kr-

Ehftqd 2ü—ftqd rtookdldms 0- Bnknq _mc _aaqduh_shnm jdx.sqdd enq _kk rodbhdr hmbktcdc hm sghr rstcx-

Ehftqd 2ü—ftqd rtookdldms 1- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd Bk_rr Iltksh,fdmd AC2RS- sqddr-

Ehftqd 2ü—ftqd rtookdldms 2- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,?,qdk_sdc enbtrdc AC2RS- sqddr-

Ehftqd 2ü—ftqd rtookdldms 3- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,A,qdk_sdc enbtrdc AC2RS- sqddr-

Ehftqd 2ü—ftqd rtookdldms 4- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,B,qdk_sdc enbtrdc AC2RS- sqddr-

Ehftqd 2ü—ftqd rtookdldms 5- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,D,qdk_sdc enbtrdc AC2RS- sqddr-

Ehftqd 2ü—ftqd rtookdldms 6- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,E,qdk_sdc enbtrdc AC2RS- sqddr-

Ehftqd 2ü—ftqd rtookdldms 7- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,F,qdk_sdc enbtrdc AC2RS- sqddr-

Ehftqd 2ürntqbd cZsZ 0- ECMCBNMU qdrtksr enq sgd Bk_rr I enbtrdc _khfmldmsr-
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CQA fdmdr _qd trt_kkx _rrhfmdc sn rodbh’b m_ldc knbh+ ats hm sghr sqdd nmkx LGB,CQA4 rdptdmbdr3te

fqnto ax m_ldc knbtr %sgd bnkk_ordc _od.NVLLGB,CQA4 bk_cd hr _ants 0.2 eqnl sgd anssnl ne3tn

sgd sqdd(- Sgd e_hktqd ne sgd nsgdq m_ldc knbh sn fqnto snfdsgdq hmchb_sdr _ k_bj ne 090 nqsgnknfx35z

adsvddm _odr+ NVL+ _mc MVL enq sgdrd fdmdr _mc sgtr q_ohc dunktshnm- Sghr l_jdr sgd LGB,35o

CQA fdmdr tmhptd _lnmf sgd Bk_rr II fdmdr- Vd bqd_sdc _ �enbtrdc� sqdd vhsg lnqd rdptdmbdr hm353

nqcdq sn dwoknqd sgd dunktshnm ne sgd LGB,CQA fdmdr etqsgdq+ vghbg hr oqdrdmsdc hm _ k_sdq rdbshnm35t

%Ehftpd 3–üftpd Rtookdldms 7(-355

Fdmd bnmudqrhnm hr _ sghqc v_x sg_s fdmd sqddr lhfgs chdq eqnl sgd nudq_kk rodbhdr sqdd- Fdmd35f

bnmudqrhnm hr sgd tmhchqdbshnm_k bnoxhmf ne _ rdptdmbd nmsn _ rhlhk_q rdptdmbd %trt_kkx _mnsgdq357

_kkdkd nq _ qdk_sdc knbtr(+ vghbg qdrtksr hm svn rdptdmbdr adhmf tmtrt_kkx rhlhk_q dudm he sgdx _qd35s

mns qdk_sdc ax cdrbdms- Vd bnmrhcdq sghr onrrhahkhsx hm sgd mdws rdbshnm-35e

Cdsdbshnm ne Fdmd Bnmudqrhnm35n

Adb_trd sgd LGB bnms_hmr l_mx qdk_sdc fdmdr hm bknrd oqnwhlhsx+ fdmd bnmudqrhnm–sgd tmhchqdb,3fz

shnm_k dwbg_mfd ne rdptdmbd adsvddm svn rhlhk_q rdptdmbdr–b_m nbbtq %Bgdm ds Zk-� 1..6(- Vd3fo

trdc sgd oqnfq_l ECMCBNMU %RZvxdp� 0888( sn hmedq o_hqr ne rdptdmbdr ne vghbg nmd g_r khjdkx3f3

addm bnmudqsdc ax sgd nsgdq %Ehftpd 2–rntpbd cZsZ 0 _mc Ehftpd 3–rntpbd cZsZ 0(- Vd qdbnu,3ft

dqdc jmnvm fdmd bnmudqrhnm dudmsr+ rtbg _r adsvddm gtl_m _kkdkhb khmd_fdr GK?,A)27 _mc GK?,3f5

A)569/1+ _r vdkk _r mnudk dudmsr+ rtbg _r adsvddm fnqhkk_ _kkdkhb khmd_fdr Fnfn,A)/0 _mc Fnfn,A)/23ff

_mc _od.NVL khmd_fdr LGB,CP?0)/0 _mc LGB,CP?0)/4-3f7

Gnvdudq+ lnrs ne sgd sq_bsr vd cdsdbsdc hmunkudc l_mx chdqdms fqntor ne rodbhdr ats hl,3fs

okhb_sdc sgd r_ld o_hq ne knbh- Vd hmsdqoqdsdc sgdrd _r fdmd bnmudqrhnm dudmsr sg_s ltrs g_ud3fe

g_oodmdc _ knmf shld _fn hm sgd d_qkx ghrsnqx ne sgd svn fdmdr+ _mc sgdx _qd khjdkx sn ak_ld enq3fn

sgd snonknfhb_k chdqdmbdr eqnl dwnm sn dwnm _lnmf sgd sqddr- Enq dw_lokd+ hm dwnm 1+ sgd Bk_rr37z

I ordtcnfdmd LGB,J fqntor vhsg LGB,F+ vghkd hm dwnm 2 hs fqntor vhsg LGB,E+ _mc hm dwnm 3 hs37o

fqntor ntsrhcd ne LGB,F+ ,H+ _mc ,? %Ehftpd 2(- Sgd tmbdqs_hm d_qkx aq_mbghmf rsqtbstqd vd nardqud373

hm ntq sqddr l_x ad ctd sn sgdrd _mbhdms fdmd bnmudqrhnm dudmsr-37t

Sgd IlonqsZmbd ne sgd OrdtcnfdmhyZshnm Oqnbdrr375

Fdmd ahqsg,_mc,cd_sg cqhudr sgd dunktshnm ne _ fdmd e_lhkx _r _ vgnkd- Sgd �cd_sg� b_m hmbktcd sgd37f

cdkdshnm ne _kk nq o_qs ne _ fdmd eqnl sgd fdmnld nq ordtcnfdmhy_shnm ax ld_mr ne hm_bshu_shmf377

lts_shnmr+ vghbg b_m kd_ud fdmd qdlm_msr adghmc- Im Bk_rr I+ vd ’mc l_mx ordtcnfdmdr sg_s37s

g_ud addm oqnctbdc hm sghr oqnbdrr: vghkd bntmskdrr lnqd g_ud tmcntasdckx _kqd_cx addm cdkdsdc37e

eqnl oqhl_sd fdmnldr+ l_mx etkk,kdmfsg _mc eq_fldms ordtcnfdmdr rshkk qdl_hm- ?ksgntfg mnm,37n

etmbshnm_k+ sgdrd rdptdmbdr oqnuhcd hmrhfgs hmsn sgd fq_mtk_q oqnbdrr ne ahqsg,_mc,cd_sg _r vdkk _r3sz

hloqnud sqdd hmedqdmbd-3so

Etkk Bk_rr I g_oknsxodr hmbktchmf sgd ordtcnfdmdr _qd jmnvm nmkx enq gtl_m+ bghlo_mydd+ fn,3s3

qhkk_+ _mc l_b_ptd+ _mc dudm rn vd cn mns g_ud rdptdmbdr enq Vii sgd a_k_mbdc g_oknsxodr hm d_bg3st

rodbhdr %9myZh ds Zk-� 1..2: Vhklhmf ds Zk-� 1.02: RghhmZ ds Zk-� 1.06: HZpk ds Zk-� 1.12(- Eqnl sgdrd3s5

rstchdr+ vd jmnv sg_s edv etmbshnm_k Bk_rr I fdmdr _qd rg_qdc ax _odr.NVLr _mc MVLr+ _mc3sf

rn e_q mn rg_qdc ordtcnfdmdr g_ud addm entmc %Ktfn Zmc BZcZuhc� 1.04: Hnmn ds Zk-� 1.03: BZ,3s7

cZuhc ds Zk-� 0885: LZbbZph ds Zk-� 1.06+ 1.1.(- Sgdqdenqd+ sgd Bk_rr I fdmdr hm sgd svn fqntor g_ud3ss

addm fdmdq_sdc ax _ k_qfdkx rdo_q_sd rdqhdr ne ctokhb_shnmr+ mdnetmbshnm_khy_shnmr+ _mc knrrdr- Sghr3se

ld_mr sg_s stqmnudq g_r nbbtqqdc nm _ qdk_shudkx rgnqs shldrb_kd+ _mc tmcdqrs_mchmf sgd ordtcn,3sn

fdmdr vhsghm sgd _odr _mc NVL b_m sgtr rgdc khfgs nm sgd dunktshnm ne sgd qdfhnmlnqd fq_mtk_qkx-3ez

Sgdrd _mbhdms qdlm_msr bntkc oqnuhcd bktdr _r sn vgdm fdmdr nq vgnkd aknbjr vdqd ctokhb_sdc+3eo

vghbg qdfhnmr _qd lnqd oqnmd sn ctokhb_shnm+ _mc gnv sgd LGB l_x g_ud etmbshnmdc hm _mbdrsq_k3e3

rodbhdr-3et

Sgd Bk_rr ILGB qdfhnm hr etqsgdq chuhcdc hmsn sgqdd onkxlnqoghb aknbjr–↵+ + _mc –sg_s d_bg3e5

bnms_hmLGB fdmdr ats _qd rdo_q_sdc ax vdkk,bnmrdqudc mnm,LGB fdmdr- Sgdl_inqhsx ne sgd Bk_rr3ef

I fdmdr _qd knb_sdc hm sgd ↵,aknbj+ vghbg hm gtl_mr hmbktcdr 01 LGB fdmdr _mc ordtcnfdmdr3e7
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Flying Lemur

N.M. Night Monkey

G.B. Night Monkey

Marmoset

Tamarin

Panam. Capuchin

Tufted Capuchin

B.C. Squ. Monkey

Tibetan Macaque

C.E. Macaque

Rhesus Macaque

S. P.T. Macaque

N. P.T. Macaque

Gelada

Hamadryas Baboon

Baboon

Drill

Sooty Mangabey

Green Monkey

Leaf Monkey

Gol. S.N. Monkey

Colobus

Colobus

Human

Bonobo

Chimpanzee

Gorilla

B. Orangutan

S. Orangutan

Silvery Gibbon

Nor. W.C. Gibbon

Tarsier

Ring−Tailed Lemur

Sifaka

Gray Mouse Lemur

Loris

Galago

Rat

HLA

Patr

Papa

Gogo

Popy

Poab

Hymo

Nole

Paha

Paan

Thge

Male

Ceat

Mane

Malo

Math

Mafa

Mamu

Chsa

Coan

Rhro

Pite

Trfr

Saoe

Caja

Aole

Aona

Ceim

Saap

Sabo

Casy

Leca

Mimu

Prco

Otga

Nyco

Gava

Rano

Apes

OWM

NWM

Cat.

Species Key/Tree

DPB1*01:01

DPB1*01:01

DPB1*01:01

DPB1*01:01

DPB1*01:01:01

DPB1*01:01:01:01

DPB1*01:07

DPB1*02:01

DPB1*03:01:01

DPB1*09:01

DPB1*09:02:01:01

DPB1*27:01

DPB1*28:01

DPB1*30:01:01

DPB2*01:01:01

DPB*NC_033665.1:3082962−3099391

DPB*NC_036909.1:33437311−33454079

DPB*NC_045438.1:c135729803−135719305

DPB*NW_022611662.1:31562380−31572634

DPB*XM_003272163.4

DPB*XM_003808595.3

DPB*XM_010334007.2

DPB*XM_010357877.2

DPB*XM_011944828.1

DPB*XM_011976671.1

DPB*XM_012036392.1

DPB*XM_012077003.1

DPB*XM_012461727.2

DPB*XM_012804803.2

DPB*XM_017522707.2

DPB*XM_021713315.1

DPB*XM_025381296.1

DPB*XM_032253358.1

DPB*XM_033216755.1

DPB*XM_045541814.1

DPB*XM_050787821.1

DPB*XM_050787907.1

DPB*XM_053601193.1

DPB*XR_004438647.1

HLA

HLA

Patr

Papa

Gogo

Popy

Poab

Poab

Hymo

Nole

Paan

Thge

Male

Ceat

Ceat

Mane

Malo

Math

Math

Mafa

Mamu

Chsa

Coan

Rhro

Pite

Trfr

Trfr

Saoe

Caja

Aole

Aona

Ceim

Saap

Sabo

Casy

Leca

Mimu

Otga

Nyco

DPB

DPB

DPB

Mam.

Mam.

Mam.

DRB1*01:01:01:01

DRB1*02:01:01:01

DRB1*03:07

DRB1*08:01

DRB1*08:01

DRB3*02:01

DRB4*01:01

DRB4*01:01:01:01

DRB4*02:01:01:01

DRB5*01:01

DRB6*02:01

DRB8*01:01

DRB*NC_033665.1:c4556325−4552914

DRB*NC_044552.1:c26153554−26139373

DRB*NC_048245.1:c32174945−32161609

DRB*NC_059129.1:c42816156−42804972

DRB*NW_003852426.1:c3566025−3555615

DRB*NW_004567102.1:c717553−702543

DRB*NW_007252749.1:21802−34728

DRB*NW_007768077.1:c4865−2637

DRB*NW_012003702.1:3647−31400

DRB*NW_022681455.1:c32512053−32497954

DRB*W001:03

DRB*W002:01

DRB*W002:01:01:01

DRB*W113:01

DRB*W114:01

DRB*XM_011975423.1

DRB*XM_017522742.2

DRB*XM_032272368.1

DRB*XR_005239432.1

DRB*XR_007725230.1

HLA

HLA

HLA

HLA

Patr

Patr

Patr

Papa

Gogo

Popy

Popy

Poab

Poab

Poab

Male

Ceat

Mane

Malo

Math

Mafa

Mamu

Chsa

Rhro

Trfr

Ceim

Saap

Casy

Leca

Mimu

Otga

Gava

Cocr

DRB1/3

DRB2

DRB3

DRB1/4

DRB7

DRB3

DRB5

DRB

Db

DRB

NWM

Apes

Apes

OWM

Apes

OWM

Cat.

Lau.

Rano

Mam.

DPA*NC_033665.1:c3082152−3068648

DPA*NW_004496183.1:929149−936834

DPA*NW_022611662.1:c31566491−31551439

DPA*XM_003272164.4

DPA*XM_007939308.2

DPA*XM_008586671.1

DPA*XM_008960657.2

DPA*XM_012434019.2

DPA*XM_012661812.1

DPA*XM_017522712.1
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A. The topologies of the multi-gene Class II

A and B gene trees do not agree.

B. MHC-DPA sequences generally assort

according to the species tree.

C. The MHC-DPB tree suggests

possible TSP among the OWM.

D. The MHC-DRB genes have undergone

recent expansions in different lineages.
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Ehftqd 3- Sgd BkZrr II dwnm 2 ltksh*fdmd AD9RS1 sqddr- Sgd sqddr vdqd bnmrsqtbsdc trhmf _kk Bk_rr II? _mc _kk Bk_rr IIA dwnm 2 %mnm,OAQ(

rdptdmbdr _bqnrr _kk _u_hk_akd rodbhdr- Sgd cdrhfm ne sghr ’ftqd enkknvr Ehftpd 2- :( Sgd sno sqdd rgnvr sgd bnkk_ordc Bk_rr II? fdmd sqdd+ vghkd

sgd anssnl sqdd rgnvr sgd bnkk_ordc Bk_rr IIA fdmd sqdd- Im sghr b_rd+ _kk bnkk_ordc bk_cdr _qd k_adkdc vhsg �L_l-� enq l_ll_kr+ adb_trd

rdptdmbdr eqnl oqhl_sdr _mc l_ll_k ntsfqntor _rrnqs snfdsgdq ax fdmd- A( Sgd dwo_mcdc LGB,CO? bk_cd %bnqqdronmchmf sn sgd bk_cd hm

o_mdk ? l_qjdc ax _ <(- B( Sgd dwo_mcdc LGB,COA bk_cd %l_qjdc ax _ 5 hm o_mdk ?(- C( Sgd dwo_mcdc LGB,CQA bk_cd %l_qjdc ax _ � hm o_mdk
?(- NVL9 nkc,vnqkc lnmjdxr: MVL9 mdv,vnqkc lnmjdxr: B_s-9 B_s_qqghmh–_odr _mc NVL: L_l-9 l_ll_kr–oqhl_sdr _mc nsgdq ntsfqnto

l_ll_kr-

Ehftqd 3ü—ftqd rtookdldms 0- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd Bk_rr II? ltksh,fdmd AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 1- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd Bk_rr IIA ltksh,fdmd AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 2- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CQ? enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 3- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CP? enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 4- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CO? enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 5- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CL? enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 6- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CN? enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 7- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CQA enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 8- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CPA enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 0.- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,COA enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 00- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CLA enbtrdc AC2RS- sqddr-

Ehftqd 3ü—ftqd rtookdldms 01- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd LGB,CNA enbtrdc AC2RS- sqddr-

Ehftqd 3ürntqbd cZsZ 0- ECMCBNMU qdrtksr enq sgd Bk_rr II enbtrdc _khfmldmsr-
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%RghhmZ ds Zk-� 1.06(- Sgd ↵,aknbj _krn bnms_hmr _ k_qfd mtladq ne qdodshshud dkdldmsr _mc fdmd3es

eq_fldmsr adknmfhmf sn nsgdq fdmd e_lhkhdr+ _mc sgdhq rodbh’b qdod_shmf o_ssdqm hm gtl_mr kdc sn3ee

sgd bnmbktrhnm sg_s sgd qdfhnm v_r enqldc ax rtbbdrrhud aknbj ctokhb_shnmr %RghhmZ ds Zk-� 0888(-3en

K_sdq+ bnlo_qhrnm ne l_b_ptd _mc bghlo_mydd ↵,aknbj g_oknsxodr vhsg sgd rdptdmbdc gtl_m3nz

g_oknsxod ankrsdqdc sghr gxonsgdrhr+ _ksgntfg sgd oqnonrdc rdqhdr ne dudmsr hr mns _kv_xr bnmrhr,3no

sdms vhsg ogxknfdmdshb c_s_ %Htkrjh ds Zk-� 1..4+ 1..3: FdpZfgsx ds Zk-� 0881: Gtfgdr� 0884: Ldrrdp3n3

ds Zk-� 0881: 9kdwZmcpnu ds Zk-� 1.12: Fkdhldp ds Zk-� 1.00(- Iloqnuhmf dwhrshmf sgdnqhdr _ants sgd3nt

dunktshnm ne sghr aknbj hr trdetk enq chrdms_mfkhmf sgd fkna_k o_ssdqm ne LGB dunktshnm eqnl knbtr,3n5

_mc fdmd,rodbh’b hmtdmbdr- Sghr bntkc gdko tr tmcdqrs_mc gnv rdkdbshnm nm rodbh’b fdmdr g_r3nf

_dbsdc dmshqd khmjdc qdfhnmr- Vd sgdqdenqd bqd_sdc _m ↵,aknbj,enbtrdc sqdd hmunkuhmf rdptdmbdr3n7

eqnllnqd rodbhdr sg_m dudq adenqd hm nqcdq sn rsqdmfsgdm _mc toc_sd oqduhntr gxonsgdrdr _ants3ns

sgd dunktshnm ne sgd aknbj+ rgnvm hm Ehftpd 4-3ne

Ehftpd 4? rgnvr sgd ↵,aknbj,enbtrdc sqdd enq dwnm 2+ vhsg _m dwo_mcdc LGB,U bk_cd- LGB,U hr3nn

_ eq_fldms ordtcnfdmd bnms_hmhmf dwnmr 0,2 vghbg hr knb_sdc md_q LGB,E hm sgd ↵,aknbj- Oqduhntrtzz

vnqj chr_fqddr nm sgd _fd ne sghr eq_fldms+ vhsg rnld rtffdrshmf hs v_r ’wdc qdk_shudkx d_qkx vghkdtzo

nsgdqr bk_hlhmf hs _qnrd eqnl nmd ne sgd lnqd qdbdms aknbj ctokhb_shnmr %RghhmZ ds Zk-� 0888: Htkrjhtz3

ds Zk-� 1..3+ 1..4(- Ntq sqdd fqntor _od _mc NVL LGB,U snfdsgdq _mc ok_bdr sgdl _r _m nts,tzt

fqnto sn _kk ne sgd bk_rrhb_k _mc mnm,bk_rrhb_k fdmdr+ hmbktchmf sgnrd ne sgd MVL- Sgtr+ sgd LGB,Utz5

eq_fldms l_x ad _m _mbhdms qdlm_ms ne nmd ne sgd _mbdrsq_k Bk_rr I fdmdr- Vd _krn chrotsd sgdtzf

gxonsgdrhr sg_s LGB,U _mc ,O %_ 2‘,dmc eq_fldms( _qd rhmbd,rdo_q_sdc ohdbdr ne sgd r_ld nqhfhm_ktz7

fdmd %Gnpsnm ds Zk-� 1..7(+ _r vd entmc sg_s ansg bnms_hm dwnm 2 _mc sgdhq dwnm 2 rdptdmbdr bkd_qkxtzs

cn mns fqnto snfdsgdq-tze

Im Ehftpd 4A+ vd ynnl hm nm _ chdqdms bk_cd vhsghm sgd dwnm 2 sqdd+ bnqqdronmchmf sn sgdtzn

_rsdqhrj hm o_mdk ?- Gdqd vd enbtr nm LGB,T+ _ oqduhntrkx,tmbg_q_bsdqhydc eq_fldms ordtcnfdmdtoz

bnms_hmhmf nmkx dwnm 2- Ntq sqdd fqntor hs vhsg _ bk_cd ne gtl_m+ bghlo_mydd+ _mc anmnanLGB,?+too

rtffdrshmf hs ctokhb_sdc eqnl LGB,? hm sgd _mbdrsnq ne sgdrd sgqdd rodbhdr- Gnvdudq+ hs hr oqdrdmsto3

nm ansg bghlo_mydd g_oknsxodr _mc md_qkx _kk gtl_m g_oknsxodr- Rhmbd sgdrd g_oknsxodr khjdkxtot

chudqfdc d_qkhdq hm sgd _mbdrsnq ne gtl_m _mc fnqhkk_+ vd oqdrtld sg_s LGB,T vhkk ad entmc hm sgdto5

fnqhkk_ vgdmlnqd g_oknsxodr _qd rdptdmbdc- Ntqr hr sgd ’qrs vnqj sn rgnv sg_s LGB,T hr _bst_kkxtof

_m LGB,?,qdk_sdc fdmd eq_fldms-to7

Sgd dwnm 3 ↵,aknbj,enbtrdc sqdd hr rgnvm hm Ehftpd 4B- Gdqd+ vd dwo_mc sgd bk_cd enq LGB,tos

J+ _ etkk,kdmfsg ordtcnfdmd oqdrdms hm _odr _mc NVL- Im gtl_mr+ nmkx LGB,J hr oqdrdms+ atstoe

nm rnld bghlo_mydd g_oknsxodr ansg LGB,J _mc hsr ctokhb_sd LGB,JK _qd oqdrdms- Im fnqhkk_r+ton

g_oknsxodr b_m bnms_hm dhsgdq LGB,J nq ,JK+ _mc hm NVL sgdqd _qd l_mx bnohdr ne LGB,J _rt3z

sgdx _qd o_qs ne nmd ne sgd a_rhb aknbj ctokhb_shnm tmhsr %Ehftpd 4–üftpd Rtookdldms 1( %HZpkt3o

ds Zk-� 1.12(- Ehftpd 4B rgnvr sg_s LGB,J _mc ,JK _qd bknrdkx qdk_sdc _mc NVL LGB,J fqntort33

ntsrhcd ne ansg+ hmchb_shmf sg_s sgd ctokhb_shnm %vghbg _krn bnohdc LGB,V+ ,?+ _mc ,S( nbbtqqdct3t

_esdq sgd rokhs ne _odr _mc NVL- Vd chc mns cdsdbs LGB,J nq ,JK rdptdmbdr hm dhsgdq sgd fhaanm nqt35

nq_mfts_m qdedqdmbd fdmnldr ctqhmf ntq AH2RS rd_qbg+ rn vd b_mmns c_sd sghr ctokhb_shnm dudmst3f

lnqd oqdbhrdkx- Sgd ordtcnfdmd l_x g_ud addm cdkdsdc eqnl ansg fdmnldr dmshqdkx+ nq hs l_xt37

ad oqdrdms nm mnm,qdedqdmbd g_oknsxodr- Rdptdmbhmf ne lnqd g_oknsxodr l_x gdko qdrnkud sgdt3s

shlhmf ne sghr ctokhb_shnm dudms-t3e

Ansg sgd dwnm 2 _mc dwnm 3 sqddr rgnv _ bkd_q rdo_q_shnm adsvddm sgd bk_cd ne LGB,V+ ,VK+t3n

,O+ ,S+ ,SK+ _mc ,NKI eq_fldms ordtcnfdmdr _mc sgd qdrs ne sgd fdmdr %Ehftqdr 4? _mc B(- Nm sgdttz

bgqnlnrnld+ ldladqr ne sgdrd svn rtae_lhkhdr _qd hmsdqkd_udc sgqntfgnts sgd ↵,aknbj+ rtffdrs,tto

hmf sg_s ansg fqntor _qd nkc _mc _ rdqhdr ne aknbj ctokhb_shnmr nbbtqqdc- Oqduhntr vnqj nm gtl_mtt3

rdptdmbdr g_r rgnvm sg_s GK?,O+ ,V+ ,S+ _mc ,NKI _qd qdk_sdc %9kdwZmcpnu ds Zk-� 1.12: Gtfgdr�ttt

0884: Htkrjh ds Zk-� 1..4(- Gnvdudq+ gtl_mr cn mns g_ud nqsgnknfr ne dudqx rhmfkd oqhl_sd fdmd+tt5

rn tshkhyhmf nsgdq oqhl_sd rdptdmbdr hr bqhshb_k sn tmcdqrs_mchmf sghr rtae_lhkx‘r dunktshnm-ttf

Sgd LGB,V.VK.O.S.SK.NKI bk_cd+ l_qjdc vhsg _ 5 hm Ehftpd 4B+ hr dwo_mcdc hm o_mdk C- Vdtt7

dwodbsdc NVL LGB,V rdptdmbdr sn enql _ lnmnogxkdshb bk_cd dhsgdq ntsrhcd ne _kk ne sgd _odtts
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A. Fragment pseudogene MHC-V groups outside of

the other classical and non-classical genes.

Exon 3 Multi-Gene Tree
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B. Fragment pseudogene MHC-U groups with human,

chimpanzee, and bonobo MHC-A sequences.

Exon 3 Multi-Gene Tree

C. Full-length pseudogenes MHC-K and MHC-KL—

present on different haplotypes—are orthologous to

OWM MHC-K.

Exon 4 Multi-Gene Tree

D. Fragment pseudogenes MHC-W, -WL, -P, -OLI, -T, and -TL

form a family distinct from the other Class I genes.

MHC-W/WL, -P, and -T/TL each have separate orthologs

(all named MHC-W) in the OWM.

Exon 4 Multi-Gene Tree
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Ehftqd 4- BkZrr I ↵*aknbj*enbtrdc ltksh*fdmd AD9RS1 sqddr- Sgd ↵,aknbj,enbtrdc sqddr trd sgd bnllnm a_bjanmd rdptdmbdr _r vdkk _r
_cchshnm_k rdptdmbdr eqnl ntq btrsnl AH2RS rd_qbg ne _u_hk_akd qdedqdmbd fdmnldr- Enq sgd otqonrdr ne uhrt_khy_shnm+ rnld bk_cdr _qd

bnkk_ordc _mc k_adkdc vhsg sgd rodbhdr fqnto _mc fdmd bnmsdms ne sgd bk_cd %bnknqdc sdws sn sgd qhfgs ne d_bg qdbs_mfkd(- Sgd vghsd k_adkr nm

bnknqdc qdbs_mfkdr hmchb_sd sgd rodbhdr fqnto ne nqhfhm+ vghkd sgd bnknqdc sdws sn sgd qhfgs ne d_bg qdbs_mfkd hmchb_sdr sgd fdmd nq rdptdmbd m_ld

%rdd 9oodmchw 1(- Sgd rodbhdr _aaqduh_shnmr _qd cd’mdc hm sgd rodbhdr jdx _s sgd anssnl- :( Dwnm 2 ↵,aknbj,enbtrdc AC2RS- sqdd vhsg dwo_mcdc
LGB,U bk_cd- A( Sgd dwo_mcdc LGB,?.?K.NJN.T.X bk_cd eqnl sgd dwnm 2 sqdd %bnqqdronmchmf sn sgd bk_cd hm o_mdk ? l_qjdc ax _ <(+ enbtrhmf
nm LGB,T- B( Dwnm 3 ↵,aknbj,enbtrdc AC2RS- sqdd vhsg dwo_mcdc LGB,J.JK bk_cd- C( Sgd dwo_mcdc LGB,V.VK.O.S.SK.NKI bk_cd eqnl sgd dwnm
3 sqdd %l_qjdc ax _ 5 hm o_mdk B(- NVL9 nkc,vnqkc lnmjdxr: MVL9 mdv,vnqkc lnmjdxr: B_s-9 B_s_qqghmh–_odr _mc NVL: Oqh-9 Oqhl_sdr–_odr+
NVL _mc MVL-

Ehftqd 4ü—ftqd rtookdldms 0- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd Bk_rr I ↵,aknbj ordtcnfdmd,enbtrdc AC2RS- sqddr-

Ehftqd 4ü—ftqd rtookdldms 1- Etkk+ mnm,bnkk_ordc udqrhnmr ne sgd _kk,ordtcnfdmd,enbtrdc AC2RS- sqddr-
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fdmdr nq vhsg _ rhmfkd _od LGB fdmd+ cdlnmrsq_shmf nqsgnknfx- Rtqoqhrhmfkx+ NVL LGB,V rd,tte

ptdmbdr hmrsd_c enqldc entq chrshmbs bk_cdr+ vhsg nmd fqntohmf vhsg _odLGB,V.VK+ nmd vhsg _odttn

LGB,O+ nmd vhsg _od LGB,S.SK+ _mc nmd ntsrhcd ne _kk- Etqsgdqlnqd+ a_rdc nm sgd _kkdkdr oqdrdms+t5z

d_bg ne sgdrd NVLLGB,V bk_cdr bnqqdronmcr sn _ sxod ne a_rhb qdod_s aknbj %_r qdud_kdc ax sgdt5o

otakhrgdc l_b_ptd LGB g_oknsxod( %HZpk ds Zk-� 1.12: Htkrjh ds Zk-� 1..3(- Sgd bnqqdronmcdmbdt53

adsvddm sgd NVL bk_cdr _mc sgd fdmdr‘ ogxrhb_k knb_shnm kdmcr etqsgdq rtoonqs sn sgd gxonsgdrhrt5t

sg_s l_b_ptd g_oknsxodr vdqd fdmdq_sdc ax s_mcdl ctokhb_shnmr- Etqsgdqlnqd+ sgd e_bs sg_s sgdt55

NVL LGB,V bk_cdr d_bg fqnto vhsg _ chdqdms _od ordtcnfdmd rtffdrsr sg_s sgdqd _qd sgqddt5f

_od.NVL nqsgnknfntr fqntor- Sgtr+ sgdqd ltrs g_ud addm sgqdd chrshmbs LGB,V,khjd fdmdr hmt57

sgd _od.NVL _mbdrsnq-t5s

Vd _krn kd_qmdc lnqd _ants GK?,NKI+ _ qdbdmskx,chrbnudqdc LGB ordtcnfdmd entmc nm sgdt5e

r_ld hmrdqshnm rdfldms sg_s b_qqhdr GK?,X hm _ rl_kk eq_bshnm ne sgd gtl_m onotk_shnm- Isr chrbnu,t5n

dqdqr trdc nmkx gtl_m rdptdmbdr+ ’mchmf GK?,NKI v_r lnrs rhlhk_q %77"( sn GK?,O %9kdwZmcpnutfz

ds Zk-� 1.12(- Ntq hmbktrhnm ne mnm,gtl_m oqhl_sd fdmdr qdud_kdc sg_s GK?,NKI hr _bst_kkx lnrstfo

rhlhk_q hm ansg rsqtbstqd _mc rdptdmbd sn LGB,SK+ _ fdmd mns entmc hm gtl_mr %Ehftpd 4–üftpdtf3

Rtookdldms 0(- Etqsgdqlnqd+ rhmbd LGB,X _mc ,NKI _qd etkkx khmjdc _mc _qd knb_sdc hm bknrd oqnw,tft

hlhsx+ hs hr khjdkx sg_s sgdx ctokhb_sdc _r _ tmhs- LGB,X‘r rhlhk_qhsx sn LGB,?K.NJN _mc GK?,NKI‘rtf5

rhlhk_qhsx sn LGB,SK hr bnmrhrsdms vhsg sgdl ctokhb_shmf snfdsgdq eqnl sgnrd fdmdr+ vghbg _qd _c,tff

i_bdms sn d_bg nsgdq nm mnm,gtl_m g_oknsxodr-tf7

Vhsg sgdrd ’mchmfr+ hm _cchshnm sn l_mx nsgdq nardqu_shnmr eqnl ntq sqddr _mc qdrtksr eqnltfs

o_rs khsdq_stqd %qdedqdmbdr hm Ehftpd 5–üftpd Rtookdldms 0(+ vd oqnonrd _ mdv gxonsgdrhr enq sgdtfe

dunktshnm ne sgd Bk_rr I ↵,aknbj- Ehftpd 5 rgnvr _ onrrhakd dunktshnm_qx o_sg enq ↵,aknbj g_oknsxodrtfn

sg_s bntkc g_ud kdc sn sgd btqqdmskx nardqudc g_oknsxodr- G_oknsxodr entmc rn e_q hm d_bg rodbhdrt7z

_qd _s sgd anssnl ne sgd ’ftqd %vhsg _cchshnm_k mdudq,adenqd,qdonqsdc g_oknsxodr eqnl ntq AH2RSt7o

rd_qbg rgnvm hm Ehftpd 0–üftpd Rtookdldms 1(- Mns_akx+ ntq vnqj g_r qdud_kdc sg_s LGB,U hrt73

_m nkc eq_fldms+ sgqdd LGB,V,khjd fdmdr vdqd _kqd_cx drs_akhrgdc _s sgd shld ne sgd _od.NVLt7t

_mbdrsnq+ LGB,T hr bknrdkx qdk_sdc sn ?eqhb_m _od LGB,?+ _mc LGB,NKI hr bknrdkx qdk_sdc sn LGB,t75

SK- ?cchshnm_kkx+ sgd NVLLGB,? eq_fldms ordtcnfdmd hr _bst_kkx lnqd rhlhk_q sn sgd _od LGB,?t7f

fdmdr sg_m sn sgd nsgdq NVL LGB,? fdmdr+ rtoonqshmf sgd dwhrsdmbd ne svn LGB,?,khjd fdmdr hmt77

sgd _od.NVL _mbdrsnq-t7s

Dunktshnm ne sgd LGB*CQA Qdfhnmt7e

Sgd Bk_rr I ur- Bk_rr II chuhrhnm qddbsr _ l_inq etmbshnm_k chrshmbshnm vhsghm sgd LGB fdmd e_lhkx+t7n

ats dudm vhsghm sgdrd rtae_lhkhdr dunktshnm hr mns gnlnfdmdntr- ?lnmf sgd Bk_rr II fdmdr+ sgdqdtsz

_qd edv ctokhb_sdc fdmdr _mc fdmdq_kkx nmkx nmd v_x enq sgd oqnsdhm oqnctbsr sn o_hq+ d-f- LGB,tso

CO?0vhsgLGB,COA0- Gnvdudq+ sgdLGB,CQ fdmdr _qd _ mns_akd dwbdoshnm sn sgd fdmdq_k o_ssdqm:ts3

LGB,CQ? b_m o_hq vhsg _mx ne sgd ltkshokd etmbshnm_k LGB,CQA fdmdr- Im _cchshnm+ LGB,CQA g_rtst

l_mx lnqd qdk_sdc ordtcnfdmdr bnlo_qdc sn sgd qdrs ne sgd Bk_rr II fdmdr+ l_jhmf sgd qdfhnm‘rts5

o_ssdqm ne dunktshnm lnqd qdlhmhrbdms ne Bk_rr I %rdd Ehftpd 1 sn rdd sgd u_qhdc k_mcrb_od ne LGB,tsf

CQA fdmdr hm chdqdms rodbhdr(- Vd dwoknqdc sgd dunktshnm ne sgdLGB,CQA qdfhnm hm fqd_sdq cds_hkts7

ax bqd_shmf enbtrdc sqddr vhsg _ k_qfdq rds ne LGB,CQA rdptdmbdr-tss

Im dwnm 1+ vghbg bncdr enq sgd ahmchmf rhsd+ sgd LGB,CQA fdmdr fqnto lnrskx ax m_ld %d-f-tse

LGB,CQA2( _bqnrr _odr+ NVL+ _mc MVL %Ehftpd 3–üftpd Rtookdldms 7?(- Sgd dwnm 1 sqdd bnm,tsn

rhcdqdc _knmd sgtr rtffdrsr sg_s sgd fdmdr _qd nqsgnknfntr _bqnrr _odr+ NVL+ _mc MVL–vghbgtez

hr gnv sgd fdmdr vdqd m_ldc hm sgd ’qrs ok_bd- Dwnm 2 cndr mns dmbncd sgd ahmchmf rhsd _mcteo

hr kdrr khjdkx sn ad _dbsdc ax bnmudqfdms dunktshnm: hsr sqdd hr rgnvm hm Ehftpd 3–üftpd Rtookd,te3

ldms 7A- Im sghr sqdd+ _kk MVL rdptdmbdr fqnto snfdsgdq %bk_cd vhsg aktd anwdr _ants g_kev_xtet

to sgd sqdd(+ rtffdrshmf sg_s sgd fdmdr dwo_mcdc rdo_q_sdkx hm MVL _mc _odr.NVL- ?cchshnm_kkx+te5

NVLLGB,CQA0 _mc ,CQA2 enql sgdhq nvm bk_cd %fqddm anwdr md_q sgd sno ne sgd sqdd( _mc NVLtef

LGB,CQA3 rdptdmbdr fqnto ntsrhcd ne rdudq_k _od _mc MVL bk_cdr- Vd rdd sg_s nmkx sgqdd LGB,te7

CQA fdmdr.ordtcnfdmdr %LGB,CQA4+ ,CQA1.5+ _mc ,CQA8( enql lnmnogxkdshb bk_cdr ne _od _mctes
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Ehftqd 5- Dunktshnm ne sgd BkZrr I ↵*aknbj- Sgd oqhl_sd dunktshnm_qx sqdd hr rgnvm hm fq_x %aq_mbgdr mns sn rb_kd(- Sgd anssnl ne sgd sqdd rgnvr
btqqdmskx jmnvm g_oknsxodr hm d_bg rodbhdr nq rodbhdr fqnto- Gnqhynms_k fq_x a_qr hmchb_sd g_oknsxodr rg_qdc _lnmf sgd ?eqhb_m _odr- Sgd

ghrsnqx ne sgd fdmdr.g_oknsxodr hm sgd ↵,aknbj hr nudqk_hc nm sgd sqdd+ rxmsgdrhyhmf oqduhntr vnqj vhsg ntq nvm nardqu_shnmr %rdd Ldsgncr _mc
Ehftpd 7(- Fdmdr _qd qdoqdrdmsdc ax bnknqdc qdbs_mfkdr+ vghkd g_oknsxodr _qd rgnvm _r gnqhynms_k khmdr bnms_hmhmf fdmdr- LGB,E–hmchb_shmf sgd

sdknldqhb dmc ne sgd ↵,aknbj–v_r ’wdc d_qkx nm _mc hr knb_sdc hlldch_sdkx sn sgd kdes nm _kk g_oknsxodr rgnvm+ ats hr mns ohbstqdc ctd sn ro_bd
bnmrsq_hmsr- C_rgdc _qqnvr vhsg cdrbqhoshud k_adkr qdoqdrdms dunktshnm_qx dudmsr- Im sgd toodq qhfgs+ sgd �Rxlank Jdx� dwok_hmr sgd hbnmr _mc

k_adkr- Sgd �Fdmd Qdk_shnmrghor� o_mdk rgnvr sgd qdk_shnmrghor adsvddm sgd knbh rgnvm nm sgd sqdd+ vhsgnts sgd k_xdqdc bnlokdwhsx ne g_oknsxodr

_mc rodbh_shnm dudmsr- Sgd �LGB,? ?kkdkhb Khmd_fdr� o_mdk rgnvr vghbg LGB,? _kkdkd fqntor _qd oqdrdms hm gtl_m+ bghlo_mydd+ _mc fnqhkk_-

Ehftqd 5ü—ftqd rtookdldms 0- ? udqrhnm ne Ehftpd 5 vhsg qdedqdmbdr-
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NVL rdptdmbdr+ hmchb_shmf sg_s sgdrd sgqdd _qd sgd nmkx nqsgnknfntr LGB,CQA fdmdr- Etqsgdq+tee

mnmd _qd nqsgnknfntr sn _mx o_qshbtk_q MVL fdmd- Sgtr+ sgd knmfduhsx ne hmchuhct_k LGB,CQAten

fdmdr hm sgd oqhl_sdr _ood_qr sn ad kdrr sg_m 27 lhkkhnm xd_qr-tnz

Sgd knmfduhsx ne LGB,CQA g_oknsxodr hr dudm rgnqsdq- Nmkx nmd g_oknsxod hr rg_qdc adsvddmtno

gtl_m _mc bghlo_mydd+ _mc mnmd _qd rg_qdc vhsg fnqhkk_ %cd Fpnns ds Zk-� 1..8: GdhilZmr ds Zk-�tn3

1.1.: GZmr ds Zk-� 1.04(- Sghr rgnvr sg_s sgd qdfhnm hr dunkuhmf dudm lnqd q_ohckx sg_m Bk_rr Itnt

%vgdqd g_oknsxodr _qd rg_qdc _lnmf gtl_m+ bghlo_mydd+ _mc fnqhkk_: Ehftpd 5(- Sgdrd g_oknsxodr+tn5

bnlahmdc vhsg o_rs khsdq_stqd %Ehftpd 6–üftpd Rtookdldms 0( _mc ntq sqddr+ _kknvdc tr sn sq_bdtnf

a_bjv_qc _mc oqnonrd _ gxonsgdrhr enq sgd dunktshnm ne sgd qdfhnm+ rgnvm hm Ehftpd 6-tn7

Khlhsdc c_s_ dwhrsr enq sgd nq_mfts_m+ _mc hm ntq dwnm 2 sqdd %Ehftpd 3–üftpd Rtookdldms 7A(tns

nq_mfts_m _kkdkdr cnmns fqntocd’mhshudkxvhsg _mx nsgdq _od khmd_fdr- Etqsgdqlnqd+ sgd nq_mfts_mtne

LGB,CQA2 fdmd fqntor vhsg nq_mfts_m LGB,CQA0+ rtffdrshmf sg_s hs l_x mns ad nqsgnknfntr sntnn

sgd ?eqhb_m _od LGB,CQA2 fdmd- Vd _krn entmc _m nq_mfts_m rdptdmbd sg_s fqntor vhsg sgd gt,5zz

l_m GK?,CQA1 ordtcnfdmd+ rtffdrshmf sg_s sghr fdmd g_r _m nqsgnknf hm sgd nq_mfts_m- Rdudq_k5zo

g_oknsxodr g_ud addm oqduhntrkx hcdmsh’dc hm sgd fhaanm+ ats rhmbd sgdx qdkx nm dwnm 1 rdptdmbd5z3

_knmd+ hs hr tmbkd_q gnv sgdrd _kkdkdr qdk_sd sn sgd jmnvm _od khmd_fdr %cd Fpnns ds Zk-� 1.06Z(- ?m_k,5zt

xrhr ne lnqd nq_mfts_m _mc fhaanm g_oknsxodr vhkk ad drrdmsh_k enq tmcdqrs_mchmf gnv sgd qdfhnm5z5

g_r dunkudc hm sgd _odr-5zf

Nudq_kk+ sgd LGB,CQA fdmdr _qd mns dunkuhmf hm sgd r_ld e_rghnm _r sgd qdrs ne sgd Bk_rr II5z7

fdmdr+ dudm sgntfg sgdx g_ud _ rg_qdc rsqtbstqd _mc etmbshnm- Sghr odbtkh_q b_rd hkktrsq_sdr sg_s5zs

sgdqd _qd ltkshokd v_xr sn _bghdud _ etmbshnm_k hlltmd qdronmrd eqnl sgd r_ld a_rhb o_qsr-5ze

Chdqdmbdr adsvddm LGB RtaeZlhkhdr5zn

Vd dwoknqdc sgd dunktshnm ne sgd Bk_rr I _mc Bk_rr II fdmdr rdo_q_sdkx _mc mnshbdc rdudq_k chdq,5oz

dmbdr adsvddm sgd bk_rrdr- Ehqrs+ rdptdmbdr fqnto ax fdmd q_sgdq sg_m rodbhdr fqnto hm sgd Bk_rr5oo

II fdmd sqddr %Ehftpd 3+ Ehftpd 3–üftpd Rtookdldms 0+ _mc Ehftpd 3–üftpd Rtookdldms 1(- Ntq5o3

hmbktrhnm ne QdeRdp rdptdmbdr eqnl chrs_ms fqntor ne ok_bdms_k l_ll_kr bnm’qlr sg_s lnrs ne5ot

sgd oqhl_sd Bk_rr II fdmdr g_ud l_hms_hmdc nqsgnknfx _s kd_rs rhmbd sgd _mbdrsnq ne ok_bdms_kr+ 0/45o5

lhkkhnm xd_qr _fn %Enkdx ds Zk-� 1.12(- Im bnmsq_rs+ ntq Bk_rr I sqddr %Ehftpd 2 _mc Ehftpd 2–üftpd5of

Rtookdldms 1( rgnvdc rdptdmbdr lnqd nesdm fqntohmf ax rodbhdr fqnto sg_m ax fdmd+ hmchb_shmf5o7

sg_s sgd fdmdr stqm nudq pthbjkx _mc 090 nqsgnknfx hr nesdm knrs- Nmkx mnm,bk_rrhb_k LGB,E %_mc5os

onrrhakx LGB,D( _qd sqtkx nqsgnknfntr _lnmf sgd _odr+ NVL+ _mc MVL+ bnmrhrsdms vhsg oqduhntr5oe

’mchmfr %OhnmsjhurjZ Zmc Mdh� 1..2: 9cZlr Zmc OZpgZl� 1..0a: RZvZh ds Zk-� 1..3(- ?cchshnm_kkx+5on

ntq s_qrhdq _mc Rspdorhppghmh rdptdmbdr fqnto ntsrhcd ne _kk Rhlhhenpldr Bk_rr I rdptdmbdr+ rdsshmf53z

_m toodq antmc nm sgd l_hmsdm_mbd ne Bk_rr I nqsgnknfx ne 47 lhkkhnm xd_qr %HtcdpmZ ds Zk-� 1.12:53o

Ektzffd ds Zk-� 1..1(-533

Sghr stqmnudq ne fdmdr _s sgd LGB–q_ohc enq Bk_rr I _mc rknvdq enq Bk_rr II–hr fdmdq_kkx ad,53t

khdudc sn ad ctd sn gnrs,o_sgnfdm bn,dunktshnm %PZcvZm ds Zk-� 1.1.(- ?ksgntfg sghr ld_mr sgd535

LGB fdmdr _qd bqhshb_kkx hlonqs_ms enq rtquhu_k+ mn rhmfkd fdmd hr rn uhs_k sg_s hsr qnkd ltrs ad oqd,53f

rdqudc- Enq dw_lokd+ hm sgd _odr sgd LGB,F fdmd hr mnm,bk_rrhb_k+ ats hm sgd NVL hs g_r addm537

hm_bshu_sdc _mc hsr qnkd k_qfdkx qdok_bdc ax _m LGB,?,qdk_sdc fdmd b_kkdc LGB,?F %GdhilZmr ds Zk-�53s

1.1.(- Sghr oqnbdrr ne stqmnudq tkshl_sdkx qdrtksr hm chdqdms rdsr ne LGB fdmdr adhmf trdc hm che,53e

edqdms khmd_fdr- Enq hmrs_mbd+ rdo_q_sd dwo_mrhnmr fdmdq_sdc sgd bk_rrhb_k Bk_rr I fdmdr hm MVL %_kk53n

b_kkdc LGB,F( _mc sgd ↵,aknbj fdmdr hm _odr.NVL- Rhlhk_qkx+ rdo_q_sd dwo_mrhnmr fdmdq_sdc sgd5tz

LGB,CQA fdmdr ne sgd MVL _mc ne sgd _odr.NVL- ?rhcd eqnl LGB,CQA+ sgd Bk_rr II fdmdr g_ud5to

addm k_qfdkx rs_akd _bqnrr sgd l_ll_kr+ _ksgntfg vd cn rdd rnld khmd_fd,rodbh’b dwo_mrhnmr5t3

_mc bnmsq_bshnmr %Ehftpd 1 _mc Ehftpd 1–üftpd Rtookdldms 1(-5tt

Bk_rr I _mc Bk_rr II _krn chdq hm sgdhq cdfqdd ne fdmd bnmudqrhnm- Ntq ECMCBNMU _m_kxrhr qd,5t5

ud_kdc svn sxodr ne fdmd bnmudqrhnm dudmsr9 0( rodbh’b+ lnqd,qdbdms dudmsr hmunkuhmf o_q_knfntr5tf

fdmdr nq o_qshbtk_q _kkdkhb khmd_fdr _mc 1( aqn_c,rb_kd+ udqx,nkc dudmsr hmunkuhmf svn chrrhlhk_q knbh5t7

%Ehftpd 2–rntpbd cZsZ 0 _mc Ehftpd 3–rntpbd cZsZ 0(- Vd chrbnudqdc e_q lnqd �rodbh’b� dudmsr5ts
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Ehftqd 6- Dunktshnm ne LGB*CQA- Sgd anssnl ne sgd sqdd rgnvr btqqdms g_oknsxodr hm d_bg rodbhdr nq rodbhdr fqnto: gtl_m+ bghlo_mydd+

fnqhkk_+ _mc nkc,vnqkc lnmjdx g_oknsxodr _qd vdkk bg_q_bsdqhydc+ vghkd nq_mfts_m+ fhaanm+ _mc mdv,vnqkc lnmjdx g_oknsxodr _qd o_qsh_kkx

jmnvm- Sgd ghrsnqx ne sgd fdmdr.g_oknsxodr hm sgd LGB,CQA qdfhnm hr nudqk_hc nm sgd sqdd+ rxmsgdrhyhmf oqduhntr vnqj vhsg ntq nvm

nardqu_shnmr %rdd Ldsgncr _mc Ehftpd 7(- Sgd qdrs ne sgd ’ftqd cdrhfm enkknvr sg_s ne Ehftpd 5-

Ehftqd 6ü—ftqd rtookdldms 0- ? udqrhnm ne Ehftpd 6 vhsg qdedqdmbdr-
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hm Bk_rr I+ vghkd �aqn_c,rb_kd� dudmsr vdqd oqdcnlhm_ms hm Bk_rr II- Sghr bntkc qddbs sgd chdq,5te

dms _fd ne sgdrd fdmd fqntor9 Bk_rr I fdmdr stqm nudq lnqd q_ohckx _mc _kkdkhb khmd_fdr _qd kdrr5tn

chudqfdc eqnl d_bg nsgdq+ l_jhmf fdmd bnmudqrhnm lnqd khjdkx- Im bnmsq_rs+ Bk_rr II fdmdr g_ud55z

ltbg knmfdq,khudc _kkdkhb khmd_fdr+ onsdmsh_kkx dwok_hmhmf vgx vd l_hmkx ohbjdc to nkcdq dudmsr hm55o

sgd Bk_rr II ECMCBNMU _m_kxrhr-553

Dudm vhsghm _ bk_rr+ dunktshnm_qx o_ssdqmr _qd mns gnlnfdmdntr- Sgd mnm,bk_rrhb_k ur- bk_rrhb_k55t

chrshmbshnm hr nmd etmbshnm_kkx ld_mhmfetk v_x sn o_qshshnm sgd fdmdr- Sgd bk_rrhb_k fdmdr odqenql555

odoshcd oqdrdms_shnm sn S,bdkkr+ l_jhmf sgdl chqdbs s_qfdsr ne gnrs,o_sgnfdm bn,dunktshnm- Im bnm,55f

sq_rs+ sgd mnm,bk_rrhb_k fdmdr _qd hmunkudc hm hmm_sd hlltmd rtqudhkk_mbd nq mhbgd qnkdr+ _mc l_x557

ad kdrr chqdbskx _dbsdc ax sghr bn,dunktshnm- Im ntq sqddr+ rdptdmbdr eqnl mnm,bk_rrhb_k fdmdr ne55s

ansg bk_rrdr nesdm fqnto ax fdmd vhsg snonknfx l_sbghmf sgd rodbhdr sqdd+ vghkd rdptdmbdr eqnl55e

bk_rrhb_k fdmdr cn mdhsgdq %Ehftpd 2–üftpd Rtookdldms 1+ Ehftpd 3–üftpd Rtookdldms 0+ _mc Ehf,55n

tpd 3–üftpd Rtookdldms 1(- Sghr rgnvr sg_s bk_rrhb_k fdmdr dwodqhdmbd lnqd stqmnudq _mc _qd5fz

lnqd nesdm _dbsdc ax knmf,sdql a_k_mbhmf rdkdbshnm nq bnmudqfdms dunktshnm- Tkshl_sdkx+ rdkdb,5fo

shnm _bsr tonm etmbshnm_k chdqdmbdr adsvddm bk_rrhb_k _mc mnm,bk_rrhb_k fdmdr hm _ l_mmdq sg_s5f3

hr k_qfdkx hmcdodmcdms ne vgdsgdq sgdx adknmf sn Bk_rr I nq Bk_rr II-5ft

Chrbtrrhnm5f5

Sgd LGB oqnsdhmr rdqud chudqrd qnkdr hm hmm_sd _mc _c_oshud hlltmhsx %9cZlr Zmc KtnlZ� 1.02(-5ff

Sgdx _qd bqhshb_kkx hlonqs_ms sn hmedbshnm qdrhrs_mbd+ _tsnhlltmd,chrd_rd rtrbdoshahkhsx+ _mc nqf_m5f7

sq_mrok_ms_shnm rtbbdrr+ _mc b_m oqnuhcd hmrhfgs hmsn gtl_m dunktshnm+ hmenql chrd_rd rstchdr+5fs

_mc hloqnud tonm mnm,gtl_m,oqhl_sd chrd_rd lncdkr %Hdmmdcx ds Zk-� 1.06(- Cdrohsd sgdhq u_q,5fe

hdc etmbshnmr+ _kk Bk_rr I _mc Bk_rr II LGB fdmdr _qd cdqhudc eqnl _ bnllnm _mbdrsnq+ _kknvhmf5fn

tr sn bnlo_qd fdmdr sn kd_qm lnqd _ants sgd dunktshnm ne sgd fdmd e_lhkx _r _ vgnkd %GZmrdm57z

ds Zk-� 1..6: HtoedplZmm ds Zk-� 0888: HZtelZm� 1.11: 9cZlr Zmc KtnlZ� 1.02(- ? edv Ì1/,xd_q,57o

nkc rstchdr _ccqdrrdc sgd nudq_kk dunktshnm ne sgd LGB fdmd e_lhkx uh_ ltksh,fdmd _khfmldms _mc573

ogxknfdmdshbr+ ats sgd sqddr g_c l_mx onkxsnlhdr %9cZlr Zmc OZpgZl� 1..0a: RZvZh ds Zk-� 1..3:57t

BZpcdmZr ds Zk-� 1..4: OhnmsjhurjZ Zmc Mdh� 1..2: SZjZgZrgh ds Zk-� 1...(- Rhmbd sgdm+ lnrs vnqj575

g_r enbtrdc nm o_qshbtk_q fdmdr nq rl_kk rdsr ne rodbhdr+ ld_mhmf ntq jmnvkdcfd ne oqhl_sd LGB57f

dunktshnm hr rb_ssdqdc _bqnrr gtmcqdcr ne o_odqr %TpuZsdp ds Zk-� 1...: UZm Cdp Vhdk ds Zk-� 1.02:577

Fdkkdp ds Zk-� 1..1: GZmr ds Zk-� 1.06: LZhaZbg ds Zk-� 1.06: Vpnakdvrjh ds Zk-� 1.06+ 1.08: KZenms57s

ds Zk-� 1..3: Ektzffd ds Zk-� 1..1: Fn ds Zk-� 1..2+ 1..4: RghhmZ ds Zk-� 1.06: 9ah,PZbgdc ds Zk-� 1.0.:57e

Fkdhldp ds Zk-� 1.00: cd Fpnns ds Zk-� 1.04: Cd Fpnns ds Zk-� 1.01: cd Fpnns ds Zk-� 1.11: BZn ds Zk-�57n

1.04: Nsshmf ds Zk-� 1.1.: EtjZlh,HnaZxZrgh ds Zk-� 1..4: Ktfn Zmc BZcZuhc� 1.04: 9udpcZl ds Zk-�5sz

1.00: EhftdpnZ ds Zk-� 0883: CnwhZchr ds Zk-� 1.01: Atbjmdp ds Zk-� 1.10: CnwhZchr ds Zk-� 1..5: ChZy5so

ds Zk-� 1...: FnmfnpZ ds Zk-� 0886: HZrZgZpZ ds Zk-� 0881: cd Fpnns ds Zk-� 1..8: RZssZ ds Zk-� 0885(- Im5s3

sghr oqnidbs+ vd qduhrhsdc oqhl_sd LGB dunktshnm vhsg lnqd c_s_ eqnl _ vhcdq q_mfd ne rodbhdr _mc5st

_ bngdqdms _m_kxrhr eq_ldvnqj- Vd bnm’ql _mc tmhex o_rs ’mchmfr+ _r vdkk _r bnmsqhatsd l_mx5s5

mdv hmrhfgsr hmsn sgd dunktshnm ne sghr bnlokdw e_lhkx-5sf

Vd entmc sg_s sgd Bk_rr I fdmdr stqm nudq q_ohckx+ vhsg nmkx sgd mnm,bk_rrhb_k fdmd LGB,E adhmf5s7

bkd_qkx nqsgnknfntr _bqnrr sgd Rhlhhenpldr- Im sgd qdrs ne sgd Bk_rr I ↵,aknbj+ fdmdr dwo_mcdc dm,5ss

shqdkx rdo_q_sdkx hm sgd _od.NVL _mc MVL khmd_fdr- Sghr oqnbdrr ne dwo_mrhnm fdmdq_sdc l_mx5se

etkk,kdmfsg _mc eq_fldms ordtcnfdmdr+ vghbg vd entmc vdqd dpt_kkx hlonqs_ms _r sgd etmbshnm_k5sn

fdmdr sn tmcdqrs_mchmf sgd dunktshnm ne sgd qdfhnm _r _ vgnkd- Mns_akx+ vd entmc sg_s LGB,T5ez

hr _m LGB,?,qdk_sdc ordtcnfdmd+ LGB,U hr mns bknrdkx qdk_sdc sn LGB,O+ _mc sg_s sgdqd vdqd _s5eo

kd_rs sgqdd fdmdr ne sgd LGB,V.O.S.NKI e_lhkx oqdrdms hm sgd _od.NVL _mbdrsnq- Fdmdq_kkx+ Bk_rr5e3

II fdmdr cn mns stqm nudq _r q_ohckx+ _ksgntfg sgdqd vdqd dwbdoshnmr- Sgd bk_rrhb_k LGB,CQA fdmdr5et

vdqd dudm rgnqsdq,khudc sg_m sgd Bk_rr I fdmdr+ vhsg lnrs gtl_m fdmdr k_bjhmf 090 nqsgnknfr ad,5e5

xnmc sgd fqd_s _odr- Vd _krn entmc sg_s sgd bk_rrhb_k LGB,CP? _mc ,CPA fdmdr khjdkx dwo_mcdc5ef

rdo_q_sdkx hm sgd _od.NVL _mc MVL khmd_fdr- Im bnmsq_rs+ sgd bk_rrhb_k LGB,CO? _mc ,COA fdmdr5e7

vdqd nqsgnknfntr _bqnrr sgd Rhlhhenpldr+ _mc sgd mnm,bk_rrhb_k Bk_rr II fdmdr vdqd 090 nqsgnknfntr5es
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_bqnrr lnrs ne sgd l_ll_kr- Im ansg Bk_rr I _mc Bk_rr II+ bk_rrhb_k fdmdr stqmdc nudq lnqd q_ohckx5ee

sg_m mnm,bk_rrhb_k fdmdr _mc sgdhq sqddr dwghahsdc lnqd cduh_shnmr eqnl sgd dwodbsdc rodbhdr sqdd-5en

Nudq_kk+ ntq sqd_sldms ne sgd fdmdr _r qdk_sdc dmshshdr hmrsd_c ne chrshmbs b_rdr gdkodc tr tmcdq,5nz

rs_mc rg_qdc o_ssdqmr ne dunktshnm _bqnrr bk_rrdr _mc rodbhdr fqntor-5no

Nmd bnmbdqm vgdm chrbtrrhmf fdmd e_lhkhdr hr sgd qdk_shud hlonqs_mbd ne ahqsg,_mc,cd_sg _mc5n3

bnmbdqsdc dunktshnm ax fdmd bnmudqrhnm %Ft Zmc Mdh� 0888Z: Mdh Zmc Pnnmdx� 1..4: Hkdhm ds Zk-�5nt

1..6: Adpfrspnzl Zmc Fxkkdmrsdm� 0884: Fxkkdmrsdm ds Zk-� 0880: Mdh ds Zk-� 0886(- Fdmd bnmudqrhnm5n5

b_m b_trd _ci_bdms rl_kk rdptdmbd sq_bsr sn g_ud vhkckx chdqdms dunktshnm_qx ghrsnqhdr+ l_jhmf hs5nf

chbtks sn hmsdqoqds _ sqdd bnmrsqtbsdc eqnl k_qfdq qdfhnmr- Ntq sqddr qdud_k chdqdms snonknfhdr5n7

cdodmchmf nm dwnm _mc ntq ECMCBNMU _m_kxrhr otkkdc nts rdudq_k chdqdms rdptdmbd o_hqr+ qd,5ns

ud_khmf sg_s fdmd bnmudqrhnm g_r ok_xdc _ rhfmh’b_ms qnkd hm sgd dunktshnm ne sgd LGB fdmdr- Vhsg5ne

sghr hm lhmc+ bnlo_qhmf sqddr _bqnrr dwnmr gdkor tr hmsdqoqds sgd nudq_kk sqddr _mc rsqdmfsgdmr5nn

ntq bnmbktrhnmr- Mdhsgdq ahqsg,_mc,cd_sg mnq bnmbdqsdc dunktshnm b_m ad hfmnqdc vgdm chrbtrrhmffzz

fdmd e_lhkhdr-fzo

Sgd LGB qdfhnm hr chbtks sn _rrdlakd nvhmf sn sgd k_qfd mtladq ne qdk_sdc fdmdr+ dwsqdldfz3

onkxlnqoghrl+ _mc _atmc_ms qdodshshud qdfhnmr- Mnmdsgdkdrr+ rdudq_k bnllhssdc qdrd_qbgdqrfzt

g_ud cdchb_sdc dnqs sn rdptdmbhmf _mc l_oohmf sgd qdfhnm hm chdqdms rodbhdr %Vhklhmf ds Zk-�fz5

1.02: 9myZh ds Zk-� 1..2: HZpk ds Zk-� 1.12: NjZmn ds Zk-� 1.1.: GZlldp ds Zk-� 1.1.: KhZn ds Zk-�fzf

1.12(- Gnvdudq+ vd mnv jmnv sg_s g_oknsxod u_qh_shnm hr itrs _r hlonqs_ms _r mtbkdnshcd u_qh_shnmfz7

sn l_hms_hmhmf LGB chudqrhsx+ _mc g_oknsxodr _qd rtqoqhrhmfkx rgnqs,khudc %cd Fpnns ds Zk-� 1.04+fzs

1.06Z: Fkdhldp ds Zk-� 1.00: GZmr ds Zk-� 1.04: GdhilZmr ds Zk-� 1.1.(- Sgdqdenqd+ lnqd qdrd_qbg de,fze

enqs rgntkc ad cdchb_sdc sn etkkx bg_q_bsdqhyhmf sgd aqd_csg ne LGB g_oknsxodr hm chdqdms rodbhdr-fzn

Sghr hr _ chbtks oqnakdl nvhmf sn sgd okdsgnq_ ne qdodshshud dkdldmsr _mc qdbdmskx,ctokhb_sdcfoz

fdmdr hm sgd qdfhnm+ _mc knmf,qd_c rdptdmbhmf vhkk ad hmu_kt_akd enq o_qrhmf sgdrd bnlokdw g_okn,foo

sxodr- Mns nmkx vhkk sghr hloqnud ntq tmcdqrs_mchmf ne gd_ksg _mc chrd_rd hm d_bg rodbhdr+ ats hsfo3

vhkk _krn gdko tr _mrvdq dunktshnm_qx ptdrshnmr vhsg adssdq oqdbhrhnm-fot

Vd gnod sg_s ntq dwsdmrhud rds ne sqddr hmbnqonq_shmf bk_rrhb_k fdmdr+ mnm,bk_rrhb_k fdmdr+ ordt,fo5

cnfdmdr+ fdmd eq_fldmsr+ _mc _kkdkdr neldchb_k hmsdqdrs _bqnrr _vhcd q_mfd ne rodbhdr vhkk oqnuhcdfof

bnmsdws sn etstqd qdrd_qbgdqr- Sghr vnqj vhkk oqnuhcd _ itlohmf,n,onhms enq etqsgdq dwoknq_shnmfo7

ne sgd dunktshnm_qx oqnbdrrdr _dbshmf chdqdms rtardsr ne sgd fdmd e_lhkx _r vdkk _r mdbdrr_qxfos

bnmsdws enq rstchdr ne o_qshbtk_q _kkdkdr nq fdmdr hm chrd_rd-foe

Ldsgncr Zmc LZsdqhZkrfon

CZsZ Bnkkdbshnmf3z

Vd cnvmkn_cdc LGB _kkdkd mtbkdnshcd rdptdmbdr enq _kk gtl_m _mc mnm,gtl_m fdmdr eqnl sgdf3o

IOC C_s_a_rd %bnkkdbsdc H_mt_qx 1/12( %AZpjdp ds Zk-� 1.12: LZbbZph ds Zk-� 1.06+ 1.1.: Pnahmrnmf33

ds Zk-� 1.13(- Sn rtookdldms sgd _kkdkdr _u_hk_akd hm sgd c_s_a_rd+ vd _krn bnkkdbsdc mtbkdnshcdf3t

rdptdmbdr eqnl MBAI trhmf sgd Dmsqdy D,tshkhshdr vhsg ptdqx �ghrsnbnlo_shahkhsx ?MC swhcW ?MCf35

_khudZoqno[�+ vgdqd W hr _ s_wnm ne hmsdqdrs- Sghr qdrtksdc hm _ udqx k_qfd bnkkdbshnm ne rdptdmbdrf3f

eqnl _ k_qfd mtladq ne rodbhdr- Vghkd Bk_rr II fdmdr vdqd fdmdq_kkx _rrhfmdc sn knbh+ lnrs Bk_rrf37

I rdptdmbdr g_c _lahftntr nq mn knbtr _rrhfmldmsr- Sgdqdenqd+ vd odqenqldc _ qd’mdc rd_qbgf3s

enq _cchshnm_k rdptdmbdr ax qtmmhmf AH2RS nm sgd _u_hk_akd oqhl_sd qdedqdmbd fdmnldr-f3e

AH2RS Rd_qbgf3n

Enq sgd qdedqdmbd fdmnldr+ vdcnvmkn_cdcgtl_m bgqnlnrnld5 %FdmA_mj _bbdrrhnm bluuu77eP3(+ftz

bghlo_mydd bgqnlnrnld 4 %bluf55tNP3(+ anmnan bgqnlnrnld 4 %bluff5ssP3(+ fnqhkk_ bgqnln,fto

rnld 4 %bluff5foP3(+ Rtl_sq_m nq_mfts_m bgqnlnrnld 4 %bluf57e5P3(+ Anqmd_m nq_mfts_m bgqn,ft3

lnrnld 4 %bluf57tfP3(+ ohkd_sdc fhaanm khmj_fd fqnto KF11 %bluteftsPo(+ rh_l_mf bgqnlnrnldftt

12 %bluf5ftoP3(+ Mnqsgdqm vghsd,bgddjdc fhaanm bgqnlnrnld 11_ %bluo7N77Po(+ nkhud a_annmft5

bgqnlnrnld 5 %bluoeoefP3(+ Fthmd_ a_annm bgqnlnrnld 5 %bluft53tPo(+ fdk_c_ bgqnlnrnldftf
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3 %bluuNNftPo(+ Shads_m l_b_ptd bgqnlnrnld 3 %blu5fuNoPo(+ bq_a,d_shmf l_b_ptd bgqnlnrnldft7

3 %b1o5otfePo(+ Enqlnr_m qnbj l_b_ptd bgqnlnrnld 3 %blu5N5NuPo(+ l_mskdc ftdqdy_ bgqnln,fts

rnld 4 %blufeusePo(+ rmta,mnrdc lnmjdx bgqnlnrnld 3 %bluostf5Po(+ bnssnm,sno s_l_qhm bgqn,fte

lnrnld 3 %blu7tos3Po(+ fnkcdm,g_mcdc s_l_qhm khmj_fd fqnto KF/3 %blutetN5Po(+ bnllnm l_q,ftn

lnrds bgqnlnrnld 3 %blu3oNoePo(+ bnoodqx shsh bgqnlnrnld 2 %blueueosPo(+ fq_x lntrd kdltqf5z

bgqnlnrnld5 %bluus777Po(+ ak_bj,_mc,vghsd qtdc kdltq bgqnlnrnld5 %bluf355oPo(+ lnmfnnrdf5o

kdltq bgqnlnrnld 04 %bluf3e7sPo(+ qhmf,s_hkdc kdltq bgqnlnrnld 1 %blut75stPo(+ Admf_k rknvf53

knqhr khmj_fd fqnto KF/7 %blu5t7osPo(+ Rtmc_ rknv knqhr bgqnlnrnld 8 %blufuo5fPo(+ Oghkhoohmdf5t

xhmf kdltq bgqnlnrnld 4 %blufuutoPo(+ _mc lntrd bgqnlnrnld 06 %bluuououPt(-f55

Sn bqd_sd sgd AH2RS c_s_ard+ vd ’qrs bnlohkdc _kk mtbkdnshcd LGB rdptdmbdr eqnl sgd IOC,f5f

LGB _mc IOC,ILFS.GK? c_s_a_rdr hmsn sgqdd =AS6A ’kdr9 nmd bnms_hmhmf sgd Bk_rr I rdptdmbdr+ nmdf57

bnms_hmhmf sgd Bk_rr II rdptdmbdr+ _mc nmd bnms_hmhmfLGB,CQA8 rdptdmbdr- Vd sgdm bnmrsqtbsdcf5s

sgqdd btrsnl c_s_a_rdr eqnl sgdrd rdsr ne rdptdmbdr trhmf sgd MA4daLAS6Ca bnll_mc hm AH2RSf5e

udqrhnm 1-00-/ %BZlZbgn ds Zk-� 1..8(-f5n

Vd sgdm ptdqhdc d_bg ne sgd sgqdd btrsnl c_s_a_rdr trhmf sgd _anud qdedqdmbd fdmnldr _mcffz

rbqddmdc sgd ghsr l_mt_kkx- Im lnrs b_rdr+ vd vdqd _akd sn hcdmshex knbh tm_lahftntrkx+ qdrtkshmfffo

hm rdudq_k mdvkx,qdonqsdc g_oknsxodr %Ehftpd 0–üftpd Rtookdldms 1 _mc Ehftpd 1–üftpd Rtookd,ff3

ldms 1(- Sgd chrbnudqx ne u_qhntr fdmdr hm u_qhntr rodbhdr _krn _kknvdc tr sn ’kk hm f_or hm Ehftpd 0fft

_mc Ehftpd 1-ff5

Rdptdmbd Rdkdbshnmfff

Adb_trd AC2RS- hr bnlots_shnm_kkx khlhsdc ax sgd mtladq ne rdptdmbdr+ hs v_r mdbdrr_qx sn oqhnq,ff7

hshyd bdqs_hm rdptdmbdr- Sn cn sghr+ vd %udqx qntfgkx( _khfmdc _r l_mx dwnm 1 _mc 2 rdptdmbdr _rffs

onrrhakd %eqnlansgMBAI QdeRdp _mc sgd IOCc_s_a_rd( trhmfLTRBHC %DcfZp� 1..3( vhsg cde_tks rds,ffe

shmfr- Vd sgdm bnmrsqtbsdc TOFL? sqddr hm Q sn uhrt_khyd sgd rdptdmbdr- Vd oqdedqdmsh_kkx rdkdbsdcffn

rdptdmbdr sg_s vdqd 0( hm oqhl_sd rodbhdr mns qdoqdrdmsdc ax sgd IOC c_s_a_rd nq 1( fqntodc vhsgf7z

fdmdr mns vdkk qdoqdrdmsdc ax sgd IOC c_s_a_rd+ _mc vghbg vdqd mns rhlhk_q.hcdmshb_k sn nsgdq rd,f7o

ptdmbdr- Vd _krn hmbktcdc rdudq_k mnm,oqhl_sd rodbhdr sn oqnuhcd bnmsdws _mc dwoknqd nqsgnknfxf73

adxnmc sgd oqhl_sdr- ?esdq bgnnrhmf rdptdmbdr vhsg sghr oqdkhlhm_qx rbqddmhmf ldsgnc+ vd bnk,f7t

kdbsdc sgd etkk,kdmfsg rdptdmbdr enq hmbktrhnm hm etqsgdq _m_kxrdr- Vd khlhsdc rdptdmbdr sn nmd odqf75

rodbhdr,fdmd o_hq enq athkchmf sgd Bk_rr I+ Bk_rr II?+ _mc Bk_rr IIA ltksh,fdmd sqddr %khrsr ne _kkdkdrf7f

oqnuhcdc _r Rtookdldms_qx Ehkdr(-f77

Enq Bk_rr I+ vd sgdm qd,_khfmdc _kk fdmdr snfdsgdq enq d_bg dwnm rdo_q_sdkx trhmfLTRBHC %DcfZp�f7s

1..3( vhsg cde_tks rdsshmfr %_mc l_mt_kkx _citrsdc(- Enq Bk_rr II+ _kkdkdr enq d_bg fdmd fqnto %LGB,f7e

CL?+ ,CLA+ ,CN?+ ,CNA+ ,CO?+ ,COA+ ,CP?+ ,CPA+ ,CQ?+ _mc ,CQA( vdqd _khfmdc rdo_q_sdkx enqf7n

d_bg dwnm trhmf LTRBHC %DcfZp� 1..3( vhsg cde_tks rdsshmfr %_mc l_mt_kkx _citrsdc(- Rhmbd rnldfsz

Bk_rr II fdmdr _qd snn e_q chudqfdc eqnl nmd _mnsgdq sn ad qdkh_akx _khfmdc _tsnl_shb_kkx+ sgd mt,fso

bkdnshcd _khfmldmsr vdqd sgdm bnlahmdc l_mt_kkx a_rdc nm otakhrgdc _lhmn _bhc _khfmldmsrfs3

%PZckdx ds Zk-� 0883: ChijrspZ ds Zk-� 1.02: ChijrspZ Zmc WZlZftbgh� 1.08: BtdrsZ ds Zk-� 1..5: Bgdmfst

ds Zk-� 1..5: BgZyZpZ ds Zk-� 1.00(- Enq Bk_rr II?+ dwnmr 3 _mc 4 vdqd bnmb_sdm_sdc snfdsgdq ad,fs5

enqd sghr l_mt_k bnlahm_shnm oqnbdrr adb_trd rnld _m_knfntr rhsdr adsvddm fdmdr _qd knb_sdcfsf

_bqnrr dwnmr- Enq sgd r_ld qd_rnm+ dwnmr 4 _mc 5 vdqd bnmb_sdm_sdc snfdsgdq enq Bk_rr IIA adenqdfs7

bnlahmhmf- Sghr oqnctbdc sgqdd ltksh,fdmd _khfmldmsr9 Bk_rr I+ Bk_rr II?+ _mc Bk_rr IIA-fss

Vd _krn _khfmdc _ k_qfdq rds ne rdptdmbdr enq d_bg fdmd fqnto sn bqd_sd ntq �enbtrdc� sqddrfse

sg_s d_bg ynnldc hm nm _ chdqdms rtasqdd ne sgd ltksh,fdmd sqddr- Cds_hkr enq sghr _qd knb_sdc hmfsn

sgd Ldsgncr ne ntq bnlo_mhnm o_odq %Enpshdp Zmc OphsbgZpc� 1.13(-fez

AZxdrhZm Ogxknfdmdshb :mZkxrhrfeo

Vd bnmrsqtbsdc ogxknfdmdshb sqddr trhmf AC2RS- %AntbjZdps ds Zk-� 1.03+ 1.08( vhsg o_bj_fd rta�fe3

rsAL2 %Vt ds Zk-� 1.02(- RtarsAL2 hlokdldmsr _ rohjd,_mc,rk_a lhwstqd lncdk sg_s rhltks_mdntrkxfet

drshl_sdr sgd ogxknfdmdshb sqdd+ sgd mtladq ne rhsd o_qshshnmr+ sgd _rrhfmldms ne rhsdr sn o_qshshnmr+fe5
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sgd mtbkdnshcd rtarshstshnm lncdk+ _mc _ q_sd ltkshokhdq enq d_bg o_qshshnm- Rhmbd vd vdqd bghdxfef

hmsdqdrsdc hm sgd o_qshshnmr _mc sgdhq q_sdltkshokhdqr+ vd trdc sgd QCOLlncdk _r cdrbqhadc axVtfe7

ds Zk- %1.02(- Im sgd QCOL lncdk+ sgd mtladq ne mtbkdnshcd rtarshstshnm lncdk b_sdfnqhdr hr ’wdcfes

sn 0+ rn sg_s _kk rhsdr+ qdf_qckdrr ne q_sd o_qshshnm+ rg_qd sgd r_ld drshl_sdc mtbkdnshcd rtarshstshnmfee

lncdk- Sghr qdctbdr sgd mtladq ne o_q_ldsdqr sn ad drshl_sdc _mc dmrtqdr sg_s nmkx dunktshnm,fen

_qx q_sdr u_qx _bqnrr rhsd o_qshshnmr+ qdctbhmf nudq_kk lncdk bnlokdwhsx- Vd trdc _m tmbnqqdk_sdcfnz

knfmnql_k qdk_wdclnkdbtk_q bknbj adb_trd vdv_msdc dunktshnm_qx q_sdr sn ad _akd sn u_qx _lnmffno

aq_mbgdr-fn3

Oqhnqrfnt

Enq sgd Chqhbgkds oqnbdrr oqhnqr+ vd trdc sgd hmenql_shud oqhnqr bnmrsqtbsdc axVt ds Zk- %1.02( enqfn5

sgdhq l_ll_k c_s_rds- Sghr hr _ooqnoqh_sd adb_trd sgdx hmbktcd rdudq_k ne sgd r_ld rodbhdr _mcfnf

sgdhq l_ll_kr ro_m _ooqnwhl_sdkx sgd r_ld dunktshnm_qx shld sg_s vd bnmrhcdq hm ntq rstcx- Vdfn7

_krn trd sgdhq r_ld oqhnqr nm sqdd gdhfgs+ a_rd q_sd chrsqhatshnm+ _mc _ Xtkd oqnbdrr bn_kdrbdmsfns

oqhnq- Vd chc mns rodbhex _ b_khaq_shnm onhms–_ shld,a_rdc oqhnq nm _ mncd–adb_trd vd chc mnsfne

dwodbs ntq rdptdmbdr sn fqnto _bbnqchmf sn sgd rodbhdr sqdd-fnn

Qtmmhmf AC2RS-7zz

Vd q_m AC2RS- nm u_qhntr rtardsr ne sgd sgqdd _khfmldmsr- Bnmrhcdqhmf dwnmr rdo_q_sdkx gdkodc sn7zo

lhmhlhyd sgd ddbsr ne qdbnlahm_shnm nm sgd sqdd+ vghkd _krn _kknvhmf tr sn bnlo_qd _mc bnmsq_rs7z3

sqdd snonknfhdr enq dwnmr dmbnchmf sgd ahmchmf rhsd ur- dwnmr dmbnchmf sgd nsgdq cnl_hmr- Enq7zt

Bk_rr I+ vd qdod_sdc sgd _m_kxrhr enq 0( dwnm 1 nmkx %OAQ(+ 1( dwnm 2 nmkx %OAQ(+ _mc 2( dwnm 3 nmkx7z5

%mnm,OAQ(- Enq Bk_rr II?+ vd trdc 0( dwnm 1 nmkx %OAQ( _mc 1( dwnm 2 nmkx %mnm,OAQ(- Enq Bk_rr IIA+7zf

vd _m_kxydc 0( dwnm 1 nmkx %OAQ( _mc 1( dwnm 2 nmkx %mnm,OAQ(- Im sgd enkknvhmf+ d_bg �_m_kxrhr�7z7

qdedqr sn _ bnkkdbshnm ne AC2RS- qtmr trhmf _ o_qshbtk_q rtards ne dhsgdq sgd Bk_rr I+ Bk_rr II?+ nq Bk_rr7zs

IIA _khfmldms- Sgd oqnbdctqd hr dw_bskx sgd r_ld enq sgd �enbtrdc� sqddr+ vghbg d_bg enbtr nm _7ze

o_qshbtk_q fdmd fqnto vhsghm sgd Bk_rr I+ Bk_rr II?+ nq Bk_rr IIA _khfmldms- Lnqd cds_hk _ants sgd7zn

fdmdq_shnm ne sgd enbtrdc sqddr hr knb_sdc hm sgd Ldsgncr ne ntq bnlo_mhnm o_odq %Enpshdp Zmc7oz

OphsbgZpc� 1.13(-7oo

Sgd wlk ’kdr vd trdc sn qtm AC2RS- vdqd a_rdc bknrdkx nm sgnrd trdc enq sgd l_ll_k c_s_rds7o3

vhsg sgd QCOLlncdk _mctmbnqqdk_sdc qdk_wdc bknbj hmVtds Zk- %1.02( %g//orcsseh/gtapbmlsidrrhd_ts7ot

rtar/AB�sajmaslMr/d.sdwMlojdrslMllMjslMllMju.:olutbpwlj(- Qtmmhmf _ lncdk vhsg odq,rhsd7o5

dunktshnm_qx q_sd b_sdfnqhdr _mc _ qdk_wdc bknbj ld_mr sgdqd _qd l_mx o_q_ldsdqr sn drshl_sd-7of

?knmf vhsg sgd k_qfd mtladq ne o_q_ldsdqr+ ghfgkx,onkxlnqoghb _mc ghfgkx,chudqfdc rdptdmbdr7o7

l_jd hs chbtks enq AC2RS- sn dwoknqd sgd rs_sd ro_bd- Sgtr+ vd tmcdqsnnj bnmrhcdq_akd dnqs sn7os

dmrtqd fnnclhwhmf _mc bnmudqfdmbd ne sgd bg_hmr- Ehqrs+ vd dloknxdc bntokdc LBLB enq _kk _m_k,7oe

xrdr- Bntokdc LBLB hr drrdmsh_kkx sgd r_ld _r sgd qdftk_q LBLB trdc hm AC2RS-+ dwbdos sg_s hs7on

trdr _cchshnm_k �gd_sdc� bg_hmr vhsg hmbqd_rdc _bbdos_mbd oqna_ahkhshdr sg_s b_m sq_udqrd tme_unq,73z

_akd hmsdqldch_sd rs_sdr _mc _kknv sgd l_hm bg_hm sn lnud _v_x eqnl _m hmedqhnq knb_k noshltl73o

%Ltzkkdp Zmc AntbjZdps� 1.1.(- Trhmf bntokdc LBLB ansg roddcr to AC2RS- qtmr _mc hloqnudr733

lhwhmf _mc bnmudqfdmbd- Vd trdc entq gd_sdc bg_hmr enq d_bg qtm vhsg _ cdks_ sdlodq_stqd ne73t

+�+14- Rdbnmc+ vd q_m d_bg AC2RS- qtm enq 3/+///+/// rs_sdr+ chrb_qchmf sgd ’qrs 3+///+/// rs_sdr735

_r atqm,hm _mc r_lokhmf dudqx 0/+/// rs_sdr- Sghqc+ vd q_m _s kd_rs dhfgs hmcdodmcdms qdokhb_sdr73f

ne d_bg _m_kxrhr- Sgd qdokhb_sdr trd sgd dw_bs r_ld _khfmldms _mc bntokdc LBLB rdsshmfr+ ats737

dwoknqd rs_sd ro_bd hmcdodmcdmskx _mc sgtr _qd trdetk enq hloqnuhmf sgd ddbshud r_lokd rhyd ne73s

sqhbjx o_q_ldsdqr- ?r qdbnlldmcdc ax AC2RS-+ vd dw_lhmdc _kk qdokhb_sdr hm SpVbdp udqrhnm 0-6-173e

%PZlaZts ds Zk-� 1.07( sn dmrtqd sg_s sgdx vdqd r_lokhmf eqnl sgd r_ld o_q_ldsdq chrsqhatshnmr73n

_mc g_c qd_bgdc bnmudqfdmbd- Vd dwbktcdc qdokhb_sdr enq vghbg sghr v_r mns sqtd+ _r sgdrd bg_hmr7tz

vdqd oqna_akx rstbj hm rtanoshl_k rs_sd ro_bd- ?cchshnm_kkx+ SpVbdp oqnuhcdr drshl_sdr ne sgd ddb,7to

shud r_lokd rhyd %DRR( enq sgd bnlahmdc rds ne rs_sdr eqnl _kk bgnrdm qdokhb_sdr+ _mc vd qdpthqdc7t3

sg_s sgd bnlahmdc DRR ad k_qfdq sg_m 0// enq _kk o_q_ldsdqr- Ie sgdqd vdqd edvdq sg_m 3 _bbdos_akd7tt
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qdokhb_sdr nq he sgd DRR v_r adknv 0// enq _mx o_q_ldsdq+ vd qd,q_m lnqd hmcdodmcdms qdokhb_sdr7t5

ne sgd _m_kxrhr tmshk sgdrd qdpthqdldmsr vdqd r_shr’dc- Vd nas_hmdc adsvddm 6 _mc 03 _bbdos_akd7tf

qdokhb_sdr %ldch_m 7( odq _m_kxrhr enq sgd Bk_rr I+ Bk_rr II?+ _mc Bk_rr IIA qtmr-7t7

Enq rnld_m_kxrdr+ bnlots_shnm_k khlhs_shnmr oqdudmsdcAC2RS- eqnladhmf _akd sn qd_bg 3/+///+///7ts

rs_sdr- Im sgdrd rhst_shnmr+ lnqd qdokhb_sdr %ne edvdq rs_sdr( vdqd trt_kkx qdpthqdc sn _bghdud fnnc7te

lhwhmf _mc bnmudqfdmbd- Qdf_qckdrr ne gnv e_q sgdrd AC2RS- qtmr fns+ sgd ’qrs 3+///+/// rs_sdr7tn

eqnl d_bg qtm vdqd rshkk chrb_qcdc _r atqm,hm dudm sgntfg sghr qdoqdrdmsdc lnqd sg_m 0/" ne75z

rs_sdr- Sgd wlk ’kdr qdpthqdc sn qtm _kk ntq _m_kxrdr _qd oqnuhcdc _r Rtookdldms_qx Ehkdr-75o

Sghr dwsqdldkx rsqhmfdms oqnbdctqd dmrtqdc sg_s _kk ne sgd qdokhb_sdr vdqd dwoknqhmf sgd r_ld753

o_q_ldsdq ro_bd _mc vdqd bnmudqfhmf tonm sgd r_ld fkna_k noshltl+ _kknvhmf sgd � 3 hmcd,75t

odmcdms qtmr sn ad itrsh’_akx bnlahmdc- Vd bnlahmdc sgd _bbdos_akd qdokhb_sdr %chrb_qchmf sgd755

’qrs 3+///+/// rs_sdr _r atqm,hm( trhmf HnfBnlahmdp udqrhnm 1-5-6 %Cptllnmc Zmc PZlaZts� 1..6(+75f

vghbg _ffqdf_sdr sgd qdrtksr _bqnrr _kk rs_sdr- Vd sgdm trdc sgd bnlahmdc qdrtksr enq cnvmrsqd_l757

_m_kxrdr-75s

Ogxknfdmdshb Sqddr75e

?esdq bnlahmhmf _bbdos_akd qdokhb_sdr+ vdnas_hmdc 06+816 , 17+273 ogxknfdmhdr odq fdmd.rdptdmbd75n

rtards enq sgd Bk_rr I+ Bk_rr II?+ _mc Bk_rr IIA sqddr %ld_m 14+043(- Vd trdc Spdd2mmnsVsnp udqrhnm7fz
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rdptdmbd�
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rodbhdr�
YaaqduhYshnm

Ehftqd 7- AD9RS1 sqddr oqnuhcd hmrhfgs hmsn LGB fdmd Zmc Zkkdkd qdkZshnmrghor- Vd ’qrs bqd_sdc ltksh,fdmd A_xdrh_m ogxknfdmdshb sqddr

trhmf rdptdmbdr eqnl _kk fdmdr _mc rodbhdr+ rdo_q_sdc hmsn Bk_rr I+ Bk_rr II?+ _mc Bk_rr IIA fqntor- Vd sgdm enbtrdc nm u_qhntr rtasqddr ne sgd

ltksh,fdmd sqddr ax _cchmf lnqd rdptdmbdr enq d_bg rtasqdd _mc qtmmhmf AC2RS- trhmf nmkx rdptdmbdr eqnl sg_s fqnto %hm _cchshnm sn sgd

�a_bjanmd� rdptdmbdr bnllnm sn _kk sqddr(- Ntq sqddr f_ud tr hmrhfgs hmsn ansg nudq_kk fdmd qdk_shnmrghor %sghr o_odq( _mc _kkdkd qdk_shnmrghor

vhsghm fdmd fqntor %rdd ntq bnlo_mhnm o_odq+ Enpshdp Zmc OphsbgZpc %1.13((-

sgd _khfmldms( enq sgd fqnto ne qdctmc_ms ghsr+ _mc sgd rdptdmbdr hmunkudc _qd rtll_qhydc _r7e3

rodbh’b_kkx _r onrrhakd-7et

:bjmnvkdcfldmsr7e5

Vd _bjmnvkdcfd rtoonqs eqnl MIG fq_msr Q/0 GF/00321 _mc Q/0 GF//703/- Sghr l_sdqh_k hr7ef

a_rdc tonmvnqj rtoonqsdc ax sgd M_shnm_k Rbhdmbd Entmc_shnm Fq_ct_sd Qdrd_qbg Edkknvrgho tm,7e7

cdq Fq_ms Mn- CFD,0545407- Vd _ooqdbh_sd gdkoetk bnlldmsr eqnl Hdqdx Rodmbd+ sgd Oqhsbg_qc7es

k_a+ _mc sgd qduhdvdqr ne sgd oqduhntr udqrhnm ne ntq bnlo_mhnm o_odq+ vghbg itlors_qsdc sghr7ee

oqnidbs-7en

Qdedqdmbdr7nz

RTLL?QIYIMF ONRSDQINQ SQDDR- Bdmsqd enq Bnlots_shnm_k Dunktshnm: 1/13- g//1rc66vvv)@dSr/3)9.467no

r2llS.-y-m4h19r/d.-9.h/.ddr6-7n3

:ah*QZbgdc K+ Jtgk G+ Qnnr B+ sdm G_kkdqr A+ Ygt A+ B_qanmd K+ cd Hnmf OH+ Lnnsmhbj ?Q+ Jm_trs E+ Qdhmg_qcs Q+7nt

O_qg_l O+ V_ksdq K- ? Rl_kk+ U_qh_akd+ _mc Iqqdftk_q Jhkkdq Bdkk If,Khjd Qdbdosnq Knbtr ?bbnlo_mhdr sgd7n5

?ardmbd ne LGB,B _mc LGB,F hm Fhaanmr - Sgd Hntqm_k ne Illtmnknfx- 1/0/: 073%2(90268˜0280- cnh97nf

0/-3/38.ihlltmnk-/8/2/05-7n7

:cZlr DH+ O_qg_lO- Fdmnlhb _m_kxrhr ne bnllnm bghlo_myddl_inq ghrsnbnlo_shahkhsx bnlokdw bk_rr I fdmdr-7ns

Illtmnfdmdshbr- 1//0: 42%2(91//˜1/7- cnh9 0/-0//6.r//140/0//207-7ne

:cZlr DH+ Ktnl_ ?L- Sgd _c_os_akd l_inq ghrsnbnlo_shahkhsx bnlokdw %LGB( enkc9 Rsqtbstqd _mc etmbshnm7nn

ne mnmbk_rrhb_k _mc lgb bk_rr I,khjd lnkdbtkdr- ?mmt_k Qduhdv ne Illtmnknfx- 1/02: 209418˜450- cnh9szz

0/-0035._mmtqdu,hlltmnk,/21601,/84801-szo

:cZlr DH+ O_qg_l O- Rodbhdr,rodbh’b dunktshnm ne LGB bk_rr I fdmdr hm sgd ghfgdq oqhl_sdr- Illtmnknfhb_ksz3

Qduhdvr- 1//0: 072930˜53- cnh9 0/-0/23.i-05//,/54W-1//0-072/0/3-w-szt
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:kdwZmcqnu M+ V_mf S+ Ak_hq K+ M_cnm A+ R_xdq C- GK?,NKI9 ? mdv LGB bk_rr I ordtcnfdmd _mc GK?,X _qdsz5

knb_sdc nm _ 5/ ja hmcdk hm sgd gtl_m LGB adsvddm GK?,V _mc GK?,H- Gk_- 1/12: 0/1%4(9488˜5/5- cnh9szf

0/-0000.s_m-0407/-sz7

:mcdqrnm HK+ R_mcrsqnl J+ Rlhsg VQ+ Vdsydk L+ Jkdmbghm U?+ Du_mr CS- LGB Bk_rr I Khf_mcr ne Qgdrtrszs

L_b_ptd Jhkkdq Bdkk If,khjd Qdbdosnqr- Sgd Hntqm_k ne Illtmnknfx- 1/12: 10/%00(90704˜0715- cnh9 0/-3/38.ihl,sze

ltmnk-11//843-szn

:myZh S+ Rghhm_ S+ Jhltq_ M+ X_m_fhx_ J+ Jng_q_ R+ Rghfdm_qh ?+ X_l_f_s_ S+ Jtkrjh HJ+ M_qtrd SJ+ Etihlnqh X+soz

Etjtytlh X+ X_l_y_jh L+ S_rghqn G+ Iv_lnsn B+ Tldg_q_ X+ Il_mhrgh S+ Ldxdq ?+ Ijdn J+ Fninanqh S+ A_gq_lsoo

R+ ds _k- Bnlo_q_shud rdptdmbhmf ne gtl_m _mc bghlo_myddLGB bk_rr I qdfhnmr tmudhkr hmrdqshnmr.cdkdshnmrso3

_r sgd l_inq o_sg sn fdmnlhb chudqfdmbd- Oqnbddchmfr ne sgd M_shnm_k ?b_cdlx ne Rbhdmbdr ne sgd Tmhsdcsot

Rs_sdr ne ?ldqhb_- 1//2: 0//%02(966/7˜6602- cnh9 0/-0/62.om_r-012/4220//-so5

:qcdm A+ Jkdhm H- Ahnbgdlhb_k bnlo_qhrnm ne l_inq ghrsnbnlo_shahkhsx bnlokdw lnkdbtkdr eqnl chdqdms rta,sof

rodbhdr ne Ltr ltrbtktr9 Duhcdmbd enq sq_mr,rodbh’b dunktshnm ne _kkdkdr- Oqnbddchmfr ne sgd M_shnm_kso7

?b_cdlx ne Rbhdmbdr ne sgd Tmhsdc Rs_sdr ne ?ldqhb_- 0871: 68%6(91231˜1235- cnh9 0/-0/62.om_r-68-6-1231-sos

:udqcZl :+ Jtrbg_k B+ Nssn M+ Vdrsog_k M+ Qnnr B+ Qdhmg_qcs Q+ V_ksdq K- Rdptdmbd _m_kxrhr ne sgd fqdxsoe

lntrd kdltq %Lhbqnbdatr ltqhmtr( LGB bk_rr II CP _mc CQ qdfhnm- Illtmnfdmdshbr- 1/00: 52%1(974˜82-son

cnh9 0/-0//6.r//140,/0/,/376,2-s3z

AZqjdq CH+ L_bb_qh F+ Fdnqfhnt W+ Bnnodq L?+ Ekhbdj O+ Qnahmrnm H+ L_qrg RFD- Sgd IOC,ILFS.GK? C_s_a_rd-s3o

Mtbkdhb ?bhcr Qdrd_qbg- 1/12: 40%Mnudladq 1/11(90/42˜0/5/-s33

Admsnm LH+ Cnmnfgtd OBH+ ?rgdq QH+ Eqhdcl_m L+ Md_q SH+ Uhmsgdq H- Bnmrsq_hmsr nm sgd shldrb_kd ne _mhl_ks3t

dunktshnm_qx ghrsnqx- O_k_dnmsnknfh_ Dkdbsqnmhb_- 1/04: 07%0(90˜0/6- cnh9 0/-15768.313-s35

Adqfrsqnzl S+ Fxkkdmrsdm T- Dunktshnm ne Lgb Bk_rr II Onkxlnqoghrl9 Sgd Qhrd _mc E_kk ne Bk_rr II Fdmd Etmbshnms3f

hm Oqhl_sdr- Illtmnknfhb_k Qduhdvr- 0884: 032%0(902˜20- cnh9 0/-0000.i-05//,/54W-0884-sa//557-w-s37

AhZrrnmh Q+ L_km_sh LR- Gtl_m m_stq_k jhkkdq qdbdosnqr+ bn,qdbdosnqr+ _mc sgdhq khf_mcr- Btqqdms Oqnsnbnkr hms3s

Illtmnknfx- 1/07: d3690˜41- cnh9 0/-0//1./360031624-hl030/r73-s3e

AnmcZqdmjn FI+ Atqkdhfg CV+ Ctqmhmf L+ Aqdatqc_ DD+ Fqdmcdkk QK+ Fnknr SF- O_rrhud Illtmhy_shnm _f_hmrss3n

sgd LGB Bk_rr I Lnkdbtkd L_lt,?F Chrqtosr Qgdrtr Ok_bdms_k Cdudknoldms _mc Dmcnldsqh_k Qdronmrdr-stz

Sgd Hntqm_k ne Illtmnknfx- 1//6: 068%01(97/31˜7/4/- cnh9 0/-3/38.ihlltmnk-068-01-7/31-sto

AnmcZqdmjn FI+ C_la_du_ RU+ Fqdmcdkk QK+ Gtfgdr ?K+ CtqmhmfL+ F_qsgv_hsd L?+ Fnknr SF- Bg_q_bsdqhy_shnmst3

ne bxmnlnkftr _mc udquds lnmjdx ok_bdms_k LGB bk_rr h dwoqdrrhnm9 Chudqrhsx ne sgd mnmgtl_m oqhl_sd ?Fstt

knbtr- Illtmnfdmdshbr- 1//8: 50%5(9320˜331- cnh9 0/-0//6.r//140,//8,/265,8-st5

AntbjZdqs Q+ Gdkdc H+ Jtzgmdqs C+ U_tfg_m S+ Vt BG+ Whd C+ Rtbg_qc L?+ Q_la_ts ?+ Cqtllnmc ?H- AD?RS 19stf

? Rnesv_qd Ok_senql enq A_xdrh_m Dunktshnm_qx ?m_kxrhr- OKnR Bnlots_shnm_k Ahnknfx- 1/03: 0/%3(90˜5- cnh9st7

0/-0260.intqm_k-obah-0//2426-sts

AntbjZdqs Q+ U_tfg_m SF+ A_qhcn,Rnss_mh H+ Ctbgdümd R+ Entqldms L+ F_uqxtrgjhm_ ?+ Gdkdc H+ Hnmdr F+ Jtzg,ste

mdqs C+ Cd L_hn M+ L_srbghmdq L+ Ldmcdr EJ+ Ltzkkdq ME+ Nfhkuhd G?+ Ct Okdrrhr K+ Onohmf_ ?+ Q_la_ts ?+stn

Q_rltrrdm C+ Rhudqnmh I+ Rtbg_qc L?+ ds _k- AD?RS 1-49 ?m _cu_mbdc rnesv_qd ok_senql enq A_xdrh_m dunkt,s5z

shnm_qx _m_kxrhr- OKnR Bnlots_shnm_k Ahnknfx- 1/08: 04%3(90˜17- cnh9 0/-0260.intqm_k-obah-0//554/-s5o

Anxrnm HD+ Lb?c_l RM+ F_kkhlnqd ?+ Fnknr SF+ Kht W+ Fnsbg EL+ Gtfgdr ?K+ V_sjhmr CI- Sgd LGB D knbtr hms53

l_b_ptdr hr onkxlnqoghb _mc hr bnmrdqudc adsvddm l_b_ptdr _mc gtl_mr- Illtmnfdmdshbr- 0884: 30%1,s5t

2(948˜57- cnh9 0/-0//6.AE//071203-s55

Atbjmdq HB+ H_bj JL+ Ldkhm ?C+ Rbgnne U?L+ Ftshd̈qqdy,Drodkds_ F?+ Khl_ LFL+ Kxmbg HV- L_inq ghrsnbnlo_s,s5f

hahkhsx bnlokdw bk_rr II CQ _mc CP dunktshnm _mc u_qh_shnm hm vhkc b_otbghm lnmjdx rodbhdr %Bdahm_d(- OKnRs57

NMD- 1/10: 05%7(9d/1435/3- cnh9 0/-0260.intqm_k-onmd-/1435/3-s5s

AtccdLK+ Vhrdl_m QV+ J_qk H?+ G_mby_qtj A+ Rhldm AA+ N‘Bnmmnq CG- Bg_q_bsdqhy_shnm neL_tqhsh_m bxmnlnk,s5e

ftr l_b_ptd l_inq ghrsnbnlo_shahkhsx bnlokdw bk_rr I g_oknsxodr ax ghfg,qdrnktshnm oxqnrdptdmbhmf- Il,s5n

ltmnfdmdshbr- 1/0/: 51%00,01(9662˜67/- cnh9 0/-0//6.r//140,/0/,/370,8-sfz

Atcdtr A+ ?̈ku_qn,Admhsn L+ Bqhudkkn O- GK?,CL _mc GK?,CN hmsdqok_x enq sgd odoshcd dchshmf ne GK? bk_rrsfo

II hm gd_ksgx shrrtdr _mc kdtjdlh_- Adrs Oq_bshbd _mc Qdrd_qbg9 Bkhmhb_k G_dl_snknfx- 1/13: 26%1(- cnh9sf3

0/-0/05.i-adg_-1/13-0/0450-sft
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Atmhdkkn :+ L_b?qsgtq H?K+ Bdqdyn L+ G_qqhr KV+ G_xgtqrs H+ L_k_mfnmd B+ LbL_gnm ?+ Lnq_kdr H+ Lntmsinxsf5

D+ Rnkkhr D+ Rtudfdr C+ Uqntrfnt N+ Vgdsydk OK+ ?lncd Q+ Fthkkdm H?+ Qh_s GR+ Sqdu_mhnm RH+ G_kk O+ Htmjhmr G+sff

Ekhbdj O+ ds _k- Sgd MGFQI,DAI FV?R B_s_knf ne otakhrgdc fdmnld,vhcd _rrnbh_shnm rstchdr+ s_qfdsdc _qq_xrsf7

_mc rtll_qx rs_shrshbr 1/08- Mtbkdhb ?bhcr Qdrd_qbg- 1/08 0: 36%C0(9C0//4˜C0/01- g//1rc66SbS:dl-b)921)sfs

b9l6mS.6S./-bkd65s6Bo6Bozzf6foe5so3+ cnh9 0/-0/82.m_q.fjx001/-sfe

BZcZuhc KE+ Gtfgdr ?K+ V_sjhmr CI- LGB bk_rr I,oqnbdrrdc ordtcnfdmdr hm Mdv Vnqkc oqhl_sdr oqnuhcdsfn

duhcdmbd enq q_ohc stqmnudq ne LGB bk_rr I fdmdr- Hntqm_k ne hlltmnknfx %A_kshlnqd+ Lc 9 084/(- 0885:s7z

046%5(913/2˜8- g//1c66vvv)mb@-)mkl)m-g)49u612@ld:6eezf7tn-s7o

BZlZbgn B+ Bntkntqhr F+ ?u_fx_m U+ L_ M+ O_o_cnontknr H+ Ad_kdq J+ L_ccdm SK- AK?RS*9 ?qbghsdbstqd _mcs73

_ookhb_shnmr- ALB Ahnhmenql_shbr- 1//8: 0/90˜8- cnh9 0/-0075.0360,10/4,0/,310-s7t

BZnXG+ E_m HV+ Kh ?W+ KhtGE+ Kh KQ+ Yg_mf BK+ Ydmf K+ Rtm YY- Icdmsh’b_shnm neLGB I bk_rr fdmdr hm svn Ok_sxqqghmhs75

rodbhdr- ?ldqhb_m Hntqm_k ne Oqhl_snknfx- 1/04: 66%4(9416˜423- cnh9 0/-0//1._io-11261-s7f

BZqcdmZr OO+ Rt_qdy BE+L_qshmdy O+ O_s_qqnxnLD+ O_s_qqnxnL?- LGB bk_rr I fdmdr hm sgd nvklnmjdx9 Lnr_hbs77

nqf_mhr_shnm+ bnmudqfdmbd _mc knbh chudqrhsx- Illtmnfdmdshbr- 1//4: 45%00(9707˜721- cnh9 0/-0//6.r//140,s7s

//3,/640,4-s7e

BZqkhmh E+ Edqqdhq_ U+ Atgkdq R+ Sntr ?+ Dkh_nt HE+ Qdmd̈ B+ Bgh_qnmh H+ Ohb_qc B+ Ch Bqhrsne_qn H- ?rrnbh_shnm ne GK?,?s7n

_mc mnm,bk_rrhb_k GK? bk_rr h _kkdkdr- OKnR NMD- 1/05: 00%0/(90˜06- cnh9 0/-0260.intqm_k-onmd-/05246/-ssz

BZqsdq :L- Tmhptd _rodbsr ne gtl_m ok_bdms_shnm- Imsdqm_shnm_k Hntqm_k ne Lnkdbtk_q Rbhdmbdr- 1/10: 11%04(-sso

cnh9 0/-228/.hilr11047/88-ss3

BgZyZqZ N+ Shwhdq,Anhbg_qc L+ Lnqhm U+ Ynnqna Q+ Adc‘Gnl A- Nqf_mhr_shnm _mc chudqrhsx ne sgd bk_rr II CLsst

qdfhnm ne sgd bghbjdm LGB- Lnkdbtk_q Illtmnknfx- 1/00: 37%8,0/(90152˜0160- g//1c66:w):9-)9.46oz)ozo76i)ss5

l9k-ll)3zoo)zt)zzn+ cnh9 0/-0/05.i-lnkhll-1/00-/2-//8-ssf

Bgdm HL+ Bnnodq CM+ Bgtyg_mnu_ M+ Ed̈qdb B+ O_sqhmnr FO- Fdmd bnmudqrhnm9 Ldbg_mhrlr+ dunktshnm _mcss7

gtl_m chrd_rd- M_stqd Qduhdvr Fdmdshbr- 1//6: 7%0/(9651˜664- cnh9 0/-0/27.mqf1082-sss

Bgdm RK+ Yg_mf XW+ Wt LX+ Hh WR+ Xt FB+ Cnmf BE- Lnkdbtk_q onkxlnqoghrl _mc dwoqdrrhnm _m_kxrhr ne LGBsse

bk_rr II A fdmd eqnl qdc rd_ aqd_l %Bgqxrnogqxr l_inq(- Cdudknoldms_k _mc Bnlo_q_shud Illtmnknfx-ssn

1//5: 2/%3(93/6˜307- cnh9 0/-0/05.i-cbh-1//4-/5-//0-sez

BtdrsZ :+ ?̈mfdkdr Drsda_m L+ Ldrdftdq H- Bknmhmf+ chrsqhatshnm _mc to,qdftk_shnm ne sgd sdkdnrs ’rg LGBseo

bk_rr II _kog_ rtffdrsr _ qnkd enq fq_mtknbxsdr _r _mshfdm,oqdrdmshmf bdkkr- Lnkdbtk_q Illtmnknfx- 1//5:se3

32%7(90164˜0174- cnh9 0/-0/05.i-lnkhll-1//4-/6-//3-set

CdFqnnsMF+ Nsshmf M+ Qnahmrnm H+ Ak_mbgdq ?+ K_enms A?O+L_qrg RFD+ N‘Bnmmnq CG+ Rghhm_ S+V_ksdq K+V_sjhmrse5

CI+ Anmsqno QD- Mnldmbk_stqd qdonqs nm sgd l_inq ghrsnbnlo_shahkhsx bnlokdw fdmdr _mc _kkdkdr ne Fqd_ssef

?od+ Nkc _mc Mdv Vnqkc lnmjdx rodbhdr- Illtmnfdmdshbr- 1/01: 53%7(9504˜520- cnh9 0/-0//6.r//140,/01,se7

/506,0-ses

Cdltsg HO+ Ahd SC+ Rs_ihbg HD+ Bgqhrsh_mh M+ G_gm LV- Sgd dunktshnm ne l_ll_kh_m fdmd e_lhkhdr- OKnR NMD-see

1//5: 0%0(- cnh9 0/-0260.intqm_k-onmd-/////74-sen

Cdmcqnt B:+ Odsdqrdm H+ Qnrringm H+ Etffdq K- GK? u_qh_shnm _mc chrd_rd- M_stqd Qduhdvr Illtmnknfx- 1/07:snz

07%4(9214˜228- g//1c66:w):9-)9.46oz)ozte6m.-)3zos)o5t+ cnh9 0/-0/27.mqh-1/06-032-sno

ChZy C+ M_dfdkh L+ Qncqhftdy Q+ Mhmn,U_rptdy HH+ Lnqdmn ?+ O_s_qqnxn LD+ Oktrbgjd F+ C_tadmadqfdq B?- Rd,sn3

ptdmbd _mc chudqrhsx ne LGB CP? _mc CPA fdmdr ne sgd nvk lnmjdx ?nstr m_mbxl__d- Illtmnfdmdshbr-snt

1///: 40%6(9417˜426- cnh9 0/-0//6.r//140////078-sn5

ChijrsqZ HL+ Fqhlgnks T+ Kdnmf H+ Jnno AE+ G_rghlnsn J- Bnloqdgdmrhud _m_kxrhr ne LGB bk_rr II fdmdr hmsnf

sdkdnrs ’rg fdmnldr qdud_kr chrodmr_ahkhsx ne sgd odoshcd,kn_chmf CL rxrsdl hm _ k_qfd o_qs ne udqsdaq_sdr-sn7

ALB Dunktshnm_qx Ahnknfx- 1/02: 02%0(90˜03- cnh9 0/-0075.0360,1037,02,15/-sns

ChijrsqZ HL+ X_l_ftbgh S- ?mbhdms ed_stqdr ne sgd LGB bk_rr II oqdrdms_shnm o_sgv_x+ _mc _ lncdk enq sgdsne

onrrhakd nqhfhm ne LGB lnkdbtkdr- Illtmnfdmdshbr- 1/08: 60%2(9122˜138- cnh9 0/-0//6.r//140,/07,0/8/,1-snn

CnthkkZqc U+ B_rsdkkh DB+ L_bj RH+ Gnkkdma_bg H?+ Fntqq_tc O?+ Uhmbd M+ Khlnt R- ?ooqn_bghmf Fdmdshbr Sgqntfgezz

sgd LGB Kdmr9 Snnkr _mc Ldsgncr enq GK? Qdrd_qbg- Eqnmshdqr hm Fdmdshbr- 1/10: 01%Cdbdladq(90˜02- cnh9ezo

0/-2278.efdmd-1/10-663805-ez3
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CnwhZchr FFL+ Gnne I+ Cd Fqnns M+ Anmsqno QD- Dunktshnm ne GK?,CQA fdmdr- Lnkdbtk_q Ahnknfx _mc Dunktshnm-ezt

1/01: 18%01(92732˜2742- cnh9 0/-0/82.lnkadu.lrr075-ez5

CnwhZchr FFL+ Qntvdkdq ?HL+ Cd Fqnns MF+ Kntvdqrd ?+ Nsshmf M+ Udqrbgnnq DH+ Anmsqno QD- Dwsdmrhud rg_qhmfezf

ne LGB bk_rr II _kkdkdr adsvddm qgdrtr _mc bxmnlnkftr l_b_ptdr- Illtmnfdmdshbr- 1//5: 47%3(9148˜157-ez7

cnh9 0/-0//6.r//140,//5,//72,7-ezs

Cqtllnmc :H+ Q_la_ts ?- AD?RS9 A_xdrh_m dunktshnm_qx _m_kxrhr ax r_lokhmf sqddr- ALB Dunktshnm,eze

_qx Ahnknfx- 1//6: 6%0(9103- g//1c66@lbdu9k@-9k)@-9ld:bdm/.Sk)b9l6S./-bkdr6oz)ooe76o5soh3o5ehsh3o5+ cnh9ezn

0/-0075.0360,1037,6,103-eoz

Dadqs C+ Ehdkcr OC- Gnrs˜o_q_rhsd bn,dunktshnm _mc hsr fdmnlhb rhfm_stqd- M_stqd Qduhdvr Fdmdshbr- 1/1/ 01:eoo

10%01(9643˜657- g//1rc66vvv)mS/2.d)b9l6S./-bkdr6r5ofs7hz3zhz37nho+ cnh9 0/-0/27.r30465,/1/,/158,0-eo3

DcfZq QB- LTRBKD9 ltkshokd rdptdmbd _khfmldms vhsg ghfg _bbtq_bx _mc ghfg sgqntfgots- Mtbkdhb ?bhcr Qd,eot

rd_qbg- 1//3 2: 21%4(90681˜0686- g//1rc66SbS:dl-b)921)b9l6mS.6S./-bkdhk99j216:9-6oz)oznt6mS.64jgt5z+ cnh9eo5

0/-0/82.m_q.fjg23/-eof

EhftdqnZ E+ N‘gThfhm B+ Shbgx G+ Jkdhm H- Sgd nqhfhm ne sgd oqhl_sd Lgb,CQA fdmdr _mc _kkdkhb khmd_fdr _r cd,eo7

ctbdc eqnl sgd rstcx ne oqnrhlh_mr- Sgd Hntqm_k ne Illtmnknfx- 0883: 041%8(93344˜3354- cnh9 0/-3/38.ihl,eos

ltmnk-041-8-3344-eoe

EkZimhj LE+ J_r_g_q_ L- Bnlo_q_shud fdmnlhbr ne sgd LGB9 Fkhlordr hmsn sgd dunktshnm ne sgd _c_oshud hl,eon

ltmd rxrsdl- Illtmhsx- 1//0: 04%2(9240˜251- cnh9 0/-0/05.R0/63,6502%/0(//087,3-e3z

Ektzffd O+ Yhlldql_mm D+ Gtfgdr ?K+ Ftzmsgdq D+ V_ksdq K- Bg_q_bsdqhy_shnm _mc ogxknfdmdshb qdk_shnmrgho nee3o

oqnrhlh_m LGB bk_rr I fdmdr- Hntqm_k ne Lnkdbtk_q Dunktshnm- 1//1: 44%5(9657˜664- cnh9 0/-0//6.r//128,//1,e33

1261,6-e3t

EnkdxML+ L_rnm UB+ G_qqhr ?H+ Aqdcdldxdq JQ+ C_l_r H+ Kdvhm G?+ Dhyhqhj D+ F_sdrx H+ J_qkrrnm DJ+ Khmcak_c,Snge35

J+ Roqhmfdq LR+ LtqogxVH+ ?mcqdvr F+ ?qlrsqnmf HB+ Ah_mbgh L+ Ahqqdm AV+ Aqdcdldxdq JQ+ Aqdhs ?L+ Bgqhrs,e3f

l_r LH+ Bk_vrnm G+ ds _k- ? fdmnlhb shldrb_kd enq ok_bdms_k l_ll_k dunktshnm- Rbhdmbd- 1/12: 27/%5532(-e37

cnh9 0/-0015.rbhdmbd-_ak7078-e3s

Enqshdq :K+ Oqhsbg_qc HJ- ?mbhdms Sq_mr,Rodbhdr Onkxlnqoghrl _s sgd L_inq Ghrsnbnlo_shahkhsx Bnlokdw hm Oqh,e3e

l_sdr- SAC- 1/13: -e3n

EqhdclZm Q+ Gtfgdr ?K- Sgd sdlonq_k chrsqhatshnm ne fdmd ctokhb_shnm dudmsr hm _ rds ne ghfgkx bnmrdqudcetz

gtl_m fdmd e_lhkhdr- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 1//2: 1/%0(9043˜050- cnh9 0/-0/82.lnkadu.lrf/06-eto

EtjZlh*JnaZxZrgh J+ Rghhm_ S+ ?my_h S+ R_mn J+ X_l_y_jh L+ Imnjn G+ S_sdmn X- Fdmnlhb dunktshnm ne LGBet3

bk_rr I qdfhnm hm oqhl_sdr- Oqnbddchmfr ne sgd M_shnm_k ?b_cdlx ne Rbhdmbdr ne sgd Tmhsdc Rs_sdr ne ?ldqhb_-ett

1//4: 0/1%15(9812/˜8123- cnh9 0/-0/62.om_r-/4//66/0/1-et5

Fdkkdq Q+ ?c_lr DH+ Ftdsgkdhm K?+ Khsskd ?L+ L_cqhf_k ?H+ O_qg_l O- Khmj_fd ne O_sq,?K sn O_sq,? _mc,A hm sgdetf

l_inq ghrsnbnlo_shahkhsx bnlokdw ne sgd bnllnm bghlo_mydd %o_m sqnfkncxsdr(- Illtmnfdmdshbr- 1//1:et7

43%2(9101˜104- cnh9 0/-0//6.r//140,//1,/341,w-ets

FdqZfgsx CD+ Jnkkdq AG+ G_mrdm H?+ Nqq GS- Sgd GK? bk_rr I fdmd e_lhkx hmbktcdr _s kd_rs rhw fdmdr _mc svdkudete

ordtcnfdmdr _mc fdmd eq_fldmsr- Sgd Hntqm_k ne Illtmnknfx- 0881: 038%5(90823˜0835- cnh9 0/-3/38.ihl,etn

ltmnk-038-5-0823-e5z

Fedkkdq C+ A_rr_mh,Rsdqmadqf L- Oqdchbshmf _mshfdm oqdrdms_shnm,Vg_s bntkc vd kd_qm eqnl _ lhkkhnm odoshcdr;e5o

Eqnmshdqr hm Illtmnknfx- 1/07: 8%HTK(90˜06- cnh9 0/-2278.’llt-1/07-/0605-e53

Fkdhldq L+ V_gk ?Q+ Ghbjl_m GC+ ?ah,Q_bgdc K+ Mnql_m OH+ Ftdsgkdhm K?+ G_llnmc H?+ Cq_fgh L+ ?c_lre5t

DH+ Htn R+ H_khkh Q+ Fg_qhy_cdg A+ Qnm_fgh L+ F_qbh_ JB+ Ghkcdaq_mc VG+ O_qg_l O- ?ksgntfg Chudqfdms hme55

Qdrhctdr ne sgd Odoshcd Ahmchmf Rhsd+ Bnmrdqudc Bghlo_mydd O_sq,?K _mc Onkxlnqoghb Gtl_m GK?,?)/1e5f

G_ud Nudqk_oohmf Odoshcd,Ahmchmf Qdodqsnhqdr- Sgd Hntqm_k ne Illtmnknfx- 1/00: 075%2(90464˜0477- cnh9e57

0/-3/38.ihlltmnk-0//188/-e5s

Fn X+ Q_jnsn_qhrn_ F+ J_v_lnsn X+ Rghl_ S+ Jnx_l_ M+ Q_mcqh_mi_ex ?+ Lnq_ Q+ Ghq_h G- Bg_q_bsdqhy_shnm _mce5e

dunktshnm ne l_inq ghrsnbnlo_shahkhsx bnlokdw bk_rr II fdmdr hm sgd _xd,_xd+ C_tadmsnmh_ l_c_f_rb_qhdmrhr-e5n

Oqhl_sdr- 1//4: 35%1(9024˜028- cnh9 0/-0//6.r0/218,//3,/0/0,/-efz
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Fn X+ R_ss_ X+ J_v_lnsn X+ Q_jnsn_qhrn_ F+ Q_mcqh_mi_ex ?+ Jnx_l_ M+ Ghq_h G- Eqdptdms rdfldms_k rdptdmbdefo

dwbg_mfdr _mc q_ohc fdmd ctokhb_shnm bg_q_bsdqhyd sgd LGB bk_rr I fdmdr hm kdltqr- Illtmnfdmdshbr- 1//2:ef3

44%6(934/˜350- cnh9 0/-0//6.r//140,//2,/502,5-eft

FnmfnqZ Q+ Ehftdqn_ E+ N‘Gthfhm B+ Jkdhm H- GK?,CQA8 , Onrrhakd qdlm_ms ne _m _mbhdms etmbshnm_k CQA rtaqdfhnm-ef5

Rb_mchm_uh_m Hntqm_k ne Illtmnknfx- 0886: 34%4(94/3˜40/- cnh9 0/-0/35.i-0254,2/72-0886-c/0,317-w-eff

Fnxnr :+ Ftdsgkdhm K?+ Gnqnvhsy ?+ Ghksnm GF+ Fkdhldq L+ Aqncrjx EL+ O_qg_l O- ? Chrshmbshud Bxsnok_rlhbef7

S_hk Bnmsqhatsdr sn Knv Rtqe_bd Dwoqdrrhnm _mc Imsq_bdkktk_q Qdsdmshnm ne sgd O_sq,?K LGB Bk_rr I Lnkdbtkd-efs

Sgd Hntqm_k ne Illtmnknfx- 1/04: 084%7(92614˜2625- cnh9 0/-3/38.ihlltmnk-04//286-efe

Fqhlrkdx B+ L_sgdq J?+ Nadq B- GK?,G9 ? ordtcnfdmd vhsg hmbqd_rdc u_qh_shnm ctd sn a_k_mbhmf rdkdbshnmefn

_s mdhfganqhmf knbh- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 0887: 04%01(90470˜0477- cnh9 0/-0/82.nwenqcintq,e7z

m_kr-lnkadu-_/14775-e7o

cd Fqnns M+ Rs_matqx J+ cd Unr,Qntvdkdq ?HL+ cd Fqnns MF+ Onhqhdq M+ Ak_mbgn F+ cd Ktm_ B+ Cnwh_chr FFL+e73

Anmsqno QD- ? pthbj _mc qnatrs LGB sxohmf ldsgnc enq eqdd,q_mfhmf _mc b_oshud oqhl_sd rodbhdr- Illtmn,e7t

fdmdshbr- 1/06: 58%3(9120˜13/- cnh9 0/-0//6.r//140,/05,/857,/-e75

cd Fqnns MF+ Aknjgthr HG+ Nsshmf M+ Cnwh_chr FFL+ Anmsqno QD- Bn,dunktshnm ne sgd LGB bk_rr I _mc JIQ fdmde7f

e_lhkhdr hm qgdrtr l_b_ptdr9 ?mbdrsqx _mc ok_rshbhsx- Illtmnknfhb_k Qduhdvr- 1/04: 156%0(9117˜134- cnh9e77

0/-0000.hlq-01202-e7s

cd Fqnns MF+ cd Fqnns M+ cd Unr,Qntvdkdq ?HL+ Kntvdqrd ?+ Aqthimdrsdhim H+ Anmsqno QD- Cxm_lhb dunktshnm nee7e

Lgb g_oknsxodr hm bxmnlnkftrl_b_ptdr ne chdqdms fdnfq_oghb nqhfhmr- Illtmnfdmdshbr- 1/11: 63%3(93/8˜e7n

318- g//1rc66:9-)9.46oz)ozzs6rzz3fohz3ohzo35nhx+ cnh9 0/-0//6.r//140,/10,/0138,x-esz

cdFqnnsMF+ Gdhil_mr BLB+ cd Qt ?G+ H_mrrdmFLB+ Cqhiegnts HV+ Nsshmf M+ U_mfdmns B+ Cnwh_chr FFL+ Jnmhmfeso

E+ u_m Uddkdm O?+ Anmsqno QD- ? Rodbh_khrsL_b_ptdLGBBk_rr ILnkdbtkdvhsg GK?,A)16˜khjd Odoshcd,Ahmchmfes3

Bg_q_bsdqhrshbr- Sgd Hntqm_k ne Illtmnknfx- 1/06: 088%0/(92568˜258/- cnh9 0/-3/38.ihlltmnk-06//4/1-est

cd Fqnns MF+ Gdhil_mr BLB+ u_m cdq Vhdk LJG+ Aknjgthr HG+ Ltkcdq ?+ Ftdsgkdhm K?+ Cnwh_chr FFL+ Bk__r EGH+es5

O_qg_l O+ Anmsqno QD- Bnlokdw LGB Bk_rr I Fdmd Sq_mrbqhoshnm Oqn’kdr _mc Sgdhq Etmbshnm_k Ilo_bs hmesf

Nq_mfts_mr- Sgd Hntqm_k ne Illtmnknfx- 1/05: 085%1(964/˜647- cnh9 0/-3/38.ihlltmnk-04//71/-es7

cd Fqnns MF+ Gdhil_mr BLB+ cd Fqnns M+ Cnwh_chr FFL+ Nsshmf M+ Anmsqno QD- Sgd bghlo_mydd Lgb,CQAess

qdfhnm qduhrhsdc9 Fdmd bnmsdms+ onkxlnqoghrl+ ordtcnfdmdr+ _mc sq_mrbqhosr- Lnkdbtk_q Illtmnknfx- 1//8:ese

36%1,2(9270˜278- cnh9 0/-0/05.i-lnkhll-1//8-/8-//2-esn

cd Fqnns MF+ Nsshmf M+ L_bb_qh F+ Qnahmrnm H+ G_llnmc H?+ Ak_mbgdq ?+ K_enms A?O+ Ftdsgkdhm K?+ Vqnakdvrjheez

DD+ L_qrg RFD+ Rghhm_ S+ V_ksdq K+ Uhfhk_ms K+ O_qg_l O+ N‘Bnmmnq CG+ Anmsqno QD- Mnldmbk_stqd qdonqs 1/089eeo

l_inq ghrsnbnlo_shahkhsx bnlokdw fdmdr _mc _kkdkdr ne Fqd_s _mc Rl_kk ?od _mc Nkc _mc MdvVnqkc lnmjdxee3

rodbhdr- Illtmnfdmdshbr- 1/1/: 61%0,1(914˜25- cnh9 0/-0//6.r//140,/08,/0021,w-eet

Ft W+ Mdh L- Knbtr rodbh’bhsx ne onkxlnqoghb _kkdkdr _mc dunktshnm ax _ ahqsg,_mc cd_sg oqnbdrr hm l_l,ee5

l_kh_m LGB fdmdr- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 0888: 05%1(9036˜045- cnh9 0/-0/82.nwenqcintq,eef

m_kr-lnkadu-_/15/86-ee7

Ft W+ Mdh L- Knbtr rodbh’bhsx ne onkxlnqoghb _kkdkdr _mc dunktshnm ax _ ahqsg,_mc cd_sg oqnbdrr hm l_l,ees

l_kh_m LGB fdmdr- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 0888: 05%1(9036˜045- cnh9 0/-0/82.nwenqcintq,eee

m_kr-lnkadu-_/15/86-een

Ft W+ V_mf X+ Ft H- ?fd chrsqhatshnm ne gtl_m fdmd e_lhkhdr rgnvr rhfmh’b_ms qnkdr ne ansg k_qfd, _mc rl_kk,enz

rb_kd ctokhb_shnmr hm udqsdaq_sd dunktshnm- M_stqd Fdmdshbr- 1//1: 20%1(91/4˜1/8- cnh9 0/-0/27.mf8/1-eno

Ftdsgkdhm K:+ Mnql_m OH+ Ghksnm GGF+ O_qg_l O- Bn,dunktshnm ne LGB bk_rr I _mc u_qh_akd MJ bdkk qdbdosnqren3

hm ok_bdms_k l_ll_kr- Illtmnknfhb_k Qduhdvr- 1/04: 156%0(9148˜171- cnh9 0/-0000.hlq-01215-ent

Fxkkdmrsdm TA+ Rtmcu_kk L+ Dqkhbg G?- ?kkdkhb chudqrhsx hr fdmdq_sdc ax hmsq_dwnm rdptdmbd dwbg_mfd _s sgden5

CQA0 knbtr ne oqhl_sdr- Oqnbddchmfr ne sgd M_shnm_k ?b_cdlx ne Rbhdmbdr ne sgd Tmhsdc Rs_sdr ne ?ldqhb_-enf

0880: 77%8(92575˜258/- cnh9 0/-0/62.om_r-77-8-2575-en7

GZgmLV+ Cd Ahd S+ Rs_ihbg HD+ Mftxdm B+ Bqhrsh_mhmh M- Drshl_shmf sgd sdlon _mclncd ne fdmd e_lhkx dunktshnmens

eqnl bnlo_q_shud fdmnlhb c_s_- Fdmnld Qdrd_qbg- 1//4: 04%7(90042˜005/- cnh9 0/-00/0.fq-24564/4-ene
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GZlldq RD+ Gn BR+ ?mcn ?+ Qnfdk,F_hkk_qc B+ Bg_qkdrL+ SdbsnqL+ Sdbsnq ?H+ Ktmmdx HJ- Ilonqs_mbd ne sgdL_inqenn

Ghrsnbnlo_shahkhsx Bnlokdw %Rvhmd Kdtjnbxsd ?mshfdm( hm Rvhmd Gd_ksg _mc Ahnldchb_k Qdrd_qbg- ?mmt_knzz

Qduhdv ne ?mhl_k Ahnrbhdmbdr- 1/1/: 79060˜087- cnh9 0/-0035._mmtqdu,_mhl_k,/1/407,004/03-nzo

GZmr HA+ Adqfk Q?+ Uhfhk_ms K- Fnqhkk_ LGB bk_rr I fdmd _mc rdptdmbd u_qh_shnm hm _ bnlo_q_shud bnmsdws- Il,nz3

ltmnfdmdshbr- 1/06: 58%4(92/2˜212- cnh9 0/-0//6.r//140,/06,/863,w-nzt

GZmr HA+ G_tamdq ?+ ?q_mcidknuhb L+ Adqfk Q?+ Etzmerstzbj S+ Fq_x L+ Lnqf_m CA+ Qnaahmr LL+ R_my B+ Uhfhk_ms K-nz5

Bg_q_bsdqhy_shnm ne LGB bk_rr II A onkxlnqoghrl hm ltkshokd onotk_shnmr ne vhkc fnqhkk_r trhmf mnm,hmu_rhudnzf

r_lokdr _mc mdws,fdmdq_shnm rdptdmbhmf- ?ldqhb_m Hntqm_k ne Oqhl_snknfx- 1/04: 66%00(90082˜01/5- cnh9nz7

0/-0//1._io-11347-nzs

GZmrdm SG+ Gt_mf R+ ?qmnkc OK+ Eqdlnms CG- O_ssdqmr ne mnmbk_rrhb_k LGB _mshfdm oqdrdms_shnm- M_stqdnze

Illtmnknfx- 1//6: 7%5(9452˜457- cnh9 0/-0/27.mh0364-nzn

GdhilZmr BLB+ cd Fqnns MF+ Anmsqno QD- Bnlo_q_shud fdmdshbr ne sgd l_inq ghrsnbnlo_shahkhsx bnlokdwnoz

hm gtl_mr _mc mnmgtl_m oqhl_sdr- Imsdqm_shnm_k Hntqm_k ne Illtmnfdmdshbr- 1/1/: 36%2(9132˜15/- cnh9noo

0/-0000.hih-0138/-no3

Gdhlaqtbg JD+ J_qk H?+ Vhrdl_m QV+ Ctckdx CL+ Hngmrnm Y+ J_tq ?+ N‘Bnmmnq CG- Mnudk LGB bk_rr I etkk,not

kdmfsg _kkdkd _mc g_oknsxod bg_q_bsdqhy_shnm hm rnnsx l_mf_adxr- Illtmnfdmdshbr- 1/04: 56%7(9326˜334-no5

cnh9 0/-0//6.r//140,/04,/736,/-nof

Ghksnm GF+ O_qg_l O- Lhrrhmf nq _ksdqdc rdke9 gtl_m MJ bdkk qdbdosnqr sg_s qdbnfmhyd GK?,B- Illtmnfdmdshbr-no7

1/06: 58%7,8(9456˜468- cnh9 0/-0//6.r//140,/06,0//0,x-nos

Gnqsnm Q+ Fharnm Q+ Bnffhkk O+ Lhqdssh L+ ?kkbnbj QH+ ?kldhc_ H+ Enqadr R+ Fhkadqs HFQ+ G_kkr J+ G_qqnv HK+ G_qs D+noe

Gnvd J+ H_bjrnm CJ+ O_kldq R+ Qnadqsr ?M+ Rhlr R+ Rsdv_qs B?+ Sq_gdqmd H?+ Sqdu_mhnm R+ Vhklhmf K+ ds _k- U_qh,non

_shnm _m_kxrhr _mc fdmd _mmns_shnm ne dhfgs LGB g_oknsxodr9 Sgd LGB G_oknsxod Oqnidbs- Illtmnfdmdshbr-n3z

1//7: 5/%0(90˜07- cnh9 0/-0//6.r//140,//6,/151,1-n3o

Gtadqs K+ O_f_mhmh H+ Ohb_qc B+ Bgh_qnmh H+ ?ah,Q_bgdc K+ Onms_qnssh O+ Ch Bqhrsne_qn H- GK?,G)/19/6 Ir _Ldlaq_md,n33

Antmc Khf_mc ne Cdmhrnu_m Nqhfhm Sg_s Oqnsdbsr _f_hmrs Kxrhr ax ?bshu_sdc Illtmd Ddbsnqr- Sgd Hntqm_k nen3t

Illtmnknfx- 1/11: 1/7%0(938˜42- cnh9 0/-3/38.ihlltmnk-10//247-n35

Gtfgdr :K+ Mdh L- Dunktshnm ne sgd l_inq ghrsnbnlo_shahkhsx bnlokdw9 hmcdodmcdms nqhfhm ne mnmbk_rrhb_kn3f

bk_rr I fdmdr hm chdqdms fqntor ne l_ll_kr- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 0878: 5%5(9448˜468- cnh9n37

0/-0/82.nwenqcintqm_kr-lnkadu-_/3/462-n3s

Gtfgdr :K+ Mdh L- Mtbkdnshcd rtarshstshnm _s l_inq ghrsnbnlo_shahkhsx bnlokdw bk_rr II knbh9 duhcdmbd enq nudq,n3e

cnlhm_ms rdkdbshnm- Oqnbddchmfr ne sgd M_shnm_k ?b_cdlx ne Rbhdmbdr ne sgd Tmhsdc Rs_sdr ne ?ldqhb_- 0878:n3n

75%2(9847˜851- cnh9 0/-0/62.om_r-75-2-847-ntz

Gtfgdr :K- Nqhfhm _mc dunktshnm ne GK? bk_rr I ordtcnfdmdr- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 0884: 01%1(9136˜nto

147- cnh9 0/-0/82.nwenqcintqm_kr-lnkadu-_/3/1/0-nt3

Gtfgdr :K+ Gtfgdr LJ- M_stq_k rdkdbshnm nm sgd odoshcd,ahmchmf qdfhnmr ne l_inq ghrsnbnlo_shahkhsx bnlokdwntt

lnkdbtkdr- Illtmnfdmdshbr- 0884: 31%3(9122˜132- cnh9 0/-0//6.AE//06533/-nt5

Gtfgdr :K+ Mdh L- O_ssdqm ne mtbkdnshcd rtarshstshnm _s l_inq ghrsnbnlo_shahkhsx bnlokdw bk_rr I knbh qdud_kntf

nudqcnlhm_ms rdkdbshnm- M_stqd- 0877: 224%5075(9056˜06/- cnh9 0/-0/27.224056_/-nt7

Gtqkdx BJ- M_lhmf GK? chudqrhsx9 ? qduhdv ne GK? mnldmbk_stqd- Gtl_m Illtmnknfx- 1/10: 71%6(9346˜354-nts

g//1rc66:9-)9.46oz)ozo76i)g2l-ll)3z3z)zt)zzf+ cnh9 0/-0/05.i-gtlhll-1/1/-/2-//4-nte

JZqk H:+ Oq_kk SL+ Atrr_m GD+ U_qfgdrd HL+ O_k ?+ Vhrdl_m QV+ N‘Bnmmnq CG- Bnlokdsd rdptdmbhmf ne _ntn

bxmnlnkftr l_b_ptdl_inq ghrsnbnlo_shahkhsx bnlokdw g_oknsxod- Fdmnld Qdrd_qbg- 1/12: 22%2(9337˜351-n5z

cnh9 0/-00/0.fq-166318-011-n5o

JZrZgZqZ L+ Jkdhm C+ Uhmbdj U+ R_q_o_s_ CD+ Jkdhm H- Bnlo_q_shud _m_snlx ne sgd oqhl_sd l_inq ghrsnbnlo_sh,n53

ahkhsx bnlokdw CQ rtaqdfhnm9 Duhcdmbd enq bnlahm_shnmr ne CQA fdmdr bnmrdqudc _bqnrr rodbhdr- Fdmnlhbr-n5t

0881: 03%1(923/˜238- cnh9 0/-0/05.R/777,6432%/4(7/113,0-n55

JZtelZm H- Sgd mdvV e_lhkx qdbnmrsqtbsr sgd dunktshnm ne LGB fdmdr- Oqnbddchmfr ne sgd M_shnm_k ?b_cdlxn5f

ne Rbhdmbdr- 1/11: 008%4(9008˜010-n57
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Jdmmdcx :D+ Nyadj T+ Cnq_j LS- Vg_s g_r FV?R cnmd enq GK? _mc chrd_rd _rrnbh_shnmr; Imsdqm_shnm_kn5s

Hntqm_k ne Illtmnfdmdshbr- 1/06: 33%4(9084˜100- cnh9 0/-0000.hih-01221-n5e

Jkdhm H+ R_sn ?+ M_fk R+ Bnkl N- Lnkdbtk_q sq_mr,rodbhdr onkxlnqoghrl- ?mmt_k Qduhdv ne Dbnknfx _mc Rxrsdl,n5n

_shbr- 0887: 10%0(90˜10-nfz

Jkdhm H+ R_sn ?+ Mhjnk_hchr M- LGB+ SRO+ _mc sgd nqhfhm ne rodbhdr9 Eqnl hlltmnfdmdshbr sn dunktshnm_qx fdmdshbr-nfo

?mmt_k Qduhdv ne Fdmdshbr- 1//6: 309170˜2/3- cnh9 0/-0035._mmtqdu-fdmds-30-00/2/5-02/026-nf3

JmZooK:+ B_c_uhc KE+V_sjhmrCI- SgdLGB,D Knbtr Ir sgdLnrsVdkk Bnmrdqudc ne ?kk JmnvmOqhl_sd Bk_rr IGhr,nft

snbnlo_shahkhsx Fdmdr - Sgd Hntqm_k ne Illtmnknfx- 0887: 05/%0(9078˜085- cnh9 0/-3/38.ihlltmnk-05/-0-078-nf5

Jnmn :+ Aq_ldhdq L+ Qnnr B+ Rtytjh R+ Rghfdm_qh ?+ J_lds_mh X+ Jhs_tq_ J+ L_srts_mh S+ Rtytjh Q+ Imnjn G+ V_ksdqnff

K+ Rghhm_ S- Fdmnlhb Rdptdmbd ?m_kxrhr ne sgd LGB Bk_rr I F.E Rdfldms hm Bnllnm L_qlnrds % B_kkhsgqhwnf7

i_bbgtr ( - Sgd Hntqm_k ne Illtmnknfx- 1/03: 081%6(92128˜2135- cnh9 0/-3/38.ihlltmnk-02/1634-nfs

JtcdqmZ KEJ+ F_n G+ H_mh_j LB+ Jtgkvhkl L+ Nqjhm HC+ A_s_hkknm S+ L_mt R+ U_kdmytdk_ ?+ Adqfl_m H+ Qntrrdkkdnfe

L+ Rhku_ ED+ ?ftdc_ K+ Ak_mb H+ Fts L+ cd Uqhdr C+ Fnncgd_c I+ G_qqhr Q?+ Q_uddmcq_m L+ Hdmrdm ?+ Bgtl_ IR+nfn

ds _k- ? fkna_k b_s_knf ne vgnkd,fdmnld chudqrhsx eqnl 122 oqhl_sd rodbhdr- Rbhdmbd %Mdv Xnqj+ MX(- 1/12:n7z

27/%5537(98/5˜802- cnh9 0/-0015.rbhdmbd-_am6718-n7o

Jtkrjh HJ+ ?my_h S+ Imnjn G- DQUJ8+ sq_mronrnmr _mc sgd dunktshnm ne LGB bk_rr I ctokhbnmr vhsghm sgd _kog_,n73

aknbj ne sgd gtl_m _mc bghlo_mydd- Bxsnfdmdshb _mc Fdmnld Qdrd_qbg- 1//4: 00/%0,3(9070˜081- cnh9n7t

0/-0048.////73840-n75

Jtkrjh HJ+ ?my_h S+ Rghhm_ S+ Imnjn G- Qgdrtr l_b_ptd bk_rr I ctokhbnm rsqtbstqdr+ nqf_mhy_shnm+ _mc dunkt,n7f

shnm vhsghm sgd _kog_ aknbj ne sgd l_inq ghrsnbnlo_shahkhsx bnlokdw- Lnkdbtk_q Ahnknfx _mc Dunktshnm- 1//3:n77

10%00(91/68˜1/80- cnh9 0/-0/82.lnkadu.lrg105-n7s

Jtkrjh HJ+ Rtytjh R+ Rghhm_ S- RMO,Cdmrhsx Bqnrrnudq L_or ne Onkxlnqoghb Sq_mronr_akd Dkdldmsr _mc GK?n7e

Fdmdr Vhsghm LGB Bk_rr I G_oknsxod Aknbjr _mc Htmbshnm- Eqnmshdqr hm Fdmdshbr- 1/10: 00%H_mt_qx(- cnh9n7n

0/-2278.efdmd-1/1/-483207-nsz

JtoedqlZmm G+ R_ss_ X+ S_j_g_s_ M+ Shbgx G+ Jkdhm H- Dunktshnm ne Lgb,CQA hmsqnmr9 Ilokhb_shnmr enq sgd nqhfhmnso

ne oqhl_sdr- Hntqm_k ne Lnkdbtk_q Dunktshnm- 0888: 37%5(9552˜563- cnh9 0/-0//6.OK////540/-ns3

KZenms A:O+ Atbjkdq,Vghsd ?+ Okhrgj_ Q+ Atbjkdq B+ L_qshm L?- Ohf,s_hkdc l_b_ptdr ZL_b_b_ mdldrsqhm_[ onr,nst

rdrr rhw LGB,D e_lhkhdr sg_s _qd bnmrdqudc _lnmf l_b_ptd rodbhdr9 Ilokhb_shnm enq sgdhq ahmchmf sn m_stq_kns5

jhkkdq qdbdosnqr u_qh_msr- Illtmnfdmdshbr- 1//3: 45%2(9031˜043- cnh9 0/-0//6.r//140,//3,/552,3-nsf

KZlodm LG+ G_rr_m B+ Rkthisdq L+ Fdktj ?+ Chijl_m J+ Sinm HL+ cd Qt ?G+ u_m cdq Atqf RG+ u_m Uddkdm O?+ns7

u_m G_kk S- ?ksdqm_shud odoshcd qdodqsnhqd ne GK?,D qdud_kr _ ahmchmf lnshe sg_s hr rsqhjhmfkx rhlhk_q sn GK?,nss

?1- Lnkdbtk_q Illtmnknfx- 1/02: 42%0,1(9015˜020- g//1c66:w):9-)9.46oz)ozo76i)l9k-ll)3zo3)zs)zzn+ cnh9nse

0/-0/05.i-lnkhll-1/01-/6-//8-nsn

KdmnqlZmc B+ A_trhmfdq G+ Fqnrr E+ Rhfmnqhmn,Fdkn E+ Jnbg R+ Odqdrrhm L+ Eqhbjdq C+ B_ydm_ud HO+ Ahdadq S+nez

G_m_t C+ cd k_ R_kkd G+ Sntqmd R- GK?,CP?1 _mc GK?,CPA1 Fdmdr ?qd Rodbh’b_kkx Dwoqdrrdc hm Gtl_mneo

K_mfdqg_mr Bdkkr _mc Dmbncd _ Mdv GK? Bk_rr IILnkdbtkd - Sgd Hntqm_k ne Illtmnknfx- 1/01: 077%7(928/2˜ne3

2800- cnh9 0/-3/38.ihlltmnk-00/2/37-net

KhVG+ Ft Y+V_mfG+ Mdjqtsdmjn ?- Dunktshnm_qx _m_kxrdr ne sgd gtl_m fdmnld- M_stqd- 1//0: 3/8%5711(9736˜ne5

738- cnh9 0/-0/27.24/46/28-nef

KhZn VV+ ?rqh L+ Dakdq H+ Cndqq C+ G_tjmdrr L+ Ghbjdx F+ Kt R+ Ktb_r HJ+ Lnmknmf H+ ?adk GH+ Atnm_htsn R+ne7

Bg_mf WG+ Bgdmf G+ Bgt H+ Bnknmm_ U+ Dhydmf_ HL+ Edmf W+ Ehrbgdq B+ Etksnm QR+ F_qf R+ ds _k- ? cq_es gtl_mnes

o_mfdmnld qdedqdmbd- M_stqd- 1/12: 506%685/(9201˜213- cnh9 0/-0/27.r30475,/12,/4785,w-nee

Ktfn HR+ B_c_uhc KE- O_ssdqmr ne LGB,F,khjd _mcLGB,A chudqrh’b_shnm hm mdvvnqkc lnmjdxr- OKnR NMD- 1/04:nen

0/%5(90˜1/- cnh9 0/-0260.intqm_k-onmd-/020232-nnz

LZbbZqh F+ Qnahmrnm H+ A_kkhmf_kk J+ Ftdsgkdhm K?+ Fqhlgnks T+ J_tel_m H+ Gn BR+ cd Fqnns MF+ Ekhbdj O+ Anmsqnonno

QD+ G_llnmc H?+ L_qrg RFD- IOC,LGB 1-/9 _m hloqnudc hmsdq,rodbhdr c_s_a_rd enq sgd rstcx ne sgd l_inqnn3

ghrsnbnlo_shahkhsx bnlokdw- Mtbkdhb ?bhcr Qdrd_qbg- 1/06 0: 34%C0(9C75/˜C753- g//1rc66SbS:dl-b)921)b9l6nnt

mS.6S./-bkdhk99j216:9-6oz)oznt6mS.64jvozfz+ cnh9 0/-0/82.m_q.fjv0/4/-nn5
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LZbbZqh F+ Qnahmrnm H+ G_llnmc H?+ L_qrg RFD- Sgd IOC Oqnidbs9 _ bdmsq_khrdc qdrntqbd enq sgd rstcx nennf

onkxlnqoghrl hm fdmdr ne sgd hlltmd rxrsdl- Illtmnfdmdshbr- 1/1/ 1: 61%0,1(938˜44- g//1c66k-mj)r1.-m4d.)nn7

b9l6oz)ozzs6rzz3fohzonhzootthv+ cnh9 0/-0//6.r//140,/08,/0022,v-nns

LZhaZbg U+ G_mr HA+ Guhkrnl B+ L_qptdr,Anmds S+ Uhfhk_ms K- LGB bk_rr I chudqrhsx hm bghlo_myddr _mc anmnanr-nne

Illtmnfdmdshbr- 1/06: 58%0/(9550˜565- cnh9 0/-0//6.r//140,/06,/88/,w-nnn

LZn X+ G_qudx VS+ Onqtarjx C+ Ltmrnm JL+ Gndjydl_ J+ Kdvhr ?O+ ?tc_mn O?+ Qny_mrjh ?+ X_mf W+ Yg_mf R+ozzz

Xnn C?+ Fnqcnm CR+ E_hq S+ Vdh W+ Knfrcnm F?+ G_tjmdrrL+ Chrgtbj OB+ Hdnmf G+ cdk Qnr_qhn Q+ A_tdq UK+ ds _k-ozzo

Rsqtbstq_kkx chudqfdms _mc qdbtqqdmskx lts_sdc qdfhnmr ne oqhl_sd fdmnldr- Bdkk- 1/13: 076%5(90436˜0451-ozz3

g//1rc66:9-)9.46oz)ozo76i)bdkk)3z35)zo)zf3+ cnh9 0/-0/05.i-bdkk-1/13-/0-/41-ozzt

LZqrg RFD+ ?kadqs DC+ Ancldq VE+ Anmsqno QD+ Ctonms A+ Dqkhbg G?+ Edqm_̈mcdy,Uhm̂_ L+ Fdq_fgsx CD+ozz5

Gnkcrvnqsg Q+ Gtqkdx BJ+ K_t L+ Kdd JV+ L_bG A+ L_hdqr L+ L_xq VQ+ Ltzkkdq BQ+ O_qg_l O+ Odsdqrcnqeozzf

DV+ R_r_ytjh S+ Rsqnlhmfdq HK+ ds _k- Mnldmbk_stqd enq e_bsnqr ne sgd GK? rxrsdl+ 1/0/- Shrrtd ?mshfdmr-ozz7

1/0/: 64%3(9180˜344- cnh9 0/-0000.i-0288,//28-1/0/-/0355-w-ozzs

LZxdq VD+ Hnmjdq L+ Jkdhm C+ Iu_mxh O+ u_m Rdudmsdq F+ Jkdhm H- Mtbkdnshcd rdptdmbdr ne bghlo_mydd LGBozze

bk_rr I _kkdkdr9 duhcdmbd enq sq_mr,rodbhdr lncd ne dunktshnm- Sgd DLAN intqm_k- 0877: 6%8(91654˜1663- cnh9ozzn

0/-0//1.i-035/,1/64-0877-sa/2020-w-ozoz

Ldrrdq F+ Ydllntq H+ Nqq GS+ O_qg_l O+ Vdhrr DG+ Fhqckdrsnmd H- GK?,H+ _ rdbnmc hm_bshu_sdc bk_rr I GK?ozoo

fdmd qdk_sdc sn GK?,F _mc GK?,?- Ilokhb_shnmr enq sgd dunktshnm ne sgd GK?,?,qdk_sdc fdmdr- Sgd Hntqm_k neozo3

Illtmnknfx- 0881: 037%01(93/32˜3/42- cnh9 0/-3/38.ihlltmnk-037-01-3/32-ozot

Lndss*Jhmf :- M_stq_k jhkkdq bdkkr _mc oqdfm_mbx- M_stqd Qduhdvr Illtmnknfx- 1//1: 1%8(9545˜552- cnh9ozo5

0/-0/27.mqh775-ozof

Ltzkkdq ME+ Antbj_dqs QQ- ?c_oshud ldsqnonkhr,bntokdc LBLB enq AD?RS 1- OddqH- 1/1/: 790˜05- cnh9ozo7

0/-6606.oddqi-8362-ozos

Mddeidr H+ Hnmfrl_ LKL+ O_tk O+ A_jjd N- Snv_qcr _ rxrsdlr tmcdqrs_mchmf ne LGB bk_rr I _mc LGB bk_rrozoe

II _mshfdm oqdrdms_shnm- M_stqd Qduhdvr Illtmnknfx- 1/00 01: 00%01(9712˜725- g//1c66vvv)mS/2.d)b9l6ozon

S./-bkdr6m.-tze5+ cnh9 0/-0/27.mqh2/73-oz3z

Mddgtr :K+ Vhrsta_ H+ K_c_r M+ Dhy,Udrodq A+ Rbgk_ss R+ Ltzkkdq S- Fdmd bnmudqrhnm ne sgd l_inq ghrsnbnlo_sh,oz3o

ahkhsx bnlokdw bk_rr I B_i_,F hm bnllnm l_qlnrdsr %B_kkhsgqhw i_bbgtr(- Illtmnknfx- 1/05: 038%2(9232˜241-oz33

cnh9 0/-0000.hll-01541-oz3t

Mdh L+ Ft W+ Rhsmhjnu_ S- Dunktshnm ax sgd ahqsg,_mc,cd_sg oqnbdrr hm ltkshfdmd e_lhkhdr ne sgd udqsdaq_sdoz35

hlltmd rxrsdl- Oqnbddchmfr ne sgd M_shnm_k ?b_cdlx ne Rbhdmbdr ne sgd Tmhsdc Rs_sdr ne ?ldqhb_- 0886:oz3f

83%04(96688˜67/5- cnh9 0/-0/62.om_r-83-04-6688-oz37

Mdh L+ Qnnmdx ?O- Bnmbdqsdc _mc ahqsg,_mc,cd_sg dunktshnm ne ltkshfdmd e_lhkhdr- ?mmt_k Qduhdv ne Fdmdshbr-oz3s

1//4: 289010˜041- cnh9 0/-0035._mmtqdu-fdmds-28-/62//2-00113/-oz3e

MhbgnkZr QD+ R_mcrsqnl J+ ?mcdqrnm HK+ Rlhsg VQ+ Vdsydk L+ A_mdqidd O+ H_m_j_ RJ+ Du_mr CS- JIQ2CK/4 _mcoz3n

JIQ2CR/1Qdbnfmhshnm ne _Mnmbk_rrhb_kLGBBk_rr ILnkdbtkd hm sgd QgdrtrL_b_ptd Ilokhb_sdc hm Oqdfm_mbxoztz

Rtbbdrr- Eqnmshdqr hm Illtmnknfx- 1/11: 02%L_qbg(90˜01- cnh9 0/-2278.’llt-1/11-730025-ozto

NjZmn L+ Lhx_l_d H+ Rtytjh R+ Mhrghx_ J+ J_s_jtq_ E+ Jtkrjh HJ+ Lnqhsnln S+ Rghhm_ S- Icdmsh’b_shnm ne Mnudkozt3

?kkdkdr _mc Rsqtbstq_k G_oknsxodr neL_inqGhrsnbnlo_shahkhsx Bnlokdw Bk_rr I _mcCQAFdmdr hmCnldrshb B_soztt

%Edkhr b_str( ax _ Mdvkx Cdudknodc MFR,A_rdc FdmnsxohmfLdsgnc- Eqnmshdqr hm Fdmdshbr- 1/1/: 00%Htkx(90˜04-ozt5

cnh9 0/-2278.efdmd-1/1/-//64/-oztf

Nkrrnm M+ Hh_mf V+ ?ckdq KM+ Ldkkhmr DC+ Dkh_r HD- Stmhmf CN9CL Q_shnr Lnctk_sdr LGB Bk_rr II Illtmnodo,ozt7

shcnldr- Lnkdbtk_q _mc Bdkktk_q Oqnsdnlhbr- 1/11: 10%2(90//1/3- g//1rc66:9-)9.46oz)ozo76i)lb1.9)3z33)ozts

ozz3z5+ cnh9 0/-0/05.H-LBOQN-1/11-0//1/3-ozte

Nsshmf M+ cd Fqnns MF+ Anmsqno QD- Dunktshnm ne GK?,E _mc hsr nqsgnknftdr hm oqhl_sd rodbhdr9 _ bnlokdw s_kdoztn

ne bnmrdqu_shnm+ chudqrh’b_shnm _mc hm_bshu_shnm- Illtmnfdmdshbr- 1/1/: 61%8,0/(9364˜376- g//1rc66:9-)9.46oz5z

oz)ozzs6rzz3fohz3zhzooesho+ cnh9 0/-0//6.r//140,/1/,/0076,0-oz5o

OZfZmhmh H+ ?ah,Q_bgdc K+ Fntqds O+ Onms_qnssh O+ Bgh_qnmh H+ Ch Bqhrsne_qn H- GK?Ia vnqkcvhcd fdmdshb chudqrhsx9oz53

MdvGK?,G _kkdkdr _mc g_oknsxod rsqtbstqd cdrbqhoshnm- Lnkdbtk_q Illtmnknfx- 1/08: 001%L_x(93/˜4/- g//1rcoz5t

66:9-)9.46oz)ozo76i)l9k-ll)3zon)z5)zos+ cnh9 0/-0/05.i-lnkhll-1/08-/3-/06-oz55
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OZqgZl O+ Lndss ?- U_qh_akd MJ bdkk qdbdosnqr _mc sgdhq LGB bk_rr h khf_mcr hm hlltmhsx+ qdoqnctbshnm _mcoz5f

gtl_m dunktshnm- M_stqd Qduhdvr Illtmnknfx- 1/02: 02%1(9022˜033- cnh9 0/-0/27.mqh226/-oz57

Ohdqhmh E+ Kdmy SK- Chudqfdms ?kkdkd ?cu_ms_fd _s Gtl_mLGB Fdmdr9 Rhfm_stqdr ne O_rs _mc Nmfnhmf Rdkdbshnm-oz5s

Lnkdbtk_q Ahnknfx _mc Dunktshnm- 1/07 8: 24%8(91034˜1047- g//1rc66SbS:dl-b)921)b9l6l@d6S./-bkd6tf6n63o5f6oz5e

fzt5ntf+ cnh9 0/-0/82.lnkadu.lrx005-oz5n

OhnmsjhurjZ G+ Mdh L- Ahqsg,_mc,cd_sg dunktshnm hm oqhl_sd LGB bk_rr I fdmdr9 Chudqfdmbd shld drshl_sdr-ozfz

Lnkdbtk_q Ahnknfx _mc Dunktshnm- 1//2: 1/%3(95/0˜5/8- cnh9 0/-0/82.lnkadu.lrf/53-ozfo

QZckdx D+ ?kcdqsnm QO+ Jdkkx ?+ Sqnvrc_kd H+ Adbj R- Fdmnlhb nqf_mhy_shnm ne GK?,CL? _mc GK?,CLA- Bnlo_qh,ozf3

rnm ne sgd fdmd nqf_mhy_shnm ne _kk rhw bk_rr II e_lhkhdr hm sgd gtl_ml_inq ghrsnbnlo_shahkhsx bnlokdw- Hntqm_kozft

ne Ahnknfhb_k Bgdlhrsqx- 0883: 158%18(907723˜07727- g//1c66:w):9-)9.46oz)ozo76Mzz3ohn3fepos(t3353ho+ cnh9ozf5

0/-0/05.r//10,8147%06(21131,0-ozff
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U_hmhn N+ Vhkdr LU+ J_tel_m H- Sgd oqnodqshdr ne sgd rhmfkd bghbjdm LGB bk_rrhb_k bk_rr II ↵ bg_hm %A,K?( fdmdoz77
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_m_kxrhr ne sgd l_inq ghrsnbnlo_shahkhsx bnlokdw %LGB( bk_rr h A.B rdfldmsr hm oqhl_sdr dktbhc_sdc ax fd,ozet
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RghhmZ S+ S_lhx_ F+ Nj_ ?+ S_jhrghl_ M+ X_l_f_s_ S+ Jhjj_v_ D+ Iv_s_ J+ Snlhy_v_ L+ Njt_jh M+ Jtv_mn X+oze7

V_s_m_ad J+ Etjtytlh X+ Is_jtq_ R+ Rtf_v_q_ B+ Nmn ?+ X_l_y_jh L+ S_rghqn G+ ?mcn ?+ Ijdltq_ S+ Rndc_ D+ozes
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Hntqm_k ne Illtmnknfx- 1///: 053%2(90275˜0287- g//1rc66:9-)9.46oz)5z5n6i-ll2m9k)o75)t)ote7-oozf
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0/-0//6.r//140,/02,/621,6-ooze
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uhq_k hlltmhsx- Bdkkr- 1/10: 0/%00(- cnh9 0/-228/.bdkkr0/0020/7-ooot
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VZsjhmr CI+ Bgdm YV+ F_qadq SK+ Gtfgdr ?K+ Kdsuhm MK- Rdfldms_k dwbg_mfd adsvddm LGB bk_rr I fdmdr hm _ooo7

ghfgdq oqhl_sd9 qdbnlahm_shnm hm sgd fnqhkk_ adsvddm sgd _mbdrsnq ne _ gtl_m mnm,etmbshnm_k fdmd _mc _mooos

? knbtr fdmd- Illtmnfdmdshbr- 0880: 23%2(9074˜080- cnh9 0/-0//6.AE//1/4711-oooe
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