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OV+6$."' WXIS>' ?+/+%-.' &.",1#' 90$%1' K"' 0K#".:"1' -&' &8"' .-G' $+*!' 907A' ,$/K".' %":"%'
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(N?' %":"%' G8",' 90/7-."1' &0' &8"' &+/"70+,&' C".0Q' G8+98' #$770.&#' &8"' -##$/7&+0,' 02' $+*!'
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L<M' I' 1-&-' 7.0:+1"1' ,0' 9%"-.' ":+1",9"' 20.' -' #"%"9&+:"' ",.+98/",&' "22"9&' K"20."' I)' 1-A#Q'
#+/+%-.' -#' +&'G-#' 0K#".:"1' 20.' &8"' 0&8".' &-.6"&' 6.0$7#>' T,' 90,&.-#&' &0' &8"' 0&8".'L<M#Q' &8+#'

dsrA OTU 1 dsrA OTU 2 dsrA OTU 6

Acidobacteria SD 1 Acidobacteria SD 2 Acidobacteria SD 3

10

20

30

40

10

20

30

40

1e+02 1e+05 1e+08 1e+02 1e+05 1e+08 1e+02 1e+05 1e+08

Gene copies / qPCR reaction

Q
ua

nt
ifi

ca
tio

n 
cy

cl
e

Target group dsrA OTU 1 dsrA OTU 2 dsrA OTU 6 Acidobacteria SD 1 Acidobacteria SD 2 Acidobacteria SD 3

Assay Acidobacteria 16S rRNA gene dsrA gene



!"#$%&'()*+*#'

',-'

$"#.*$' /0)12'+"%&$"%&' %$3' 1*4*1'05' #*1"$%4*'"6)&2"&/*'2)#%&.' $7*' 5%#3$'7"15'05' $7*' %&/)6"$%0&'
8*#%029'(0:*4*#' %&%$%"1' #*1"$%4*' "6)&2"&/*':"3' /0&3%2*#"61;' 10:*#' "3' 08803*2' $0' $7*' $:0'
#*+"%&%&.' <=>39' ?' /0&3%3$*&$' $7*+*' 2)#%&.' $7*' %&/)6"$%0&' $%+*5#"+*' :"3@' $7"$' +*"&'
#*1"$%4*' "6)&2"&/*' :"3' 7%.7*#' :7*&' &0' 3)15"$*' :"3' "+*&2*29' (0:*4*#@' 2)*' $0' $7*' 7%.7'
3$"&2"#2' 2*4%"$%0&' 6*$:**&' +%/#0/03+' #*81%/"$*3@' &0' 2*5%&%$%4*' /0&/1)3%0&' #*."#2%&.' $7*'
*55*/$' 05' 3)15"$*' /"&'6*'2*2)/*29'A*1"$%4*' "6)&2"&/*'8*"B*2'"$' $%+*80%&$'C,@':%$7' "'+*"&'
%&/#*"3*'05'#*1"$%4*'"6)&2"&/*'#"&.%&.'6*$:**&'D9EF'G&0'3)63$#"$*H'"&2'D9,I'G6)$;#"$*H' %&'
&0&J3)15"$*'"+*&2*2'/0&2%$%0&3':7*&'/0+8"#*2'$0'$7*'$%+*80%&$'K*#09'L0#'+%/#0/03+3':%$7'
3)15"$*' "22*2@' "' +*"&' %&/#*"3*' 6*$:**&' D9,F' G50#+"$*H' "&2' "&2' D9DE' G6)$;#"$*H' :"3'
063*#4*29'
A":'<=>' M'!"#$' /08;' &)+6*#' 4"1)*3' *N7%6%$*2' "' 3%+%1"#' 8"$$*#&' 05' 808)1"$%0&' 2;&"+%/3@'
*N/*8$' 50#' 50#+"$*' "&2' "/*$"$*' :%$70)$' 3)15"$*' "22%$%0&@' :7*#*' $0$"1' "6)&2"&/*3' *O)"1*2'
#0).71;' $703*' 05' $7*' #*38*/$%4*' $#*"$+*&$3' 8#04%2*2' :%$7' 3)15"$*9' =7*' 3$#0&.' %&/#*"3*' %&'
#*1"$%4*'"6)&2"&/*'063*#4*2'%&'&0'3)63$#"$*'"&2'8#08%0&"$*':%$70)$'3)15"$*'$#*"$+*&$3@':"3'
"' /07*#*&$' 063*#4"$%0&' "&2' &0$' /")3*2' 6;' "' .*&*#"1' 2*/#*"3*' 05' 6"/$*#%"1' *&$%$%*3'
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1&'<*/%&*<'+*<%"'"##"62A''
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%&3):"$%4&'/>?'@*7'74$6'%&7%3"$*'+*7%"&'#*5"$%A*'":)&7"&3*B'C5)*'74$6'%&7%3"$*'$9*'#*5"%A*'":)&7"&3*'<*#'
2%*57'42'A%*D';.EF?B'G9*'"##4D'%&7%3"$*6'$9*'$%+*<4%&$'42'6):3)5$)#%&H'$9*':%4+"66'%&$4'$9*'7*2%&*'+*7%"'
"##"86' ;>!I?' ;>/IJ' %&$4'>!I'6*#%*6'KL'>/IM' %&$4'>!I'6*#%*6',?B'N4$*' $9"$' 39"+:*#'4&*'"&7' 24)#'D*#*'
":%4$%3"558'<#*%&3):"$*7'4A*#'&%H9$'4&58':*24#*':*%&H'%&43)5"$*7B'

'
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0O!' %+"H*6'42' "'!"#$%&'#(')'#*+$#' 2%5"+*&$'H#4D%&H' %&'"'7%"586%6' 39"+:*#'K' ;P'7"86'"2$*#' %&43)5"$%4&?B'
Q&5%R*' %&'ST0!'"&"586%6' 2%5"+*&$6' 6**+' $4':*' %&$*#6<"3*7':8' 6*<$"' ;6**'+"H&%2%*7' 6*3$%4&' %&' %+"H*'C?B'
C5"3R'74$6'"#*'$9*'<4#*6'42'$9*'2%5$*#B'0O!'"&"586%6'D"6'<*#24#+*7'"$'K,'RF'"33*5*#"$%4&'A45$"H*B''
03"5*':"#6'34##*6<4&7'$4'KU'V+';/+"H*'I?'"&7'K'V+';/+"H*'C?B''
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*+,-"' ./' 0*12' ,3,%4#5#' #67853-' ,'!"#$%&'#(')'#*+$#' 95%,+"3&' :865&";' 85&6' ,3' ,<<=7>5+,&"' %"3-&6' 79' ()?' @+'
-=7853-'53','A5,%4#5#'B6,+C"='D':(E'A,4#',9&"='537B$%,&573;F'1B,%"'G,=/'E?'@+'
*+,-"' G/' H,-3595"A' #"B&573' 79' 5+,-"' .' :A599"="3&5,%' 53&"=9"="3B"' B73&=,#&;' 79' &6"' 95%,+"3&F' I7&"' &6,&' 37'
#"-+"3&,&573'B7$%A'C"'7C#"=J"A'97='&6"'"3&5="'%"3-&6'79'&6"'95%,+"3&F'1B,%"'C,=/'K'@+'
!"#$%&'#(')'#*+$#' B"%%#' #&,53' 53' 865&"LB4,3F' ,-./")*-' 53' -=""3F' M=7C"#/' NOC+5>L0*PQR' S1MTUVLQ4DR' BS1MTUVR'
S1MTE?LQ4K''

'
,-./&'()('
H",3' +7=<67%7-5B,%' <,=,+"&"=#' 79' "&6,37%' 95>"A' !"#$%&'#(')'#*+$#' B"%%#' -=7853-' 53' A5,%4#5#' B6,+C"=#F' P6"'
#$=9,B"'&7'J7%$+"'=,&57':1WX;'8,#'B,%B$%,&"A'9=7+'+",3'J,%$"#'="#<"B&5J"%4F'Q"%%#'8"="'+",#$="A'85&6'A,5+"'(F?F'
P6"' =,A5$#' 79' 95%,+"3&#'8,#'+",#$="A' ,&' &"=+53,%' ,3A' 53&"=+"A5,&"A' <7#5&573' ,3A' A5A' 37&' ">65C5&' =",#73,C%"'
J,=5,C5%5&4F' <3'A"37&"#' &6"'<"=B"3&,-"'79'3$&=5&573,%%4' ,J,5%,C%"' #$=9,B"',=",' 97=' B"%%' #$=9,B"' 53&"=9,B"#F' 1<53A%"'
,3A' 95%,+"3&7$#' B"%%#' B7=="#<73A' &7' &6"' 535&5,%' <6,#"R' #+,%%' =7A#' &7' &6"' -=78&6' <6,#"' ,3A' C5-' =7A#' &7' &6"'
#&,&573,=4'<6,#"F'
01%231/1#4' 5&6#73'89:;' <-="$>'89:;' ?$%@-A&'89:B;' C1/$:&'89:(;' ?DC' 26'
1+,%%'=7A#' DFT' ?FK' UF?' DFU' EF(' ((F?'
G5-'=7A#' T' ?F)' TFT' E?FU' ?FT' ((FU'
1<53A%"' E?' EFK' K?F)' E)F)' (FY' (EF)'

167=&'05%,+"3&#' V(' ?FUK' (DDFE' K(F(' UFK' (UFY'
H",3'05%,+"3&#' E(U' ?FUK' DKEFY' )VFY' UFK' (UFY'
Z,=-"'05%,+"3&#' ()?' ?FUK' )TUF)' E)EFV' UFK' (KF?''

'
,-./&'()E'
1"<,=,&573' 79'+7=<67%7-5B,%' -=78&6' #&,-"#' 79' &6"'!"#$%&'#(')'#*+$#' <7<$%,&573' -=7853-' 53' A5,%4#5#' B6,+C"=#F'
P5+"'<"=57A#',="'<=7J5A"A',#'A,4#F'H5##53-'J,%$"#'C"&8""3'<6,#"#',="'A$"'&7'+5##53-'A,&,<753&#':37'#,+<%";F'
I7&"'&6,&'37'535&5,%'<6,#"'8,#'7C#"=J"A'97='S*.UF'''

F3-:.&%' G6"7"-/'H3->&' I%1J73'H3->&' ?7-7"16-%4'H3->&'
S*.E' E[)' Y[(E' (V[EVE'
S*.D' E'['((' (Y'['U(' UY'['EKU'
S*.U' \' E'['E(' EY'['E(U'
S*.K' E'['EY' ()'[U?' KU'[E(U'
S*.)' E'[ET' (Y'['KV' TK'[VT''

'
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]>4-"3' %"J"%#' ,%%7853-' -=78&6' 79' #&=5B&' ,3,"=7C"#' :C"%78' (FK' ^' ,5=' #,&$=,&573;' 8"="'
A"&"B&"A' 53'A"<&6'#"B&573#'C"%78'D'++F'.&' &6"'#6,%%78"#&'A"<&6'#"B&573'79'E'++R' %"J"%#'79'
,C7$&'VFK'^'8"="'+",#$="AF'278"J"=R' ,#' &6"'+",#$="+"3&'8,#' B73A$B&"A',&' ,+C5"3&',5='
,&+7#<6"="R' "%"J,&"A' 7>4-"3' %"J"%#' B,3' C"' ,&&=5C$&"A' &7' A599$#5J"' "99"B&#' ,3A' &6,&' <%,&"#'
<=7J5A"A',3',37>5B'"3J5=73+"3&'86"3'53B$C,&"A'53'&6"',3,"=7C5B'_,=':1$<<%"+"3&,=4'05-$="'
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-./-01'2' 3"4&'56'7*338'75)39':*'5:8*#;*9'"6$*#'/-'9"<8'56' %&7):"$%5&'65#'$=*';*#<'6%#8$'>3"$*'
*&$%$<1' ?@A(' "&"3<8%8' 56' "' 3"4&' 8*7$%5&' 75&6%#+*9' $=*' >#*8*&7*' 56' !"#$%&'#(')'#*+$#' 7*338'
"+5&B8$' 5$=*#' ,-./")*-1' C%7D%&B' "&9' 8$#*"D%&B' 5&' "B"#' >3"$*8' #*8)3$*9' %&' B#54$=' "6$*#''
/E'9"<8'56' %&7):"$%5&1'F*#+%&"3' 8$#*"D8' *G=%:%$*9' %&9%;%9)"3'+%&%7535&%*8'4%$=' "'9%"+*$*#'
:*354'/'++1'?@A('"&"3<8%8'56'7535&%*8'6#5+'>#5G%+"3'>58%$%5&'56'$=*'8$#*"D'%&9%7"$*9'"'=%B='
*&#%7=+*&$' 56' !"#$%&'#(')'#*+$#' 7*338' HA)>>3*+*&$"#<' ?%B)#*' I./I0' H&5' J)"&$%$"$%;*'
8$"$*+*&$8'7"&':*'+"9*K'9)*'$5'$=*'J)"3%$"$%;*'&"$)#*'56'$=*'6%3$*#'8$"+>%&B'+*$=5901'L*338'
="9' "' )&%65#+' 7*33' 8=">*' 4%$=' "' +*"&' 3*&B$=' 56' M1I' N+' "&9' "' +*"&' #"9%)8' 56' E1O' N+'
H#*8*+:3%&B'$=*'8+"33'#59'>=*&5$<>*'F":3*'M.M01'
A):7)3$)#*8' 75)39' :*' #*"9%3<' +"%&$"%&*9' ;%"' 8$#*"D%&B' 5&' >3"$*81' (54*;*#K' &5' B#54%&B'
7)3$)#*' 75)39':*' 5:$"%&*9' ;%"' $#"&86*#' H)8%&B' 8$*#%3*' "&5G%7' &**93*80' 56' %&9%;%9)"3' 7535&%*8'
%&$5'3%J)%9'9*6%&*9'+*9%"''H:"8"3'?!K'P/E'+!Q'3"7$"$*K'P/E'+!Q'R".8)36"$*01''

!"#"$ %&'()&*+,&*(-+.//-0+-)*+%(123(4)+34+&53()63(4)+

@&%$%"3'*&#%7=+*&$'"$$*+>$8'5&'9*6%&*9'+*9%"'4*#*'8)77*886)3'65#'$45'9%66*#*&$'75+:%&"$%5&8'
56'$=*'9*6%&*9'+*9%"'"##"<1'S"7$"$*'%&'?!'"&9':)$<#"$*'%&'?!1'F=*'75+:%&"$%5&'56'(,'TLU,'%&'
"AVW'+*9%)+'#*8)3$*9'%&'"'8+"33'%&7#*"8*'%&'#*3"$%;*'":)&9"&7*K'=54*;*#'&5'5:;%5)8'8)36"$*'
#*+5;"3'4"8'9*$*7$*91'233'5$=*#'$#*"$+*&$8'*%$=*#'9%9'&5$'*G=%:%$'"&'%&7#*"8*'%&'UXOEE'"6$*#'
/M/' 9"<8' 56' %&7):"$%5&K' 5#' &5' #*3"$%;*' %&7#*"8*' H#*3"$%;*' ":)&9"&7*' 56' %&57)3)+' 56' ,E' $5''
,Y' Z0' %&' !"#$%&'#(')'#*+$#' #*3"$%;*' ":)&9"&7*' HF":3*' M.Y01' 2&' 5;*#;%*4' 56' UXOEEK' "&%5&'
$)#&5;*#'"&9'?@A('9"$"'%8'>#5;%9*9'%&'8)>>3*+*&$"#<'8*7$%5&'-1M1Y1'
V*3"$%;*'":)&9"&7*'>*"D*9'"$'+*9%"&'3*;*38'56'":5)$'[Y'Z'"#5)&9'ME'$5'OE'H:)$<#"$*0'"&9'
,E' $5' ME' 9"<8' H3"7$"$*0K' %&' 35B' $<>*' >="8*' 56' B#54$=' H"8' %&9%7"$*9' :<' UXOEE01' @&' :)$<#"$*'
$#*"$+*&$8'":5)$'YE'N+53'56'8)36"$*'"&9'[E'N+53'56':)$<#"$*'4*#*'#*+5;*9'4%$='YE'$5'IE'
9"<81'27*$"$*'4"8'>#59)7*9' 8%+)3$"&*5)83<' $5' 6%&"3' 3*;*38'56')>' $5'/\E'N+531'F5$"3' 3"7$"$*'
H/EE'N+530'4"8'#*+5;*9'6#5+'%&7):"$%5&8'4%$=%&'":5)$'OE'9"<8'"&9'3*9'$5'$=*'">>#5G%+"$*'
*J)%+53"#'>#59)7$%5&'56'"7*$"$*1'A)36"$*'75&8)+>$%5&'56'":5)$'YE'N+53'4"8'5:8*#;*9'4%$=%&'
$=%8'$%+*6#"+*1'U:;%5)83<K'3"7$"$*'4"8'$=*'3%+%$%&B'8):8$#"$*'65#':"$7='7)3$)#*'B#54$=1'
'

!"#$%&'()&
A)++"#<' 56' B#54$=' "&9' *&#%7=+*&$' 56' 8):8$#"$*8' "&9'+*9%"' 75+:%&"$%5&8' )8*9' 65#' 7)3$%;"$%5&' 56'
XAC.A:@@' %&'$=*'9*6%&*9'+*9%"'"##"<1'2']^_'9*&5$*8'&5'B#54$='9*$*7$*9K']!_9*&5$*8':"7$*#%"3'B#54$='
:)$'&5'B#54$='56'!"#$%&'#(')'#*+$#K'"']C_9*&5$*8'>#*8*&7*'56'XAC.A:@@':)$'5&3<'"$'354'":)&9"&7*K']`_'
9*&5$*8'"&'*&#%7=+*&$'56'!"#$%&'#(')'#*+$#'#*3"$%;*'$5'$=*'%&57)3)+1''a#54$='%8'9*6%&*9'"8'"&'%&7#*"8*'
%&'UXO55K'4=*#*"8'XAC.A:@@'":)&9"&7*'4"8'9*$*#+%&*9'4%$='?@A(1''
*+#,-."-%& "*/0&& 1*23&45)6& 0","$&72&
(,TLU,' 8& b' T'

(,TLU,T27*$"$*' C' C' b'
C#5>%5&"$*' T' ^' T'
S"7$"$*' T' C' 8&
W)$<#"$*' C' C' 8&
c$="&53' T' C' C'
a3<7*#53' T' T' T''

'
F=*' 6%#8$' 9%3)$%5&' $5' *G$%&7$%5&' *G>*#%+*&$' 4%$=' 3"7$"$*' <%*39*9' "' =%B=3<' *&#%7=*9'
!"#$%&'#(')'#*+$#' >5>)3"$%5&' %&' 9%3)$%5&8' /Ed' /' "&9' /Ed,HSe?eE/ec./' "&9' Se?eE/ec.,0K' 56'
">>#5G%+"$*3<' IE' Z' #*3"$%;*' ":)&9"&7*' "6$*#' ,E' 9"<8' 56' %&7):"$%5&1' 2B"%&' 3"7$"$*' 4"8'
#*+5;*9' 75+>3*$*3<K' #*8)3$%&B' %&' $=*' >#59)7$%5&' 56' "7*$"$*' 4%$=' 75&8)+>$%5&' 56'
">>#5G%+"$*3<' $45' $=%#98' 56' ";"%3":3*' 8)36"$*1' !"G%+)+' :%5+"88' <%*39' H"8' %&9%7"$*9' 6#5+'
UXOEE0' 75%&7%9*9' 4%$=' $=*' $%+*>5%&$' 56' $5$"3' 3"7$"$*' H3%+%$%&B' 8):8$#"$*0' 75&8)+>$%5&1'
R5$":3<K'B#54$='4"8'5:8*#;*9'%&'=%B=*#'9%3)$%5&8'"8'4*33'H/EdM'"&9'/EdY01'(*#*K'XAC.A:@@'7*338'
75)39'&5$'+"%&$"%&'"'=%B='#*3"$%;*'":)&9"&7*1'
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*$+,-."+' -/' #$%/0&"1' %02&0&"' 0,3' 02"&0&"' 4,' &5"' 678(' 34%$&4-,' -/' &5"' /4+#&' 34%$&4-,' #"+4"#' "9:"+4;",&<' =>?@'
0,0%A#4#'#5-B4,C'!"#$%&'#(')'#*+$#'2"%%#'",+425"3'&-'0'%"."%'-/')7'D'4,'&5"'+"#:"2&4."'#:"24;",<''
!"#$%&'#(')'#*+$#' 2"%%#' #&04,' 4,' B54&"E;0C",&0<' ,-./")*-' 4,' C+"",<' F+-G"#H' IJG;49E=>*K1' L?FMNOEKAP1'
2L?FMNO1'L?FM67EKAQ<'?20%"'G0+H'67'R;'

'
K-,#"S$",&%A1' 0' #"2-,3' C","+0&4-,' -/' 34%$&4-,' &-' "9&4,2&4-,' #"+4"#' T(' 2-;:%"&"' #"+4"#'B4&5'
#-34$;#$%/0&"'0,3'-,"'#"+4"#'B4&5'4+-,T>>U#$%/0&"U'B0#':"+/-+;"3'$#4,C'&5"'54C5%A'",+425"3'
34%$&4-,#'TIE6'0,3'IE(U'0#'0,'4,-2$%$;<''
'
01-)2 #3-4"2 5*%$/*'+2 #")*"#6' L4%$&4,C' &5"' 54C5%A' ",+425"3' 2$%&$+"' V02&0&"' IE6' 4,' 0C0+#50W"#1'
+"#$%&"3'4,'&5"'/-+;0&4-,'-/'2-%-,A'/-+;4,C'$,4&#'TK=J#U'3-B,'&-'&5"'54C5"#&'34%$&4-,'T67X)U<''
Y-'C+-B&5'B0#'-G#"+."3'4,',-,E4,-2$%0&"3',"C0&4."'2-,&+-%#<'*A:420%%A'0&'%-B"+'34%$&4-,#'0'
3",#"'%0A"+'-/'#;0%%'K=J#'TZ6';;U'/-+;"3'4,'2%-#"':+-94;4&A'&-'&5"'#-%43[C0#'4,&"+/02"<'\&'
54C5"+' 34%$&4-,#' K=J#' 4,2+"0#"3' 4,' 340;"&"+' &-B0+3#' &5"' 4,&"+/02"' T0::<' 6' &-' (' ;;U' G$&'
3"2+"0#"3' 4,'0G$,30,2"'0,3'2-$%3'G"' /-$,3'"4&5"+' 4,'.424,4&A' &-' &5"' 4,&"+/02"'-+'0&'C+"0&"+'
3":&5'#"2&4-,#'T('2;U<'K-%-,4"#'C+-B4,C' 4,' &5"'3":&5'503'0'340;"&"+'-/'0G-$&'(';;<'K=J#'
503' 0' G+-B,4#5' 2-%-+' 0,3' 0' 34#W' %4W"' #50:"1' &5"' 2+-##' #"2&4-,' +"#";G%4,C' 0' #:4,3%"<'
]42+-#2-:42'0,0%A#4#'-/'$,/49"3'2-%-,4"#'#$CC"#&"3'/-+'#&+04C5&'+-3#'-/'0,'0::+-94;0&"'%",C&5'
-/'P'R;<'
6(' 4,34.43$0%' 2-%-,4"#' /+-;' 34%$&4-,#' G"&B"",' 67XQ' 0,3' 67X)'B"+"' &+0,#/"++"3' 4,&-' %4S$43'
;"34$;'TG0#0%'=]'B4&5'%02&0&"'0,3'Y0E#$%/0&"U<'@-B"."+1',-'#4,C%"'C+-B4,C'2$%&$+"'2-$%3'G"'
-G&04,"3'0/&"+'QQ'30A#'-/'4,2$G0&4-,<''
'
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!"##$%&%'()*+,()5$%,010,
N67#$7)*%&'!$7'&)*R7!27$%7+)&?7!#,!.*//#%*&)7.!/6#$)!%6&*+!,&))F!&%*./!&+.!'&%)&)7!@01D&)!&!?*R7+!28!R&'(75!&/!%&'%('&)7.!,$#<!)67!)67#$7)*%&'!&'26&!R&'(7I!
28!R&'(7/!2$#R*.7.!67$7!=7$7!7*)67$!*<2#/7.!*+!)67!!S!"#$%&'()*+)'!28!$&+?7T!7J27$*<7+)!#$!*+!)67!)6$77!:&/&'!<7.*&!,#$!)67!S!"#$%&'#,'+'#)-$#..
.7,*+7.!<7.*&!&$$&FT!7J27$*<7+)I!28!R&'(7/!&$7!6*?6'*?6)7!*+!:#'.!+(<:7$/I!U+.7$'*+7.!R&'(7/!,#$!28!VIL!5!LIW!&+.!XIH!!%#$$7/2#+.!)#!!)67!&3YZ5!!
[3\]!HMLK!&+.!,$7/6=&)7$!<7.*(<!$7/27%)*R7'FI!

!"56()'7%, #89, #:,
, , 2;0, 3;<, 4;<, <;2, <;<, !"#$ =;3, #"%$ =;>, ?;2, ?;<, @, &"'$
! ! ! ! ! ! ! . ! . ! ! ! ! .

97%()(.7,)7.A, VIXW! KIH! KIV! VIM! HGIK! QKIV! /010. XQIV! 2314. ^QIM! ^LIW! ^XIG! ^^IV! 5510.
, ! ! ! ! ! ! . ! . ! ! ! ! .

B*/#./'.7,
)7.A,

VIGG! KIH! KIQ! QIM! HVIM! MVI^! 6514. WXIW! 2417. ^HIQ! ^VIQ! ^XIH! ^^IM! 5514.

, ! ! ! ! ! ! . ! . ! ! ! ! .
C)7(.7,)7.A, QIGW! KI^! QIV! MLIX! WQIL! XXIW! 2814. ^LIW! 5216. ^^IH! ^^IV! ^^IX! ^^I^! 5515.

, ! ! ! ! ! ! . ! . ! ! ! ! .
D"(+*.7,)7.A, VIGM! KIH! KIV! QIX! HWIK! MXIL! /614. XKIW! 2012. ^MIQ! ^LIK! ^XIV! ^^IQ! 5510.

, ! ! ! ! ! ! . ! . ! ! ! ! .!
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0.#!6%-@(+'3$;!'*!6%-0#+,%&!-#&&18!A%1.#;!&,$#1!,$;,-%0#!(+'?0.!'*!!"#$%&'#(')'#*+$#!-#&&1B!630!$'!#$+,-./#$08!C'0#B!0.%0!*'+!0.#!
;#*,$#;!/#;,%!%++%)!'$&)!1361#&#-0,'$1!'*!/#;,%!13610+%0#!-'/6,$%0,'$1!0.%0!#:.,6,0#;!+#%1'$%6&#!(+'?0.!'*!0.#!0%+(#0!%+#!
1.'?$8!C3/6#+1!?,0.,$!&,$#1!,$;,-%0#!,$-36%0,'$!0,/#!'*!0.#!,$'-3&3/8!
'
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!"#$%&'()"$(*+,-*'./0*-1,
.//'0$*10'2*03#%4*2'5*#*'1*#67#+*2'%&'()&8"$*'$)4*09')0%&8'0$*#%/*'"&7:%3'$*3;&%<)*='>7#'"//'

0*$)10' 4"0"/' >!' 5"0' )0*2=' .6$*#' 1"0$*)#%?"$%7&' 4"0"/' >!' 5%$;' "' 0)/6"$*' 37&3*&$#"$%7&' 76''

@'+!'5"0'"+*&2*2'$7'$;*'A%"/0=''

!"#$"%&'()*+"#,')#$-%()*&(.%
B;*' 07%/' 3#)0$9' #*0)/$%&8' 6#7+' $;*' 2*0%33"$%7&' "11#7"3;' 5"0' 0)01*&2*2' %&' 4"0"/' >!' "&2'

0)11/*+*&$*2' 5%$;' 67)#' 8/"00' 1/"$%&8' 4*"20=' B;*' 0*"/*2' $)4*' 5"0' 0)40*<)*&$/C' A7#$*:*2'

)&$%/' "' 37"#0*' 0)01*&0%7&' ;"2' 67#+*2=' -' +/' 76' 4"0"/' >!' 5*#*' "22*2' $7' $;*' *:;")0$%7&'

"11#7"3;' A%"/' "&2' $7' D' +/' 76' E1F0' 07%/' 0/)##C' #*01*3$%A*/C=' B;*' A%"/' 76' $;*' #*0)01*&0%7&'

"11#7"3;'5"0'"/#*"2C' %&3)4"$*2' %&'A7/)+*'76'FG'+/'4"0"/'>!='>7#'*"3;'76' $;*' 0)40*<)*&$'

$#*"$+*&$H01*3%+*&' 37+4%&"$%7&9' "11#7:%+"$*/C' F' 8' 76' ")$73/"A*2' 07%/' 5"0' "22*2' $7' "'

()&8"$*' $)4*' $78*$;*#' 5%$;' D=D' +/' 76' $;*' #*01*3$%A*' 017#*' 01*3%+*&=' B)4*0' 5*#*' 0*"/*2'

"&7:%3"//C='

!'()*+"#,')#$-.%
I"0$*)#%?"$%7&'5"0'1*#67#+*2'%&'"'5"$*#'4"$;'"$'$;*'37&2%$%7&0'1#7A%2*2'%&'E)11/*+*&$"#C'

$"4/*'-HJ='E1*3%"/'3"#*'5"0'$"K*&9'$;"$'$;*'*&$%#*'$)4*'5"0'0)4+*#0*2'%&'$;*'5"$*#'1;"0*=''

!$()*"#$"%&'()*+"#,')#$-%()*&(.%
B)4*0'5*#*' %+170*2'$7' $;#**' %$*#"$%7&0'76'0;7#$'A"3))+'67//75*2'4C' 6/)0;%&8'5%$;'LDMNOD'

8"0=' >%&"/' 1#*00)#*' 5"0' "2P)0$*2' $7' "11#7:%+"$*/C' G=D' 4"#=' Q;*&' $)4*0' 5*#*' "$' #77+'

$*+1*#"$)#*'FG'+/'76'$;*'6%&"/'>!'5*#*'"22*2'#*01*3$%A*/C9'8*&$/C'%&A*#$*2'"&2'0"+1/*2'67#'

3"1%//"#C'*/*3$#71;7#*0%0=''

'

2("03#(#,45"67%'#1,
R%"/C0%0' $)4%&8'5"0' 3)$' $7' "' /*&8$;' 76' F@' 3+' "&2' ")$73/"A*2' %&' @G'+/' 76'+%//%HS'5"$*#' 67#''

FG'+%&'"$'FDF'TN='B;*'$)4%&8'5"0'2%#*3$/C'1#73*00*2'"6$*#'")$73/"A%&8=''.'1"%#'76'")$73/"A*2'

37$$7&'577/'$;#*"20'5#"11*2'%&'"/)+%&)+'67%/'5"0')0*2'$7'0*"/'2%"/C0%0'$)4%&8'"$'$;*'*&20'

U27)4/*' 7A*#;"&2' K&7$H)0%&8' $57' 0$*#%/*' 67#3*10V=' B;*' 0*$)1' 76' 2%"/C0%0' 3;"+4*#0' "0'

2*03#%4*2';*#*9'$"K*0'7&*'5**K'76'$%+*9')&$%/'$;*C'"#*'#*"2C'$7'4*'%&73)/"$*2=''

W$'%0'"2A%0"4/*'$7'$#"%&'$;*'1#73*2)#*'U+"K%&8'K&7$0'5%$;'$5**?*#09'"A7%2%&8'37&$"+%&"$%7&9'

+"K%&8' 1#71*#' 0*"/0V' %&' "2A"&3*=' .//'+"&%1)/"$%7&0' 76' 2%"/C0%0' $)4%&80'5*#*' 1*#67#+*2' %&'

0%&8/*' )0*' 0$*#%/*' 1*$#%' 2%0;*0' UN"$=' L7=' ,XDFGD9' Y#*%&*#' 4%7H7&*9' .)0$#%"V9' +"%&$"%&%&8'

0$"&2"#2'+%3#74%"/'0$*#%/*'1#73*2)#*0='

.11#7:%+"$*/C' X' +/' 76' 0%*A*2' UD' ++' 1"#$%3/*' 0%?*V9' $5%3*' ")$73/"A*2' +7%0$' 07%/' 5*#*'

$#"&06*##*2' 5%$;' "' 0$*#%/*' 01"$)/"' %&$7' $;*' 4"##*/' 76' "' X' +/' 0C#%&8*' UN"$=' L7=' Z,F,GD@' [9'

\=\#")&'O+&%6%:]'^)*#'^73KV';"A%&8' $;*'1/)&8*#' #*+7A*2=' E)40*<)*&$/C' $;*'1/)&8*#'5"0'

"$$"3;*2'"8"%&'$7'$;*'#*0$'76'$;*'0C#%&8*='B;*'2%"/C0%0'$)4%&8'5"0'0*"/*2'"$'7&*'*&2'"&2'1)//*2'

7A*#' $;*' 0C#%&8*=' E7%/'5"0' 1#*00*2' %&$7' $;*' 0*"/*2' $)4%&89' $"K%&8' 3"#*' $;"$' $;*' $)4%&8'5"0'

6%//*2' $7' 3"1"3%$C' "$' $;*' 0*"/*2' *&2=' E)40*<)*&$/C' $;*' 0C#%&8*' 5"0' #*+7A*2' "&2' $;*' 07%/'

6#"3$%7&' 5"0' #7//*2' $75"#20' $;*' 71170%$*' *&2' U/*"A%&8' @' 3+' 6#7+' $;*' 71*&' *&2V' )0%&8' "'

0$*#%/*' 2#%8"/0K%' 01"$)/"' $7' %&3#*"0*' $;*' 0)#6"3*' 76' $;*' 07%/' 6#"3$%7&' %&$*#"3$%&8' 5%$;' $;*'

+*+4#"&*'U"11#7:%+"$*'2%+*&0%7&0_'F=`aG=Da`'3+V='L*:$9'$;*'71*&'*&2'5"0'3/70*29'$"K%&8'

3"#*'$;"$'$;*'0*"/'5"0'+"2*'7)$0%2*'$;*'1"#$'76'$;*'$)4%&8'5*#*'07%/'5"0'1#*0*&$=''

>%&"/' 07%/' $)4%&80'5*#*'b[' %##"2%"$*2'"$'47$;' 0%2*0' 67#'FG'+%&' #*01*3$%A*/C' U/"+%&"#' 6/75V='

L*:$9'$)4%&80'5*#*'$#"&06*##*2'%&$7'0$*#%/*'D@G'+/'47#70%/%3"$*'47$$/*0'UE3;7$$HR)#"&'Y^Z@V'

"&2'0*"/*2'5%$;'4)$C/'#)44*#'0$711*#0='O:C8*&'5"0'#*+7A*2'6#7+'$;*'0*"/*2'47$$/*'A%"'$*&'

%$*#"$%7&0' 76' A"33)+%?"$%7&' "&2' 6/)0;%&8'5%$;' LDMNOD=' E1*3%"/' 3"#*'5"0' $"K*&' $7' K**1' $;*'

A"3))+%?"$%7&' 1*#%72' 0;7#$' U"11=' XG' 0*3V' $7' "A7%2' 4)#0$%&8' 76' $;*' 0*"/*2' 2%"/C0%0' $)4%&8'

%&0%2*' $;*' 3;"+4*#=' >%&"//C' G=@' 4"#' 76' $;*' 8"0'+%:' 5*#*' "11/%*2' $7' $;*' 3;"+4*#' $7' "//75'

2%66)0%7&'76'#*+"%&%&8'7:C8*&'%&$7'$;*';*"201"3*'7A*#'&%8;$=''
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,
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/0%,'%1(,2)+,(0%,(3()$,0%)24#)5%,0)2,(3,6%,*%'%7%2,78(0,(0%,9:;<=:,&81,)'2,>?,&$,3@,6)4)$,

AB,C9):!=D,E>&BFG,7%*%,)22%2H,I,@8')$,%J"8$86*)(83',#%*832,3@,-,2)+4,7)4,4#%58@8%2,@3*,%)50,

28)$+484, 50)&6%*, "'$%44, 4()(%2, 53'(*)*+H, !(%*8$8(+, 3@, %)50, 4%("#, 7)4, K%*8@8%2, 6%@3*%,

8'35"$)(83', K8), AL!M, CN!O, #*36%, 4%(, P, NIOLGH, L'35"$)(83', K3$"&%4, 7%*%, %8(0%*, ?H:, &$, 3*,,

?H>,&$,H,

A"*(0%*&3*%,3'%,)683(85,53'(*3$,CNLI,QG,7)4,&)8'()8'%2,@3*,),#%*832,3@,:,&3'(0,(3,)44%44,

(0%,%@@%5(,3@,)683(85,4"$@)(%,("*'3K%*,)'2,)K)8$)6$%,&3$%5"$)*,%'(8(8%4,8',(0%,43$"(%,@*)5(83',)4,

7%$$,)4,(0%,#344868$8(+,3@,53'()&8')(83',@*3&,4$37,R*378'R,,&85*33*R)'84&4H,,

N8)$+484,50)&6%*4,7%*%,8'5"6)(%2,4()(83')*+,)(,SDT<,8',(0%,2)*UH,

,

!"#$%&#'()*+,-.+/0)%($+(%V,
W??,&$, 3@,&8$$8XY,7)(%*,7%*%, )22%2, (3, WHW, R, )R)*, CZ)5(3[,IR)*\, <)(H, 93H, :SD?S?\, Z%5(3'\,

N85U8'43',)'2,<3&#)'+\,9%7, ]%*4%+G, 8',),>??,&$,%*$%'&%+%*, @$)4U\, 53'()8'8'R,),&)R'%(85,

4(8*, 6)*H, /0%, 4"4#%'483', 7)4, 4(8**%2, @3*, S?, &8', )(, ^/H, I@(%*, 4%28&%'()(83', 3@, (0%, )R)*,

@*)5(83',C)##H,S?&8'G, (0%,4"#%*')()'(,7)4,2%5)'(%2,)'2,W??,&$,&8$$8XY,7)(%*,7%*%,)22%2,

)R)8'H,/084,#*35%44,7)4,#%*@3*&%2,@3*,@3"*,8(%*)(83'4H,/0%,@8')$,4"4#%'483',7)4,@8$(%*%2,)'2,

2*8%2, @3*,S0\, "48'R, (0%, K)5""&,#"&#H,/0%,2*8%2, )R)*,7)4, (*)'4@%**%2, 8'(3, )',_*$%'&%+%*,

@$)4U,)'2,4"##$%&%'(%2,78(0,&8$$8XY,7)(%*,(3,),(3()$,7%8R0(,3@,S?WHW,R,C)R)*,P,7)(%*GH,IR)*,

7)4,&3$(%',(3,03&3R%'%8(+,)(,SW?T<,C(%&#%*)("*%,3@,0%)(8'R,#$)(%G,"'2%*,53'4()'(,4(8*8'RH,

I@(%*7)*24,)R)*,7)4,U%#(,4(8**8'R,)(,.?,T<,C7)(%*,6)(0GH,W,&$,)$8J"3(4,3@,)R)*,7%*%,284#%'4%2,

8'(3,M"'R)(%, ("6%4,#*3K82%2,78(0, ), W,&$, )'2,.,&$,&)*U,3', (0%,3"(482%,3@, (0%, K8)$H, /"6%4,

7%*%,4%)$%2,)%*3685)$$+,78(0,6"(+$,*"66%*,4(3##%*4,708$%,)R)*,7)4,4(8$$,03(,)'2,(*)'4@%**%2,

)(,DT<\,(3,)$$37,*)#82,43$828@85)(83',8',),03*8`3'()$,#348(83'H,!"64%J"%'($+,(0%,0%)24#)5%,7)4,

%150)'R%2\, 6+, (0*%%, 8(%*)(83'4, 3@, K)5""&, )'2, 9:;<=:, @$"408'RH, /"6%4, 7%*%, (0%', $%@(, )(,

K)5""&,)'2,)"(35$)K%2H,a08$%,4(8$$,03(\,("6%4,7%*%,4"64%J"%'($+,(*)'4@%**%2,(3,),>?T<,7)(%*,

6)(0H,,

-,&$,3@,#*%7)*&%2,C>?T<G,6)4)$,AB,C$)5()(%,)'2,4"$@)(%,ES?,&BF,*%4#%5(8K%$+G,7%*%,)22%2,(3,

%)50,("6%,C"48'R,),4(%*8$%,284#%'4%*,4%("#G,(3,)508%K%,),@8')$,)R)*,53'5%'(*)(83',3@,S,b,C7;KGH,

/"6%4,7%*%,U%#(,)(,>?T<,@3*,8'35"$)(83'H,,A3*,8'35"$)(83'\,S,&$,3@,%'*850&%'(,5"$("*%,CcA?SX

_S,)'2,cA?SX_WG,7%*%,)22%2,(3,(0%,@8*4(, $8J"82,)R)*40)U%,("6%,78(0,),4+*8'R%,C'%%2$%,=Nd,

?H.?, &&GH, !"64%J"%'($+, 28$"(83', 4%*8%4, 7%*%, #%*@3*&%2, (3, ), @)5(3*, 3@, S?e.H, , I@(%*,

43$828@85)(83',("6%4,7%*%,8'5"6)(%2,"#482%,237',)(,SDT<,4()(83')*+,8',(0%,2)*UH,,/0*%%,("6%4,

7%*%,8'5"6)(%2,78(03"(,8'35"$),(3,K%*8@+,4(%*8$8(+,(0*3"R0#"(,(0%,#*35%44H,,

,

1/+,)!"#$)2,#.(%3)
IR)*34%,53'5%'(*)(83'4,7%*%,)2f"4(%2,(3,:,b,)4,438$,)R)*,#$)(%4,%10868(%2,2%5*%)4%2,R%$$8'R,

4(*%'R(0, 8', 53&68')(83', 78(0, (0%, 438$H, /33, $37, #M, CDH>, )4, 8', )!^Z, &%28"&G, 282, %15$"2%,

R%$$8'R, 3@, (0%, )R)*34%H, <3'4%J"%'($+, 3'$+, (0%, 6)4)$, AB, 7)4, @3"'2, (3, 6%, 4"8()6$%H, , /0%,

)')%*3685,f)*,7)4,5$%)'%2,78(0,%(0)'3$,CQ?,b,K;KG,)'2,gh,8**)28)(%2,3K%*,'8R0(H,,,

/0%,#*3(353$,0%*%,*%@%*4,(3,S>?,&$,3@,(3()$,@8')$,K3$"&%,3@,438$,)R)*H,WHW,R,)R)*,CZ)5(3[,IR)*\,

<)(H,93H,:SD?S?\,Z%5(3'\,N85U8'43',)'2,<3&#)'+\,9%7,]%*4%+G,7%*%,7)40%2,)4,3"($8'%2, 8',

(0%, )R)*40)U%, &%(032, 4%5(83'H, /0%, @8')$, 7%(, 7%8R0(, 3@, (0%, )R)*, 7)4, WDHW, RH,,

:D,R,3@,(785%,)"(35$)K%2,48%K%2,438$,C(+#85)$,7)(%*,53'(%'(,d,Q?,bG,)'2,..H>,&$,3@,&%28"&,

7%*%, )22%2H, !"$@)(%, 53'5%'(*)(83', 7)4, )2f"4(%2, (3, >, &B, 78(0, SB, )'3185, 9):!=DH, /0%,

&81("*%,7)4, )"(35$)K%2, )(, SS?T<, @3*, S>,&8', 8', >??,&$, 63*348$85)(%, 63(($%4, C!503((XN"*)',

icD>G,)'2,4"64%J"%'($+,#3"*%2,8',#%(*8,2840%4,C<)(H,93H,-W:S?:\,i*%8'%*,683X3'%\,I"4(*8)G,8',

(0%,$)&8')*,@$37H,!3$828@8%2,#$)(%4,7%*%,(*)'4@%**%2,8'(3,(0%,)')%*3685,f)*\,(0)(,7)4,@$"40%2,

78(0,9:,R)4,)(,(8&%#38'(,`%*3\,)@(%*,W,2)+4,)'2,)@(%*,j,2)+4H,/"68'R,78(0,)"(35$)K%2,53((3',

733$, 7)4, )(()50%2, (3, (0%, 8'$%(, K)$K%, 3@, (0%, f)*, (3, %15$"2%, 53'()&8')(83', K8), @$"408'RH, I(,
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$%+*./%&$'0*#/'"'1"$"234$'4"15*$'6"4'"77*78'9/#'$5*'/:3;*&'#*+/<"2'$%+*=#"+*>'.2"$*4'6*#*'
%&1)?"$*7'"$'@ABC'%&'$5*'7"#D8''@--'E2'"&7'F-'E2'/='2%G)%7'*&#%15+*&$'1)2$)#*4'6*#*'%&/1)2"$*7'
/&$/' $5*' .2"$*' "&7' 4$#*"D*7' 6%$5' 4$*#%2*' 4%&;2*' )4*' 4$#*"D%&;' 2//.4' %&' $5*' "&"*#/?%1' $*&$8'
H2"$*4'6*#*'4*"2*7'6%$5'."#"=%2+'"&7'%&1)?"$*7'%&'$5*'"&*#/?%1'I"#')&7*#'JFK(F'"$+/4.5*#*'
LMNON'L<K<PP'6%$5'"'&*6'1"$"234$'?";8'Q6/'.2"$*4'6*#*' %&1)?"$*7'6%$5/)$' %&/1)2)+'=/#' $5*'
*&$%#*'%&1)?"$%/&'.*#%/78'Q5*'"&"*#/?%1'I"#'6"4'%&1)?"$*7'"$'4$"&7"#7'%&1)?"$%/&'1/&7%$%/&48''
'
!"##$%&%'()*+,()-$%,./0,
R.*1%+*&4')4*7'=/#'."4$*)#%0"$%/&'*:.*#%+*&$4'"&7'$5*'#*4.*1$%<*'$#*"$+*&$'1/+?%&"$%/&4'4)++"#%0*7'?3'
ST8'''

!#%12&%', 3%&#%*)("*%,4567, 32&%,4&2'7, 89,
U-' F-' @V'
M-' F-' FV'W*4)4.*&4%/&'
MN' X-' XV'

' ' ' '
U-' F-' @Y'
M-' F-' FY'T*4%11"$%/&'
MN' X-' XY'

' ' ' '
U-' F-' @C'
M-' F-' FC'Z:5")4$%/&'"$'A'BC'
MN' X-' XC'

' ' ' '
U-' F-' @T'
M-' F-' FT'R.@4'
MN' X-' XT'

!"#"$ %&'()*+',+-+'./('01(2/3.323.4&056780

:;(*)1(2<',#*<(<1<$=>,,
9/#' 1/+."#%4/&' /=' *:$#"1$%/&' .#/$/1/24' *%$5*#' "&' )&=%:*7' /#' =%:*7' ' LH9V' "&7' Z$[(P'
*&#%15+*&$'1)2$)#*'=#/+'4/%2'42)##3'R.@4'L%7*&$%1"2'$%+*./%&$P'6"4')4*78'R"+.2*4'6*#*'$"D*&'
/='$5*'*&#%15+*&$'=#/+'$5*'1/"#4*'4).*#&"$"&$'=#"1$%/&>'"=$*#'/&*'+%&)$*'/='5/+/;*&%0"$%/&'
L#*.*"$*7' %&<*#$%&;' /=' $)?*P8' Q5*' 1/&1*&$#"$%/&' /=' $5*' .3#/.5/4.5"$*' LHH%P' 4/2)$%/&' 6"4'
"26"34'"$'@'\'L6K<P8'
'
!"#$%&'('&()#*%+#,+-#,'($)$.(%'/(0+&'L+/7%=%*7'=#/+'("5&'*$'"28>'@MMFPO'

@8 R"+.2*'F--']2'/='$5*')&=%:*7'5/+/;*&%0*7'4).*#&"$"&$'"&7'1/+?%&*'%$'6%$5'F'+2'HH%'
4/2)$%/&'%&'@N'+2'1/&%1"2'1*&$#%=);*''$)?*''L^#*%&*#'?%/_/&*>'V)4$#%"P8''

F8 `/#$*:'"$'+":%+)+'%&$*&4%$3'=/#'@-'4*1'
X8 V22/6'=/#'F'+%&'/='."#$%12*'4*7%+*&$"$%/&'/&'%1*8'
A8 C/22*1$'4).*#&"$"&$'"&7'#*_*:$#"1$'$5*'#*+"%&%&;'4/%2'.*22*$'%&'F'+2'HH%'4/2)$%/&'L4"+*'

."#"+*$*#4'"4'%&'4$*.4'F'"&7'XP'
N8 C/+?%&*'4).*#&"$"&$4'"&7'1*&$#%=);*'$5*+'"$'N'---!';'=/#'@N'+%&'"$'ABC8'
a8 C"#*=)223' "4.%#"$*' $5*' 4).*#&"$"&$' "&7' #*4)4.*&7' $5*' .*22*$' %&' F--' E2' /=' %1*_1/27'

@bHYR'L?3'+*"&4'/='"'.%.*$$*P8'
,8 9%:'%&'*%$5*#'H9V'/#'Z$5"&/2''

'
12(%'-+&0/'(0+&)#*%+#,+-#,'($)$.(%'/(0+&)L+/7%=%*7'=#/+'Lc"#7"'*$'"28>'@MM,PP'

@8 Z$5"&/2'"&7'H9V'=%:*7'4.*1%+*&4'6*#*'7%2)$*7'@ON'"&7'@OF-' %&'HH%'4/2)$%/&'L`$/$d-8N'
"&7'@'+2'#*4.*1$%<*23P'"&7'D*.$'/&'%1*8'

F8 T%2)$*7'4.*1%+*&4'6*#*'*:$#"1$*7'<%"')2$#"4/&%1"$%/&'/&' %1*8'Q5#**' %$*#"$%/&4' =/#'@-'
4*1'%&'.)24*'+/7)4'"$'$5*'2/6*4$'./6*#'<"2)*8'
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/0 12%,%3(*)4(5,6%*%,78*%4($+,"5%7,9:*,;<!=,)')$+5850,
,

!"#$%&"#'()*,>&:7898%7,9*:&>?@4A%*,%(,)$0B,8',#*%#%*)(8:'CC,
D%&:E%,(2%,58$84),5)'7,9*)4(8:',9*:&,),FGH,%3(*)4(8:',;)5(,I*%#J,?+585,K)(*83,H,1"L%,>KI,
M8:&%784)$5C,)'7,*8'5%,(2%,4%*)&84,L%)7,)'7,("L%,8',5(%*8$%,6)(%*,(:,*%&:E%,*%&)8'8'N,58$84),
5)'70,

.0 H77,.OO,P$,:9,.QIM!,(:,("L%5,4:'()8'8'N,(2%,4%*)&84,L%)70,
R0 H77,.OO,P$,:9,S(2)':$,:*,I;H,983%7,5#%48&%'0,
/0 M%)7, L%)(, ("L%5, 8', ), 2:*8T:'()$, #:58(8:', 9:*, .R, &8', :', ), E:*(%3, >KU, M<U, V:*(%3,

H7)#(%*C,)(,&)38&"&,8'(%'58(+0,
W0 1*)'59%*, (2%, 5"5#%'58:', 8', ), '%6, .0X, &$, *%)4(8:', ("L%, )'7, 4%'(*89"N%, )(,,

.O,OOO!,N,9:*,.O,&8',)(,WYZ,
X0 H5#8*)(%, 5"#%*')()'(, )'7, 5"5#%'7, #%$$%(, 8', ROO, P$, :9, .QIM!, )'7, 4%'(*89"N%, )(,,

.O,OOO!,N,9:*,X,&8',)(,WYZ0,
[0 H5#8*)(%,5"#%*')()'(,)'7,*%5"5#%'7,(2%,98')$,#%$$%(,ROO,P$,:9,.QIM!\,%(2)':$,>.].C,

,
%+,-&()#',.(#/%'."#'-")'%01"$%2,.%1,(/%1/0..3%4567%()%'8(1%1'0$3%

.0 V:*(%3,%(2)':$,983%7,5#%48&%'5,)(,&)38&"&,8'(%'58(+,>)##0,X,5%4C,
R0 F8$"(%7,RO,P$,:9,(2%,5#%48&%',8',.^O,P$,:9,II8,>._,6\EC,5:$"(8:',
/0 =:*8T:'()$$+, E:*(%3, 9:*, .R, &8', )(, *::&, (%&#%*)("*%, 8', FGH, $+585, &)(*83, ("L%, H,

>KI,M8:&%784)$5C>4:'()8'8'N,:'$+,(2%,4%*)&84,L%)7C,
W0 1*)'59%*,(2%,(:()$,5:$"(8:',8'(:,),O0X,&$,("L%,)'7,5#8',7:6',)(,R,OOO!,N,9:*,.O,5%4,)(,

*::&,(%&#%*)("*%,
X0 HE:878'N, (2%,#%$$%(B, ()A%,:9, (2%, 5"#%*')()'(, )'7, (*)'59%*, 8'(:,.0X,&$, *:"'7,L:((:&,

("L%,>7:,':(,"5%,R,&$,("L%5C,,
[0 Z%'(*89"N%,)(,.^,OOO!,N,9:*,.O,&8',)(,*::&,(%&#%*)("*%,
-0 F854)*7, (2%, 5"#%*')()'(, )'7, *%5"5#%'7, (2%, #%$$%(, 8', RO, P$, S(2)':$\IM!,,

>.].,>E\ECC,
^0 ;:*,;<!=,:',N$)55,5$87%5B,)##$+,X,P$,:9,(2%,5#%48&%',:'(:,(2%,6%$$,

,
90#)'(2(:#'(,)%#)$%(-#*"%;.,:"11()*<%
12%,%5()L$852&%'(,:9,4%$$,`")'(8984)(8:',6)5,#%*9:*&%7,68(2,)',%(2)':$,983%7,5#%48&%',9*:&,
5:8$,5$"**+,!#.50,Z%$$5,6%*%,%3(*)4(%7,68(2,(2%,4:&L8')(:*8)$,%3(*)4(8:',#*:(:4:$,7%54*8L%7,8',
(2%,*%5"$(5,5%4(8:',2%*%0,
;:*, `")'(8984)(8:', :9, L)4(%*8)$, 4%$$5, )'7, )L"'7)'4%, :9, ="10/2,1;,.,1()01, 4%$$5B, RX, 8&)N%5,
>RR.0/X\RR.0/X, P&, #2+584)$, $%'N(2C, #%*, 6%$$, )'7, 5#%48&%', 6%*%, )4`"8*%7, )(, #*%7%98'%7,
*)'7:&,#:58(8:'5, 4:E%*8'N,), 5`")*%,:9,&)38&"&,)*%), 8', *%5#%4(, (:, (2%, 5$87%,6%$$0,G:*&)$,
785(*8L"(8:',)'7,2:&:54%7)5(848(+,9:*,&#:'".(#/,4:"'(5,)'7,="10/2,1;,.1()01,4:"'(5,#%*,98%$7,
:9, E8%6,4:"$7,L%,:L5%*E%7,62%',RX, 8&)N%5,6%*%,)4`"8*%7, >)5, 4:'98*&%7,L+,!2)#8*:ab8$A,
)'7, ?%E%'%, 1%5(, *%5#%4(8E%$+C0, G:, 58N'8984)'(, 7899%*%'4%, 8', *%$)(8E%, )L"'7)'4%, :9,
="10/2,1;,.,1()01, 4%$$5, L%(6%%', (2*%%, 6%$$5, 4:'()8'8'N, (2%, E%*+, 5)&%, 5)&#$%, 4:"$7, L%,
7%(%4(%7,68(2, :'%c6)+, HGUVH0, Z:'5%`"%'($+, 9:*, (2%, #"*#:5%, :9, `")'(8984)(8:', :9, *%$)(8E%,
)L"'7)'4%, :9, ="10/2,1;,.,1()01, 4%$$5B, RX, 8&)N%5, :9, :'$+, :'%, 6%$$, #%*, 5#%48&%', 6%*%,
)4`"8*%70,,
Z%$$5,6%*%,`")'(898%7,8',FH<KS,)9(%*,*%&:E8'N,)*(89)4(50,
,
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!
"#$%!&'!"()*+,-'."/'+01%2%*1'2#0+'"'3#0$0405'3#06%1*1'78'9:;'<$*3:"&%*'=%4::0#/$'>;%6%/%0&'
02'!%4#07%"5'=4050?8'>@&%6*#/%$8'02'A%*&&"BC'
'

DC E%F"$%0&'02'G/030#*'HC--'I+'JKK9'2%5$*#/'
LC =+7*1'/"+35*/'%&'HCL'M'"?"#0/*'"/'1*/4#%7*1'*"#5%*#C'
-C E%F"$%0&'%/'3*#20#+*1'%&'NH++'1%"+*$*#'3*$#%1%/:*/C'
OC E0#'2%F"$%0&'35"4*'0&'P)"#$*#'02'"'Q0$%5"70RQ)&12%5$*#>S"$C'T0C'D9NUCLV'

S"#5RQ0$:V'J*#+"&8B'0#'"&8'0$:*#'?5"//'2%5$*#'%&$0'"'3*$#%1%/:'"&1'/0"W'
.%$:''XONH'I5'02'Y'M'9ED'0#'Z['M'=$\('1*3*&1%&?'0&'$:*'/3*4%+*&C'

YC 95"4*'$:*'JKK9'/*4$%0&'0&'$03'02'$:*'2%5$*#V'$"W%&?'4"#*'$:"$'$:*'%&04)5)+'
%/'2"4%&?')3."#1/'>"16%/"75*'$0'+"W*'"'&0$*'"$'$:*'2%5$*#'*1?*'.%$:'"'
3*&4%5B'

NC <*"5'3*$#%1%/:'.%$:'3"#"2%5+'"&1'2%F'20#'Y':'"$'Y]SC''
[C ^"/:'2%F"$%6*'"."8'6%"'35"4%&?'$:*'JKK9'/*4$%0&'%&$0'"'&*.'3*$#%1%/:'

40&$"%&%&?'O'+5'02'/$*#%5*'1*/$%55*1'."$*#C''^"/:'20#'OH'+%&'"$'#00+'
$*+3*#"$)#*C'

,C Q*3*"$'/$*3',')/%&?'&*.'."$*#C'
UC ;#8'2%F*1'/*4$%0&/'%&'"'3*$#%'1%/:'40&$"%&%&?'3"3*#'$0.*5'>XN+%&BC'

'
_C (87#%1`"$%0&'!"60%1'5%?:$a'

LC D3358'2%F*1'/*4$%0&/'0&$0'?5"//'/5%1*V'$:*'"#*"'"#0)&1'%$'%/'*&450/*1'
)/%&?'"'5%P)%1'#*3*55*&$'3*&C'>;"%10'<"&?80'S0R'b$1C'K0W80V'c"3"&V'b%P)%1'
_504W*#'<)3*#'9D9'9*&B'

-C 9#*3"#*'L'+5'02':87#%1%`"$%0&'7)22*#'02'1*/%#*1'/$#%&?*&48''
OC D11'-,'I5'02':87#%1`"$%0&'7)22*#'"&1'O'I5'02'*"4:'3#07*/'.0#W%&?'

/05)$%0&'>N'3+05I5RLBC'E%&"5'40&4*&$#"$%0&'02'3#07*/''
>HCYN'3+05I5RLBC'!%F'?*&$58'6%"'3%3*$$%&?C'

YC K#"&/2*#'$:*'/5%1*'%&$0'"'NH'+5'40&%4"5'4*&$#%2)?*'$)7*V'40&$"%&%&?'3"3*#'
$0.*5'/0"W*1'.%$:'$:*'#*+"%&%&?':87#%1%`"$%0&'7)22*#C''

NC K#"&/2*#'$)7*'%&$0':87#%1%`"$%0&'06*&'"$'Y[]S'20#'ZH'+%&C'
[C G&'$:*'+*"&$%+*'3#*3"#*'."/:%&?'7)22*#'>NH'+5B'"&1'3#*R."#+'%$'%&'"'

."$*#'7"$:'"$'YU]SC'
,C D2$*#':87#%1%`"$%0&V'$#"&/2*#'$:*'2%5$*#/'%&$0'."/:%&?'7)22*#')/%&?'/$*#%5*'

$.**`*#/V'"&1'."/:'20#'LN'+%&'"$'YU]SC''
UC D2$*#'."/:%&?'$#"&/2*#'/*4$%0&/'%&$0'"'3*$#%1%/:'40&$"%&?'NH'+5'02'%4*R

4051'+%55%d'."$*#'20#'LH'/*4C'
ZC D%#R1#8'/*4$%0&/'%&'"'3*$#8'1%/:'40&$"%&%&?'3"3*#'$0.*5'%&'$:*'1"#W'20#''

N'+%&'"$'#00+'$*+3*#"$)#*C'
LHC !0)&$'/*4$%0&/'0&'?5"//'/5%1*/')/%&?'S%$%25)0#C'K"W*'4"#*'$:"$'$:*'*&$%#*'

/*4$%0&'%/'+0)&$*1'>Y'I5'3*#'/*4$%0&'%/'+%&%+)+BC'_*$$*#'$0'"5/0'35"4*'"'
1#035*$'0&'$03'02'406*#/5%3C'

LLC <*"5'406*#/5%3'"&1'/5%1*'.%$:'&"%5'305%/:C'
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"#$#% &'()*+,-'.!*/0./(-1!234!1*(--')'5!
!"##$%&%'()*+,()-$%,./.01,
/0!,*123,4%'%,()*4%(%5,#*6&%*7,"7%5,89*,%'*6:;&%'(,7:*%%'6'47<,

2*3&%*, !%4"%'5%,6789,:8;, <)*=%(,>*?"#, @%A%*%'5%, ,
=>, 3?3,?@@,@?3,@AB,@??,C@C, B97(,!"#$%&'", DE"*%(7:;F9,%(,)$<G,/HH=I, ,

/JHK1, ??A,@3C,C@@,?@@,3C?,3C@,@, B97(,!"#$%&'",)'5,(&#)"%", DL9+,%(,)$<G,KMMKI, ,
N!O0M.>, @?@,?33,3?3,@C3,???,C@C,3, *%+,-./+0/&/+'1,+2 DO%7(%*,%(,)$<G,KM/MI, ,
N!O=K/1, CC@,C@3,C3C,C@3,?C3,C@C, *%+,-./+0/&/+'1,+2 DO%7(%*,%(,)$<G,KM/MI, ,,

,
,

!"##$%&%'()*+,()-$%,/.00,
@;%*&)$,:+:$6'4,:9'56(69'7,89*,4%'%*)$,)'5,*%+,-./+0/&/+'1,+,()*4%(%5,/0!*123,4%'%,OC1<,OC1,:+:$%7,
P%*%, 6'6(6)$6Q%5,R+,S,&6',98,5%')("*)(69', 89$$9P%5,R+,JM,:+:$%7,)(, (;%,#)*)&%(%*7,R%$9P,)'5,), 86')$,
%$9'4)(69',7(%#,)(,-KTC, 89*,/M,&6'<,1%):(69',7%("#, 67, 65%'(6:)$, D%U:%#(, 89*,#*6&%*7I,)7, 89*,B/.,OC1,
D*%):(69',V9$"&%,98,SM,W$I,!"##$%&%'()*+,()R$%,=X.,

2*3&%*,#)3*, B%')("*)(3?', C''%)$3'=, D$?'=)(3?',
=>Y/JHK1, HJTCY,.M,7%:, S0TCY,.M,7%:, -KTCY,HM,7%:,
0M.>Y/JHK1, HJTCY,JM,7%:, 0JTCY,.M,7%:, -KTCY,0M,7%:,

N!O0M.>YN!O=K/1, HJTCY,JM,7%:, 0JTCY,.M,7%:, -KTCY,JM,7%:,,
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19,*,*414!>9(?*0(!40;)'(3!'13/&3&!20(!+'-9&!(0+/*:3+!*)!(?3!9/&9@3/*04!40;)'(3!-**;<!6?3!?*+9A*/(';!
&*((3&!;9/3!1'+B4!(?3!&3(3,(9*/!;919(<!

!

None Formate Acetate

Propionate Butyrate Lactate

0

50

100

150

200

0

50

100

150

200

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Incubation time (days) 

ds
rA

 c
op

ie
s 

pe
r n

g 
D

N
A

Microcosm replicate First Second Third

Sulphate removal flag Active control Inactive control None Strong Weak

Sulphate amendment Yes No

None Formate Acetate

Propionate Butyrate Lactate
0

100

200

300

400

0

100

200

300

400

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Incubation time (days) 

ds
rA

 c
op

ie
s 

pe
r n

g 
D

N
A

Microcosm replicate First Second Third

Sulphate removal flag Active control Inactive control None Strong Weak

Sulphate amendment Yes No



!"##$%&%'()*+,
,

, -.,

,
!"#$%&'()*'
/012, 3)(), 45*, 65#+, '"&7%*8, 54, !"#$, 9:;<, 45*, ='3=>3")$, &=6*5658&?, @6(=>%, 65'(*5$, *%4%*8, (5,
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Sodium E−2 (B)

Sodium E−1 (A)

Iron E−2

Iron E−1

Iron Ser

DSP_SbII metagenome

Y11571 1 1492 Desulfosporosinus hippei

Y11570 1 1511 Desulfosporosinus orientis

AJ493051 1 1532 Desulfosporosinus auripigmenti

AF076527 1 1505 Desulfosporosinus meridiei

DQ117470 1 1443 Desulfosporosinus youngiae DSM 17734

AJ582757 1 1553 Desulfosporosinus lacus

FJ951625 1 1538 Desulfosporosinus acidiphilus SJ4

328751227 clone SII 2 92 
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328751062 clone SII 2 13 

328751061 clone SII 2 12
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0.1
Color ranges:

Type strains

Clones

Isolates

Isolates

SB clones

Metagenomic contig

X94975 1 1530 Desulfitobacterium hafniense

Y11570 1 1511 Desulfosporosinus orientis

JQ433972 1 1534 Desulfosporosinus sp enrichment culture clone Le

JQ433969 1 1387 Desulfosporosinus sp enrichment culture clone Lb

JQ433968 1 1528 Desulfosporosinus sp enrichment culture clone La

JQ
433965 1 1562 Desulfosporosinus sp enrichm

ent culture clone Ed

JQ
433963 1 1527 Desulfosporosinus sp enrichm

ent culture clone Eb

HG
316992 1 1525 Desulfosporosinus sp E

HG
316990 1 1446 Desulfosporosinus sp M

1

EU180237 1 1419 Desulfosporosinus sp M
1

AY007666 1 1492 Desulfosporosinus sp P1

JQ433959 1 1558 Desulfosporosinus sp enrichment culture clone De

JQ433957 1 1579 Desulfosporosinus sp enrichm
ent culture clone Dc

JQ433958 1 1555 Desulfosporosinus sp enrichment culture clone Dd

JQ433956 1 1537 Desulfosporosinus sp enrichment culture clone Db

JQ433955 1 1558 Desulfosporosinus sp enrichment culture clone Da

HG316991 1 1525 Desulfosporosinus sp D

FJ951625 1 1538 Desulfosporosinus acidiphilus SJ4
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328751227 clone SII 2 92 16S ribosomal RNA gene partial sequence

328751197 clone SII 2 30 16S ribosomal RNA gene partial sequence

328751132 clone SII 2 88 16S ribosomal RNA gene partial sequence

328751067 clone SII 2 3 16S ribosomal RNA gene partial sequence

328751111 clone SII 2 52 16S ribosomal RNA gene partial sequence

328751100 clone SII 2 48 16S ribosomal RNA gene partial sequence

328751094 clone SII 2 41 16S ribosomal RNA gene partial sequence

328751089 clone SII 2 35 16S ribosomal RNA gene partial sequence

 328751061 clone SII 2 12 16S ribosomal RNA gene partial sequence

Desulfosporosinus metagenome SbII

328751137 clone SII 2 94 16S ribosomal RNA gene partial sequence

328751099 clone SII 2 46 16S ribosomal RNA gene partial sequence

328751138 clone SII 2
 95 16S rib

osomal RNA gene partia
l sequence

328751098 clone SII 2
 45 16S rib

osomal RNA gene partia
l sequence

328751068 clone SII 2 4 16S ribosomal RNA gene partial sequence
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JX412369 1 1375 D
esulfosporosinus sp M

C
F98

JX223314 1 1530 D
esulfosporosinusuncultured bacterium

JX222948 1 1424 D
esulfosporosinusuncultured bacterium

JX221743 1 1530 D
esulfosporosinusuncultured bacterium

JQ
087086 1 1480 D

esulfosporosinus sp
AB307647 1 1472 D

esulfosporosinusuncultured bacterium

328751079 clone SII 2 22 16S ribosom
al R

N
A gene partial sequence
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esulfosporosinus sp PFB
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esulfosporosinus sp LauIII

Iron E!2

Iron E!1 

Iron Ser

JQ815725 1 1537 Desulfosporosinusuncultured bacterium

EU737112 1 1473 Desulfosporosinus sp DB

JQ411266 1 1446 Desulfosporosinus sp P26

DQ117470 1 1443 Desulfosporosinus youngiae DSM 17734

AY233860 1 1549 Desulfosporosinus sp Y5

AJ493051 1 1532 Desulfosporosinus auripigmenti

AF076527 1 1505 Desulfosporosinus meridiei

GQ214051 1 1492 Desulfosporosinus sp 063

Y11571 1 1492 Desulfosporosinus hippei

AF427080 1 1418 Desulfosporosinus sp P3
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