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7KH GHSLFWLRQ RI WKH SK\ORJHOQHUWNND VW IUXE WKWRX R (
DQG WKH HYROXWLRQDU\ IRUFHV JXLGLQJ\ WHKH \CERVF LD
GRFXPHQWHG 7KH FXUUHQW SK\ORJHQ\ K®S/DEBMQ \GH DL@HHG
RI WKH 6 U51$%$ JHQH VHTXHQFH ZKLOH GWXEBEMIMPRYG WFR HY
'1$ K\EULGL]DWLRQ WULDOV

$LPLQJ WR EULQJ WR OLJKW WKH JHQRBDR WODWDRQOL
WKH HFRORJLFDO DQG VSHFLILF GLYBUVHWDORPW IVOUXW KHiV
GLYHUVLW\ ZLWKLQ WKH JHQXV DQG WWH/IDEGLWKWRRNPRKIS
WHFKQLTXH $)/3 )WRQWHERPIREVBHFLHY DQG WKHLU SK\O|
ORUHRYHU WKLV WHFKQLTXH ZDV DOVR WH\NVQHS®E D R BVWOK H. @
WKH DFWLQRUKL]DO QRGXOHV 6HFRQGO\ ZHD®DIQQHE D
VFKHPH ZKLFK DOORZHG XV WR HVWDERULYHE D X QERIH® RR |
DQG IRU WKH ILUVW WLPH WR GHVFULBNRXSHRS KQ 8 R JFXQ®IW
VWUDLQV H[KLELWLQJ WKH SDUWLFXQ@DUS D BIEW.IWAK I5 61$Q R WA
VWUDLQV DUH GLVWULEXWHG LQWR WERJIGQY i B UG\ DAV/ODE
KRVW JHQRW\SH

7KH LPSRUWDQFH Rl JHQHWLF PDUNHUVUCLYQL\Q & 0.VP A
UHYLVHG ,Q WKLV UHJDUG ZH KDYH VWK IRFG MWUKIH GRKNORIJ
JHQHWLF FRPSRQHQWYV IRU WKH VVRBHHRSHKAAITNEDRGXFWLR



5(680(

/ID GpILQLWLRQ GH OD VWUXFWXUHDGKMDRIpOQWRIK
SUREOpPPDWLTXH OHV IRUFHV pYROXWLYHV O0OLGpPQW VR QR
GH VD GLYHUVLWpP QH VRQW SDV FRP S8 qMFWPHLON 16 FSRX PHQ!
GpILQLH SDU OYDQDO\VH FRPSDUDWLYH GH OD GpTXHIQFEHRG
HVSqFHV JpQRPLTXHV D pWp JrQpH SDU OD\ENLEDWDE S Gl E D
$'1

'DQV OH FDGUH GH FHWWH WKqVH R RAD WILLCEXLEDX [WRQJ F Q F
GDQV OH JHQUH HW VD FRQVPTXHQWH WERGRBWILRH) HXQ VI
SUHPLHU WHPSV QRXV DYRQV pYDOXp OD G YOHXW.LVDL W S p
WHEKQLTXH $)/3 $PSOLILHG )UDJPHQW /HQRW KGHVONRRYBHK]
JPQRPLTXHV 'H SOXV QRWUH SURWRFROHQIR® LDMRO/MH X WH
DSSOLTXDQW OH SURWRFROH GLUHFWHPHQWOQV & XGHyP B R ¢
WHPSV XQ VFKpPD 0/6$ OXOWLOREXV 6HTXHGFH GIQD @\ L
SK\ORJpQLH GX JHQUH VXU XQH FHQWDLQH G3H GEXKIHHV O
GLYHUJHQFH SK\ORJpQPWLTXH GTXQ JURXSKQGEKYARRAKEM
XQLTXH GH USRERBBWDRH)Y VRXFKHV 6S VRQW GLVWULEXpt
GLYHUJHQWY GRQW OD VWUXFWXUDWLRQ [H$W DIQW W HK MGIW
SKpPQRW\SH 6S 6S GH OD VRXFKH

JTLQWPUIrW GH PDUTXHXUV JpQpWLTXHV SWRMFKWMB@N
PWp UpYLVp 'DQV FH EXW QRXV DYRQV pRXGLpMR®H B/UpV H C
GHV GLIIpUHQWY FRPSRVDQWYV JpQpWLTXHVHURSEIRTUHH\H \F K3
JUDQNLD
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/D HVWUXFWXUD |LORUD@INNOE DQ B HHY JAHIHIR ODV IXHU
TXH KDQ JXLDGR ORV SURFHVRV GH HVSHF1DEHY® FGYY SFHHJ)
GLYHUVLGDG GHQWUR GHO JpQHUR QR KD SRGLGIRNUR KDI
VLGR GHILQLGD FRQ EDVH HQ HO DQiOIMRDV FBRE DU BWUYRW
ODGR OD GHILQLFLYQ GH HVSHFLHV JHQIYHE Y VKD WMVBRLR
TXH LPSRQH OD WpPFQLFD GH KLEULGDFLYQ $'H$WD /RVWLV
GRFWRUDO VH IRFDOL]DURQ HQ HO HVWXER R \BH RRIDYBEX B (
WUDGXFFLYQ HQ YDULDELOLGDG HVSHFtOIXDP R \HPROGLLYFHU \
HVSHFtILFD GHO JpQHUR \ OD DSOLFBPILOLE® GUBHPEIRQ VW pF
3RO\PRUSKLVP SDUD GHILQLU HVSHFLHVRIHMYWDREOMFLQRV
XWLOL]DGR SDUD HO DQiOLVLV GH FHEBX @R FXDMWLYDEQ
3RVWHULRUPHQWH XQ DQiOLVLV PXOWLGRWFKV Q¢ SHILP
UHFRQVWUXLU OD ILORJHQLD GHO JHQSDR |%BURQWD®D B LH
'LFKR HVWXGLR QRV SHUPLWLY SRU OD SU IHQHWDL N |GEIHX
JUXSR GH FHSDV QR FXOWLYDEOHV TXH SUSHURGX¥EQyPORER
HVSRUDQJLRY LQ SODQWD OODPDGDV HHQDERQWHFAQHPDERR ¢
JUXSRV JHQYPLFRV GLYHUJHQWHY HQWRLY Y/ IGH G ®D ) PHSH
UHODFLRQDGD DO JHQRWLSR GH OD SODQWD KRVSHGHUR

J)LQDOPHQWH JHQHV FRQ UHOHYDQFLD HIDEROY JAEPR | X
SRWHQFLDOHV PDUFD G RWHYN RBOR H\GH VRERMHWGYHR ILMDGR
SUHVHQFLD \ OD GLVWULEXFLYQ GHQRGIMH. GHR D O/K\S HEURH L
HOHPHQWRY JHQPWLFRY LPSOLFDGRY HQ OD SURGXFFLYQ G



$FNQRZOHGJHPHQWYV

W LV D SVBHODD/V\XNNMW KH PDQ\ SHRSOH ZKR PDGH WKLV WK

,W LV GLIILFXCPW IWPR VWVMWAXEFMW DWRHP\ 3K ' VXSHUYLVRUYV
DQG OUV O0DULD )HUQDQGH] 7KH\ ILUVW WKMHX PKW QALHD W RH
VFLHQWLILF ZRUN 7KURXJKRXW P\ WKHVDVORWKH\I SRRGLGHE
VRXG DGYLFH DQG WKHLU LQYDOXDEOH H[PHOWLDR G7BE O D
VXSSRUW , KDYH QHHGHG WR FDUU\ RXW P\ ZRUN

, DOVR OLNH WR H[SUHVV P\ JUDWLWXIGS5 MV R ROUJP DECH® W
NLQGO\ UHFHLYHG PH DW WKH UHVHDUFK XQ@ WQ80KH *YRK
S$FWLQRUKL]DO 6\PELRVLV" UHVSHFWLYHO\

, DP GHHSO\ JUDWHIXO WR WKH 1DWLRQDDQ&RXQ@FRO R
&21%&<7 IRU WKH WUXVW DQG VXSSRUW WKH\ JDYH PH LQ

, ZRXOG OLNH WR WKDQN WR OUV ODUWKD UJUXKBLBOR
%RIXV] ZKR NLQGO\ DFFHSWHG WR PDNH WIRQH, ZRXRWBGWORNR!'
WKDQN WR OU 9LQFHQW 'DXELQ ZKR H[DPLQDWH WKLV ZRUN
LPSURYHPHQW ZLWK KLV DVVHUWLYH DGYLFHYV

, ZLVK WR WKDQN WR OU 3KLOLSSH 1RUPDVXKHEH SHRDAOH I
ZKRVH WKRXJKWIXO DGYLFH RIWHQ VHUYHG WR JLYH D VHQ

, DP LQGHEWHG WR P\ PDQ\ ODERUDWRU\DVWW GP>XQOD W Q (
DQG IXQ HOYLURQPHQW LQ ZLFK WR OHDUQ ZRENDDQG WBR.
$XGH +HUUHUD ZKR ZLWK KXPRXU DQG NLQGQHVYV IJDYH PH
WKDQN DOVR RXU FROODERUDWRUV IURP WKH OHQWDW RA
%LRWHFQRORJLD *HQRPLFD”™ 5H\QRVD OH[ IRU WKHLU LQYD

W LV WLPH WR WKDQN WR DOO RI P\WKIHHGGIVYLHROW MC
IRU DOO HPRWLRQDO VXSSRUW FRPUDGHULH, HAKODMOHQWWOL (
WHPSW WR PDNH D OLVW RI WKHP EXW EDPDMXVYWRIRHQU WA
7+$1. <28 9(5< 08&+ 72 <28 $//

6RPHRQH BM \RPX\ZD\ OXFN\«7KDQNV WR 'DQLHOD 1XQ
-HDQ %DSWLVWH <DQQLFN /HRQDUGR &ODXGLD«IRU EHLQ.

, ZLVK WR WKDQN P\ HQWLUH H[WHQGHG IRMLORURRHSU
/IDVWO\ DQG PRVW LPSRUWDQWO\ , ZLVK WWRK W KID@AD \R/\



UHSUHVHQWHG WKH VWUHQJKWQHVY WKH RXWE&ERWV VD D) GQW
ZRPDQ DQG WR KHU , GHGLFDWH WKLV ZRUN
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Introduction

7KH DEWLQRUKL]DO V\PELRVLV LV D IQH® BERWHZHHQ LD J W
RI SODQWVY FROOHFWLYHO\ FDOOHG WEWR® RHW HYO! 3R P QWK
JUDQN®BEQVRQ 6LOYHVWHU 7KH DFWLQRUKL]DO V\PEL
IL[DWLRQ RI DWPRVSKHULF QLWURJHQHMQ DVOH U UHKVDAINAD @/ R
WKHLU DVVRBUDWNRMX HZ LWKVLQRUKL]DO SODQWV DUH DEO
HQYLURQPHQWDO FRQGLWLRQV KLJK VDO MHUWLQDELBWEK W
VRLOV DQG HQKDQFLQJ YHJHWDO VXFFHVVLRQ LQ WKHVH HI

OXWXDOLVWLF LQWHUDFWLRQV EHWZHHQ WSIHFL DY X Q G
WKH DFWLQRUKL]DO V\PELRVLV LV QRMW RUKIHO H AAKSSW HR QK D
FRQGXFWHG WR LQFUHDVH WKH XQGHUVWWY®SLQUP RLURWIKWF
HVWDEOLVKPHQW DQG WKH VSHFELLFVYVWE DRGWH LIQ W IHHU®F\WR
UHJDUG WKH DFWLQRUKL]DO V\PELRV LD/GB[KWBMWLR @ KQ GK VIS
'LITHUHQW DFWLQRUKL]DO PRGHOV FDQ@JNDWRA YHD\ WKHEII |
&DVXDUHIQBPWDQWLPELRVLY HWPRQHWVR SURPLVFEXRXV LQV
L H\ULFIUDQNM\PELRQWY HWXIDX®W E WKHLU HFRBRJ\ EF
DFWLQRUKL]DO SODQWY DUH ZLGHO\ ®IUVGWULHEXMHE H DK\
'DZVRQ D

7KH JHORPQYWNRPSULVHV D JURXS RI PRUSKRORJLFDOO\ k
DFWLQREDFWHULD FDSDEOH WR HVWIXHOURR WVVRR EW R M/ LOFF
SODQWVY $OVR FODVVLILHG ZLWKLQ )WR B NJ[REBEWM YHNUW LOF
GXSOLFDWLRQ WLPHV ORZ \LHOGV RI ELRP DM HNVIRG XF
WUDQVIRUPDWLRQ KDYH IDLOHG V\VWHPDWDBHEBPWLYHDRQVR
DFWLQRUKL]DO SODQW JH@XYEMOHRXWLQD &R QNHKRIDWWOR |
RI JHQHWLF DQG HFRPIRIQ RMHP GLYWH HODW\LRH 1HYHUWKHO
FULWLFDO IRU WKH XQGHUVWDQGLQJ RI WW DBQL® KRVD/EW D W
DV WKH RYHUDOO HYROXWLRQ RI WKH JHQXYV

7KH FXUUHQW VWXG\ RI PLFURELDO GLFHRUWWRRW JIDRBELV/IPH
LQWR DUELWUDULO\ GHILQHG FBWVWNG EV VBAHFLHY BDDWI
VSHFELHV GHILQLWLRQ LV D GLIILEX®G\DUWGNN QR G RZ R/IVWL B
7KH H[SHUWYV DUH VWUXJJOLQJ WR XBLVSMKHH G FIRQEHCSW W
EDFWHULDO WD[RQRPLVWY KDYH PDGH SUWRSRRKWOR Q¥HIIUW

-11-



Introduction

JUDWMUDO *HYHWVDOD 6WDOH\ 6KRUWO\ LI EDF\
H[LVW WKH\ KDYH WR H[KLELW DW P L QPP V BHFL HR/OPRZW
FRKHVLYH JURXS ZKRVH GLYHUVLW\ LV OLPLW MG LEA\VDRQUHY R
LUUHYHUVLEO\ VHSDUDWHG IURP WKW LRWWHDY G GW WH\H D Dt
RQO\ RQFH LQ WKH QDWXUH &RKDQ .RHSSHO GH 4XHl

OLFURELDO VSHFLHV DUH FXUUHQWO\ GHIEWHRBQLBEHD QS
EDVHG RQ SKHQRW\SLF JHQRW\SLF DQG P PQHDWHEMQMO\ F
RII OHYHO RI RI SDLU ZLVH JHQRPLF '1$HVIEK HU EALVGK | DN\
YDOXHV f& EHWZHHQ WZR LQGLYLGXDDWV &Y HQY LIQH W |
EHORQJ WR WKH VDPH JH{QR DRV S HBKIFHKVFEXDA@HI YDOXH LV C
SDUWLFXODU WKHRUHWLFDO MXVWVIERDWI HRIQ BX\E OR.Y KH\GD'
"7P YDOXHV DQG SKHQRW\SLF WUDLWV SK\WHRGRILF UOHFQ |
DW WKDW WLPH &RQVHTXHQWO\ WKH JURLIWK WDR WKIHVR K HI
VSHFLHV FRQFHSW DQG QRU DOZD\V LQGDWKRIUG D®HFIH QZL\W
JXGHG E\ WKH PHWKRGRORJLHY DSSOLHG WR LGHQWLI\ WK

IHYHUWKHOHVV WKH '1$ '1$ K\EULGL]D® IDR/QWKHFKW D)X
IRU EDFWHULDO JHQRPRVSHFLHV GHILQMXIHR QHODWHGLQONH B\
WKH JHQHWLF IHDWXUHV DPR®J D/AWE DLAKWH B %/DF INFIERLEDQ GV
WHFKQLTXH LV KLJKO\ UHVWULFWLYH WHKREXD OWMKMUDD QY 2
QHFHVVDULO\ VIPPHWULFDO DQG WKHHEM | MKHIQ B H V XLOQN ¥H G
GLIILFXOW WR VWDQGDUGL]H LW LV WAL PRPERQWDXPLRJIV W& F
H[SRQHQWLDOO\ ZLWK UHVSHFW WR WKH DFFXPK® LRV HGN DI
ILQDOO\ QRQ FXOWLYDWHG VWUDLQV DM H{BOXBWG IURP
*HYHKMW DO D

$ OLPLWHG QXPEHU RI VWXGLHV KDYH FRWGKEWH® KK
WKH JHDONIR GDWH DERXW WZHQW\ JHQRPRVSHFLHV DUH
FROOHFWURQNVROD@H\WGGLWLRQ WR VHYHUDBKIMOWKHUV WR
Dobritsa 1992a; $QHW DOD )HUQHDW ®H]D,Q PRVW FDVHV D ORZ Q
VWUDLQV ZHUH FRQVLGHUHG IRU WKH B[SWHU PRLIQQWDO® KUE
FRUUHVSRQGHQFH EHWZHHQ WKH GLIIHWHQWFWXHRVVDRU WIWU
EHWZHHQ WKH H[SHUWYV LQ)WKHIEFDQPRNSHEWHRISWRHEHOHP
FRQVHTXHQFH QR FRDMHDVODYRORFWM. RQ WKH OLPLWYV DC
KLWKHUWR GHVFULEHG JHQRPRVSHFLHYV
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7KH VWXGD MWL SHFLILF GLYHUVLW\ E\ '1$ '1$ K\EULGL]
HLWKHU EHFDXVH Rl WKH GUDZEDFNV L RUKIHQMLEFOWRK WHK B Q/
ELRPDVV SURGXFWLRQ GLIILFXOWLHYV ,QHMQHUBW H & KWR DL
VSHFLPHQV WKXV DYRLGLQJ WKH JHQRPRVSHFX8 W LG/HD\EFOH.
JUDQNAVDUDLQY $OWHUQDWLYH SKHQRW\SLF DBG QPHR MHRX C
H[SDQG WKH NQRIZOBGKRORIRXW DQG GLYHUVLW\ DW GLIIHL
1IRQHWKHOHVVY DQ\ Rl WKHP VHHPV DEOH WR UHSODFH WKH

6LQFH JHQRPRVSHFLHV GHILQLWLRQ LV D I3Q RE®HR BR G
WKH FRPPLWWHH IRU WKH UH HYDOXDWILR@RR! RBBFLHV
UHFRQFLOLDWLRQ Rl WKH EDFWHULDO OLVWHBDD/\ FYU R
DOWHUQDWLYHV DUH WKH '1$ SURILOLQJ BSSQRDAIQHWYW DK
'1$ DUUD\V ,Q DOO FDVHV VXIILFLHGW16HINBW RFERW® 1R XY}
EH GHPRQVWUDWHG ZKDWHYHU WKH DOWHW @DWLYH WHFKQC

,Q WKLV ZRUN ZH ZD QUADHG MIRH WH ¥ LE L WHWKIHW\ DQG JH
LQ VXFK D ZD\ WR JLYH VWURQJ HYROXW L RODYNMDU DX PH Q
FODVVLILFDWLRQ DQG WD[RQRP\ :H DLWKB BORAGXWR RQDH\
IRU EHWWHU XQGBIQNBEIRILGIGRVWULEXWLRQ DQG V\PELRW

YRU WKLV SXUSRVH DQ H[WHQVLYH VDPSQV QIQRI IULHBSG
FROOHFWHG QRGXOHV ZHUH VWXGLHG E\ PHDQV BIKRER SUF
FRPPLWWHH 7KH $)/3 $PSOLILHG )UDJPHQWK/MH @J®K 3R
OXOWLORFXV BHTXHQFH $QDO\VLV 7KH VXEGRYNQRW VX
UHGHILQLWLRQ RI RWKHU EDFWHULDO JHQRKQHOQRRXUPDE
UHOLDEO\ UHSODFH DIQRAHDQRPRYSHFLHY GHILQLWLRQ 7K|
H[SHULPHQWDO ZRUN DUH VSUHDG LQ WHKIWHW KK B S WH K@ W &\
JUDQMIKDORJIJHQ\ DQG JHQRPRVSHFLHV GHILQLWLRHG RKDSW
IROORZV

&KDSWHID QRED/2*(1< '(3,&7,21 $1' 63(&,(6 '(),1,7,21 %<
$03/,),(' )5$*0(17 /(1*7+ 32/<0253+,60 $)/3 $1,/D&8B
6(48(1&( $1$/<6,6 0/6%

7KH ILUVW SDUW RI WKLV FKDSWHU FRPBUQNVWYV ZNKHK /G
FROOHFWDRWWRIHUHQFH VWUDLQV E\ PHDQV RI WKHWHE®)/3 JH

-13-



Introduction

LWV UHOLDELOLW\ DQG UREXVWQHVV LQ VOWRFIR\QS HFALVHW |
GHILQLWLRQ 7KH DSSOLFDELOLW\ RI $)2BWRBOWW X\ H \QRK)C
GHEDWHG WKDW LV WR RXU NQRZOHG Bitf R\KH SID U WWZ W LVPHC
ILYH KRXVHNHHSLQJ JHQHW DVENAHDHEQ RWPKH RKR KRXW XS D |
SK\ORJHQHWLF DSSURDFK 0/6% :H WHWIABHWKR SDRDEC
FULWHULRQ IRU GHILQLQJ WKH H[WHQW R VDB PN FWR BH\DVDD\ES
SK\ORJHQHWLF OLDLVRQV EHWZHHQ WKH IGLLQI MKHHQIWH @ BX V W

&KDSWHU ,$0QMY(&7,9( 69UDQHLIR50 $ ',9(5*(17
3+</2%(1(7,& *5283 :,7+ &/21$/ 6758&785(

,Q WKLV FKDSWHU ZH VWXGLHG WKH SBR\®®R IHRRORLUE F L
VLIJQLILFDQFH RI D SDUWLFXODU JURXS RH\QRXH XFOULUYQ
FDSDFLW\ RI VG RROMIPMAKHQRWISH E\ XVLQJISWRBEMBXVSHFL
DV PRGHOV DQG D 0/6$ DSSURDFK

&KDSWHU ,9 3+</2*(1(7,& $1$/<6,6 2) (&2/2*$&%//< 5(/(
0$5.(56

,Q WKLV FKDSWHU LQVWHDG RI DQUWIHWIGE QHIXMAM B & WH
LQYROYHG LQ WKH V\PELRVLV DGDSWDWLRQ W@GWKKHSOD
SRWHQWLDO XWLOLW\ DV SK\ORJHDHWIRBIDQE HERIORI SODA
NH\ UROH LQ WKH R[LGDWLYH VWUHVV @K QQHWLO MRD W
DFWLQRUKL]DO V\PELRVLV ZDV XVHG WRUPRQ&MARGFWOD ZK\
GHWHUPLQHG WKH RFFXUUHQFH RI VRPHELIHRYN@M R H/H W HUPH
WKH JHQXV WKHLU SK\ORJHQ\ DQG WKHIWHG [HEKHVVWKG\ D
VLGHURSKRUH ELRV\QW BIQWMD R ARG BEMQFWOLIRDURO 3K' 7K



CHAPTERI: &855(17
7%$;2120,& &/%66,),&%7,21
$1' 63(&,(6 '(),1,7,21 ,1

Frankia
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 QWURGXFWLRQ

7KH RFFXUUHQFBIOEE LWV LQWHUDFWLRQ ZLWK ZRRG\ S
HQG RI WKH ;,; FHQWXU\ LQKHLWMRE DWLRFFADVIROKLHYHG LQ
HW DO VLQFH WKHQ HPSLULFDO V\QWKHWSORHGVHOLWHK
LVRODWLRQ Rl WKHVH DFWLQRP\FHWHV ERHIHEGMWDE CLNKM
RIWHQ RQO\ D VPDOO SHUFHQWDJH RJI P WWRS W L\RQF F\W K
PDLQWHQDQFH LV VWLOO D KDUG WDVDOZIE& REWND LIQHIEG
GLIILFXQWOLGINVIERD DWIORQIEND® XUH LQ DGGLWLRQ WR WKH Y
KDYH KLQGHUHG WKH VWXGLHV Rl KRVWDSWH[RFRMF V
FODVVLILFDWURQNVZRO®MWWMY KDYH EHHQ REWDLQHG IURP D

DQJLRVSHUP QRGXODWHG VSHFLHV NQRZQ DQGDWIGHUHI!
JHQHWLF GLYHUVLW\ RI WKHVH PLFURV\PELRQWYV LV QRW N

JUDQNHR XV FRPSULVHV D JURXS RI DFWLQRPSM-DWHY H[|
EUDQFKLQJ K\SKDH WKH SURGXFWLRQ RI PXOWLORFXODU V
LQ PXOWLORFXODU VSRUDQJLD DQG WKH SWRIGXFWURG WA |
FDOOHG GLD]JRYHVLFOHV ZKLFK DUH WHKFKWYWB LRIUWKH DL
FHOOV DUH FKDUDFWHUL]HG E\SKXRWMSKR,QLSHOWO IDWW HD QN
RI KRSDQRLG OLSLGV UHODWLYH WR WKHPW/@RGOWH @L\S LOG
GLDJQRVWLF VXJDU /HFKHYDOLHU 7KH KLO® D& WHK®IF
DELOLW\ WR LUQ[ YQMMERR.IH\PELRVLY DUH WRJHWKHU DGGL\
JHQXV 7KH FXUUHQW W D[RQ@PRURIDE CACHG/ XISIREDOVE RQ\RK D \
DQG LV WKXV WKH UHVXOW RI WKH FRPSISKDPW.LRRXR RIFPRUB
JHQHWLF WUDLWV
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JLIXURUDQNKDUDFWHULVWLF PRUSKRORJ\ D 9HHHODWLYH
PRGLILHG IDRP KWWS ZHE XFRQQ HGX EHQVRQ )UDQNLI
E )JUDQNLDSRUDQJLD SKDVH FRQWUDVW LPDJH

KWWS ZHE XFRQQ HGX PFEVWDII EHQVRQ J)UDQNLD JUDQNL
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, *RVW 6SHFLILFLW\ *URXSV

,Q D SLRQHHU VWXG\ FUXVKHG QRGXOHV FRIO®HWFWHG
FURVV LQRFXODWLRQ H[SHULPHQW 7KH VSIBFDIQG RIRNINWSKC
GHILQLWLRD @NVISBHQAHYV %HFNLQJ D 7KH SURSRVHG FC
UHIXVHG E\ %DNHU ZKR SHUIRUPHG DQRWKHPWH KWR DV L
SXUH FXOWXUHY DQG D ODUJHU UDQJR @G XRVWLPOWGWD W |
VWUDLQV LQWR GLVFUHWH FOXVWHUV FRGOOHG AR VWK RS\S\
VSHFLILFLW\ LV D FULWHULD ZLGHOF\8HWUIHU B LK) HEX L RRIE R DVF
FQ JLYH LQVLJKWYV LQWR WKH DQWWKH GHSHAH @RI ] B RN RQV S
YDULDEOH VLQFH VRPH VWUDLQV HVWDE®KWHU K LIKHVSHB VD
LQIHFW D ODUJH VSHFWUXPWRD &R VAR G ODOWNO \ %RWARH DU
ZKLFK FDQ EH LQIHFWHG E\ GLIIHUHQW IJWRXSYURIP K WAXIRDQ
O\ULFDXJXHW DOD +HQFH FURVV LQRFXODWLRQ JURXSV G|
WKH RULJLQ RI WKH SODQWV DQG D FCDWVIEHFPMWLRHD GD
ORUHRYHU DOO WKHVH VWXGLHV ZHUHJORNXISOR IEKLRWWGS 6B B
JUDQMIHFLPHQV ZHUH HPSOR\HG 7R VXPPDUL]HVWKXH +6
WD[RQRPLF FULWHULRQ LWVHOI QRQWW®HWHWFRWRLYBYG
H[SUHVVUR@ RMWUDLQV WKHUHIRUH LW LV VWURQJO\ UHFRP
LW LV SRVVLEOH

, &XUUHQW SKFamiaHIDH QRAV

, SKHQRW\SLF WUDLWYV

BHYHUDO VWXGLHV IRFXVHG W RUBPQWHDODWE H REQ ¥ H B WL
DQDO\][LQJ SKHQRW\SLF WUDLWV DV ,@XWBUVFEBNHBN WMRW
FRPSRVLWLRQ LVRHQ]\PH SDWWHUQV DQFSH DIQUMWL K/ [RFP\M LR | W
SKHQRW\SLF WUDLW V) DID@NVDAGU DD Q@ HONGIBI® . RIE U L W V D E
*DUGHW DO /HFKHYDWLMHY 6W /DXWHQW $Q DGGLWLRQ
SDUDPHQWHU WKH QRGXODWLRQ VSHHG ROQWDQNR LSW RZD
SRVLWLYHO\ FRUUBQNMIG® lZQ V8 K H\IRW\BB 1HVPH
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)LJ &ODVVL)IUPOMMMIMOQDRYY EDVHG RQ WKH +RVW 6SHFLIL
GHVFULEHG E\ %DNHU , QG L FDOWUWHLVVIWKIHD SR PLVFXRX\
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ORVW Rl WKBD@NBBUDLQV JURXSLQJ E\ PHDQV RI SKH
DIJUHHPHQW ZLWK WKH +6* JURXSV 7KH GMUBIUGND\UW H\D K E
HIWHQW &RQVHTXHQWO\ WKH XVHIXOQHMW DRV XRIRWYS KR R\
GLVFULPLQDWIDRNBRDQDY LV OLPLWHG +DKQ

, OROHFXODU FODVVLILFDWLRQ

7KH 3&5 WHFKQLTXH KDV SURYHQ WR EH D GBHREHEIXO
PDUNHUV WKHUH LV DQ H[WHQVLYH OWVWRRWROIHWQSB OV
FRPSOHWH VHTXHQFHV RI GLIIHUHQW GJ F/Q\HWD LIH @ M W L B OPV/IR
XQFXOWXUHG IUDQNLDH LQKDELWHWW DEWLQRK KLPRA QUR ®
HYROXWLRQDU\ LQIRUPDWLRQ FRQWDLQHGL IH) W KH GLURW B
FRGLQJ JHQHV DUH FRQVHUYHG VHTXHQFMHHYR@V FR®W 2B N W
PXWDWLRQ DEFXPXODWLRQ LV OLNHO\ WB T XH\W W L OIOH GAKSR-
WKH GHJUHH Rl WD[RQRPLF GLVFULPLQDWLRQ GHVLUHG LQ

7KH FKDUDFWHULVWLFV RI WKH 6 USABWILHRIH VWK XEV
DQG LWV HYROXWLRQDU\ LQIRUPDWLRQ FRQWH®WP RV/DW H
FRPPRQO\ XVHG PROHFEXODU PDUNHU LQ EDFRVQMM DBFW DRR
BWDFNHEUDQGW *RHEHO %\ XW L OV ]LGQRIUWHEANG GADR W D

ZHUH DEOH WR SURSRVH WKHUBBPNQDENELH@ ’SIH B/IKAHN |
PROHFXODU SK\ORJHQDOREXNKHHBPHQEWWLRQ LPSOLHG WKF
UHODWHBRWB UIP D WIR®&Q DKW R FRFAFKMQ J  WKBIQ BH/Q YAKH VR OH
PHPEHU LQ WKLV IDPLO\ &RQYHUVHO\ KEW XAD R || RVKQE WKL
$FLGRWKHUPXV PHPDKWOROLY LAMRODWHG IURP f& DFLGL
FROOHFWHG LQ <HOORZVWRQH 1DWLRQDO 3DQRIHDKMWLEJ
GHSLFWLRQ R)UWRDE DWIPEVXSRQ WKH FRPSDUDWLYH DQDO
VHTXHQFH )RXU PDLQ FOXVWHUV FDQ EH FOHDUO\ GHOLPL\

&OXVWHU  &RPSULVHV W KOG\ WIWDBSHDRS WER\QUHEBDIY G RQ V
ORUHDHOHUD DV RO DM RMEEDWLEOH VWUDLQ DQG WKR\
$0QXSY
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)L JUDQBHOQXV SK\ORJHQ\ EDVHG RQ UBQBRVIVK HRRFRHS/O HIKHE
GHQGURJUDP ZDV FRQVWUXRNRHL® LAAWRHWKIRGLHLIRERXWY L
GHVLJQDWLRQ RI FOXVWHUV
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&OXVWHU (QFRPSDVVHV WKH'X@RXROIM EIUHEBWH P BR S K\
QRGXOHV

&OXVWHU L QFOXGHV(MDBDE D OGP DI RBIXKQE
6KHSKHDGGDVHYH QKB PO DPHRIH

&OXVWHU &RPSULVHV VWUDLQ LVRODWG®EDISIRPLGLWM
IL[ QLWURJHQ DQG WR UHQRGXODWH WKHIDDEGHGLEDR® KR
VWUDLQYV

6XEVHTXHQW VWXGLHV EDVHG LQ WKH 6 USU®LMHTXH
DQG QRGXOH VHWVY KDYH FRQWULEXWHG ORI MXHHWE R S IUFDVP H
JUDQNHRRPLF GLYHUVLW\ ,Q PRVW FDVHVLWKMHBPWRD UWO
DQG WKH +6* ,Q WKLV UHJDUG VRPH H[FBRWHR QW K DMHU E
LQIHPWR@RVW B/ XDULOBPHEEH JURXSHG LQWR VMKW DFGD X VW

IDYDHMWRDO 7KH VHFRQG VWULNLQJ H[FHSWLRQ LV WK
HQGRSK\WHINQRWK XV DIPQES LW QUKW IKRAQOMHPHEHUY LQ WK
FOXVWHU FOWWH GWR PRIRFURLY \PELRQW YV | DIVMKMNMRW R VG & L
IURPKDP QD FHBGMRQDO

7KH WRSRORJ\ GHSLFWHG E\ 6 VXJJHVWYRWKD ¥ K& OXV
FOXVWHUV DQG WDNH PRUH GLYHUJHRMW RIS RV K M IORDQWW HQC
LV QRW ZHOO GHILQHG DQG LW FDQ YDULHW KH RRIHIL QG DWR
VKRZQ ORUHRYHU ZKHQ WKH 6 U51% VHTXHQFHN RI QR
SK\ORJHQHWLF DQDO\VLV LV SHUIRUPH® KZ. \W R MPRRW HF ONR\SWK
VWLOO IRXQG EXW WKHLU SODFHPHQW \ZHKRZKL QOW R B L@ B SVRF
FRQFOXVLRQ WKDW VDPSOLQJ ELDV PD\ FRQGXFW WR HUUR

7KHUDQENKDORJHQ\ KDYH DOVR EHHQ VWXGLHGHUWKH |
SURWHLQ FRGLQJ JHQHV L H WZ®LNBERELRMUWMW UHODWHG PLC
Normand HW 1992; :HOVKW DO DJOQ,&RXUQR\HU /DYLUH [
KRXVHNHHEFOOUHFHRD ®O0 DOHBQHEODZMWQDOD 7KH UHWULH®
SK\ORJHQLHV VXSSRUWHG WKH FOXVWHULQHEHRI | UIMUDE QVR
UHOLDEOH VXSSRUW WKH FOXVWHULQJ RU K W WHLSQMN \EH QR X
WRSRORJLFDO FRPSDULVRQ EHWZHHQ WKH USHQW®WR JHQ HMA
PDUNHUV
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)L J &RPSDULVRQ EHWZHMHDD QNIKD O/RBE-RODREDNWMERIRQ WKUF
JHQHWLF PDUNHUV D 5DGLDO GHQGURJW DPRPD&RGUR® \HLQ
DQG /DYLUH & E 1HLJKERXU MRLQLQJ GHQGURHGDP ED

IURP &ODZVRQ O DQG %HQVRQ ' F 1HLJKERXU MRLQL
U51%$ FRPSOHWH VHTXHQFH
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, +RZ PDQ\ VSHFLHV HHrmank&/ JHQXKW'Q WKH

6LQFH WKB MUWWVB®DWLRQ D O DUUMQ RBMWHFWL KQ YR E
REWDLQHG IURP GLIIHUHQW KRVW SODQWWX ZIKWK®X™H WIKA-L
SKHQHWLF DQG FKHPRWD[RQRPLF WHVWRW BWHR HRU FIRMDALW W
R)UDQNWILDLQV EHFDXVH WKH DQDO\VLW RIDEREK FEX\D DIDFSW\
FRQVXPLQJ PDLQO\ LI ZH WDNH LQWR) DB B RXEN LWKHOWDE R Z
DHULDO P\FHOLXP 'RENQWNRZWK ERQ DJDU SODWHV LV OL]
FKDUDFWHUL]JHG E\ WKH IRUPDWLRQ RRPYAURHARWRQULKN X/
H\H

ORUHRYHU WKH ILODPHQWRXV PRUSKRORJ\ KNQGHUV
SURGXFWLRQ ZKLFK LV WKH ILUVW SDUDP HWNWL 0 X]DAW RIQ }
DQWLELRWLF VHQVLELOLW\ $WWHPSWWYHWHRL @YU MREH BAK
SURGXFWUIRDREDWXUHY KDYH FRQVLVWHG LQ WKH TXDQWLI
RWKHU LQGLUHFW SDUDPHWHUV +RZHYHU 'REKH WND/ X O WK/
+DUULRWW %RXUUHW

6LQFH SRO\SKDVLF WD[RQRP\ DSSURDFKHV LQWHJUL
SK\ORJHQHWLF LQIRUPDWLRQ WKH ODBNWKHVEPNLRQ DWKLH
VSHFLHV LQ SURNDU\RWBWQYNR®D LV WKH FDVH IRU

, Frankia VSHFLHVY GHOLQHDWLRQ E\ "'+

'1$ K\EULGL]DWLRQ LV UHFRJQL]JHG DV WIGH WIMRIQ &D L
UHODWLRQVKLSY EHWZHHQ FORVHONLRKO BWHE NWIE[DD R G &/ \
7KH SK\ORJHQHWLF GHILQLWLRQ RI VSHRLHALWIRXO
DSSUR[LPDWHO\ RU JUHDWHU '1$ '1$ URP D WKIHEOQRAW \S LG
FKDUDFWHULVWLFV VKRXOG DJUHH ZLVBR2MKLR | GWKLYL WH R
UHOLHV RQ WKH IDFW WKDW IRU WIR KDRODR/EW B WHOWDN®
DOORZ IRUPDWLRQ RI WKH KHWHURORJRXV K\EULGV 6WDFN
7KXV WKH '1$ '1$ K\EULGL]DWLRQ WHFEKQLTXH @PW HPSO

RI JHQRPLF VSHFLHV AIMQINI@® W KIH UNMD XD\ OD @Y FBQH
JHQRJURXS FRQVLVWS$QQ R PISWRR@EDHVKIRIVRWP SODQWYV ZDV
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GHOLQHDWHG ZLWK KRPRORJ\ OHYHOV RI FRQWR WHKGE B
WZ&DVXDULQD HEIXROHDWHROEDDQG ' ZKLFK GLVSOD\HG D

DQG QR FRUUHODWLRQ ZLWK RWKHU VWUDLQV

%\ HPSOR\LQJ WKH VDPH WHFKQLTNXHMD QRISIRI DOMHN HIWL R
YDULRXV JHRJUDSKLFBW DOHDGH )HYQ® QBHPHDVW JHQRPL
WKH JHQXV 3RVWHULRU "'+ WULDOV KDYH AKMWFULEHG D
Dobritsa 1992a; Bloom HW188@b KRZHYHU EHFDXVH RI WKH ODFEN RI
WKH VDPH UHIHUHQFH VWUDLQV DQG VVDWILIRE®D AR B AWK
EHWZHHQ WKH GLIIHUHQW JHQRPRVSHFLHV UHSRUWHG

,Q RUGHU WR EUD)QD Q/RHTIMP RARS MKLFHV WR GDWH GHVFU

KHUH SUHVHQWHG 7DEOH 7KH PRUH IUR®UANVIHEWDHN E RN
PRUH LQIRUPDWLRQ DUH GHVFULEHG LQ PRHAHL HBHWBE R U W.RJ
JHUQDQGH] HW DO DQG IURP RWKHU DWXGHHWV\\ZWHPK ¥

IROORZLQJ VSHFLHV ZHUH UHSRUWHG E\ $NLPRY DQG 'REUL

*HQRPRVSHFLHV  *6

W FRUUHVSRQGV WR JHQRJUMR XSO GBYGUWRHWKE\N BQL
GHILQUDG NLDWHFQIL QJ 7KLV FODGH & RIHORPSLEQGI/HB DN
GHVFULEHG E\ 6KL DQG 58DQHVFULEQG \ER $WKFARY DQG 'RE
%ORRW DO KDYH GHVFULEH% AKK R K H QR R V

7KHVH VWUDLQV QRGXODWH PHPEHUV RI WEBIQXVQXV F
0\ULMIBRPSWRIQ® KDV EHHQ JURXSHG E\ RWKHU HW WIOR G V

LVRHQ]\PH HOHFWURPRUSKVY ZKROH FHHOFON VYR SKR IFHRW
SDWWHUQMHWIDUGHY%HGWRQO 6W /DB W HIQON

*HQRPRVSHFLHV  *6

W HQFRPSDVVHV VSHFPNQU$IGLRI® D @B G- R U RPOMDR |
WKHP LQKDELWLQJ )UHQFK VRLOV 7KLVOMUARS LY DXHWB JG
RI '1$ UHODWHGQHVV ZDV IRXQG EHWZHHQ VKKINM VWM DIHR
PD\ EH UHVWULFWHG EHFDXVH XQWLO QKD YR ENRQ@ODWR©D
DEURDG )HN) DQ®H ]
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7DEOH

*HQRPRVSHFLHV GHILQHG E\ '1$ '1$ UHODWHGC

6WUDLQV DQDO\]F *HQRPRVE

SHIHUHQFH

Alnus Myrica D (T&suarina +6 *

$U, SUEL1 E $&1  $*1,9*1&S’
03, $LU, S$YF,

$&R1 G $U + $U 2 $J
$&1 &S$ -

$YF, 5%5 5%5 5%5
5%5

&S, $USUSYF, S$YF, 5 $LU,
$Q $J30 $ 3 $ $
$U,

$Y F $91 R $F5,

$UI%

$LF $L D $JE

$L E

$LU,

&H' &F, &H) $00, 256
&M 256
& & & & &

Elaeagnaceaet 6 *

(D (D (D (D (D&P (D (D
(b (b (b (D (D (b (D
(b (D (D (D (D (D (D
(D (D (D (D (D +U

7; H® ($1sur+5; D

(81 1

(D

+51 D

(D

(D, (D, (D,

&F,

6 6 6 +U R +

c C

(X, E

*

$W\SLFDO 1RG )L[ VWUDLQV

$J,
3WL

“ w

$QHW DO
JHUQDBWH) O
%ORRW DO

$NLPRY 'REULWVE

6KL 5XDQ
YHUQDAWH] O
JHUQDBWH) O
$NLPRY 'REULWVE
$NLPRY 'REULWVE
$NLPRY 'REULWVE
YHUQDBWH) O

6KL 5XDQ

JHUQDBWH)O DQG
-DPDBW DO

JHUQDBWH) O
JHUQDBWH) O
-DPDBW DO
YHUQDBWH] O
JHUQDBWH) O
$NLPRY 'REULWVE
$NLPRY 'REULWVE
$NLPRY 'REULWVE
/IXPLEW DO
/IXPLEW DO
$NLPRY 'REULWVE
$QHW DO

$NLPRY 'REULWVE
6KL 5XDQ




Chapter I: Current taxonomic classification and spees definition in
Frankia

*HQRPRVSHFLHV  *6
7KH VWUDLQ $UJ3 LVRO®WHGCIROPM\WN DRGXGIEHF LV W
PHPEHU RI WKLV JHQRHVSHFLHV ,W KDDBERIHF MS$HFILVIRHGK
SDWWHUQHWDDGHWQG KLJK OHYHO RI VSRUBPWJIDD V\QWKH
SURSRVHG WKDW WKLV VW)U DDQQUENSSHHRACHEYNE VIBO GLMNUH Q
+RZHYHU RQO\ RI '1$ UHODWHGQHVV ZDV IRKQG EHW
UHSUHVHQWLQJ GLIIHUHQW JHQRPRVSHFLHYV

*HQRPRVSHFLHV  *6
&RPSULVHV VWUDLRNVKDROQ WKIBEHWLRJ GLIIHUHQW HF
JHRJUDSKLF VLWHV ZRUOGZLGH DV LQWALRG/XKIQGE HLSHHFAL H
JHQRPLF KRPRJHQHLW\ DPRQJ WKHVH VWUDQPRVW KIBIHD W &
DQG JHQRW\SLQJ DQDO\WHV QIXFR)BY SRMYHSMID @& 5 D
DOZD\V JURXSHG WLJKWO\ WKHVH VWKDWQW K BIRHHRW H
GR QRW SRVVHVV WKH DELOLW\ WR JURZ LGHWRROV GHYRLG
$ UHFHQW VWXG\ UHYHDOHG WKDW &F, HHRIRPKHLVWUD
($1 SHF 7KH HYROXWLRQDU\ LPSOLFDWLBQ RIKWEKK W \RBDIGRV
VSHELILFLW\ WRZDUG LWV KRVW SO DQW PEQ BofBAM HHG H Q F\
D Q007a

*HQRPRVSHFLHV  *6

7KLV JHQRVSHFLHV FRQW BDQ Y WHHMHADDOVWHRERY IRU Z
UHDVVRFLDWLRQ ZLWWDWIS$IHE VWRPDLQWB HW DOPPIX®YH
VWXGLHG WKH GLVWULEXWLRQ DQG WKH JHQHWLWR GDWHWV
WHVWHG ZHUH XQGRXEWHGO\ LQFOXGHG LQWRH®& IO-RZHQ
JHQHWLF GLYHUVLW\ VXJJHVWLQJ WKLVLJIURDXSLR QL BiLY®I W/
(ODHDJQDWHDHQV FDUULHG RXW LQ JUDQFH

*HQRPRVSHFLHV  *6

7KLV JURXS DQURHIQR®ERASBWLEOH VWUDLQV LVRODW!
8QLWHG 6WDWHV 7KID QNEB SHFUDKQFKVKDY EHHQ UHFHQV
Normand HW M@a (YHQ LI SK\ORJHQHWLF UHODWLRQVKLS'
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JHQRVSHFLHY FDQQRW EH HOXFLGDWHW®W EV VOKNHODO$ WHRDW¥X
*6 DQG *6 DUH FORVHO\ UHODWHG EHFDXVH SHRUPHRPRRR.
WKHVH WZR JHQRPRVBWFDABY )HUQDQGH]

*HQRPRVSHFLHV DQG *6

$00 WKHVH WKUHH JHQRVSHFLHW B D HQW HHUDF-HDWOH §WHDBL
(81 I +51 D DQG UWIWHVSHFWLYHO\ 7KH WKUHH VSHFLPHC
UHDVVRFLDWLRQ UDWHV ZLWK *6 DQG *6 VSHFLHV

*HQRPRVSHFLHVY DQG *6  DQG *6
&RPSULVHVODSDFOQDFHDHQVY GLVSOD\LQJ WKH PDMRU ¢
QRGXODNQER®KIDIGOWQWVHWPOFR ,W PHDQV WKH\ DUH Y
WKHLU PRGH RI LQIHFWLRQ 7KH JHQRPRVSHFLHV LV D |
'1$ UHODWHGQHVV (O\K-DDAL@RWSVILYH WWUDLQV &RQYHUVHO
JURXSHGKDPQRWEBRPYQYV' W\SLQJ WKHVH WZR JHQRVSHFLH
EH FORVHVW QHLJKERXUV LQ DGGLWLRQ WR DQRWKHU
*HQRPRVSHFLHNW D®RVFR

*HQRPRVSHFLHV GHVFULEHG E\ $NLPRY DQG 'REULWVD

*HQRPRVSHFLHV 3 3 DQG 3

3 DQG 3 FRQVWEFD@E JOXWLQRNWRYNWMWUDLQY LVROD)
)LQODQG 7KHVH WZR FODGHV DUH SKADWEH®EWLWNVOO\ UH
FRQWUDVW WKH 3 JHQRPLF VSHFLHR QUWH SWHHH/A\Q WIRGE B\ GAL
SRVLWLRQHG LQ WKH SK\ORJHQ\ 'REULWVD E

*HQRPRVSHFLHV 3

&RQWDLQV WKUHH VWUDLQ\D U YHROWMB G HO R B J5 XWARV MK
EURDG KRVW VSHFLILFLW\ VSHFWUXP EHFXAKWAN DUWKH \F O B M HI
UHODWHG WR WKH *6 GHVFULEHG E\ )HUQDQGH] HW DO

*HQRPRVSHFLHV
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(QFRPSDVVHY WWIHERDBHDKDPQRW&EBDYQV 7KHVH VWUDL
VROXEOH SLIJPHQW DQG 'REULWVD E DRKBVYLIIHDQREP RV SF
Uuus)/3 SURILOH WKDQ JHQRPRVSHFLHV H 6LNHOQ IVIXXIH HHWQ R
JURXS

,Q DGGLWLRQ WR WKH JHQRPRVSHFLHV DERWHGHMXFU
RUSKDQ VWUDLQV 7DEOH ZKLFK DFETXLUHMKM KORZ WDH R Q
UHDVVRFLDWLRQ UDWH H[KLELWHG ZLWK RMXRALF HGRIERW
KDYH EHHQ LGHQWQDHDE QDWHKEBWWKHW\ ZKLOH RQO\ KDYF
WIS QAW L BD VXD UROWFWURK®\ ,W LV QRW OLNHO\ WR DIILUF
UHODWHG ZLWK WKH RYHUDOO GLXNBVEMDVHRIMWLQDWBCGH B
LVRODWLRQ DQG VDPSOLQJ FDQQRW EH GLVFDUGHG

,Q VSLWH RI LWV GLVFULPLQDWRU\ SRZKIWELWNKHVRIBH
GUDZEDFNV ZKLFK UHQGHU LW GLIILFXOW MVR7BHUPRUP D
GUDZEDFNV LPSRVHG E\ WKH "'+ WHFKQLTXH DUH WKH IROO

7KH UHVSHFWLYH UHIHUHQFHV KDYH WRPHB W QFIDX BH
ODUJH VHW Rl VWUDLQV LPSOLHV D GLVSURSRUWLRQ
7KH UHVXOWV GHSHQG RQ WKH H[SHULPHQWDO
UHSURGXFLELOLW\ LV DFKLHYHG ORUHRYHU WKH UHYV
'LIIHUHQFHV LQ JHQRPH VL]H DQG LQ '1$ FRQFHQW
LQIOXHQFH RQ WKH REWDLQHG UHVXOWV

7KH WHFKQLTXH LV XVHIXO IRU LVRRID WHGGL YBW FLYP HPEV |
VXFK DV WHHDIQMWIBDLQVY WKH PHWKRG LV QRW DSSOLFDEO

, Frankia GLYHUVLW\ EHORZ VSHFLHV OHYHO

7KH VXEVSHFLHV OHYHQUBRDEHPHODQVWXIGLHGHUP O ILQJ
WHFKQLTXHV

7KH 3&5 5)/3 RI VRPH K\SHUYDULDEOH JHQHWLF |

HPSOR\HG 7KH LQWHUJHQLF VSDFHU ,*6 ORFDOL

Uu51%$ JHQHV LV KLJKO\ LQIRUPDWLYH DQG FRQVL

EHWZHHQ VSHFLHV LQ ERWK OHQJIJWK DQA& KKXFOHR!
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JRU LQVWDQFH WKLV UHJLRQ DOORZHG WR
JUDQMNSIRB XODWLR@V HDXH¥ ARQUROL I DWLYH JHRJIUIL
5RXYIHW DO $GGLWLRQDOO\ WKH JHQHWLF GL
(XURSHDQ DQG 1RWWXD B®HFVEFDYH VWUDLQV ZDV D
PHDQV RI WK LVHugyaeD W PIDg. V
7KH ,*6 UHJLRQ EHWZHHQ WZR VWWUIXAWG®IOO JHQF
1DOHM®W DO LV FRPPRQO\ FRPELQHG ZLWK WKH ,*6
LV VXLWDEOH |R)W CDQQGIIFIFXMYDWH GHWHFWLRQ DQGC
UHODWLRQVKLSY GHGXFHG IURP WK HKVHVIHDRWM\\SK A
JUDQNMLID[RQRPLF VFKHPHV /XPLQL DQG %RVFR
WKH SK\ORJHQHWLF UHO DIWLERMNKIDI\D Z LWHKAL @ @GOD
LQ WKH JHQRVSHFLHVY LGHQWLILFDWLRQ HGRMHRYH
ILQH W\SLQJ Rl JHQRPRVSHFLHY PHPEHUYV
5HS 3&5 JHQRPLF ILQJHUSULQWLQJ FRYHUV SUR
DPSOLILFDWLRQ RI JHQRPLF UHJLRQV WKDPM DUH
H[WUDJHQLF SDOLQGURPLFHW 30 VHTKH QHFHW 6 WRIEDF
UHSHWLWLYH LQWHUJHQLF FRWQ\WDHQVRY WKEB %2XC
HOHPHQWHWDD@®/LOUHVYHQWNIHR RPLF '1$ 7KH 5HS 34
KDV EHHQ DSBUMGIGLYRUVKW\ VWXG\ LWK WKH 5HS
WKH KRPRJHQH&ND QRMEXGRBIK\WHY ZDV VSOLWWHG
OXUBW DO 7KLV WHFKQLTXHV DOORZHG WR VWXG
IUDQNLDH @RGIXNXDWHYMBRRGRFHG LQ OH[HWDDQ VRL

7KH GLVFULPLQDWLRQ OHYHO UHDFKHG LV QGHSWHHGCHQ
JHQRPLF JURXBSNVBEDXGLHG +RZHYHU WKH ILQJHUSULQWLQJ V
UDQGRPO\ DPSOLILHG SRO\PRUSKLF '1$ DQGViHH AR5 WRM

ODFN RI

UHSURGXFLELOLW\ DQG UREXVWQHWDQXDGGQWE R

XVHG WR UREXVWO\ HYDOXDWH SDLUZLVGHJIJRIQ®VP DFWIRR/ WDE
QXPEHU RI IUDJPHQWY LQ DJDURVH JHO HOHFWURSKRUHVL\
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, ,PSDFW RI WKH +RV Wada DHQWVR BXWURDKBIQG GLYHUVLILFI

7KH GHOLQHDWLRQ RI KRVW LQIHFWLRQ JUR@BV\OHDC
SURFHVVHVY DUH VKDUHG EHWZHHNIVDM B H QR/R VWK 6D DADKWH LDHD
LQIOXHQFH RI WKH HYROXWLRQDWDW HIRW X VRIL RAK B KR GW VY

, OROHFXODU SK\ORJHQ\ RI WKH DFWLQRUKL]DO SOD¢

7KH $3 DUH D JURXS RI DQJLRVSHUPV GLVWULEXWHG
KLIJKOLJKWLQJ DQ LPSRUWDQW GLIIHUHGQPH VZ VWKE IURIWLSH
ZKLFK RQO\ RQH IDPDED RHDKRED QW VH [ WD DIHSRE/L DD U H
LPSOLFDWHG LQ WKH DVVRFLDWLRQ $3WXLG/LHG/ LWRFD GG YW
SHUVSHFWLYHV )LUVW WD[RQRPLF VW X0 QI&VSRROOHY WDIPG L
UHFRUGY &URQTXLVW

7KH LQLWLDO PROHFXODU SK\QREFRHQHW LFK DRI O\ YHR/G HE
ODUJH VXEXQLW Rl WKH SKRWRV\QWKHWLF HQ]\R\H WKHXOR
SODQW IDPLOLHV LPSOLFDWHG LQ WKM K/NREDRWSLIFUBUR F DV
JHQRPLF FODGH ODWHU GHWW@HG DV IJXURYKGY, FERGW LAR
ERWK )DEDFHDH DQG $FWLQRUKL]DO 30FQWEJDWRE IR
SURSHUWLHV

$ PXOWLJHQLF DSSURDFK UHFP@WWSE/HIXHGBFHY1$SDOVR JI
WKHVH SODQWY WKXV SURYLGLQJ VWUR®JILHYQERQBIBHRAL X
WKH (XURVLG , JURXS FRQILUPLQJ WKH XQGHIGNOQWURQ
ZLWKLQ WKLV FODGH RIHD/QDIORV SHUHP \$3 6IRSBMIDW GLVSHUV
SDUDSK\OHWLF FODGHV ZLWKLQ5RAKDBF KXDWRIYH B J Q FOHBOEH
5KDPQDFHDBEWLVHDBRRBULDUDIRHDHY WKH KLIJKHU +DPDPHC
LQFOXGHV WK Hb6 DWW O QWRIED|EDEDSED V X DU L QDEHI DMUHH WRSRC
VXJIJHVWV WKDW V\PELRVHV DURVH UQWHD BB LY R RSWIKH D Bl
QRGXODWHG OHDGLQJ WR WKH H[WDQW $3 6ZSQMEW
IDPLOLHYV DUH LQWHUVSHUVHG ZLWK $9 RLY\PEDMXSSREDALE
FRPPRQ IHDWXUH RI WKLY HYROXWLRQDDWSRBRFENWZ$BQD
HYROXWLRQDU\ KLVWRU\ RI WKH KRVW SODQW DQG LWV V\P
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/fDEOH $FWLQRUKL]DO SODQW WD[D VSGEBPEWHQ@ABRRL

'‘DZVRQ D 6FKZLQW]HU E 9DOGpV E
YDPLO\ *HQ XV 1R 21 6SHFLI(FRV\VWHP RU

%9HWXODFHDH

$OQXV

5LSDULDQ WHPSH
PRXWDLQ YDOOH\
VRLOV

&DVXDULQDFHD

$OORFDVXD
&DVXDULQD
&HXWKRVWEF

*\PQRVWRPI

(IWUHPHO\ SRRU

6DQG GXQHV VXE

6HFRQGDU\ IRUH\
VRLOV

&RULDULDFHDH

&RULDULD

7THPSHUDWH PRXC
ZRRGV UREN\N SO

'DWLVFDFHDH

'DWLVFD

7THPSHUDWH DQG
VWUHDP EDQNYV

(ODHDJQDFHDH

(ODHDJQXV

+LSSRSKDs

6KHSKHUGL

6DQG GXQHV GLV
DJULFXOWXUH OD
6HDVKRUHY VDOQ(
GU\ ULYHU EHGV
YDOOH\V

7HPSHUDWH IRUH

O\ ULFDFHDH

&RPSWROQLL

O\ULFD

'U\V\ RSHQ IRUHVW

7KH ZLGHVW JHRJ
GLVWULEXWLRQ L

S5 KDPQDFHDH

$GROSKLD

&HDQRWKXN\
&ROOHWLD
'LVFDULD

. HOQWURWKE
SHWDQLOOL
7DOJXHQHD

7TUHYRD

7THPSHUDWH WR V
FOLPDWHY HURG
&KDSDUUDOWIRRP
HOHYDWLRQV

i HURSK\WLF PDWF
ODWRUUDO

i HURSK\WLFEF PDWF
i HURSK\WLFEF PDWF
i HURSK\WLFEF PDWE

i HURSK\WLF PDWF

S5RVDFHDH

&HUFRFDUS

&KDPDHEDW
&RZDQLD
"U\DV

3XUVKLD

"LVWXUEHG PRXV
IRUHVW HFRV\VW]
UHJLRQV
tHULF FKDSDUUDC
7XQGUD

YRUHVW HFRV\VW
ODQGV
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GLYHUJHG PRUH UHFHQWO\ ZHUH VXVFHNSOVQEWKXWR D
VXJIJHVWLQJ WKDW HYROXWLRQ KDV SURFHHGHBDWHREZD L
VSHFLDOL]DWLRQ DQG KDV FRQGXFWHG VOK I KDIRMW R D DK H D
%BRXVTXHW

7KH ODVW DIILUPDWLRQ LV VXSSIRADFEHAMK LVQGLRHBWY\L
PRVW DQFLHQW DFWLQRUKL]DO IDPL® DRARW ®@HPE MR/ VRK
IDPLO\ KDYH EHHQ FRQVLGHUHG SURPLVFXRXY ERIGRG D W HQ
D ODUJH VSHPWNMBUBRLQV DW DODWKRISHELRAZ OHYHOV RIS
LQ QDWXUDOH®g®RQGLIW IR 1RQHWKHOHVY LW LV OLNHO
O\ULFDBRMMHVV WKH JHQHWLF EDFNJURXQG WA UDQWRBO LV
VWUDLQV

,Q FRQWUD V$O ORKEH WKBXMOCRZV D KLIJK VSHFLILFLW\ OF
E\ D XQUWMXNHDRPLF JURXS ZKLFK LV QRW&BWDXDHED®DWRDY
6LPR®MWD O

, &RHYROXWLRQ

6HYHUDO FR HYROXWLRQDU\ SURFHVVHV WEYRVEWHQ
5KL]JRELD /HIXPHV $CMD WK ODWHQFRHYROXWLRQ LV D FRQV
ZLWKLQ HYROXWLRQDU\ ELRORJ\ %DV IUADE OV LVQKD W \P E WKW
HYROYLQJ LQ SDUDOOHO DV D UHVXOW RWHKHFSISWDRAIBI@® VR O
SDUWQHUV D UHIOHFWHG FRUUHODWLRQSPXWWHEEG IRXWGD
WKH EUDQFK OHQJWKYV /DLQH 7KH URXQ K DFRNLWDH O D
HYROXWLRQDU\ SDWKZD\V RSHQV WKH TXHVWLRKQHDERRW
SDUWQHUYV

,Q RUGHU WR ILQG FODGLVWLF FRUUHOD®WRIRIQ HHR®DG D
WKH 6 U51$% VHTXHQFH IRU WK B QUSIRDOHRRHIW RY HG B ® LIDH® W L
DXWKRUV GLG QRW ILQG HYLGHQFH RI FR HQROX WH RIH EWF\
JUDQNADHH DQG VKRZV WKH SUHVHQFH RI FUFDXWIKRIBNFEW
FRQFOXGHG WKDW LHMQRR HYRWX\GLRWDRXVW EH DERYH ID
6LPLODU UHVXOWYV ZHWH IEDWBGQIEIORIWIQQJ WKXV VXIIHV)
LV QR HYLGHQFH Rl FR HYROXWLRQ SURFHWM\DOQ WKH $FV
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%HVLGHY LQ RUGHU WR GHWHFW FRHYROKWMRQG VH GC
DPRQJ VHYHUDO DFWLQRUKL]DO PRGOKOQNHNWK®HVKDLSHKD Q
QRGXOHV 1HVEFIR®PE LL WKH ORFDWLRQ RI YHVLFOHWWZLWKL
DO LLL WKH ORFDWLRQ RI LQIHFWHGPRIBO®OR/I ZIQWHEW L\
%HUU\ 7RUUH\ /ILX %HUU\

JUDQMIIPWHUYV WKH URRWV RI LWV KRVW SODRUWENLWKH
LQWHUFHOOXODU SHQHWUDWLRQ 6 U51$% F®XVIKLWD H WWKUH
VWUDLQV RI FOXVWHU XVH WKH GLUHFWRIWQWMHUFHOQXOD L
%HUU\ &OXVWHU FRPSULVHV IOHHE QB WR WKH B 0D
WKH WZR LQIHFWLRQ WPWFKO QLMPYV UWBMFRQFH RI WKH LQIH
LQ WKH HYROXWLRQDU\ VFHQDULR RI WKHHVWELRKEBEW MUK )
SDWKZD\ LV WKH DQFHVWUDO RQH WMLE Y WOZINWH ©\HW R H QE-a/
WKHDQMSKNORJIHQ\ )LJ $FFRUGLQJ WR WKHIMIG IURWKH &
FRPPRQ DQFHVWRU WKH ODWWHU NHHS RKYBOUWVWWHOHD RRY
VWUDLQV KDYH VSHFLDOL]HG LQ WKH URRMWW HIOWLRQI HFM
FRHYROXWLRQ H[LVWHQFH WKRXJK

/| SDUW)LLIXOWMBRYW SODQWY LQWHUDFWLRQV DUH DQDfH
HYROXWLRQ PD\ EH IRXQG L H WKH KL3O®BHFBV\RDULHE/UH
ZLWK LWV QDWXUDO QRG&DDX\DLSHIFEWHND IDQVH DREXOGBWHG
JUDQNHRRW\SHV LQ WKHLU QDWLYH HFR\F\\L.W® B Q &XV WHRY®ILY
LQ RWKHU SODFHV DURXQG WKH ZRUOG Z\KHUSUWERFIHQBQ
JUDQNHRRW\SH KDV EHHQ GHVFULEHG OHDGLQJ WR WKH K
&DVXDVHBADYV G6HWRDGIW 7KH IDFW QR RWKHU \&DWXDQY IPPD Q
SODQWV LQKDELWLQJ IRUHLJQ VRLOV JLIHAHWV BHHWL GHIKYE HV R H
DFWLQRUKL]DO V\PELRQWYV

7KH DERYH PHQWLRQHG H[DPSOH VXSSRUW WBH K\SR!
SUHVHQW DW JHQXV OHYHO KRZHYHU GDWDW WKLNQ SWHRGF |
RFFXUV DW IDPLOLDO OHYHO 7KXV WWEBQRK®DSR i @LFBUJ
EHVW EH H[SODLQHG LQ D JHRJUDSKLF PRMOLEXOWHRWN
FRQIRXQGLQJ IDFWRUV OLNH JHRJUDSKLF LVRODMWIMR® SC
IDEWRUV FRQYHUJH WR VKDSH)WBE NRLDRPSWR® Q D UN VE-DON
DO F
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, (YROXWLRQ DQ GFndrkid FLL\D W KRIQURIV XOW RI GLYHUVH IDFW

JUDQNAMDUDLQV LQKDELWLQJ VRLOV GHYRLG RI WKHLU
GHWHFWHG VXJJHVWLQJ WKDW VDSURBGMNWVSKE HXE VLY WK
+XVV 'DQHOO W XX N VIHOBIUWKHOHVY WKH DGMHFWL®
FRPSOHWHO\ DSSOLFDEOH WR WKH YV HP IDIRWL ERIP URHHWWAHOL FAN
SDUWLEXODU JHREDNSPURW@DHQPV LZHKLOH ¥@0 MVRWDKIQWY DL
JOREDOO\ GLVWULEXWHG UHJDUGOHVV RI BMKRHHRUHDISREF
GLVWULEXWLRQ UHT QSRS WEBWLIVRQW\ WDULDWLRQ DW GLII
VFDOHV EHWZHHQ GLVWDQWO\ ORFDBI\GMG VDPSOAKH U RAH
GHVLJQLQJ WKH ELRJHRJUDSKLF SDWWHUQV L QSSHWR/NDIDU \RQV
JUDQMUIKCHVH SURFHVVHY VKRXOG QRW EH GLIIHUHQW DQG ¢

O9HUWLFDO VSHFLDWLRQ

7KWHUWLFDO \L®HBWRMDRIQRWHY LV DIIHFWHG E\ WKH
UHFRPELQDWLRQ DQG ODWHUDO JHQH WUDQRDHWRWZD®W A
WKH LQWHJULW\ RI GLVWLQFW OLQR®QJHQDQMEOHWM QHRLY
SURFHVVHV RI ODWHUDO WUDQVIHU KDYOHX\QR\WR | EMKIQ @B PK
WUDQVIRUPDWLRQ DQG PXWDJHQHVLV V\VWHP VH\3 @RWMLO3 V
SOD\ DQ LPSRUWDQW URDHD N 6 QARKRIHNEO DHWWROIDE V6 L RR Q HW
HW DO IRQHWKHOHVY OLWWOH LV NQRZQ D BARXHN HW H QSN
RI WKHVH SURFHVVHV LQ HQYLUR QP HODMME FRLOMLIMRIR QV D (

$OORSDWU\

7KBOORS®MWUFIHQFH KDV HPHUJHG DV D SUHUHTXLVLW
SK\VLFDO LVRODWLRQ KDV EHHQ DGYRFDWK®G SR\).D & DIF®/GLL
SRSXODWLRQV :KLWDNHU 7KLV SURFHVV UHVXOWV
JHRJUDSKLFDOO\ LVRODWHG SRSXDMNMDRMN VS D DIO\RS DHYD P §
FRPSULVHV WKH FD&HIDQRWHENDRBEDPNHPHEHU & HBERW K XV
YUDQMICDGRSK\WH UHODWLRQVKLS ZDV OLNHO\HIXWGHGDBH JI
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FRQILQHG WR 1RUWK $PHIKFPQDIKE®E XOON IRG KEH UF O X VW H |
LQKDELW WKH UHVW Rl WKH FRQWLQHQWWRR®@HJ MRPRS O M
QRGXODWOQQUL MIBSOIEEWY HWJIX®IW *HRJUDSKLFDO LVRODWLI
VSHFLDWLRQ WR EHFRPH WKH UHVXOW RIHQDKAXEPXO DIW QRIQ
PXWDWLRQV

6RLO FRQGLWLRQV VHHP WR EH LPSRUWDQW KRVWRH V
EV)UDQNZKLY FRQFOXVLRQ LV VXSSRUWHG E\ GLUHFWG GHP R
O\ULAMWDQGV KWDZ®RFDQ 'LMN , Q) WIR® N MDWXFGALKWH D
VRLO FRQGLWLRQV H[KLELWHG VLPLODU SDW VQHF QPVD RIMMDLU
H[FKDQJHDEOH FDWLRQV DQG S+ VHHRBUR X®LYFH D W \QH D Ol
GLVWULEXWLRQV PO@GHUKROQHIRUH ZKHQ D JHQRW\SH LV V.
LVRODWLRQ DQG WKH WZR GLIIHUHQW SOWFHWY O K HO\WVE& L
DOORSDWULF GLYHUJHQFHUBQBQ®RIM\SB RFFXU IRU WKLV

'LVSHUVLRQ

7KH SK\@LVBAGRWD@WWUDLQV KDV EHHQ UHSRUWHG DQ
KDYH EHHQ SURBERHBSDVXOHY YHFWRUV %XUOHLJK ‘D Z\
'DZVRQ KRZHYHU WKHVH PHFKDQLVPV WDHHY DBUGPRQE
VSHFLDOL]J]HG V\PELRQWYV WKH WUDQVSRUW RRL JKWW HE®II JXW
LPSRUWDQW WR QRWH WKDW WKH)SYDKQWWE@HHVSIRUHYV L \PW DKM
D SRVLWLY HUIDREDLAW® HIQV LR Q

*HQRPH G\QDPLFV

&RPSDUDWLYH JHQRPLFV DQDO\V)HYD G\IMEBIR 8 H P REQ[KWELC
GLIIHUHQFHV LQ PRELOH HOHPHQWY FRQWHOWDJ&HSQRBEH.
IRXQG LQ WKH $F1 D JHQRPH ZDV ORZ LQ AREDRVPUHIVVIK MK V
SRVVHV D KLJKHU DYHUDJH G HNpvhawd\ HRW 2D80RK D&XNOHPH
$F1 D
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)LJ 6XPPDUL]JHG OD[LPXQ SDUVLPRQ\ WUUHH UG S LFFODHIHW 1ZQ
FRQWDLQV WKH $FWLQRUKL]DO 3WDELFYWT XBIRLFOLBR G LEDNG G
6ZHQVHQ 60 DQG %HQVRQ '
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)L J D 3DUWLDO OD[LPXP 3DUVLPRQ\ 7KHHWRU MWK H FWUWURV
FODGHV DUH $ & %RRWVWUDS YDOXHV EHORZHSXIF EWBYQ
$GDSWHG IURPAWWH®MVRQG EDVHG LQ WK H W MDWD DULRP R6RO
6ZHQVHQ 0XOOLQ 7KH UHG OLQH GHP\BION R\ZK B UH W
FLUFOHG WKH KRVW SODQWDN QNMBUDNLBE ENQWKHHBIQRWE H KR
JURXBUDQMIDG LQ %O XH) WKGNRPRSOSNLEOH KRVW SODQWV E
UHSUHVHQWLQJ WKH SK\ORJHQHWLF WDQDWMBRPVKLSVRKISW
,QGLFDWHVY WKH PRGH Rl URRW LQIHFWLR@ YOKWHE+FHGARE
SHQHWUDWLRQ
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JHQRPH PLJKW EH PRUH VWDEOH DQG OB VWWKXE RWKW H GW
%HVLGHY DQ LPSRUWDQW GLIIHUHQFH LPHIMORPHQW. KD D P
IRXQG GXSOLFDWLRQ DQG QHZ JHQHV DFTXLWOWLRQ JHEIQMEk
KDYH EHHQ SURSRVHG DV WKH U NaSROWMWR2MBa R WKLV SKHQ

7KH (D1 SHF JHQRPH KDV EHHQ HQODUJHIG N\ HER \GHX S
SURGXFWV DUH DVVRFLDWHG ZLWK PO MW DERGIMFL B UHRFHHR/NG!
JHQH GXSOLFDWLRQ LV D PDMRU SURFWWRV DE\DZBK\L KR E DK
HQYLURQPHQNW D YHUV

%HVLGHY WKH JHQRPH Rl WKH &F, LV ORVE RRDOIQHV
WKH ILUVW UHVSRQVLEOH SURFHVV EN ZKN ALK WQRMW DW QRAREPH
WKH JHQH ORVV FRXOG VHUYH DV D P HID@KL RHVEDF & HO H/Q F
RI '1$ ZDV FUXFLDO WR WKH GHYHORSPM QW R YOAXIH @MWV
VIPELRQWY DQG SDWKRJHQV KDYH XQGHUJRQHKIP@EH RIDVV
JHQRPH UHGXFWLRQ LV WKDW FDQQRW AKFRIUQV VOR UKCRY W

7KXV WKH RQJRLQJ HYROXWLRQDU\ SUFOMHDG/ HWR RW KV
HVWDEOLVKPHQW RI DQ REOLJDWRU\ VI\PELRVLV

, &RQFOXVLRQV

,Q WKLV ZRUN D JHQHUDO UHYLHZ RWWK® RXWWKH)WH {
)UDQNMDY SUHVHQWHG W LV QRW OLNHO\ WR B IFIOHD W D\
JHQRPLF HFRORJLF DQG SKHQRW\SLF GIDURX SLYODHD RWILD O C
VwuDLQV KDV EHHQ EDVHG RQ WKH LQIRUPYWIMR QHOWDY
SKHQRW\SLF DQDO\VWLVY ORUHRYHU VLPLODU JURXSLQJ
FRPSDUDWLYH VHTXHQFH DQDO\VLV RI QLOHW A «J HKOHWE R HR
FDUULHG RXW

,Q VXPPDUL]H DOO WKH PHWKRGV KLWKHUWWRHDSWYWL QG
ZLWKLQ WKH JHQXV 6XFK GLYHUVLW\ LV H[KXQEWHRQID® LL
QLWURJHQ ILIDWLRQ HIILFLHQF\ VSRUXODMWSERKQ SHUWH HYX K
VSHFLILFLW\ VSHFWUXP QRGXODWLRQ VQHSGDRYRRBNM KXW L B (

*HQHWLF 6 U51% JURXSY RWKHU PDUNHQRPED VHG ADOXG
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FRQVHTXHQWO\ JHQH FRQWHQW +HQARMVLMFDWYRQ VS ERHH
LQGHHG KDSSHQLQJ WKRXJK WKH IUHTXHQF\ DQG WKH PHF

%HVLGHV '1$ '1$ WHFKQLTXH DOORZV UHDWKRLQJ W
JHQRPRVSHFLHV GHILQLWLRQ +RZHYHWRW®KHN QRZOMFNHGE I
VFDUFH QXPPWHRIRPRVSHFLHY GHVFULEHG ORUHRYHU WKI
FXOWLYDWHG VWUDLQV JURXS ZLOO Q HYQHU EH EBHVDKKYPILR
REVWDFOHV LW LPSRVHV 7KXV LW KWQLLPSHUDWLWD ORI W
WKH "'+ WHFKQLTXH 6XFK WHFKQLTXHV PXADAD GH IBDBIYLLEQ HD §
DOORZ QRQ FXOWLYDEOH VWUDLQV RKIHU DFRMSLL] D R L R/QV W
D FXWRII YDOXHV HTXLYDOHQW WR WKH LIDWDDELOWU DMK H\ PK
SURYLGH HQRXJK LQIRUPDWLRQ WR GHOLQHDWH FBRKHUHQW

J)LQDOO\ LW V LPSRUWDQWDW RELEHHEV LLIQ FIDLVQICR @ KODIMVE
GLVWULEXWLRQ LV WKH UHVXOW RI WKH FRELWHHULRH |
GLVSHUVLRQ DOORSDWU\ HQYLURQPHQ\®DEH FRRGBLIVGLIHRIMG
WKH DFFXUDWH SK\ORJHQHWLF GHSLFWRA®Q RI WKH JHQXV [



&+$37(5 Frankia
3+</2*(1< '(3,&7,21 $1°
63(&,(6 "(),1,7,21 %<
$03/,),("' )5%*0(17
[(1*7+ 32/<0253+,60
$)/3 $1' 08/7,/2&86
6(48(1&( $1%/<6,6 0/69%
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 QWURGXFWLRQ

7KH FXUUHQW SK\ORJHQ\ DQG WD[R QR PIQAL FDEDAVH.GL RV
SRO\SKDVLF DSSURDFKHV DQG FXUUHQWOW®LY L6G H\D XWKNH Lk
PDWFKLQJ ZLWK WKH KRVW FRPSDWLELOLW\ ILPBRYWG+BDKQ
LQ YLEMXKWORVXULQJ DQG E\ QRQ FXOWLYDELOLWWHQVVYRRAH
WD[RQRPLFDO VWXGLHV Q@® NOHDHAVH IR BBIWDROXNQ® N SHFELH
QRW EHHQ DFKLHYHG

'1$ '1$ K\EULGL]DWLRQ "'+ VWUDWHJ\ LVIBHIDSEHG D\
GHILQLWLRQ DQG GHWFDDIW I6RUD FANHEHDIEG W6 WX GLHV [RFE X\
WKH VSHFLHV LGHQWLILFODMNLREWAH. WK UOQR WKHIGIJBEQ XWY HUDC
DQG OHG WR WKH HVWDEOLVKPHQW RI DERXWDWREHW\KBER

6 F O XMW VDobritsa 1992a; $QHW D O Bloom HW188ab; )HUQDQGH]

HWOD D 6RPH RWKHUV RUSKDQ VWUDLQV UHSUHVHQW
QHYHUWKHOHVV WKH\ FDQQRW EH HTXCEMEG XAMLWR U H W IURX
RI VWUDLQV ZDV XVHG LQ HDFK DQDOUV LW KMHQY GJ MKXNV HW W
VSHFLHV RU EHORQJ WR WKRVHHMO DB DG\ ,@HNV® O LEDNGH V) MUK
VWDWXV KDV QRW EHHQ JUDQWHG EHFDXVH Rl WKH VFDUFH

7KH "'+ GLVSOD\ VRPH GUDZEDENV D Q GV OKLPILKW D RRORQ@W \
RI H[FHOOHQW TXDOLW\ '1$ LV QRQ FXPXODWWYHVDQRBWW
DSSOLFDEOH WR DQDO\]H QRIW. DRMPAV M GYWEORY W) HULDIINRTH Y H |
UHSUHVHQWY LWVHOI D FKDOOHQJH ,QGHH® UB URR@WA GHU
QRQ FXOWXUDEOH DQG WKH VORZ JURZLQJ UDWHDMLD®QGE OMK
LVRODWHY UHQGHU WKH "'+ DSSOLFDWLRQ D F XW WHbIVIFRRH
WKH UH HYDOXDWLRQ Rl WKH VSHFLHV GHIHQHQ@MWR @ HBOKBD ¥
DQG PHWKRGYV WKDW FDQ IDLUO\ UHSHOWD DO E+ WERKQLWKH V|
SURPLVLQJ DOWHUQDWLYH PHWKRGYV KDYH EHHQ EKBVHQ W
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' $)/3 $PSOLILHG )UDJPHQW /HQJWK 3RO\PRUSKLVP

7KH $)/3 WHFKQLTXH RULJLQDOO\ GHVFULEGEBOX@GHG [EQ
WKH FDWHJRU\ Rl VHOHFWLYH UHWNXQMWMILUIRW HEKQ P HXMV D&
KDV EHHQ ZLGHO\ HPSOR\HG LQ HSLGHPLRQRILDDOG MR RO
IRU WKH FRQVWUXFWLRQ RI KLJK GHQVLW)\ GLHOHNTKIRHX W BVSHV

7KLV PHWKRG LV EDVHG RQ WKH HQ]\PWXG\F UTKINWH DRN
IRXU PDMRU VWHSYV FRPSULVHG LQ WKLV PHWKRG )LJ

' $)/3 SURWRFRO

7KH SURWRFRO RULJLQDOO\ GHVLJQHG E\\ORAHFPBWDR O
UHSUHVHQWDWLRQ LV IRXQG LQ WKH )LJG WRKRVWW DX ENSHIEW I
GLJHVWLRQ ZLWK D SDLU RI UHVWULF\WLRQ R® 8 RW X FROIHDY ¥
IUHTXHQW FXWWHU UHFRHW WDRQ WVIKMHSRLU RW H@BRQ XF C
FRPPRQO\ XVHG IRU EDFWHULDO DQG S OHD,Q VK RIZHQ/RRH W K|
FRPELQDWLRQ FDQ YDU\ GHSHQGLQJ ROWWEKEG DJHQFRRPHE O K& F
OLQNHUV RU DGDSWRUV ZLWK FRPSOHPHQVRIUNNDW P APWH/Q C

7KH 3&5 SULPHUV XVHG IRU D SUHVHOHMWNEIXHQFRSOL
KRPRORJRXV WR WKH OLQNHU OLJDWRG |U® M KIQWWWIHHS) U\
DPSOLILHG WKH QDPH SUHVHOHFWQYRI IWKH. PBQ NFHHRD XI\NUHD .
PDGH WKRXJK DW WKH HQG RI WKLVWLDIDSWRKRH OTDXDIGIWW R/ \E
E\ HOHFWURSKRUHVLY ,Q D VHFRQG URXRDGHRD G& 5 &R @KV RV
HQG RI WKH 3&5 SULPHUV WKXV UHGXFLQJ WKWXQWPEBU
QXPEHU WR EH YLVXDOL]HG E\ HOHFWURWKRHHVL VO XRQH HRVIF
ODEHOHG VR WKDW DOO WKH VWUD @®VEW QOXRIWH VHFG EW Ol
7KH 3&5 SURGXFWV DUH DQDO\]HG E\ FDSL@ODQ\ DPWRE B\
VHTXHQFHU 7KH FDSLOODU\ LQVWUXPHQASWF®/H\W A FR/ [HRDF
IOXRURSKRUH SURGXFLQJ DQ HOHFWURQLF SURHWHXWRI U
IUDJPHQW VL]H ORUWLPHU $UQROG %) /3 7K 6 DPADMY LLFV
UHSUHVHQWHG LQ WKH ILIJXUH
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)L 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH $)/3 SURWRFRO
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JRU WKH GDWD VFRULQJ SURILOHV IUPRPR®XNMFRUSHGH &
ELQDU\ PDWUL[ LV FRQVWUXFWHG EDVHG L@DWHKH IBQHWVK
I UDJPHQWY 7KH DQDO\WLFDO WUHDWRR@RWY WKMW KW XGW I V¥
WuDLWV DV ZHOO DV SK\ORJHQHWLR RGDVKIR ®\WYQ DWW LH/P SOOHR
&ODUNH E

' $GYDQWDJHV RI WKH $)/3 WHFKQLTXH RYHU RWKHU

7KH $)/3 WHFKQLTXH H[KLELW GLIITHUHQW JGY\DLQQMD JHIV
WHFKQLTXHV DV WKH 5$3' 5DQGRP $PSOLILHG SRQRRUSK
JUDJPHQW /HQJWK 3RO\PR U SKISWR GRXF LVEK B LEAD\V EB6@GRIMR\E X V
DO 9DQHHFKRXWWH 7KH KLJK UHSUR®XFI\E IGXHV\ C
WR WKH SRVVLELOLW\ RI XVLQJ VWULQYHQW F3&L5Y B QOgPHEIDALLL I
RI IUDJPHQWYV

%HVLGHYVY JHQRW\SLQJ PG MKRIE Y LELD WHEH IS CBREKHQLIUR Q V
WD[RQRPLF OHYHO D FDWHJRU\ *X UROCRHV GOIVDUL® L QD W L, R
ILQJHUSULQWLQJ PHWKRGYV UDQJHG IURP)ABSBI@ DIOVVWR WRMLA
WR KDYH WKH VDPH WD[RQRPLF UDQJH DY RW®HNUHIBESIHU:
DQDO\VLV SXOVHG ILHOG HOHFWURSKRWHWVILYH 3)%(VEDGHR)
EDVHG 3&5 UHS 3&5 20LYH %HDOQ 7 VI @ N VI DRI PAHIKQHA
JHQHUDWHG WKH GLVFULPLQDWLYH SRR HEW RKIL $ K/ UUW KB QWA
RWKHU PHWKRGV 7KH $)/3 LV SURWRFRO D@ISVEBPRH WK
VHOHFWLYH QXFOHRWLGHV FRPELQDWRLRQFRH@XEHEWER MO\ \
SRO\PRUSKLF PDUNHRPOLYHQHUWBWEG HWXDOVWHKHUH DUH
WKH VR FDOOHG KLJK WKURXJKSXW DQDO\VHV LQDAKHFK D
JHQHUDWHG LQ D PLQLPDO SHULRG RI \NHMH DD G OFCR\G.K)U D W
WKLV WHFKQLTXH ZHOO VXLWHG IRU KRPSHRSEXEDWRIRDYO H

20H RI WKH PDMRU SUREOHPV RI XVLQJN LSXN\KDURS B IQGHWVLLC
VLIQDO REWDLQHG WKXV WKUHVKROG YDOXHV WR GHOLPL)



Chapter II: Frankia phylogeny depiction and species definition by
Amplified Fragment Length Polymorphism (AFLP) and Mulbcus
Sequence Analysis (MLSA)

)LJ (OHFWURSKRUHWLF $)/3 SURILOH

)LJ SHODWLYH DSSOLFDELOLW\ RI YDUIMRERW IGRUHUSQMWQ WD
RI WD[RQRPLF UHVROXWLRGW DOMHQ IURP 6DYHONRXO
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RI EDFWHULD DQDO\HG ,Q DGGLWLRBQF KV EHVODHHG UNVWK R 9
VWXGLHG LV WKH KLJKHU WKH SUREDELOH@W VBZ R HU B QRWH (
SKHQRPHQRQ FDOOHG +RPRSO®DV\! 7RRPBQRAPRXV QDWXL
JHQHUDWHG IUDJPHQWY FRXOG EH UHVXOGIWHDRW LQKHGY AR
JHQRPLF UHJLRQV DV WKH VDPH DOOMHOXGIWHQEBODWNBJ FOK\

W KDV EHHQ DUJXHG WKDW $)/3 LPSDOLR®DMWKHE RMIDEH\
H[WUDFWHG IURP FRPSOH[ VDPSOHV VXFK DVWXWERW®WK H/F
HOHFWURSKRUHWLF SDWWHUQV OHXGW &ODWHIRUH E
LQWUDFHOOXODU RUJDQLVPV REOLJDWH V\PER@RQR®AV KD YH ¢

. %DFWHULDO VSHFLHYVY GHILQLWLRQ E\ PHDQV RI $)/:

7KH KXUGOHV LPSRVHG E\ WKH "'+ WHFKQLTXMVKDWYH E
PDQXVFULSW KRZHYHU LW LV ZRUWK W RPORWKR GWKDAR UG K
WKH VR FDOOHG JROG VWDQGDUG L QDERIERW BQICD 6 RS H F L HK
SURSRVHG WKH $)/3 DQG RWKHU ILQJHUSULQWLQJ WHFKQLT

,Q VRPH VWXGLHV SK\ORJHQHWLF VLIJGP/GVGRMDH BM H |
HPSOR\LQJ WKLV WHFKQLTXH FRKHUHQW JHR RBIHF LIFFOW GBY
EHHQ GHOLQHDWHG LQ VRPH EDFWHULDOFWR[EHJDSEQILH®R
WD[RQRPLF VWHK®LHYD & THHWMV HD® 3RWW.HWE 5DGHPDNHU
HW DO E $)/3 DQDO\WLV RI $JUREDFWHULD VKRIZHG Wt
JHQRPRVSHFLHV FOXVWHUHG FRQVLVWHQRMWOAWWM R SH WHWDP B
ORXJHW DO E +RZHYHU LW KDVWHREBQDWXINWDWBOUGL]
JHQRPRVSHFLHYV GHILQLWLRQ FXW RIl YD\OWHD EQ HRS IK\LFEK
YDOXHV KDYH EHHQ GHWHL®PEQHRUHWREBOHO 5DGHADNDO

E 6WDFNHRUDQBW

' $)/3 DQ DOWHUQDWLYH Pk KQLYMHH VW R \VW X G\
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,Q VXPPDUL]H WKH $)/3 WHFKQLTXH HRNKLEMNY MRKIGDU DDA
DOWHUQDW.L Y)H DIDRIHDQWDWLJAH GLYHUVLW\ ,Q DGGLWLRQ WF
HQXQFLDWHG WKLV WHFKQUDXHELB B P Y HVX\VIWD EDDQHD IR LW KEH

7KH TXDQWLWLHV RI '1$ UHTXLUHG | R RDKH DAND VR X D
ELRPDVV SURGXFWLRQ LV UHTXLUHG

,Q VLIDQBA\VLY FDQ EH HPSOR\HG WR L @RIQGILMNAR\Q VWD
HQ]\PDWLF GLJHVWLRQ DQG 3&5 SDUDPHWBURILORYVHFD R HE
JHQHUDWHG ZLWK WKH OHVV RI KRPRSODV\

&XW RIl YDOXHV IRU VSHFLHV GHILQLWLRQ FD{Q EH VW
YDOXHV IRU D QXPEHU UHIHUHQFH VWUDLQV

7KH PDMRU PKDQOHBDIRPRVSHFLHV GHILQLWLRQ LPS]
FXOWLYDELOLW\ RI VRPH VWUDLQV ERQWRD® W®H PLEE O UWWKH
KDV WR EH WHVWHG

' 0/6$ OXOWLORFXV 6HTXHQFH $QDO\VLV

7KH QXFOHLF DFLG VHTXHQFHV KDYH KLJKQ SRRAWHHQ W L
HYROXWLRQDU\ LQIRUPDWLRQ WKDQ WUDG L WL RQ/D O ON FUWHH
GHILQHG DQG UHODWLYHO\ VLPSOH WR GHRWPHIPLQRXWLRWY
ODERUDWRU\ WHFEKQLTXH LW LV HDRDOWRZREWDRQDDW RIH O}
LQ GDWD EDVHYV

(YROXWLRQDU\ LQIRUPDWLRQ FDQ EH UHWUXHQHFGMVURF
DFFRXQWLQJ IRU WKH IROORZLQJ IHDWENM\ALRQ PROWGW EHWX
FRQWDLQ VXIILFLHQW YDULDWLRQ WR GLYWRXQIXLVZIQ EHWZ
EDVLV WKH 6U51$ KDV EHHQ SURSRVHG DIV FDX\IVRIE O G
WD[RQRPLFDO FODVVLILFDWLRQ 6WDFNHEWR® G\ D \RIHE AD!
SLRQQHUHG E\ :RHVH EDVHG RQ WKH 6U51$ H@®PISYDHUIDW L
DSSOLHG D UDSLG VHDUFK RQ WKH *HQ%DQN EBW®EDVH)\
FRPSDULQJ WKH 6 U51%$ VHTXHQFH RI DQ L\RR\QLIFWWHS MFRL MW
PLFURELRORJLVWY FDQ UDSLGO\ LGHQWLI\ SWURND UF\ARQWLF [ W
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$OWKRXJK WKH DGYDQWDJHV DQG WKH HQRUPRXV X
LGHQWLILFDWLRQ DQG FODVVLILFDWLRQ\ L@ WXH FELDG/GIGBH SF
GHEDWH EHFDXVH WKH H[WHQW DW WKH FHKYW®& XW UR QB US KA D\
RUJDQLVP LV QRW NQRZQ &RKHWDW DBBMUBRVVHOGIR WMBRUD $F

ORUHRYHU LW KDV EHHQ GHPRQVWUDW®WFIG WW.RDL®DLQ WV
VXEMHFWHG ERWK WR VLPSOH VWRFKDVWUWUBOYDMUIDAWIRQ |
UHFRPELQDWLRQ /XGZLJ .OHQN ,Q DGGLRBHRURQ/HYF
ZLWK YDULDEOH VHTXHQFHV KDYH EHHQDWHDRMULEH ® LRQW
GLIIHUHQW 6 U51%$ FRSLHV H[LVWV SURGXFQY HRMOD L FV

$QRWKHU SUREOHP LV WKH ODFN RI UHVROKWILRK RI
'1$ '1$ K\EULGL]DWLRQ WHFKQLTXH LQ HXEWEWQULBROUBQ G

LVRODWHY WKDW KDYH OHVV WKDQ VKDBHS$ VHTXHQFE V
EHORQJ WR GLIITHUHQW VSHFLHV +RZHYHPWYXKDUBLRQDYH EH
RI "'1$ '1$ UHODWHGQHVYV H[KLELW ! R 6 HY 5H$Y VIHO X H Q

D 6WDFNHEUDQGW *RHEHO &SRQVHTXHG@WQRHQHD

GRHV QRW HOLPLQDWH WKH QHHG WR DSSIONWRWKROQDRMMHVK
VXIILFLHQWO\ VLPLODU WR EH DVVIHWH® IR TKHLKN VB PWMKWSI
R)UDQNHR XV ZKHUH Rl VLPLODULW\ ZDV IRXQG EHWZHHAQ
GLITIHUHQW JHQRPRVSHFLHVY WKH &F, DQG (WKIIHF JBQRPAH:
VL Ndrmand H W2@D%a

&ERQVHTXHQWO\ QRYHO SK\ORJHQHWLF PDUNHMV PXVW
GHILQLWDB KRAPH LWWHH FRQVLGHUHG WKH KRXVH NHHSLQ.
HYROYH UHODWLYHO\ VORZO\ WKRXJK PRUHRUYKIHGOD W HDW
DFFXPXODWHG LQ WKHVH JHQHV LV FROWDBHWHBOWR EH
6 WD FNH EHEHW (M®WE 7KXV WKH\ SURSRVH WKH HYDOXDWLR
VHTXHR®BWU VWDELOL]LQJ VHOHFWLRQ D\ RQVKIHSMW BMRV B H
RUJDQLVPV 6XFK JHQHV VKRXOG EH SODFHGHDW GILWW W LVEHX
DPRQJ WD[D DQG EH UHSUHVHQWHiH®GV OO EQH, @ R6K D W DHFWN H
UHFRPELQDWLRQ HYHQWY DUH DYRLGHG DIQRQ LRI BBIDVMH WRK
VHTXHQFHV ZLOO EXIITHHWNBQWD VLIQDO *HYHUV
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)LJ /LQHDU UHJUHVLRQ JH@RE®W LWH RX HAXRO M GHQWLW\ VFF
SUHGLFWHG EDVHG RQ WKH PRGHOV GHVFULESH® EJHAHMF
7KH ILJXUH PRGLILHG IURP WKDW SUH VR Q\X RZ W\KKDHV RW K BILUQ
DQ D®PRV QHIU EHWZHMIOR WKH LGHQWLVQ\J FIDOF X\® OM HE QR
LQIRUPDWLRQ DQG WKH LGHQWUWQMAARUIDE H UDRPD & RKWH NH

VXFK FRQFRUGDQFH LV LQWHQVLILHG ZKHQFNWN HWROH BIH C
FRQFDWHQDWHG
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ORUHRYHU LW KDV EHHQ VWDWHG WKDW KW®RWX WY H NMHHDLQ
WKH JHQRPLF LGHQWLW\ DQG WKH UHO DAMI R & QFHNW DDUP R F!
)LJ =HLJOHU

7KLV DSSURDFK FDOOHG OXOWLORFEXV 6WEKXHQAH IO
FRQFDWHQDWHG VHTXHQFHV RI PXOWLSOH WHEBDHQ KROXXWHN-
SDWWHUQMNWYWILOWERSHYHWWOD 0/6$%$ DLPV WR GHSLFW WKH
VWUDLQV RI FORVHO\ UHODWHG VSHRLHXH IPMOKIVQ BQVHERS
0/6$ DUH LQ PRVW RDWHNO PHWHDUNWHDO LQ DJUHHPHQW :
GHVLJQDWLRQV REWDLQHG E\ WKH FXUUHGQW $RO\SKDVLF
WKHUHIRUH FRUUHVSRQGLQJ ZLWK WKH VSHFLHV KLWKHUW

7KH 0/6$%$ KLJK UHVROXWLRQ SRZHU LV ZLGH@ GRFXF
DFFXPXODWLRQ OHWVY HDVLO\ LQFUHD@BOWKIGE QORPLEHHRIY RU
DPSOLILFDWLRQ RI WKH VHTXHQFHV S W K DAUKH. H)GR @ YWY CBW LDY
HDVLO\ RYHUFRPH ,Q FRQVHTXHQFH WKLV WPAHWHKRGFHVLC
JHER/SHFLHV GHILQLWLRQ L QHSW PMNIDHMRWAHNO DH O HQV RILKOLKY
UHJDUG WZR RI WKH PRVW SURPLVLQJ DS\SBRDFKHYINKEBUH
JHQXV SK\ORJHQHWLF GHSLFWLRQ EXW WDKIQN WIHSH HDV 2 8 @
HFRORJLFDO JHQHWLF DQG SKHQRW\SLF/BODMHA W W ZD MK
JHQXV ZLOO EH VXEPLWWHG WR WKH DWROGHSLFWKHHD MR
SK\ORJHQHWLF UHSUHVHQWDWLRQ RI WIQHRIH@XWY BGLWIK UI
WD[RQRPLF OHYHOV 7KH VXEVHTXHQW YDOLGD\WMLRQHRFHR
WHFKQLTXHV VXFK DV "'+ ZLOO DOORZ X&HWRLWLW®HD QY&
SURSRVH D SK\ORJHQ\ WKDW FDQ EH XVHG DV UHIHUHQFH I
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(Article ) * HQRPRVSHFLHY LGHQWLILFDWLRGHDRG$3K\OR

DQO\VLVY RI LVRODWHG DQGranReQ U S/RODWHG VWUDL

%DXWLVWD &4YXq] + $HVPH 9DOGpWHQGR]D BQYG )HUQDQGH] 0 3

5X Q QL Q Frankiav O-QRPRVSHFLHY GHOLQHDWLRQ E\ $)/3

/IDERUDWRU\ DGGUHVVHYV

8QLYHUVLWp GH /\RQ 8QLYHUVLWp /\RQ HAGH ,15%
805 86 & ERXOHYDUG GX QRYHPEUH ) ¢
JUDQFH
&HQWUR GH %LRWHFQRORJtD *HQYPLFD ,31\QRR/M 1DUF
7DP OH[LFR
IDERUDWRULR GH OLFURELRORJtD $JUtPRICRO yQMFONWO D311
Op[LFR ")

&RUUHVSRQGLQJ DXWKRU

ODULD )HUQDQGH]

(FRORJLH OLFURELHQQH EKW OHQGHO ERXOHYDUG
9LOOHXUEDQQH &HGH[ )UDQFH

7THO

)D][

( PD[PULD IHUQDOGH[#XQLY O\RQ IU

-RXUQDO 6\VWHPDWLF DQG $SSOLHG OLFURELRORJ\ 6XEPL
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$%675%&7

$PSOLILHG )UDJPHQW /HQJWK 3RO\P8WSIKIQMPW $Y8 PH
WR '1$ '1$ K\EULGL]DWLRQ WHFKQLTXH '+ INRG GWRHQH
SK\ORJHQHWLF VW U X&FBMXNJIRDJAUINVKN MDUIBIQXW LQFOXGLQJ UHS
VHYHQ "'+ JHQRPRVSHFLHV ZHUH W\SHG WR &Q@IHDQRXUUH
HYROXWLRQDU\ JHQRPLF GLVWDQFH (*' 7KH XURODNVWFHXRW +
WKUHH PDLQ FOXVWHUV FRUUHVSRQGLQJ BRRWKWHHERVY D
LQVWDQFHVY VWUDLQV SUHYLRXVO\ DHWIHIQHE XBRGVK® NBHK
FOXVWHUV $ KLJKO\ VLIJQLILFDQW FRUUHODWLR®SXM\HCR X Q
IURP $)/3 GDWD 7KH VSHFLHV GHILQLWLRQ WKWHRVKROG Z
PLVPDWFKHV SHU VLWH DFFRUGLQJ WR KRWWHYRQOMFVRLQQD
JHQRPH VL]H GLIIHUHQFHV *HQRPLF GLVWOQ VRBMN DOV RV @
JHQRPRVSHFLHV SUHYLRXVO\ GHWHUPLQHG/3E\IRU WKHH [
FKDUDFWHUL]DWLRQ RI YXWBPQQWX WD/ MQBRBHKEWRE H[SHUL
SODQWYV DQG VBRI \D SHGSB® FOUWLBIOG QRGXOHY KRVWLQJ FXC
VSRUH SRVLWLYH 6% SWRAWIIREGK ODWOH RI WKH WRWD
ZHUH VKRZQ WR EH JHQHUDWHG E\ WKH FRQWDP DQUIDQWH SOTC
JHQRPRVSHFLHV LGHQWLILFDWLRQ RI VWUD L QM DESSHG HIGR
GHWHUPSQRBASKIWUDLQV DUH ERQ D$OLIBH/ PMUIRERIU Y QR H RWKIH
JURXS 7KH\ GLVSOD\HG D VLJQLILFDQW JHQRREPD GXWHUJI
LQIHFWLQJ VWWDINILD D@®LWKXVY PD\ EHORQJ WR DQRWHK
JHQRPRVSHFLHV

'H\ :RU®Y/3 HYROXWLRQDU\ JHOQORMDGRIMDQFHOWXUH UH

JHQRPRVSHFLHV
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,1752'8&7,21

$FWLQRUKL]DO V\PELRVLV LV RI PDMRMHPL PD5ER® \U B QF X QL
IRU D SHUFHQWDJH RI WHUUHVWULDO QLWUUHIXPA NP ELRRH
'‘DZVRQ E 7TKDQNV WR WKHLU WLJKW DMVIRFMDIWLRC
DFWLQRUKL]DO SODQWY DUH SLRQHHU W@&E ALHRD EQ W5 IGLW K U
ZLGHVSUHDG HFRV\VWHPV VXFK DV IRUH®WY/H SRMLNEO DIQLGSV
JRQHV ERJODQGV DQG GHVHUWYV 'DZVRQ E 9HIQXHVDIIL
DUH ZLGHO\ XVHG IRU UHYHIHXDCGR\DMWMWLRQ DQG UHIRUHVWL

JUDQNISIE WKH RQO\ NQRZQ JHQXV RI WKH )SJHRINLPFHL
WUDLWV WKDW PDNH WKHP HDV\ WR GLVME®HYIDWKLHURP
IJHFKHYDOLHU E 2Q WKH RWKHU KDQG WRHEBD D DI GLC
JHQHWLF GLIIHWH®MHSE Z MWKDIV) OHG WR VXVSHFW JUHDW GL
VHYHUDO VSHFLH VBeéhkoN K BiestéK FDO3H-EDM/Q 7KH XVH RI '1.
'1$ K\EULGL]DWLRQ '+ VWLOO WKH JRBBHWYQHVWD® G/IBUC
*HYHMWW DO E 6WDFNHEUDDBW: OHG WR WKH LGHQWLILFD!
JHQRPRVSHF)LUWNQNISBKL@GNLPRY 'REULWWDDO E E% DBRR P
DO D )HUQDWETHIE -DPBWQOE +RZHYHRQDVKWBEHFLHYV
VWDWNXD@RNHQRPRVSHFLHYV ZDV QRW JUDQWHG EHFWXVH QR
KDYH EHHQ IRXQG WR GDWH ,Q)DDBGNISHMRQPHPRW D WKBRQV
UHFDOF LW UDEWD MRUH 7KH GLYHUVLW\ RI WKHW H M QH & QLW X
QRW NQRZQ VLQFH "+ FDQQRW EH XVHG WXD QHASMIEQ Bl W KD \
IDU PRUH WKDQ WZHOYH

$QDO\WLV RI 6 U51%$ JHQH HLWKHU IURP SD$UH VWU
H[WUDFWHG IURP ZKROW DIRBXDHHWR VEKRZHPRQRSK\OHWLF
URXJKO\ GLYLGHG LQWR WKUHH PDMRU FOXWWMEYRGED XV W |
&R P SW R QULDADQED V X D UE@PV W H U ZKLFK JURXSV WKH QRQ |
5RVDFHDH 'DWLVFDFHD&HDRRRMRNYFOXKYMWBDOG ZKLFK JUR
LQIHFWLYH RQ (ODHDJQDWNHEBD&dDIOW 18D P @DKNWHHU LV L\
VXEGLYLGHG LQWR FOXVWHUV D DQG $EBQKNQVELRIRIMRIQ VD
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O\ULFDQG &DY¥ XDUUBA®SHFWLYHO\ 7KH 6 U51%$ JHQH DOVR
UHFDOBOWNEY HHWDOMMIUDLQY FDOOHG VSRUH SRVLWLYH
W\SLFDO DELOLW\ WR V\QMK B @ DIIRUIPX*PGH DRE VY BiREhetBW JUR
HW D4 +RZHYHU WKH 6 ODFNV HQRXJK UHVROXWLR
JHQRPRVSHFLHV LGHQWQNEDWRRQSHALHH GLVSOD\LQJ DV
'1$ '1$ KRPRORJ\ E\ "'+ FDQ VKDUH XS WRTXH@AFH §LP%DD
JHUQDBWHDPOE :HBMWKDOE %HVLGHV FRPSDUDWOYH DQDC
DQGLI¥HTXHQFHV H[KLELWLQJ PRUH YDULDEL®DW\RWKDQ
GLYLVLRQV RI WKH MW QR Etadi -DZA0BCQ QLIKDYV UHFHQWO\ EHH (
WR DVVLJIQ NUIFXNMMDXKRNGW LQIHFWLRQ JURXBW D@® VXEJUI
"HOVHKW DOE +RZHYHU D VWXG\ EDVHG RQ D ODUWHKHHRJU
QLIFOXVWHUD®RISIRHY QRW FRQVLVWHQWO\ GHVMHW EHO JHQ|
E OLNHO\ EBEDXRMHXWKHIKW EH VXEMHFWHGHWR ODWH
$V D JHQHUDO IHDWXUH DOO QR FHUP ID\QEH LW E M HFWW IV
D VLQJOH JHQH SK\ORJHQ\ GRHV GRW RHFH\WRUZIOR RJ R XIH/
DSSURDFK DUH SUHW DDEOH L FKRIOWY  HWID@XH VD

JLQJHUSULQWLQJ PHWKRGV KDYH DOVR EHERXRVXWHG QUR
DQG GLYHUVLW\ 7KRVH LQFOXGH ERWK PXOKWDVWORFSV3IRRG
UHSHWLWLYH VHTXHQFH DPSOLILEDWLRRRVD @G & &% 5Y/B QR
QLI' UHVSHFWLYHODOQDWXIXMWDOE -HRQJ O0O\UROG I X
%RVFR Lumini Bosco 1999; OXUUWW DO 7KRVH PHWKRGV ZHUH
EH VXLWDEOH IRU VWUDLQ W\SLQJ EXW DV D UHRQ HIDDDWIH DG
VLPLODULWLHY WR DOORZ WKH LQIHUHQFH RI UREXVW SK\O

7KLV LV QRW WKH FDVH RI $)/3 DPSOLP.HGGKUBK RNQDV
3&5 EDVHG ILQJHUSULQWLQJ PHWKRG WKDWKHDB GLRP QMKW
JHQRPH DOORZLQJ WKH GHOLYHUDQFH VRW BUQXWLFLE QWA
UREXVW SK\ORJHQHW IHFNSXO SRRHWW DR VYR ®GGLWLRQ WKH
LV YHUVDWLOH DQG FDQ EH VXLWHG LW R)RVNQRZW® HIGIHR RH
JHQRPH VHTXHQFH DUH UHTXLUHG IRU $)/3 HARPSQOWFRJ!
VLPXODWLRQV DOORZLQJ WR RSWLPDRO ®REWDWQP®MNHPWR H H
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FRYHUDJH ZLWK W K H5ROPHEIDWWKIR® R S@DUGGLWLRQ WKH PHV
DGDSWHG WR SURGXFH DV PDQ\ IUDJPHQWVXDVQIHDT X WRHP® W
VHTXHQFHUV DQG IOXRUHVFHQW DGDSWRSJWR YIOXHRW HDWFFHKQ
HVYWLPDWLRQV RI IUDJRHMWOVL]H)/3LQG\VAHHPWG WR EH DC
DSSURDFK LQ GHWHUPLQLQJ SK\ORJHQHWLFHOQGLRU WKBI[
DVVHVVPHQW RI JHQHWLF GLYHUVIGN\ L® EDPWHHGD $0RBUW!
ZLWK VHYHUDO WD[D VKRZHG WKDW HYRGIHRQDWWUBQRRWY
WKHLU FRPPRQ DQFHVWRU GHGXFHG IURP $)/RIBORMLEYV S
SXUSRVHV HWBQWVOHQ@RXHW DO D 3RUBWLBOD DQG WKDW V
PHPEHUV RI WKH VDPH JHQRPRVSHFLHV BR®SVV WIH@DRWHOW KB
D VWURQJ FRUUHODWLRQ EHWZHHQ "'+ WDIOX H\L VDI G)IH GPOR
&OHMWW DO E ORXHWODO D 5DGHPBNBO D WKH LQWHUQD
WD[RQRPLF FRPPLWWHH SURSRVHG WKDWVRRQWNFKD® @ RV D |
XVHG WR YDOLGO\ GLVWLQJXLVKHED P\UIBDULDPRZWVS HEL HY /36 W/l
"+ ZDV WKRXJKW WR EH QRW DSSOLFDE O H RV OMID WIRIX\WU
ORUWLPHU $UQROG D WKXV D SUL®XQ H] FROXIBLALN RAK
DV SDUDVLWHV REOLJDWH V\PELRQWYV DQG LYQUKVW YV JDAKH
WKRURXJKO\ LQ WKH FDVH BUDPQRNWRYDW EG IR/ WV XHAK\DWL | I H
FRPSRVLWLRQV WKDQ WKHLU KRVWY D PROHFXODU IHDWXU

,Q WKH SUHVHQW VWXG\ ZH XVHG WWH [ROR MHFRQGTX
SK\ORJHQRPLF UHODWLRQVK)SD @WHE JVIVVBWQR| FX ®WXKHUAR
DSSOLFDELOLW\ RI LVQK 50 EX®RSIDEMNFHKU LRDWLRQ RI HQGRSK\W
FRPSRVLWH QRGXOH '1$ L H URRW DQG EDFWHULDRP ZD!
H[SHULPHQWDOO\ LQREFXODWHG SODQWYV)UDQGSMHH I SIS@
$0QXV IDIBDQEXV BLULBREXOHV FROOHFWHG LQ WKH ILHOG
WKH VXLWDELOLW\ RI $)/3 IRU JHQRP RVG LG X @FX/Q WXRJHHGE
R)UDQNISH
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., 0$7(5,%$/6 $1' 0(7+2'6

Frankia VWUDLQV DQG '1$ H[WUDFWLRQ

JUDQNMDUDLQV XVHG LQ WKLV VWXG\ DUHGOLQW®H$S LQ
PHGLXP OKXKWWOE DW  f& ZLWKRXW VWLUULQJ SULRU WR
IURP URRWYV DQG IURP WKH SXUH VWUDLQN[WDW HYWR Q FPL I
4LDJHQ +LOGHQ *HUPDQ\ IROORZLQJ WK I3 ORCDRRGXPW X U H
NQRZQ DV KRVWLQJ VWUDLQV ZLWW WEE 63Q G KRMXLRWOSKE G
UHVXOWYV ZHUHS$FROOUBEMW®HADRP/D 7RXVVXLUH DQG *HYR.
JUDQFH LQ WKH $0S UHJLRQ ZLWK QRG XOHW B DRWL X G|
/ID 7RXVVXLUH VLWH '1$ ZDV H[WUDFWHG |WWRIPFDQRG X
FHWK\OWULPHWK\ODPPRQLXP EURPLGH &7$%LV6KJIND LJIGBW
PRGLILFDWLRHW DOXBXHW

Insiico SUHGLFWLYH $)/3

SUHGLFWLYZHWHIMRUPHELDLWR FRPSOHWH JHQRPH VF
JUDQNMWUDLQV &F, $&1 D DQG ($1 SHF $FFHVVLRQ &3
$%,, ZLWK WKH ,Q YLOLFR SURJUDP KIW\%/ISWR_QVLO
GHWHUPLQH WKH EHVW $)/3 SIDUDNIDPE HYRUWRK DWDSHKUS R
SUHIHUHQWLDOO\ IRFXVHG RQ HQGRQXF@mMDVBE GWWEBWWU HA
H[SHFWHG WR SURYLGH ZHOO UHVROYHG SRW®RHIHB/ ZLQNV W
UHOHYDQW VHOHFWLYH QXFOHRWLGHV GR QAPADY KRPRB/D
RULJLOQDWLQJ IURP GLITHUHQW JHQRPH UHOIDRQWLWYD WS HAT
FDUH zDV WDNHQ WR VHOHFW $)/3 FREEBLWILREEOONKB®DS|
IUDJPHQWYV ZLWK RQO\ RQH SUHGLFWHG IUDJPHQW IRU D JL

JOXRUHVFHQW $)/3
7KH $)/3 SURWRFRO XVHG LQ WKLV VW RGHW DO DGDSWH
ZLWK VRPH PRGLILFDWLRQV E\ XVLQJ WKH HQGRIX,FOHDVH
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7DEOH 20 UDIMWEIIDLQV XVHG LQ WKLV VWXG\
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DGDSWRUV DQG 3&5 SULPHUV JLYHQ 7DEOQJ RIS)LIBV ZHL

IRU EDFWHULDO SXUH FXOWXUHV DQG QJ IRU FRPSOH[ ':

JRU 3VW, +KD, FRQGLWLRQV GLJHVWLRWLPRGWDLYBDRX\R
E\ LQFXEDWLQJ K DW f& LQ —/ IL@DO WROXWDH, WBKH7W
'1$ OLJDVH 8 © 7 '1$ OLJDVH EXIIHU ®RHULQJIHURODQ
ERYLQH VHUXP DOEXPLQ —0 1D&0O 3VWUWSBWLILF BQ® Q

—0 UHVSHFWLYHO\

JRU 3VW, 7DT, FRQGLWLRQV GLJHVWLRRWWRSVOEH B WX\
RI GLITHUHQFHV LQ HQ]J\PH RSWLPDO WHR®PNUDMXBRHWY HBGK H
DW f& IRU K IROORZHG E\ D GLIJHVWLRMDS WRU &L DDAV LR
SHUIRUPHG ZLWK QJ RI WKH GLIJHVWHG '1$ DV GHVFULEHC

1RQ VHOHFWLYH DQG VHOHFWLYH 3&5 DPSOLILFDWLRQ

$GDSWHG '1$V —/ ZHUH VXEMHFWHG WR QRQOVHOHF
ILQDO YROXPH PL[WXUH FRQWDLQLQJ -/ BHWKHQ $/BHU
$SSOLHG %LRV\WWHPV )RVWHU &LW\ &DDQIG —00SBUPPHK
) FRUH+KD IRU WKH 3VW, +KD, VHW RU 3VOWSUDRHYVHW
1RQ VHOHFWLYH 3&5 UHDFWLRQV ZHUH GRQHOPMW ZLWK
LQLWLDO GHQDWXUDWLRQ DW f& IRU PL& RMUG VF\FO
DQQHDOLQJ DW f& IRU V DQG HORQJDWDR®Q \CHD H FF\& LI
3&5V ZDV FKHFNHG E\ YLVXDO LQVSHFWLRQ/ R$ JRBGDUR
QRQVHOHFWLYH 3&5 W\SLFDOO\ GLVSCHHWGHH @RW RS DUDGE
ES

1IRQVHOHFWLYH 3&5 SURGXFWV ZHUH GLOXWHGLQ EF
VHOHFWLYH 3&5 PL[WXUHV ILQDO YROXBBLILFDWIZRQ KR UH

—0 RI QRQ ODEHOHG SULPHU ) FRUH+KD RU ) F
IOXRUHVFHQWO\ ODEHOHG SULPHUV L®©MUW WRIHOQ G H 0 XRUH
WKH ) FRUH3VW VHTXHQFH SOXV WZR GLQYG U) P L QGBDAWILSGJ
)$0 DQG ) 3VW$& +(; 6HOHFWLYH 3&5VXEKGR ZSMH S RRIFAHHIX
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FRQVLVWLQJ RI GHQDWXUDWLRQ DW f&DIRWQJ VYUK QHWE
f& WKH WHPSHUDWXUH ZDV GHFUHDVHG f& SIRU F\FOH IF
7DEOH $)/3 ROLJRQXFOHRWLGHY XVHG WR FRQVWUXFW DC

Oligonucleotide Sequence

Pstl-specific adaptors

F1604-adPst+ CTCGTAGACTGCGTACAT
F2757-adPst- CATCTGACGCATGT

Tagl-specific adaptors

F1365-adTaqg+ GACGATGAGTCCTGAG
F3878adTag- CGCTCAGGACTCAT
Hha-specific adaptors

F3879-adHha+ GACGATGAGTCCTGACC(
F3880-adHha- GTCAGGACTCATC

Core primers

F2758-corePst GACTGCGTACATGCAG
F3798-coreTaq GATGAGTCCTGAGGCA
F3881-coreHha GATGAGTCCTGACCGC

Selective Primers
F3804-PstAAAM GACTGCGTACATGCAGA.
F3805-PstAC-HEX GACTGCGTACATGCAGAC
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PLQ IRU F\FOHV IROORZHG E\ D FRQYH@®WQLBRWDOf 8&RFRQ
V DQQHDOLQJ DW f& IRU V DQG HORQJDWLRQ DW f& |

7RWDO VHOHFWLYH 3&5 SURGXFWYV —/ ROMNPEXULI
$PHUVKDP %LRVFLHQFHV 2UVD\ )UDQFH3 BHIRRHQWNSEU
HOHFWURSKRUHVLYV ZLWK D FDSLOODU\ VHKDURDFHLD % HR D
(XURSH 2UVD\ )UDQFH 7KH GHYLFH BW®FRXD DM H Gl MXXRAURT
IUDJPHQWY E\ FRPSDULVRQ WR WKH OHJDYWS$EDR7 $ FHOHWL
SURILOHU PRGHO OROHFXODU '"\QDPLF\G @R G&X S Q DADY
UHVXOWY DQG WR H[SRUW GDWD LQ W H[SW HRGNEW H WD & DW.
SURJUDP 7KUHVKROGILOWHU <DQQ /HIJURSRYMHMWWDIODP L

E $ WKUHVKROG IOXRUHVFHQFH YDOXH RPLQDWE MKW
EDFNJURXQG EHIRUH VXEVHTXHQW VFRULQJ DQG ELRLQIRUT

3K\ORJHQRPLF DQDO\VLV
7KH $0OLJQ /LV DQG /HF3&5 SURJUDPV ZHUWHHX\DG WR
RSWLPL]JH IUDJPHQW DVVLJQPHQW LQ OGN VK GW R W B E XD
GDWD UHVSHFWLYHO\ 7KH 'LVWS$)/3 SWKRJFEXR UHIDMW XIHHGEF
PLVSDLULQJ &*0 XVLQJ -DFFDUG LQGH[ DQGFWKH*HYRO X\
H[SUHVVHG DV WKH QXPEHU RI QXFOHRWILBGH LMXEN[W EW XWLG
DV QXPEHU RI QXFOHRWLGHYV LQYROYHG D) & HWRULIEFH/GL |
ORXJHO HW DOGIW ORXDHO7KH /HF3&5 $0OLJQ DQG 'LVW$)/3
DFFHVVLEOH DW KWWS SELO XQLY O\RQF DWW BXO DRMLHFG RZE W
1IHLIJKERXU 83*0$ PRGXOH RI WKH 3+</,3 SDH NTDIGIF XORDRWH\G
XVLQJ WKH ERRWVWUDS RSWLRQ UHSOLFDOWHVQGRI 'LV
&RQVHQVH PRGXOHV RI WKH 3+</,3 SDFNDJH LAWK H - X3OHFGW V
KWWS SELO XQLY O\RQ IU VRIWZDUH QMSORW KWPO

. 5(68/76 DQG ',6&866,21

-62-



Chapter II: Frankia phylogeny depiction and species definition by
Amplified Fragment Length Polymorphism (AFLP) and Mulbcus
Sequence Analysis (MLSA)

$)/3 FRQGLWLRQV D®GOUHOLPEHL®UMPHU FRPELQDWLRQ)
GLVWLQFW DQG HDVLO\ UHD GDEQMWVBHYMDL S D WWHUNHG | R&D BT
$YHUDJH QXPEHUV RI IUDJPHQWY SHU VWUDLQ ZHU®H “

IRU 3VW, $$ 7DT, 3VW, $& 7DT, 3V VB & $BKDK D DC
UHVSHFWLYHO\ IRU D SRROHG WRWDO RI DEF R U GAKLY VOR

6 EDVHG FOXVWHUV DQG RU KRVW LQIHFWLYIDMGIURXSV Z

IRU FOXVWHU D E DQG UHVSHFWLYHO\ $F®RUXWHVSRC
O\ULRIDVXDDREGD(ODHDJQDFHDH UHVSHFWLYHO\

'XSOLFDWH RU WULSOLFDWH VDPSOHV SURGHKHGW®\VPRUF
UHVSHFWDWHOQRW VKRZQ 7KH $)/3 PHWKRG WKXV DOORZ!
VLPLODULWLHYV EHWZHHQ VWUDLQV DQRPLBE @&/LMNOD W RHKFRB
GLIIHUHQW VWUDLQV +RZHYHU WKH PHWKRG ZDVMURXQG
DEVROXWHO\ LGHQWLFDO SDWWHUQV ZLWISKHQRPHQ RQN KL
DOUHDG\ EHHQ REVHUY HBWL Q OREN KHRY/ W/ IDF BYD Bl @ RIUHAAL HDWD

D /DWWHU DXWKRUV VXJIJHVWHG WK UM QHWIHFO GBIE\LKOW RV
FDXVLQJ GLIIHUHQWLDO DFFHVVLELOLWLBWRURNMIBMORPH UHJ
$V D UHVXOW WKLV NQRZQ OLPLWDWLRRZRIVWKR &H BL QVIH\F |
DVVIURQNVRODWHY WR JLYHQ VWUDLQV RU FORQH FDWHJRI

3K\ORJHQRPLF DQDO\WiarkiaR IV FEBDWKHUGMEDJHY RI SRO\F
IUDJPHQW L H SUHVHQFH RU DEVHQFHZREBASXWHG RQ WK
DQG IRU 3VW, $$ 7DT, 3VW, $& 7DT, 3VW

3VW, $& +KD FRQGLWLRQV UHVSHFWLYHD\U ZKVW DBQREE
GLVWDQFHV H[SUHVVHG DV &*0 DQG (*' GBQYGBGURRWDPKXRZQC
ZLWK (*' GDWD FDOFXODWHG ZLWK HDFKY HQY\PHPSODRH G BR
VKRZQ 7KXV (*' GDWD ZHUH SRROHG WR LQ416i%) PLPRUH U
ZKLFK ZDV DOPRVW LGHQWLFDO ZLWK 1HLJKERU -RLQLQJ

$VVLIQPHQW RiankiXx OWMUDH® YV WR JHQRPRVSHFLHV
7KH SK\ORJHQ\ UHYHDOHG WKDW LVRODWH\HRKRG BXR
'+ bOzb\V JDWKHUHG LQ VLJQLILFDQW $)/3IROXVWHUV )LJ
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)LJ 83*0%$ GHQGURJUDP EDVHG RQ WKH (QIO\WEXODIW I
JUDQNMDUDLQV ZLWK IRXU FRQGLWLRQV 1XPEHUWDLIQMHGL FDW
IURP GDWD UHVDPSOLQJV KLIKOLIJKWVDWWUODRUYWHRU
HOVHZKHUH $UURZ LQGLFDWHV VLJIQLWFOQQ W G D yoHUJ QDI
SKDPQDFHDH LQIHFWLYH VWUDLQV DW WKH GHHS EUDQFKLC
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JHQRPRVSHFLHV * * * DQG * ZLWK HGD QG LV
"'+ UHVSHFWLYHO\ VWDUV LQ )LJ &ERQYHWRHGL I I HWURCG
JHQRPRVSHFLHV E\ "'+ DQDO\VHV DOZB\WVQXWKHUWWH G7 KQV GR
GHPRQVWUDWHYV WKDW $)/3 LV D VXLWDEOH)WPHWNKDG W
JHQRPRVSHFLHVY DV SUHYLRXVO\ GHWHUPLQHG E\ "'+

,Q WKH SUHVHQW DQDO\VLVY RWKHU YVROWDWWHBA WKDW
JURXSHG WRJHWKHU ZLWK "'+ WHVWHG VWUWKQW WXGIHN HIGC
EHORQJ WR WKH VDPH JHQRPRVSHFLHYVWAKXW®W KWHK UV DH)XD®
WR LQIHU WKDW VHTXHQFHG VWUDLQ $&1 D EHORQJV WR Jl

$)/3 WKUHVKROG FfdDkiaX MASHRIVLHY GHH QIAHMMLRQHG W
SRVVLELOLW\ WR GHILQH D WKUHVKROG RIWRIQ RMLFX B LNR\
JHQRPRVSHFLHY GHOLQHDWLRQ )RU WKLV DIKHNG ARV HJ HDHR FSH
PLVSDLULQJ &*0 DJDVRVMDWERQHYDOXHV $ VWURQJ DQ
UHODWLRQVKIZDVREWDLQHG +RZHYHU DV GLVSOD\HG )LJ
ZH SUHYLRXVO\ IRXQG DS SURDSUNIEDY R P RARS FCAH.GIVQ EDWHG |
FRQVLGHUDWLRQV $NLPRY HWENQWVDHUQEYGEED E
-DPDEB® DOE GLG QRW FRUUHVSRQG WR D XQLTXH &*0 FX
ORZHVW YDOXH Rl JHQRPRVSHFLHYV SDLUZH. EHVEZO HQV DQC
*  ZKLOH WKH ODUJHVW &*0 YDOXH IRXQ®VZLVQKEQ D VLQ.
PLVPDWFK SHU VLWH

'LVWLQFWLYH FXWRIIV FDQ EH IRXQG DBFNWRUEBRBOHWR
$FWXDOO\ LW DSSHDUHG WKDW WKH YDOXH AMLWEEMDZ HH Q
O\ULMIEDVXDUQODFWLQJ JHQRPRVSHFLHVY 6 FOXVWHU Z
EHORZ PLVPDWFK SHU VLWH LQ (O HDBIERPRMSHEKDWY QH

6 FOXVWHUYV DQG 7KLV FXWRII GLWRUMBKDQRYIHZDHW I
GHQGURJUDPV LQIHUUHG IURP (* YDOXHV )LRVSHF&XWRI
GHILQLWLRQ ZHUH QA VARR IRKFX®D B UWPKKHINKIBI® E: H O V K

,QFRQVLVWHQF\ Rl JHQRPLF )&D\QNR@XKY FRXRIG EMWHWH®

GUDPDWLF GLIIHUHQFHV LQ JHQRPH VL]H EHW QHHRN. WU DL Q
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yLJ &RUUHODWLRQ EHWZHHQ FXUUH QWOFX@RR\LHGP LW/F
WKH FRQFDWHQDWLRQ RI WKH IRXU $)/3 FRQGLWLRQV DQG

7DEOH &XUUHQW *HQRPH QLMASDRWLQUD@NQD OILHRQRP
GHOLQHDWLRQ

+RVW LQIHF $O0QXV 0\UL &DVXDUI (ODHDJQDI

JURXS

*HQRPRVSHF * * * * * * * *

OD[LPDO

LOQWUDVSHFLHV &*0

OLQLPDO
,(QWHUVSHFLHV &*0

,Q WKLV WDEOH DUH VXPPDUL]JHG RQO\ WKHVIBDQRPRV
DYDLODEOH
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JURXSV $FWXDOO$O$EXYV DUGLFFWLQJ JURXBVXOAJLQD
LQIHFWLQJ JURXS DQG (D1 SHF * LQOHMN DROF H D R XK DRIDH

VL]HV RI DQG OE UHMBHBWEYHW KDRUBPBDRG HVWLF
ObUJH JHQRPHV JHQHUDWH PRUH QXPHURXKXWRDQG VYRLDGIOVRE!
)D\HW DO *DUFLD BWUBIQUDDHXGW &ODUNH D ZKLOH

UHGXFHG JHQRPHY WKDW PXVW NHHS HVVHQWLD®D \DWGDW & X
VSHFLILF $)/3 IUDJPHQWY $V D UHYKPOLA VLIL WK ODNHE\JIJWRI
DV PHPEHUV RI WKH (OHDLU@IBIFMOLI 5 KDREBFAMXOHN GHOLYHU
IUDJPHQWY DQG WKXV PXVW GLVSODWZXHHQ ODKHHW BHPRIPL
JURXSV ZLWK VPDOOHU JHQR RHW X ¥ B R B¢ VWWHP.E BUR XSl W K H

3URYLGLQJ WKH RFFXUUHQFH RI GLIIHUHQM PH® RML E\G
SRVVLEOH WR XVH $)/3 GDWD WR DVVLJIQ @RPRNCS N RLUHVL Q5
UHVEDWXDUQOQDFWLQJ VWUDLQKREW,GDQEOHI D &*0 RI PL
VLWH WKXV EHORZ WKH ODUJHVW L@IBDXASMIFUILF &t
WKRXJKW WR EHORQJ WR WKH VDPH JH QKOPRRY/ISEEFIHHFW E Q J, Q
JURXS *)1 DQG &+ DUH GLVWDQWO\ UHODWHG W&®O LQ
WKH UDQJH RI LQIUD VSHFLILF GLVWDWRKHYV [RJHWKHIP EHRIXSR
VDPH JHQRPRVSHFLHV *

,Q DGGLWLRQ ZLWK D &*0 YDOXH RI PYDPXWFK S
DW\SLFDO VWQDBL®WLOJ, WKDW ZHUH JURXSHG LQ 6 FOXVW
FRXOG FRQILGHQWO\ EH DVVLJQHG WR WKH VDPH JHQRPRVS

'HHS EUDQFRhaMaVSRAORJIBIHPDUNDEO\ FRQWUDU\ WR ZK
ZLWK VHYHUDO RVHKAH D QV D.[FOR POV HO HBRDWDHUERRWVWUL
YDOXHV VWURQJO\ VXSSRUW )WBR & KRB & JHOMHWIKA. QWWH R | RAER
$)/3 GDWD ,Q DOO LQVWDQFH WKH DKQORUBOQ\ )WDIE@NEWEDH
VWUDLQV DFFRUGLQJ WR WKHLU $DRNXVLEHRRXWUDLQBHFW L
(ODHDJQDFHDH 5KDPQDFHDH 7KH SUB®WR W KHVROOMYV I KK R
VWUDLQV * XI@PE @Y, WR UH L Q&IDR\X D/DHEEDU ROH\VSBPWLY HO\
WKDW ZHUH IRXQG WR EH DEOH WR LQIHFW (.0 HB WY FHHDXW
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yLJ $ $HEFWURSKRUHWLF SURILOHV \LHOGHG ZLWK
VWUDLQ FRPSRVLWH '1$ IURP QRGXOHV L QBYREHBHELWVKH V
$VWHULVNV LQGLFDWH SHDNV VKDUHG BB'QRGCXOPGDRGUDRI
FDOFXODWHG IURP (*' YDOXHV JLY HRQUE\GWXHG $)/@ BIQIVO\WH &
VWUDLQV 1XPEHUV LQGLFDWH VLJQLILFDQW ERRWVWUDS Y
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VWLOO DW\SLFDO VWUDLQV JURXSHG FBKWWHQWDWIKH
VWDQGDUG (ODHDJQDFHDH 5KDPQDFHDH LQIHFWLQJ VWUDL
6XSHULPSRVHG WR KRVW LQIHFWLY LW\ DQRX\®V D MKH
DFFRUGLQJ WR SUHYLRXVO\ GHILQHG 6 FOXVWHUV D E
JHQRPRVSHFLHV * DSSHDUHG KHUH DXLF WHMNWXWH FDD\G
VXSSRUWHG QRU LQ FRQWUDGLFWLRQ LQGHHG PIEVYN HUSIKY
QRW UHVROXWLYH HQRXJK WR VXSSRUW VLIJRHWWDR® ER
E +RZHYHU WKLV IHDWXUH LWV WRWXK W K(1© IDHOBILQI ) PHt
5KDPQDE®IHFWLYH JURXS DOVR REWDQLLQBIGQE\ XM@E R OVKH
E ,W LV WKXV ZRUWK QRWLQJ WKH S OQRAM WK MK B LDWK\ §
3W LVRODWXIGYKLDPW UV GHXREZ QWDR &t Q4 8 BWOBQW R RIW 1D]
DO OLNHO\ EHFDXVH LW LV D GH ILHE M HQHH W WIDIND Q@ BDAD F N
7KH DFWXDO SRVLWLRQ RI\3RLZVLQY KDWORNH WRVOD, VL
EDFNJURXQG WG QODNHO\ WKDQ PR\D/QBND R B DEERIHDWQ B AH I
VWUDLQV $ IDFW WKDW FRXQGIIERRMHEHGHRIMWLURBGREAVXVLQ
7KH DFWXDO SK\ORJHQHWLF SRVLWLR @R V*H FAOR WWKHHUV
(ODHDJQDFSKDH Q DEGIMFWLYH JURXS UHPDLQV KRZHYHU \H\
WKLV SRVLWLRQ PD\ UHVXOW IURP DEMHSDEWD Q& KL QH HO HMH
E\ WKH ZHOO NQRZQ ORQJ EUDQB&H WDWWUHRFWLRQ SHKMQI
H[SODLQHG DERYH ODUJHU JHQRPHV SURGYXFMHRPRHH EWDIP
WKDQ VPDOOHU RQHV ,W FDQ W WKXV EBWH[GBXGW GS KW
LQGXFHG E\ JHQRPH VL]H GLIITHUHQFHV UWWHW U7 WIK\D @ CEH
LQGLFDWHY WKH QHHG IRU DGGLWLRQDO IDQGWXKROR X.RO YH
JUDQSKDORJIJHQ\ DW WKH GHHSHVW OHYHOV

*HQRPRVSHFLHV DVVLJQPHRMkKAR IS XIQFK QW L ¥ QIGIREG X O +
QXPHURMD/QRHPEHUV DUH RQO\ DYDLODEOH LQ QRGXOHYV
UHFDOFLWUDQW WR LQ YLWUR FXOWXULHHVWEKWH \' 4 E@ FAD ¥E\HH
FRQWDPLQDQW SODQW '1$ ZRXOG KDPSHY)/SUHEXOHE BB DX\
LQVWHDG EHFEDXVH WKLV PHWKRGRORJ\UMB WIHWW W LSRG F1L\WH
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RI VHOHFWLYH QXFOHRWLGH DOORZLQULXRF GWHRJ LO/HG UBL) P:
IUDJPHQWY DQG WKXV WR RYHUFRPH WKH RFFXUUHQFH RI S

7KXV LQ D ILUVW VWHS ZH SHUIRUPHG $)/3I DR® @\R/G X OF
LQIHFWHG E\ NQRZQ VWUDLQV LL IURP WKH LHRUUHRBRQ
JUDQNWBH SODQW URRWY ,Q DOO FDVHV EXW HRROMH® R QQ RIL
QRGXODU '1$ SDWWHUQV %\ XVLQJ WKI$ ¥KDHF WL $RSU
IUDJPHQWY DWW U'lLE X VDEEHTH) MVAR LSO DKW $)/3 SDWWHUQ RE
'1$ DFFRXQWLQJ IRU PRUH |UDJP)HQW MXWKD 6 XREWXIIHQ H
D 7KLV ZHDN QRLVH WKDW GLGQ W LQR/IHQHBBQ/EHQH[SED
E\ YHU\ GLIIHUHQW * & FROQWHRD@NEBRWRHHQ 1S OERXW QG DQ
IRBOQXV JODQYEDRAWDHD/SHFWLYHO\ $FWXDOO\ $)/3V SHUIR]
QRGXOHV DQG WKHLU SXUH FXOWXUH LQRLWLQDQGNVUDLQV
PLVPDWFK SHU VLWH EHWZHHQ $&1 D12' DQG $&1 D T
UHVSHFWLYHO\ 7KH\ WKXV SRVLWLRQHG WHU\RBORWFH WIRI
E 1RWLFHDEO\ VXFK D VPDOO GLIIHUHQUEHSRWV WG WKER
EHWZHHQ $)/3 GXSOLFDWHVY GRQH ZLWK WX RHVDPRIGRWB DL Q
UHOHYDQW WR YDOLGO\ DVVH V)V DXKSUB K HORWHIR P RG 58 MYW

,Q D VHFRQG VWHS ZH XVHG WKH PHWKRGRORRIWR G
FXOWXUH UHPRQO/EDWKDWOW[SHULPHQW ZH BORGVHEQULBQG (
$ LQFRRDYWLQJ HUGRINEWLER GLVSOD\HG D W\SLFDO 6S Sk
UHSHDWHGO\ IDLO WR FXOWXUH LQ YLWUR ORHURXGRISWK
WKUHH 6S HQGRSK\WHV ZHUH IRXQG WR EBJFORVWE&H L/HDGF
JHQRPRVSHFLHV JUHDWHVW &*0 P L WRIVWFKS BB U H/G. W H
UHODWHG EXW OLNHO\ GLIIHUHQW RI JHQRRABWSHFQHYDOO$
UDQJH LQGLFDWLQJ DQ RXW SRVLWLRQ ZLWWR$&1 [P DWORD'
WKH $L*12' HQGRSK\WH PLVPDWFK SHWK¥ODMES 7KHVH
VWUDLQV KDYH QRWDEO\ GLYHUJHG IURP JHQRBRVBHY¥LRW
VXEVSHFLIO @QPWRQDLQV

&RQFOX¥VYRMOUHDG\ VKRZQ LQ VHYHUD®XBMNWKRWG BIHQE
' DQWKRFAFRBDREDFWERH@W DO 3RWW. BDW D 5D G HRPWNMHW
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D $)/3 ZDV SUHVHQWO\ UHYHDOHG+DNRD WXIHWD\E\DLH DROH/
VWUDLQV WR NORRP RS HHV ZLWBRIQQHMKY ZKWR@DHOORZV
DVVLJQ QHZ LVRODWHY WR SUHYLRXVO\ GHWIKRHG DIAQGR PR\
WKH JHQRPRVSHFLHVY GHWHUPLQDWLRQ RITXMNQ R UHWU HV DX
WKLQNDEOH WR GUDZ D FRPSOHWH SK\OR DHYRPV \R L QK i RIG
EXW DW WKH JHQRPLF OHYHO WKDW FR HXROXWLKRAQ RZ1MXK
JUDQNIS3 DV VXVSHFWHG E\ YDULRXV DXWKRMRQ XV'DZY RQQ.

E Simonet HW 1B9® 7KLV FR HYROXWLYH VKDSLQJ ZDV \HW
UHFDOFLWUDQW $©Q SW MW VL. QWHFW ZHUH IRXQG LQ WKH
LQFOXGHGOIQX WEKHQIFFWLQJ JURXS )LQDOO\ WKH SUHVHC
PHPEHUVKLS Rl WKH VHTXHQFHG VWUDLQ $&1 VDL WHROJHOQRHP
ERQD ILGHUMSHFILBARORXU NQRZOHGJH WKLV LV WKH ILUVW
KDV EHHQ VXFFHVVIXOO\ DSSOLHG WR WRAISHV DIQ&PL G R B $/Q k
VDPSOHV 7KH XVH Rl $)/3 GLUHFWO\ RQ QR FOHEUGJ S
JHQRPRVSHFLHV ZLWKLQ WKH PDMRBRQNAWERSYVRU@DREWLVR]
&RULDULDFHDH '@HWDIQFEWRNDPH DQG

$FNQRZOHG ¥HPKDQWW DUH H[SUHVVHG WR ' &KDSXOO
OLFURELHQQH /\RQ )UDQFH IRU KLV WHFKQLHMD3DVXS8BRWW
I[URP &21%$&<7 DQG 0 $QWRQLD &UX] ZDV VXSRVWRHG[IER D
3DUW RI WKLV ZRUN ZDV IXQGHG E\ WKH &21B&O/DJIYDIQRQ
5K{QH $OSHV &OXVWHU SURJUDP

5()(5(1&(6

>@ 91 $NLPRY 6 9 'REUNWINVONWRXRVORE®IWKH EDVL
UHODWHGQHVV 6\WW $SSO OLFURELRO
> @ &6 $Q :6 5LJIVE\ % & 0X)OUDLQN MBRHODWH R E\DR/LHS
GHR[\ULERQXFOHLF DFLG KRPRORJ\ VWXGLHV ,QW - 6\VW
>@ '5 %HQVRQ -2 'DZVRQ 5HFHQW DGYDRORV\LQ W
RI VIPELRDVQBIQIE LWV KRVW SODQWV 3K\WLRO 30DQW
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>@ ' 5 %HQVRQ : % 6LOQYBDQWMDIDBORORFWRIQRP\FHWI
RI DFWLQRUKL]DO SODQWYV OLFURELRO 5HY

> @ - %HUJVWHQ $ UHYLHZ RI ORQJ EUDQFK DWWUDFW

>@ 5% %ORRP % & O0XOOLQ 5/ 7DWH '1$1®HVWULF
VROXWLRQ K\EULG)D®NKERODVHMIRYRBHQVEDABAUED $SS
(QYLURQ OLFURELRO

>@ -' %XVVHO 0 :D\FRWW - $ &KDSSLOONKUELBAID
FKDUDFWHUV IRU SK\ORJHQHWLF LQIHUHQFH 3HUVSHFW 3¢

> @ 0/ &ODZVRQ $ %RXUUHW '5 %HQVRDQMN\DHVVL
DFWLQRUKL]DO SODQW QLWURJHQ ILJUQ®NUB®RW IGRBFOGH
JOXWDPLQH VIQWKHWDVH JHQH VHTXHQFHV ORO 3K\ORJHQ

>@ $ &OHUF & ODQFHDX ; 1HVPH &RPSDULVRQ
3RO\PRUSKLF '1$ ZLWK $PSOLILHG )UDJPHQW V/ HGIIQWKN 3R O
'LYHUVLW\ DQG *HQHWLF 5HODWH GYHWXGZRREDQ ¥EHEBNIDHF
(QYLURQ OLFURELRO

> @ 7 &RHQ\H / 0 B6FKRXOV -5 *RYDQ . .AWRWQHUYV
RPOXUNKROSHIFLHY DQG JHQRPRYDUV IURP F\WWLF ILEURVLV
QW - 6\WW %DFWHULRO 3W

> @' &RVWHFKDUH\UH $ 5KRXPD & /DYHUM R GBIR U
%RXEDNHU < 'HVVDX[ ; 1HVPH 5DSLG DQGREDIFFLHQMXP
6SHFLHY E\ UHF$ $OOHOH $QDO\VLV $SURRECFROHULXP UHF$

> @ -2 'DZVRQ (FRORJ\ RI DFWLQRUKL]DO €ODQWYV
ILWURJHQ IL[LQJ $FWLQRUKL]DO 6\PELRVHNQ®BULQJIHIS 'R

> @ * )DWHQ , 1RXLRXL 0 &KDLU $ %RXGDERXV
,QWHUJHQLF VSDFHU UHJL ROQDONUDBER B L WRIOQ VDK $IUHMYX V
> @ 0) )D\ 56 &RZDQ , - /HLWFK 7KH HEHDOXHRI Q.

RQ WKH TXDOLW\ DQG XWLOLW\ RI $)/3 ILQJHUSULQWYVY $QQ
> @ 03 )HUQDQGH] + OHXJQLHU 3 $' *ULPEQW 5 %
UHODWHGQHVYV DPRQJ PHPENIQW R} WBKWW HRXFW HULR O
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> @ 0 - *DUFLD 3HUHLUD $ &DEDOOHURDWLROXHKYBG
EHWZHHQ HYROXWLRQDU\ GLYHUJHQFH DQ® [3KAOWRYHQRW L F
(YRO

> @ ' *HYHUV )0 &RKDQ -* /DZUHQFH % *( 6SUDW
BWDFNHEUDQGW < 9DQ GH 3HHU 3 9DQGDRPLHRQ) /S5HTKRF
HYDOXDWLQJ SURNDU\RWLF VSHFLHV 1DW 5HY OLFURELRC

> @0 *WDUL / %UXVHWWL $ +DVVHQ ' ORUDF ' 'DIII
GLYHUVLWO DIRFREBP\EDWLERHYUDLQYV DQG V\PSDWULF UHOD
DFWLQREDFWHQLMHUTHXHHDRHBQDO\VLY 6RLO %LRO %LRFKH

> @ ' +DKQ 3RO\SKDVLF WD[RQRP\ RI WKH JHQXV
$FWLQRUKL]DO 6\PELRVLV ,Q . 3DZORZVNL DQG : ( 1HZWR

> @ 9 +XJXHW -0 %DW]OL -) =LPSIHU 8 QDRUPHIQG
'LYHUVLW\ DQG YSBHGNIUUMNQRILQ QR GXOWVF R IJ PP DHAQ)
LQFDQ@B&HSKHUGLD GHQYBERQYHG E\ UUV JHQH SRO\PRUSK
OLFURELRO

> @ 9 +XJXHW 0 OHUJHD\ ( &HUYDQWHYUDQNLYHUQ
VWUDLQV DUMRFADMHEGHWRHUQ (XURSH L PSWDIFRDSRIQKR/VW S
DQG RI HGDSKLF IDFWRUV (QYLURQ OLFURELRO

> @ 6 -DPDQQ 03 )HUQDQGH] $ ORLURXGDHHQHWL
LQIHPWDQWMIUDLQV LVRODWHG IURP YDULRXV VRLOV $FWD

> @3 -DQVVHQ 5 &RRSPDQ * +X\V - BZLDYNV. 0 %Ol
. HUVWHUV (YDOXDWLRQ RI WKH '1$ ILQJHUSUQ QEVMIFQVH P H By
WD[RQRP\ OLFURELRORJ\

> @ 3 -DQVVHQ . ODTXHOLQ 5 &RRSPDQ ,/7MHUQE
'LMNVKRRUQ 'LVBBLBHWNREHIPFRYPRE VSHFLHV E\ $)/3 ILQJHUS
6\WVW %DFWHULRO

> @ 6 & -HRQJ '' 0\WWROG *HQRWPLG NILE URY SRIE QRO
IURRHDQRWRXRSXODWLRQV XVLQJ UHSHWLWLYH VHTXHQFH
&DQ - %RW

> @ :- .RRSPDQ 3K\ORJHQHWLF VLJIQ®P® LQ $)/3 GDWD
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> @ 0 /HFKHYDOLHID QQNWIWDDMIRIVRIZTKH $FWLQRP\FHWHYV

> @03 /HFKHYDOLHU 7KH)WD[R@DPQRM S\RULD JHQ XV

> @ % $ /LQGVWHGW ( +HLU 7 9DUGXQG * .DSSF
IUDJPHQW OHQJWK SRO\PRUSKLVP JHQRW\GWQ®IIRAD6 VE PR Y
DQG FRPSDULVRQ ZLWK SXOVHG ILHOG JAOREORGWURSKRU

> @ ( /XPLQL O %RVFR 3&5 UHVWULFWLRQ IUDJF
LGHQWLILFDWLRQ DQG KRVW UDQJH R)UVDLQNGH VWRDHQLSR,
$SSO (QYLURQ OLFURELRO

> @ ( /XPLQL 0 %RVFR 3RO\PHUDVH FKD IO QHDKE W L
SRO\PRUSKLVPV IRU DVVHVVLQJ DQDQUEXM BV H QFIR BIORHG-IMYLH
- %RW

> @+ 0 OHXGW $ & &ODUNH $OPRVW | RESWOWHDHWR R @
DQDO\WHVY DQG DGYDQFHV 7UHQGV 30DQW 6FL

> @ % 6 OLUIJD $ :HOVK -3 5LHGHU 0 : 3DYNKDH
LQ VRLOV IURP ILYH FRQWLQHQWYV 6\WW $SSO OLFURELRO

> @ 3 ORUWLPHU & $UQROG )$)/3 ODVW- ZRWG LQ P
OLFURELRO

> @ & ORXJHO - 7KLRXORXVH * 3HUULRMHMAKRG 1IHRWP |
GHWHUPLQLQJ JHQRPH GLYHUJHQFH DQG VSHRELWV (GRIOLC
OLFURELRO

> @ 0$ OXUU\ 06 )RQWDLQH -* 7RUUH\ *URZWK
LQGXFWURQNISD +)3$U, JURZQ LQ EDWFK FXOWXUH 30DQW |

> @ 0% OXUU\ ' =KDQJ 0 B6FKQHLGHU )HTEHQ@FUXLM
DQG WKH SRO\PHUDVH FKDLQ UHDFWUR Q WY OIDOWIHW S BLBEL

> @ 6 1D]JDUHW % &RXUQR\HU 3 1RUPDWELRQVEBLBR(
DPRQUDQNHMRPLF VSHFLHV GHWHUPLQHG E\ XVH RI DPSOL
%DFWHULRO
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> @5 1LFKROV *HQH WUHHV DQG WSHFGWVYFROH KYRDU

> @ 3 1RUPDQG 3 /DSLHUUH / 7LVD -3 ®R$DUWHQ
%DVVL $ 0 %HUU\ ' 0 %LFNKDUG 1 &KRLVQH BU&BXORX]
'DXELQ 1 'HPDQJH 03 )UDQFLQR ( *ROWVEDQUHK $XDC
IDSLGXV & /DYLUH - ODUHFKDO 0 ODUWLRDH] :LHRDYW UF
3XMLF 7 5DZQVOH\ = B5RX\ & 6FKHQRZI3W]7RP NAKVOVW
9DOOHQHW & 9DOYHUGH / :DOO < :DQJ RKDUDBEWHHLVS
RI IDFXOWDWLYHDQ VEPELRWREQY UHIOHFW KRVW UDQJH DQ
*HQRPH 5HV

> @ 3 1RUPDQG 6 2UVR % &RXUQR\HU 3 -HDQQLQ
(YWXVKHQNR $ . OLVUD OROHFXQDDQIBYIER UHOQD R/IHG KIHH Q H

HPHQGDWLRQ RI WKH IDPLO\ )JUDQNLDFHDH ,QW - 6\VW %]
> @ 3 3RUWLHU ' &RVWHFKDUH\UH ' OXOWHWH' /&KL
*XpJXHQ 9 'DXELQ ; 1HVPH 'pPDVTXDJH \VGEH¥H @ BR PLSTp&E

GX FRPSOH[H $JUREDFWHULXP WXPHIDFLHQVHYDYF®)HY HBWX
%5 *

> @ 3 3RUWLHU 0 )LVFKHU /H 6DX[ & ORRWMWO- & /
7KLRXORXVH ; 1HVPH ,GHQWLILFIDIREDFRIHRY@RP L E \VIS)HF L
*HQRPLF ODUNHUV $SSO (QYLURQ OLFURELRO

> @ -/: S5DGHPDNHU % +RVWH ) - /RXZVXW H.HLD/ WBH |
9DXWHULQ ) - 'H %UXLMQ &RPSDULVRQ RI B)QWRQG DIHSF
'1$ '1$ KRPRORJ\ \DQX\XRBRQDWRGHO V\VWHP ,QW - 6\VW

> @ 6 5RPEDXWV < 9DQ GH 3HHU 3 B5RX]p3 $)/3LQ¢
ILQJHUSULQWY %LRLQIRUPDWLFV

> @ < 6KL - 5XDQ '1$ EDVH FRPSRVLWLRQLBRW LKRRP R
RI VRRHOQWWIDDLQV $FWD OLFURELRO 6LQ

> @ 3 6LPRQHW 0 %RVFR & &KDSHORQ $ ORLUR:
FKDUDFWH YU POQMULAFQ RY\PELRQWY IURP VSRUH SRVLWLYH D
LQ D QDWXUDO DOGHU VWDQG $SSO (QYLURQ OLFURELRO
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> @ 3 6LPRQHW ( 1DYDUUR & 5RXYLHU 3HWH®BGHOO
%DUGLQ 3 &RPEDUUR - +DPHOLQ $0 'RPHQDER® 3 *RXU
1RUPDQG &R HYROXWDRRRSMINOIHHIR QY DQG KRVW SODQ
&DVXDULQDFHDH DQG FRQVHTXHQW SDWWHUQV RI JOREDO

> @ ( 6BWDFNHEUDQGW : )JUHGHULNVHQPSIBU*DOU& LW\
ODLGHQ ; 1HVPH 5 5RVVHOOR ORUD - ®ZBQIV:DUG 7UKSEH
':KLWPDQ B5HSRUW RI WKH DG KRF FRPPLWWHY GRIULW®Y KW LRK
EDFWHULRORJ\ ,QW - 6\WW (YRO OLFURELRO

> @ 0 9DOOBEWERORJ\ ,Q . 3 D : ( 1HZWRQ (G 1
$FWLQRUKL]DO 6\PELRVLYVY 6SULQJHU 'RUGUHFKW 7KH 1HW

> @ 3 9LQXHVD & 6LOYD 0 - /RULWH O0DU,]PJIXLUL
ODUWLQH] 5RPHUR OROHFXODU V\VWHPDWLGFEVNRO LKKRRBEDI
%D\HVLDQ SK\ORJHQLHV LQIHUUHG IURP UUWK HDMWS X VIHHE®
FODVVLILFDWLRQ RI 6HVEDQLD PLFURV\PEWR § $/S/O1 URF YR BL

> @ 3 9RV 5 +RJHUV 0 %OHHNHU 0O S5HIMMDBQV 7
JULMWHUV - 3RW - 3HOHPDQ 0 .XLSHUL$0ILEDEHDX L QWL
1XFOHLF $FLGV 5HV

> @$ :HOVK % 6 OLU]JD -3 5LHGHU 0 : I3CDUFENINDH
LQ URRW QRRAXOUHVDRSHQURZXD QQFBRLOV IURP ILYH FRQWL
OLFURELRO

> @ -3 =HKU % ' -HQNLQV 6 0 B6KRUW * LVBWBIQOUG
PLFURELDO FRPPXQLW\ VWUXFWXUH D FURVV V\VWHP FRP
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)LJ 83*0%$ GHQGURJUDP EDVHG RQ WKH (YROXWLRQDU)
FDOFXODWHG IURP WKH $)UD @ENUWDDDQWOAVIWK RVKH IRXU
FRQGLWLRQV 7KH QXPEHUV DW WKH EUDQFKHYV UHSUHVHQV
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' $SUWLFOH OXOWLORFXV EDVHG SKakig JHQHWLF UH

$XWKRUV

%DXWLVWD+HUJFUHUD %HODURRMMDE) D3OG pWQlG )HUQDQGH] 03

/IDERUDWRU\ DGGUHVVHYV

8QLYHUVLWpP GH /\RQ ) /\RQ )UDQFH DQG 8QLY!H
&156 805 (FRORJLH OLFURELHQQH %RXOHYDUG GX
9LOOHXUEDQQH &HGH[ )UDQFH

IDERUDWRULR GH OLFURELRORJLD $JULPRIORDO RVMACHO I
.31 Op[LFR')

&RUUHVSRQGLQJ DXWKRU
+HFWRU + %DXWLVWD *XHUUHUR

(FRORJLH OLFURELHQQH 805 WRXOHYDUG GX
9LOOHXUEDQQH &HGH[ )UDQFH

7THO

)DI

( PDLO KHFWRU EDXWLVWD#XQLY O\RQ 11U

-RXUQDO $SSOLHG DQG (QYLURQPHQWDO OLFURELRORJ\
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 QWURGXFWLRQ

7KH DFWLQREDGWHHAWDEOLVK D V\PELRWLF QLWURJH!
DFWLQRUKL]DO V\PELRVLV ZLWK WKH URMRWWLRHO\ JHDPXDH
$FWLQRUKLBBMom O Bilgegey 1993 7KH DFWLQRUKL]DO V\PELRVL
ZLGH GLVWULEXWLRQ DQG DFFRXQWV IRU DQ [IRRE WD QW
:KHHOHU RI WKH WRWDO WHUD® VWWWIHION QD &/ WRIHHD RL
QLWURJHQ F\FOLQJ WR WKH HFRV\VWHPV PWIRRIMWKHU ZLWK

7KH HYROXWLRQ RI ERWK DFWLQRUKL]DO SDQWQHUV
HFRORJLFDO IUDPH KDG OHG WR FUH®SPMLWE UR] VE ER BHURIFHD
QRW ZHOO XQGHUVWRRG %HQVRQ 'DZVRQ WK)DD YNKIHDDVV
JHQXV DQG LWV SK\ORJHQ\ GHSLFWLRQ LV IKRGRPHRD/MW®D C
DGDSWDWLRQ DQG VSHFLHY GLYHUVLILFDWLRQ SURFHVVHYV

JUDQNMHPDLQV D IRFXV RI VIVWHPDWLF UG \GHKKDOR KH @H F
DUH WDVNV QRW FRPSOHWHO\ DFFRPSOOMVKHQWRB XY MRRU KR
DQG QRQ FXOWLYDELOLW\ RI VHYHUDO VWUYDLDMQANR LR/RWDLDMY
&DOODKDP HWUDQNH@XV VWUXFWXUH KDYH EHHQ VWXGLH
VWUDWHILHY ,Q WKLV UHJDUG PROHFXODSWU RHEHWHKRGVDRY
GLIIHUHQW PROHFXODU PDUNHUV ZHUH BRBEPQ\HHG DRU SK\(
1DOLQ HW DO I1DJDUHW HW DO DORUPDQGHWXDOO
DV IRU PDQ\ PLFURELDO JURXSV 6 U51% WG TDX\H QVKHH [V QMDA
SUDFWLFH WR HVWDEOLVK D)KDHUWRDHFKQ FBG DZYIRDE L]DWLR
+XJXHW DO Bormand HW1896

7KH FRPSDUDWLYH VWXG\ RI 6 UHLUD YNIVRBRWEB HHXQX IXH
PHPEHU RI WKH )UDQNLDFHDH IDPLTHRD®GPDBVWR IGHYXW K t
% ODVWRFRFFXAR QYAHG\RHWOKHUP XV HHEDKWROLW LIRKRRODWHG |
DFLGLF ZDWHU DQG PXG VDPSOHV FROOHEWHGRKQ GHYOW.
FORVHVW QHLJKERXU RI WKLV IDPLO\ 1RUPDQBWLW DWRXS
VSOLWWHG LQWR IRXU ZHOO GHILQHG PDI1UREKOXYV WO XWWAHRU
*URXSVOWHKHEDVXDIQOQRWIHFWLYH VWUDLQV &OXVWHU F
LVRODWHG VW REERQWIMDRID DERFHD QRWXXWBWKDPQDFHDH TKH ¢
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LQFOXGHV WKH (ODHDJQDFHDH DQGH 5W R R QDI XHDWMHW \ S LIDD
GLYHUJHQW JURXS RI LQHIIHFWLYH QRQ QLRWRDEQ HWLQO

$FFXUDWH LGHQWLILFDWLRQ RI 1UD QNLDHODIW WK W D HQH
RQO\ E\ 6 U51%$ VHTXHQFLQJ EXW DOVR ZRWKQRWIHKIQW WP D Ur
QLI+ :HOWKDO E UBBYHFKDO HW DO HW @@ &P WNRKH
, 76 6 U51% *WDUL HW DO 7R GDWH D ¥YOQ WM NHWXRQI
GDWDEDVHV FRPSULVLQJ FXOWXUDEOH ZAGG H\QBRRKS W HEBV
VLQJOH PDUNHU EDVHG VWXGLHV PD\ URXRIOOWH UHIQH FSK\
HYROXWLRQDU\ KLVWRU\ RI VSHFLHVHEVWRDWY R JRG XMKIHQ Y W R

LQ EDFWHULD 9LQXHVD HW DO JQGWHKE VE® IO B WH IDNV/R
RI VWUDLQV WR VSHFLHV OLNHO\ GXH OMR FRJIQNKW\L MVDXVAIQYHH
9LQXHVD HW DO *HUYHUV HW DO

7KH ODFN RI VSHFLHV GHILQLWLRQ LV E\ FXWUHKQHN P |
FODVVLILFDWLRQ DQG KLQGHUV WKH FRPSUHKHBRXWQ RI HF
JHQRPRVSHFLHY KDYH EHHQ UHOLDEO\ IGRH®D L'Q#H DDWHBGE\L W §
WR VRPH RWKHUV QRW \HW FRQILUPHG $NW DY D 'REULYV

JHUQDQI®WHIDO E 6KL 5XDQ 8S WR QRZ '1$ UHDVVRF
FRQVLGHUHG WKH VWDQGDUG IRU EDFWHWLIOMD WS M A Y\ BEH
FRPLQJV &RHQ\H HW DO JUDQNLD VS HIF LAKWP BHU V@ P\ L

WDVN DQG LV QRW DSSOLFDEOH WR QRQ LVRODWHG VSHFLF

$OWHUQDWLYH WHFKQLTXHV ORRNLQJ IRU ""+HWHSODF
GHILQLWLRQ LQFOXGHV WKH FRPSDUDWLYMWKHDRQWHUYJIRCE
VHTXHQFHV ,*6 EHWZHHQ 6 DQG 6 U51$ HQGDUQ.HW Q@H

RU FRPELQHG /XPLQL DQG %RVFR WRKLHQ/DHQ W ZIRX WH
URXJKO\ SHUPLW WR GHILQH )UDQNLD JHKQHRPBVBHEURQH DV
UHFRPELQDWRULDO HYHQWV DQG GXH WR HDKHDY NPHOLOHY
*HQRPLF ILQJHUSULQWLQJ PHWKRGV DV 5(SHFLH D O® G $BWU
OHYHO UHI EHLQJ ZHOO VXLWHG IRU KRYHYUNUWNKHA X DB
EH XVHG WR UREXVWO\ HYDOXDWH SDLBURN GHORPQF ®ILV
QXPEHU Rl IUDJPHQWY ZLWK ORZ UHSURGXFLELOL@W\ "OHXG
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JHQRPLF DSSURDFKHV WKH $)/3 WHFKQLTXH KL1IPOWILRSQURY
WKXV %DXWLVWD HW DO GHVLJQHG P@ BY)/BRPSPWRE R G
HQWLUH JHQRPLF SRO\PRUSKLVP FXUUHQW DGR MK HQ V
HVWLPDWLQJ WKH HYROXWLRQDU\ JHQRPUWH VEIHAMWD @ RHD FRR)
DQFHVWRU ORUHRYHU WKHLU SURWRFRO SHWPALM\Q W B VR
VKRZQ E\ WKH DOPRVW LQH[LVWHQW L&QDVXIDQE K IRAHDKH 'KR
JUDQRRNUHFW W\SLQJ 7KH $)/3 GDWD CEIDE/ 16D \I D HS R W\W O 6 L
QRW EHHQ \HW HVWLPDWHG LQ DGGLWLRQRWPRHWB W& YENWH
WKH ORZ LQIOXHQFH RI RWKHYVUPRWMIBI®@DQW IDPLOLHV '1$ |

SHFHQWO\ DQRWKHU WHFKQLTXH WKH PX@®MEGRE®RY V
WKH VWDQGDUG LQ PLFURELDO PROHFXDBHWKRE HRDWLHFSD
WKH '"+ 7KLV DSSURDFK FRQVLVWV LQ WHKH \RUP XD W\ QB
VHTXHQFHV Rl VHYHUDO SURWHLQ FRGRQVY KIHQ RV GWIKH UGIIQY
DFURVV UHODWHG WD[D DUH WKHQ DVVHQWWILFE\RXVEQDG
DSSURDFK *M®YHUWKHW.GHDO DSSURDFK ZRXOG UHO\ RQ W
PRUH UDSLGO\ WKDQ 6 U51$%$ DQG WKDW DUBGXERMHQ\WR X'

7KH DQDO\VLV RI PXOWLSOH JHQHV VBRIRWL G B VH D HEXM'
UHFRPELQDWLRQ DW D VLQJOH ORFXV 63HKDOHEHH®W BWOHG
UHVROYH WKH VSHFLHY DQG FDQGL@BWE WIHILHY LQ PRQU
UHVXOWYV VXJIJHVW WKDW LQ VHYHUD® OPYCHG W WSHFQ FN F®
JUDVHU HW DO SURYLGLQJ D FULWRUEBRELDW G/HSGIER
ORUHRYHU 0/6$ FDQ JLYH DQ DFFXUDWH GQH\G\L ZW@KQDRO H
RI UHVROXWLRQ FRPSDUDEOH WR "'+ .RQVWDQ@HQLEKM H
VSHFLHY GHOLPLWDWLRQ 0/6% VHHNWHWIKXHY%HRAMRGION H DV V
ODUWHWWO DQG WKHLU SODFHPHQW LQWR EURDGHU WDI[R
DLPLQJ WR SURYLGH D JOREDO DQG U D®MWDLERORHY R $I\W DICHZ \
GLYHUVLILFDWLRQ

7KH 0/6$ VFKHPH KDV QRW VR UD QNRHDSIQR 8 HSHLR VWX G\QF
RXW WKH DQDO\VLV RI WKH JHQXV E\ WKHWHKHOINWHQDWL
%HQVRQ DQG &0ODZVRQ )UDQNHRSSUBRFKRIIHQHWLF VWXG
GHILQLWLRQ ZLWK D ILYH ORFXV EDVHGWKXB$ JWRKKNP MW UK A
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PRQRSK\O\ DQG LWV UHODWLRQVKLSY ZLWNRWYXKEBEGWYDL RDQ
WKHLU DSSHDUDQFH GXULQJ WKH HYROXWKRQSRQ @ IVESIHIIL\W
GDWD ZLOO SHUPLW WKH JHQHUDWLRQ RI D GDWBVEDVH SUI

' ODWHULDO BBXQYG 0OHWKR

%DFWHULDO VWUDLQV DQGXTW®WKERNVERDIGIWLRQLYV R
HQGRSK\WHV DV ZHOO DV WKHLU KRWWHSOIDQWDEQHB JHRKHKD
ZHUH JURZQ DW f& LQ (ODHOLI®DERHINLXPH VW UDW QYO 6LF

) PHGLXP FRQWDLGORQXYZHHHOLYH VWUDLQV RU %$3
VWUDLQVHW PO VZLWK ZHHNO\ PDQXDO VKDNHQ

BHOHFWLRQ RI JHQH ORFL DG GHHL JTRRU B WIXRGHBNG
WKURXJKRXW $F1 D JHQRPH )LJ DQG UHSUHWMHYW GLII
HQHUJ\ SURGXFWLRQ DQG BWBSERRWRO RKRIMOLE UHSBVFDWLR
7DEOH  HUDOWMRIUDLQV DQG DFWLQRUKL]DO QRGXOHV LQFC
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7ULYLDO GH 6RXUFH KR'*HRJUDSKLFDO RL SHIHUHC
Alnus Myrica Casuarina LQIHFWLYLW\ JURXS
$F $0QXV FRUGDV\OLULEHO JUDQFH 8QSXEOL\
$F $0QXVWRUGD ODRX )UDQFH 8QSXEOL\
$F $0QXV FULVSD 2UO0pDQV )UDQFH
$F $O0QXV FRUGDW 2UOpDQV )UDQFH 8QSXEOL)
$&1 D $O0QXV FULVSD 7DGRXVVDT &DQDG
$FR1 G $0QXV FRUGDW 2UOpDQV )UDQFH
$FOF $O0QXV FRUGDW &RUVLFD )UDQFH
$J $O0QXV JOXWLQ &RUVLFD )UDQFH 8QSXEOL)\
$J $0QXV JOXWLQ 2UOpDQV )UDQFH
$L $0QXV LQFDQD IDFUDQV &DU B8QSXEOL\
$LU, $0QXV LQFDQD 9HUPRQW 86%
$- $O0OQXV MDSRQL ODNDEH ,EDUDNL 3l 8QSXEOL\
$U + $0QXV UXEUD 2UOpDQV )UDQFH
$5J1 G $0QXV UXJRVD 4XpEHF &DQDGD
$5J33% $0QXV UXJRVD 4XpEHF &DQDGD
$U, $0QXV UXEUD 2UHJRQ 86%
$Y $00QXV YLULGL) $O0SH GX *UDQG 6HU 8QSXEOL)
$YOL 12 $OQXV YLULGLY %LRQDVVD\ )UDQFH
$Y%Lo $OQXV YLULGLY %LRQDVVD\ )UDQFH
$YF, $O0OQXV YLULGLY 2QWDULR &DQDGD
$9/ $OQXV YLULGLY /I DXWDUHW )UDQFH
$91 R $OQXV YLULGLY /D 7RXVVXLUH )UDC
&S, &RPSWRQLD SH
, $0QXV LQFDQD /D SDOOXG )UDQFH 8QSXEOL\
0 O\ULFD SHQVLO 1HZ -HUVH\ 86%
0 O\ULFD SHQVLO 1HZ -HUVH\ 86% 8QSXEOL\
0J ¥ $0QXV JOXWLQ /DQGHV )UDQFH
0S, O\ULFD SHQVLO
%5 &DVXDULQD HT %UD]LO
&F, &DVXDULQD JORULGD 86%

FXQQLQJKDPLD
&F, &DVXDULQD JORULGD 86%

FXQQLQJKDPLD
&H' &DVXDULQD HT
&J &DVXDULQD JO ,QGH 8QSXEOL\
&J &DVXDULQD JO ,QGH 8QSXEOL\
&M, &DVXDULQD MX 7KDLODQG
7% $OORFDVXDULG $XVWUDOLH

7DEOH

&RQWLQXDWLRQ
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ElaeagnaceadRkhamnaceae LQIHFWLYLW\ JURXS

%0 * (ODHDJQXV DQ. 7XQLVLD

&1 &DVXDULQD JO ,QGH

&+ +LSSRSKDs UKF 1RJHQW VXU ODUQH
&K, &ROOHWLD K\V &KLOH

&ROQHWLD &ROOHWLD VSL $UJHQWLQH

(D (ODHDJQXV DQ. (FXOO\ )UDQFH

(D (ODHDJQXV DQ. 6XWUL ,WDO\

(D (ODHDJQXV DQ. (FXOO\ )UDQFH

(D (ODHDJQXV DQ. 6W (WLHQQH GH 7LG 8QSXEOL\
(D (ODHDJQXV DQ. 6W (WLHQQH GH 7LG
(D (ODHDJQXV DQ. 7TRXORQ )UDQFH
(D (ODHDJQXV DQ. 3RQW HQ 5R\DQ )UEL
($1 SHF (ODHDJQXV DQ. ,00LQRLYV 8 6 $

(81 1 (ODHDJQXV XPE ,OOLQRLV 86$%

* &DVXDULQD HT *XDGHORXSH

+U +LSSRSKDs UKF 6WDWLRQ 1 )UDC 8QSXEOL\
256 &ROOHWLD VSL $UJHQWLQD

5 &DVXDULQD HT

1RG )L[ VW

&D, &HDQRWKXV DF $GLVVRQ 86%

&H6, &DVXDULQD HT 86%

&Q &RULDULD QHS

(X, D (ODHDJQXV XPE 3HWHUVKDP 86%

(X, F (ODHDJQXV XPE 86%

0J, O\ULFD JDOH 1HZ <RUN 86$%

3WL 3XUVKLD WULG :\RPLQJ 86$%

Dryas Coriariaceae Datiscaceae LQIHFWLY LW\ JURX
&RULDWLD 0 &RULDULD P\UV )UDQFH

&RULDYLD 5 &RULDULD UXV OH[LTXH
'DWLYFD 'DWLVFD JORPF $UJHQWLQH
'u\ny 'U\DV GUXPRQG &DQDGD

12" VXIL[H LQGLFDWHY WKH QRGXODU VDPSOHYV
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GQD$FHOO GLYLMLRO) WHDBAVFULSWLRQ DQG HISRHMEDERO
FDUERK\GUDWH PHSWDEROLEBLMIQRY VXFK ORFL DUH SUHVH
WKUHH UHJBIQNBBRPLF VHTXHQFWE KRIGHVQWKH EHWD VXE
PHPEUDQH $730/QOQBQFRGHY IRU WKH LQLWLDWRUUWIRMKH FK
HQFRGHV WKH EHWD VXEXQIWO RRGHY SRO\PO UHIMWHQWLDO S
LQ WKH FHOO GLYLYLMQRGROW DSIRWIKRIO\FHUDWH NLQD
FDUERK\GUDWH PHWDEROLVP 7KH GHVLQ®DRISBOBIGMMEFDW L
DQSJEDV EDVHG LQ WKH JHQRPLP UWHINMY PH D \R K MVKKH W W &
Normand HW2@2a ZKLOH SULPHSRDRS$BGILRDWLRQ ZHUH UHSRL
.LPHW DO 6RPH Rl WKH SULPHUV FKDUDFWHULVWLFV DUH
'1$ HWUDFMWRVRIDO '1$ IURP SXUH FHOO FXOWXUHV ZDV
30DQW OLQL NLW 4,$*(1 DFFRUGLQJ WR RWKIRPDWHN I QR X C
'1$ ZDV H[WUDFWHG IURP RQH VLQJOH ORKHHKBHMABRUGLQJ W
$IWHU ZDVKLQJ WKH RXWHU OD\HUV ZHUG! LUH P R Y-H/GR IWAHSC
H[WUDFWLRQ EXIIHU PO 7ULV +&0 >S+ @@ 0>ZW&ORO @
FHWK\OPHWK\ODPPRQLXP EURPLGH >6LJPD 6W IRXL
SRO\YLQ\OSRO\S\UUROLGRQH >6LJPD@ 7KHIKRPKJPDQIW H
FHQWULIXJHG WZXIRAH DWLQ 7KH VXSHUQDWDQW ZDV H[WUDH
RI &KORURIRUP LVRDP\O DOFRKRO YRORYROPDQG F$HQV
IURP DTXHRXV SKDVH ZDV SUHFLSLWD&H G KK HIPKSIDGR DD MR
FHQWULIXJHG DIWRU PLQ DQG WKH UHVXOWLQJ '1$ SHOOF
YRO YRO HWKDQRO DLU GULHG DQG GLVVROYHG LQ  —/
3&5 DPSOLILZKIMWILR® ORFL ZHUH DPSOLILHG E\ D VLPSO
YROXPH RI —/ (DFK 3&5 UHDFWLRQ FRQWDQDHG —/—RIRI \
. 3&5 EXIIHU —/ RI HDFK SULPHU PO +~RRI D G1
0J&0 PO —/ '062 7BTR$ SRO\PHUDVH DQG —/ RI VW
ZDWHU 7KH UHDFWLRQ FRQGLWLRQWVRAH U P LLG) L MRIODDR GHH® [
F\FOHV Rl WKH GHQDWXUDWLRQ DW K& IRWLP RUQS DLQQWHD*
DQQHDOLQJ WHPSHUDWXUH 7DEOH DQG H[WHRYDRQ DW
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7TDEOH ULPHUV XVHG IRU DPSOLILFDWLRQ DQG VHTXHQFI

*HQH ULPHU QDPH DQGI6HITXHQFH $QQHDC
7THPSHUCL
DWS" DWS'IG77$$73&*$&7&S&TITIFER**6F7&IS**7T&$T7T&*$& f&

DWS'UY7$F 7358 &&T7&$&TSIPREB**$7**&*$7*$7*7&

GQDS$ CGQS$IGTTHI7TS&*PRTEBETSITEP**S577&PLESS&E*$&TT&! f&
GQIUY7HB7$58&&T7TE&I&TIFIRTISS*7*&T7T**&&*$T7&TT7

IWV = IWV=1G73$B7$&*$&7&I&TITHRE*7T&S$&E&E**$T7T*$7&*$$ f&
IWV=UYF73$$&&ETESETIII* B &*TT7T*$7&T7T&*$S& S

SJN SIN)ZGCB773$8&&T&F&ETISITHHF*$&*$7&*$&*$&&T*& f&
SINSHY3$73&*$&7&$&TFIT7THBPEGS**$$**7*$$*&$&$7

USR% USRYW &*$&&I&ZBR**&$$&E&* f&
USRPOO N7 $&**&*T7T&T&*$T7*$$6&&

*underlined sequences correspond to the standard préensequences of RNA polymerase T3 and
T7.

)L 6FKHPDWLF UHSUHVHQWDWLRQ RI WKMWEHK\Y&EDD ORFI
JUDQNHRRPH
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SHUIRUPHG DW f& IRU PLQ $PSOLILHGDSDREBXPBPWWQJHUK
DPSOLILFDWLRQ SURGXFWY ZHUH SXULILHG RQ 4,$TXLFN VS

6US1PPSOLILFDWLRQ zZDV SHUIRUPHG ZLWK WKH XQ
(GZDH®NVDO ,QLWLDO 3&5 DPSOLILFDWLRQ ZDV DEKXLHYHG

E\ —/ Rl WHPSODWH $'1 QJ —/ RI ; FBHHBUE X | ITPW —
— 1/ RI' D G173 PLJ[ PO — PO RFQJI®G?2 8 RTLS$
SRO\PHUDVH DQG —/ RI VWHULOH OL@RLAV ZDNUHHU L @PW(

GHQDWXUDWLRQ DW f& IRU PLQ IROORXMHG F& PBAFOH
DQQHDOLQJ IRU PLQ DW f& DQG H[WHW@NQRQRDWWHS :
SHUIRUPHG DW f& IRU PLQ

BHTXHQPRRWK VWUDQG VHTXHQFLQJ ZDV SHUIRUPHG E
HPSOR\LQJ WKH "\H'HR[\ 7THUPLQDWRU &$W®H38HMHVRHQFLQJ
DXWRPDWHG '1$ VHTXHQFHU $SSOLHG %LRV\VWHPYV

BHTXHQFH DWMWORMDVIBY WH® WOLIJQPHQWY ZHUH SHUIR
%LR(GLW DQG &OXVWPDOOUHVSHFKRRWIERQ $FLGRWKHUPXV
FHOOXORDODVAXRFRFFXV *WRREYP B 8RN0 X VO RSENFMKRIKNF W H
PXOWLVH® WD QXWS R U DD QGMHIDANROWD QGW DIV ®PW W DURRDQSAL V
VHOHFWLRQ ZDV EDVHG RWQ DOUHFHQW VWXG\ :X

BWDWLVWLFV IRU HDFK ORFXV VXFK DV WKH VQKWEHU
PHDQ * & FRQWHQW DQG UDWLR RI PHDQ V\QRQLWRIXFHWDXE \
QRQVVQRQ\PRXV VXEVWLWXWLRQ&GSEHUBGRPVOFRQIPRHKE Xk
67$57 SURJRDREW\ DO $OLJPHQW FRQFDWHQDWLRQ ZDV
JLEUDGR 5R]DV OD[LPXP /LNHOLKRRG WRBOARHNZDW
75((),1'(5 -RBB DO )ROORZLQJ WKH $NDLNH,& | RIFP\DDAGLIR Q
%XFNOH\ WKH *7ISPRGHO ZDV XVHGLWWWMKXHPRIBWW RI QX|
VXEVWLWXWLRQ IRU WKH FRQFDWHQDWHE GDWOQJ DS WRR[G P
ERRWVWUDE: WHEW 3VXSSRUW’~ ZLWK-RELGRG O L FMELDR@DW
7KH 6SOLWV GHFRPSRVLWLRQ DQDO\VLV D@®PEDRRDILVRQ
GHWHFWLRQ%BXHWHWOWZHUH SHUIRUPHG 6SOLWXVRQHH VI
%U\DQW
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' SHVXOWYV

3&5 DPSOLILFDWLRQ DQG SDUWLFXODU IHDWXUHV RI HO

3DUWLDO VHTXHQFHV RI ILYH KRXVHNHUBSQ@WIBQAYV Z
7KH\ UHSUHVHQWHG SINDGDRWS' HEMELUH JHQH
UHVSHFWLYM®R% )RRI WKH HQWLUH JHQH SE LQ $F1
FRUUHVSRQGLQJ WR D YHU\ GLVFULFLBRBLFWMWEH XBRXQG R |
'HYXOBWUDO 7KH PDLQ FKDUDFWHULVWLFV RI DMKH GLII
VXPPDUL]HG LQ 7DEOH

OHDQ * & FRQWHQW UD GIHIBMR RPSIN7KHVH YDOXHV DU
WKH UDQJH Rl WRWDO * & FRQWHQW UHSRUWHXL YRU W R H
UDQJHG IURFSR®WR SJNDQG LQ DOO FDVHV ZHUH KLJKHU W
YDOXH 7DEOH

7KH SXUSRVH RI WKH 7DMLPDYV ' WHVI DMH TR QFLH W
HYROYLQJ UDQGRPO\ QHXWUDOO\ YHUVXV RQHYPOR®YLQJ
REWDLQHG IRU ORFL DUH UHODWLY H®\HBOW R HDWXRI X \WQ 6 DF
DQG ZLWK VLPLODU HYRGR®@®HRDWUYHIDWBOXRAKFHRXOG EH (
SXULI\LQJ VHOHFWLRQ HYHQW RU W KWHSXH\DH®IF BIQRIORTHB \

7KH®UDWLR LV XVHG WR HVWLPDWH WKHORFXIHHRU V
DOO PDUBHWDWGHY DUH VXJIJHVWLQJ WKH\ DUH XQGHU QH

6LQJOH SURWHLQ FRGLQJ JHQH DQDO\VLV

,QGLYLGXDO SK\ORJHQHWLF WUHHV IRUWMKXBWK GURWHLQ
7KH OHYHO RI YDULDWLRQ REVHUYHG 7DEOH)XFQHRWLGF
VHTXHQFHV LQVWHDG RI DPLQR DFLG W HEKG\DLFGIVUIRAIO SIKYD |
LQ WUHH WRSRORJ\ ZHUH REVHUYH@® WG QDY \VIAQSHINVHS D U
SK\ORJHQLHV VXVWDLQHG W KK DEHNZRQBERVHR @ HRIF W KHQ DB ©
KDUERUHG DQ DEHUUDQW WRSRORJ\ LQ ZKLFK RHPEHUV
LOQWHUVSHUDO®HERBHKUY %HVLGHY WKH FRQVROLGDWLRQ
ZDV RQO\ VXSSRWWHODDEPDIMWMRQHWKHOHVY WKHLU EUDQF
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YDULDEOH $W ORZHUWD WSHQ QBR\WPERO®&INNH O O\ GLVFULPLQD)V
JHQRPRVSHFLHV LQ FRKHUHQW JURXSV VWDWLVWLFDOO\ ZF

7TDEOH &KDUDFWHULVWLFV RUBODQRFWORD VOR/H LQGHSHQGH

/IREXV )JUDJPHC OHDQ $OOHOH ¢ 1XPEHU RI 2YHUDOO 7DMLPDY ® S Phi

VL]H ES * & SRO\PRAUSI GLYHUJH' WHVW testr
FRQWH VLWHV

DWS' 0.029

GQD$ 0.011

IWV = 0.66

SJIN 0.42

USR% 0.023

*P value for phi test of recombination <0.05
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JLIXUH  3K\ORJHQHWLF UHFRQVWUXFW LIRQSEQNWGE =RQ LQG |
SINDQUSBRMMQHY $QDO\WHV ZHUH FRQGXFWHG XVLQJ WKH 0/
RI VXEVWLWXWLRQ /5 (/: YDOXHV XVLQJ UHBOLFDWH
%DUV LQGLFDWHG VWLPDWHG VXEVWLWXWLRQV  WKH HYL
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JLIXUH &RQWLQXDWLRQ
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0/6$ EDFratkia SK\ORJHQ\ DQG VSHFLHY GHOLQHDWLRQ

7KH FRQFDWHQDWHG DOLJQPHQW RI RIYH OQWL ZUMAKX O
PHDQ * & FRQWHQW RI PRO DQG D PHDQ SDLUZLVH GLVV

7KH SK\ORJHQHWLF DQDO\VLV Rl FRQFDWRORWRID ¥YHWX
KLJK VWDWLVWLEDO VXSSRUW Rl WKH QRGHYV DW S\KH BLIIH
VLPLODU WRSRORJ\ WR WKDW REWDLQHG ZLWWR 6RX3L P VM H
FOXVWHUV )LJ 7KH &0 XV W$HUQX\\BL VEDEME W X D U FREFWD ¥ € V
VWUDLQV LQFOXGYL QDOWKW\SHRBRNVHGE V WKH &OXVWHU
JDWK HQWBIKD JDFHDH D QGL G KHDAPPVIDYAHH IVWWUDLQV 3 YDOXH
YDOXH FRPSULVHV WKH QRG IL[ VWUDIDIDXHQG ILQ
UHJURYSB&RULDULDWHDFDFRIQ@H VRODWHG HQGRSK\WHV 0
VXSSRUW Rl WKH H[WHUQDO QRGHV D®ORHEVDWRR N RBRIH D QFW
KDYLQJ WKH FOXVWHU ,,, DV WKH FORVHVW RGRDFIER WK H& R (
,9 ZDV XQGRXEWHGO\ SRVLWLRQHG DW WKH EDVDO SRVLWL

7KH JHQRPRVSHFLHY DOUHDG\ GHILQH G KB U H+ LOBH® W)L/ BL
DV FRKHUHQW FOXVWHU RI VWUDLQV H[KLEURRQJ RYWRUDO
)L J 7KH (81 1 ZDV WKH RQO\ PHPEHU MRUWHKG BH HRPRN/G
HW DO KHUH LW ROX\X\DNWYELYK DIRSEFDO RI PHD
VRQ EHORQJLQJ WR WKH VDPH JHQRPRV SHFWHWY VW R CRARILHGF
* RQ WKH EDVLV RI $)/3 JHQRPRVSHFLHV GHILQLWLRQ

,Q DGGLWLRQ WR GHVFULEHG JHQRPRYV SHB RKV R YWKUHD D (
PHDQ JHQHWLF GLVWDQFHV RI FRQFDBW®EQ@MHGL RO TKIH @ Bk
JHQRPRVSHFLHV WKH XQFXOWXUHG FOXVWHU ,9 VWUDLQYV

ORUHRYHU WKH DQDO\VLYV FRUURERUDWH& UXIOHD@QBQ XV
SODQW\DUDLQY DQWHE) RVKRIVSHFLHYV RI PHDQ GLVWDQFH
E\ $)/3 VWXGLHV

%HVLGHV WKH UHFRJQLWLRQ RI *6 DQG *6 QRWBUMVSR
VWXG\ DV VHSDUDWH JURXSV KDV EHHQRFRIG OHDWVRF VDY
UDWH )HUHIWD @®HD EXW FRQYHUVHO\ HYROXWLRQDU\ JH
FDOFXODWHG ZLWK $)/3 GDWD LQFOXGHG WKHP DQBWKH VDF
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)LJ 3K\ORJHQHWLF UHFRQVWUXFMW! BB BONGHGD RIS R H FR(
JHQH VHTXHQFHY $QDO\WHV ZHUH FRQOGXFWOXHXVRRYJ WKHC

UHSOLFDWHYV DUH LQGLFDWHG DW WKH EWBQFKLQ.
VXEVWLWXWLRQV JHQRPRVSHFLHV * DUH QUDIFRHG RQ WKH E
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WKH\ DUH FOXVWHUHG LQ D FRKHUHQWRX®G FORWIHIFOY HIW
WKH\ GLVSOD\ D PHDQ JHQHWLF GLVWDQFH RI LK LFK SC

$W WKH GHQGURJUDP WLSV VHYHUDOVXS%B5RWRK $NVQJKRL
QRWDEO\ LQ WKH YLGOOQEDPSOHEFLHY WKHVH JURXSV
VXEVSHFLHV

6 DQG ILYH ORFL SK\ORJHQLHV FRPSDULVRQ
7KH FRPSDUDWLYH DQDO\VLV RI WKHFW RBEIDEMLHA RL A
6 U51$ JHQH )LJ D DQG WKH ILYH ORFRHFR & WD R/IHQW WHIL

KDUERUHG GLIIHUHQFHVY DW WKH QRGH VWDDWAY®BRSRONM X
FOXVWHUHSD Y KWK LWRBHDIMHO VWUDLQV LQ FRQWUDVW WR W}t
WKH FRQFDWHQDWH WRSRORJ\ 7KHVHLQBWRQW\SRZHULRIP |
FRPSDUHG ZLWK D PXOWLJHQLF DSSURDFK

'LWK WKH LQFOXVLRQ RI 6 VHTXHQFH WRMWRH FRQFD\
QW 7KH SK\ORJHQHWLF DQDO\VLV Rl WRKRWW HGE X @FH CKD W
REWDLQHG ZLWK WKH FRQFDWHQDWHG [QLFHHVOLRF W KHJEUB Q
SDWWHUR DOBMWHQHYLGHQFHG 7KXV WKH IRXU PDMRU FOD
FOHDUO\ GHOLQHDWHG DQG QR UHOHYDQW BUH HU K QEHV HLGS

SHFRPELQDWLRQ

(YLGHQFH IRU UHFRPELQDWLRQ LQ DW WWHHLYKL ORH Y\
LPSOHPHQWHG LQ WKH 6SOLWV7UHHV VRVWRQUMHWW SHUIR
VWDWLVWLFDO \OLWSGE QUFIDQBES RURG XK HH[KLELWHG VLJQLILFDQC
UHFRPELQDWLRQ ZLWK S DQG UHVSHFWLYH
REVHUDMGSKQORJIJHQ\ IRU WKH $J ' VWUDLQ 6XFKORXRODW F
LQIHFWLYH VWUDLQV (DID\H D UQXEHIENE L WK WKWDLQV  )LJ

%HVLGHY VSOLW GHFRPSRVLWLRQ D@DWK/ED GLOSADR-
GHSLFWLRQ LQGLFDWLYH RI KRPRORJRXV UHBRPEEQIUWRLXFRSQ
FRPSULVLQJ WKH (81 | H[KLELW VHYHUDO&DMRRPBEEDBHSVLRQ
$OQXWRXSV H[KLELW PLQLPDO UHFRPELQDWLRQ WKXV DGR
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)LJ OD[LPXP OLNHOUKRRNAMDWDHAY RDOFXODWHG ZLWK WK
PRGHO D 'HQGURJUDP EDVHG RQ WKH FRPSOHWHDWHTXHQI
RQ WKH FRQFDWHQDWBRQ@DIERN VEIYHAQORF LHGURJIJUDP FRQVWU
ZLWK WKH FRQFDW B @/ B3OS \GRINVI.RBEARSFL 6 US51%$ 1XPEHUV D
QRGHV FRUUHVSRQG WR WKH VWDWLVWLFDH WEKSWSRWMQ W:

VXVWLWXWLRQV SHU QXFOHRWLGH
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Fig. 4& RQWLQXDWLRQ
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)LJ 6SOLW GHFRPSRVLWLRQ DQDO\VLV VKRDSK RAVWKHK)
FRQFDWHQDWHG VHTXHQFHV RI ILYH ORFUHAIRPE MIODOQYLRE Y
3+, WHVW FRQVWUXFWHG LQ 6SOLWV7UHH Y
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' 'LVFEXVVLRQ

JUDQNALDYHUVLW\ KDV EHHQ DQDO\]HG E\ PHRIQWRRI VH
JHQHUDWH D SUHFLVH WD[RQRPLFROHDDVVE IGAB WHR QRODQRS
&ODZVRM DO D /HFKHYDONéidand HBV I9E5 7KH FXOWXULSC
GLIILFXOQUWRONMBRODWHY DQG WKH QRQ FXOWLYDELOLW\ R
GLYHUVLW\ DQDO\VLV E\ FODVVLFDOKRHWKR®RYLRQRE G XNV HC
QXPEHU RI VWUDLQV IRU FRPSDUDWLYH VWXGHHV FRQVHTX

0/6$ LV FXUUHQWO\ FRQVLGHUHG WKH PROKWOSURGLVL
GHSLFWLRQ DQG VSHFLHWGH®DQHTKXVR® 0FHBHDSYSURDFK I
WKH VHTXHQFH RI ILYH)KRRVHKNE RSHQBWHRHRQVWUXFWLR(
WKH ILUVW WLPH)WRQWMMBWHO FHWVWUDLQYV DQG XQFXOWXU
UHVXOWV REWDLQHG ZHUH FRPSDUHG WR WKH VWDQGDUG ¢

‘H IRXQG LQ WKLV VWXG\ WKDW VLQJOH JHRM WKHR.
HYROXWUBQNRIDQFH VLQJOH ORFXV WRSRORJLHW GXV®OIDW C
SODFHPHQW GDWD QRWSREBBRHD WKHQHEQWK FRQVROLGDYV
VXSSRUWHG )LJ 'LIIHUHQFHYV DPRQJHQLQNOMUQRKWW GV |
RFFXUUHQFH Rl UHFRPELQDWRULDO DQG RDOWHIDD WUDQ
2FKPDHQW DO 7KH KRXVHNHHSLQJ JHQHV KHUH XWRVHGLG Q
HYHQWY VLQFH WKUHH RI WKHP ZHUH VKR HFWHHGN W FE \E W K\
WHVW ,Q DGGLWLRQ D FOHDU OD\WHWDSIH@WH DAV MUK Hi Y5H Q V
VWUDLQ

2QH RI WKH DGYDQWDJHV DWWULEXW MOV W R LE/ 6 DINSHS
DEHUUDQW JURXSLQJ WKDQNV WR WKH EXIHQUVE T XH R @
FRQFDWHQDWMG DOHY HUSXFK EXIIHULQJ ZDV FRQILUPHG LG
ILYH ORFL EDVHG SK\ORJHQ\ JDYH pUD R BKX VU HSQMR/HLAN
JURXSLQJ RI VWUDLQV LQWR FRKHUHQW ZH®ODQR®IRIUW M
JUDQNHIDQ XV ZDV GLYLGHG LQ IRXU PDMRU FRKHEHQBHBOXV
ZLWK 6 VHTXHQFH D ®IIVO DV BNor@edd HWRIP® EXW LQ DGGLW
DOORZHG WKH IRUPDWLRQ RI FRKHUHQW ZHOO VXSSRUWHG
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,Q WKLV UHJDUG WKH 0/6$% LV FXUUHQWHQFGGRIHVY Y H Bl
ZLWKLQ EDFWHULDO JURXSV DQG DFFXUMWBOD G HDKXQH BWK
VXEJURXSV IRXQG OLNHO\ FRUUHVSRQG WR JH@KRPR$SHFLH
'1$ UHDVVRFLDWLRQ YHW XH/D ) HDWQED BERPXWLRQDU\ JHQRF
YDOXHV (* REWDLQHG E\ $)/3 DQDO\VEMH %&HOS WNHUD, *+3D
WKDW VXSSRUW WKH 0/6$ VXEJURXSV O IDN¥MXOM W IQH WRX V \WZ D\
PDMRU FOXVWHUV , DQG ,, WKH EHVW VDPSIDHRI IMB MALLHWV V \

7KH &OXVWHU , FRQW DIQQY XW\PXD B QOIS D FADKEHA IO 1HY
JURXS FRPSDOMBE DW OHDVW WKUHH RWKHU JHQR/BLF VSHF
%DXWLVWD *++ HW DO 7KH RUSKDQ VHAWWBHImMWY \D G G LW IDR
VSHFLHV HDFK :H &BQFDXGCQEFMDIGIWH VWUDLQV * LUUHI
&OXVWHU , EXW IRUPLQJ D GLYHUJHQW JURXSOR® B QVRI WWKH
+DPDPHOLGDH 6ZHQVHQ 0XOOLQ &DVWRHLDBELBRN LV E
VWUDLQV GLVSOD\ VRPH SDUWLFXODUVUWLRI WKH KXUVRFYS
ORUHRYHU D GLIIHUHQFH Rl DERXW 0 $ E DHOMQUW M VEAHLVDZ) H A
JUHDW YDULDELOLW\ EHWZHHQ WKIRORYXVYWHRZHQ RSIRXY
SDUHQWDO UHODWLRQVKRBNAS HEFHWZAHFHRXW & HQRW KEH GH QR H C

7KH FOXVWHU (OPRPSQUDRBEBPQDAMDHFWLYH VWUDLQ
JHQRPRVSHFLHYV FDQ EH LGHQWLILHG ®WVRDRYJGNKHP GZHIH Q|
JHQRPRVSHFLHVY FRQWDLQLQJ WKH (81 | *6 D FUFHRIMH® IHQIF MV
VWUDLQ VHHP WR XV SDUWLFXODUO\ HRG B M DV.JDUDHA H B MAD XV
DW\S&BURDVIMYDLQV &J &HV, DQG 5 VKDULQJWR/ IHDW
UHQRGXODWH WKHLU RULJLQDO KRVW

$GGLWLRQDOO\ ZH FRXOG GHILQH WKH * LD MRH
LQWR WZR GLIIHUHQW JHQRPRVSHFLHV *6 DQIBUSALOWDHB!
WHFKQLTXHV /XPLQL %RWFRO DQGDIDPABMW (*' GDWD FRQ
WKDW *6 DQG *6 ZHUH QRW GLIIHUHQWLDEGHEWDDDNQ G JRIX
0/6$ UHVXOWYV ZH VXJIJHVW WKLV JURXS7 K S'UHE HDDA LDH M P ©
FDQ EH DWWULEXWHG WR ELDV LQ WKRAKQBTXGH W XWN G \E\
GLVV\PPHWULF FRPSDULVRQ RI JHQRPHV RI GLIIHUHQFH VL]
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&OXVWHU ,,, FRPSULVHV LVRODWH X H [&D E NWRIQFDDBD FSLD
QRGXODWH DQG WR IL[ QLWURJHQ 1RG )LF VWWQGDIWYN ZOWC
LVRODWHG IURP KRVWV EHORQJLQJ &RR LE®INMBHH@WH COHP L O
(ODHDJQD@B®WD FHDHVSHFWLYHO\ 7KH JHQHWLF GLYHUJHQ
PLJKW EH SDUDOOHO WR WKH FRUUHV SREXCOL@RKV WU ZLQAK LE
DOWKRXJK VLIQLILFDQWO\ ZHOO VXSSRUWHG JURXS )LJ

7KH FOXVWHU ,9 FRPSULVHV WKH FORVHOU\DWODWH(
&RULDULDE®WHVFDFRDEDWH WKHVH IDPLOLHV RI DFWLQF
KDUERUHG FXOWLYDEOH VWUDLQV 2ULJLQ®IODPHRWISK RD@QA
GLD]RYHVLFOHV VL]H DQG VKDSH VXJJHVW6B FOILQHU JH QRN |
7KH FOXVWHU ,9 SODFHPHQW ZLWKLQHQKFHRRKNORYHQV RD QV
KRZHYHU RXU DQDO\VLV LQGLFDWHV WKLW RBKRXSE LUH SWKH
JUDQMLYIROXWLRQDU\ KLVWRU\ ,W LV ZRUMRL QRWLQ\ DRI
PHPEHUV WKH\ LQGHHG DUH UHJDUGHG DV D VLQJOH VSHFI

&RYROXWLRQ KDV EHHQ VXJJHVWHG DV RQUDRINWKH H
VSHFLDWLRQ &RHYROXWLRQDU\ VLJQDOH\K DYER XEW H\QS HEAH.\
DFWLQRUKL]DO ARG DOE HXAPRIYHMNO $ GHWDLOHG LQVSHF\
0/6$ WRSRORJ\ JLYHV LQVLJKWV LQWR VRRIDXWR R 8D O\LWHO
VSHFLILFDOOPDWK® IDGFMH. Q RUK L]D @ H WDXPQ. DA BHIVFID F 1D IG
&RULDULDEMDW ZH &PXQY6G WLR@FHFIMWLYH JUR®R V AIFSP KD V
WKH RQO\ H[FHSWMR@®O1DYBUBR LV FRPSRVHG IRU VHYHU
LVRODWHG IURP GLIIHUHQW JHRJUDSKLFOH@MNMWY WKHG FD
EH GLIIHUHQWLDWHG E\ 0/6% DQG KLJKLWSHY¥LOLRAHNO\ WHKZH
JHQRJURXS &MVNBWIIEDO RFD L ROKDEQWLQJ RXW RI LWV VLWH
HW DO ORUHRBHDW XPRW\SDRFDO VWUDLQV KDYH EHHQ L\
DFWLQRUKL]DO SODQWYV

7KH VHFRQG FDVH LV$UNSUHSHQ WMSJ BALQANKGMKDW ZHUH
WZR JURXSV * DQG $Y%L 6030 QIKHE DD HIURXSY DUH YHU)
KRZHYHU WKH\ VKDUHG WKH LQIHFWLYH VSHRW KH\LMWA RWRAD
FRQILUPHG E\ DQDO\]LQJ PRUH VWUDLQV N@RGRDWHK® DYQH WY
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UHJDUG WKH 6S VWUDLQV FDQ EH D VRRWFSIURIY DOIRQPH WY
DW LWV RULJLQDO VWDQG DQG WKXV QHZ FROOHFW DW WK

7KUBHWLFD SHQVLQYIDFOLEDPH VWUDLQV FOXVWHUHG LQ
ZLWKLQOWSHFLHY WKLV SDWWHUQ FRXOG VXJJHWW D FRH
SDUW@MHMURKDY EHHQ FRQVLGHUHG DV D SURPLVFXRKYV KRV\
QRGXODWHQMIRP GLIIHUHQW FOXVWHUV GXULQJ FURVV LQ
HW DO GHPRQVWUDWHG WKDW L@ \QDWMKKLLEQ W RUBGLPW LIR
WRZDUGV WKHLU QRGXODWLQJ VWUDLQV

,Q WKLV VWXG\ ZH PDQDJHG D 0/6%$ DSSQORBEX WQDFRU
GLYHUVLW\ DQG GHOLQHDWH D UREXVW LK) ORIFIQH QREIHW KRH
KRXVHNHHSLQJ JHQHV UHOLDEO\ UHVROW KG WERK HX\BD\R VH
JHQH EDVHG DQDO\VLV ORUXPDHIN MUK H QYR CBXHV ERQ AR WDH Q |
LQFUHDVH WKH UHVROXWLRQ SRZHU RI WKHVREW KRGV LN Y
IDYRUHG WKH VWDWLVWLFDO VXSSRUW IRG W QI ERIDH \KW HW R
VHYHUDO K\SRWKHVHV DERXW WKH SURFBIYNSEFLHMG LVQK HWE
REWDLQHG KHUH VXJJHVW FRHYROXWLRQ KBDNFDXARQ R L GHL
HYLGHQW LQIOXH QPR @MIVIKHXMRRY RBGGLWLRQDO VWXGLH!
YHULI\ WKLV K\SRWKHVLYV

0/6$ OHDG WR FRKHUHQW VWUDLQ JURXEBHQVS FRINHO\
SUHYLRXVO\ GHVFULEHG E\ "'+ DQG $)/3 GBWDWKHKLBS FI
JHQRPLF GLVWDQFHY DQG WKH HYROXWLRQD B GBYDPIZB\G L
IRXQG $00 WKLV UHQGHUV WKH 0/6$ DQG DG Y R BE B OFDHWM
WKH "HURQWHKBIR QD VBEALHY GHOLQHDWLRQ
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,QWURGXFWLRQ

7KH ILODPHQWRXYD @ KEIWHBHX® UHSRUWHG IRU LWV D
QLWURJHQ IL[LQJ V\PELRVLV ZLWK DFWLQRSKDDDON SFORDVQW V
WKH ILUVW UHSURGXB DRI LVRODWLRKQDRIHW DO W K
PRUSKRORJLFDO VWDWHV LQ SXUH FXOWQUHNWRDXHIBHHQW
WKUHH PDLQ VWUXFWXUHV K\SKDH |LOD PIHQ®R X VWHV UXFG
PRVW RI DFWLQREDFWHULD VSRUDQJLD FRQWEDQLQ@QYRRO]
LQ EDFWHULDO GLVSHUVLRQ DQG PD\EH LBVWKH FR® FKDYAL
PHGLD DQG VRLO 6FKZLQW]HU E ([FHSWVRBP® LWRRODKL
WKH TXDQWLW\ Rl VSRUDQJLD JHQHUDWH S KK WMHSHLF FRD\
VSRUXODWLRQ LV LQ JHQHUDXQ DQRRQYD V@NH QR\E FBYXURSIHUMWL Q-
XQGHU D UDQJH RI FRQGLWLRQV +RZHYHU RQFHRURODWERI
GRHV QRW VHHP XQLYHUVDO $0OWHKR®IHQJE @ WVHQWRKXNVQD\S |
YHVLFOHV FDQ FRQVLVWHQWO\ EH REVHUPMDAGRUQRDGBR\W IH
IRUPHG ZLWKLQ QRGROEDERWHEBZARGXOH SKHQRW\SHV 6S
GHVFULEHG GHSHQGLQJ RQ WKH SUHVHQFH RU WKH DEVHQF

$FWXDOO\ WKH 6S QRGXOH SKHQRW\SH KDIWL. @R HRLEH
SODQW JOMHEWDOXWLQRVD $ UXEUDHW FRUGER®SWRQQBDC
& SHUHJUUQBED FHULHEWDDCHDQRW KXW O X \WOLIIKVIQ X V
XPEHO®DWSR SKDWKDPQRBDENDBELFXQQLQIJKDPLDQD && HTXL)

JODX&EDREH3OUVIKRLDW UL G HMWNDWDGUXPPR®BKEZLQW]HU D
7RUUH\ +RZHYHU WKH PRVHS \DRGXNOHI KEK GG BDQFE R
Z LW K L$D QVXHAQ X V

&RQVLGHUDEOH HYLGHQFH LQGEGDWEMUWRDWLWRHZRE
FRQW UR O QUAISQ BAWIOH. Q LQIHFWLQJ WKH KRVW W BIOZLQW]HU
,QGHHG VKRUWO\ DIWHU YWKH NMSIR/WD REH U YD QR B RORIV
OHUNXV FURVV LQRFXODWLRQ H[SHULPHQWY ZHUH SHUIRL
$0QXV &RMSWBRIQEDY WUDS SODQWV LQRFXODWHG ZLWK |
QRGXOHV 9DQ'LMN 9DQGHQ%RVK DQG 7RWWH\ WZR i
GLIIHUHQW SKHQRW\SHV ZHUH REWDLQHG DQGJWKMHWSHEGD Q'
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QRGXOHV RI WKH VDPH SKHQRW\SH 9DQ'LMN KHVEDQGH
UHVXOWYV VXUE-ODMBEUKIODWLRQ LV D VWDEOH WUDLW RI W
6S VWUDLQV JHQHUDWH 6S QRGXOHV 9DQ G HIMR FRK OGR
EH LQYROYHG LQ WKH QXPEHU RI VSRUDQJLD IRQPEG ZL
VSRUXODWLRQ "6FKZLQW]HU

6LQFH LWV GHVFULSWLRQ QR VXFFHVDFXQHYWHR® DIKLLROM
ODUJH FROOHFWLRQ RI 6S KDV EHHQ REW®UQ B &MIRDLDHA
LVRODWHG IURP 6S QRGXOHV ZHUH QRQ LQQHEMLLQYRIFRODWI
LQ GLIIHUHQW KRVW VSHFLHV DQG WKXV ZHWH7BRQVLGHU|
%XUJUDDI HW DO 1RUPDQG HW /DORQGH

%HFDXVH Rl WKH DEVHQFH RI 6S LVRODMS®GD YWDDL
VSRUXODWLRQ SKHQRPHQRQ KDV EHHQ G HHS@H\UZ R HWHES
DQG 6S VWUDLQV ZDV REVHUYHG IR UYWBRHSOLEUH/FRW WGE PDHWI IR
DOGHU VWDQG EDVHG RQ SDUWLDO &HW5D® VHIRVHVQHFUILB
SK\ORJHQHWLF DQDO\VHV KDYH VSR UG DOIO PD LK\ QWKEH GE
DSDUW +RZHYHU WKH QXPEHU RI VSHFLPHQV OLRUMHIDHINHG :
SRVLWLRQ RI WKH 6S JURXS XQFOHDU &RBBRKSWHG &S U5
VWUDLQV YLWWGWEH MK WKDW LV ZK\ WKH IRUPDWLRQ RI D
VWUDLQV ZDV QRW VKS$SROWHGR UIHRRNHDW & KH SRSXODWLRAQ
6S)UDQRNVDZHOO DV KRVW VSHFLILFLW\ UDQJH RI WKHVH VW

7KH DLP RI WKLV VWXG\ ZDV WK H UMH MWUKXGW R F DWKH BIXW
PXOWLJHQLF 0/6$ DSSURDFK LQ RUGHU WR HRXALUPQWWHF
GLYHUYUW®®RSED VWUDLQV 7KLV $DORUMW LROADQAMH GOQE@ XGLQJ D
UHIHUHQFH VWUDLQV WKXV 6S WRJHWKHU ZW\WSIGBEEX QR G X
VSHFLHY DOWRJHWKHU UHSUHVHQWDVFLYHWRIIV DD Q BUHHRRH
FRQGLWLRQV

v ODWHULDO DQG OHWKRGYV

%DFWHULDO VWUDLQV DQG&HFXOUR®@DWNBRQOLYVRQ@WKXV DC(
SKHQRW\SH XVHG LQ WKLV VWXG\ DUHUGL YWRHA) LMWW KHs 710
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PHGLXP FRQWDLQLQJ 7ZHHQ RIW. @ G653 ZRMWEL XA HRBU BP\D C
VKDNLQJ

IRGXOKM¥WLQRUKL]DO QRGXOHVY ZHUH BRQRWFWEBE WU R R WDK |
$J $ YLULHDQYG LQFD®D RQ VLWHV LQ )UDQFH DQG R«
FROOHFWHG E\' $ 6HOOVWHGW  $P R\DHGWIKM 5 K{HXQH K OSLHAVH &
WKUHH RWKHU ZHUH ORFDWHG LQ %RXUJRJQH H®D & HBRKW H ]
FROOHFWHG LQ JUHHQKRXVH SODQWV LQRFX®DW & PAH. \RK
WKHVH JUHQFK VLWHVY $OOHPRQW %pQDD@GG 7RXW]X L
ZHUH SUHYLRXVO\ VWXGLHG 7DEOH ) RGL HIDE K QW WD P §I¢
UHSUHVHQWDWLYH Rl WKH ORFDO KHWHURJHQHLW\ ZHUH F
7KH GLVWULEXWLRQ RI KRVW SODQW Y)OWPH OH G [ BMS W DIFRU
6ZHGHQ VLWH ZKHUH R QO\X QRIGRO BER OORIEWHG +RVW SODQ
JURZLQJ LQ V\PSH» WULUIMBEK QFDW D2 U @R QOKWR GR VR FD QD
DW /H %RXUJHW HQ +XLOH ODUDLV ERUG GX *HORQ

7KH PDMRULW\ RI WKH QRGXOHV ZHUH FRO R AW GQ RUIRXFO HX
IURP 2UQRQ ZKLFK ZHUH FROOHFWHG LRW$BZIKGWMQ QR
ZHUH FROOHFWHG IURP DW OHDVWDVEHGWL® W WRFIOHDW HT
ZDWHU DQG NHSW IHZ GD\V DW f& IRU DQDO\VLV EHIRUH E

OLFURVFRSLF QRGXOHRBXPH GKWDRGMSH 6S RURBDQ ZDV
DYHUDJH RI WKUHH QRGXOHV SHU VLWH )URPVHGFIRWRG
PLFURVFRSLF REVHUYDWLRQ DQG '1$ H[WUDMWLRRU WHQYW B!
LGHQWLILHG RQ WHQ WR ILIWHHQ WUDWQRSKHYRO %DYE VipF
5$/ ODUWLOODRU)UPQBRH DW URRP WHPRSM UDW X UH 6 SXUG D
SKHQRW\SH ZDV LGHQWLILHG E\ WKH SUHN HHQ RJ RDRIU HHD:;
VSRUDQJLD ZHUH REVHUYHG D GRXEOH VWDRQWGD SWR®RF
IUR 3pSLQ %RXPHQZADINO XVHG WR FRQILUP $\WRHYV SKHEYR WH €
SHUIRUPHG DW URRP WHPSHUDWXUH /RQJLMXGLRDA VHFW
JOXWDUDOGHK\GH# SDUDIRUPDOGHK\GHKR\SODW I8 ODXI | HD
S+ 7KH\ ZHUH VXEVHTXHQWO\ ZDVKHG RYHUQLJBMWHILR |
GHK\GUDWLRQ LQ D JUDGHG VHULHV RHPBHKO®R® VR 05X WKLLR
UHVLQ 3RO\PHUL]DWLRQ RI WKH UHVLQ ZDV FDUULHG RXW
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JLIXUH *HRJUDSKLFDO ORFDWLRQ RI WKH GIHHQUWE&W VDF
QRPHQFODWXUH RI VLWHYV DUH IRXQG LQ WKH WDEOH

-111-



Chapter IlI: TheAlnus-effective Sp+H-rankiae form two divergent
phylogenetic groups strongly correlated to host plat species

7TDEOH /ILVWH Rl )UDQNLD UHIHUHQFH VWUDLQV DQG DFWL

6WUDLQ +RVW SODQV *HRJUDSKLF R 3KHQR

3XUH VWUDL
$0QXV LQFD 9HUPRQW 86% 6S

UXJRVD
$F $0QXV FRUG OLULEHO )UDI 6S
$F $0QXV FRUG 6DRX )JUDQFH 6S
$F $0QXV FRUG 2UO0OpDQV )UD 6S
$F $0QXV FRUG 2UOpDQV )UD 6S
$&1 D $0QXV FULV 7DGRXVVDT & 6S
$FR1 G $0QXV FRUG 2UOpDQV )UD 6S
$FOF $0QXV FRUG &RUVLFD )UD 6S
$J G $0QXV JOXW &RUVLFD )UD 6S
$J $0QXV JOXW 2UO0OpDQV )UD 6S

$OQXVLQFDC IDFUDQV  6S
$L JUDQFH

$0QXV MDSR ODNDEH ,EDU 6S
$M -DSDQ
$U  + $0QXV UXEU 2U0OpDQV )UD 6S
$UJL G $0QXV UXJR 4XpEHF &DQD 6S
$5J3 $0OQXV UXJR 4XpEHF &DQD 6S
$U, $0QXV UXEU 2UHJRQ 86% 6S

$OQXV YLUL $OSH GX *UDQ 6S
$9 JUDQFH

$00QXV YLUL 2QWDULR &D(6S
$Y&, FULVSD
$9/ $0QXV YLUL /DXWDUHW )U 6S
$91 R $0QXV YLUL /D 7RXVVXLUH 6S
, $0QXV LQFD /D SDOOXG )L 6S
0 O\ULFD SHQ\ 6S
0 O\ULFD SHQ\ 6S
1RGXOHYV
$J(SF $0OQXV JOXW (SLQDF 6S
$J(S\ $00QXV JOXW (SHUWXOO\ 6S
$J)R $OQXV JOXW )RUH] 6S

$0QXV JOXW /H ERXUJHW H 6S
$I*%K ODUDLV %RUG

$0QXV JOXW 5pVHUYH QDW 6S
$I*/ *UDQG /HPSV

$0OQXV JOXW /H ERXUJHW H 6S
$J3/% /H %ODQFKHW
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R[\JHQH 7KHQ P VHPLWKLQ VHFWORQ\D ZXW H FXOW XIVE
DQG GULHG RQ JODVV VOLGHV E\ KHDWL QW  PAS XMKHY DN
ILQDOWDLQHG ZLWK &ROHPPRW¥KAKUIMRWHD PHQWWHYV DW
IROORZHG E\ ODODFKLWH IRU 1RGKRRDHPLOWKLQ VfEFW
REVHUYHG XQGHU OLJKW PLFURVFRS\ XVLQJ D 1IMWRIQHBDS WL
XVLQJ D 1LNRQ 7\SH

'1$ H{WUDFWLRQ 3&5 DPSOLILFDWLRQ DQG VHTXHQFLQJ
'1$ H[WUDFWLRQ ZDV)SHQNXIPHG/ WURPRLQV E\ XVLQJ '1$HD\
4LDJHQ DFFRUGLQJ WR PDQXIDFWXUHUYV LQVWUXFWLRQV
7RWDO QRGXOH '1$ ZDV H[WUDFWHG |URF REH & LHpX AOKDI OVR E
ZLWK VOLJKW PRGLILFDWLRQV $IWHPEDNMELQIK MK M/ KR
ZDV FUXVKHG LQ PO RI 7&3 H[WUDFWLRQ BX1D&WD PO 7
PO ('7$ >S+ @ >ZW YRO@ FHWK\OPHW K BWMD PMRRXQ VX FO FE @R
>ZW YRO@ SRO\YLQ\OSRO\S\UUROLGRQH +Hed IPD @ f &7 KRIUK
K DQG FHQWULIXJHG MRULPHQDWKH VXSHUQDWDQW ZDV HI[W
YROXPH RI &KORURIRUP LVRDP\O DOFRKRO ; JIRRO YRO
PLQ '1$ IURP DTXHRXV SKDVH ZDV SUHFLSDWDWFHE&E IZ®&HHW
VDPSOH ZDV WKHQ FHOWURUXJHBLRWDQG WKH UHVXOWLQJ
ZDVKHG ZLWK YRO YRO HWKDQRO DLU GULHG( DQG G
EXIIHU S+
7KH ILYH ORFL ZHUH DPSOLILHG E\ Y RQRBBHRB&5 L-OD R VER (

UHDFWLRQ FRQWDLQHG —/ WHPSODWH $'1FK SUQPRIU ; 3&
PO 7DEOH —/ RI D G173 PL] POPO —/-R/I 'OB320 8
7DT '1$ SRO\PHUDVH DQG —/ RI VWHNILROM R QG 4 WZIDRAD

VHTXHQFLQJ ZHUH DOUHDG\ UHSRUWHG %DXWLVWD *++ HW

6HTXHQFH DQDO\VLV

7KH FRQVHQVXV VHTXHQFH IRU HDFK JHOP HDW PRIQWK BIDI\R

DQG UHYHUVH VHTXHQFHYV XVLQJ %LR(GLW
KWWS ZZZ PELR QFVX HGX %DBOGLW ELRRGLWKRAVPIDOLJQP
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SHUIRUPHG ZLWK WKH &OXVWDO 7KRP 5N BQB G HEMWHGL V § L9y
IRU HDFK ORFXV VXFK DV WKH QXPEHU DQG RURBGWWQRQ
DQG UDWLR RI PHDQ V\QRQ\PRXV VXEVWLWXWLRRXVSHU \
VXEVWLWXWLRQV SHU @@ @HQOR GPARXODIWHE BVLQJ WKH ¢
-ROBW\ DO $OLJPHQW FRQFDWHQDWLRQ ZDV PDGH XVLQ
OD[LPXP /LNHOLKRRG DQDO\¥5(Y) ZIM(GH FRIEWU DG RXW L
E\ XVLQJ WIBPRGHO DVIWKWLEHVRARGHO Rl QXFOHRWLGH VXI
7KH QRGH UHOLDELOLM\(ZDWHB®IW NXBESEUWLOQRELGRQ 7KLE
JRU HDFK ORFXV WKH VHTXHQFHV REW D HEM@ IGRHV DWCHI X\HKG
WKDW GLIIHUHG IURP HDFK RWKHU E\ RQHG RN Y@L I FD\@ |
QXPEHU ZLWK KHOS RI WKH 15%' WRRO KW W) L DX I YO OROCHO
SURILOH DV GHILQHG E\ WKH DOOHOH B& PE BN XRH QUF Kl HW LSy
QXPEHU
7KH PHWKRG Rl VSOLW GHFRPSRVLWLRQOZMNWH XAMMHEX BAR XNV
LQ WKH DOOHOHV IRXQG IRU WKH FRQFDWHQDWLRQ

- SHVXOWYV

OLFURVFRSLF SKHQRW\SH GHWHUPLQDWLRQ

,Q PRVW FDVHV KBIQE VXFWERHDYW IRU SKHQRW\SH GI
VSRUDQJLD ZHUH VFDUFHG RU QXPHURXW VYHDW FW KH D5QRXE
VWDLQLQJ SURWRFRO ZKLFK GLIITHUHQW L QG WHGEB GQK IS KDIH
DQG YHVLFOMYOREZHG WR DFKLHYH D SUHFLVH GLDUOQRVWLF
DUH OLVWHG DW 7DEOH

3K\ORJHQHWLF 0 QR®DYNMMNRIDLQV

7KH VHTXHQFH RI DQ LQWHUQDO SRUWLRQQRG ILR'WH KR
LVRODWBEWLDLQYV DQG QRGXODU VDP SEHWY RMKIBEQMNAEHUG S
RI VHTXHQFH W\SH 67 IRU HDFK ORFL UD@JH®RER M UHWRY F
DW VLPLODU UBYWHLWOGKHHE OMREKWD[LPDO GLYHUJHQFH ZLWK
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7TDEOH &KDUDFWHULVWLFV RI ORFL LQFOXGHG LQ WKH 0/€

IRF>)UDJF OHDQ $OOH(1XPEHU 2YHUDC 7DMLP G 6 3KL

QW VI * & QXPEF SRO\PRL PHDQ " WHVW WHYV

ES FRQWI VLWHV  GLYHUJ
DWS
GQD
[WV:
SJN
USR

——
a b

)LJ SKRWRJUDSK RI VHPLWKLQ VHFWLRQV ZEWPK WIRHP W
GRXEOH VWDLQLQJ SURWRFRO 6 6SRUDQJIJLCSKWDNMHDLYPHG L
O9HVLFOHVY DQG *$ 6WDUFK JUDQXOHV
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DQG GLVSOD\HG DQ RYHUDOO PHDQ GLYHUJB@QW¥H RI
WHVW DIQE WDKAMH. & 7DEOH WKH ILYH ORFQHFWH R/Q EZN MKW 8
SRSXODWLRQ RI VDPSOHV KHUH VWXGLHG ZKQGH YALRQX\DWUS K
DQG FRPSDUHG GDWD QRW VKRZQ DQG VLQFH WKHUHHUH

FRQFDWHQDWHG IRU D ILQDO VHTXHQFH RI PRWQSHU
GLYHUJHQFH RI 7KH SK\ORJHQ\ ZDV F RALKWRBRXGF WHHIVEG KRL
)LJ XVULANDOD SHEODHDJQDEFHIFWLYH VWUDLQ DV RXW.

GHSLFWHG WKH FODVVLFDO SK\O RJKmMSWHUVKH B RMRU LRGC
HIITHFWULYENWUDBEQQ X DQA KMB&DVXDWISQIDQG LV VXEGLYL
VHYHUDO JHQRPRVSHFLHV 7KH 6S VWUDLQV DXRM\BHIGY L Q
VXSSRUWHG E\ KLJK /5 (/: 6S JURXSV DUH FREVIWWHQ
SODQW DV IROORZV

LA. viridis D @Gncana 6S VWUDLQV

$ YLUDGIGVLQFP®DVWUDLQV IRUPHG WZR FORVHO\ UHODWEE
FOHDUO\ FRUUH®OOWHEG ZILMWK KR W KH\ Z K U B OLQRLFDRPHG W& HZ\L
HIKLELWHG RI VHTXHQFH VLPLODULW\

7KH VXE FGGXWILHASRVWUDLQV FRQWDLQV QRGXODU V\PELR
JHRJUDSKLFDOO\ VHSDUDWH VLWHVYURKB VIHV WWKUHD\ L I \K LlUBH SN
RYHUDOO VHTXHQFH VLPLODULW\ DQG URDCSGHGI RW CRRW ER M
WR WKDW DOUHDG\ GHVFULEHG E\ 1RUYDOQIUEHEBNL. WWUDLQV
GLVSOD\HG Rl 6 U51%$ VLPLODOMWNG AN KWK WHHWSH W WV RI
DV D GLITHUHQW JURXS ,Q RXU VWXG\ WKLYLWKRXGQGLVSC
$FFRUGLQJ WR RXU SUHYLRXV H[WHQVLYH O/KBRXWOWEXEH ZH
LQFO X & HIBOWRH FLH YV

7KH VHFRQG VXE F®XVOWHBDR DUWXYXPHQGYVY 7KLV JURXS FRPSUI
FROOHFWHG DW IRXU GLITHUHQW JHROBRQ®KL NV MVMAIMHHD O DKILW
H[KLELWHG D VLQJOH 67 DQG VKDUKGLQFDREOBWHTURBQNH VL
IRUPHG D VXE EUDQFKLQJ RI WKH PDMR W XLUIRIYVIV V DMKGH WYKL
FRPPRQ DQFHVWRU /5 (/: 1RGXC8H VL QFrPRER UYQRIQ GARKR/H U
LQKDELW V\PSDWULFDOO\ VKRZHG D VWURQW H RIKHIQHROWD B/H YA
VLQFH WKH\ IHOO DOO ZLWKLQFRRBYUURBUVHRIBQREALQWUD
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GHSHQGLQJ RQ WKHLU RULJLQDO & RWIMWALSHWR RE XDRIYWK ROPR W
VLWH $Y2U JURXSHG RXW IURP *6

L IALglutnosa 6S VWUDLQV
$ JOXWLWQREDRQWY FROOHFWHG LQ IRXU GLIITHUNHNG JUHQF

6ZHGHQ IRUPHG D FRKHUHQW /5 (/: JURXBLWRU® LW K HD
$OQNVWLAMIHFWLYH VWUDLQV 7KLV JURXS GHVEFWLEH® HKH
67 GLYHUJHQFH ZDV IRNOHGT RIQOR H. QZ MWK KK RI VHTXHQFH

UHVSHFW OW@ERRPSDUHG ZLWK OLNHG\ BORQYRE RYADW X B WXW H6 |
QRGXOHV IHOO LQ GLIIHUHQW FOXVWWHY BLWWHK HRU FSIR% H S\
DQG $J(SF $J7\,, RU ZLWKLQ JHQRPRVSHFLHV DQG $J*
$FFRUGMRYKH WKUHVKROGY HVWDEOLVKHGDIRWLDUKES VSHFL
&KDSWHU ,, RI WKLV VWXG\ WKLV JURXS RI WWUDLQV PLJK

SHFRPELQDWLRQ

(YLGHQFH IRU UHFRPELQDWLRQ LQ W®H WKH SRR RBP V6 8QY
7KW SRI%W WKH RQO\ ORFXV H[KLELWLQJ VLIJQLILFDQ@WHHYLG
VSOLW GHFRPSRVLWLRQ DQDO\VLV Rl WKMH FRIQWEZ R WIND DA
SDUDOOHORJUDP GHSLFWLRQ FRQVLVWHQWUZLW R KIH WDHFORH
6S EUDQFKHV VXJJHVW UHVWULFWH [F DOW HEGIMFZ B HBR W KWQ |
DQI LQFEYDVWUDLQV 6HH JRRP LQ WKH )LJ
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)LJ  3K\ORJHQHWLF UHFRQVW U XFDW B3® BHNSHOD RIS R H FR (¢
JHQH VHTXHQFHV $QDO\WVHV ZHUH FRQGXFINGI)GHXVRIQY WK HC
UHSOLFDWHY DUH LQGLFDWHG DW WKH HUDEKLQ.

VXEVWLWXWLRQV JHQRPRVSHFLHV * DUMHVQDIRHKOGWL@®R QK$HU |
LQGLFDWHY WKH 6S VWUDLQV
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)LJ 6SOLW GHFRPSRVLWLRQ DQDO\VLV VKBREZSB RXWKKHQ
FRQFDWHQDWHG VHTXHQFHV RI ILYH ORF WU HE RKE Y QDL RFD i

3+, WHVW FRQVWUXFWHG LQ 6SOLWY 7Y HUWLG DRHTKA FARRP LC
6S EUDQFKLQJ
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v 'LVFEFXVVLRQ

$OWDQNWDUDLQV WR L@DWBNIRRGHWHERUHY %HQVRQ 6L
+RZHYHU WKH VSRQ H SUHRKBAOF WIRRBH UHVWULFW)H® GQNRLBD UV
VWUDLQV DQG LV QRW ZLGHVSUHDG ZLWK QDWW KM BRIV

FDQ EH GHOLQHDWHG RQ MX IS CHB®WD RG B SR UKD@® WLLNRN) O}

JUDQNILWD VHYHUDO DFWLQREDFWHULD SR\QVWWX MW KHQRPLHO RW
WKUHH VHTXHQFHG VWUDLQV NH\ JHQHWWK VG R EXIODWLRRD
KL QG WKH VHR BWYGDVWIBUHVHQW DQG Nb@andHMWUDO FR S
2007a; 7UDDJ YDQ :H]HO VXJIHVWLQJ WKRWS KGLQ RAVNS O
LV OLNHO\ GXH WR UHJXODWRU\ VSR USRDWLIRRY ISQR RH W K
VWUDLQYUDIONKIDXY ZDV XQWLO QRZ FRQWURYHUVIHMW DQG
DO 6 L P RQ\H WO

,Q WKLV VWXG\ ZH FDUULHG RXW D Q XHJMWHIQD LY¥XPEKD RIS+
HQGRSKOMMNNYPELRQWY $ 0/6$ DSSURDFK XVLQJ SDUWLLE
KRXVHNHHSLQJ JHQHV DOUHDG\ WHVWH® XWRZGMNSE AW RAK
&KDSWHU ,, Rl WKLV ZRUN

,Q WKH FRQFDWHQDWHG EDVHG GHQGURJUDPD@®HYBB\ VV
GLYHUJHQW FOXVWHUV RI VLPLODUVYWUDEQWDUIOH 8K ST
GLVSOD\HG DOVR DO O RYUHIEQ NMHEDLVEH WV RD WNWEBHKBSW VSHFI
LQRFXODWLRQ WULDOV UHVXOWYV VXSSRUGW WIKRH QG DB KA H. C
LQFDGD VWUDLQV 6 L GOXRM GERWR W ] H U HW PDQ 'LMN
'LWKRXW H[FHSWLRQ DOO WKH 6S VSHFHLI®P HKRVWUKXBA® L
ZKLFK WKH\ ZHUH FR OLOQH D@ & L UGISOL/U R X B HIBOWRH FLHYV WKH
$ JOXWERRDPODG WKUHH 6S VWUDLQV IRUPHSOQXWHIDUEBYR
ZKLFK FDQ GRXEWOHVV KDYH WKH UDQNLQJ RR RRIZH QS HWRLH
ZDV IRXQG DQG KHQFH DOO WKH VDPSO3 @R VFSIDDWHHG) W
JHRJUDSKLF SURYHQDQFH RI WKH VDPSOHV

7KH YLUDQGGW QFDWDDLQV DUH FORVHO\ UHODWHG DQG WR
WKDW LV WKHQ GLYLGHG LQWR WZR JURXBNKDXIHRWZ FD VURI
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\LHOGHG D ORZ QXPEHU RI VHTXHQFHL@JSWR WQHRWSH PMKLY\NW
VDPSOHG $LWHUMBKMNMEGLQFPYDZHUH IRXQG FRKDELWLQJ
VXJIJHVWLQJ WKDW KRVW SODQW VSH¥BBOVLRQLRD VWZRON WE"
RI VWUDLQV %HVLGHV WKHUH LV QR FHRI@IIXHG@EH VEHR/IZWE
DQG KLJK VLPLODULW\ RI 6S VWUDLQWSLQJERWD QR WDKH P
LQFDEHORQJV WR WKH VDPHS$IHQREBEVHRHOWXKDQB DQFLH:
WKH JHQXV HWDDPMUURHQFH FRHYROXWLRQ RI 6S DQG WK
UHFHQW HYHQW
,Q DGGLWLRQ WR WKH KLJK VSHFLILFLW\ WRKH WRKAHK I{ B VR\D M
FKDUDFWHULVWLF RI WKH WKUHH 6S WHRRWKE Q WRKXS VU RXS
JUDQMIWUDLQV LQKDELWLQJ WKH VDPH DI®\®HUOVW,DQW KAV
VWXG\ GLVWDQW JHRJUDSKLF VLWHV ZHSH YDWSIBNG D QRU \
6S JURXS WKLV IDFW ZDV DOVR H YIH3/MQLRHIG WEK DW/K W XV K¢
UHSUHVHQWY UDWKHU VWDEOH FORQHV QAW K HWKRNHU S\ M 8
LQWHULRU Rl HDFK SRSXODWLRQ )LJ WARBH VS UPIS G IQHFW \R
VWUDLQV IURP WKH VDPH JHQRPLF JURXS VKDUH DW PLQLP.
%HVLGHV LW ZDV H[SHFWHG WR D F KIHQY BSP I Q BD&S GV WRIDLL
WKMWWHQH EHFDXVH LW LV D KRXVHNHHSOQWKKQVSRERQO B
SURFHVV *UDHYW BIOD URY® WKHUHIRUH LW PLJKW EH VXEMH
SUHVVXUH LQ WKH WZR W\SH RSJWWKUIDLUGQH ZREKYWWHL\F I
GLVFULPLQDWLYHNSRIRMHGEZKWBHEH WKH VHFRQG PDUNHU |
DQDOMWMY DOVR WKH PDLQ FHOO GLYLVLRQNSD@®W HIHQ QO EL
WKDW WKH UHDVRQ RI LWV KLJKO\ FRQVHUYHG VHTXHQFH
W KDV EHHQ UHSRUWHG WKDW JHQHWLF PRQWPRORRDRO
SRSXODWLRQV VWUXFWXUHV DUH HLWKH H QFHHREH Q WVERWHNY RO
$FKWPDQ %\ DQDO\]LQJ WKH SK\ORIHDGIDVA\V MWU HRH B H
VWDWH WHKIR@GBCVLQFORDOLQHDJIHY UHSUHVHQW YHBBQW EUL
ORUHRY B UJWKXWALS) RMDFHVWRU EHORQJV WR D GLYHUJHQW JI
JURXS VSHFLDWLRQ LV TXLWH UHFHQW

,Q DQ HFRORJLF D QUIDDWW IMKH 68HHP WR UHSUHVHQW \
VXFFHVVLRMQ MIMSXODWLRQ LQ $OGHU VWDQGVY YDQ 'LMN
GLVWULEXWLRQ RI WKH 6S VHHPV WRW BDV ZHMHQ WHHR DJ HA
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DOGHU VWDQGY WKH 6S QRGXOHV DUH FRP MG Y ¥ KMIOH RADK
6S GRPLQDWH WKH \RXQHW BILRYNVQ BLMRQHW VXJIJHVWLQJ
DFWLQRUKL]DO SODQW VWD QG UVQBEIVW UTR@R/Q LWHG VL '8 RPID
EHLQJ ODWHU GLVSODFHG E\ WKH 6S W\SH VWUDLQV
7KHUDQBSDVWUDLQV DUHLQHYUWRRDPWLRR WR&E FXOW XL
LQ VRLOV GHYRLBURIQKEREID ISOWD QEXFH WKH IRUPDWLRQ R
YDQ 'LMN VXJIJHVWLQJ WKDW 6S VKRZLIHRYWDG B SO\
FRQVHTXHQWO\ D KLJK PHWDEROLF GHSHQGHQEBLAV DK H
FKDUDFWHUL]J]HG E\ WKHLU ORZ QLWURJH® \YM[ CDNVQ R @ VHHIUL E H
WKDQ WKH 6S ORQ] 6FKZLQW]HU ,Q \VNPRLCBLWMN DN
VHOILVK EHKDYLRXU E\ HIILFLHQWO\ HVWDERRVKDQW WRB |
IL[DWLRQ 6LPLODU EHKDYLRXU KDV EHHQ GRHWLAU LEHRGY RQ RA
9RURE\RY H\WQNLQB6FKXPSS 'HDNLQ LQ ZKLFK
OLWHUDOO\ *FKHDW ~ WKHLU SDUWDW U JWWDKH.R) J 7KK @ HWLKW VK
LV WKDW 6S VWUDLQV H[KLELWV HORQDWHKB\ KR\ G5 HG H QI
VWUDWHJILHVY WR EHFRPH PRUH HIILFLHQW LR SR KQWD
EHQHILFH WR WKHLU KRVW $00 WKLV DO®RDG \WR GHG I\ R W
WKH KRVW VDQFWLRQ PRGHO DV WKH\ OLNHO\ DUH FKHDWH
,Q VXPPDU\ WKLV VWXG\ VKRZV )WHK® NHELUNDW B § F HD \R ID Wk
SKHQRW\SH DQG DV LQGHSHQGHQW SK\O R Wi R DIYJIRROSU
KLJK KRVW VSHFLILFLM)\ STOCAD WRRIBXOO DWKLR QHVXOW RI1 WKF
UHJXODWLRQ RI WKH JHQHWLF LQ)BDONWMROHFRQWEHQHW |
SURFHVVHV GLFWDWHG E\ WKH KRVW SOWGW 63V SREPQQW
HVWDEOLVKPHQW DW DGYDQFHG VXFRHVINQR §DODOW WD\ HW R Y
WKLV UHODWLRQVKLSYV LPSOLHV D P®RUWKHTWER LEWEWR GW
VHFRQG K\SRWKHVLV GHSLFWV DQ LQYHUVWKRRUBUNXQHZP WL
LJQRULQJ WKH V\PELRWLF UXOHV DQG ORRNLQJ RQO\ IRU W
7KH H[WHQW RI WKH LQIOXHQFH RI ZKO/Q FOO/RWIKAD 8 PR/OL
FKDUDFWHULVWLFV Rl WKH VWDQG RYHU WWKHGE S' X$IR B ROW K
SDUWLFXODU HFRORJLFDO SURSHUW IPHRG M HR 16 SV K WD QY
VI\PELRVLY WKDW HQFRXUDJHG WKH DSSOLRDWWRGLRN JHXY

-123-



Chapter IlI: TheAlnus-effective Sp+H-rankiae form two divergent
phylogenetic groups strongly correlated to host plat species

RUGHU WR XQYHLO WKH JHQHWLF DQG HYROWWERRWUF P
UHODWLRQVKLS
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%LEOLRJUDSK\

$FKWPDQ O (YROXWLRQ SRSXODWLRQ VWUXFWXUH
JHQHWLFDOO\ PRQRPRUSKLF EDFWHULDO SDWKRJHQV ¢

%HQVRQ ' 5 DQG : % 6hDRORMGWMDUDLQY DFWLQRI
VIPELRQWV RI DFWLQRUKL]DO SODQWV OLFURELRO 5H"
&DOODKDP ' 3 'HO 7UHGLFL ,’@GDWEZRQUM®GYEWMRLY

RI WKH DFWLQRP\FHWH FD&RRRW RBREMQOERGXODWLRQ LC
JHUQDQGH] 0 + OHXJQLHU 3 *ULPRQWR[DQICE R Q %PWH
DFLG UHODWHGQHVYV DPRQUPEREBVV RVVWK¥ DIFH/QKWL R

*UDQWFKDURYD 1 8 /XVWLJ DWXM®PLAIGDRIGKNV= DVVI
GXULQJ VSRUXODWLRQ LQ BWUHSWRP\FHV FRHOLFRORU
+DOO 7 $ %LR(GHWUDHRBO\ ELRORJLFDO VHTXHQFH C
DQDO\VLV SURJUDP IRU :LQGRZV 17 1XFOHLF $FLG\
+RWFKNLVV 5 $ PLFURFKHPLFDO UHDFWLRQ UHVXOW
SRO\WDFFKDULGH VWUXFWXUHV LQ IL[HG WLVVXH SUHSI
+XJKHW 9 - ODF&UD\ %DW]OL - ) =LPSIHU 3 1RUPD:
3 )JHUQDQGH]'LYHUVLW\ DQG 6SHFLILFLW\ RI UDQNLD
6\PSDWULF O\ULFD JDOH $0QXV LQFDQIPLREG &K HSKH !
JHQH SRO\PRUSKLVP $SSOLHG DQG (QYLURQPHQWDO Ol
+XVRQ ' + DQG ' %UBSGWLFDWLRQ RI SK\ORJHQHW
HYROXWLRQDU\ VWXGLHV ORO %LRO (YRO

"REE * $ YRQ +DHVHOHU DQG75((6MUBPFAHIBRZHUIXO
JUDSKLFDO DQDO\VLYVY HQYLURQPHQW IRU PROHFXODU S
-RELGRQ 5 DQG - 5 7X3WDRD®W VXUIDFH VWHULOL]DW
VHHGV ZLWK PHUWKLRODWH )25 6&,

-ROOH\ . $ ( - )HLO 0 6 &KDQ DQGHUXHRKQ PHD LMB\]
DQDO\VLYVY DQG UHFRPELQDWLRQDO WHVWV 67$57 %LR
. XUGDOL ) * 5LQDXGR $ ORLURXG RERE® SHWRWHRQF
QRGXODWUIRQ[DYWERQ EHWEZEOEQD)DSBSNWL DL GO QIRP
LQFDORLO %LRO %LRFKHP

ILEUDGR 3 DQG - SR)PY¥ Y D VRIWZDUH IRU FRPSUHK
'1$ SRO\PRUSKLVP GDWD %LRLQIRUPDWLFYV

OF&RUPLFN - 5 ( 3 6X $ 'ULNV DURZWK/RQIGFMLDELC
BWUHSWRP\FHV FRHOLFRORU PXWDQW FRIRBURDFHOO G

ORQ] & DQG & 6FKZLDRHHMHWK\VLRORJ\ RI VSRUH QHJD!
SRVLWLYH QRGRD HIOERH W 6RLO

OXUU\ 0 0 O 6 )RQWDLQH DQG *URZWRUNHQHWLFV
QLWURJHQDVH LQGXFWLRQ LQ )UDQNLD D W )BQI 6 RLD

IDYDUUR ( - %RXVTXHW $ ORLURXG $ OXQLYH
OROHFXODU 3K\ORJHQ\ Rl $0QXV %HWERVRRADSG L

'1$ ,76 VHTXHQFHV 30DQW 6RLO

1RUPDQG 3 3 /DSLHUUH / 7LVD - 3 *RIJDUWHQ 1 ¢

%DVVL $ 0 %HUU\ ' 0 %LFNKDUG 1 &KRLWQ#H $ &F
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&UXYHLOOHU 9 'DXELQ 1 'HPDQJH 0 3+XDRQFRQR (
.RSS / /DEDUUH $ /DSLGXV & /DYLUH - ODUHFKD
ODVWURQXQJLR % & O0OXOOLQ - 1LHPDQQ 3 3XMLF
6FKHQRZLW] $ 6HOOVWHGW ) 7DYDUHVDOYBIUBRPNLQ
':DOO < :DQJ & OHGLJXH DQG '*BQRADVRDUDFWHUL
IDFXOWDWLYHDPUDQWNER RWWEDLQV UHIOHFW KRVW UDC
ELRJHRJUDSK\ *HQRPH 5HVHDUFK

1RUPDQG 3 6 2UVR % &RXUQR\HU 3 -HDQQLQ &
(YWXVKHQNR DQG $ .ORDWFXODU SK\ORYHBIDO MIQOB/ KH Jt
UHODWHG JHQHUD DQG HPHQGDWLRQVRV \W&DH WOHPULICR O) U

3pSLQ 5 DQG - %RXBHEPGBGHOYDWLRQ GH O XOWUDVWL
BFOHURWLQD WXEHURVD FKDPSLJQRQ GLVFRE®MAGQWHYV
PFKDQWLOORQV LPSHUPpPDEOHYV HW KpWpURJQQHV &\WHF
3RVDGD ' DQG 7 5 %EREOEB®\ VHOHFWLRQ DQG PRGF
SK\ORJHQHWLFV DGYDQWDJHV RI DNDL®§HDBES LRRIDFIKM I
RYHU OLNHOLKRRG UDWLR WHVWV 6\VW %LRO
6FKZLQW]HU &SRUH SRVLWLYH DQG VSRUH @QHJIJDWLYH
&5 6FKZLQW]HU HG )UKH MERKOKBWIRQRUKL]DO 30DQW
3UHVV 1HZ <RUN 1<

BFKZLQW]HU &65RUH SRVLWLYH DQG VSRUH @RBJDWLYH
5 D 7 6FKZLQW]HU -' HG 7KH ELRORJ\ RI )UDQ
$FDGHPLF 3UHVV ,QF 6DQ 'LHJR

6LPRQHW 3 0 %RVFR & &KDSHORQ $ ORLURXG
OROHFXODU FKDUDBWRLUEPVRNLRELRQWY IURP VSRUH SR
QHJDWLYH QRGXOHV LQ D QDWXUDO DOGHU VWDQG $S¢
6PRODQGHU $ DQG 9 BX@WPEPFLG VRLOV RI IRUHVV
DFWLQRUKL]DO SODQWV 3K\VLRO 30DQW

7KRPSVRQ - ' ' * +LJJLQV DQG&DXVWDEVRQ,PSURYL
VHQVLWLYLW\ RI SURJUHVVLYH PXOWLR®H QDO LSIFMLHAQL
VSHFLILF JDS SHQDOWLHY DQG ZHLJKAW HPIDUWFWKL|[ FKRLF

7RUUH\ - (QGRSK\WH VSRUXODWLRQ LQ URRW QRGXOH
30DQW

7UDDJ % $ DQG * 3 YDIKHHEMO$S OLNH SURWHLQV LQ
VPDOO SURWHLQV XS WR D ELJ WDVN $QWRQLH 9DQ /HI
YDQ 'LMN &(FRORJLFDO DVSHFWV) RD¥SRY¥M R URDMIL R C
3K ' WKHVLV /HLGHQ 7KH 1IHWKHUODQGV 6WDWH 8QLY
YDQ 'LMN &6SRUH IRUPDWLRQ DQG HQGRSK\WOM) G\ YHU"
JOXWLQRYDOO 1HZ 3K\WRO

YDQ 'LMN & DQG ( O$iPPMRURVFRSLFDO VWXG\ Rl WKH
VSRUH OLNH VWDJH LQ WKH OLIH F\BO®OH RY WEHWMLRRW X
*DHUWQ 1HZ 3K\WRO

YDQ 'LMN & $ 60XLPHU DG®WW:HEBUH GLIIHUHQWLD

SRVLWLYH DQG VSRUH QHUIDWNLODH W B0 @GR WOKENE &R V D
$0QXV LIQFPIQPODQG 3K\WLRO 30DQW
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Chapter IlI: TheAlnus-effective Sp+H-rankiae form two divergent
phylogenetic groups strongly correlated to host plat species

9DQGHQ%RVFK . DQG - 'RRHORSPHQW R)IUBIQNLRS K\W
VSRUDQJLD LQ ILHOG DQG ORERRBWWQUD BHRWHY FIRIEX O |
JDOSIPHU - %RW
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Chapter IV: Phylogenetic analysis of ecologicallglevant markers

 QWURGXFWLRQ

7KH PXOWLORFXV DQDO\VLV EDVHG RQ WKH KPXVHNH
VKRZQ WR EH DQ DFFXUDWH WRRO LRQWRIHP 8 Q\ORD F\W H WILEO
JUDWHW DO  0DQ\ KRXVHNHHSLQJ JHQHV FDQ HYROYH IDVW
VXEMHFWHG WR VHOHFWLYHO\ QH XWX ® K MAD W H R Q DUETDW KV
SK\ORJHQ\ RI WKH JURXS LQ VWXG\ DQG WKHMWBROXWLRQ R

+RZHYHU WKH\ SUHVHQW OLPLWDWLRQM $Q RIHNRIKYL\C
FORQDO EDFWHUNDDO+DQPRIMBW LQVWDQFH LQ HSLGHPLRORJ
DVVRFLDWHG ZLWK GLVWLQFW KXPDGGFBG LIPD G LG LWHIDY W
ZHUH IRXQG WR EH D XQLTXH FORQH ZLWKVGLR® L QWD YH E
DO

7KH SKHQRW\SLF SURSHUWLHV Rl DQ LVRQ®RODWRHLEDOD)
EHKDYLRXU KRZHYHU WKHVH FKDUDFWHUL VL F¥ KIHPH \Q R W
PDLQO\ EHFDXVH VXFK SURSHUWLHW BQW W OENH WK H GU WP \@
LV KLJKHU PDVNLQJ WKH SK\ORJHQHWLF E DXFHNIWWRKX QNGK R\
GHVFULEH IDLUO\ WKH DGDSWDWLRQ DQG ZH@WHMBRIHDHEQ W/ A
WR D KRVW LQ WKH FDVH RI VIPELRWLF DQG KRVW SDWKRJF}

7KH VSHFLDWLRQ GLVSHUVLRQ DQDQ BB WIRMLRAH OS
XQGHUVWRRG 2QH FDQ LQIHU WKDW DO ORSWWRLE HMNH QWD
HFRORJLFDO IUDPHV 7ZR IDFWV VXSSRUM RKIR P& HR XSV
JUDQNMDUDLRO/QREYEEDHD FRPBDWLEOH VWUDLQV DQG  WKF
RI VRPH VWUDLQV DQG WKHLU SUHVHQFHDE® IHFRWK Y Z\DHP B (
%HQVRQ 'DZVRQ D

2QH VWUDLQ FDQ IROORZ DOORSDWULE QVZHRF G WH B OH DI
DQG JHRJUDSKLFDOO\ VHSDUDWH VLWHV KRKW YERXOGF IS (
LPSRUWDQW UROH LQ VXFK DGDSWDWLRQ H[BZHWHAL RLQW R |
DFFHVVRU\ IXQFWLRQV ZLOO EH HVWMQWLRQ WRHLW\Q KX UP
EHFRPH DQ LPSRUWDQW VRXUFH RI LQIRUP DWLHR\Q WWIDMW OFD
SUHVHQW LQ WKLV SODFH DW VSDWL® OV KWHH\P BRQ DIO L\DF DVRH
SK\ORJHRJUDSKLFDO VLJQDOV EHWZHHQ WMKHDWZR GLIITHUHC

$FFHVVRU\ JHQHV KDYH EHHQ PRVWO\ LYW\HGHW HE VISR G
VWUDLQ GLYHUVLW\ WKH 0/697 PXOWL QLUK O/MHREHHYQR KOW

-129-



Chapter IV: Phylogenetic analysis of ecologicallglevant markers

IDFWRUV FRGLQJ JHQHV LQVWHDG RI KR XYVHN H BSILHQ RMA\SH ¢
GLVFULPLQDWLRQ EHWZHHQ SDWKRJHQLF F@R QO W HUDG DICF
=KD®W DO

,Q D SDUDOOHO SHUVSHFWLYH IRU WKN Y (PER®YWHEG PQF
VI\PELRVLY HVWDEOLVKPHQW FDQ DIORNRWI HFHR @ RI\L DIQVE VHR R X
PLFURELDO SDUWQHUV 7KH DQDO\VLV RR W®HHYRROEURVR ¥
HFRORJ\ SHUVSHFWLYH PLJKW XOWLPDWHORLBURY \FGEH RIR¥
HYROXWLRQHWDD®HUUH

,Q WKH QLWURJHQ IL[LQJ V\PELRVLV WKH I1HIMANVRG LU
SURFHVV KDYH EHHQ FRQVLGHUHG DV SGRRYVDQHBWYDD JHW

ILWURJHQ IL[DWLRQ LV FDUULHG RXM/ EARW KWH \GUB JRW |
E\ WKH KRVW SODQW B6FKXPSS 'HDNLQ WHKBVDWHKH
OLNHO\ XQGHU VHOHFWLYH SUHVVXUH FRQREXHFW HGRE\DNVKBI
JHQRPLF JURXS RI GLD]JRWURSKYV H[KLELW GLLIMIQUFN QXFHIMH U
GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV %RQDROQH I I6-LFON
RI HQYLURQPHQW LQ WKH VKDSLQJ RI GLYHUVLILFDWLRQ

,Q WKLV UBLDIMHQMWKFRGLQJ IRU WKH QLWURJHQDVH U
ZLGHO\ XVHG PDUNHUV LQ GLD]JRWURSKV SK\ORJUBIQNLTRQV
SK\ORJHQ\ EDVWIBTRWQFHY LV TXLWH VLPLODU WR WKDW R
FRPSDWLELOLW\ HWRDBSV :HIOR@®IDOD 7R GDWH PRPSDUDW
VHTXHQFHV DUH XWLOL]JHG WR CHYNDMPEDLYN WIKMKGQYWKMLY
'HOWKW DOD DQG HYHQ LQ MWHDQRELOWKHIMHFRQG QLFKH
DFWLQRP\FHWHVY $OWKRXJK LWV ISIKVORUWRBIWILK DW O YK 5
WKXV LW LV QRW DSSOLFDEOH WR GOL\RFULR § KR DI HFEONRI FHW
WR ODWHUDO WUDQMVHOHYHQWY %ROKXLYV

*HQHV FRGLQJ IRU WKH JOXWDPLQH V\QWROR BL FHIQ\P
PDUNHUV ,W LV LPSOLHG LQ WKH DVVLPLODWLRQ@®QG LQFF
JUDQREZIDY WZR GLITHUHQW JOXW D P L QHO\DEERMBKDARMAKRRSG H G
DO 7KH IRUPHU LV QRW GLUHFWO\ LQYRQRWGVYX@ PQMNH
WR KRVW VHOHFWLRQD&O BRORIPOYWHCGLUHFWO\ LQYROYHG |
DQG \LHOG D GLVFULPLQDWRU\ SRZHURVEPDFBIUQW R F& BN &
LVRODWHY ZLWKDQ NMUWKBHGPAYMRBZHYHU LW IDLOV LQ GLVFUI
LVRODWHY &RXUQR\HU /DYLUH
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Chapter IV: Phylogenetic analysis of ecologicallglevant markers

1RGXODWLRIRGHOHWHVWULFWHG WR LQWHUQROL]JHG
VI\PELRWLF VHOHFWLYH SUHVVXUH EHFRPPQU NSHIRRLIK B J HI
SK\ORJHQ\ LQ %UDG\UKL]JRELD LV FRQADIVAVDHEQ WL WLWRd W\ H
WKHLU DELOLW\ WR SHUIRUP HIILFLHQWW \BEN®\DQ@ ZLWK P
ORUHRYHU WKH QRGXODWXRRKROWEHBHDO FIHFQ@WD\GHM IRUP
FRPSOH[ VXJJHVWLQJ WKDW WKHVH JH@4WUG KRIDGHKER BW H L
VXEVWDQWLDO KRUL]JRQWDO JHQH WUDQVHMUEHWZHHQ VSH

8QIRUW X QDMIQONKHQQRGXODWLRQ JHQHV DUH VWLOO Q
GDWD DERXW WKH HVWDEOLVKPHQW RI WKB ® RWDLUQY R WKL X
GHILQHG WR XVH LW DV PROHFXODU PDUNHUYV

,Q DQ DWWHPSWURQNEBPWMERQWYWISRWHQWLDOO\ LQYRO
LQLWLDWLRQ %DJQDURO HW DO D Q D Q NSHIR WWHRP HJ H
WULJJHUHG E\ KRVW SODQW FKHPLFDZDNYJWRB VX STKHI PRI
WKH )H62' ZKLFK ZDV SUHVHQW DV D PRMWRRPLFRWURQL®
&RQYHUVHO\ HOHPHQWYV Rl WKH LURQ PHWDERG®LYZRUDQG W
GRZQ RU XSUHJXODWHG LQ D VWUDHY ®WSH@RHEWRY P D QLQ
5KL]JRELDFHDH VLGHURSKRUH SURGXFWLRQ DQQRGX®H\D Q)
%BHQWMQDO VXJIJHVWLQJ WKDW VLGHURSKRUHV @HWHUPL
LQIHFWLRQ VAWH ® 0% EXWRWK H\ P L WKRWKEHHUIMG DM WG HV W D E C
V\PELRVLV

7KHVH UHV X OWRGIP@G! i/ MGKHURSKRUH LPSOLFDWHG JHQH
PDUNHUV WR EH XWLOL]HG DV SK\ORIDDUHNWHLFR ®RUWN BHV V\§|
PLJKW XOWLPDWHO\ SURYUDG® NLEH UYVILFKDWLRQ W&RE VSHFL
LQ WKLV ODVW FKDSWHU RI WKLV VWYQGN KWK/ VR EAFRHVHQBH
VRGBDW,, DUH VWXGLHG)UDQNLMDD DA VSDIKHOURINXOWY DU
VXEFKDSWHUYV

7KH 6LGHURSKRUH VWXG\ ZDV VWDUWHG 3' BRBYDVRO
GLVVHUWDWLRQ 0\ SHUVRQDO FRQW U }IBDXSW.RQH WPR{ GWLKOLW HZ
VLGHURSKRUH DQG [HQRQNEGRURRBRKRUHYV SDUWLFLSDWHG LC
VLGHURSKRUH GHWHUPLQDQWY LQ VRPH WWWWDLQV DV ZHOO
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, 9 $UWLFOH 6LGHURSKRUH ELRV\QWKHVLVQDQG |
Frankia VS S

5XQQLQJ WLWOH
JUDQNLBHURSKRUHV

$XWKRUV
+HFWRU + 9%DXWL?WDLKHX%DUDIAPO$SQWRQLD &UX] +HL

SHWDU B3DWEDPOH )RR DOBULHODKHWHDU3 )HUQDQGH]

IDERUDWRU\ DGGUHVVHV
8QLYHUVLWpP GH /\RQ ) /\RQ )UDQFH DQG 8QLY!H
&156 805 (FRORJLH OLFURELHQQH %RXOHYDUG GX

9LOOHXUEDQQH &HGH[ )UDQFH
&EHQWUR GH %LRWHFQRORJLD *HQRPLFD ,3QRARDO 1DL

7DP OH[LER
/IDERUDWRLUH GH OLFURELRORJLH HW G3IDVpQ YW )X H

6WUDVERXUJ )UDQFH

&RUUHVSRQGLQJ DXWKRU
+HFWRU + %DXWLVWD *XHUUHUR

(FRORJLH OLFURELHQQH 805 %WRXOHYDUG GX
9LOOHXUEDQQH &HGH[ )UDQFH

7HO

)DI

( PDLO KHFWRU EDXWLVWD#XQLY O\RQ 11U

_-RXUQDO ,QWHUQDWLRQDO OLFURELRORJ\ 6XEE
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6 XPPDU\

JUDQNUIDGHURSKRUH ELRV\QWKHVLV DQG WUDQVSRUW
VIPELRVLV LQLWLDWLRQ VWHS 7KLV ZRVNWKRHVGE \D & HDADHDLCF
LQUDQNMDUDLQYV EHORQJLQJ WR GLIIHUHQW LQIHFWLYLW\
PLQLQJ RQ WKUHH VHTXHQFHG VWUDLQV D QG HRHWHFE DRQ
GLYHUJHQW VWUDLQV ZHUH SHUIRUPHG 7ZR NWYXV WX UDLU
JURXSV K\GUR[DPDWHV +<' DQG GLK\GUR[HHG]RKWRX JK+
1RQ 5LERVRPDO 3HSWLGH 6\QWKDVHV 1536 V\DOHSHQAGH
UHVSHFWLYHO\ 7KH '+% JHQH FOXVW HLDN XDEWIBQSD D\Q DV V
KHWHURJHQHRXV RUJDQL]DWLRQ ZLWK GR P DG @ GENQ\O L6ARU X
DQDO\VLV RI DFWLYH VLWHV Rl 1RQ 36 ER\KRPPO YHGSWUR BKA
JHQH FOXVWHU LV SUHVHQW LQ CQOMH QW BDY QR )DBEY WEEEQH X
VWUDLQV DQG ZLWK FORVHU $FWLQREWE® HULM QQWKANOD ®
IURBLQRUKL]JRELXP3KRBRIB@WWLF WULDOV RI WKH +<' JHC
SURWHREDFWHULD ZLWK $FWLQREDH@WVY L DPXQXWHRQOL® D QC
VWUXFWXUDO VLPLODULW\ EHWZHHQ UKL]REEFWD@NLDDQG
VWUDLQ $&1 D ZDV GHPRQVWUDWHGH EX SWALISNHHU RIS\K\RDAN P |
FRQFOXGHG WKDW VLGHURSK R JUHD §UIRGEEX AV DRVQ QLMWZILRGIHHDS U
LURQ XSWDNH PHFDQLVPV DUH OLQNHG URS KR UH 8 WRIGXE W\
QLWURJHQ IL[LQJ FRQGLWLRGW[BBEX WKW RIR VQWILER RBHIIR E
QLWURJHQ IL[DWLRQ

,QWURGXFWLRQ

JURQ LV HVVHQWLDO IRU JURZWK RI PLFPRRY JDHQW PD
SK\WLRORJLFDO SURFHVVHV VXFK DV HOHFWQW®&HW UD OEE
QLWURJHQ IL[DWLRQ *XHULQRW <L O RWR YRH UIFRPP®! L
ELRORJLFDO S+ YDOXHV DQG XQGHU DHURELF HRIX®LWLF
DFTXLVLWLRQ V\VWHPV NQRZQ DV VLGHURSHRWHLQU QW F
WUDQVSRUW WKHP LQWR WKH FHOO 1HLODQGWRSKRUHO
DUH ORZ PROHFXODU ZHLJKW )H ,,, VSIEFKXQEHLLQGRQJORR
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FRQGLWLRQV E\ PLFURRUJDQLVPV DQG E\ S GHYUWRSK BHKNWV
H[KLELW D ZLGH UDQJH RI FKHPLFDO VWUXRMXYDIOW \ :GQXIHG
LQWR PDLQ JURXSV EDVHG RQ WKH QDWXUH RI WKHL
FDWHFKRODWHY DQG D PALDIG RX QFKAHR QDO SRROXSHSWLGH\
ULERVRPDO SHSWLGH VI\QWKDVHV 1536 [IRW GA\RK B RW VS R WAKH
SHSWLGH QDWXUH VXFK DV WKRVH FRQWDLQLQJ K\GUR[DPI
ILWURJHQ IL[LQJ PLFURRUJDQLVPV VKRXOG KBYH KLJ
QHHGHG DV FRPSRQHQW RI WKH QLWURJHQWVRIUFQPWOR[ HD
IL[DWLRQ WKURXJK WKH HOHFWURQ WUDQVSRUW LRKDQLRQV
SURWHLQ QHFHVVDU\ IRU SURWHFWLQJ MAKHQR/[\JHQ @D BALIOH
WRWDO FHOO SURWHLQV $SSOHE\ DORGXBRG AKQWM B L\
DV PXFK LQ V\PELRVLV DV XQGHU IUHH ®YI0QJ FRQGLW
6LGHURSKRUH SURGXFWLRQ PD\ QRW EH HVVHQWLDOWIRY W
HW DO 6WHNWQNMO EXW FRQWULEXWHV WR LPSURYLQJ W
IL[DWLRXL]RELDPHII®D QWY XQDEOH WR V\QWKHVL]H RU W
QRGXODWH EXW WKH QRGXOHV SURGXFHG GR QRW FRQWD
%HQWRQ DO *LOO 1HLODQGV $V D FRQVHTXHQFH V
EHHQ GHWHFWHG LQ PRVW QLWURJHQ |ILHMQ D ®\PEIPRSQA\RY F
1IHLODQGVS$]RVSLUMDFXKKDZDW  *KBKNK]RE LPUWRQDO
*XHULQRW )UDQREMQEDKRX DO $URQVRQ %R\HU $UR
% R\HU %R\HU $URQWRWQDO  %R\HU
JUDQNNMDDQ DFWLQREDFWHULXP ZKLFK IL[HV QL& URJHC
VI\PELRVLV ZLWK JHQHUD Rl DQJLRVSHUPDEQR&2QQMRO
$FWLQREDFWHULD 6DNMUH SWWRBHEFNQRIQ\WR SURGXFH D ZL
VHFRQGDU\ PHWDEROLWHY DPRQJ ZKLFK BGLIHWY HG\S RLVDIEG
JURZWKIIRQ XIDGHU LURQ OLPLWHG FRQGLWLRQV 7ZR QHZ ¢
KDYH EHHQ LGHQWLILHG WKH IUDQNREDFW L)Y D@NWEESOVKH 1L
VWUDLQV DQG &H&HDYRMDPE&KAK DURRSHFWLYHO\ )UDQN
LV D ZDWHU VROXEOH GLK\GUR[DPDWR[NLRHUR SKRU IR B RIQ
R[DJROLQH ULQJ IUDQNREDFWLQ $ DPLOQRIDFLEMDRYRBQ K
%R\HW DO 7KH LQYROYHPHQW RI VLGHURSKRUH GX|I
QRGXOH GHYHORSPHQW LQ DFWLQRUKL]PWDQWMIUD\LIQN LAL W
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KRVW SODQW SKHQROLF H[WUDFWV UHY®DOHBY REQAY H® HL
VLGHURSKRUH ELRV\QWKHV HWDIQG VWP RQV SR G % DHQBQRQ

H[SUHVVHG SURWHLQV DQ $%& W\SH )H D,,SXYWOWURSH!
LVRFKRULVPDWDVH IDPLO\ SURWHLQ LQYROYMHGFRQLHQWI
ELRVI\QWKHVLY DQG D SXWDWLYH HQWHUREKIHRCL@W HV R/H
K\GURO\VLV HWQDPD@HUH GHWHFWHG DV GRZQ RU XS UHJ
VWUDLQ 7KLV WDIQNNVWMUREBRRUHY DUH UHJXODWHG E\ SC
VLGHURSKRUH UHTXLUHPHQW DQG SURGXFWLRQ ZRXOG EH

JUDQNHR XV SUHVHQWYV KLJK JHQHWLF DQG SKWLIRORJIL
LQWR PDLQ JHQHWLF FOXVWHUV EDVHG RR FGXVUWHU
FRUUHVSRQGLQJ WR D GLIIHUHQW LQIHFWLWHMW\DOURXS G
1IRUPDQW DO FOXVWHU GLYLGHG LQ ¥OXERPQMGHED DQG
LQIHFWLYH VVEDVXQVQOQDWELYH VWUDLQV' UHVSHFWLYHO\
5RVDFIPDQEBRULDUILMAHPWLYH VWUDLQV (ORGD FODG/MIFN LY HR
VWUDLQV" 7KUHH JHQRPHV UHSUHVHQWIZWUMHV R XM KWk
Normand HW 2D00a )HZ VWUDLQV ZHUH WHVWHG IRU VLGHUR
PDLQO\ RULJLQDWHG IURP W KD WKDRIE®@BWNV R U\ SSRIBEHBUHD
FOXVWHU 7KH VO)RD QRGN W KIDWBFRI RI PXWDJHQHVLV
WHFKQLTXHV IRU WKLV JHQXV KDYH UHVWULFWHG SURJUHYV

7KLV SDSHU DLPV DW HYDOXDWLQJ WKH GILVWQHBXWLI
GHWHUPLQDQWY DPRQJUD QURINMHBWORQ RWUDLQV EHORQ
LQIHFWLYLW\ JURXSYV DQG WKHLU SRVVLE[®WHRRUHWVLRKRL
KHUH WKH RUJDQL]DWLRQ RI VLGHURSKRUH; EA\RVDQW K H YU R
WKHVH GDWD VLGHURSKRUH VWUXFWXUH SRIH @DRFMWYLRIQY \E|
GHWHFW WKH RFFXUUHQFH RI WKRVH SBIQH® R QB WUIDH IQW S %
IRU VLGHURSKRUH SURGXFWLRQ DQG XVH ZHUR® RDICLFKW H (
GHWHFWV DQ\ LURQ ELQGLQJ XQFKDUDFWBVL]HG P PQIF X
LQFRUSRUDWLRQ VWXGLHV ZHUH SHUIRUPHG LQXQL®MURJH
>)H@ ODEHOOHG VLGHURSKRUHYV

.9 0$7(5,$/ DQG 0(7+2'6

SWUDLQV VWXGLHG DQG JURZWK FRQGLWLRQV
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7KH WKUHH VHTXHQFHG VWUDLQ \Wor$&nt HW 2080c DQG (D1
LVRODWHIRQ XWVR R DB YDDHPD@DG EHORQJILQJ WR FOXVWHU D
7DEOHJDQMWINDLQV WHVWHG DQG 3&5 DPSOLILADWURQ UHV;
EHQ]JRDWH VLGHURSKRUHYV

6WUDLQ 30DQW 6RXUFH 5HIHUHQFH '+% SE +<' SE &%$6 WHV\

&OXVWHU 'D V

$&1 D $0QXV YLULGLY 1RUPDQG
IDORQGH

&S, &RPSWRQLD SHU &DOOBIKMD PO A !

$5J1 G $O0QXV UXJRVD 1RUPDQG
IDORQGH

$U, $0QXV UXEUD 1RUPDQG
IDORQGH

$U + $QXV UXEUD 6LPRE®MMWD O

$U + $0QXV UXEUD 6LPRE®MWD O _

$U $0QXV UXEUD 6LPRE®MWD O

$LU, $0QXV LQFDQD \ /HFKHYDOLHU

$J $0OQXV JOXWLQR )HUQDAWH}OD

$YF, $0QXV YLULGLVY %DNHU 7RUU __

$91 R $0QXV YLULGLVY )HUQDBWH}OD

$F $0QXV FULVSD YHUQDAWH}O D

$5J3% $0QXV UXJRVD 1RUPDQG
IDORQGH

$J $0QXV JOXWLQR 8QSXEOLVKHG

$O0QXV LQFDQD B8QSXEOLVKHG

0 O\ULFD SHQVLOY &ODZVRQ

&OXVWHU 'E V

&F, &DVXDULQD FXQ =KD@W DO

7% $OORFDVXDULQEL :KDQW DO
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%5 &DVXDULQD HTX 3XSS$RV DO
&M &DVXDULQD MXQ 'LHRHW DO

&J &DVXDULQD JOD 8QSXEOLVKHG
&J &DVXDULQD JOD 8QSXEOLVKHG
&J &DVXDULQD JOD 8QSXEOLVKHG
&J &DVXDULQD JOD 8QSXEOLVKHG
&F, &DVXDULQD FXQ =KD @W DO

&OXVWHU' VvV

&H6, DWASLF &DVXDULQD HTX %XUJJUDDI

* DW\SLFDO &DVXDULQD HTX 'LHMW DO

(D (ODHDJQXV DQJ> )HUQDAWH]}OD _
(D (ODHDJQXV DQJ> )HUQDBAWH]OD _
(D&P (ODHDJQXV DQJ> )HUQDBAWH]OD

(D (ODHDJQXV DQJ> -DPDRW DOD

(D (ODHDJQXV DQJ> -DPDRAW DOD

(D (ODHDJQXV DQJ> -DPDBW DOD

(D (ODHDJQXV DQJ> -DPDRAW DOD __

(D (ODHDJQXV DQJ> -DPDBW DOD __

(D (ODHDJQXV DQJ> -DPDRW DOD

(D (ODHDJQXV DQJ> -DPDBW DOD

(D (ODHDJQXV DQJ> -DPDBW DOD

(D (ODHDJQXV DQJ> -DPDRAW DOD

" $V LQ 1RUPDQG HW DO

A $W\SLFDO VWUDLQV DUH QRW DERWWWRXWHQRFEGOOMMNHH ( @/BXH D W

XQSXEOLVKHG VWUDLQV FDPH IURP $ ORLURXG FROOHFWLRQ /\F
+<' K\GUR[DPDWH SULPHUV '+% GLK\GUR[\ EHQ]J]RDWH SULPHUYV

A IR DPSOLILFDWLRQ
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" 1XPEHUV LQ EROG XQGHUOLQHG DUH WKBIQ GUMNPHIRVNGZKQF K

SK\ORJHQHWLF DQDO\VLV

FOXVWHU UHVSHFWLYHO\ ZHUH XVHG FLRLE FSW R H P VQIMR U [F
DPSOLILFDWLRQYUBQERIHOHRWLRQ VWUDLQV DPRQJ ZKLFK
WR FOXVWHU E DQG WR FOXVWHU ZMDHLOWWGLHAGX\?W
VWUDLQV ZHUH QRW LQFOXGHG 7DEOH HG&X®W IMWND @H U H
D PRGLILHG WR FRQWDLQ VRGLXP SURSLRQDWH DV FDU
QLWURJHQ VRXUFH ZLWK )H RU ZLWKRXW )H LURQ

*HQRPH DQDO\VLV

*HQRPH VHTXHQFHV IURP $&1 D (D1 SHF DQ®&F, VW
%ODVW VHDUFKHV ZHUH SHUIRUPHG XVLQJ WKH *I|
KWWS ZZZ JHQRVFRSH FQV IU DJF PDJH ZZZSNJGH 0DJH+R
BLGHURSKRUH VWUXFWXUH SUHGLFWLRBV RHUHB3BDIRP ELQ
XVLQJ 33'RPDLQ 6HDUFK 3URJUDP IR U 1536 DQG
KWWS OLQX[ QLL UHV LQ aJ]HHVKDQ VHDUFKQUSV KWPO

3&5 DPSOLILFDWLRQ

'1$ HIWUDFWLRQV ZHUH SHUIRUPHG DFFRUGQQJWWR 6L
4,$TXLEN *HO ([WUDEFEWLRQ .LW 4,%$*(1 +ROGHGHURBSKRQYH J
FOXVWHUV ZHUMW GOINMWEMHGVLQLK\GUR[\EHQ]RDWH '+%
+<' 3&5 DPSOLILFDWLRQV WDUJHWLQYHDKRPRORR SIKNREPH HE
FOXVWHU '+% DQG +<' ZHUH XQGHUWDNHQ RQ JWKH
7*8*&*$&*$*&T6*$8&$& T ZLWK '+% 1 $**7*8&7&*$78&T7T&*$&8&
ZHUH XVHG WR DPSOLI\ SDUW RI D SXWDWLYBGTR36D)5%$$/
GLK\GUR[\EHQ]RDWH $03 OLJDVH )5$%$/ JUDQHDQ B
&*<$&<*TRT**&**&&**$ | ZLWK +<' T *7$*8&&T**&T*T&*&**
f ZHUH XVHG WR DPSOLI\ D SXWDWLYH V&/GHURSKRUH
JUDQFFL B JUDQHDQ B LXRERRCRHRXYKURIGRIOR P
6LQRUKL]REL XM PHOLWDRWHO\ )LJ $PSOLFRQ VL]HV RI |
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DQG (D1 SHF UHVSHFWLYHO\ ZHUH H[SHFWBQGZILWKS'+BUS
$&1 D &F, DQG (D1 SHF UHVSHFWLYHO\ ZHUHS$H[SHFWI
DPSOLILFDWLRQ UHDFWLRQV ZHUH FDUULHG R&SWEKXQIHU IL G

PO 0J&0 PO Rl HDFK SULPHU —0 RI HDFK G173 8 7I
3&5 F\FOHV ZHUH DV IROORZ f& IRU PL@HF f& IRU F
PLQ F\FOHV DQG f& IRU PLQ

BHTXHQFLQJ DQG SK\ORJHQHWLF DQDO\VLV

'LUHFW VHTXHQFLQJ Rl 3&5 DPSOLILHG '1$SWDW SHU
*UHQREOH )UPWIFGNMIYDLQV FKRVHQ WR SURYLGH D UHSUH
OHQJWK DQG WR EHORQJ WR GLIIHUHQW L QPHRMW LMJR PUR
&I XDUV QYD DI@QYXWUDLQQHDI QDWHDHQVY REWDLQHG ZLWK
DQG IRXU |UDJPHO@MMW UlDIRGY DIHPG/MWKWDLQVY REWDLQHG ZLWK
ZHUH VHTXHQFHG 6HDUFKHV IRU VLPLODUHW\LWRGODQOED V
ZHUH SHUIRUPHG XVLQJ %ODVW UHVHDUFK 2HEWZADH H
KWWS ZZZ QFEL QOP QLK JRY 3K\ORJHQHWLFXBQBK®GVHYV
3&5 DPSOLFRQV DQG RQ WKH FRPSOHWH VHTUXQRPHIW [R3H Q
JUDQNILDG LQ RWKHU QRQ JUDQNLDFHDH 'HULXMGQS UWRKHH L
PXOWLSOH DOLJQPHQW FOXVWDO; +LJJHBY ZKBHEBUSIHUUHT
WKH QHLJKERXU MRLQLQJ 1- DOJRULWKP 6DLWRX 1HL

&$6 DVVD\

7KLUWHH@QWVWUDLQY ZHUH WHVWHG IRU VLGHURSKRUH
256 * &J &J &F, (D 0 &+ &S, $U 2 $5.
SUHFXOWXUHYV ZHUH SHUIRUPHG LQ %$3 PHGRPPWHK N KR XWHI
XVLQJ +&0 DQG IURP WKH PHGLXP XVLQJ K\GUR[\TXLQR
IROORZHG E\ FKORURIRUP HIWUDFWLRQ VWRODWR UHPRY
$IWHU GD\V DW f& XQGHU VWLUULQIWRRIQGR XMW H SAHBBF
FRQWDLQLQJ RU7ZR- 00DV ® | PO ZHUH XVHG IRU HD

7THQ GD\V FXOWXUHV ZHUH FHQWULIXJHISP IDQHEG WKW L L
VLGHURSKRUHV SURGXFWLRQ XVLQJ WKH FKRKQR PIHH DQOWQRY V

$ YROXPH RI PO RI EOXH &%6 VROXWLKGSHADYD W®®ML
SHDFWLRQV ZHUH FRQVLGHUHG SRVLWLYH DRWMWWKH DYV R
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UHDJHQW IURP EOXH WR RUDQJH DW QP S$EVRWEGPWFH G
VROXWLRQ XQLQRFXODWHG PHGLXP DQG WKH FXOWXUH VX

6LGHURSKRUH PHGLDWHG LURQ XSWDNH

JURQ XSWDNH VWXGLHV ZHUH SHUIRUPHG XFLQD UDGLF
VWUDLQ ZDV FXOWXUHG LQ HIMLKHUURWRYXDIQELEDWURUWQ R
JH1 RU LURQ IUHH QLWURJHQ VXIILEFLHIQWH GIB\V RG PH
ZHUH KDUYHVWHG E\ FHQWULIXJDWLRQ ZRDVKHG RQU-HSHLDW
IRUFHG SDVVDJHV WKURXJK D J QHHGOB YHWK%B3V\ULQ
PHGLXP LQFXEDWLRQ PHGLXP DW D QP RSWLFDO GHQVL

)H XSWDNH ZDV WHVWHG LQ KRPBD@NREH FQRDWDW IR
VLGHURSKRUH VRXUFH DQG LQ KHWHURORJRXV FRIQGLWLR
SXULILHG VLGHURSKRUHV GHVIHUUDO HQWBHYREDEWDQ HK
IURP |0 X RRBWHIKFGF-RPWSIFL HV . 7 3/ SI DQG $7&&

IDEHO PL[ FRQVLVWHG RI  JHY R XWHK IR GFR PP8H F RO
VSHFELILF DFWLYLW\ W R 0%T PJ $PHUOK®IPD LQ PJ PO |
'$' SXULILHG UKL]REDFWLQ VROXWLRQ LQFXEDWHGVR PLQ T
PO ZLWK LQFXEDWLRQ PHGLXP

JRU XSWDNH VWXGLHV PO RI ODEHO DRA[VX'S HDIBVGE HRC
DQG LQFXEDWHG ZLWK JHQWOH VKDNLQJ DW P&VPPSP&E $I
ZDV ILOWHUHG WKURXJK D —P QLWADRAKHIO WZRFH ZILOMH
LQFXEDWLRQ PHGLXP DQG ZUDSSHG LQ DQ DRDXPQWIPWIR
FRXQWLQJ LQ D *DPPD FRXQWHU %HFNPDQ VOKIBLXP
UHPDLQLQJ PO RI ILOWUDWH DOOR ZHGGL RIRF & H WIHW\P & Q H M K
DVVD\ $ FRQWURO DVVD\ ZDV FRQGXFWHG ZHGH XP PORRI
HQVXUH WKDW WKH VLGHURSKRUH FRQWHQWWZIRY KRUJW KHQ
ODEHOHG LURQ

JH XSWDNH GXH WRDRNG GHLRSRUHY ZDV GHWHUPLQH
UHSODFLQJ SXULILHG VLGHURSKRUHV RI WKH FOXODEMXOU HP L |
VXSHUQDWDQW

.9 5(68/76
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I1XFOHRWLGH VHTXHQFHY DQG RUJDQL]DWLRQ RI +<' DQ
$QDO\WLV Rl WKH WKUHH VHTXHQFHG JHQRPHG $&1 L
VHYHUDO JHQH FOXVWHUV SXWDWLYHO\ LQYROYH®LQ VLGFH

JLIXUH *HQHWLF RUJDQL]DWLRQ RI WKHUBSULDIMHNSHIY\WN ZEL R V
LQGLFDWHY SULPHUV SRVLWLRQD Q¥R RIBSSLR] B 8 DAV W Ik GXAWHW
I[URBWUHSWRP\FHV %RHROQEBRBWH]D O DQG UKL]REDFWLC
6LQRUKL]RELXELRNOQWRWYLY JHQHYV % 'LK\GUR[\EHQ]RDYV
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EROG VWULSHG GLK\GUR[\EHQ]RDWH $0B\OVIGWHW RE®RB
XSWDNH DQG VLGHURSKRUH $%& WUDQVSRUWBOVJUAKLWH
VWULSHG UHJXODWRUV DQG DVVRFLDWHG JHQHYV

WR WKH VWUDLQ FOXVWHUV LQYROYHG LQ KNGUR+{BPPDWH
EHORQJLQJ WR WKH FDWHFKRODWH IDPLO\ VLGHURSKRUH\

*HQH FOXVWHUV LQYROYHG LQ +<' VLGHURSEKRWKEY LE)L R
WKH WKUHH VHTXHQFHG VWUDLQV ZLWWXXDVWHUIKLY\Q RMHIRV H
D WZR FRPSRQHQW V\VWHP ZKLFK PD\ EH LQYRIRXWGWR) U
UKL]REDFWLELQRUPBL]RELXFLBHORSGRWUH RU DHUFRBLFWLC
ELRVI\QWKHVLYVY JHQHV 7KH SURGXFWV RI WKH JHQHV )5¢

KRPRORJRXV WR )UDQFFL B DQG )UDQ

DUH KRPRORJRXV WR SURGKEW%&IR)YREHHG 1HX
UKL]JREDFWLQ ELRVI\QWKHVLY DQG WXF$GBQWY 18 9RY YH
LQ DHUREDFWLQ ELRV\QWKHVLV $GGLWLRKDBGSMHQHV FRGL
JUDQHDQ B JUDQFFL B DQG GLDPLQRSLPHODWH G
JUDQHDQ B JUDQFFL B DEVHQW LQ WKH UKL]JREDFWL

VWUDLQV LQ D GLYHUJRQ
*HQH FOXVWHUV LQYROYHG LQ '+% VLGHURSWRQHN Dl
JLIXUH % 1R '+% VLGHURSKRUH FOXVWHU &DALW K VRIQFHWIHJ

$&1 D EHWZHHQ )5%$%/ DQG DQG WZR LQ (D1 SI
JUDQHDQ B DQG )UDQHDQ B FOXVWHU( DQG EH
JUDQHDQ B FOXVWHU( @ (DFK FOXVWHU RDWHRPBIRVHG

OLJDVH JHQH DQG RI WKH RWKHU JHKQHWLRVGOWKKWVLY DO
SKHQ\OR[D]JROLQ VIQWKHWDVH DQG WU DIYIS$SR KR PRR OVRLIGRHKU
SXWDWLYH $%& VLGHURSKRUHV XSWDNH D QHQ YRIDDGH $SREY W
OLJDVH VHTXHQFH DQDO\VLV UHYHDOHG® ROW HLG HRRQ\ ®EFW LR C
RQH GLK\GUR[\EHQ]RDWH PRLHW\ ZKHUHDVWHDBGHQ \ QKW L R
(D1 SHF FOXVWHUV IRU DFWLYDWLRQ DQG LQFRWSRUDWL
KRPRORJ LQ WKH ILQDO SURGXFW )XUWKHUPIRYH MBBG $&:
)5$%/ DQG ZKHUHDV (D1 SHF FOXVWHU( D
FRQWDLQ 1536 FRGLQJ JHQHV )UDQHDQ B DQG D C
UHVSHFWLYHO\
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3&5 DPSOLILFDWLRQV

+\GUR[DPDWH DQG GLK\GUR[\EHQ]RDWH ELRXGQWE&HR/Q V
WKH)UDQNMDUDLQV E\ 3&5 DPSOLILFDWLRQ XVD@IGWKH WZR
38 UHVXOWYV DUH VXPPDUL]HG LQ 7DEOHQNKRED PWW\LIDD & Q R GA
&H6, \LHOGHG SRVLWLYH UHVXOWV ZLWK HLWKHU '+% RU +

3&5 DPSOLILFDWLRQV ZLWK +<' SULPHUV \LWOBGHEV SR
DPRQJ WKH WHVWHG 7KH SK\ORJHQHVDLSHOEIDA\ & HGHG D WQ
&H6, \LHOGHG QR +<' DPSOLILFDWLRQ 7KH B&SHDP B 6 LLFRQ
DSSUR[LPDWHO\ ES IRU VWUDLQV IURP FOXVWHUWWHW DQG
7KHVH IUDJPHQW VL]HV ZHUH VLPLQIH®O MR W KR X HORH D@

ES IRU $&1 D IRU &F, DQG IRU (D1 SHF

1R DPSOLILFDWLRQ ZDW XRXEWW QDFHHBIHDRU FOXVWHU E

SULPHUV $PRQJ WKH VWUDLQV WHVWHR® ZDORREWOQ L WG

IRU VWUDLQV $&1 D $9&, $J DQG O ARRVK IUDJPH
$J ' WR SE $&1 DOOPBYGPIMWHWDHQV DPRQJ WKH WHV)
DPSOLFRQ ZLWK "+% SULPHUV (LJKW VWUDLQWD®DYH WQ MDLRQ
(D (D DQG (ODDYH D VKRUWHU DPSOLFRQ EHWZHHQ D

(D DQG * GLG QRW \LHOG DPSOLILFDWLR® VLQNFHFRW VL
LV R O D W&IIEV KIDRIFL QIDV H WX WR 6D R R Q@\DGIPG ROWMBIHQY ,W KDU
WKEBDHDJQPEFHDPHWWHUQ D IUDJPHQW RI&D¥XD ¥ WQIZIDN VEL\P
WKH DEVHQFH RI '+% FOXVWHU

3K\ORJHQHWLF DQDO\VLYV

7ZR VHWV RI SK\ORJHQHWLF WUHHV 2H VH TRREOPWM V XEDWM
RQ SDUWLDO DPLQR DFLG VHTXHQFHV GHDWYHGRIWRFAKBER DI
WRWDO VHTXHQFHV REWDLQHG IURP WKH WIKUHH 7\KHHT X H ¢
WRSRORJLHV \LHOGHG E\ WKH WZR VHWYWRDI\WLH/TXIHDRH V X3
WKRXJK REWDLQHG ZKHQ WKH FRPSOHWH WHT XJHQWH\Q H & Ul
IXUWKHU DQDO\VLVY EHORZ

'LWK ERWK FRPSOHWH DQG )SUDUMNMMDOD+ S VV BT KHIQURNS F
XQLTXH FODGH VXSSRUWHG E\ KLJK EHWZHHQ FDQGH :
WKH VWUDLQV DUH JURXSHG DFFRUGLQJ WBQWYXHLUL BBV
&DVXDDQE@DHDIQDWHDHQY RU 6 FOXVWHULQJ FOXVWHU
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YDULDELOLW\ RI WKH DPSOLFRQ VL]H SDWMKHD O UDPTSRYEW
QRU *UDP QHJDWLYH EDFWHULD IRUP FR QWH \P\WB MW E\UDXQFK
DV GHILQHG E\ WKH 6 U51% EDVHG SK\ORJHQ\ .DUH GRWW

JLIXUH 3K\ ORJHQHWLF WUHH JHQHUDWRG OEFA\WMHH DPHLEARX D F
VHTXHQFHVKREIERBPRORJXHY +<' SULPHUV DQG % GLK\(¢
OLJDVH '+% SULPHUV %RRWVWUDS YBOXHNWHW HRRIA FX
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DERYH DUH UHSUHVHQWHG 7D[D VHTXHEHNY LIROH QGHEH
ZLWK WKH H)PDRWLEHIXHRQFHY FRUUHVSRQGLQJ WR 0$*( SOD
LQ WKH )LIJXUH
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VXSSRUWHG 5HPDUNDEO\ BMIKQHR UKL)RBIHERE BROHOYRRMHG D
EDVH RI WKH DFWLQREDFWHULD EUDQFK ZLWK ERRWVWU

7KH RFFXUUHQFH RI '+% GLK\GUR[\EHQQRIRW B G A3 OL
QXPHURXV DFWLQREDFWHULDO JHQHUDDROQEMXIKERX PR VWY
GHWHUPLQHG E\ SK\ORJHQHWLF DQHOWVLE® R DAINGLRPLH YRIT &
VS6WDFNHEVBIKGHWPRELSQIGURPRQRN\SS RARRIGUPRPRQRSVSRUD
SHPDUNDEO\ '+% JHQ H HFDO/HD P D WRBHLEDNWHUIHQW '+% JHQH
$FLGRWKHUPXV PMIOK XDRWHMNEIKERXU LQ 6 U51$% SK\ORJ
QRW LQYROYHG LQ VLGHURSKRUH VI\QWKHVLV BRG XQWRWG D
UHIOHFW 6 U51$% SK\ORJHQ\ LQGLFDWLQJ WKH SUREDELOLYV

$FFRUGLQJ WR WKH SDUWLDO D Q)& MK RIFISHVWIK RIP C
$&1 D DQG (D1 SHF FOXVWHU ( DUH FORVHO\ JURRSIBG DC

VLIQLILFDQWO\ VXSSRUWHG FODGH ERRWVWOXYWBOD Xt
( GLYHUJHG PDUNHGO\
&$6 $66%<

7KH &$6 DVVD\ ZDV XVHG WR WHVW WKHMQ WEDODMQVRW R
SURGXFH VLGHURSKRUHV XQGHU LURQ OLP RQMDILBORGGLQ M
&$6 UHDJHQW DSSHDLDGBHBAYLFDMRURU PDQ\ RWKHW BOFWH

WY WKH WHVW ZDV DSSOLHG RQ FXOWXUH VXSHUQDWD(

2Q WKH EDVLV Rl WKH UHVXOWYV VXPPDU ZHGH LIR X QXX U |
&$6 SRVLWLYH &$6 DQG &$6 QHIJDWLYH &$GHUHG6SBVVIHL
ZKHQ 02' LV ODUJHU WKDQ DV ZDV IRXQG DRG RQO\ WKUF
+RZHYHU WZR RWKHU VWUDLQV $&1 DQGDQGZLWKZHEYHRI
FRQVLGHUHG SRVLWLYH VLQFH WKH\ SWHWHQ W-HG D\QLG Q LH.OF
)H WUHDWPHQWY 7KHVH ILY HUDFROWEODLY W HUW U DL Q @ GE H ORAA
&DVXDHLIQQBFWLYH VWUDLQV VKRZHG D QHJDWLY W I8BO W H V
XVHG ZLWK &M JLYLQJ DQ LQWHUPHGLDWH UHVK®W 7KH
DFFRUGLQJ WR WKH VWUDLQV DW —0 (D &S, DQG 0
LQ FXOWXUH PHGLXP 1R VLGHURSKRUH SUR G X\HWLHRIQ WO/
VWUDLQ
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JLIXUMBELQGLQJ DFWLY)IUWD\QRIQERQAHBYWWDWHG VXSHUQDWD

RU ZLWK ODUJH GLIITHUHQFHV EHWZHHQ PO DQG PO DVVD)\
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JLIXUH)H VLGHURSKRUH PHGLDWHG XSWDNH E\ $HQFH GLC
RI LURQ DQG QLWURJHQ LQ WKH PHGLXP DQG )X\DIQNIL Bi L W
FXOWXUH VXSHUQDQDQWY REWDLQHG IURP $&1 VIRXURK) G
%ODFN VTXDUHV VXSHUQDWDQW RQ #)H 1 PXWOWRXRUHB IFHO
FXOWXUHG FHOOV EODFN GLDPRQG UKL]JREDFWLQ RQ
UKL]JREDFWLQ RQ )H 1 FXOWXUHG FHOO)W 1EPHF® VF LRIFH
FLUFOHV VXSHYQFWOQ@WUHG FHOOV
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6LGHURSKRUH PHGLDWHG LURQ XSWDNH

JH XSWDNH ZDV WHVWHGDIQQMKXBRARQRIWNRXYW DQG KH
SXULILHG VLGHURSKRUH PHGLDWHG XSWDBHQ FRQG DW LR
JUDQNDIBHUQDWDQW DQG UKL]JREDFWLQ DVVDRWKIBYH S
SXULILHG VLGHURSKR)H LVOHFRW B B UPDMGLROQV HHDWD QRW VKR ?Z
ORZHU WKDQ PLOQXWHN BSEDNRHW OBHWUDB WRW VKRIZQ 7KF
VLGHURSKRUH XSWDNH DUH GLVSOD\HG LQ )JREDFWRPRORJ
DVVD\V JDYH VLPLODU UHVXQMRUZRWRWILRQLOMPRURQ IUHH
WR PLQ )HL XSRDNH LQ LURQ DQG QLWURJHQ VXHLFLHQW
XSWDNHMILQPHGLXP I X@BRVDNH DW f& GDWD QRW VKRZQ
WKH PHPEUDQH WUDQVSRUW V\VWHPV GH SHSWGHHNZRY K RIK
ZLWK GD\V ROG FHOOV FRPSDUHG ZLWXQ ZBYW\WZARGE KHO
ZLWKDQNXBHUQDWDQW FRPSDUHG ZLWK WKH UKL]JREDFWLQ

.9 ' 6&866,21

7KLV ZRUN ZDV DLPHG DW DQDO\]LQJ VRQGWHU RKIGR WH HL
GLVWULEXWURQ NMPRDLUQY EHORQJLQJ WR GLIIHUHQW LQIHF
ZKDW H[WHQW 1 IL[LQJ DQG QRQ IL[LQJ FQO ®IPMWLRQW\D ITH
IXQFWLRQDOLW\ RI WKH VLGHURSKRUH SURIBGFE)® E\ WKH
XSWDNH

‘H FRQFOXGHG IURP WKHVH VWXGLHV WKDW WERRQGYV
VWUXFWXUDO JURXSV K\GUR[DPDWHV 1536 LIQGHRIHHOHQ
1536 VIQWKHVLV FRXOG) UHHQN$QW KWUW UHGQ \E\WHVWHG EX'
JHQHWLF FRPSOHPHQW WR V\QWKHVLJH DOH O HDQY/GV PRRYHV NRLIC
FRXOG V\QWKHVL]H VLGHURSKRUHV |UR P 6®&UIHSWRBWFE W U
%HQW®HDO &KDOOLV 5DYHMW DO)LRGQQUUKIHWERD 'H

.KDQGHOW DO /\QRAN DO

$QDO\WLV Rl WKH WKUHH VHTXHQFHG JHQFoPH/ WHUY HIDWC
SUHVHQW LQ &F, DV FRPSDUHG ZLWK +<' DQBQE% LQ
GLIIHUHQW '+% LQ (D1 SHF )LJ % $F FIRRIRGQD JO U HWKUWHH QHF
VWUDLQV FRQILUPHG WKH ODUJH RFFXWKHDONRQ YW B QGG I
WKH DEVHQFH RI &DP%XDIREGXQDWLQJ VWUDLQV VXJIJHVWL
VLGHURSKRUH FRXOG QRW EH VIQWKHVL]HG E\ FOXVWHU E
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$ERXW )URIQNWMDUDLQV WHVWHG KDG JHQHV SRVVLEO\
'+% VLGHURSKRUHV 7DEOH 3K\ORJHQHWLFE $0GDOLYDV HR |
JHQH VHTXHQFHV FORVHO\ JURXSHG $&1 D DRGFODR1 SHF
K\SRWKHVL]H WKDW D ILUVW ODW H UW RHWHPHUIIHQ FRDR IKW X F
JUDQMUIMHDIJHY $FFRUGLQJ WR WKLV HYROXW LFRQ DKUD Y\HF H G
EHHQ ORVW DQG WKH VHFRQG (D1 SHF FOXDWHKDYH EHERQ
DFTXLUHG UHFHQWO\ )LJ %

'HVSLWH WKHLU GLIIHUHQW RUJDQL]DWLRQ® DMKH D/OKU
FRPSRVHG RI $%& VLGHURSKRUH WUDQVSRUWRD@Q® %$S3 DN}
OLJDVH GLIIHUHQW 1536 DQG RWKHU VSHRDWIHF $DHBQ®E VJ DAK
HQW( KRPRORJ LV D NH\ HQJ\PH IRU '"+% V D®HN]HR/S KYR.DH DEYL
$73 GHSHQGHQW 33L H[FKDQJH UHDFWLRQ |RQ\PDWLRQRP

GLK\GUR[\ EHQ]RDWH '+ % '+ 0% FONGRAR LODF WR'FDV @
DVWHURLGHY )HLVWQHU %HDPDQ ZHBHR @MW HFWH G %
$&1 D DQG (D1 SHF JHQRPHV FOXVWHULQJ ELRY\QWEHV LI
WKXV SUREDEO\ QRW LQYROYHG 0D®\V L+®@H VR SKHRIRSE KR
VIQWKHVL]HG E\ PHPEHUV Rl WKH 1536 PEOK/LHQ]\PKLFXPLQ
DOVR UHVSRQVLEOH IRU WKH ELRV\QWKHDDRQW RE L\R WH. FPD ML
DGHQ\ODWLRQ GRPDLQV ZKLFK DUH WK FW 8 WWQEO L RFFIRQ\S |
DPLQR DFLGV LQ D ILQDO SHSWLGLF SURI&XWB\WH 7RKWMEH UV BRH
LQFRUSRUDWHG UHVLGXHV LQHW KMHO | L GRIRA) \BHIRIGHXF WO \0 DULEBK
VWUXFWXUH SUHGLFWLRQ FDQ EH PDGH IURPQG 1®3i&K\GU
DQDO\VLV )LJ $FFRUGLQJ WR WKH FRYMIHD BUWE DKOQWHWM
D SHSWLGLF SURGXFW DJJUHJDWLQJ VXFBOHWGYHUWBLQHK
XQNQRZQ DPLQR DFLG : D WKUHRQLQH WZR RWEHUVRQNQ
D SXWDWLYH VHULQH DQG D SXW DWSLHUP DW 8 DWIOH LED\HV H
D SURGXFW FRPSULVLQJ D JO\FLQH D WRUWHRQHQID WUSEWR
GLK\GUR[\EHQ]RDWHY DQG D F\FOL]HG FOWWMWLHIH ()R UD WKt

JO\FLQHV GLK\GUR[\EHQ]RDWHYV DQGRUSRUDVOHE DK
F\FOL]DWLRQ RI F\WWHLQ SURGXFHV D WRIQIE QGO RIS QR UH
ZKHUHDV LQ ( FOXVWHU D SKHQ\OR[D]ROVEH LWH F\ED LS|DRV
FDWDO\]HG E\ WKH SKHQ\R[D]JROLQH V\QWKDRHFRQWDRHQYD |
SKHQ\O R[D]JROLQH JURXS OLQNHG ZLWK KLGCURJWRR®Y H @ RN
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JLIXUH B6WUXFWXUDO FRPSRQHQWYV RI WWYH) WHHNHH HEX B |
$&1 D DQG ($1 SHF VWUDLQV FRPSDUHG ZLWK YJUDQGRED]
$URQVRQ
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K\GUR[DPDWH JURXS 2[D]JROLQH ULQJV DUH DRSRRBRQ \V
LQFOXGLQJ DJUREDF®/ LQSIRIEDFWLQ DQG YHEWDREDFWLQ
ZKHUH LW PD\ EH GHULYHG IURP HLWKHU V& UWLIQM FOW KV W
HQFRXQWHUHG LQ DQJXLEDFWLQ 9LEULR D QSXRFKHIDLQP
3VHXGRPRQDV DHUXJLQRVD

*HQH FOXVWHUV LQYROYHG LQ +<' VLGHURDBKRIWHI HE LR
PDMRULW)\ Rl JUDQNLD VWUDLQV DPROQLIVWEKHY 3&5VIW B GP
VL]JH DQG VHTXHQFH DOORZ WR GLIIHRRHODQRW D FO XDV KT
IURP FOXVWHU LQIHFWLYH RQ (ODHDJ@RFHDRXSVYDEBHQ.
FRQVLVWHQW ZLWK 6 U51$% EDVHG SK\ORJSH®RURDEE&HRRR QY
JUDQNLD ELRGLYHUVLW\ WKH DFTXLVLWLRQORK J<EHIRQH
HPHUJHQFH Rl WKH WKUHH )UDQNLD OULQMHUW \D LR | H RKYGI\UV
)L $ LQGLFDWLQJ WKDW IHZ UHFRPE LD WILLREM HR/SKRW
ELRVI\QWKHVLY JHQHV DQG WKXV LOOKQW REWHQY HGV\Z LW\
UKL]JREDFWLQ ELRVI\QWKHVLY FOXVWHU RI G6HQWOKL]RE
VXSSRUWHG JURXSLQJ RI WKLV VWUDLQ ZQRWKLB PMLLIQHR EIDRA
UKE& KRPRORJ VHTXHQFH VXJJHVW WKDW WKR\OH ORWHWV Z
DQFHVWRU IURP DQ $FWLQREDFWHULXP YLD KRUL]JRQWDO W

7KUHH )UDQNLD JHQHV LQ +<' FOXVWHU D WK K UHQHAVK
LQYROYHG LQ DHUREDFWLQ ELRV\QWKHVLV 5KLKREDFWLQ
K\GUR[DPDWH VLGHURSKRUHV DUH DVVHPEOHB E\6WKH 1
SDWKZD\ &KDOOLV %RWK DHUREDFWLQ DR[® PHKW]RED |
VLGHURSKRUHV ZLWK VLPLODU VWUXFWXUHV /\DEEW NORQ J

JLYH JHQHV LQYROYHG LQ UKL]JREDFWLQ  HFIWHGVLG]
ZLWK D KLJK VIQWHQ\ LQ WKH )UDQNLQHINQRPKNWDKH B
FDWDO\]H IRUPDWLRQ RI JOXWDPLF DFLG D FRPRROR Q HRH
5KE$ SURWHLQ DQG LQGXFLQJ LQ WKH SUHVHQFH RI WK
ELRVI\QWKHVLY LQ UKL]REDFWEL @O SHRPRORIV\RFKKE' DQC
LQYROYHG LQ DF\ODWLRQ RI VLGHUWRIKR DHW GRWODUWVHQ!
GLYHUJRQ D GLDPLQRSLPHODWH GHFDUERJ\EDRRN\QQUKROY
"HZH\ 'HEMM DO FRXOG SURGXFH WKH SXWDWLYH V.
ELRVI\QWKHVLY 7KLV GLYHUJRQ KDYH EHHQ IRXQG LQYROY}
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JLIXUH B6HTXHQFH DOLJQPHQW T 9JURQMNIBMW WHD ELQEPQW
UKEBHQH KRPRORJV FRPSDUHG ZLWK WKH PLRUSRO FRQVHQ
I1XFOHRWLGH SRV )LWLRWII 1 QWH IRERRUNEWFULSWLRQDO VWD
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WR DHUREDFWLQ $ VLGHURSKRUH KLJKO\ VLPLODU WR |
DHUREDFWLQ FRXOG WKXV EH VIQWKHWL]HG E\ )UDQNLD

8VLQJ D KHWHURORJRXV LURQ XSWDNH VREVHU ZH & K
WKDW FRQWUDU\ WR WKH RWKHU SXULILHGKV[RBENRSK® UH
FDQ EH GLUHFWO\ XVHG DV LURQ VRXUFH EUDWHHRI )UDQN
XSWDNH LQ WKH KRPRORJRXV H[SHULPHQW ZLWIXQW DBRMDV D
UHSUHVHQWDWLYHO\ KLIJKHU 7KHQ GXWKMDRV AKIHY W M OB :
VLGHURSKRUH DQG LWV FRJQDWH UHFHSWRBW RHK QLURHO
DFTXLVLWLRQ V\VWHP RI )UDQNLD D QG PA OPHI@L OGRWDLG V € B P
FRQVHUYDWLRQ RI WKH WUDQVSRUW V\VWHBRQ KHW DUMLY
FRPSRXQG V\QWKHVL]HG E\ $F1 D VWUDLQ LY VWOKRAWXU
FDSDFLW\ WR LQWHUQDOL]H UKL]JREDFWIHEG HQPD\UR QPRIQV
JUDQNLD VWUDLQV FDQ XWLOL]H VLGHWVRS®RKRWHW KLKHY HIR-
DGYDQWDJH PD\ LQFUHDVH WKHLU FRP SHWIKW L EWRN @GP RQ
KRVW SODQW

$OWKRXJK JHQHWLF GHWHUPLQDQWYV RI VREBDIRSKR UH
VWUDLQV WHVWHG VLGHURSKRUH H[SUHDAFRX®D O HMIGY GILRY |
RI FKHPLFDO VWUXFWXUHV SUHGLFVGHW KEH 8/K6H DMVAMDH WELHV B i
D XQLYHUVDO PHWKRG WR GHWHFW DQ\ VVRUROIV LEURKP EEQ
QDWXUH &$6 UHVSRQVHY RQ XQFRQFHQWUDRWB ® NX$ HWKIX

7KLV GLIILFXOW\ WR GHWHFW VLJQ LHCFORXQ W HG H G RES® F
JURZLQJ EDFWHULD *XHULQRW )UDQND®BGSEDUWLR XD OK
FRQFHQWUDWHG VDPSOHV +RZHYHU WKLV SUSRAHGMYH L
UHVSRQVHV :LQNHOPDQQ GXH WR WKH LROWKHDWHKRIQ!
VLGHURSKRUHY DQG LURQ UHGXFWDQWYVY D OV X KUHLD WDL
FRQFHQWUDWLRQV FDQ DOVR EH IRXQG IRU VIRPH DPGE&LSK
P\FREDFWLQHW\Q@PK ZKLFK FDQ EH DQFKRUHG WR WKH ED
PRLHW\ Rl WKHLU PROHFXOH WKXV EHLQHOKBEMRPRORDVH:¢
OLNHO\ LQYROYHG LQ WKH LQFRUSRUDWLRQ RFXDKHH LOLSL
DEVHRUWD Q@ED D

$PRQJ WKH ILYH &$6 SRVLWLYH VWUDLQV * (D $&:
KDYH ERWK JHQHV LQYROYHG LQ +<' DQG '+% V&GEHURSKR
QHJDWLYH VWUDLQV&$U &J &5J3256 &F, &M KDY
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RQO\ VLGHURSKRUH ELRV\QWKHVLV +<' ROXXWHQHIPW LLYH Z |
VWUDLQV NQRZQ IRU WKHLU JHQHWLF DQGG SK\WKIQRAORBHLF
VLGHURSKRUH DPSOLFRQ SDWWHUQ DQG WHVWHRXQHKIDW |
+<' FOXVWHU LV OLNHO\ SUHVHQW IXJJBUWR DWKRRU RAKEVH
+<' RSHURQ LQ WKLV JURXS Rl VWUDLQV LQ WXS$IRERHGL &\ |

$URQVRQ HW DO RQ &F, VWUDLQ DQG E\H¥WHIMKRX
&DVXDVMWMUDLQV ZHUH WHVWHG QHJDWLYH ZUWK WWWDE&VI
+RZHYHU VWUDLQ &M WKDW JDYH DQVMMA\GHBRMGWD WHH 1L

VWXG\ Rl $UDKRX HW DO

5HIJXODWLRQ PHFKDQLVPV Rl VLGHURSKRUH GELRV\QWK
JUDQNXDHQHV ILUVW LER@DQWMMEG LQ PHGLDWH QHJDWLY
UHJXODWLRQ RI VLGHURSKRUH SURGXFWLRQ L¥HJMWSRYWVH
)XU HQFRGLQJ JHQH KRPRORJV XOINHITGHWY FIF®/ WG/ UQ L\PKH )5S
JUDQHDQ B DQG JUDQFFL B EXW QR )XU ELQGLQJ VL\
FOXVWHUV 'W[5 LV DQRWKHU QHJIJDWLY HQREDF WHUKD D WL
UHJXODWHYV D VHW RI JHQHV NXLRL ®DQ \WBRJ RWK IR R B DUHMIXDLCDW
DO * HEWLY DSOMRVH QW) UDRQWEKBUDLQV )5$$/ JUDQHDQ
JUDQFFL B DQG 'W[5 FRQVHQVXV ELQGLQJ VLVEZHWHTXH
IRXQG LQ WKH WKUHH VHTXHQFHG VWUDLQKEKRWFRORIH R
JHQHV )LJ , OVHBIIQWWQRBDDL]HG LQ DQ RSHURQ HQFRGL!
QLWURJHQ IL[DWLRQ VXJJHVWLQJ D SUREDEOH OLQN EHWZF

,Q QLWURJHQ IL[LQJ PLFURRUJDQLVPV WKYVWLR®QGEH
VLGHURSKRUH SURGXFWLRQ LV H[SHFWH G\ WRFKH RFK\H @HAG
IRU LWV IXQFWLRQLQJ LP BOD QNNIP BQ AKWRR OLH FXIOMWR JHQ L
GHILFLHQW FRQGLWURQWEN WKHWO®WXEUH JURZQ LQ DQ L
GHILFLHQW PHGLXP LQ RUGHU WR WHVVWWWKRHWHKFHW REG MKF
SURGXFWLRH) HIRWKHU UKL]LREDNWWSEU@RUWDQW PHGLDWHG
GHWHFWHG VXJJHVWLQJ WKDW )UQ QMMILRIH G A L [ LD J DFYARRQJC
QLWURJHQ IL[DWLRQ SURFHVV RYHU WKH \QDEHVR'SKRIMAK
SURGXFWLRQ VLGHURSRRIKH |REWDRIWROVWRWWHG D GLPLQ.
DELOLW\ WRLIQ [ SOOI HLHLODQ G V DQG UKL]JREDFWLQ
WUDQVSRUW JHQHV DUH QRW H[SUHVVHG ZHKG Q/ THWURIHQD

2Q WKH FED@NIB®, DQG VWUDLQV)H[KUBPIQNRE DCAVQL
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XSWDNH ZKHQ WKH\ ZHUH FXOWXUHG L\Q IDQXLILRQHIQUW HP D@
%R\HW DO

$V VKRZQ RQ WKH ODUJH GLYHUVLW\ RI VRGOEWVRQ/HG
ZLGHVSUHDGNHE® XV DQG VLGHURSKRUH ELRV\QWKHVLV GHV
ZLWK SK\ORJHQHWLF SRVLWLRQLQJ Rl WKIHF VDAQWIDL\Q VYV %D
JUDQNMWUDLQ FRXOG SURGXFH IURP RQH WR RQH K\GI
VWUXEFWXUDOO\ GLIITHUHQW VLGHURSKRUHWRRDE&GR B WREDE
VKDULQJ VWURQJO\ KRPRORJRXV WUDQVSRUW NWWHR ZL)
UHTXLUHG WR LGHQWLI\ WKLV UKL]JREDFWLQ WLRQNHDY¥RXM
'+% VLGHURSKRUH VWUXFWXUH ORUR IDY/WHIWW LLUQ VZ KRQ/ FLR3
WKHVH JHQHV ZRXOG EH H[SUHVVHG DQG WKHLU UROH GXUI

$FNQRZOHG ¥HPKDQWWV DUH H[SUHVVHG WR * 9DQVX\W
WHFKQLFDO DGYLFHV DERXW VLGHURSKRUH GHWWYWRRW®Y L
+HFWRU %DXWLVWD KDG D JUDQW IURP &213$&<¥X$SR UWHIK
E\ D OH[LFR )UDQFH (&26 SURJUDP
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SHIHUHQFHV

$SSOHE\ &$ /HJKHAKR.] R BBEXWPS DWIBWLRQ $QQX 5HY 30D

$UDKRX 0 'LHP +* DQG 6DVVRQ $ ,QIOXHQFH RI LURQ
SURGXFWLRQ RI FDWHFKRO) WD GNURDHLRWHYV EL FAIR BLRDQM/L R

S$URQVRQ ' DQG NR\HYSUMRGXFHYVY D K\GUR[DPDWH VLGHUR:
OLPLWDWLRQ - 30DQW 1XWULWLRQ

SURQVRQ ' DQG %R\HU * *URZWK DQG VLGHURSKRUH
VWUDIWD/OQREMLO %LRO %LRFKHP

%DFKKDZDW $. DQG *KRVK 6 ,VRODWLRQ DQG FKDUDF
SURWHIRQVSRIULOOXP- EHQVLIOAHIREL R O

%DJQDURO ( 3RSRYLFL - $OORLVLR 1 ODUpFKDO - 3XMLI
'LITHU HODMILIIMR WHLQ SDWWHUQV LQGXFHG E\ SKHQROL!
VHHGV 3K\WVLRO 30DQW

%DNHU ' DQG 7RUUH\ -* &KDUDFWHUL]DWEBEDRRRIW Q H
JUDOXNEDSYF, S$SFWLQRP\FHWDOHV &DQ - OLFURELRO

%DURQD *RPH] ) :RQJ 8 *LDQQDNRSXORV $( 'HUULFN 3- I
,GHQWLILFDWLRQ RI D FOXVWHU RI JHQHV V6 WI\W SCALRP\FWMV
FRHOLFROREBXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

%DUWRQ // -RKQVRQ *9 6FKLWRVNH\ . DQG :HUW] O
PHWDEROLVP LQ JURZWK DQG QLWURJBRLIRBWXIPRBHBO\LD®MDK
3ODQW 1XWU

%DUWRQ // 9HVWHU &5 *LOO 35 DQG 1HLODQGYV -%
V\PELRWLF QLWURJHQ ILIDWLRQ E\ URRW QRGXOHWHDFWHUL
'* HGKH ELRFKHPLVWU\ RI PHWDO PLFURQXWULHQWY LQ WK
5SDWRQ )OD SS

%HQVRQ '5 9DQGHQ +HXYHO %' DQG 3RWWHU $SFWL
DQG %LRJHRJUDSK\ ,Q *LOOLQJV 0 HG 30DGW OLFURELRO
3XEOLVKHUV /WG SS

%HQVRQ +3 %RQFRPSDJQL ( DQG *XHULQRW 0/ $Q LI
SURSHU QRGXOH GRYIGRISRHRELXFRMBISBQ \VRELRVLY 0RO
OLFUREH ,QWHUDFW

%HQWOH\ 6' &KDWHU .) &HUGHQR 7DUUDJD $0 &KDOOLV
+DUULV '( 4XDLO 0$ .LHVHU + +DUSHU ' %DWHPDQ $ %UR.
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&ROOLQV 0 &URQLQ $ )UDVHU $ *REOH $ +LGDOJR - +RUC
.LHVHU 7 /DUNH / OXUSK\/ 20LYHU . 2 1HLO 6 5DEELQRZL
5XWKHUIRUG . 5XWWHU 6 6HHJHU . 6DXQGHUV ' 6KDUS 6

‘DUUHQ 7 :LHW]JRUUHN $ :RRGZDUG - %DUUHOO %* 3DUNK
&RPSOHWH JHQRPH VHTXHQFH ®W WHKSHWRRPG FHSV DAFR\HLALFER\G R W
1DWXUH

%R\HU */ DQG $URQVRQ '% ,JURQ 8SWDNH DQG 6LGHU
$FWLQRUKL]DO DBQMEDRMMWKH\ -$ &URZOH\ '(7TRBG /XVWHU
ELRFKHPLVWU\ RI PHWDO PLFURQXWULHQWY LEQVKBDJKL]R\
SS

%R\HU */ *XLOODP $ DQG 7ULFN &* ,ZURQ FKHODWLRC
3 DQG 9DQ %DRMDMWHRED HBHMKHYDHU %YLRPHGLFDO /RQGRQ SS

%R\HU */ .DQH 6$ $OH[DQGHU -$ DQG $URQVRQ '% 6
LURQ OLPLWHG FXOSDX\VMYDRIQUDQNIBD& WUDLQ &H6, &DQ -

%XUJJUDDI $ DQG 6KLSWRQ : ) U DVQXMGA B QY DRACH W K 18 JIUHRZ
WR LQIHFWLYLW\ DQG QLWURJHQ IL[DWLRQ DFHW\OHQH UH

&DOODKDP ' 'HO 7UHGLFL 3 DQG 7RUUHLG Y RW WRKRIODWLF
DFWLQRP\FHWH FDXVLQRRRRMFQBGKADWLRQ LQ

&KDOOLV */ $ ZLGHO\ GLVWULEXWHG EDFWWULDO SD
LQGHSHQGHQW RI QRQULERVRPDO SHSWLGH VIQWKHWDVHYV

&KDOOLV */ DQG 5DYHO - &RHOLFKHOLQ D QHZ SHSYV
6WUHSWRP\FHMHEORABLFROAOXKFWXUH SUHGLFWLRQ IURP WKH
SHSWLGH VIQWKHWDVH )(06 OLFURELRO /HWW

&ODZVRQ 0 DQG %HQVRQ ' YU DR QWMNIWDO QL Y B UD/AWL QRR U
QRGXOHV IURP SURPLVFXRXV KRVWV LQ WKH IDPLO\ O\ULFD

&URVD -+ DQG :DOVK &7 *HQHWLFVY DQG DVVHPEO\ O
ELRV\QWKHVLY LQ EDFWHULD OLFURELRO ORO %LRO 5HY

'H O %DVX 0 DQG &KDNUDEDUWW\ 3. ,QFUHDVHG V\C(
LQ WKH SUHVHQFBKRUIIRBXPR QRKWIEVLFURELRORJLFD 3RORQL
"HZH\ '/ 7TKH GLVWLEXWLRQ RI GLDPLQRSLPHOLF DFL
RUJDQLVPV RI WKH FROL DHURJHQHY JURXS DQG FHUWDLQ
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'HZH\ '/ +RDUH '6 DQG :RUN ( 'LDPLQRSLPHOLF DFLG
DQG H[WUIFKWMVY IRAR QEHEUREDD FW H U B HRIRKH H V

'LHP + *DXWKLHU ' DQG 'RPPHUJXHVQNURP QRIEXDW VR R
&DVXDULQD HT&DY HVOLFURELRO

'LHP + *DXWKLHU ' DQG 'RPPHUJXHV <)UDQMIRPFIIHFWLYF
&DVXDVUBQRDQ - %RW

"XVVXUJHW 2 5RGULJXH] 0 DQIFS6W DWKYRAEID FWHQ@ L XP
VPHIPEKWVVGHUHSUHVVHG VLGHURSKRUH SURGXFWLRQ DQG
ORO OLFURELRO

JHLVWQHU *- DQG %HDPDQ %/ &KDUDFWHUL]DWLRQ F
1RFDUGLD D8SWHUR®GHWHULRO

JHUQDQGH] 0 OHXJQLHU + *ULPRQW 3 DQG %DUGLQ 5
UHODWHGQHVYV DPRQJ PHPENIQW R | 6MK\WM FHDFX¥MH UL R O

JLHGOHU +3 .UDVWHO 3 0XOOHU - *HEKDUGW . DQG =HH
FKDUDFWHULVWLF FDWHFKRODWH VLGHUR SKRHSWRP (RAMWH U R
VSHF)HOW OLFURELRO /HWW

*LOO 35 -U DQG 1HLODQGV -% &ORQLQJ D JHQRPLF
LURQ XSWDNIKV\RBMHKP IRHODBRWILFURELRO

*ULITLWKY */ 6LJHO 63 3D\QH 60 DQG 1HLODQGV -%
I[URPLEULR FKRDHRPKHP ELRO FKHP

*XHULQRW 0/ ,JURQ XSWDNH DQG PHWDEROLVP LQ WK
DQG 6RLO

*XHULQRW 0/ DQG <L < JURQ 1XWULWLRXV 1R[LRXV
3K\VLRO

+DQWNH . 5HIXODWLRQ RV FKUWILF KR § ROWDMRIR B

FRQVWLWXWLYH PXWDQW ORO *HQ *HQHW

+LJJLQV '* DQG 6KDUS 30 &/867%$/ D SDFNDJH IRU SH
VHTXHQFH DOLJQPHQW RQ D PLFURFRPSXWHU *HQH

+RKQDGHO ' DQG OH\HU -0 6SHFLILFLW\ RI S\RYHUGL
IOXRUBVHKXGWPRQDY % WRNDHQNVR O

-DPDQQ 6 )HUQDQGH] 0 DQG ORLURXG $ *HQHWLF GL
LQIHRWDQWMIUDLQVY LVRODWHG IURP YDULRXV VRLOV $FWD
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.KDQGHOZDO 65 0DQZDU $9 &KDXGKDUL %/ DQG &KLQFKI
6LGHURSKRUHJHQLF %YUDG\UKL]J]RELD ERRVW \LHOG RI VR\EF

/IDQJPDQ / <RXQJ ,* )URVW *( 5RVHQEHUJ + DQG *LEVRQ
RI LURQ WUYRKNBRIUAKRLAIWHRWILRQY DIIHFWLQJ IHUULF HQWHU
%DFWHULRO

JHFKHYDOLHU 0 ) UD&QNMDUDRRQRI 7KH $FWLQRP\FHWHYV

INQFK "' 2 %ULHQ - :HOFK 7 &ODUNH 3 &XLY 32 &URVD -+
*HQHWLF RUJDQL]DWLRQ RI WKH UHJLRQ HQFRGLQJ UHJXOD
UKL]J]REDFWLQ D VLG HBURRKKUL HR & U R BEVREHRDA KERMRLO

ODUDKLHO 0%$ 6WDFKHOKDXV 7 DQG ORRW] +' ORGXO
,QYROYHG LQ 1RQULERVRPDO 3HSWLGH 6\QWKHVLV &KHP 5]

OLODJUHV $0 ODFKXFD $ DQG 1DSROHDR ' "HWHFWLF
IURP VHYHUDO IXQJL DQG EDFWHULD E\ D PRGDWHDNNVDQ RI
- OLFURELRO OHWKRGV

OXUU\ 0 )RQWDLQH 0 DQG 7RUUH\ - *URZWK NLQHWL
JUDQNISD +)3$U, JURZQ LQ EDWFK FXOWXUH 30DQW 6RLO

1HLODQGV -% ,JURQ DEVRUSWLRQ DQG WUDQVSRUW L

1HLODQGV -% OLFURELDO LURQ FRPSRXQGV $QQX 5

1HLODQGV -% OLFURELDO HQYHORSH SURWHLQV UHO

1LFKRODV '-' 7KH XVH RI IXQJ\ IRU GHWHUPLIQD@J W L
$QDO\VW

1RUPDQG 3 DQG /DORQGH QUDQNWIDDXDWLRROPIWHG [URT
SURYHQDQRBIDWRYMFZMY &DQ - OLFURELRO

1RUPDQG 3 DQG /DORQGH 0 7 K H DIQINDHWH FVHR | BOW QQ
6RLO

1RUPDQG 3 /DSLHUUH 3 7LVD / *RJDUWHQ -3 $OORLVLR
$0 %LFNKDUG '0 &KRLVQH 1 &RXORX[ $ &RXUQR\HU % &U:
1 JUDQFLQR 03 *ROWVPDQ ( +XDQJ < .RSS 2 /DEDUUH / /I
- ODUWLQH] 0 ODVWURQXQ]JLR -( 0XOOLQ %& 1LHPDQQ - 3)
6FKHQRZLW] & 6HOOVWHGW $ 7DYDUHV ) 7RPNDQY <3 9DO
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OHGLJXH & DQG %HQVRQ 'S5 *HQRPH FKDU[DFF WIHQN VDV L FV
VS VvwuUuDLQV UHIOHFW KRVW UDQJH DQG KRVW SODQW ELR.

1RUPDQG 3 2UVR 6 &RXUQR\HU % -HDQQLQ 3 &KDSHORQ
OLVUD $. OROHFXODU SK)O R QHIEER U WEBIWH® XWQHUD D (
HPHQGDWLRQ RI WKH IDPLO\ )JUDQNLDFHDH ,QW - 6\VW %DF

1RUPDQG 3 4XHLURX[ & 7LVD / %HQVRQ ' &UXYHLOOHU
([SORULQJ WKH UBIQRSMHYKRYLRO 30DQWDUXP

2Q0J 6$ 3HWHUVRQ 7 DQG 1HLODQGV -% $JUREDFWLQ
$JUREDFWHULXP -W/XLPRHO DSEH_HHRD) V

3XSSR $ 'LPLWULMHYLF / '"LHP + DQG '"RPPHUJXHV <
GLVPXWDVH)SDWWMWIWQYQWIURP &DVXDULQDFHDH )(06 OLFU

6DLWRX 1 DQG 1HL O 7KH QHLJKERU MRLQLQJ PHWKF
UHFRQVWUXFWLQJ SK\ORJHQHWLF WUHHV ORO %LRO (YRO

6DQJZDQ , DQG 2 %YULDQ 0 5 &KDUDFWHUL]DWLRQ RI
JRUPDWLRQ LQ 6R\EHDQ 5RRW 1RGXOHV 30DQW 3K\VLRO

6FKZ\Q % DQG 1HLODQGV -% 8QLYHUVDO FKHPLFDO I
GHWHUPLQDWLRQ RI VLGHURSKRUHYV $QDO %LRFKHP

6LPRQHW 3 7KL /1 ORLURXG $ DQG )WDQ&MUBDLQV LVYRBD
IURP D VLQJOH DOGHU VWDQG 30DQW 6RLO

6LPSVRQ )% DQG 1HLODQGYV -% 6LGHURFKURPHYV LQ |
FKDUDFWHUL]DWLRQ RI VFKL]IRNLQHQ IURP $QDEDHQD VS -

6WHYHQV -% &DUWHU 5% +XVVDLQ + &DUVRQ .& 'LOZRU
TKHKXHQHWKRJRELXP OHIXVBEERVDUQKP VLGHURSHRXHE%SWDN I
DUH DGMDFHQW WR D KN GRREQRYHUVLRQ RI

7DR ; DQG 0XUSK\ -5 'HWHUPLQDWLRQ RI WKH PLQLP
IRU GLSKWKHULD WR[ UHSUHVVRU ELQGLQJ E\ LQ YLWUR DII

'LQNHOPDQ * ( +DQGERRN RI PLFURELDO LURQ FKHO
JORULGH

‘X ' +XJHQKROW] 3 ODYURPDWLV . 3XNDOO 5 'DOLQ ( ,Y
/| X 0 7LQGDOO %- +RRSHU 6' 3DWL $ /\NLGLV $ 6SULQJ
=HPOD $ 6LQJHU 0 /DSLGXV $ 1RODQ 0 &RSHODQG $ +DQ
HUIHOG & /DQJ ( *URQRZ 6 &KDLQ 3 %UXFH ' 5XELQ (0 .\
(LVHQ -$ $ SK\ORJHQ\ GULYHQ JHQRPLF KDIDF QARG
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=KDQJ = /RSH] 0) DQG 7RUUH\ -* $ FRPSDULVRQ RI F
LQIHFW)LYDWNRRRODWHYV |URPDFRWYUBRGXPWV3IRIDQW DQG 6R
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.9 *HQHWLF RFFXUUHQFH DQG P RYOdFFIHIAHGLEI \ORIH Q\

 QWURGXFWLRQ

2[LGDWLYH VWUHVV WR FHOOV UHVXOWVRI[WRPQWKSH SILH
7KH ILUVW UDGLFDO SURGXFHG LQ WKFD&Z5 LV HMDKM LIS HRY
2 ZKLFK LV WR[LF WR WKH ELRORJEEDW V\VW HP¥DDQV B HIX
PDMRU ELRORJLFDO PROHFXOHV FDQ EH GIDW B2/ A @D RWMUHR
WKH HQ]\PRQEDWFLG R[LGDWLRQ DQG E\ DWWDFNPEBY WKH [
6DQWWRVDO

7KH DFFXPXODWLRQ RI D OD B IHGXTRY IMEDW LR H5 EX UN @V
UHSRUWHG DV D FRPPRQ UHVSRQVH IURP \WDRH KRMWY WRZ

.QRZLQJ WKDW WKH ILUVW VWDJHRSIOQ WKH KRPVEALR\DIWD
WKH PLFURV\PELRQW LW LV H[SHFWHG WHWERCRMN HIDQF
PLFURV\PELRQMWWYNKRXH GHYHORSHG GLIIHUHQW PHFKDQL
DFFXPXODWLRQ RI 526 DQG WKXV WKH SURH WHIQH K YRR MXQMLLR
DGDSWDWLRQV WR WKH VI\PELRWLF OLIHVW\OH *O\DQ NR ¢

7KH VXSHUR[LGH GLVPXWDVHV DUH KWK B21A U¥ W OLLQH HR
WKH\ DUH PHWDOORHQ]\PHV LQYROYHG L QG GHWR{DM ER @ LRR
VXSHUR[LGH UDGLFDO DQLRQ )ULGRYLFK RQV KGHWHSH DR
HVVHQWLDO VLQFH 62' GHILFLHQW PXWDWQWWY MR SRURINBU \I
PRUHRYHU LQ RUJDQLVPV ODFNLQJ RW W \DH) \B RRS] LSIHIURWL |
62' LV H[SUHVVHG ZLWKRMXW B FHB\WFKRED®VDGD

,Q DJUHHPHQW ZLWK WKH PHWDO SURYHQWKIDY W EH HXF
LGHQWLILHG 7KH ILUVW FRQVLVWYV RI 62' ZLW KK BEXG, ,W 8S0HX V
ZLWK )H ,,, DQG D IRXUWKHZ)MBR'1DQG,,0Q062' W\SHV DU
SUHGRPLQDQWO\ LQ SURNDU\RWHV DQG PLWR RKRQ@EGL I/ RW
GLPHQVLRQDO VWUXFWXUH DQG DPLQR DRD®GWHREHWRIESV BE
WKHVH WZR NLQGV RI HQJ\PHV VXJJHVW D ARPFRQORHGE I
FDPELDOLVWLF 62' WKDQNV WR LWV QE RO WQ RLUR/QPH QW CF
DYDLODELBWWDOGHLE

,Q WKH UHVHDUFK RI SK\ORJHQHWLF PBUNKHMDPRUH L
SURSRVHG WR FDUU\ RXW WKLV NLQG R| DEHFOW\N LQV¥XPQ
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SDWKRJHQV WKLV IXQFWLRQ LV FRQVLGHUMGLPYOY EDX\HE
KRVW SDWKRJHQ LQWHWMNWORQGV RBRDIHQNDPS

+HOQMHRR &PV EHHQ XVHG VXFFHVVIXOO\ R/ UFASWRYFIR FFLXC
(QWHURFBBBYWHXSHOOHYV HIXWQHURPRWRDO 3R\BWW
DO ,Q DGGLWLRQ VXFK JHQH KDV EHF RIFRF RQGE®F WAK/H U
GHILQLWLRQ G5RMWLD®RH],QDYOO FDVHV WKLV JHQH VHTXHC
SK\ORJHQHWLF VLJQDO GLVSOD\LQ®DMRIRWYRIWHW V L6P EG B
KLIJIKHU GLVFULPLQDWLRQ OHYHO DFKLRIWHQVU WHOD \8 HIG HW\
ILQH VFDOH

)UDQMNERD DFWLYLW\ OHYHOV LV DPRQJ WKH KHIDKHVW Ul
BWRZHUYV W LV QRW VXUSULVLQJ EHRDX\HD VR ®Q O/bil
EHWZHHQ WKH KRVW SDWKRJHQ LQWH U BHRMLR QKX D QIEW WWKF
SHQHWUDWLRQ DQGDIQFRRIMURQWW WKH R[LGDWLYH UHVSRQ
SODQW ORUHRYHU LV KDV EHHQ UHERQUNNA GV KWHK [5\O D/QRAH H [XJ(
D FODVVLFDO VWUHVV UHVS RQO/GINWIK X¥DRIX B HGR R @ S W IR\GHKG
JOXWLHRGSDWHY VKRZHG DQ RYHUH[SUHVVLRQ RINID IHUULF
VRGBUWKRURGROVWQBIWRDO $IWHU WKRVH LQLWLDO VWDJH
DUH DOVR UHTXLUHG IRU WKH HIILFDF\ Rl QRGXOH PRUSKRJ

$JDLQVW WR WKDW H[SHFWHG GXULQJ VWPEVRWG)V QR
DFWLYLW\ DQG WKH QLWURJHQ IL[DWLRWR GP\S H H/IV\. REH DY
FRQVWLWXWLYH DQG WKHUH LV QRW VLNQUIILFXWYW "DIUHLIDY

+HQFH LW KDV EHHQ K\SRWKHVL]HG WX KV KHIUV\FE VR 8|
HVWDEOLVKPHQW UDWKHU WKDQ LQ5WIKR ELE® B R WAQ SIU HDAM K
HYLGHQFH WKDW EDFWHULDO 62' HIIHFWW URWHIQQY HE I RRAEG
VLQFH 62' GHIHFWLYH PXWDQWYV GLY\SBSV )RQG/HNRNEUREIOH H
LQIHFWLRQ QRGXODWLRQ DQG EHDWVWDKURLG GLIIHUHQWLDW

$00 WKLV VXBEINYHWHKRDWLUHFWO\ UHODWHG ZLWK V\P
WKDW KRVW SODQW H[HUFLVHV VHOHFWLQHWXLNVYRUN R/
RFFXUUN@BHHRH ZDV VWXGLHG)UDP @NOMDUDIHQSDEXHIRRULQJ W
SK\ORJHQHWLF JURXSV VRIGN B TIX HFRPH DWIDWLYHY ZDV GHYHC
FRQVWUXFW D SK\ORJHQ\ Rl WKH JHQXV ORUHRYWKHWKL)
JUDQBEWLQRUKL]DO SODQW V\PELRVLV LQLWLDO VWDJH VW
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, 9 ODWHULDO DQG OHWKRGYV

Frankia VWUDLQV DQG '1$ H[WUDFWLRQ
,Q WKLV VWXG\ ZHUH HPSOMMGDERDUWWKHEU KRVW S
JHRJUDSKLF RULJLQ DUH OLVWHG LQ WWH FREIOH ) PHIGHL XP
(ODHDI@XNFWLYH VWUDL@\W 6LPRGHWP FRQWD ISQIQXN 7ZHH
LQIHFWLYH VWUDLQV RU %$3 P HG\L YOPO R WZK AMK \2W B B OQ \P D ¢
VKDNHQ
*HQRPLF '1$ IURP FHOO FXOWXUHV ZDV WMXUWIDEMMIG WK
'IHDV\ 30DQW OLQL NLW 4,$*(1 DFFRUGLQJ WR WKH PDQXIL
7KH SULPHUV GHVLJQ zZDV EDVHG RQ WKH VHTXHC
JUDQHDQ B JUDQFFL B DQG )5%$%/ UHWULHYHG LQ
RI JUDQNLOQWLO QRZ DYDLODEOH 7KH  SULPHUV )
733738 *$&T&S&TSTS* **7*8$8&&$&*$8&$$*&$&&S T DQG ) VR C
1$77$3&&&T&S&TSSS***$*$&*7TT&TT*7$&T*&S$**7$ § IODQN |
IUDJPHQW WKDW FRPSULVHV WKH SRVLWLRQV W R RI W
3&5 UHDFWLRQV ZHUH FDUULHG RXW LQ DUHIDMLR®O
FRQWDLQHG —O WHPSODWH $'1 QJ FKGRLPHY 3&5
PO — O RI D G173 PLJ PO PROO RI0J&DH2 8 7DT '1$
SRO\PHUDVH DQG —O Rl VWHULOH OLRQ¥ ZBWHUL QLWL
GHQDWXUDWLRQ DW f& IRU PLQ IROORZHGHERU FWAHV
DQQHDOLQJ IRU PLQ DW f& DQG H[WHDNVHRQLBW V\V& S
SHUIRUPHG DW f& IRU PLQ $PSOLILHG SURGXFWV ZHUH

6HTXHQFH DQDO\VLV

7KH HGLWLQJ Rl VHTXHQFHV ZDV GHYHORSHG PLHQ WAL R (
ZHUH SHUIRUPHG ZLWK WKH &OXVWDO : DRQHW SIDMHPHQWH C
6WDWLVWLFV VXFK DV WKH QXPEHU DQG *SERSRUMHRY R
UDWLR RI PHDQ V\QRQ\PRXV VXEVWLWXWLRQV SHU V\QF
VXEVWLWXWLRQV SHU QRQV\QRQ\PRXV VLVH7 GSURQU XA UF
RO BW\O +DSORW\SH QXPEHUV Rl LQGHOV ZHUH GHWH
DQDO\WHV 78W)LQALEHEGREEW DO JROORZLQJ WKH $NDLNH
&ULWHULR@BRVDGD %XFNOH\ FRPSXWHG ZLWK WKH 231
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7DEOH /LWDVHVRMIUDLQV DQG DFWLQRUKL]DO QRGXOHV

6WUDLQ GHVL 7ULYLDO 6RXUFH KRVW *HRJUDSKLFDtS5HIHUHQFH

GHVLJQD
8/4 $5J1 G $OQXV UXJRVD 4XEHF &DQD( 1RUPDQG /
+)3 $U, $0QXV UXEUD 2UHJRQ 86$ 1RUPDQG /
$F $00QXV FRUGDW OLULEHO )UD 8QSXEOLVKHG
$F $00XV FRUGDW 6DRX )JUDQFH 8QSXEOLVKHG
$U $0QXV UXEUD 2UOpDQV )UD 6LPREMMWDO
$F $0QXV FRUGDW 2UOpDQV )UD 8QSXEOLVKHG
/115 $LU, $0QXV LQFDQD 9HUPRQW 86% /HFKHYDOLHU
8/) $J $0QXV JOXWLQ 2U0pDQV )UD )HUQDBWH]OD
8/) $FOF $0QXV FRUGDW &RUVLFD )UD )HUQDBWH}OD
8/) $FR1 G $0QXV FRUGDW 2U0OpDQV )UD 6LPRG®MWDO
“ o $YF, $0QXV YLULGL) 2QWDULR &D( %DNHU 7RUU
8/) $91 R $0QXV YLULGL) /D 7TRXVVXLUH )HUQOBW DOD
8/) $9/ $0QXV YLULGL) /IDXWDUHW )U )HUQDBWH}OD
8/) $F $0QXV FULVSD 2U0pDQV )UD )HUQDBWH]OD
8/4 $&1 D $0QXV FULVSD 7DGRXVVDT & 1RUPDQG /
8/4 $533% $0QXV UXJRVD 4XpEHF &DQD 1RUPDQG /
$J $0QXV JOXWLQ &RUVLFPH)UD 8QSXEOLVKHG
, $0QXV LQFDQD /D SDOOXG )L 8QSXEOLVKHG
$L $0QXV LQFDQD /IDFUDQV 8QSXEOLVKHG
&DUULQUH )DF
$Y $0QXV YLULGL) $O0SH GX *UD 8QSXEOLVKHG
YJUDQFH
8/) 0J ® $0QXV JOXWLQ /DQGHV )UDQ )HUQDBWH]OD
$- $0QXV MDSRQL ODNDEH ,EDL 8QSXEOLVKHG
-DSDQ
5%5 0 O\ULFD SHQVLO 1HZ -HUVH\ 8 &ODZVRQ
5%5 0 O\ULFD SHQVLO 1HZ -HUVH\ 8 8QSXEOLVKHG
+)3 &F, &DVXDULQD YORULGD 86% =KD®W DO
FXQQLQJKDPLD
256 7% $OORFDVXDULGC $XVWUDOLH =KD®W DO
256 %5 &DVXDULQD HT %UD]LO 3XS$RV DO
256 &M, &DVXDULQD MX 7KDLODQG ‘LHMW DO
&J &DVXDULQD JO ,QGH 8QSXEOLVKHG
&J &DVXDULQD JO ,QGH 8QSXEOLVKHG
+)3 &F, &DVXDULQD YORULGD 86$% =KD®W DO
FXQQLQJKDPLD
256 * &DVXDULQD HT *XDGHORXSH 'LHMW DO
8/) (D (ODHDJQXV DQ. (FXOO\ )UDQF )HUQDBWH)}OD
8/) (D (ODHDJQXV DQ. (FXOO\ )UDQF )HUQDBWH)}OD
8/4 ($1 SHF (ODHDJQXV DQ.,00LQRLV 8 6 /DORE@®®HDO
8/) (D (ODHDJQXV DQ. 6XWUL ,WDO\ -DPDBW DOD
(D (ODHDJQXV DQ. 6W (WLHQQH 8QSXEOLVKHG
YJUDQFH
8/4 (81 1 (ODHDJQXV XPE ,0O0LQRLV 86! /DORG@®HDO
(D (ODHDJQXV DQ. 6W (WLHQQH -DPDBW DOD
YJUDQFH
8)/ (D (ODHDJQXV DQ. 3RQW HQ 5R\D -DPDBW DOD
8)/ (D (ODHDJQXV DQ. 7TRXORQ )UD( -DPDBW DOD
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%0* (ODHDJQXV DQ. 7XQLVLD *WDHM. DO

256 &ROOHWLD VSL $UJHQWLQD *DXWKMHD O
+U +LSSRSKDs UKF 6WDWLRQ 1 B8QSXEOLVKHG
&K, &ROOHWLD K\V &KLOH &DUX
256 &+ +LSSRSKDs UKF 1RJHQW VXU 3UlHQY DO
JUDQFH
1RGXOHYV
\% &DQDGD
$Y $O0QXV YLULGLY %LRQDVVD\ )l
$Y $O0QXV YLULGLY %LRQDVVD\ )l
&RULDUL &RULDULD UXV OH[LTXH
&RULDUL &RULDULD P\UV )UDQFH
'DWLVFD 'DWLVFD JORPF $UJHQWLQH
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75((),1'(5 WKH 790 >2SWLPXP (PSLULFDO@\MS2®OWLWKP@EHV
ILWWLQJ PRGHO RI QXFOHRWLGH VXEVWLHMGX WY RQJ DISIS IR C
ERRWVWUBS/WHG@GWW VXSSRUW WKH H[SHFWHG OLNHOLKRR
UHDUUDQJHPHQWY RI WUHH WRSRORJ\ 6WULPPHU 5DPEDX

9 SHVXOWYV

3&5 DPSOLILFDWLRQ

$Q LQWHUQDO IUDJPHQW RI WKH )H VXSHWS[LGHI\BLVP.
VWUDLQV \LHOGHG XQDPELJXRXV SRVLWLYIR BZPSORIXGDBW|L®
DOO FDVHV D VLQJOH IUDJPHQW ZDVLREVWWUQHGV 2RO GKGH
DPSOLILFDWLRQ UHDFWLRQV UHSHDVH® YOG\ B PYDWY. DVR. B
385 FRQGLWLRQV ZHUH XQVXFFHVVIXO RUPHG HQ WHOD QL
RI WKH (X, F VWUDLQ 1RG )L[ DQG WKH\ GLG QRW UHWULH

6HTXHQFH DQDO\VLV

7KH VHTXHQFH \LHOGHG E\ WKH VHW RR S WKH FR GILRBX
UHJLRQ VRRGWMKQH 7KH PHDQ VWDQGDUG FRQWHQW RI * &
UHSRUWHG IRU ) U D\GNE RPRHIQIX W KH ILIW\ WKUHH VWUDLI
KDSORW\SHV ZHUH GHWHFWHG DQG RI WK M VAL WYHHW VE HZK
SHUIRUPHG LQ RUGHU WR GHWHUP L Q@H5 MQKIH WHKIHD H F\R DKV ISR
VXSHUR[LGH GLVPXWDVH ORFXV )LUAD® XWKR 17D M LLPOF W H R
Gl G6 UDWLR IRU WKH ZKROH SDQHO RI VWUDLQV zZDV E|
VWURQJ QHXWUDO VHOHFWLRQ SUHVVXUH

3K\ORJHQHWLF DQDO\VLYV

7KNRG)HQH LOV\KULVKULPLQDWLYH VLQFH DQ RYHUDOO P
H[KLELWHG 7KH GHQGURJUDP FRQVWUXFWHG EWmRILPXP
JHQH VHTXHQFHVY UHYHDOHG BU/QWHIPW FYXV W HUKH Z1FQA\
VSOLWWHG LQ WZR PDMRU JURXSV ZLWKRXWSRWWWGVM LFHL
YDOXH RI F QW B UWQMVDMY&DY XD FPRPBSDWLEOH VWUDLQV DV
(ODHDJQDWHDHQV FRUUHVSRQGLQJ WR D SDUW RI 3WKH JHC
DQG 0/6$ EXW LQWHUHVWLQJO\ LW FRUUHVSRQGYV WR JHQF
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N : ]
N i
| i
H i
A L_ *
N, i F. alni
v
BiZOOE‘_6S &OXVW
Bi201-- --
r L—-*
VN _J
R
L
L e
E &OXVW
&OXVYV
N -
N &0 XV\
L_. * * 6
6 QDVVDXHQVLV

JLIXUH OD[LPXP /LNHOLKR)R® QMEBNHRI VDK W KHREBXMD O\ V L
SDUWLDO WHH XAXPEHUV DW WKH QR/GHY: FR U UBNS®IQRD WHY '
6FDOH UHSUHVHQWY PXWDWLRQV SHU QXNOHBWLGBHP HX H
DJUHHPHQW ZLWK WKH QRPHQFODWXUH HVWDEOLVKHG ZLW
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HW DO 7KH VHFRQG FOXVWHU VXSSRUWKIE FURXERR\
QRQ LVRODW HGDVWRWD CMYEMLVERRVWUDS RI DQG D KHW
JURXBOPIHDJIQPRPM®BIWLEOH VWUDLQV ZKLFK LQFOXGHV WKH
* ZKLFK FRUUHVSRQG WR *6 GHVFULEHG E\ J)HURQWQGH]

GLYHUJHQFH IRXQG ZLWK UHVSHFW SK\ORJHQ\S®H S1VFMHIGRE
WKMDHDJQDBRRE 6RPH LQWHUQDO JURXSV ZHUH ZHOO V
&DVXDVIWQDLQV * DQG * ERWK VXSSRUWHG E\VEBQ): YDO;
PDUNHU GRHV Q RYWOIMXNSSIRUW KLY JURXS VXEFOXVWHULQJ

JHQHUDWLRQ RI FRKHUHAQW LYWRME\QV H

, 9 'LVFXVVLRQ

$W SUHVHQW EDFWHULDO V\VWHP DWICR FHLGEL\H W H.TOX H\C
FRPSDULVRQV EHFDXVH LV UHODWHWHDO VLS WKLYVQBRUNS
SK\ORJHQ\ RI D UHOHYDQW HFRORJLFDO CP DMKN-H U HZDD/WR B G
DPRQJ)WHRENMWUDLYRGFKGH FRGHV IRU D )H VXSHUR[LGH G
LQYRO@WHKCH ILUVW OLQH RI GHIHQVH DJDL Q%W UWDHIDFHNOLLYWH RA
H[LVW EHWZHHQ WKH HDUO\ VWHB®VRE HWIHAFRVDDQEH O O X
EHWZHHQ $3 SK\WRSDWKRE D@V DF RUIKWRYG WHDWR 526 ZKHQ
URRW 7BWDN® V

,QQUDQNALKBPH VXSHUR[LGH GLVPXWDVH JHQHV KDYH EHI
FRUUHODWLRQ EHWZHHQ )H62' DFWLQLWMURQBQDPMHURDW Q/ XI
VLQFH DQ\ FOHDU UHODWLRQVKLS ZDV IRDXW BODH\M ZHIFVQL ¥5.$
YHVLFOH FOXVWHU SURWHLQ $OVNRJ DAXW\HSIGMRCHIS D
K\SHU H[SUBDIWWVDRWLPLODU UDWH DPRQJ $&1 D (D DQG
FRQIURQWHG WR PHWKDCRRBKF QR Y UMD F\R P SRMNHWG Y 0% DJQDUI
6XJIJHVWLQJ WKDW )H62' LV OLNHO\ LQYROYHG LQ WKH V\PE

*HQRPH PLQLQJ DOORZHG )UWQ WIHY XW K B WG \WKMHUW KQW H
OHDVW RQH VXSHUR[LGH GLVPXWDVH 3KIRWEUHEA 2V WEHMLE
WKH VWUDLQ ($1 SHF FRGHY DOVR |RU D 1L62'' )UDQHE
YUDQHDQ B 7KH &F, FRGHV DGGLWLR|QD U A\Q\R H UM \&W L=
WR QRWHSORRRP SDMHLEOH VWUDLQ $&1 D GRHV QRW FRGF
GLVPXWDVHV 7K RGEAXNKLOWHKHRIIHQXY VHHPV WR EH ZLGH
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SRVLWLYH 3&5 GHWHFWLRQ LQ WKH SDQHRBSRLRW UFD L DR & H)U
VWUDLQV

$ VRGRUWKRPORTQ VXSHUR[LGH GLVPXWDVH KDV EHHQ
DSSURDFKHV LQ SK\ORJHQHWLF WULD Qg REDFEGLHHWL BRW "HRKXHD
DO -XUBDWRO 5RGULIJXHWID®D ,Q DOO FDVHV WKHVH Jt
GLVSOD\HG D VWURQJ SK\ORJHQHWLEODUQDR WKERWBLRE QD
WKH 6 EXW ZLWK KLJKHU GLVFULPLQDWLRQ BHWEBBH@® RO
UHODWHG VWUDLQV DW ILQH VFDOHWK®R ®GGXWQRBD MR KVK |
VXEMHFWHG WR SXULI\LQJ VHOHFWLRQ WIXW &R IQRUHAUX FEVDM &

,Q VXPPDUL]LQJ DOO WKH GDWD XQWLO @WRD HH [FDMREL
FOXVWHUV HWRDPDQIGRZHYWRGRQMK WZR ZHUH GHSLFWHG DGQ
VXSSRUW ZDV IRXQG IRU WKH JHQXV FRQFHSWLRRIHDKH VI
FRQVWUXFWHG E\ 0/6$ Rl KRXVHNHHSLQJ JHQDF OKIGH FKKOD
VRGIXVW QRW EH LQFOXGHG LQ WKLV NLQG RI DQDO\VLYV

IRQHWKHOHVV )H62' FRGLQJ JHQH PD\ BMW OV HI®BUNRHG
6LQFH LW KDV HIILFLHQWO\ VSOLWW D& B RIRJRXBQ RHM\D \E \ KR\
JHQRW\SLQJ PHWKRGV VLQFH WKH\ KDYH HUQE@BBHBO R|

D WKH\ FDQ QRW EH GLIIHUHQWLDWWGDE\ WRIB E® XWBUH
QLI ' SRO\PRUSKLVP KDV EHHQ \LHOGHG /XPLQL  %RVFF
JHQRPRVSHFLHV ZHUH FOXVWHUHG LQ D FRICHVNOWSHBRNE
6LQFH WKH PRVW HYLGHQW GLIIHUHQFH EMIWEZHHQ REKHMW J
*6 FRPSULVHV RQO\ JUHQFK DQG ,WDOQWD Q VLR/GRIDW M\H VURKL ¢
JHRJUDSKLFDO UDQJH WKLV PDUNHU FIDXX\W GDSWDLWQVR QKR
JURXS RI VWUDLQV ,Q DGGLWLRQ *6 P HPIEHFWAH ®DEILIDEDOK
IDFWRUV H\I PIDA)I)

7RVXPPDULMRGWHKHXHQFH GLVSOD)\)WDQ RKHDPRQ R QL DG
LOQWHUHVWLQJ JURXSLQJV ZHUH GLVSODWRIG FQREDQQ U MC
VWUDLQV DQG DOORZHG WR HPLW K\BURMMNAIDY W UDVE RIXFVD VKL
SURFHVVHYV

'XH WR LWV FRQIOLFWLYH SK\OR JWHROHW R B)W IQH) DROU ZWM KG
SK\ORJHQHWLF LQIHUMQ P DD WKRKXJIJKHQWVFDQ EH SHUIRUP
EHWZHHQ FORVH JHQRR DB QRIRKBNQR/I

-171-



Chapter IV: Phylogenetic analysis of ecologicallglevant markers

7KH FOXVWHU ,, Rl 1RGVRG)IXYAWDRQ VL Q®EWHFWO\
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Chapter V: General discussion

7KH JHO®WYNRFERPSDVVHV |LO D PIHQ R X RE DFMW MWLRS KG |
WKHLU DELOLW\ WR LQGXFH 1 IL[LQJ URR WVQR-EOFOHM RD W
HLJKW ERWDQLF IDPLOLHYV FDOOHG *DHWLQRUKSFIL GROWDKL
VI\PELRVLV LV HVWDEOIQWLHG PEWXWHQ VSHFLHV RI SODC
ZLGHVSUHDG WHUUHVWULDO HFRV\VWHPV DKHO WDLLIR XWIGH WAk
VIPELRWLF DVVRFLDWLRQ DQG WKH Y BIGLBRW [RQ RDKLE B DWH €
GLYHUVLW\ DV D PRVDLF Rl ELRJHRJUDSKLF SDWWHUQV %FH
7KXW DQMLYHUVLW, JHQHUDWLRQ DQG PDLQWHEGRBHRHRDUH
VHYHUDO IDFWRUV L H KRVW GLVWULEXWLRQ KRVW VSHFL

7R LGHQWLI\ WKH S URMHYNBIHY HIHVQ MU DM@ IXLGLQJI LW\
PXVW XQGHUVWDQGUD QUWKHY HUWHWW [RW PHDQV WKH SRWHC
FRPSULVHG ZLWKLQ WKH JHQXV DQG  WXKH RRKHRWU YWKIHR WL
SRLQW LV QHFHVVDU\ WR HVWDEO FWKVDRQHDIQE LB Q VD WX R
LGHQWLILFDWLRQ DQG IRU WKH VHFRQG RIGI XV UW GLHDAE-OM/
%RWK HOHPHQWYV D)UD © QY D RWHD GKWILIDY LLG). RXV QDWXUH DC
RI FRQVHQVXV DQG KRPRJHQHLW\ LQVWKIG \WHKH Q HTXH/N GELHY I}

,PSDFW RI| KR VhkBOB®IOWH RVLILFDWLRQ DQG V\PELRVLV ELRJ

,Q WKLV ZRUN ZH IROORZHG WHKG KRAERPPHYBDWRRE QNK
HYDOXDWLRQ Rl VSHFLHV GHILQLWLHRW DQ EEDB QG WLROWR JX|
FKRRVH WZR RI WKH DSSURDFKHV WKH\ SURSIRKGVEY3 D UD
$PSOLILHG )UDJPHQW /HQJWK 3RO\PRUSKLVP\VDQGI RN 0X
SK\ORJHQHWLF UHFRQ WRU B RWEIORQINVISENORIHQY DQG WD[R
FODVVLILFDWLRQ 7KH DGGLWLRQ RI WKKH WZDRLDP X B URID WHH
SK\ORJHQHWLF VLJQDO IURP PDMRUHNOGM WHIQ \) MDADKELHID W X |
JHQXV %HVLGHV D ODUJH FROOHFWLRQJRRIDEFRXWF JWQH
DQG HFRORJGEFBUMM@AVZHUH LQFOXGHG LQ WKH DQDO\VL)
VWUDLQV SDUWLFXODUO\ WKRVH KDUGE FSOLEEWEK & DSKE B RM
EHHQ H[WHQVLYHO\ VWXGLHG EHIRUH

7KH UHVXOWLQJ SK\ORJHQ\ EDVHG L)@ W K HFRQH UDRHOG 2\
GLYLVLRQ RIWRRKUHHO®MRUQFODGHY ZLWK WKH IROORZLQJ V
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7KH VLVWHU UHODWLRQVKLSV RI &0OXVWHUV , I
WR WEEKWYLEDYVXD WD W R MHH QIKIHDID MDD W WUDLQV
LQIHFWLYH

7KH FOXVWHU ,,, FRPSULVLQJ QRQ LQIWFWLYH
WKH FORVHVW QHLJKERU RI WKH IRUPHU

7KH FOXVWHU ,9 FRUUHVSRQGV WR WKH QRQ F
WKH EDVDO SRVLWLRQ RI WKH SK\ORQHRIQNH Q@LEHDQ FKL
WKH JHQXV

7KLV JHQXV VWUXFWXUH DQ G WDKQHFIOKOW WLY HD © BUW K B DIVRLY
JURXSVY DOUHDG\ UHSRUWHG ZDV KHUH IR®WNVKMWRLWKW
HIWHQVLYH VHW Rl VWUDLQV DQDO\|HRQ DQ®ZWRQWKH DVH)
&ODZVHRW) DO DNormand HW D 7KXV WKH WRSRORJ\ GLVS(
GHPRQVIWWDRWHRXSLQJ RQ WKH EDVLV Rl WKH KRVW SODQW
WKH FRQFOXVLRQ WKDW ELRJHRJUDSKLFDO BLLWWWLDXQWGLR
PLJKW EH WKH UHVXOW RI GLYHUVH HYBOXWURBXWL PG FRD
DQG FRHYROXWLRQ HYHQWY 5DPHWWH 7LHGMH
(YHQ LI JOREDOO\ QXPHURXV LQFRQJUXH [DFS 6 H\W WKRE WA
LPSDFW RI KRVW SODQW RQ SK\ORJHQ\ DW D ORZ OHYHO W
7KH PRVW VWULNLQJ H[DPSOH RI KR¥D/V X0 D@WWFML O H
VWUDLQV 7KLV JURXS KHUH UHQDPHG D\&DVQIRWPIRYS H |
VWUDLQV WKDW DUH XQGLVWLQJXLVKDEOKLE\JURE DAL
VWUDLQV VHHPV WR UHSUHVHQW DX H HFHQAW DU Q H VK- W
WKHUH LQFOXGHG DUH IURP G KRDNX DIHNRIDURIKICF) \DLW B
LQWURGXFHG VSHWLBY 6LRRXHWK JHQRPLF KRPRORJ\ F
DV SURYHG E\ $)/3 0/6%$ DQG E\ WIRK )BERBOW KIHF YO PR
VSHFELILFLW\ WRZDUGV WKHLU KRVWY RGIYWH B VL @ XW XHHV @/L
DQG UHVWULFWHG GLYHUVLW\ PDLQWHQDQFH ZLWKLQ V
$VLGH RWKHU FOXVWHU ZKLFK GLVSH(RAMRGORGW DPS
LV WKH JUORXSEDRBHQVLOROQRWHD/ B HORRULFKDW REHH Q
FRQVLGHUHG DV D SURPLVFXRXV KRVW VLQFEHLQ JU
LQIHFWHD QGBWMDUDLQV EHORQJLQJ WR GLIIHUHQW KRVW
GHPRQVWUDWHG WKDWO LU PUKLAN HYD\EKR WS OORAB VSHFI
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DVVRFLDWLRQV R Q80 QZIMRBKUSIEY HDALZDYDaR | ,W VHHPV WR E
WKH FDVH IRUUNRB SHKUWR/NYDQORDEHFDXVH WKH\ WLJK
FRKHUHQW JURXS ZLWKRXWOWE&HQ\WQPYPWYLEQ RWR\W K& VY
,Q WKH WK SO WSWHFGEHNVGWKH 6S VWUDLQV H[KLELWHG
JHQHWLF KRPRJHQHLW\ DQG WKH SK\ORJHQHWLFRQWWYL
GHSHQGDQW RI WKH KRVW ZLWK WZRS$YHQDFP@®VH JUR
YLULGANYDLQV DQG D GLYHUJHGW JDXRXIBEERR DWBNS RO G L
JOXWDQBYBSD UHSUHVHQWY DQ HDUO\ EUDQFKLQJ ZLW
WKH 6S VWUDQPIY@® YLUHKLELW WKH VDPH FKDUDFWH
KRPRJHQHLW\ DQG KLJK KRVW DIl)QDOIQIRR ZAKYLHE WK H\
GLYHUJHG DV DQ HDUO\ EUPQFEQ@RHB RPFDWU LBQ HW WK IV
EHWZHHQQFDQEB YLUBSLWHHPHG WR KDYH KDSSHQHC
HYROXWLRQDU\ VFDOH VLQFH WKH\ GLVSOD\HG PLQLPD
,Q WKH FOXVWHU ,9 ZH DOVR KDYH HKHGGHIQFHU RL VKR S B/WDM
JUDQNVYDQFH LQ WKLV FOX&RHLD ZHL HDOQURERDEDDD UXVFLIF
HQGRSK\WHV FRPLQJ IURP )UDQFH DQGHPIUNMP E OHVBHFRP
VLPLODULW\ VXJJHVWLQJ WKDW KRVW VHOHPMWHWKLY JHQRW

,PSDFW RI HQYLURQPHQWDO IDFWRUYV

7TKH LPSDFW RI HQYLURQPHQWDO IDFWRUV RQWKKHVHWRR&K
vVwWuUubDLQV KHUH HPSOR\HG KDV QRW EHHQ RRWWHED®H®GD (
VWXGLHG LQ WKLV UHJDUG ZDV WKH * BKHLQOQWWHFL?BD EW/E
ZDV WHVWHIKBW-DEDQXKH FRQFOXVLRQV RI WKLV ZRUN GLG
S+ VRLOV H[HUWHG D VHOHFWLYH SUHVWWUWBDDQG ¥FRQLVMHHE
:LWK RXU GDWD WKLV JURXS RI VWUDLQV FGOKRAW HUGIKBWILE
YDULDELOLW\

Franka FOXVWHUV HYROXWLRQ

7KH SK\ORJHQ\ UHSRUWHG LQ WKLV VWXGQ XVNH KW R\QRV RRB
7KH VWUDLQV RI EDVDO FOX\\WQHUWEWHRUWYRODMOLAR @ HIQ G PMWKR
HI[KLELW DQ HOHYDWHG GHSHQGHQFH RQ WKHLRJKRNVOV 7KH
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