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7KLV LV D SUH SULQW SULRU WR IRUPDWWLQJ HGLWLQJ 7KH

KWWSV 777 PLFURELRORJ\UHVHDUFK RUJ FROWHQW MRXUQECL

DXWKRU2IISULOW LGHQWLW\ WLPHVWDPS VLJIC

E G IHE IHI

KWWSV GRL RUJ PLF

OLFURELRPH GLYHUVLW\ DQG FRPSRVLWLRQ YDULHV DFURV'

OLFURELRORJ\

'RQDOG 7 OF.QLDIKOW 5 =HRMWS$ $OIRIUKU +XHUOLPDQQ
&ROOHJH RI 6FLHQFH DQG (QJLQHHULQJ -DPHV &RRN 8QLYHL
&XUUHQW DGGUHVV 6FKRRO RI (QYLURQPHQWDO DQG 5XUDO

$UPLGDOH 1HZ 6RXWK :DOHV $XVWUDOLD

&RUUHVSRQGLQJ DXWKRU HPDLO GRQDOG PFNQLJKW#P\ MFX
N\DOO JHQIJHU#MFX HGX DX 25&,'
URVYV DOIRUG#MFX HGX DX

URJHU KXHUOLPDQQ#MFX HGX DX 25&,' ;

.H\ZRUGVXDWLF PLFURELRORJ\ %DFWHULD &KHORQLDQV 5H:



$SEVWUDFW

7TKHUH LV LQFUHDVLQJ UHFRIJQLWLRQ WKDW PLFURELRPHYV DL
XQGHUVWDQGLQJ KRVW PLFURELRPHV LV LPSRUWDQW IRU SO
+RZHYHU PLFURELRPH GDWD DUH ODFNLQJ IRU PDQ\ WD[D L¢
XQGHUVWDQGLQJ RI WKH LOWHUDFWLRQV EHWZHHQ DTXDWLF
JHQHUDWLRQ VHTXHQFLQJ WHFKQRORJ\ WR H[DPLQH WKH PLF
(P\GXUD PDFTXDUHLHNDALQH& WKH PLFURELRPHV RI WKH EXF
WKH KHDG SDUWV RI WKH VKHOO ZLWK PDFURDOJDH DQG SD
LQ WKH SK\OD 3BURWHREDFWHULD DQG %DFWHURLGHWHYV ZHU
SDUWLFXODUO\ EXFFDO VDPSOHV EXW &\DQREDFWHULD 'HL
DOVR FRPPRQ SDUWLFXODUO\ LQ HIWHUQDO PLFURELRPHYV
FRPPXQLW\ FRPSRVLWLRQ DPRQJ HDFK ERG\ DUHD DV ZHOO I
LQGLYLGXDOV 7KH EXFFDO FDYLW\ KDG ORZHU EDFWHULDO L
PLFURELRPHVY DQG LW KDG PDQ\ DPSOLFRQ VHTXHQFH YDULEL
FRPSDUHG WR RWKHU ERG\ DUHDV 1HYHUWKHOHVV WKH EXF
3buUwV RI WKH VKHOO ZLWK DQG ZLWKRXW DOJDH DOVR KDG ¢
REYLRXV GLITHUHQFHYVY LQ WKH UHODWLYH DEXQGDQFHV RI W
DQRG 1RVWRFDFHDH 7KLV VWXG\ SURYLGHYVY QRYHO EDVHOLQ

PLFURELRPHV RI WXUWOHYVY DQG LV D ILUVW VWHS LQ XQGHUYV

L QWURGXFWLRQ
$QLPDOV KDUERU GLYHUVH DVVHPEODJHV RI PLFURELDO

KHDOWK DQG HFRORJ\ >+ @ DQG PD\ EH LPSRUWDQW IRU FRC



DGYDQFHV LQ KLJK WKURXJKSXW VHTXHQFLQJ +76 WHFKQRC
SDUWLFXODUO\ KXPDQ PLFURELRPHV DQG WKH GLYHUVH UR!
WKH SDVW WZR GHFDGHV ZLWK WKRXVDQGV RI VWXGLHV EHL
DUH VWLOO PDQ\ NQRZOHGJH JDSV WR ILOO DQG WKH PLFUR
UHPDLQ SRRUO\ VWXGLHG ,QGHHG RQH UHYLHZ IRXQG WKDW
IRFXVHG RQ PDPPDOV ZLWK FRPSDUDWLYHO\ IHZ VWXGLHV R
> @

7XUWOHV DUH DPRQJ WKH JURXSV WKDW DUH LQ SDUWLF
DPRQJ WKH PRVW LPSHULOHG YHUWHEUDWHY ZLWK QHDUO\ \
RU HQGDQJHUHG > @ )XUWKHU DOWKRXJK KDELWDW ORVYV
SULPDU\ WKUHDWV WR PRVW WXUWOH VSHFLHV > @ HPHUJL
FRQFHUQ DQG KDYH GHFLPDWHG SRSXODWLRQV RI VHYHUDO
PLFURELRPHV LQ ERWK KXPDQ KHDOWK > @ DQG HPHUJLQ
DPSKLELDQV > #+ @ LW LV OLNHO\ WKDW PLFURELRPHV DUH
5DQDYLQ@X\FWLRQV DUH RI SDUWLFXGDQ IFRIQPHENG LIRQVWXIHN O
QHJDWLYHO\ DVVRFLDWHG ZLWK KLJKHU PLFURELDO ULFKQH\
PLFURELRPHV PD\ EH DEOH WR PLWLJDWH LQIHFWLRQV

,Q DGGLWLRQ WR WKH SRWHQWLDO UROH RI PLFURELRPH
LPSRUWDQW IRU FRQVHUYDWLRQ HIIRUWYV WKDW UHTXLUH WX
FRQVHUYDWLRQ VWUDWHJILHV IRU WXUWOHV UHO\ KHDYLO\ R
SURJUDPV DQG UHLQWURGXFWLRQ SURJUDPV EXW LQ PDQ\ \
VDODPDQGHUV > @ DQG OL]DUGY > @ FDSWLYLW\ DOWHUYV

WKLV RFFXUULQJ LQ WXUWOHYV > + @ 'XH WR WKH OLQN EHYV



PDLQWDLQLQJ KHDOWK\ PLFURELRPHV PD\ EH D NH\ EXW RIW
WKHVH HIIRUWV > @ +RZHYHU PRQLWRULQJ DQG PDLQWDL
UHTXLUHV EDVHOLQH GDWD RQ WKH FRPSRVLWLRQ DQG UROH
WKRVH GDWD DUH ODFNLQJ IRU WXUWOHYV
JHZ VWXGLHV KDYH H[DPLQHG WXUWOH PLFURELRPHV DQ
UHVHDUFK WKH OLWHUDWXUH LV WD[RQRPLFDOO\ ELDVHG Z
DQG WKHLU HJJV > + @ IROORZHG E\ WRUWRLVHV > + @ 7
PRUH VWXGLHV VKRXOG EH FRQGXFWHG RQ WKHP SDUWLFXO
FRYHUHG EXW WKHVH WD[RQRPLF JURXSYV DUH KLJKO\ HFRO|
DQG WKH\ RQO\ UHSUHVHQW WKUHH WXUWOH IDPLOLHV DQG
IDPLOLHYV RI VSHFLHY DUH RQO\ UHSUHVHQWHG E\ D KDQ!
FXOWXULQJ DQG MAXRIUIMABYWWRQ ZKLFK RQO\ GHWHFW D OL
PLFURELRPH > + @ DQG WR WKH EHVW RI RXU NQRZOHGJ
+76 PHWKRGV > + @ )XUWKHU RQH RI WKHVH +76 VWXGL|
RQH ZDV RQ WXUWOHV LQ D FRPPHUFLDO WXUWOH IDUP > @
@ *LYHQ WKDW FDSWLYLW\ LV NQRZQ WR DIIHFW WKH PLFU
ZLOG SRSXODWLRQV LV D VHULRXV NQRZOHGJH JDS )XUWKH!L
VW XGIKRIQQRSV JHRII@RD@X\RQH FXO WXRIGRE Q¥BE VW W® G WRRQ
WKH EHVW RI RXU NQRZOHGJH DOO WXUWOH PLFURELRPH ZR
&U\SWRGLUD ZKLOH WKH RWKHU PDMRU EUDQFK RI WKH WXU
XQVWXGLHG 7KHVH VXERUGHUV GLYHUJHG URXJKO\ PLOOL

GLITHUHQFHYV



,Q DGGLWLRQ WR WKH WD[RQRPLF OLPLWDWLRQV RI WKH
VWXGLHV KDYH IRFXVHG RQ JXW IHFDO PLFURELRPHV DQG FO
RUDO PLFURELRPHV 1R VWXGLHV KDYH ORRNHG DW WKH H[W
DQG VKHOO 7KLV NQRZOHGJH JDSV H[WHQGYV EH\RQG WXUWZC
RQO\ D KDQGIXO Rl VWXGLHV SXEOLVKHG RQ WKHLU H[WHUQT
H[WHUQDO PLFURELRPHV PD\ KDYH LPSRUWDQW IXQFWLRQV L
H[DPLQHG

BWXG\LQJ WXUWOH PLFURELRPHV SDUWLFXODUO\ H[WHU
RQO\ IRU WXUWOH HFRORJ\ DQG FRQVHUYDWLRQ EXW DOVR |
WKH PLEFURELRPHV RI DTXDWLF HFRV\VWHPV 7XUWOHV DUH F
ODUJH SRUWLRQ RI WKH YHUWHEUDWH ELRPDVV LQ DTXDWLF
WKHP DQ H[FHOOHQW DQG KLJKO\ PRELOH UHVHUYRLU IRU PD
VEXWHV RQ WKHLU VKHOO DUH D IDLUO\ XQLTXH VXEVWUDWH
NHUDWLQL]HG VFDOHY EXW XQOLNH WXUWOHV WKH\ VHFUHYV
WKLQJV PDQ\ DQWL PLFURELDO SHSWLGHV ZKLFK QR GRXEW
DELOLW\ RI WXUWOHVY VKHOOV WR KDUERU VSHFLDOL]HG RU
GHFDGHV DQG WKH PDFURDOJDH KHUHDIWHU 3:DOJDH’ WKD
PHPEHUV RI D X @IDIVXH OBIQXW JURZV DOPRVW H[FOXVLYHO\ RQ
DOJDH KDYH DOUHDG\ EHHQ LPSOLFDWHG LQ D QXPEHU RI HF
GLVSHUVDO DQG KDUERULQJ D FRPPXQLW\ RI FUXVWDFHDQV
PLFURELRPH E\ SURYLGLQJ DQ DGGLWLRQDO VXEVWUDWH IRU
IRU DFFHVV WR WXUWOHVY VKHOOV DOORZLQJ EDFWHULDO F

DOJDH WUDSSLQJ VHGLPHQW SDUWLFOHYVY DQG UHWDLQLQJ F



7KH JRDO RI WKH SUHVHQW VWXG\ ZDV WR KHOS ILOO WK
GRFXPHQWLQJ DQG FKDUDFWHUL]LQJ WKH PLFURELRPHV RI D
ULYHU (WXGAXNDHPDFTXDUQLWNKUHH&KMHQLGDH IDPLO\ VXERUGHU
ZHUH VSHFLILFDOO\ LQWHUHVWHG LQ HIWHUQDO PLFURELRPF
ERG\ 7KHUHIRUH ZH H[DPLQHG WKH PLFURELRPHV RI WKH EX
WUDQVLWLRQ IURP WKH HIWHUQDO HQYLURQPHQW WR WKH L(
KHDG SDUwWV RI WKH VKHOO WKDW ZHUH IUHH RI DOJDH DQG

GDWD ZLOO SURYLGH DQ LPSRUWDQW EDVHOLQH RQ ZKLFK IX

OHWKRGYV
6DPSOH FROOHFWLRQ
'H FDSWXUHG .UHITWN\NG XVUW ¥ HPW WXOWAWDOEHRWU IBHW IBLOH XURGL L
IDPLO\ &KHOLGDH LQ WKH 5RVV 5LYHU 7RZQVYLOOH 4XHHQ\
SRVV 5LYHU LV a NP ORQJ DQG P ZLGH ,W UXQV IURP WKH
DQG XVXDOO\ KDV D ORZ IORZ UDWH 9DULRXV PDRAWKBDV KDY
NUHIRWIN NUHI@QVLEXW ZH ZLOO IROORZ WKH WD[RQRP\ SURSF
RUNLQJ *URXS > @ DQF BKHHIBWER GWHDV RI QRPHQFODWXUH
WKH fRQGXWXDW RFFXSLHV 5RVV 5LYHU WKXV FODULI\LQJ ZK
7TXUWOHV ZHUH FDSWXUHG XVLQJ D VLQJOH EDLWHG WUD
VL DGXOW WXUWOHYV RQH PDOH DQG ILYH IHPDOHV PDVYV
FP $00 WXUWOHYVY DSSHDUHG KHDOWK\ :H ULQVHG HDFK
VHGLPHQW DQG WUDQVLHQW EDFWHULD > @ WKHQ VZDEEHG

HDFK DUHD 6WHULOH UD\RQ WLSSHG VZDEV OHGLFDO :LUH



LQVLGH RI WKH EXFFDO FDYLW\ PRXWK WKH WRS RI WKH KH
JURZLQJ RQ LW DQG SDUW RI WKH VKHOO WKDW KDG DOJDH .
DV SDUW RI WKLV VWXG\ EXW WKH\ ZHU%DDN\¥VXPDMEWREH PH
DSSHDUDQFH DQG WKH H[WHQVLYH OLWHUDWXUH GRFXPHQWIL
6ZDEV ZHUH UROOHG DQG PRYHG DURXQG HDFK DUHD IRU V
VLPLODU DPRXQW RI VXUIDFH DUHD IRU HDFK UHJLRQ VWDQC
EXFFDO VZDEV VR WKH VZDEV ZHUH PRYHG DURXQG WKH LQYV
$GGLWLRQDOO\ WZR EODQN VZDEV ZHUH FROOHFWHG WR FR(
ZHUH UHPRYHG IURP WKH VWHULOH SDFNDJLQJ KHOG LQ WKF
YLDOV 2QH VZDE KDG VWHULOH ZDWHU SRXUHG RYHU LW WK

LPPHGLDWHO\ SODFHG RQ GU\ LFH DQG VWRUHG LQ D z& 11U

(IWUDFWLRQ DPSOLILFDWLRQ DQG VHTXHQFLQJ

'H H{WUDFWHG EDFWHULDO '1$ XVLQJ WKH FHW\O WULPH\
SURWRFRO ZLWK D FKORURIRUP SUHFLSLWDWLRQ VWHS > @
O\WR]J\PH GLJHVWLRQ VWHS WR WKH EHJLQQLQJ Rl WKH SURW
IRU WHQ PLQXWHYV —/ RI D IUHVKO\ PL[HG O\WR]\PH VROXW

7ZHHQ PJ P/ O\WWR]\PH SRZGHU ZHUH DGGHG WR HDFK V
LQFXEDWHG DW 7& IRU WKLUW\ PLQXWHV 7KHQ —/ &7$%
PJ PO %,2/,1( ZHUH DGGHG WR HDFK VDPSOH DQG WKH\ ZHU}I
VWDQGDUG &7$% SURWRFRO ZDV XVHG IRU WKH UHPDLQLQJ V

ZHUH HIWUDFWHG VLPXOWDQHRXVO\ XVLQJ D VLQJOH EDWEFK



‘H SUHSDUHG VDPSOHV IRU VHTXHQFLQJ IROORZLQJ WKH
6HTXHQFLQJ /LEUDU\ 3UHSDUDWLRQ JXLGH > @ LQFOXGLQJ
UHFRPPHQGHG 6 ' %DFW E6 6 ' %DFW D$ SULPHU .
,OOXPLQD SURWRFRO VOLJKWO\ WR LQFOXGH F\FOHV IRU W
UHDFWLRQV ZLWK .$3$ +L)L '1$ 3RO\PHUDVH DQG —/ UHDFV
WULSOLFDWHY ZHUH SRROHG SULRU WR WKH LQGH[LQJ 3&5
7KHUPRG6FLHQWLILF &DOLIRUQLD 86%$ IRU DOO FOHDQXS VW
,OOXPLQD OL6HT UXQ WKDW ZDV VKDUHG ZLWK VDPSOHV IURF
3( ,O0OXPLQD 86$% 3KL; VSLNH LQ 2QH DOJDH VDPSOH DQ

LQGLYLGXDOV FRXOG QRW EH VHTXHQFHG UHVXOWLQJ LQ IL

%LRLQIRUPDWLFVY DQG TXDOLW\ FRQWURO
7KH GDWD ZHUH DQDO\]HG XVLQJ '$'$ > @ ZLWKLQ WKH
WKH SDUDPHWHUV RXWOLQHG EHORZ 7R UHPRYH WKH SULPH
ZHUH WULPPHG IURP WKH IRUZDUG UHDG DQG UHYHUVH UHDG
EDVH SDLUV DW WKH 9§ HQG IRUZDUG DQG UHYHUVH UHDGYV ¢
UHVSHFWLYHO\ OD[LPXP HH YDOXH ZDV VHW WR DQG FKI
FRQVHQVXV PHWKRG GHWDLOHG LQIRUPDWLRQ RQ WKH VFUL

KWWSV JLWKXE FRP 5 +XHUOLADQRQRPX¥HD\BDLGROHWQW ZDV

WKH 6LOYD WD[RQRPLF FODVVLILHU YHUVLRQ SURYLGHG
WKDQ Rl bOO UHDGV ZDV UHPRYHG &RQWDPLQDQW UHDG
WKH 5 SDFNDJH PLFUR'HFRQ RQ GHIDXOW VHWWLQJV > @ ,Q

UHFRPPHQGDWLRQV ERWK EODQNV ZHUH XVHG DQG HDFK EF



$QDO\VHV

'H XVHG VHYHUDO PHWKRGV WR FRPSDUH WKH WD[RQRPL
VWUXFWXUH RI WKH GLIIHUHQW ERG\ DUHDV )LUVW ZH XVHG
DEXQGDQFH RI $69V EHWZHHQ ERG\ DUHDV > @ )RU WKLV
ZHUH QRW SUHVHQW LQ DW OHDVW WKUHH RI RXU VDPSOHYV
FRPSDULQJ DOO ERG\ DUHDV WKH PRGHO ZDV DUHD WXUWO
FRPSDULVRQ DQG H[WUDFWHG $69V WKDW ZHUH GLIITHUHQWLLE
%HFDXVH ZH ZHUH PDNLQJ PDQ\ FRPSDULVRQV ZH XVHG D VW

ZLWKLQ WKH FRPSDULVRQV IRU HDFK SDLU Rl ERG\ DUHD

'H UDQ 3(50$129$V YLD WKH DGRQLV IXQFWLRQ LQ WKH 5
WKH HQWLUH FRPPXQLWLHV Rl HDFK ERG\ DUHD LWHUDW
%UD\ &XUWLV GLVVLPLODULWLHY ZKLFK LQFRUSRUDWH DEXQ
ZKLFK LV EDVHG RQO\ RQ SUHVHQFH DEVHQFH DQG RQH ED
LQFRUSRUDWHY ERWK DEXQGDQFH DQG SK\ORJHQHWLF UHOD
FRQGXFWHG SRVW KRF WHVWV EHWZHHQ SDLUV Rl ERG\ DUHE
FRPSDULVRQV EHWZHHQ DUHDV ZKLOH DFFRXQWLQJ IRU WXU
XVHG D VHTXHQWLDO %RQIHUURQL FRUUHFWLRQ WR FRQWUR
FRQVWUXFWHG DQ RUGLQDWLRQ SORW EDVHG RQ %UD\ &XUW
GLVVLPLODULWLHV E\ FRPELQLQJ DOO VDPSOHV SHU ERG\ DU
FRPSDULQJ WKH %UD\ &XUWLV GLVVLPLODULWLHY Rl WKHVH |
GLVVLPLODULWLHY DQG XQLIUDF GLVWDQFHV ZH WUDQVIRUP

WRWDO VXP QRUPDOL]DWLRQ SULRU WR FDOFXODWLQJ WKH



DOWHUQDWLYHV IRU PDQ\ HFRORJLFDO TXHVWLRQV > @ )RU
WUDQVIRUPHG VDPSOHV WR SURSRUWLRQV WKHQ FDOFXODW
HDFK JURXS
)LQDOO\ ZH H[DPLQHG DOSKD GLYHUVLW\ E\ FRPSDULQJ

DQG HYHQQHVV )RU ERWK PHWULFV ZH RROQPWLRRWIHE 0t Q@
ZLWK ERG\ DUHD DQG WXUWOH ,' DV WKH PDLQ HIIHFWV :H FI
WZR VDPSOHV WKDW FRXOG QRW EH VHTXHQFHG $OWKRXJK |
UHDG GHSWK KDG EHHQ DFKLHYHG 6XSSRUWLQJ 'DWD ULFK
UHDG GHSWK SDUWLFXODUO\ RQH VDPSOH IURP WKH KHDG W
KLJKHVW VDPSOH 5DUHI\LQJ GLG QRW FRUUHFW WKLV SUREQ
FRYDULDWH LQ RXU PRGHO IRU ULFKQH$Q RIBY PWILEQ Q DHWKH
SDFENDJH > @XNHQGEWHIWLRQ ZDV XVHG WR PDNH SRVW KRF F

ZDV DVVHVVHG ZLWK 44 SORWV DQG UHVLGXDO SORWYV

5HVXOWV
6HTXHQFLQJ RXWSXW DQG GDGD SURFHVVLQJ
7KH VHTXHQFLQJ UXQ SURGXFHG UHDGV IRU WKH \
UHDGV IURP WKH VKDUHG UXQ ZKLFK ZHUH ILOWHUHG ZLWK
PHUJLQJ UHDGV UHWDLQHG DQG FKLPHUD ILOWHULQJ
UHPRYDO RI D VDPSOH ZLWK RQO\ UHDGV PLFUR'HFRQ ZDV
UHDGY UHWDLQHG DIWHU ZKLFK WKH EODQN VDPSOHYV

SURGXFHG D ILQDO GDWD VHW RI VDPSOHYVY ZLWK D WRWDO



VDPSOH OS5DUHIDFWLRQ SORWYV FRQILUPHG WKDW VXIILFLHQW

6 XSSRUWLQJ 'DWD IRU SORWYV DQG ILOWHULQJ GHWDLOV IRU

7D[D DQG GLIITHUHQWLDO DEXQGDQFH
SHDGV ZHUH VHIJUHJDWHG LQWR $69V UHSUHVHQWLQ.
IDPLOLHYVY 3URWHREDFWHULD DQG %DFWHURLGHWHYV ZHUH
EXFFDO FDYLW\ FRPSULVLQJ DQ DYHUDJH RI 6' DQ:
VDPSOH UHVSHFWLYHO\ )LJ 2WKHU FRPPRQ SK\OD YDULH

SDUWLFXODUO\ &\DQREDFWHULD ZKLFK ZDV KLJKO\ DEXQGDC

RI UHDGV 6' EXW ZDV UDUH LQ WKH EXFFDO FDYL\
DQG ZDV PRGHUDWHO\ DEXQGDQW RQ WKH KHDG PHDQ F
VKHOO ZLWK DOJDH PHDQ RI UHDGV 6' 'LITHUHQFH

LQFUHDVLQJO\ DSSDUHQW DW ORZHU WD[RQRPLF OHYHOV EX
FRQVLVWHQF\ DPRQJ VDPSOHV ZLWKLQ ERG\ DUHDV )LJ Z

‘HHNVHOODFHDH DQG )ODYREDFWHULDFHDH LQ EXFFDO VDPS

ZDV FRPPRQ PHDQ RI UHDGV 6 DQG JODYREDFWH
PHDQ RI UHDGV 6" EXW LQ WKH RWKHU WZR VDPSC
FRPPRQ IDPLO\ DQG RI UHDGV ZKLOH :HHNVHOODFH
DEXQGDQW DQG RI UHDGYV

‘LITHUHQWLDO DEXQGDQFH WHVWY DOVR UHYHDOHG LQWt
$ WRWDO RI $69V ZHUH VLIQLILFDQWO\ GLIITHUHQWLDOO
ORVW RI WKHVH $69V LQYROYHG FRPSDULVRQV WR WKH E

GLITHUHQWLDOO\ DEXQGDQW EHWZHHQ RWKHU UHJLRQV DQC



KDG D ORZHU UHODWLYH DEXQGDQFH 7KHUH ZHUH KRZHYHU
%DFWHURLGHWHY DQG 3DWHVFLEDFWHULD FRQWDLQHG ERWK
LQ WKH EXFFDO FDYLW\ DQG $69V WKDW KDG D UHGXFHG UHO
RI WKH VKHOO ZLWK DOJDH JHQHUDOO\ KDG KLJKHU UHODWL"
KDG ORZHU UHODWLYH DEXQGDQFHV WKDQ HLWKHU WKH KHD
VHYHUDO %DFWHURLGHWHY DQG BURWHREDFWHULD 7KHUH .
DUHDV LQ WKDW RQO\ ILYH $69V ZHUH VLJQLILFDQWO\ PRUH I
FRPSDULVRQ DQG VLIJQLILFDQWO\ OHVV DEXQGDQW IRU WKDW
FRQVLVWHQF\ ZDV SDUWLFXODUO\ SURQRXQFHG IRU WKH EXF
SDWWHUQ LQ DOO WKUHH FRPSDULVRQV DQG $69V VKRZHG
GLG QRW VKRZ D VLIJQLILFDQW GLIITHUHQFH LQ WKH WKLUG 7
ZDV ODUJHO\ GULYHQ E\ WKH IDFW WKDW PRVW GLIIHUHQFHYV
6 XSSRUWLQJ 'DWD

'"HVSLWH KDYLQJ D ORZ UHODWLYH DEXQGDQFH IRU PDQ\

XQLTXH $69V WKDQ DQ\ RI WKH RWKHU ERG\ DUHDV )LJ

XQLTXH $69V ZHUH LQ WKH SK\OD 3URWHREDFWHULD RU %
PRVW ZHUH LQ WKH FODVYVY *DPPDSURWHREDFWHULD RUGH
NXUNKROGHULDFHDH $GGLWLRQDOO\ VHYHUDO RI WKH $

ZHUH IDLUO\ DEXQGDQW 6L[ RI WKHP HDFK FRPSULVHG PRUH
JHQXOMDYREDFWRRENMPVHG RI DOO EXFF®GD YREDIMM HILARW R
XQLTXH WR WKH EXFFDO FDYLW\ DQG FROOHFWLYHO\ DOO X
EXFFDO UHDGV ,Q FRQWUDVW IRU WKH RWKHU ERG\ DUHDYV

DEXQGDQFHV 2XW RI DOO WKUHH DUHDV RQO\ RQH XQLTXH ¢



UHDGV IRU D6IDHHFR ROFBRF XV D &\DQREDFWHULD ZKLFK FRP:
DOO UHDGV IRU WKH VKHOO ZLWKRXW DOJDH &ROOHFWLYH
EXFFDO FDYLW\ RQO\ FRPSULVHG RI DOO UHDGV IRU WKH
DQG IRU WKH SDUwWV RI WKH VKHOO ZLWK DOJDH WKH KHI
UHVXOWY LQ WKLV SDUDJUDSK EHFDXVH LW KDG WKUHH WLPI

KLJK OHYHOV RI UDUH XQLTXH $69V LQ WKDW VDPSOH HYHQ

&RPPXQLWLHYV

7KH 3(50$129% EDVHG RQ %UD\ &XUWLV GLVVLPLODULWLH
WKH FRPPXQLWLHY DPRQJ ERG\ DUHDV ) Gl SVHXGR

Gl SVHXGR 3 3RVW KRF WHVWYV IRXQG WKDW H
GLITHUHQW IURP HYHU\ RWKHU DUHD DOO SVHXGR 3 >DIWHU
%UD\ &XUWLV GLVVLPLODULWLHY EDVHG RQ D FRPSRVLWH RI
GLIITHUHQFHYV ZHUH IRU FRPSDULVRQV EHWZHHQ WKH EXFFDO
&XUWLV GLVVLPLODULWLHYV * $OVR DOWKRXJK HDFK
ZLWKRXW DOJDH ZDV PRVW VLPLODU WR WKH VKHOO ZLWK DC
E\ WKH KHDG %UD\ &XUWLV GLVVLPLODULW\ 7TKH KHDG
VKHOO WKDW KDG DOJDH %UD\ &XUWLYVY GLVVLPLODULW\
&XUWLV GLVVLPLODULW\ 7TKHVH SDWWHUQV DUH UHIOH

7KH 3(50%$129% EDVHG RQ -DFFDUG LQGLFHV VKRZHG WKH
GLITHUHQFHYV LQ WKH FRPPXQLWLHY DPRQJ ERG\ DUHDV )

LQGLYLGXDOV ) Gl SVHXGR 3 3RVW KRF WHVW



VLIQLILFDQWO\ GLITHUHQW IURP HYHU\ RWKHU DUHD DOO SV
FRUUHFWLRQ@ "~

7KH 3(50%$129% EDVHG RQ ZHLJKWHG XQLIUDF GLVWDQFHYV
GLIITHUHQFH DPRQJ ERG\ DUHDV ) Gl SVHXGR 3
LQGLYLGXDOV GLG QRW TXLWH DFKLHYH VLJQLILFDQFH )
IRXQG WKDW HDFK ERG\ DUHD ZDV VLIJQLILFDQWO\ GLIITHUHQYV
VHTXHQWLDO %RQIHUURQL FRUUHFWLRQ@ "~

%XFFDO PLFURELRPHY KDG ORZHU PHDQ EDFWHULDO ULF
DUHDV PHDQ ULFKQHVYV >6'@ EXFFDO > @ KHDG >
> @ VKHOO ZLWK DOJDH > @ LWKLQ HDFK LQGLYLG

ULFKQHVVY WKDQ DQ\ RWKHU ERG\ DUHD 7KH $129% FRQILUPH

DPRQJ ERG\ DUHDV ) Gl 3 W DOVR VKRZHG Wl
VDPSOH zZDV D VLIJQLILFDQW FRYDULDWH ) Gl 3
WXUWOHYV ZHUH QHDUO\ VLIJQLILFDQW ) Gl 3 3

EXFFDO FDYLW\ KDG ORZHU EDFWHULDO ULFKQHVV WKDQ DOC
FRPSDULVRQV ZHUH VLJQLILFDQW EXW WKH GLIITHUHQFH EHW
QHDUO\ VLIJQLILFDQW 3

%XFFDO PLFURELRPHY DOVR KDG ORZHU EDFWHULDO HYH

DUHDV PHDQ HYHQQHVV >6'@ EXFFDO > @ KHDG
> @ VKHOO ZLWK DOJDH > @ 7KH $129% FRQILUPHG \
DPRQJ ERG\ DUHDYV ) Gl 3 EXW QRW DPRQJ LQ

3RVW KRF WHVWYV IRXQG GLIITHUHQFHY EHWZHHQ WKH E>

WKH EXFFDO FDYLW\ DQG SDUWV RI WKH VKHOO ZLWK DOJDH



VLIQLILFDQW EXW WKH GLIITHUHQFH EHWZHHQ WKH EXFFDO F

QHDUO\ VLIJQLILFDQW 3

&RQWDPLQDWLRQ

6HYHQW\ WKUHH $69V DPSOLILHG LQ WKH EODQNYV RI Z
VDPSOH PLFUR'HFRQ UHPRYHV FRQWDPLQDWLRQ E\ XVLQJ LG
FRQWDPLQDQW UHDGV UDWKHU WKDQ ZKROH $69V WKRXJK \
UHPRYHG 7KXV LW FDQ KDQGOH VLWXDWLRQV ZKHUH D FRP
WXUWOHV EXW DOVR SUHVH®W SOHDHEGHY R &R @WIRFRL® MR ER
FRQWDPLQDQW UHDGV 7KLUW\ RQH $69V ZHUH FRPSOHWHO\ |
$69V WKDW ZHUH QRW HQWLUHO\ UHPRYHG WZR ZHUH UHWDL
7KHVH EDFWHULD DQ $FWLQREDFWHULD DQG D *DPPDSURWH|
DQG UDUH LQ WKH EODQNV VXJJHVWLQJ WKDW PLFUR'HFRQ F
SDUWLDOO\ IURP FRQWDPLQDWLRQ DQG UHWDLQHG PRVW RI
*DPPDSURWHREDFWHULD ZDV UHWDLQHG LQ PXOWLSOH VDPES
VKHOO ZLWK DOJDH )LQDOO\ RQH $69 ZDV UHWDLQHG LQ PX
ZLWKRXW DOJDH DQG WKH UHPDLQLQJ VL[ $69V ZHUH LQ PXO
QR VDPSOHV IURP RWKHU JURXSV 7KLV W\SH RI VHSDUDWLRC
DFFXUDWHO\ UHPRYLQJ FRQWDPLQDQW UHDGYV DV RSSRVHG W
SDWWHUQ WKDW ZRXOG EH H[SHFWHG IURP UHVLGXDO FRQWL
RI PLFUR'HFRQ DV D WHFKQLTXH WR UHPRYH FRQWDPLQDWLR

IURP PLFUR'HFRQ DUH DYDLODEOH LQ WKH 6XSSRUWLQJ 'DWD



'LVFXVVLRQ

7KLV VWXG\ SURYLGHV VHYHUDO XVHIXO LQVLJKWV LQWR
PLFURELRPHV GLIIHUHG DPRQJ DOO ERG\ DUHDV WHVWHG LQ
UHVXOW HFKRHV UHVHDUFK WKDW IRXQG GLIIHUHQW H[WHUQ
DUHDV LQ KXPDQV > @ DPSKLELDQV > @ DQG ILVK > @
VWURQJHVW GLIIHUHQFH ZDV EHWZHHQ WKH EXFFDO FDYLW\
ZDV SDUWLDOO\ GXH WR DQ DEXQGDQFH RI SKRWRV\QWKHWL]
&KORURIOH[LD > @ RQ WKH H[WHULRU VXUIDFHV EXW PDQ\
DEXQGDQW EHWZHHQ WKH EXFFDO FDYLW\ DQG H[WHUQDO PL
ORZHU $69 ULFKQHVV DQG HYHQQHVV WKDQ WKH VDPSOHV IU
$69V ,W LV DOVR ZRUWK QRWLQJ WKDW PRVW EXFFDO $69V F
PHDQ RI UHDGV 6 EXW WKH SURSRUWLRQ RI $69\
IDPLO\ OHYHO ZDV ORZHU IRU H{WHUQDO DUHDV PHDQ SHUF}
ZLWKRXW DOJDH > @ VKHOO ZLWK DOJDH > @
EXW RQH REYLRXV K\SRWKHVLV LV WKDW WKLV LV D UHVXOW
KDYH EHHQ PRUH ZHOO VWXGLHG DQG FKDUDFWHUL]HG WKDQ
OLNH WXUWOHV ZKLFK FRXOG UHVXOW LQ D UHGXFHG DELOL
PLFURELRPHV 7KLV HPSKDVL]HV WKH QHHG IRU JUHDWHU UH

$QRWKHU LOQWHUHVWLQJ UHVXOW LV WKDW SDUWV RI WK
WKDQ SDUWV Rl WKH VKHOO ZLWKRXW DOJDH 7KLV SURYLGH
LQWHUDFWLRQV EHWZHHQ DOJDH DQG WKHLU WXUWOH KRVW)
FDSWLYH KXVEDQGU\ DQG PRQLWRULQJ WXUWOH KHDOWK )R

PRUH DEXQGDQW RQ SDUWV RI WKH VKHOO ZLWK DOJDH PHD



RWKHU ERG\ DUHD PHDQ SHUFHQW RI UHDGV >6'@ EXFFDO
ZLWKRXW DOJDH > @ OHWK\ORPRQDFHDH DUH PHWKD
YDULHW\ RI IUHVKZDWHU DQG PDULQH HQYLURQPHQWYV DV ZF
VHD LOQOYHUWHEUDWHY OLYLQJ DURXQG WKHUPDO YHQWYV DQ((
WXUWOHVY VKHOOV SDUWLFXODUO\ DUHDV ZLWK DOJDH > +
KLIKHVW OHYHOV RI EDFWHULD LQ WKH IDPLO\ 6DSURVSLUDF
> @ KHDG > @ VKHOO ZLWKRXW DOJDH > @
D JURXS WKDW LV QRWHG IRU LWV LPSRUWDQW UROH LQ EUH
&RQYHUVHO\ WKH IDPLO\ 1RVWRFDFHDH ZDV PRUH DEXQGDQ
RQ RWKHU ERG\ DUHDV PHDQ SHUFHQW RI UHDGV >6'@ EXFF
ZLWKRXW DOJDH > @ VKHOO ZLWK DOJDH > @
&\DQREDFWHULD > @ DQG WKH\ PD\ FRPSHWH ZLWK PDFURD
%YRWK RI WKH PLFURELDO FRPPXQLWLHV RQ WXUWOHVYT VKHO
VFXWHV IROORZHG E\ D UH JURZWK RI DOJDH 1RQH RI RXU W
PROWHG UHFHQWO\ EXW WKLV ZRXOG EH DQ LOQWHUHVWLQJ \
‘XH WR WKH JHQHUDO GHDUWK RI WXUWOH PLFURELRPH V
UHVXOWYVY WR WKRVH RI RWKHU PLFURELRPH VWXGLHVY EXW D
DO > @ XVHG +76 PHWKRGV WR H[DPLQH WKH RUDO PLFUREL
IRXQG WKDW DW WKH IDPLO\ OHYHO :HHNVHDWDAHDHADYV K
VFULSWD VDFESRBWDWRSKLVDQ@XGPDH (MEEINRSKD ULV PBXWOIDUL XV
UDUH LQ IRBUIWKR/KR@Y LKRIQWUDVW )ODYREDFWHULDFHDH ZD
S\WKRQV EXW QRW LQ WKH RWKHU VSHFLHV 7KLV LV LQWHU

DQRG )ODYREDFWHULDFHDH ZHUH D E K QFG DNUWWHIKWWKKHRUDO PL



DEXQGDQFHV DOWHUQDWHG ZLWK RQO\ RQH IDPLO\ EHLQJ DI
VRPH IRUP RI FRPSHWLWLYH H[FOXVLRQ H[LVWV EHWZHHQ WK
FXUUHQW GDWD DUH WRR OLPLWHG WR GUDZ WKDW FRQFOXV

7KH KLJK DEXQGDQFH RI )ODYREDFWHULDFHDH LQ VRPH F
LPSOLFDWLRQV IRU GLVHDVH HFRORJ\ 0DQ\ PHPEHUV RI )OD)
HQYLURQPHQWY LQFOXGLQJ OLYLQJ LQ KLJK DEXQGDQFHV R
WKHP DUH SDWKRJHQV > @ ,QGHHGQOR®REDHFMWHNQRE R DWXIR (
ZDV SUHVHQW LQ RQH VDPSOH ZKHUH LW FRPSULVHG RI L
ZHUH LGHQWLILHED ¥R EDENY MWOQMRH VSHFELHY FRXOG QRW EH C
NQRZOMNGRIRIOXPKIDUEBRW EHHQ GRFXPHQWHG WR FDXVH GLVHD
WXUWOHV VKRZ FOLQLFDO VLIQWROGRFAE WHK HWR WK ISRV V L EC
JODYREDFWHULDFHDH VSHFLHVY UHSUHVHQW UHFHQW GLHWD
QRUPDO RUDO PLFURELRPH 7XUWOHV DUH RIWHQ RSSRUWXQ
WKH DTXDWLF ZRUOG > @ 7KLV ZRXOG SURYLGH DQ HDV\
IRU D SDWKRJHQ WR SDVV IURP D GHDG RU VLFN ILVK WR D W

%H\RQG :HHNVHOODFHDH DQG )ODYREDFWHULDFHDH WK}
RI FRPSDULVRQ EHWZHHQ RXU UHVXOWYV DQG WKRVH RI =DQF
> @ IRXQG D KLJK UHODWLYH DEXQGDQFH RI WKH IDPLO\ &KL
RI DOO IRXU S\WKRQV DQG WKH JHFNR EXW RQO\ D ORZ DEXC
DOVR IRXQG D ORZ DEXQGDQFH RI &KLWLQRSKDJDFHDH LQ DC
UHDGV 6 &RQYHUVHO\ WKH\ UHSRUWHG KLJK UHODWL
ORUD[HOOHFHDH ZKHUHDV ZH GLG QRW ILQG DQ\ & WRS\KDJC

IDPLOLHY ZHUH YHU\ UDUH LQ DOO ERG\ DUHDV PHDQ D



DQG $GGLWLRQDOO\ WKH IDPLO\ '"HLQRFRFFDFHDH Z|
PHDQ RI UHDGV 6" EXW ZDV UDUH RU DEVHQW LQ :

2XU UHVXOWYV GLIIHUHG VWURQJO\ IURP WKH UHVXOWYV R
%ROVRQ WRSNHRULXYWHVODYRP@UPARWWXDUFtD 'H OD 3HXD HW D
VWXG\ IRXQG KLJK OHYHOV Rl 3URWHREDFWHULD EXW OHYHC
PHDQ WKDQ LQ RXU VWXG\ PHDQ >IRU EXFFDO VDPSOH\
)XUWKHU *DUFtD 'H OD 3HXxD HW DO > @ UHSRUWHG PRGHUD
JLUPLFXWHYV ERWK Rl ZKLFK ZHUH UDUH LQ RXU EXFFDO
UHDGYV UHVSHFWLYHO\ 6° DQG $GGLWLRQDOO\ %DF)\
PHDQ RI UHDGV 6' EXW ZHUH QRW DEXQGDQW LQ
PHDQ $W WKH IDPLO\ OHYHO *DUFtD 'H OD 3HxD HW DO
RI 3BDVWHXUHOODFHDH ORUD[HOODFHDH OLFURFRFF]

,Q FRQWUDVW ZH GLG QRW ILQG DQ\ 3DVWHXUHOODFHDH
5KRGREDFWHUDFHDH PHDQ RI UHDGV 6 DQG ORUD
UHDGV 6 ZHUH UDUH RQ DOO ERG\ DUHDV $GGLWLRQD
OHYHOV RI %XUNKROGHULDFHDH DQG :HHNVHOODFHDH ZKLF}
HW DO > @ 1HYHUWKHOHVV ERWK *DUFtD 'H OD 3HXD HW D¢
LQGLYLGXDOV KDG KLJK OHYHOV Rl )ODYREDFWHULDFHDH 6F
GLIIHUHQFHY EHWZHH® WXBYRIPDW XIGR BMAX)MLHVWULDO GHVHU
ZKHUHDPV NUHVIVQLD TXDWLF VSHFDMRP DUYWREGWNMVELYRUH ZK
( P NUEMIVQLRPQLYRUH > @ 7KHVH GLIIHUHQFHV KLJKOL.
WXUWOHV IURP PXOWLSOH WD[RQRPLF DQG HFRORJLFDO JXL(

VXEVHW RI VSHFLHVY DQG QLFKHV



W LV DOVR ZRUWK FRPSDULQJ RXU UHVXOWVY WR WKH UH
FXOWXULQJ PHWKRGV WR LGHQWLI\ EDFWHBKD\QRRPY JHQHU
JHRITURDRXWK $PHULFDQ WXUWOM INQ BWKSMAKIIR I J DPPH\VD K D&\
FDQQRW GHWHFW WKH VDPH UDQJH Rl EDFWHULD WKDW FDQ
WKH\ HYWLPDWH UHODWLYH DEXQGDQFH 'HVSLWH WKHVH OL
FRPSDULVRQV EHWZHHQ )HUURQDWR HW DO > @ DQG RXU V\
LGHQWLILHG JHQHUD WKDW ZHUH Q&RMDS K HO/RIFBRVHEGV R X U V L
VSHF(WNWKHUURKIUDV SHFIOHME V IDRBEO DV SHFLHY VHH 6XSSRUWLQ.
Rl WKHVH DUH SRWHQWLDO SDWKRJHQV 2QO\ ILYH JHQHUD Z
$FLQHWREDFRPHUDEFY QQWWURBRBEMVLRPRRBWHDVRQ WKDW P
WKH JHQHUD GREFXPHQWHG LQ )HUURQDWR HW DO > @ ZHUH
HVSHFLDOO\ JLYHQ WKDW RXU PHWKRGV VKRXOG KDYH KDG L
ORRNHG DW RUDO VZDEV IURP WXUWOHV LQ WKH VDPH IDPLO
JHUURQDWR HW DO > @ FRQGXFWHG UHVHDUFK LQ GLVWXUE
WXUWOHV ZHUH LQMXUHG %RWK KDELWDW GLVWXUEDQFH DQ
FRORQL]DWLRQ DQG WKLV LV D WRSLF WKDW VKRXOG EH VW]
&RPSDULVRQV WR DGGLWLRQDO WXUWOH PLFURELRPH VV
VWXGLHV KDYH H[DPLQHG JXW RU FORDFDO PLFURELRPHV D\
IHYHUWKHOHVYV LW LV ZRUWK PHQWLRQLQJ WKDW 3URWHREL
PRVW FRPPRQ SK\OD LQ RXU VDPSOHV DQG WKH\ KDYH EHHQ
RIWHQ WKH PRVW FRPPRQ SK\OD LQ PRVW WXUWOH PLFUREL
WD[RQRPLF JURXSY DQG ERG\ DUHDV EHLQJ VWXGLHG >

LV XQVXUSULVLQJ JLYHQ WKDW WKH\ DUH GLYHUVH DQG FRP



HQYLURQPHQWY DQG KDYH GLYHUVH HFRORJLFDO UROHV >

DPRQJ WKH PRVW FRPPRQ SK\OD LQ PRVW WXUWOH VWXGLHV
DFKLHYLQJ WKH KLIKHVW UHODWLYH DEXQGDQFH RI DQ\ SK\C
DEXQGDQFH LQ RXU VWXG\ )LUPLFXWHV LV ZHOO NQRZQ IRU
WKH PRVW FRPPRQ SK\OXP LQ WKH JXWV RI UHSWLOHV ELUG
DEXQGDQFH LQ RXU VWXG\ LV OLNHO\ GXH WR WKH IDFW WKD

PLFURELRPHYV ZKLFK DUH JHQHUDOO\ WKH DUHDV ZKHUH LW

&RQFOXVLRQ

7KLV VWXG\ LV DPRQJ WKH ILUVW WR GREXPHQW WKH PLF
WKH ILUVW WR XVH +76 PHWKRGV WR GRFXPHQW HLWKHU WKt
PLFURELRPHV RI WXUWOHV LQ WKH VXERUGHU 30HXURGLUD
RI WKH WXUWOHV WKDW ZH VDPSOHG VXJJHVWLQJ WKDW GLI
PLFURELRWD UDWKHU WKDQ VLPSO\ UHSUHVHQWLQJ WKH PLT
PD\ UHVXOW IURP LPSRUWDQW HFRORJLFDO LQWHUDFWLRQV
WKHLU HQYLURQPHQWY DQG GHVLJQLQJ DSSURSULDWH FDSW

QHJOHFWHG WRSLF WKDW LV ZRUWK IXUWKHU VWXG\

$FNQRZOHGJHPHQWYV
'H ZRXOG OLNH WR WKDQN :\WDPPD :LUWK IRU KLV KHOS
DQRG PHPEHUV RI WKH -DPHV &RRN 8QLYHUVLW\ OROHFXODU (I

ZLWK WKH ODERUDWRU\ ZRUN DQG VHTXHQFLQJ



$XWKRU 6WDWHPHQWYV

$O00 DXWKRUV DIILUP WKDW WKH\ KDYH QR FRQIOLFWYV RI

)XQGLQJ LQIRUPDWLRQ
7KLV UHVHDUFK ZDV IXQGHG E\ WKH +ROVZRUWK :LOGOLI
(FRORJLFDO BRFLHW\ Rl $XVWUDOLD 6N\UDLO 5DLQIRUHVW )i

+HUSHWRORJLVWY DQG $XVWUDOLDQ :LOGOLIH 6RFLHW\

(WKLFDO DSSURYDO
7KLV ZRUN ZDV FRQGXFWHG ZLWK WKH DSSURYDO RI WKH
&RPPLWWHH DSSURYDO $ DQG XQGHU D 4XHHQVODQG "H¥

UHVHDUFK SHUPLW :,63

6 XSSRUWLQJ ODWHULDO DQG 'DWD )LOHV

6XSSRUWLQJ ODWHULDO SGI $GGLWLRQDO ILIJXUHV DQG WI
6XSSRUWLQJ ODWHULDO [OV[ 2ULJLQDO $69 WDEOH GHFRQ
PLFUR'HFRQ UHVXOWY DQG IXOO0O RXWSXW RI VWDWLVWLFDO

7KH VFULSWV XVHG IRU ELRLQIRUPDWLFSVD QG WWDBOEERW L5FV |

+XHUOLPDQQ ORXVH.'"BDQDO\VLV

ILWHUDWXUH FLWHG
ODWWRVR 7& ORUHLUD ""@\PBEOLFRVWHIFVERQ FWHULD RQ WKH FX

FXWWLQJ DQW $FURP\UPH[ VXEWHUUDQHXV VXEWHUUDQH:



HQWRPRSDW K BaILHRQL FHIX @/J t

+DUULV 51 %UXFNHU 50 :DONH -% % HA\M HDMLOY P& IFKREQW |

RQ IURJV SUHYHQW PRUELGLW\ DQG PRUBMIGLW\ FDXVHG
+

ODR -RQHV - 5LWFKLH .% -RORPALFUREQBO 6RPPXQLW\ F

UHJXODWHV FRUDO GURBDMHRGHYHORSPHQW

$SSUL@IULQH DQLPDO PLFURELRPHV 7RZDUG XQGHUVWD

LQWHUDFWLRQV LQURGKWD@QIUBFRFHDQ

'HVW $* :DLWH ': 'HLQHV 3 %RMWQBIOH PILBERBLRPH LQ

WKUHDWHQHG VSHFLRY BRQVHUYBRWLRQ

5HGIRUG .+ 6HJUH -$ 6DODIVN\ 1 GH®GVR WEODWERKQRRY G

PLFURE&RBNHUY %LRO =

&ROVWRQ 7- -DFINVRREEBPH HYROXWLRQ DORQJ GLYHUJHC

YHUWHEUDWH WUHH RI OLIH ORKDWRY NQRZQ DQG XQNQR

%XKOPDQQ .$ $NUH 76% ,YHUVRQ -% .DUBSW®ONLV ' OL

JOREDO DQDO\VLV RI WRUWRLVH DQG IUHVKZDWHU WXUW

FRQVHUYDWKRQ QDY &RQVHUY %LRO

5KRGLQ $*- ,YHUVRQ -% %RXU 5 W DXWW® HAHRU JHKHS$: R U O

$QQRWDWHG &KHFNOLVW DQG $WODV RI 7D[RQRP\ 6\QRQ)\

BWDWXV ,Q 5KRGLQ $*- ,YHUVRQ -% YDQ 'LMN 33 6DXP>

HGLWRWWHUYDWLRQ %LRORJ\ Rl )JUHVKZDWHU 7XUWOHV

3URMHFW Rl WKH ,8&1 66& 7TRUWRLVH DQG §4HURDLWE U 7

SHVHDUFK ORQRJUDSKYV S



7RGG %' :LOOVRQ -' *IMHERQREDO VWDWXV RI UHSWLOHYV
GHFOLQH ,Q 6SDUOLQJ ' %IF\RKARRS] I8&FR BR.J\HG LWPBKVY ELD Q"
5HSWI3BIWDFROD )ORULGD &5& 3UHVV Ss =
-RKQVRQ $- 3HVVLHU $3 :HOOHKDQ -);H\W KRWDWYHUX S 1R
LQIHFWLRQ RI IUHH UDQJLQJ DQG FDSWLYH ER[VDXGONOHYV
'LV +

=KDQJ - )LQODLVRQ '6 )URVWHO DBBIQWILHIUFBWLRQ RI D Q|
QLGRYLUXV DV D SRWHQWLDO FDXVH RI ODUJH VFDOH PRI
VQDSSLQO\WKKMOOMW JBMRBIRGH H

9RH 5 'H *HLVVOHU . (OPRUH 6 5RWBDBMLYOLUXVSHDVYRKFI D
PRUELWLW\ DQG PRUWDOLW\ LQ D JURXSY RS HQ!$ W DY GIIDY
FDUROLOMR :LOGO OHG =

6KUHLQHU $% .DR -<7KHRXRW PAFURELRPH LQ&KHDOWK DQ
2SLQ *DVWURHQWHURO

'DQJ %+ <DR 0) /Y /; /LQJ7KH/KXPDQ PLFURELRWD LQ KH
GLVHMVHQHHULQJ +

JRUG 6$ .LQIDEBQHVVLQJ WKH SRZHU RI GHIHQVLYH PLFUF
LPSOLFDWLRQV LQ QDWX/ R BRWKRNHDVH FRQWURO
%DWHV .$ &ODUH )& 27+DQORQHW BDRYKKELDIQURRNHV /
FK\WULGLRP\FRVLY RXWEUHDN G\QDPLFV DUH OLQNHG ZL
VWUXEDAW WBHRPPXQ +

-DQL $- .QDSS 5% %SLGHPKF DQG HQGHPLF SDWKRJHQ G\

WR GLVWLQFW KRVW SRSXODWLRQ@WRFBRELR PoHY% LIRV® B FA.C



'LUWK : 6FKZDU]JNRSI / 6NHUSDIDW LY XY BVHEDG UHSWLOH
H

+DUULVRQ ;$ 3ULFH 6- +RSNLQV . HIX®®DVW PEAURHQRWP &

ULFKQHVV SUHGLFWVY UHVLVWDQFH WR GLVWXUEDQFH E\ .

XD 7 =KDR 6 .QRWW HW [DKH/IBVWURLQWHVWLQDO WUDF)

QRUWKHUQ ZKLWH IFRKRHDMWAKY JLHEEBRRMMIQ\YLWK DJH DQG FD

FRQG LW LRSQH S

%HFENHU 0+ 5LFKDUGY =DZDFNL &/ *UBW ZHIFNFW/6R R6FHOIDSAM

RQ WKH FXWDQHRXV EDFWHULDO FRPPXQLW\ Rl WKH FULV

IURFWHORSX%IRWHRNRIQVHUY =+

/IRXGRQ $+ :RRGKDPV '& 3DUIUH\ /: $UWKHBUREIQDROKW 5

FRPPXQLW\ G\QDPLFV DQG HIIHFW RI HQYLURQPHQWDO PL

VDODPDIFHVUKRGRQ, FI(QHUHXV =+

.RKO ." %UXQ $ ODJDOODQHV 0 % UH\WYNMXWKRL F Y R/ X U

HEFRORJ\ Rl OL]DUGYV LQVLJKWV LQWR GLYHUVLW\ LQ WKH

JXW UHJLRQV DQIR® YPR®PLVVLRQ

1RZDNLHZLF] $ ODMHU % *QDW 6 H\WMFUNR B L F] [%4B5AWH 8 L D (

OLFURELRWD ,VRODWHG IURP WKH FCPRD FROU R L MXIQHD UXLWR S F

3RODQGOGO 'LV +

ODGLVRQ -' $XVWLQ 6 'DYADBWHULBDO-PLFURELRWD UHVS

*UDSWHP\V SVHXGWRBRHRDJSYWBXLWD DQG XRAHIDS S H[SRVXL

+



$KDVDQ 06 :DOW]JHN 7% +XHUSRPO D@D LSMH BQRO\VLV R
FRPPXQLWLHV R I&XHOHR®D WDSEMEMNRN SLWDOL]DWLRQ DQG S|

E\ KLJK WKURXJKSXW VHTXHQFLQOLRFIUREEWREB WHMO+ 6 U514

$KDVDQ 06 :DOW]JHN 7% +XH U)MHLFDDOQ B DF WKW HDO( FRPP X QL
FDSWXUHG DQG VW USDKHIOHR®E) [1 DRAY QADWAX U WIDBIW (6 UULHU 5+
OLFURELRO (FR®

$KDVDQ 06 .LQREH 5 (OOLRWWW ZXYFHVONU/L FBFRMIW YHUV X
DQWLELRWLF WKHUDS\ RQ JXW EDFWHURBE& CFREPX @LG/MD W \
(QYLURQ OLFUFKIERDKHDG Rl SULQW ‘2,

3ULFH -7 3DODGLQR )9 /DPRQW 00 :LMMKHUWOLQJWRQ %(
&KDUDFWHUL]DWLRQ RI V&K O HIPRGEORVE HRFRH WAKKINRXKH K |
RQWRJHQHWLF VKLIW IURP IR6 RIQHF WR+tQHULWLF KDELWEC
%LDJL ( 'T$PLFR ) 6RYHULQL 0 $IQW RO D09 E BoW R QIHD @
FRPPXQLWLHV IURP OHGLW H U U D&IHIOHN O/ @B UKRVGDV HD W
OLFURELRO 5HS =

$EGHOUKPDQ .)$ %DFFL * ODQFXVL &WBHD@IBQW $ Q6H UKW
LQWR WKH JXW PLFURELRWD R)URIQN \OHB UREUNROH &DUHW
$UL]]D 9 9HFFKLRQL / &DUDFDSSD 6 H\WLDHWZEDQY L% KWL Q
LQWR WKH JXW PLFURELRP K D QHWRN DARDKB\G WEH B QVW KW O
OHGLWHUUD®/MRB@ GRD VM

&DPSRV 3 *XLYHUQDX 0 3UHQDIHWPDEROBGFT)X L \&IDW IGR® R |

SRO\WDFFKDULGH IHUPHQWLQJ JXW P IEKHCORRIPH F\EDX Y H (



VHWWOHPHQW LQLFRIRELRPHKDELWDWYV

6DUPLHQWR 5DPtUH] -0 9DQ 'HU 9RRUW 0 5DDLMPDNHUYV

8QUDYHOOLQJ WKH PLFURELRPH RI HUHW RR FKKHO HQ GREUILH
LGHQWLILHYVY EDFWHULD ZLWK DFW XX B/ DX LIBYME MRKIP HH F
2QH (SXE DKHDG RI SULQW ‘2, MRXUQDO SRQH

5RVDGR 5RGUtJXH] * ODOGRQDGIOEDOtUXHIJIEO GLYHUVLW)\
ZLWK WKH OHDWKHUBBFKHMY WRUMDFHDRP ZHVWHUQ 3XH
&KHORQLDQ &RQVHUY+%LRO

HHQH QLFURRUJDQLVPV IURP VDQG /MHSRBRFEBHOXL ®ODR YD
DQG VWDQGDUG WHVWLQJ RI FORDFQ G LIDXD G QIOWHILPLLRWR
6DUPLHQWR 5DPLUH] -0 6LP - 9DQ :HVW,\3R OLHA XRIQ &R LIKH
SDWKRJHQV IURP HJJV RI WKH HQKXGIEDQRIHUIHGES \SSVEFB @AXLLR/QO H
,VODQQ®U %LRO $VVRF 8QLWHG +LQJGRP

$0 EDKU\ 6 ODKPRXG , (OVKDILH $ $/OV KEDDLAMKH USL DICD | DKRDUI
DQWLELRWLF UHVLVWDQFREKHAQR QLID$PRE QIE IHHQVWKQ VRO 1S ¥
HITOXBRWSROOXW % X QO

*RADZVND 2 =DM F 0 ODOXWD $ 3HWVARIPG GH[EPRBWRIYILD C
IORUD Rl LPSRUWHG SHW WRUWRLVHY GHFHDV&RBPSXULQJ
,PPXQRO OLFURELRO ,QIHFW 'LV

ILHWR(&ODXGLQ $ (VSHUYQ BQWMAPNFAUREHBI® BHVLVWDQF
LQ WKH IDHFDO PLFURELRWD RI BKHORQRLG &R BREVEHR LY
3XEOLF +{EXEWMKKHDG RI SULQW ‘2, ]SK

*DUFtD 'H OD 3HxD & 5RMDV 'RPtQJXH] O 5DPtUH] %DXWL\



'tD] 9HOIVTKM] BODO EDFWHULDO PLFURE L'RSHK RUXWKH %R O
IODYRPDUDWQWWKVBHVHUYD GH OD %LRVBHILYDOBIDSLPt OH[L
%LRGLYHUVH

*DLOODBBSXODWLRQ JHQHWLFV DQG PLFURELDO FRPPXQI
*RSKHUXV SRMGKHPXVLW\ Rl 6RXWKHUQ OLVVLVVLSSL
'HLW]PD@&BHU UHVSLUDWRU\ PLFUREHV LQ 1RUWK $PHUL
*RSKHUX@LYHUVLW\ Rl 1HYDGD 5HQR

5HQH 53K\WLFDOO\ HIIHFWLYH ILJHU WKUHVKROG DSSDUH
PLFURELRPH LGHQWLILFDW I6R\Q RA RF K H QD NERSSIDLLIGRIUADRD W R L
3RO\WHFKQLF 6WDWH 8QLYHUVLW\ (SXE DKHDG RI SULQW
KWWSV GRL RUJ HWK] E

.RSHpPQE& - OUIJHN -7KHO®WHHWNHQFH Rl ELILGREDFWHULD LQ
UHSWROMHB OLFURELRO 3UBKD

5DZVNL 0 .LHUR F]\N % ZL WNLHZQFWHUPINMRE\'RQ VLQ
PXOWLSOH VSHFLHV SURELRWLF SUHSDWRQHRIGMW REU IOR L
QXWUS@ILMROFL 3DS 5HSRWWYV

5DZVNL 0 .LHURQF]\N % 'OXJRV] - 6ZLDM\WDMZXLSARE L-§ Ml
DIIHFW JDVWURLQWHVWLQDO PLFURELRWD KLVWRORJLFLD
3/R6 2QH +

JHUURQDWR %2 ODUTXHV 76 6RX]D )/ 9H2G DG HE DOF VOB WLC
PLFURELRWD DQG WUDXPDWLF LQMXULHV RI I[UHH UDQJLQ
&KHOLGDH LQ VRXKKGIORMHENQV BEUD]LO

=DQFROOL * ODKVEHUJ ' 6BbHSMRLOHWOWHWH$YHUYRLUV RI



LQIHFWLRQV UHDO WKUHDMW RREPHRRRGRORJIJLFDO ELDV"
6DUGLQPQRUHDVLQJ DOOLJDWRU VQDSSLQJ WXUWOH KHDC
HQULFKPHQW DQG LQRFXODWLRQ RI KDWFKROXQL\6\VZDWK G
8QLYHUVLW\

=KDQJ ; 3QHJ/ :DQJ < /LHQW @HAWJIR% GLHWDU\ VXSSOHI
SURELRWLF RQ SHUIRUPDQG DQG LQWHVWLQMQPQHURIOR
VLQHG@VXDW 1XWU +

GH ORUDLV %3 GH 20LYHULD .: ODOYiVLR $ GH .OHYHUVF
(QWHUREDFWHULDFHDH IRO/MRFQ B WHG KEGWR FHUH R LR X QL ILC
7HVWXGLQHVx &KHORQLD LQ QRQSROOXWHG VEWHV RI ¢
=RR :LOGO OHG +

3HUHLUD $* 6WHUOL - ORUHLWAOYSKEX @B KUDKNRO RIHQHWLF\
HYROXWLRQ PXOWLORFXV SK\ORJHQ\ DQG VWDWLVWLFDO
KLVWRU\ Rl PDMRU OR Q HXJBR R QMXW (WRHDV

'HLW]PDQ &/ *LEE . &KWNLQWAIDRWHULDO GLYHUVLW\ LV KL
VIPSDWULF IURJV LQ3WHRBSLEDO $XVWUDOLD

$OOHQGHU 0& %DNHU 6 %6QWMWHRQX®JHQWLYHDVH DOWH!
DQG IXQJDO GLYHUVLW\ LQ ®FRL BOIGDQJHUHG UDWWOHVQD

5RVV $$ +RIIPDQQ $5 TKMNIWVWIG)-PLFURELRFAH RR E'LFHRPWH E L

JRYLFK -( (QQHQ -5 $JKD O:KHEBERKDWH DOO WKH WXUWOF
GRHV LWIYARWWIHQFH =

, YHUVR@LRPDVV LQ WXUWOH SRSXQBAREBRIMWD$ GHIOHF W}



'‘DVK 6 'DV 6 N 6DPDO (Sr&EowHRn.O+RBXFXV D PDMRU GHWH

KHDOWK D@ Y-LHEZW 5HV*:

'XEFNHU 6&QHZ VS PBBM\FRDGLO/WUDOLDQ HNBVIREZD W 8 B JW X L
+

6NLQQHU 6 )LW]JVLPPRQVKHH PRWYLEODHN7DOJD &ODGRSKRI

&KORURSK\WD RQ WZR VSHFLHV RI IUANBGZEWHU WXUWOH

BURFWRWKH JURZDNL R Q G K B RVDRAM +

1HLO :7 $00$CGWDH RQ WXUWOHV 6RPH(BBGRWILRQDO FRQ
+

%XUJLQ 6 5HGOKDH DQG WKH $XVWUDOLDEKHORGWHYD OR

ORQJLBRMQGO 1DW +

&DQQ - 6DGOHWMKZDWHU 7XUWOBD\RIRXFRXDIOLHS &6,52

3XEOLVKLQJ

IDXHU $ 6LPRQ 0% %DQQLQJ -/ $IQGHPPP RRYQFFOWD.QHRXV

EDFWHULD IURP WKH HDVWHUQ UHG EDFNH&RSHALDPDQGH |

+

'R\OH -- 'R\GBHUDSLG SURFHGXUH IRU '1$ SXULILFDWLRQ |

IJUHVK OHBK\W/IRFKHP %XO0a

,OOXPL@BDOHWDJHQRPLF 6HTXHQFLQUOXEU@DY 3UHSDUDWL

_.OLQGZRUWK $ 3UXHVVH ( 6FKZHHW DYTBOISDWHRGQ RIXIHQ\

6 ULERVRPDO 51% JHQH 3&5 SULPHUV IRU FODVVLFDO DQ



EDVHG GLYHUMPDHYWSGLEYV 5HV

5RKODQG 1 5&RWVW HIIHFWLYH KLJK WKURXJKSXW '1$ VHT

PXOWLSOH[HG WHQRPM 5HD\S W X4J H

&DOODKDQ %- OFOXUGLH 3- 5RVHQ O0-HWDBOS: KRKIQVRQ $

UHVROXWLRQ VDPSOH LQIHUHQFHDWRBRW®RERLQD DPSOLF

%RO\VHQ ( 5LGHRXW -5 'LOORQ 05 KOWRMMSURIGAXELBEEOEHW .

LQWHUDFWLYH VFDODEOH DQG H[WHQVLEQBWLFURELRPH

%LRWHFKQRO =

OF.QLJKW '7 6FKZDU]JNRSI / +XHUOLPDQQHW B®ZHU '6 $O

PLFUR'HFRQ $ KLJKO\ DFFXUDWH UHDG(VXEWUDFWLRQ Wi

FRQWDPLQDWLRQ LQ PHWRERQFRGLQY VWXGLHV

$QGHUV 6 +XEHHUHQWLDO H[SUHVVLRQ DQPWORIPHIRU VH

%LRO 5

IRYH 0, +XEHU : $QRSGIWWDBNHG HVWLPDWLRQ RI IROG FKD

51$ VHT GDWD ZEMWERRPHHBLRO

2NVDQHQ -) %ODQFKHW )* )ULHQGONW DHDIIBV & R PHPXHIILGM

HFRORJ\ SDFNDJH KWWSV FUDQ U SURMHFW RUJ SDFND.

OF.QLJKW '7 +XHUOLPDQQ 5 %RZHU '6 6HKZ DMPNGRRSGY $0

IRU QRUPDOL]LQJ PLFURELRPH G DOWIV KRGN FERRJ(FRO® SH
+

7HDP 5& $ ODQJXDJH DQG HQYLURQPHQW IRU VWDWLVWL

SURMHFW RUJ

JR[ - HLVE$SI Qb &8RPSDQLRQ WR $SS00 HG 59 UGNVIH RQ



JLQGOH\ . 2K - <DQJ - &RQHW @RESRBIPDOKBLE GLYHUVLW\ F
DQG EDFWHULDO FRPPXIDIWX WY LQ KXPDQ VNLQ
*ULFH ($ 6HJUKH-$NLQ PUPWRE BRIFHOLFURE RO
%DWDLOOH $ /HH FUX]/ 7ULSDWRLPRWUREIPRPH:YOGPDW LR C
DPSKLELDQ VNLQ UHJLRQV ,PSOLFDWLRQVOLEWRE\(FBDG L
+
IRZUH\ /| :RRGKDPV '& 7FDFEXULD/SKLFDO PDSSLQJ Rl WKH U
2QFRUK\QFKXNLFWRENVRPH UHYHDOV D GLYHUVH EDFWHUL
SURSHUWLH%SSOWRN IMNL® OLFURE+RO
'DUG /0 +HPS - 6KLK 30 O0F*O\QQ & ROXPKHRWYD :RI SKRWRW
WKH &KORURIOH[L SK\OXP GULYHQ RQWRWUEWRELRO JHQH \
.DWKDULQH &R\NHQGDOO ' &RUQPDQ 56 3URXWHW* %URF
DOWROHFEXODU FKD®WDMKNRREXWOKYVRDQG JLOO VIPELRQW!
ZLWK FKHPRV\QWKHWLF KDELWDWV/RERPHWKH 8 6 $WODQ)
'H&KDLQH (* &DYDQDREKRMHV RI PHWKDQRWURSKY DQG G
O\WLOLGDH %DWKBRRGUROVQADHORQHFXODU DQG 6XEFHO
SS -
3HWHUVHQ -0 'XEHMOKHQRWURSKLF VIPELRVHEY.LQ RQULQH
OLFURELRO 5HS=%
*KDVKJKDYILFORELDO PHWKDQ R[LGHDMARRXDG SNE M UIVH /G
OFOOUR\ 6- 1LHRMHQMIO\ 6DSURVSLUDFHDH ,Q 5RVHQEF

6 6WDFNHEUDQGW ( 7KKPS3RRN PIHBMIMRQUYHLGHOEHUJ ¢



.RPDUHMNMHYLHZ RI WKH F\ADQREDFWHULDO JHQHUD LPSO\L

WD[RQRPLF UHYLVLRQV DFFRUGLQJ WR S\KEQ\BKIDR/QR JRBW K
+

JRQJ 3 'RQRKRH 50 &REBOHWLWLRQ ZLWK PDFURDOJDH DQ

F\DQREDFWHULDO PDWV OLPLWYV SK\WRSODQNWRQ DEXQG

(FRO 3URJ 6HU =

SRVHQEHUJ ( 'H /RQJ () /RU\ 6 6WDFNHKEH BQRKNWDU \RR\RP\S

2WKHU PDMRU OLQHDJHV RI EDFWSXE D OBGWRKHS D UG WD H I

$XVWLQ % $XODFMWHWLDO ILVK SDWKRJHQV GLVHDVHV RI

&KLFKHVWHU 6SULQJHU

/IRFK 73 )DLVYPWWUOLQJ IODYREDFWHULDO L@GMFBWHRQV LQ |
+

7TKRPSVR@G@\GRWKHWLFDO FRQVLGHUDWLRQV RI WKH ELRPL

OXUUD\ DQG WKH SRVVLEOH LQIOXHQFHV RI SUHGDWLRQ E

" HGLWRIWBSHWRORJI\ LQ $XVWUDOBLR\GO YRR/ LIFDRD. $ A E(

1HZ 6RXWK :DOHV SS +

$IJXLUUH * $GHVW *$ S5HFKWUH®RRIMIND\'EQYHVWLIDWLRC

PRYHPHQWY WKHUPRUHJXODWLRQ SRSXODWLRQ VWUXFYV

*RSKHUXV IODYRRDWKH) DWXIWt %LRVSKHUH 53HYRIRUYH ‘XU

'"HVHUW 7RUWRLVH®& RXQF

SRIJHUV'BBIWDU\ HFRORJ\ LQFOXGLQJ GLHWDU\ UHFRXUFH

FKHOLG WXUWOH LQ D WULEXWDU\ RI WKHWUWQRJRXIBHQWO



8QLYHUVLW\

<XDQ 0/ 'HDQ 6+ /RQJR $ 9 5RWKHUPNO RN KLSEHUYLOC
LQEUHHGLQJ DQG ILQH VFDOH VSDWLDO VWUXFWXUH LQIC
IHUPHQWLQURWRBEWALVH +

HUVWHUV . 'H 9RV 3 *LOOLV 0 &N @QOW U REXE WD RMHWR W
S3URWHREDFWHULD ,Q 'ZRNLQ 0 )DONRZ 6 5RVHQEHUJ (
HGLWRHWV3URNDIHRWRUN 6SULQJHU

7KRPDV ) +HKHPDQQ - + S5HEXIIHW ((@YMURN PH QMWIX® @ O G
%DFWHURLGHWHYVY 7KHRIRR @ LFRIREHLRWLRQ

+RQJ 3 < :KHHOHU ( &DQ@K\ORIHNMIHWIEF DQDO\VLV RI WK
FRPPXQLW\ LQ KHUELYRURXV ODQG DQG PDULQH LIXDQDV
U51$ EDVHG S\URYBITXHQFLQ

'DQJ : &DR - /L - 5 <DKQW PRORSHUDWLYH DQDO\VLV RI WKI
PLFURELDO FRPPXQLWLHYQMHED UQ@LBEME URGWHEUHHGLQ
E\ KLJK WKURXJKSXWWREIDRQ 5 H Y 3

/H\ 5( +DPDG\ 0 /R]XSRQH & 7XUQEBWJIEI® O XWRHR\Q5R |

PDPPDOV DQG WKHGBRLHXWH LFUREH W



JLIXUH /HIHQGV

)L %DFWHULDO SK\OD IURP HDFK ERG\ DUHD PHDQ SHUFHQ)\
RUGHU LQ ZKLFK WKH\ DUH OLVWHG LV EDVHG RQ PHDQ SHUF
RI WKH VKHOO ZLWK DOJDH 6KHOO SDUWV RI WKH VKHOO Z|

Buccal cavity Head

Phylum

== Proteobacteria

== Bacteroidetes
Cyanobacteria

== Deinococcus-Thermus

== Chloroflexi

mm Patescibacteria

== Actinobacteria

== Acidobacteria Armatimonadetes

== Firmicutes WPS-2

mm Verrucomicrobia == Epsilonbacteraeota

== Planctomycetes == Fusobacteria

== Spirochaetes == Nitrospirae

== Fibrobacteres == Elusimicrobia



FODVVHV RUGHUV DQG

SHUFHQW RI UHDGV FRPPXQLW\

IRU HDFK VDPSOH

IDPLOLHVY DOO RWKHU EDFWHULD DU

SDUWV RI WKH VKHOO ZLWK DOJDH 6KHOO SDUWYV RI
B Order 3 Family
M T %) < @ T %) <
SR

DU ITIUNT ViU UULU T U

Alphaproteobacteria
Oxyphotobacteria
Deinococci
Chloroflexia
Actinobacteria
Blastocatellia(Subgroup4)
Saccharimonadia
Anaerolineae
Gracilibacteria
Clostridia
Parcubacteria
Verrucomicrobiae
Deltaproteobacteria
Holophagae
Ignavibacteria
Acidimicrobiia
Planctomycetacia
Unknown

Other

—= Chitinophagales
—— Deinococcales
mmm Nostocales

== Chloroflexales
=== Rhizobiales

—— Methylococcales
mmmm Saccharimonadales
—— Blastocatellales
== Cytophagales
== Competibacterales
=== Micrococcales
—— Bacteroidales
=== Sphingomonadales
—— Sphingobacteriales
mmmm Clostridiales

== Alteromonadales
— Verrucomicrobiales
=== Unknown

== Other

FELDERLDOTenuninin

UnIvuvvUUuvL UL

Weeksellaceae
Methylomonaceae
Saprospiraceae
Flavobacteriaceae
Nostocaceae
Chitinophagaceae
Blastocatellaceae
RhizobialesIncertaeSedis
Herpetosiphonaceae
Competibacteraceae
Rhodocyclaceae
Intrasporangiaceae
Sphingomonadaceae
Roseiflexaceae

T34
Paraspirulinaceae
Spirosomaceae
Unknown

Other

WKH V




yLJ '(6HT UHVXOWYV IRU $69V WKDW ZHUH GLIITHUHQWLDOO\ D
$69V ZHUH VLIJQLILFDQWO\ PRUH DEXQGDQW LQ WKH JURXS L
FROXPQ IRRWHU ZKHUHDV EOXH YDOXHV ZHUH VLJIQLILFDQW(
FROXPQ IRRWHU &RORU LQWHQVLW\ LQGLFDWHYV VWUHQJWK
EODFN 'DWD DUH JURXSHG E\ SK\OXP )XOO WD[RQRPLF LQIR

'‘DWD $0OJDH SDUWV RI WKH VKHOO ZLWK DOJDH 6KHOO SLC






)L 9HQQ GLDJUDP RI $69V IRU HDFK FRPELQDWLRQ RI ERG\ I
IURP WKH KHDG JURXS GXH WR DQ DEQRUPDOO\ KLJK QXPEHU
ZHUH QRW FRUUHFWHG HYHQ DIWHU UDUHI\LQJ 'DWD LQFOX:
6 XSSRUWLQJ 'DWD 'DWD LQ WKLV ILIXUH ZHUH QRW UDUHILH

6XSSRUWLQJ 'DWD $0O0JDH SDUWV RI WKH VKHOO ZLWK DOJD



)LJ 3&R$ FRPSDULQJ ERG\ DUHDV EDVHG RQ %UD\ &XUWLV G
QRUPDOL]DWLRQ WR SURSRUWLRQV $00 ERG\ DUHDV ZHUH \
D GLITHUHQW LQGLYLGXDO FLUFOHV DUH WKH PDOH DOO RW
DUH VLPSO\ D YLVXDO DLG DQG GR QRW UHSUHVHQW FRQILGF

$OJDH SDUWV RI WKH VKHOO ZLWK DOJDH 6KHOO SDUWV F



