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1. Introduction 

1.1 Positive and negative effects of light on health 

617$."1*".$%"9)1@4);"%3.)413137",4-./)"T.1@%V71(%)U",/)"@43;"/)7431*@*H"4*"1."4..23%*".$%1)"

-1)-4'143"-5/-W*"./".$%"*/54)"'4;"43'"*.)%37.$%3*"'12)345")$;.$@*"Ta%37"%."45NH"!GGbUN"C1)-4'143"

)$;.$@*"-//)'134.%"@43;"9)/-%**%*",)/@"7%3%"%89)%**1/3"./":%$4(1/)"/9.1@1S137"51,%",23-.1/3*N"

M/)"%84@95%H"517$.V%3.)413%'"-1)-4'143"-5/-W*"9)/@/.%"1@@231.;"43'"%8.%3'"$%45.$"*943"13"47137"

Drosophila TY)1*$343"%."45NH"IJJGc">$1)4*2V=1S4"%."45NH"IJJdU"43'"@4@@45*"TL/%33%:%)7"43'"

^%))/QH"IJ!bUN"?3"4''1.1/3"./".$%"-5/-WV%3.)413137")/5%"/,"-;-51-45"517$."%89/*2)%H"*$/).V.%)@"

517$."%89/*2)%"$4*".$%)49%2.1-"(452%H"4*"1."1*"2*%'"./".)%4."*%(%)45"*W13"415@%3.*"T&'4@*W4;4"%."45NH"

IJ!! c"0%643'"%."45NH"IJJdc">4'1-WH"IJJeUH"45/37"Q1.$"*%4*/345"4,,%-.1(%"'1*/)'%)"43'"/.$%)"@//'"

'1*/)'%)*"T0%*43"%."45NH"IJJdc"L/*%3.$45"%."45NH"!GefUN"&-2.%"517$."%89/*2)%"45*/"1@9)/(%*"

45%).3%**"43'"-/731.1(%"9%),/)@43-%"13"317$.V*$1,."Q/)W%)*"T̂ /.4@%'S4'%$"%."45NH"IJ!dUH":2."/35;"

Q$%3"%89/*2)%"/--2)*"4."317$."T>%745"%."45NH"IJ!bUN""

?3"4''1.1/3"./"9/*1.1(%"%,,%-.*H"*%(%)45"3%74.1(%"%,,%-.*"/,"517$."$4(%":%%3")%9/).%'N"M/)"

%84@95%H":52%"517$."*299)%**%*".$%"*%-)%.1/3"/,".$%"*5%%9V9)/@/.137"$/)@/3%"@%54./313"13"4"

'/*%V'%9%3'%3.",4*$1/3"T6%Q;"%."45NH"!GeJc"Z%*."%."45NH"IJ!!UH"43'".$1*"*299)%**1/3"-43"-42*%"

-1)-4'143"43'"*5%%9"'1*/)'%)*"Q$%3"/--2))137"4."317$."TC$437"%."45NH"IJ!gc"R)%%3"%."45NH"IJ!dUN"

#$%*%",13'137*")41*%"$%45.$"-/3-%)3*":%-42*%"6+0"517$.137"43'"6+0V:4*%'".%-$3/5/7;"$4(%"

13(4'%'"@/'%)3"*/-1%.;"43'"4)%"%89/*137"$2@43*"./"13-)%4*137"5%(%5*"517$.H"%*9%-1455;"4."317$.N"

>%(%)45"*.2'1%*"$4(%"'%@/3*.)4.%'".$%"'4@47137"%,,%-.*"/,"4-2.%":52%V517$."%89/*2)%"/3")%.1345"

-%55*"13"(1.)/"TY2*%"%."45NH"IJ!fU"43'"(1(/" T6/27$%%'H"IJ!fc"#4;5/)"%."45NH"!GGIUN"=/Q%(%)H",%Q"

*.2'1%*"$4(%"4'')%**%'".$%"%,,%-.*"/,"517$."%89/*2)%"/3"5/37%(1.;N"#$%",%Q"*.2'1%*".$4."'1'"
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4'')%**".$1*H"$/Q%(%)H"%89/*%'".$%1)"/)7431*@*"./"-/3*.43."517$."-/3'1.1/3*H"Q$1-$"'1*)29.*".$%"

-1)-4'143"-5/-W"43'"13-)%4*%*"*%3*1.1(1.;"./"4'(%)*%"*.1@251 TY)1*$343"%."45NH"IJJGUN"

"

1.2 Light exposure causes stress response gene expression in old flies 

#$%"1@9%.2*",/)".$%"131.145"%89%)1@%3.*"9)%*%3.%'"13".$1*".$%*1*"-4@%",)/@"4")%-%3."

-/554:/)4.1(%"*.2';":%.Q%%3"0)N"R1%:25./Q1-S"43'"0)N"=%3')18"54:/)4./)1%*N"#$%"7/45"Q4*"./"

-/@94)%")$;.$@1-"9)/,15%*"13"7%3%"%89)%**1/3":%.Q%%3";/237"43'"/5'",51%*N"#$%")%*%4)-$".%4@"

'1*-/(%)%'".$4."4"7)/29"/,"*.)%**")%*9/3*%"7%3%*H"-455%'"54.%V51,%"-;-5%)*"T66C*UH"Q%)%"

)$;.$@1-455;"%89)%**%'"13"/5'"DrosophilaH":2."3/."13";/237"TY213.S5%"%."45NH"IJ!dUN">9%-1,1-455;H"

/5'",51%*"13-)%4*%"66C"%89)%**1/3".$)/27$/2."'4;517$."$/2)*H"Q1.$"9%4W"%89)%**1/3"4.".$%"%3'"/,"4"

517$."-;-5%H",/55/Q%'":;"4"'%-)%4*%"13"%89)%**1/3"5%(%5*"4*".$%"317$."9)/7)%**%*N"^/)%/(%)H",51%*"

@413.413%'"13"-/3*.43."'4)W3%**"'/"3/.")$;.$@1-455;"%89)%**"66C*"4."43;"47%"T<4*$"%."45NH"IJ!GUH"

*277%*.137".$4."517$."1*"13(/5(%'"13".$%"29)%7254.1/3"/,".$%*%"7%3%*N"=/Q%(%)H"1."1*"23W3/Q3"

Q$%.$%)")$;.$@1-"66C"%89)%**1/3"1*"4"9)/.%-.1(%")%*9/3*%"./"47%V)%54.%'"*.)%**"13",51%*"43'"

Q$%.$%)".$1*")%*9/3*%"13,52%3-%*",5;"51,%*943N"#$%"43*Q%)"./".$1*"-/25'"9)/(1'%"13*17$."13./".$%"

%,,%-.*"/,"'415;"517$."%89/*2)%"/3"Drosophila $%45.$"43'"5/37%(1.;N"?,",5;"51,%*943"1*"%8.%3'%'"13"

,51%*"47%'"13"-/3*.43."'4)W3%**H"Q$%)%"3/")$;.$@1-"66C"%89)%**1/3"%(%)"/--2)*H".$%3"66C"

%89)%**1/3"@2*.")%*9/3'"./"*.)%**,25"*.1@251H"*2-$"4*"5/37V.%)@"'415;"517$."%89/*2)%H"13"4"@433%)"

.$4."1*"$4)@,25"./"Drosophila $%45.$"43'"5/37%(1.;N"

"

1.3 Hypothesis 

Z%"$;9/.$%*1S%'".$4.",51%*"%89/*%'"./"'415;"'4)W"-;-5%*"/,"Q$1.%",52/)%*-%3."517$."

,/55/Q%'":;"'4)W3%**"T6O0U"Q/25'"$4(%")%'2-%'"5/37%(1.;"-/@94)%'"./".$/*%"W%9."13"-/3*.43."
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'4)W3%**"T0O0UN"#$%",4-.".$4.",51%*"W%9."13"'1,,%)%3."517$."-/3'1.1/3*"%89)%**"'1,,%)%3."5%(%5*"/,"

66C*"13"4'(43-%'V47%"*277%*.*".$4."5/37V.%)@"517$."%89/*2)%"1@94-.*"47137"13"*/@%"Q4;N"#$1*"

5%'"2*"./",2).$%)"$;9/.$%*1S%".$4."'415;"517$."%89/*2)%")%'2-%*"51,%*943"(14"43"4--%5%)4.%'"47137"

@%-$431*@N">13-%"4-2.%"517$."%89/*2)%"1*"'4@47137"./"%;%"9$/./)%-%9./)"-%55*"TK44'43%"%."45NH"

IJ!g c"Y2*%"%."45NH"IJ!fUH"Q$1-$"4)%",155%'"Q1.$"9$/./*%3*1.1(%"@/5%-25%*"T61@43H"IJ!IUH"Q%"

,2).$%)"$;9/.$%*1S%'".$4."517$.V13'2-%'"5/37%(1.;")%'2-.1/3"1*"@%'14.%'".$)/27$"4"$4)@,25"

13.%)4-.1/3":%.Q%%3"517$."43'"%;%"9$/./)%-%9./)*N"64*.5;H"Q%"$;9/.$%*1S%'".$4."'4@47%"./".$%*%"

9$/./)%-%9./)"-%55*"Q/25'"13-)%4*%",5;"*2*-%9.1:151.;"./".$%"'4@47137"%,,%-.*"/,"517$."4*".$%;"47%N""

"

1.4 Objectives"

#$%"92)9/*%"/,".$1*"*.2';"Q4*"./".%*."/2)"$;9/.$%*1*":;"4'')%**137".$%",/55/Q137"D2%*.1/3*O"

!N 0/%*"%89/*2)%"./"517$."/,"(4)1/2*"-/5/)*H"13.%3*1.1%*H"43'"'2)4.1/3*"4,,%-."

Drosophila melanogaster"51,%*943h"

IN "0/%*"517$."%89/*2)%"4,,%-.",5;"47137")4.%*"T@%4*2)%'"4*"-51@:137"4:151.;Uh"""

`N Z$4."1*".$%")/5%"/,")%.1345"9$/./)%-%9./)*"13"@%'14.137"%,,%-.*"/,"517$."/3"51,%*943"

43'"$%45.$"*943h"

fN ?,"517$."$4*"4'(%)*%"%,,%-.*"/3",51%*H"'/%*"*%3*1.1(1.;"./"517$."-$437%"Q1.$"47%h"

"

#$%",)21.",5;"1*"43"1'%45"@/'%5"/)7431*@",/)".$1*"*.2';":%-42*%".$%;"$4(%"4"*$/)."51,%*943H"

.$%)%"4)%"%,,%-.1(%"@%.$/'*"./"@%4*2)%")4.%*"/,"47137H"43'"*%(%)45"%;%"@2.43.*"4)%"4(4154:5%N"?3"

4''1.1/3H"*%(%)45":1/5/71-45"43'"9$;*1/5/71-45"9)/9%).1%*"4)%"-/3*%)(%'":%.Q%%3"@4@@45*"43'"

DrosophilaH"43'")/27$5;"dgi"/,"$2@43"7%3%*".$4."-42*%"'1*%4*%"$4(%",)21.",5;"$/@/5/7*"

TF43'%;"43'"<1-$/5*H"IJ!!UN"
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2. Materials and Methods 

2.1 Fly genotypes and maintenance 

?3".$%"%89%)1@%3.*"'%*-)1:%'"$%)%H"Drosophila melanogaster"/,".$%"C43./3V>"7%3/.;9%"

Q4*"2*%'"4*".$%"Q15'.;9%"*.)413":4*%'"/,".$%1)"3/)@45H")%'")%.1345"917@%3.4.1/3N"M51%*"/,":/.$".$%"

white Tw1118; )%,%))%'"./"4*"wU"7%3/.;9%H"Q$1-$"54-W")%.1345"917@%3.4.1/3H"43'".$%"eyes absent 

Teya2U"7%3/.;9%H"Q$1-$"'/3_."'%(%5/9"-/@9/23'"%;%*"TE/3131"%."45NH"!GG`UH"Q%)%"45*/".%*.%'"

23'%)"*1@154)"%89%)1@%3.45"-/3'1.1/3*N"R%3/.;9%V*9%-1,1-"4'25.",51%*"Q%)%"@4.%'"43'"*%94)4.%'"

:;"*%8"!VI"'4;*"4,.%)"%@%)7%3-%N"#$%3H"7)/29*"/,"jIg",51%*"/,"4"71(%3"7%3/.;9%"43'"*%8"Q%)%"

.)43*,%))%'"./"34))/Q"TIg@@U"'14@%.%)"954*.1-"(145*"TR%3%*%%">-1%3.1,1-H">43"01%7/H"C&UH"Q$1-$"

-/3.413"4"'1%."/,";%4*."T`g"7k5UH"-/)3@%45"TgJ"7k5UH"43'"@/54**%*"TgiU".$4."Q4*",)%*$5;"*2:*.1.2.%'"

%(%);"IV̀"'4;*N"#/"%3*2)%",51%*")%-%1(%'".$%"*4@%"32@:%)"/,"517$."'4)W"-;-5%*H",51%*"Q%)%"954-%'"

13./".$%1)")%*9%-.1(%"%89%)1@%3.45"-/3'1.1/3*"'2)137".$%"'4)W"9$4*%"/,".$%"%3(1)/3@%3.45"517$.V

'4)W"-;-5%H"/)":%.Q%%3"G"9@"43'"G"4@",/)".$/*%"47%'"13"-/3*.43."'4)W3%**"T0O0UN"&55"

%89%)1@%3.45",51%*"Q%)%"$%5'"4."Igl!mCN"

"

2.2 Longevity testing procedure 

" M/)"%4-$"5/37%(1.;"%89%)1@%3.H".$%"@%'143"51,%*943"/,"4."5%4*."!JJ",51%*"Tf"7)/29*"/,"Ig"13"

34))/Q"(145*U"/,"4"71(%3"*%8"43'"7%3/.;9%"Q4*"@%4*2)%'N"#$%"32@:%)"/,"'%4'",51%*"9%)"7)/29"

Q4*")%-/)'%'"%(%);".1@%",51%*"Q%)%"954-%'"13./"3%Q"(145*"-/3.413137",)%*$"'1%."T%(%);"IV̀"'4;*UN"

#$1*"Q4*"'/3%"23.15"3/"@/)%"*2)(1(/)*")%@413%'N"^/).451.;"-2)(%*"Q%)%"*.4.1*.1-455;"4345;S%'"

2*137".$%"6/7V)43W".%*."13"R)49$F4'"F)1*@"b"43'"-/@94)%'":%.Q%%3",51%*"$%5'"13"'1,,%)%3."517$."

-/3'1.1/3*N"?3"%89%)1@%3.*"Q$%)%"7)/29*"/,",51%*"Q%)%"$%5'"13".$)%%"/)"@/)%"517$."-/3'1.1/3*H".$%"



!

!

"

5/37%(1.;"/,",51%*"W%9."13"%4-$"517$."-/3'1.1/3"Q4*"*.4.1*.1-455;"-/@94)%'"./".$%"5/37%(1.;"/,",51%*"

W%9."13".$%"/.$%)"517$."-/3'1.1/3*N"

"

2.3 Rapid iterative negative geotaxis (RING) assay 

" "#$%")491'"1.%)4.1(%"3%74.1(%"7%/.481*"TL?<RU"4**4;"TL$/'% 31S%)"%."45NH"IJJeU"Q4*"2*%'"./"

@%4*2)%".$%"4(%)47%"$%17$."-51@:%'":;",51%*"./"-/@94)%".$%")%54.1(%")4.%*"/,"47137H"45*/")%,%))%'"

./"4*"$%45.$"*943H"4@/37",51%*"$%5'"13"(4)1/2*"517$."-/3'1.1/3*N"?3"%4-$"L?<R"4**4;H".$%)%"Q%)%"

:%.Q%%3"gJVdg",51%*".%*.%'",/)"%4-$"*9%-1,1-"7%3/.;9%"43'"517$."-/3'1.1/3N"R)/29*"/,"Ig",51%*"Q%)%"

954-%'"13./"*%94)4.%"34))/Q"(145*"54-W137"'1%."43'"5/4'%'"13./"4".)43*94)%3."L?<R"4994)4.2*N"&"

(1'%/")%-/)'%)"Q4*"954-%'"13",)/3."/,".$%"4994)4.2*"43'"4"Q$1.%":4-W7)/23'"Q4*"954-%'":%$13'"

.$%"4994)4.2*N"#$%"4994)4.2*"Q4*"D21-W5;".499%'".$)%%".1@%*"47413*.".$%"-/23.%)"./9"./"W3/-W"

,51%*"./".$%":/../@"/,".$%"(145*"43'".$%"(1'%/")%-/)'%)"-49.2)%'".$%",1)*.",/2)"*%-/3'*"/,".$%",51%*_"

1@@%'14.%"-51@:137")%*9/3*%N"#$%"-51@:137")%*9/3*%"/,"%4-$"7)/29"/,",51%*"Q4*"@%4*2)%'".$)%%"

.1@%*"Q1.$"/3%V@132.%":)%4W*":%.Q%%3".%*.*"./"455/Q".$%",51%*"./"*%..5%N"&"*.155"1@47%"Q4*".$%3"

-49.2)%'"%84-.5;"f"*%-/3'*"4,.%)".499137"$4'"*./99%'",/)"%4-$"/,".$%".$)%%".)145*"2*137"&(1'%@28"

*/,.Q4)%N"?@47%K"*/,.Q4)%"Q4*"2*%'"./"-45-254.%".$%"'1*.43-%"-51@:%'",/)"%4-$",5;"13".$%"1@47%N"

#$%3H".$%"4(%)47%"$%17$."-51@:%'"13"455".$)%%".)145*",/)"%4-$")%*9%-.1(%"7)/29"Q4*"-45-254.%'"13"

+8-%5N"R)49$1-45"43'"*.4.1*.1-45"4345;*1*"Q4*"9%),/)@%'"2*137"23941)%'".V.%*.*"13"R)49$F4'"F)1*@"

bN"?3"4''1.1/3H".$%"32@:%)"/,",51%*".$4."-51@:%'"43;"(%).1-45"'1*.43-%"Q4*")%-/)'%'",/)"%4-$".)145"

43'"%89)%**%'"4*"4"9%)-%3.47%"/,",51%*".$4.")%.413%'"(%).1-45"-51@:137"4:151.;N""

" "



!

!

"

"

2.4 Light conditions used in experiments 

#$%"*9%-.)2@"43'"13.%3*1.;"/,"%4-$"517$."-/3'1.1/3"Q4*"@%4*2)%'"4.".$%"5%(%5".$4.",51%*"

Q%)%"W%9.N">9%-.)45"-$4)4-.%)1*.1-*"/,"%4-$"517$."*/2)-%"Q4*"@%4*2)%'"Q1.$"4"F!JJVI V]?> V<?L"

/9.1-45",1:%)"C"TA-%43"A9.1-*UH"Q$15%".$%"517$."13.%3*1.;"Q4*"@%4*2)%'"Q1.$"43">nV!IJO"+5%-.)1-"

C451:)4.1/3"n243.2@">%3*/)"T&9/7%%U"43'"%89)%**%'"4*"9$/./3",528"'%3*1.;"TFM0UH"Q$1-$"1*"4"

@%4*2)%"/,".$%"32@:%)"/,"9$/./3*"9%)"231."4)%4"9%)"*%-/3'"Q1.$"231.*"/,"µmol	@VI"*VI N"M51%*"/,".$%"

.$)%%"7%3/.;9%*"'%*-)1:%'"13"*%-.1/3"IN!"Q%)%"47%'"13"*%(%)45"'1*.13-."517$."%3(1)/3@%3.*N"+4-$"

1552@134.%'"%3(1)/3@%3."$4'"'12)345"!IV$/2)"-;-5%*"/,"517$."43'"'4)WH":%*1'%*".$%"%89%)1@%3."

'%*-)1:%'"13"M172)%"`CN"

"" M)%D2%3.5;".%*.%'"517$."-/3'1.1/3*"13-52'%'"-/3*.43."'4)W3%**"T0O0UH"'415;"Q$1.%"

,52/)%*-%3."517$."T6O0UH":52%"6+0"TEO0UH"43'"Q$1.%"6+0"Q1.$":52%"517$."%8-52'%'"T6VEO0UN"#$%"

,51%*"@413.413%'"13"0O0"Q%)%"%1.$%)"W%9."13"4"-/@95%.%5;"'4)W"13-2:4./)"/)"Q%)%"W%9."13"517$."

9)//,":/8"13*1'%"43"1552@134.%'"13-2:4./)N"Z$1.%",52/)%*-%3.".2:%*"@432,4-.2)%'":;"F$1519*"Q%)%"

.$%"517$."*/2)-%"/,"6O0N"#$%"6O0"*9%-.)2@"-/3.413%'"@4X/)"9%4W*"4."f`d3@"43'"gfb3@H"Q1.$"

@13/)"9%4W*"4."fJg3@"43'"gdd3@"TM17N"I&U"43'"$4'"4"9$/./3",528"'%3*1.;"/,"jIg"o@/5p@VI p*VI "4."

.$%"5%(%5*"Q$%)%",51%*"Q%)%"954-%'N"&":52%"4D24)12@"517$."Q4*"2*%'"13"EO0"T^4)*&D24"01@@4:5%"

!bgZ"6+0UN"#$%":52%"517$."*9%-.)2@"*$/Q%'"4"9%4W"4."fbJ3@"43'"$4'"4"9$/./3",528"'%3*1.;"

%D21(45%3."./".$4."/,"6O0N"#$%"*4@%"4D24)12@"517$."*/2)-%".$4."Q4*"2*%'"4*"4"*/2)-%"/,":52%"517$."

Q4*"45*/"2*%'"13"6VEO0N"=/Q%(%)H"4";%55/Q",15.%)"TL/*-/"-/5/)",15.%)"qfgGJ"C45C/5/)"GJU"Q4*"

49951%'"./"%51@134.%"455":52%"517$.N"#$%"6VEO0"517$."*/2)-%"%@1..%'"4";%55/Q1*$"-/5/)N"

>9%-1,1-455;H".$%"*9%-.)2@"Q4*":)/4'%)"Q1.$"4"@4X/)"9%4W"4."gef3@"43'"9)/'2-%'"4"9$/./3",528"

'%3*1.;":%.Q%%3"jIg"o@/5p@VI p*VI N"



!

!

"

#/"%84@13%".$%"%,,%-.*"/,":52%"517$."13.%3*1.;"/3"5/37%(1.;H"3%2.)45"'%3*1.;",15.%)*"@4'%"/,"

452@132@"Q1)%"*-)%%3"Q%)%"49951%'"13"EO0"./"-)%4.%",1(%"'1,,%)%3."517$."-/3'1.1/3*"/,"(4)1/2*"

:52%"517$."13.%3*1.1%*"T%4-$"$4(137"%D21(45%3."*9%-.)45"-/@9/*1.1/3*U"13"Q$1-$".$%"@%'143"51,%*943"

/," w 43'"C>"@45%*"Q4*"@%4*2)%'N"#$%"517$."13.%3*1.1%*":%5/Q",15.%)*"Q4*"@%4*2)%'"Q1.$"43">nV

!IJO"+5%-.)1-"C51:)4.1/3"n243.2@">%3*/)"T&9/7%%U"43'"%89)%**%'"4*"9$/./3",528"'%3*1.;"TFM0UN"

#$%",1)*."7)/29"Q4*"%89/*%'"./"23,15.%)%'"517$."TEO0H"Ig"o@/5p@VI p*VI UN"#$)%%"/.$%)",15.%)*"Q%)%"

49951%'"./"9)/7)%**1(%5;")%'2-%"517$."13.%3*1.;"%89/*2)%"43'"13-52'%'"!dH"!!H"f"o@/5p@VI p*VI N"#$%"

)%@413137",15.%)"13$1:1.%'"43;"517$."9%3%.)4.1/3"TJ"o@/5p@VI p*VI UH"5%4(137"4"0O0V51W%"%3(1)/3@%3.N"

?3"43/.$%)"%89%)1@%3.H".$%"!IV$/2)"517$.V'4)W"-;-5%"13"EO0"Q4*"@/'1,1%'"./".%*."Q$%.$%)"

'1,,%)%3."'415;"5%37.$*"/,"%89/*2)%"./",255"13.%3*1.;":52%"517$."4,,%-.%'".$%"5/37%(1.;"/,"w ,51%*N"

#$%"@%'143"51,%*943"/,"w @45%*"43'",%@45%*"Q4*")%-/)'%'"4,.%)".$%;"Q%)%"47%'"13"%1.$%)"eV$/2)*"

/,"'415;":52%"6+0",/55/Q%'":;"'4)W3%**"TeEO!b0U"/)"!bV$/2)*"/,"'415;":52%"6+0",/55/Q%'":;"

'4)W3%**"T!bEOe0UN"M51%*"Q%)%"45*/"W%9."13"0O0",/)"-/3.)/5*N"#$%"@%'143"51,%*943"/,",51%*"W%9."13"

%4-$"517$."-/3'1.1/3"Q4*"-/@94)%'"./".$%")%*9%-.1(%"-/$/).*"13"0O0"43'"./"%4-$"/.$%)N"

"

2.5 Exposure to daily blue LED cycles at various ages 

" #/".%*."Q$%.$%)".$%"%,,%-.*"/,"EO0"/3"5/37%(1.;"1*"47%V'%9%3'%3.H".$%"@%'143"51,%*943"/,"

w @45%*"Q4*"@%4*2)%'"4,.%)".$%;"Q%)%"131.1455;"W%9."13"EO0"/)"0O0"23.15")%4-$137"4"-%).413"47%H"

4."Q$1-$"9/13.".$%;"Q%)%"*Q1.-$%'"./".$%"/.$%)")%71@%N"M51%*"Q%)%".)43*,%))%'"./".$%"/.$%)")%71@%"

'2)137".$%"'4)W"-;-5%"13"4"517$."9)//,">.;)/,/4@"-/3.413%)N"#Q/"*%94)4.%"7)/29*"/,"w @45%*"Q%)%"

%1.$%)"W%9."13"EO0"/)"0O0",/)"`J"'4;*":%,/)%".$%;"Q%)%"9%)@43%3.5;"*Q1.-$%'"./".$%"45.%)34.1(%"

517$."%3(1)/3@%3.N"#$%")%@413137"7)/29"/,"w @45%*"Q%)%"47%'"13"0O0",/)"ff"'4;*":%,/)%".$%;"

Q%)%".)43*,%))%'"./"EO0",/)".$%1)")%@413137"51,%*943N"M/)"-/@94)1*/3H"7)/29*"/,"w @45%*"Q%)%"



!

!

"

45*/"47%'"9%)@43%3.5;"13"EO0"43'"0O0N"#$%"@%'143"51,%*943"/,"%4-$"7)/29"Q4*"@%4*2)%'N"?3".$1*"

%89%)1@%3.H"3%4)5;"455"w @45%",51%*"'1%'":%,/)%")%4-$137"`g"'4;*"/,"47%"13"EO0N""

"

2.6 Effects of light on longevity and aging in eyeless flies 

" #/".%*."Q$%.$%)"9$/./)%-%9./)"'4@47%"-42*%'"*$/).%3%'"51,%*943"43'"4--%5%)4.%'"47137"

,)/@"517$.H",51%*"54-W137"-/@9/23'"%;%*"'2%"./"4"@2.4.1/3"13".$%"eyes absent Teya2U 7%3%"TE/3131"

%."45NH"!GG`U"Q%)%".%*.%'"13"*%(%)45"517$."-/3'1.1/3*"@%3.1/3%'"4:/(%N"K2*."4*"13".$%"131.145"

5/37%(1.;".%*.*"'/3%"/3"w 43'"C>",51%*H".$%"@%'143"51,%*943"/,"eya2",51%*"Q4*",1)*."@%4*2)%'"13"

0O0"43'"6O0"43'"@/).451.;"-2)(%*"Q%)%"-/@94)%'N"&,.%)"%*.4:51*$137".$4."6O0")%'2-%*"5/37%(1.;"

13".$%"4:*%3-%"/,"9$/./)%-%9./)*H".$%"%,,%-.*"/,":52%"517$."/3".$%"51,%*943"/,"eya2",51%*"Q4*"

13(%*.174.%'N"&7413H".$%"@%'143"51,%*943"/,"eya2",51%*"Q4*")%-/)'%'"43'"@/).451.;"-2)(%*"Q%)%"

-/@94)%'":%.Q%%3".$/*%"47%'"13"EO0H"6VEO0H"43'"0O0N">13-%"517$.V13'2-%'"51,%*943")%'2-.1/3"13"

eya2",51%*"Q%)%"*1@154)"./".$/*%"13"C>H"4"L?<R"4**4;"Q4*"9%),/)@%'"/3"gJV'4;*"/5'" eya2"@45%*"13"

EO0H"6O0H"43'"0O0N"

"

2.7 Light preference test 

M/)"455".$)%%"7%3/.;9%*"'%*-)1:%'"13".$1*"*.2';H"gJ",51%*"/,"%4-$"*%8"Q%)%"$%5'"13"34))/Q"

,5;"(145*"/,"Ig",51%*"%4-$"43'"@413.413%'"13"%1.$%)"EO0"/)"6VEO0N"&."gH"IgH"43'"fg"'4;*"/5'H"%4-$"

7)/29"/,",51%*"Q4*"92."13./"43"4994)4.2*"-/3*1*.137"/,".Q/"/9%3"34))/Q"(145*"$%5'"./7%.$%)"Q1.$"

-5%4)"9/)/2*".49%"./"455/Q":/.$"%4*;"/:*%)(4.1/3"43'"4--%**"./"/8;7%3N"&"517$."1@9%3%.)4:5%"

:54-W",/15"Q4*"Q)499%'"4)/23'"/3%"/,".$%".Q/"-/33%-.%'"(145*H"5%4(137"$45,"/,".$%"4994)4.2*"

-/@95%.%5;"'4)W"Q$15%".$%"/.$%)"$45,"Q4*"1552@134.%'":;"%1.$%)":52%"517$."TEU"/)":)/4'V*9%-.)2@"

517$."Q1.$".$%"%8-52*1/3"/,":52%"T6VEUN"E/.$"(145*"$4'"43"%D245"4@/23."/,"'1%."43'",51%*"Q%)%"4:5%"



!

!

"

./",)%%5;"@/(%":%.Q%%3".$%1)")%*9%-.1(%"517$."%3(1)/3@%3."43'"'4)W3%**N"F1-.2)%*"/,".$%".Q/V(145"

4994)4.2*%*"Q%)%".4W%3"%(%);"$/2)"/,".$%"!IV$/2)"517$."9$4*%"Q$%3",51%*"Q%)%"gH"IgH"43'"fg"'4;*"

/5'N"#$%"4(%)47%"9%)-%3.47%"/,"47%V"43'"7%3/.;9%V*9%-1,1-",51%*",/23'"13"%1.$%)"E"/)"6VE"

-/@94).@%3.*"Q4*"-45-254.%'"43'"*.4.1*.1-455;"-/@94)%'"2*137"43"23941)%'".V.%*."13"R)49$F4'"

F)1*@"bN"&"*%94)4.%"23941)%'".V.%*."Q4*"'/3%"./"-/@94)%".$%"9%)-%3.47%"/,"@1''5%V"43'"/5' V47%'"

,51%*"/,"4"*9%-1,1-"*%8"43'"7%3/.;9%".$4."Q%)%",/23'"13"EN"

" "



!

!

"

3. Results 

3.1 Daily exposure to cycles of white fluorescent light reduces lifespan and health span 

0415;"517$."%89/*2)%"954;*"4"-)1.1-45")/5%"13"@413.413137")/:2*."-1)-4'143")$;.$@*"13"@43;"

/)7431*@*H"Q$1-$"4)%"4**/-14.%'"Q1.$"1@9)/(%'"1@@23%"'%,%3*%*"43'"'%54;%'"47137"13"

Drosophila"TY)1*$343"%."45NH"IJJGc">$1)4*2V=1S4"%."45NH"IJJdUN"A3".$%"/.$%)"$43'H"4-2.%"%89/*2)%"

./"*.)/37"517$.H"%*9%-1455;":52%"517$.H"1*"W3/Q3"./":%"$4)@,25"./"-%55*"13"(1.)/"TR/'5%;"%."45NH"

IJJg UN"=/Q%(%)H".$%"%,,%-.*"/,"'415;"517$."%89/*2)%"/3"/)7431*@45"51,%*943"4)%"3/."Q%55"W3/Q3N"

#/",155".$1*"W3/Q5%'7%"749H"Q%"13(%*.174.%'".$%"%,,%-.*"/,"*%(%)45"'1,,%)%3."517$."-/3'1.1/3*"/3".$%"

51,%*943"/,"DrosophilaH"4"*$/).V51(%'"@/'%5"/)7431*@N"&")%-%3."*.2';"$4*"*$/Q3".$4."/5'",51%*"

Q1.$".$%"white"@2.4.1/3"TwU"@413.413%'"13"!IV$/2)"-;-5%*"/,"Q$1.%",52/)%*-%3."517$.",/55/Q%'":;"

'4)W3%**"T6O0U"*$/Q"'12)345")$;.$@*"13".$%"%89)%**1/3"/,"*%(%)45"*.)%**")%*9/3*%"7%3%*"TY213.S5%"

%."45NH"IJ!dUH"Q$15%"%89)%**1/3"/,".$%*%"7%3%*")%@413"5/Q"13",51%*"W%9."13"-/3*.43."'4)W3%**"T0O0U"

T<4*$"%."45NH"IJ!GUN"#/"23'%)*.43'"$/Q")$;.$@1-"%89)%**1/3"/,".$%*%"7%3%*"4,,%-.*",5;"5/37%(1.;H"

Q%"-/@94)%'"51,%*943"/,"w ,51%*"13"6O0"43'"0O0N"?3.%)%*.1375;H"Q%",/23'".$4.")%4)137",51%*"13"0O0"

*1731,1-43.5;"%8.%3'%'".$%1)"51,%*943N"^/)%"*9%-1,1-455;H"w ,51%*"W%9."13"6O0"$4'"4"`Ji")%'2-%'"

@%'143"51,%*943"-/@94)%'"./".$/*%"13"0O0"TM17N"!&U"43'".$%"@/).451.;"-2)(%*"Q%)%"*1731,1-43.5;"

'1,,%)%3."T6/7V)43W".%*.H"9rJNJJJ!UN">13-%"'415;"517$."%89/*2)%"*$/).%3%'",5;"51,%*943H"Q%"3%8."

13(%*.174.%'"Q$%.$%)".$1*"Q4*"-42*%'":;"4--%5%)4.%'"47137N"Drosophila"%8$1:1."3%74.1(%"7%/.481*H"

Q$1-$"1*"43"1334.%"%*-49%")%*9/3*%")%*25.137"13"29Q4)'"(%).1-45"5/-/@/.1/3"29/3"*.1@254.1/3N"

>13-%"(%).1-45"@/:151.;"'%-513%*"Q1.$"47%H".$%"4(%)47%"-51@:137"$%17$."Q4*"2*%'"./"-/@94)%")4.%*"

/,"47137"s"45*/")%,%))%'"./"4*"$%45.$"*943"s":%.Q%%3"7)/29*"/,",51%*"W%9."13"'1,,%)%3."517$."

-/3'1.1/3*N"Z%"%@95/;%'".$%")491'"1.%)4.1(%"3%74.1(%"7%/.481*"TL?<RU"4**4;"./"@%4*2)%"(%).1-45"

-51@:137"4:151.;"13",51%*"TR4)743/"%."45NH"IJJgc"L$/'%31S%)"%."45NH"IJJeUN"?3".$1*".%*.H",51%*"Q%)%"
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954-%'"13"(145*"43'".499%'"./".$%":/../@"Q$15%"4"'171.45"-4@%)4")%-/)'%'".$%1)"-51@:137")%*9/3*%N"

#$%"L?<R"4**4;"Q4*"131.1455;"9%),/)@%'"/3"@1''5%V47%'"T`JV'4;*"/5'U"w"@45%*"13"6O0"43'"0O0N"

#$%"9%)-%3.47%"/,",51%*".$4."-51@:%'"43;"(%).1-45"'1*.43-%"Q4*"45*/")%-/)'%'"./"4**%**".$%"32@:%)"

/,",51%*".$4."$4(%"45)%4';"5/*."-51@:137"4:151.;N"^1''5%V47%'"w @45%*"@413.413%'"13"0O0"*$/Q%'"

*1731,1-43.5;"$17$%)"4(%)47%"-51@:137"4:151.;".$43".$/*%"13"6O0"TB3941)%'".V.%*.H"9rJNJ!UN"?3"

4''1.1/3H"`fi"@/)%"@45%*")%.413%'"-51@:137"4:151.;"13"0O0"-/@94)%'"./"6O0"TM17N"!EUN"#/7%.$%)H"

.$%*%"'4.4"*277%*.".$4."'415;"%89/*2)%"./"Q$1.%",52/)%*-%3."517$."4--%5%)4.%*":/.$"@/).451.;")4.%*"

43'",23-.1/345"5/-/@/.1/3"5/**"4**/-14.%'"Q1.$"47137"13"w ,51%*N"

#$%"white"@2.4.1/3"TwU"9)%(%3.*".$%",/)@4.1/3"/,")%.1345"917@%3."7)4325%*H"43'".$1*"54-W"

/,"%;%"917@%3.4.1/3"*%3*1.1S%*"w ,51%*"./"517$.")%54.1(%"./"Q15'.;9%",51%*"T>.4)W"%."45NH"!GegUN"

#$%)%,/)%H".$%"%,,%-.*"/,"517$."/3"51,%*943"43'"$%45.$"*943"Q%)%"45*/"13(%*.174.%'"13"Q15'.;9%"

C43./3V>"TC>U",51%*H"Q$1-$"-/3.413"3/)@455;"917@%3.%'"%;%*N"K2*."51W%".$%"w ,51%*"'%*-)1:%'"

4:/(%H"C>",51%*"Q%)%"W%9."13"%1.$%)"6O0"/)"0O0"43'".$%1)"5/37%(1.;"Q4*"@/31./)%'N"#$%"@%'143"

51,%*943"/,"C>",51%*"W%9."13"6O0"'%-)%4*%'":;"!`i"-/@94)%'"./".$/*%"13"0O0"TM17N"!CU"43'".$%1)"

5/37%(1.;"-2)(%*"Q%)%"*1731,1-43.5;"'1,,%)%3."T6/7V)43W".%*.H"9rJNJJJ!UN"#/"-/@94)%".$%"%,,%-.*"

/,"517$."/3"@/).451.;"/,"w 43'"C>",51%*H"Q%"3/.%".$4.".$%"@%'143"51,%*943"/,"C>",51%*"Q4*")%'2-%'"

:;"5%**".$43"$45,"-/@94)%'"./"w ,51%*"Q$%3"W%9."13"6O0"-/@94)%'"./"0O0H"*277%*.137".$4."C>"

,51%*"4)%"5%**"(253%)4:5%"./"'415;"517$."%89/*2)%N"#/".%*."Q$%.$%)"C>",51%*"45*/"$4'")%'2-%'"$%45.$"

*943"Q$%3"W%9."13"6O0H"4"L?<R"4**4;"Q4*"9%),/)@%'"13"@1''5%V47%'"T`JV'4;*"/5'U"@45%*N"

&5.$/27$".$%)%"Q4*"4".)%3'"./Q4)'")%'2-%'"4(%)47%"-51@:137"4:151.;"13"`JV'4;*"/5'"C>"@45%*"

$%5'"13"6O0"-/@94)%'"./"0O0H".$%"'1,,%)%3-%"Q4*"3/."*.4.1*.1-455;"*1731,1-43.N"=/Q%(%)H".$%"

9%)-%3.47%"/,"`JV'4;*"/5'"C>"@45%*".$4.")%.413%'".$%"4:151.;"./"-51@:"Q4*"IJi"5/Q%)"13"6O0".$43"

0O0"TM17N"!0UN">13-%"C>"@45%*"*2)(1(%'"5/37%)"13"6O0"-/@94)%'"./"w @45%*"TM17N"!&H"CUH"Q%"



!

!

"

45*/"13(%*.174.%'"3%74.1(%"7%/.481*"13"/5'%)"C>"@45%*N"&"L?<R"4**4;"Q4*"9%),/)@%'"/3"gJV'4;*"

/5'"C>"@45%*"W%9."13"%1.$%)"6O0"/)"0O0N"A5'%)"C>"@45%*"'1*954;%'"*1731,1-43."-51@:137"

1@941)@%3."Q$%3"@413.413%'"13"6O0"-/@94)%'"./"0O0"TB3941)%'".V.%*.H"9rJNJgUN"&''1.1/3455;H"

Ifi"5%**"@45%*")%.413%'"-51@:137"4:151.;"13"6O0"-/@94)%'"./"0O0"TM17N"!+UN"#$%)%,/)%H".$%"

51,%*943"43'"$%45.$"*943"/,"Q15'.;9%"C>",51%*"Q4*"45*/")%'2-%'"13"6O0H":2."./"4"5%**%)"%8.%3.".$43"

w",51%*N"

"

"
"
Figure 1. White fluorescent light reduces lifespan and health span of !"#$#%&'(). 
&'25."white"(A)"43'"C43./3V>"TC>U"(C)",51%*"W%9."13"-;-5%*"/,"Q$1.%",52/)%*-%3."517$."T6O0U"$4(%"
*1731,1-43.5;")%'2-%'"51,%*943"-/@94)%'"./".$/*%"W%9."13"-/3*.43."'4)W3%**"T0O0U"T6/7V)43W".%*.H"
9rJNJJJ!",/)"%4-$"7%3/.;9%"43'"*%8UN"<2@:%)*"13*1'%"@/).451.;"-2)(%*")%9)%*%3."@%'143"51,%*943"
13"'4;*N B). &(%)47%"-51@:137"$%17$."Q4*"*1731,1-43.5;"'%-)%4*%'"13"`JV'4;*"/5'" w"@45%*"W%9."13"
6O0"-/@94)%'"./".$/*%"13"0O0"TB3941)%'".V.%*.H"9rJNJ!UN"D). #$%)%"Q4*"3/"*1731,1-43."'1,,%)%3-%"
:%.Q%%3"4(%)47%"-51@:137"4:151.;"/,"`JV'4;*"/5'"C>"@45%*"47%'"13"6O0"/)"0O0N"E). C>"@45%*"
-51@:%'"*1731,1-43.5;"*$/).%)"'1*.43-%*"13"6O0".$43"0O0"4."gJV'4;*"/5'"TB3941)%'".V.%*.H"9rJNJgUN" 
F%)-%3.47%*"/,",51%*".$4.")%.413%'"-51@:137"4:151.;"4)%"*$/Q3"13*1'%"%4-$":4)N"+))/)*":4)*"*$/Q"
>.43'4)'"+))/)"/,".$%"^%43"T>+^UN" 
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3.2 Blue wavelengths cause reduced longevity of light exposed flies 

#$%"517$."*9%-.)2@"/,".$%",52/)%*-%3.":25:"2*%'"13".$%"131.145"%89%)1@%3.*"1*"4"@18.2)%"/,"

*%(%)45"Q4(%5%37.$*H"13-52'137"4"9)/@13%3."9%4W"13".$%":52%"94)."/,".$%"*9%-.)2@"43'"43/.$%)"/3%"

13".$%"7)%%3"94)."TM17N"I&UN"&"9)%(1/2*"*.2';"*$/Q%'".$4."Drosophila 9294%"4)%"%(%3"@/)%"

*%3*1.1(%"./":52%"6+0"%89/*2)%".$43"./"*/@%"Q4(%5%37.$*"/,"25.)4(1/5%."TB]U")4'14.1/3"T=/)1"%."

45NH"IJ!fUH"Q$1-$"1*"45)%4';"W3/Q3"./":%"$4)@,25"./"Drosophila"T<%71*$1"%."45NH"IJJ!c"a$/2"43'"

>.%55%)H"IJJ`U"43'"$2@43"T'%"R)21X5H"!GGGU"$%45.$N"#$%"*4@%"*.2';"*$/Q%'".$4."-/3.132/2*":52%"

6+0"%89/*2)%"4'(%)*%5;"4,,%-.%'",51%*"4."455"*.47%*"/,"'%(%5/9@%3.H"13-52'137"'%-)%4*%'"

5/37%(1.;"13"4'25.*"T=/)1"%."45NH"IJ!fUN"#$%)%,/)%H"Q%"3%8."13(%*.174.%'"Q$%.$%)"'415;"-;-5%*"/,"

:52%"517$."%89/*2)%"@4;":%")%*9/3*1:5%",/)".$%")%'2-%'"5/37%(1.;"/,",51%*"47%'"13"6O0"-/@94)%'"

./"0O0N"Z%"@%4*2)%'".$%"5/37%(1.;"/,"w"43'"C>",51%*"@413.413%'"13"'415;"!IV$/2)"517$.V'4)W"

-;-5%*"/,"%1.$%)":52%"6+0"TEO0U"Q1.$"43"13.%3*1.;"/,"Ig"µmol	@VI"*VI "/)"Q$1.%"6+0"/,".$%"*4@%"

13.%3*1.;"Q1.$"4";%55/Q",15.%)"2*%'"./":5/-W"/2.".$%":52%"Q4(%5%37.$"T6VEO0UN"#$%":52%"517$."

*/2)-%"%@1..%'"4"34))/Q"Q4(%5%37.$"*9%-.)2@"Q1.$"4"9%4W"4."fbJ3@"43'".$%"6VEO0"*9%-.)2@"

%@1..%'"4":)/4'%)"Q4(%5%37.$")437%"Q1.$"4"9%4W"4."gef3@"TM17N"IEUN"?3.%)%*.1375;H"Q%"3/.%".$4."

.$%"*9%-.)2@"/,"4"g>"1F$/3%"$4'".$%"54)7%*."9%4W"4."fgJ3@"TM17N"ICUH"*1@154)"./"/2)":52%"517$."

*/2)-%N"#$%"@/).451.;"-2)(%*"/,"w 43'"C>",51%*"13"EO0"43'"6VEO0"Q%)%"-/@94)%'"./"-/3.)/5*"13"

0O0N"#$%"@%'143"51,%*943"/,"w",51%*"Q4*"/35;")%'2-%'":;"fi"13"6VEO0H"Q$15%"1."Q4*")%'2-%'":;"

g`i"13"EO0",/)":/.$"*%8%*"TM17N"I0UN"#$%"@%'143"51,%*943"/,"C>",51%*"Q4*")%'2-%'":;"

499)/81@4.%5;"Gi"13"6VEO0"43'"`Ji"13"EO0",/)":/.$"*%8%*"TM17N"I+UN"#/7%.$%)H".$%*%"'4.4"

*277%*.".$4.":52%"517$."1*"@4135;")%*9/3*1:5%",/)".$%"*$/).%3%'"51,%*943"/,",51%*"@413.413%'"13"6O0N"

Z$15%"517$."'%)1(%'",)/@"/.$%)"Q4(%5%37.$*"*1731,1-43.5;"*$/).%3%'"51,%*943"-/@94)%'"./"0O0"

T6/7V)43W".%*.H"9rJNJJJ!UH".$%"'1,,%)%3-%*"Q%)%"@2-$"*@455%)".$43".$%"%,,%-.*"/,":52%"517$.N" "
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Figure 2. Blue light are the detrimental wavelengths. 
>9%-.)4"/,"517$."2*%'"13".$1*"*.2';N"A)N">9%-.)2@"/,"Q$1.%",52/)%*-%3."517$."2*%'",/)"6O0N"B). 
>9%-.)2@"/,":52%"6+0"TEO0U"43'"Q$1.%"6+0"Q1.$"%51@134.%'":52%"517$."T6VEO0UN"C). 617$."
*9%-.)2@"/,"4"g>"1F$/3%"1*"71(%3",/)"-/@94)1*/3N"D). ^%'143"51,%*943"/,"w",51%*"Q4*")%'2-%'":;"
fi"13"6 VEO0"43'"g`i"13"EO0"-/@94)%'"./"0O0N"6/7V)43W".%*."*$/Q"*1731,1-43."'1,,%)%3-%"
T9rJNJJJ!U"13"EO0"/)"6O0H":/.$"-/@94)%'"./"0O0N"E)."̂ %'143"51,%*943"/,"C>",51%*"Q4*")%'2-%'"
:;"Gi"13"6 VEO0"43'"`Ji"13"EO0"-/@94)%'"./"0O0N"6/7V)43W".%*."*$/Q"*1731,1-43."'1,,%)%3-%"
T9rJNJJJ!U"13"EO0"/)"6O0H":/.$"-/@94)%'"./"0O0N 
" "
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3.3 Adverse effects of blue light are proportional to light intensity and length of daily 

exposure 

Drosophila 5/37%(1.;"1*"13(%)*%5;"9)/9/).1/345"./".$%"13.%3*1.;"/,"-/3.132/2*":52%"6+0"

%89/*2)%"T@%4*2)%'"13"9$/./3*U"T=/)1"%."45NH"IJ!f UN"=/Q%(%)H"1."1*"23W3/Q3"Q$%.$%)".$1*"1*".)2%"

,/)",51%*"W%9."13"'12)345"-;-5%*"/,":52%"6+0N"#/"13(%*.174.%".$1*H"7)/29*"/,",51%*"Q%)%"@413.413%'"

13"'415;"EO0"-;-5%*"Q1.$"(4);137"13.%3*1.1%*"/,":52%"6+0N"<%2.)45"'%3*1.;",15.%)*"Q%)%"2*%'"./"

)%'2-%".$%":52%"6+0"13.%3*1.;H"-)%4.137",1(%"'1*.13-."517$."13.%3*1.;"%3(1)/3@%3.*".$4.".$%"

5/37%(1.;"/,"w 43'"C>"@45%*"Q4*"@%4*2)%'"13N"#$%",1)*."7)/29"Q4*"%89/*%'"./"23,15.%)%'"517$."

TIg"µmol	@VI"*VI UN"#$%"3%8.".$)%%"7)/29*"/,",51%*"Q%)%"%89/*%'"./"(4);137"'%7)%%*"/,"9$/./3",528H"

34@%5;"!dH"!!H"43'"f"µmol	@VI"*VI N"#$%")%@413137",15.%)":5/-W%'"(1).2455;"455"517$."9%3%.)4.1/3H"

-)%4.137"4"0O0"51W%"%3(1)/3@%3."Q1.$"43"13.%3*1.;"/,"J	µmol	@VI"*VI N"#$%"51,%*943"/,",51%*"W%9."13"

%4-$"517$."%3(1)/3@%3."Q4*"-/@94)%'"./"%4-$"/.$%)"43'"./",51%*"13".$%"0O0V51W%"%3(1)/3@%3.N"#$%"

51,%*943"/,"w"43'"C>"@45%*"'%-)%4*%'"9)/9/).1/3455;"Q1.$"13-)%4*%'":52%"6+0"13.%3*1.;"T6/7V

)43W".%*.H"9rJNJJJ!UH":2."3/"*1731,1-43."'1,,%)%3-%"13"51,%*943"/--2))%'":%.Q%%3"@45%*"/,"%1.$%)"

7%3/.;9%"47%'"13"f"µmol	@VI"*VI "(%)*2*"J"µmol	@VI"*VI "TM17N"`&VEUN"

Z%"45*/".%*.%'"Q$%.$%)".$%"'415;"5%37.$"/,"%89/*2)%"./",255"13.%3*1.;":52%"517$."4,,%-.%'"

*2)(1(45N"^45%"43'",%@45%"w",51%*"Q%)%"$%5'"13"%1.$%)"'415;"-;-5%*"/,"eV$/2)*"/,":52%"6+0"

,/55/Q%'":;"'4)W3%**"TeEO!b0U"/)"!bV$/2)*"/,":52%"6+0",/55/Q%'":;"'4)W3%**"T!bEOe0UH"43'"

.$%1)"51,%*943"Q4*"-/@94)%'"./"%4-$"/.$%)"43'"./"4"0O0"-/3.)/5N"#$%"@%'143"51,%*943"/,"w",51%*"

Q4*")%'2-%'":;"gfi"13"eEO!b0"43'"bGi"13"!bEOe0"-/@94)%'"./"0O0"43'"51,%*943"/,"eEO!b0"

,51%*"Q4*"*1731,1-43.5;"%8.%3'%'"T6/7V)43W".%*.H"9rJNJJJ!U"-/@94)%'"./"!b0OeE",51%*"TM17"`CUN"

#$%*%")%*25.*"*277%*.".$4.":/.$".$%"13.%3*1.;"/,":52%"6+0"43'"5%37.$"/,"'415;":52%"6+0"%89/*2)%"

4)%"13(%)*%5;"9)/9/).1/345"./",5;"5/37%(1.;N"
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Figure 3. Longevity in blue light is dose- and length-dependent. 
^%'143"51,%*943"/," w"(A)"43'"C>"(B)"@45%*"1*")%'2-%'"9)/9/).1/3455;"./"13-)%4*%'":52%"9$/./3"
,528"'%3*1.;"TFM0UN">.4.1*.1-45"*1731,1-43-%"/,"'1,,%)%3-%*"13"*2)(1(45"/,"(4)1/2*"7)/29*"1*")%54.1(%"
./"0O0"43'"./"%4-$"/.$%)"43'"Q4*"-45-254.%'":;"6/7V)43W".%*."T9rJNJJJ!UN"01,,%)%3-%"13"51,%*943"
,/)"%1.$%)"7%3/.;9%"W%9."13":52%"6+0"/,"f"o@/5"@VI"*VI "/)"0O0"TJ"o@/5"@VI"*VI U"Q4*"3/."
*1731,1-43.N"</.%".$4.".$%"(%).1-45"481*"13"&VE"'/%*"3/."*.4)."4."J"./"(1*2451S%".$%"*@455":2."
*1731,1-43."'1,,%)%3-%*"13"@%'143"51,%*943N"C). ^%'143"51,%*943"/,"w ,51%*"@413.413%'"13"eV$/2)*"
/,"'415;":52%"6+0"TeEO!b0U"Q4*")%'2-%'":;"gfi"-/@94)%'"./"0O0H"Q$15%".$%"@%'143"51,%*943"/,"
.$/*%"W%9."13"!bV$/2)*"/,"'415;":52%"6+0"T!bEOe0U"Q4*")%'2-%'":;"bGi"-/@94)%'"./"0O0N"
>.4.1*.1-45"*1731,1-43-%"/,"'1,,%)%3-%*"13"@/).451.;"-2)(%*"4)%")%54.1(%"./"0O0"43'"./"%4-$"/.$%)"
43'"Q4*"-45-254.%'":;"6/7V)43W".%*."T9rJNJJJ!UN" "
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3.4 Aging increases susceptibility to blue light 

" &"9)%(1/2*"*.2';"'%@/3*.)4.%'".$4."-$)/31-":52%"517$."%89/*2)%"4'(%)*%5;"4,,%-.*"

Drosophila ./"(4);137"'%7)%%*"4*".$%;"'%(%5/9",)/@"%77"./"4'25."T>$1:2;4"%."45NH"IJ!eUN"

=/Q%(%)H"1."1*"23W3/Q3"Q$%.$%)"*%3*1.1(1.;"./"517$."45*/"(4)1%*"Q1.$"47%"13"4'25.",51%*N"#$1*"Q4*"

4'')%**%'"13".$%"-2))%3."*.2';":;"@%4*2)137".$%"5/37%(1.;"/,"w @45%",51%*"4,.%)".$%;"Q%)%"

.)43*,%))%'",)/@"0O0"./"EO0"/)"(1-%"(%)*4N"#$%"5/37%(1.;"/,",1(%"*%94)4.%"7)/29*"/,"w @45%*"Q4*"

@%4*2)%'N"#$%",1)*."43'"*%-/3'"7)/29"/,"w @45%*"Q%)%"9%)@43%3.5;"@413.413%'"13"EO0"43'"0O0H"

)%*9%-.1(%5;N"#$%"3%8.".Q/"7)/29*"Q%)%"131.1455;"W%9."13"EO0"/)"0O0",/)"`J"'4;*"43'".$%3"Q%)%"

*Q1.-$%'"./".$%"/.$%)")%71@%",/)".$%")%*."/,".$%1)"51(%*N"#$%",1345"7)/29"Q4*"W%9."13"0O0",/)"ff"

'4;*"43'".$%3"9%)@43%3.5;".)43*,%))%'"./"EO0"TM17N"f&UN"M51%*"@413.413%'"13"EO0",/)".$%",1)*."`J"

'4;*"/,".$%1)"51,%":%723"./"*$/Q"4--%5%)4.%'"@/).451.;"Q$15%".$%;")%*1'%'"13"EO0H"4*"*%%3"13".$%"

*.%%9"@/).451.;"-2)(%",/)".$4."7)/29"/,",51%*"4."'4;"`JN"=/Q%(%)H".$%")4.%"/,"@/).451.;"*5/Q%'"4,.%)"

.$%")%@413137",51%*"Q%)%".)43*,%))%'"./"0O0H"4*"*$/Q3":;".$%"%8.%3'%'"*2)(1(45"-2)(%"4,.%)"'4;"

`J"TM17N"fCUN"#$%"@%'143"51,%*943",/)".$%*%"w @45%*".$4."Q%)%".)43*,%))%'",)/@"EO0"./"0O0"4."

'4;"`J"Q4*"`f"'4;*H"Q$15%".$%"@%'143"51,%*943",/)".$/*%"47%'"9%)@43%3.5;"13"EO0"Q4*"`!"'4;*H"

43'".$%1)"/(%)455"*2)(1(45"-2)(%*"Q%)%"*1731,1-43.5;"'1,,%)%3."T6/7V)43W".%*.H"9rJNJJJ!UN"M51%*".$4."

Q%)%"131.1455;"47%'"13"0O0",/)"`J"43'"ff"'4;*"43'".$%3".)43*,%))%'"./"EO0"$4'"4"@%'143"51,%*943"

/,"g!"43'"bf"'4;*H")%*9%-.1(%5;"TM17"f&UN"?3"/.$%)"Q/)'*H";/237"w @45%*".$4."*.4).%'".$%1)"51,%"13"

EO0"$4'"4"@%'143"51,%*943"/,"`!"'4;*"13"EO0N"A3".$%"/.$%)"$43'H"@1''5%V47%'"T`JV'4;*"/5'U"43'"

4'(43-%' V47%"TffV'4;*"/5'U",51%*"/35;"51(%'"I!"43'"!G"'4;*"13"EO0H")%*9%-.1(%5;"TM17"fEUN"#$%*%"

'4.4"*277%*.".$4."4'25."w @45%",51%*":%-/@%"@/)%"*%3*1.1(%"./".$%"'%.)1@%3.45"%,,%-.*"/,":52%"517$."

%89/*2)%"4*".$%;"47%N"

" "
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Figure 4."Blue light sensitivity increases with age. 
A)."617$."%3(1)/3@%3.45"*Q1.-$"%89%)1@%3.45"*%."29N"^45%"w ,51%*"Q%)%"W%9."13"%1.$%)"EO0"T:52%"
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3.5 Eyeless flies also show reduced lifespan and health span in blue light compared to 

constant darkness 

?3"%4-$"/,".$%"%89%)1@%3.*"'%*-)1:%'"4:/(%H"C>",51%*"Q%)%"5%**"*%3*1.1(%"./".$%"4'(%)*%"

%,,%-.*"/,"517$.".$43"w ,51%*N"#$1*"@4;":%":%-42*%",51%*"Q1.$"917@%3.%'"9$/./)%-%9./)"-%55*"4)%"

@/)%")%*1*.43."./"'4@47%",)/@"*$/)."Q4(%5%37.$"517$."TY1)*-$,%5'H"!GeIUN"M2).$%)@/)%H"@43;"

*.2'1%*"*$/Q".$4.":52%"6+0"%89/*2)%"1*"$4)@,25"./"9$/./)%-%9./)"-%55*"13"(1.)/"TY2*%"%."45NH"IJ!fU"

43'"13"(1(/"TC$%3"%."45NH"IJ!dc"<4*$"%."45NH"IJ!GUN">13-%".$%"$%45.$"/,",5;"9$/./)%-%9./)*"43'",5;"

5/37%(1.;"4)%":/.$"3%74.1(%5;"4,,%-.%'":;":52%"517$.H"Q%"3%8."13(%*.174.%'"Q$%.$%)"9$/./)%-%9./)"

'4@47%"1*"4**/-14.%'"Q1.$".$%"4'(%)*%"%,,%-.*"/,"517$."/3"51,%*943N"M51%*"-4));137".$%"eyes absent 

(eya2U"@2.4.1/3H"Q$1-$"'/3_."'%(%5/9"-/@9/23'"%;%*"TE/3131"%."45NH"!GG`UH"Q%)%".%*.%'"23'%)"

*%(%)45"517$."-/3'1.1/3*"'%*-)1:%'"4:/(%N"M1)*.H".$%"5/37%(1.;"/,"eya2 ,51%*"W%9."13":/.$"6O0"43'"

0O0"Q4*"@%4*2)%'N"#$%"@%'143"51,%*943"/,"eya2"@45%*"43'",%@45%*"'%-)%4*%'":;"!fi"43'"Gi"13"

6O0H")%*9%-.1(%5;H"43'".$%1)"*2)(1(45"-2)(%*"Q%)%"*1731,1-43.5;"'1,,%)%3."T6/7V)43WH"9rJNJJJ!U"

TM17N"g&UN"<%8.H".$%"%,,%-.*"/,":52%"517$."/3"5/37%(1.;"Q%)%".%*.%'"13"eya2 ,51%*N"#$%"51,%*943"/,"

4'25."eya2"@45%*"@413.413%'"13"%1.$%)"EO0"/)"6VEO0"Q4*"*.4.1*.1-455;"-/@94)%'"./".$/*%"W%9."13"

0O0N"+;%5%**",51%*"13"6VEO0"*$/Q%'"gi"@%'143"51,%*943")%'2-.1/3"TM17N"g"EUH"Q$15%".$/*%"13"EO0"

*$/ Q%'"fIi"43'"`di"@%'143"51,%*943")%'2-.1/3"13"@45%*"43'",%@45%*H"43'".$%1)"@/).451.;"

-2)(%*"Q%)%"*1731,1-43.5;"'1,,%)%3."./"0O0"T6/7V)43W".%*.H"9rJNJJJ!UN"&"L?<R"4**4;"*$/Q%'".$4."

gJV'4;*"/5'" eya2 @45%*"$4'"*1731,1-43.5;")%'2-%'"4(%)47%"-51@:137"$%17$."13"6O0"TB3941)%'".V

.%*.H"9rJNJJgU"43'"!!i"5%**",51%*")%.413%'"-51@:137"4:151.;"-/@94)%'"./".$/*%"13"0O0N"&"@/)%"

')4@4.1-")%'2-.1/3"13"4(%)47%"-51@:137"$%17$."/--2))%'"13"EO0"-/@94)%'"./"0O0"TB3941)%'".V

.%*.H"9rJNJJ!U"43'"gfi"5%**"eya2 @45%*"Q%)%"4:5%"./"-51@:"13"EO0"-/@94)%'"./"0O0"TM17N"gCUN"
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#/7%.$%)H".$%*%"'4.4"*277%*.".$4.".$%"@%-$431*@":%$13'"517$.V13'2-%'"51,%*943")%'2-.1/3"43'"

4--%5%)4.%'"47137"1*"3/."51W%5;"-42*%'":;"9$/./)%-%9./)"'%7%3%)4.1/3N"

" "
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Figure 5. Light reduces health span and longevity of eyeless flies. 
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3.6 Flies show blue light avoidance behavior 

" 6/-/@/./)"4-.1(1.;"'4.4"*277%*.".$4.",51%*".%3'"./":%"@/)%"4-.1(%"13":52%"517$.".$43"13"

/.$%)"517$."-/3'1.1/3*"T<4*$"%."45NH"IJ!GUN"#/".%*."1,"13-)%4*%'"4-.1(1.;"1*".$%")%*25."/,"43"4..%@9.%'"

%*-49%")%*9/3*%",)/@".$%"4'(%)*%"%,,%-.*"/,":52%"517$.H"Q%"@%4*2)%'".$%"4(%)47%"9%)-%3."/,",51%*"

.$4."Q%)%",/23'"13"517$."(%)*2*"13"'4)W3%**"Q$%3"71(%3"4"-$/1-%":%.Q%%3".$%*%"-/3'1.1/3*N"^45%"

43'",%@45%",51%*"/,"wH"C>H"43'"eya2 7%3/.;9%*"Q%)%"@413.413%'"13"%1.$%)"EO0"/)"6VEO0N"&."

(4)1/2*"47%*H".$%;"Q%)%"954-%'"13./"43"4994)4.2*".$4."455/Q%'".$%@"./"@/(%":%.Q%%3".$%1)"

)%*9%-.1(%"517$."%3(1)/3@%3."TE"/)"6VEU"43'"'4)W3%**"T0UN"M51%*"Q%)%".%*.%'"Q$%3";/237"TgV'4;*"

/5'UH"@1''5%V47%'"TIgV'4;*"/5'UH"43'"/5'"TfgV'4;*"/5'UN"#$%)%"4)%"3/"fgV'4;*"/5'" w",51%*"*$/Q3"

:%-42*%".$%;"'/"3/."51(%".$4."5/37"13"EO0"TM17N"I0U"43'"4)%".$2*"-/3*1'%)%'"/5'"4."IgV'4;*"/,"47%N"

#$%"@4X/)1.;"/,";/237",51%*"T%4-$"23'%)"gJiU"13"%4-$"%89%)1@%3.45"7)/29"4(/1'%'":/.$"

1552@134.%'"517$."-/3'1.1/3*N"?3"4''1.1/3H"*1731,1-43.5;",%Q%)"w 43'"eya2 ,51%*"Q%)%",/23'"13"E"

.$43"13"6VE"1552@134.1/3N"&345;*1*"/,")%*25.*"4-)/**"51,%*943")%(%45%'"4"*1731,1-43."47%V'%9%3'%3."

13-)%4*%"13".$%"4(%)47%"9%)-%3.47%"/,",51%*")%*1'137"13":52%"517$."13"455"7)/29*"%8-%9."eya2 ,%@45%*"

TM17N"bUN"#/7%.$%)H".$%*%")%*25.*"*277%*.".$4.",51%*"7%3%)455;".%3'"./"4(/1'"517$.H"%*9%-1455;":52%"

517$.H":2."'/"*/"5%**",)%D2%3.5;"4*".$%;"47%N"A2)"'4.4"45*/"*277%*.*".$4."3%1.$%)".$%"'1*-)1@134.1/3"

:%.Q%%3":52%"517$."43'"$17$%)"Q4(%5%37.$"517$."3/)":52%"517$."4(/1'43-%":%$4(1/)")%D21)%*".$%"

9)%*%3-%"/,"%;%*N"

"

" "



!

!

"

 
 

Figure 6. Flies tend to avoid blue light more than light of longer wavelengths 
#$%"4(%)47%"9%)-%3."/,",51%*")%*1'137"13".$%1)")%*9%-.1(%"517$."-/3'1.1/3"Q4*"@%4*2)%'"13";/237"
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4. Discussion 

4.1 Daily light exposure reduces lifespan and health span 

" #$1*"*.2';"13(%*.174.%'".$%"5/37V.%)@"%,,%-.*"/,"517$."%89/*2)%"/3".$%"5/37%(1.;"43'"

$%45.$"*943"/,"Drosophila melanogaster. Z%"$;9/.$%*1S%'".$4.",51%*"Q/25'"$4(%")%'2-%'"

5/37%(1.;"Q$%3"@413.413%'"13"6O0"-/@94)%'"./"0O0":%-42*%"/5'",51%*"W%9."13"6O0")$;.$@1-455;"

%89)%**"*.)%**")%*9/3*%"7%3%*"TY213.S5%"%."45NH"IJ!dUH"Q$15%",51%*"W%9."13"0O0"'/"3/."T<4*$"%."45NH"

IJ!G UH"*277%*.137".$4."5/37V.%)@"517$."%89/*2)%"1*"*.)%**,25N"&"*%)1%*"/,"5/37%(1.;".%*.*"*299/).%'"

.$1*"$;9/.$%*1*"4,.%)"455".%*.%'"7%3/.;9%*"*$/Q%'"*1731,1-43.5;")%'2-%'"51,%*943"Q$%3"47%'"13"

6O0"(%)*2*"0O0N"&''1.1/345"5/37%(1.;".%*.137"'%@/3*.)4.%'".$4.".$%"94)."/,".$%"517$."*9%-.)2@"

-/))%*9/3'137"./".$%":52%"Q4(%5%37.$"Q4*")%*9/3*1:5%",/)".$%"'%5%.%)1/2*"%,,%-.*"/,"517$."13".$1*"

*.2';N"#/"13(%*.174.%".$%"@%-$431*@":%$13'"517$.V13'2-%'"51,%*943")%'2-.1/3H"(%).1-45"5/-/@/.1/3"

.%*.*"Q%)%"9%),/)@%'N"&345;*1*"/,"(%).1-45"-51@:137"4:151.;"13"455".%*.%'"7%3/.;9%*"*$/Q%'".$4."

517$."%89/*2)%")%'2-%*",5;"5/37%(1.;":;"4--%5%)4.137"47137"13"43"23W3/Q3"Q4;N"#$2*H"Q%"3%8."

%84@13%'"Q$%.$%)"517$.V13'2-%'"47137"43'"*2:*%D2%3."@/).451.;"9$%3/.;9%*"Q%)%"4**/-14.%'"

Q1.$"'%7%3%)4.137"%;%"9$/./)%-%9./)*N"=/Q%(%)H"Q%"'%@/3*.)4.%'".$4."'415;"517$."%89/*2)%"

4--%5%)4.%'"47137"43'"@/).451.;"/,",51%*"Q1.$"7%3%.1-455;")%@/(%'"%;%"9$/./)%-%9./)*H"*277%*.137"

.$4."/.$%)".1**2%*"4)%"45*/"*2*-%9.1:5%"./"517$."'4@47%N"M13455;H"/2)"'4.4"13'1-4.%".$4.",51%*"%8$1:1."

517$."4(/1'43-%":%$4(1/)"13":52%"517$."/,"%D245"13.%3*1.;"./".$4."2*%'"13"/2)"%89%)1@%3.*H"

-/3,1)@137".$4."*2-$"517$."1*"9%)-%1(%'"4*"4"3/81/2*"*17345N"

"

4.2 Light-induced lifespan reduction is caused by blue part of light spectrum 

#$%"517$."*9%-.)2@"/,".$%",52/)%*-%3.":25:"2*%'"13"6O0"1*"4"@18.2)%"/,"*%(%)45"

Q4(%5%37.$*H"13-52'137"4"9%4W"13".$%":52%"94)."/,".$%"*9%-.)2@N">13-%".$%"4@/23."/,"%3%)7;"
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-4))1%'":;"4"9$/./3"1*"13(%)*%5;")%54.%'"./".$%"Q4(%5%37.$H"43'".$%":52%"Q4(%5%37.$"1*"*$/).%)"

)%54.1(%"./"/.$%)"Q4(%5%37.$*"13".$%"(1*1:5%"*9%-.)2@H"Q%"$;9/.$%*1S%'".$4.".$%":52%"-/@9/3%3."

/,"6O0"-42*%*"9$;*1/5/71-45"'4@47%"43'"*2:*%D2%3."5/37%(1.;")%'2-.1/3"'2%"./"1.*")%54.1(%5;"$17$"

%3%)7;N"#$1*"Q4*"*299/).%'":;"/2)"'4.4"*$/Q137".$4.",5;"51,%*943"Q4*"*1731,1-43.5;")%'2-%'"13"

EO0"43'"/35;"@131@455;")%'2-%'"13"6VEO0"-/@94)%'"./".$/*%"@413.413%'"13"0O0N">13-%"%89/*2)%"

./":52%"Q4(%5%37.$*"-42*%'"')4@4.1-"51,%*943")%'2-.1/3H"Q$15%"4"@18.2)%"/,".$%")%@413137"

Q4(%5%37.$*"13"43"13.%3*1.;V@4.-$%'"Q$1.%"517$."*/2)-%"-42*%'"*1731,1-43.";%."@2-$"*@455%)"

51,%*943")%'2-.1/3H"Q%"-/3-52'%'".$4.".$%":52%"517$."4)%".$%"'%.)1@%3.45"Q4(%5%37.$*"%@1..%'":;"

.$%"Q$1.%",52/)%*-%3.":25:*"2*%'"13"6O0N"?3"4''1.1/3H"Q%",/23'".$4."51,%*943")%'2-.1/3"1*"

9)/9/).1/345"./".$%"13.%3*1.;"/,":52%"517$."43'".$%"5%37.$"/,"'415;"%89/*2)%N"

"

4.3 Previously reported studies of light-induced damage 

" #$%"1@94-."/,"4-2.%"517$."%89/*2)%"$4*":%%3"9)%(1/2*5;")%9/).%'"./"$4(%"'4@47137"%,,%-.*"

TR/'5%;"%."45NH"IJJgc"Y2*%"%."45NH"IJ!fc"<4W4*$1@4"%."45NH"IJ!dc"F,542@"%."45NH"!GGfU":2.",%Q"

*.2'1%*"$4(%"4'')%**%'".$%"%,,%-."/,"'415;"517$."%89/*2)%"/3"$%45.$"43'"47137N"A3%"*.2';".$4."

4'')%**%'".$1*"*$/Q%'".$4."C. elegans"TQ/)@*U"%89/*%'"./"JV$/2)*"T-/3*.43."'4)W3%**UH"eV$/2)*H"

!b V$/2)*H"/)"IfV$/2)*"/,"'415;",52/)%*-%3."Q$1.%"517$."*$/Q%'"51,%*943")%'2-.1/3"9)/9/).1/345"./"

.$%"5%37.$"/,"517$.H"Q1.$"Q/)@*"W%9."13"-/3*.43."'4)W3%**"$4(137".$%"5/37%*."51,%*943"T0%"

^4745$4%*"M15$/"%."45NH"IJ!eUN"A2)"'4.4"4)%"-/3*1*.%3."Q1.$")%*25.*"/:.413%'"13"Q/)@*"*13-%".$%"

5/37%(1.;"/,"Drosophila"W%9."13":52%"6+0"1*"45*/"13(%)*%5;"9)/9/).1/345"./".$%"5%37.$"/,".$%"517$."

9%)1/'".$%;"4)%"%89/*%'"./"'415;N"&3/.$%)"*.2';"*277%*.%'".$4."Drosophila 5/37%(1.;"1*"13(%)*%5;"

)%54.%'"./".$%"32@:%)"/,":52%"9$/./3*"1."1*"%89/*%'"./"T=/)1"%."45NH"IJ!fUN"=/Q%(%)H",51%*"13".$1*"

%89%)1@%3."Q%)%"47%'"23'%)"-/3*.43."517$."%89/*2)%"Q$1-$"-43"'1*)29.".$%"-1)-4'143"-5/-WH"43'"
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*2-$"'1*)29.1/3"@4W%*",51%*"@/)%"*2*-%9.1:5%"./"*.)%**"TY)1*$343"%."45NH"IJJeUN"A2)"%89%)1@%3.*"

-/3.)/55%'",/)".$%*%"%,,%-.*":;"%89/*137",51%*"./"'415;"!IV$/2)"517$.V'4)W"-;-5%*N"Z%"'%@/3*.)4.%'"

.$4."13.%)@1..%3."517$."%89/*2)%"1*"*.155"$4)@,25"./",51%*"Q1.$"4",23-.1/3137"-5/-W"43'".$4.".$1*"

)%*9/3*%"1*"'/*%V'%9%3'%3.N"

"

4.4 Light-induced lifespan reduction is associated with accelerated aging 

#$%"@/).451.;"-2)(%*"/,",51%*"W%9."13"'1,,%)%3."517$."-/3'1.1/3*H"%*9%-1455;":52%"517$.H"Q%)%"

t*.%%9%)u".$43"13"0O0N"#$%)%,/)%H"Q%"13(%*.174.%'"Q$%.$%)"'%-)%4*%'"5/37%(1.;"Q4*"-42*%'":;"43"

4--%5%)4.%'"47137"9)/-%**"/)"23W3/Q3"9$;*1/5/71-45"';*,23-.1/3N"#/".%*.".$%",/)@%)"9/**1:151.;H"

,5;"(%).1-45"5/-/@/.1/3"Q4*"2*%'"4*"4":1/@4)W%)"/,"47137":%-42*%"-51@:137"1@941)@%3."1*"-42*%'"

:;"*%3%*-%3-%"13"@2*-5%"./3%"43'"133%)(4.1/3"T=%"43'"K4*9%)H"IJ!fU"43'":)413"3%2)/'%7%3%)4.1/3"

TY)1*$343"%."45NH"IJ!IUN"^1''5%V47%'"@45%*"@413.413%'"13"517$."-;-5%*"*$/Q%'"*1731,1-43.5;"

)%'2-%'"-51@:137"4:151.;N">13-%"47137"1*"'%,13%'":;".$%"'%.%)1/)4.1/3"/,"9$;*1/5/71-45"*.)2-.2)%"

43'",23-.1/3".$4."1*"-25@134.%'"13"'%4.$"TY1@H"IJJdUH"43'"1@941)%'"5/-/@/.1/3"13".%*.%'",51%*"

/--2))%'":%,/)%".$%1)"@%'143"51,%*943H"Q%"-/3-52'%'".$4."4--%5%)4.%"47137"-/3.)1:2.%*"./"51,%*943"

)%'2-.1/3",)/@"'415;"517$."%89/*2)%N 

"

4.5 Adverse effects of light are independent of eyes 

F$/./)%-%9./)"-%55*"4)%"W3/Q3"./":%"'4@47%'":;"4-2.%":52%"517$."43'":52%V%3)1-$%'"517$."

%89/*2)%"13"@4@@45*"TY2*%"%."45NH"IJ!fU"43'",51%*"TC$%3"%."45NH"IJ!dc"Z%3S%5"%."45NH"IJJgUN"

F)/.%-.1(%"917@%3.*H"Q$1-$"4)%",/23'"13"917@%3."-%55*"*2))/23'137"9$/./)%-%9./)"-%55*H"954;"43"

1@9/).43.")/5%"13"4:*/):137"%8-%**"517$.H"%*9%-1455;".$4."/,"*$/)."Q4(%5%37.$H"Q$1-$"13-)%4*%*"

)%*151%3-%"./"517$."%89/*2)%"TM%))%1)/"%."45NH"IJ!ec"Y1)*-$,%5'H"!GeIc"a$/2"43'">.%55%)H"IJJ`UN"#$1*"
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@4;"%895413"Q$;"w ,51%*H"Q$1-$"54-W"%;%"917@%3.4.1/3H"4)%"@/)%"*%3*1.1(%"./".$%"4'(%)*%"%,,%-.*"

/,"517$."-/@94)%'"./"3/)@455;"917@%3.%'"C>",51%*N"04.4"-/55%-.%'":;"/.$%)*"-/554:/)4.137"/3".$1*"

9)/X%-."'%@/3*.)4.%'".$4."'415;":52%"517$."%89/*2)%"-42*%*"*1731,1-43."9$/./)%-%9./)"-%55"'%4.$"

43'":)413"3%2)/'%7%3%)4.1/3"13"@1''5%V47%'"C>",51%*H"Q$1-$"Q4*"@/)%"9)/@13%3."13"w ,51%*"

T<4*$"%."45NH"IJ!GUN"E4*%'"/3".$%*%"'4.4H"Q%"$;9/.$%*1S%'".$4."517$.V13'2-%'"9$/./)%-%9./)"

'4@47%"@4;"-/3.)1:2.%"./"4--%5%)4.%'"47137"43'"%4)5;"@/).451.;"13",51%*N"?,"/2)"$;9/.$%*1*"Q4*"

-/))%-.H".$%"51,%*943"/,"eya2 ,51%*"Q/25'"3/.":%")%'2-%'":;"517$."-/3'1.1/3*".$4."*$/).%3%'".$%"

51,%*943"/,"w 43'"C>",51%*N"=/Q%(%)H"eya2",51%*"*$/Q%'"*1731,1-43.")%'2-.1/3"13"5/37%(1.;"43'"

$%45.$"*943"Q$%3"W%9."13"6O0"-/@94)%'"./"0O0"43'":/.$"Q%)%",2).$%)")%'2-%'"13"EO0N"

?3.%)%*.1375;H"@1''5%"47%'"eya2 @45%*"*$/Q"*1731,1-43.":)413"3%2)/'%7%3%)4.1/3"Q$%3"W%9."13"

EO0"-/@94)%'"./"0O0"T<4*$"%."45NH"IJ!GUN"#4W%3"./7%.$%)H".$%*%"'4.4"*277%*.".$4."517$.V13'2-%'"

4--%5%)4.%'"47137"43'")%'2-%'"5/37%(1.;"@4;"/--2)"13'%9%3'%3.5;"/,"9$/./)%-%9./)"

'%7%3%)4.1/3N"

 

4.6 Flies show blue light avoidance behavior 

F)%(1/2*"*.2'1%*"$4(%"*$/Q3".$4."4-2.%":52%"517$."%89/*2)%".)177%)*"43"4(/1'43-%")%4-.1/3"

13"$2@43*"T017)%"43'"E)%3343H"IJ!IU"43'"C. elegans"T0%"^4745$4%*"M15$/"%."45NH"IJ!ec"+'Q4)'*"

%."45NH"IJJec"Z4)'"%."45NH"IJJeUN"?."$4*"45*/":%%3")%9/).%'".$4."Drosophila 54)(4%"$4(%"

@25.1'%3')1.1-"*%3*/);"3%2)/3*"13".$%1)"4:'/@%3H"Q$1-$"%51-1."'%,%3*1(%"4(/1'43-%":%$4(1/)",)/@"

13.%3*%":52%"517$."43'".$%)@45"*.1@251H"43'".$%*%"3%2)/3*"9%)*1*.",)/@".$%"54)(45"./"4'25.",5;"51,%"

*.47%"T>$1@/3/"%."45NH"IJJGUN"&"*%94)4.%"*.2';")%9/).%'".$4."4'25."Drosophila %89)%**"4"7%3%"

-455%'"painlessH Q$1-$"$%59*".$%@"*%3*%"43'"4(/1'".$%)@45"9413"*%3*4.1/3*N"?3.%)%*.1375;H".$%"

%89)%**1/3"/,".$%"painless 7%3%"1*")%'2-%'"13",51%*"4*".$%;"47%H"Q$1-$"13-)%4*%*",5;"9413"./5%)43-%"
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43'"*2:*%D2%3.5;"'%-)%4*%*"$%4."4(/1'43-%"TR$1@1)%"43'"Y1@H"IJ!gUN"=/Q%(%)H"4'25.",51%*"4)%"

7%3%)455;"4..)4-.%'"./"517$."TL/-WQ%55"43'">%17%)H"!GdÙH"43'":52%"517$."%89/*2)%"*1731,1-43.5;"

13-)%4*%*",5;"5/-/@/./)"4-.1(1.;"5%(%5*"T<4*$"%."45NH"IJ!GUN"?."1*"23W3/Q3"Q$%.$%)"13-)%4*%'"4'25."

,5;"4-.1(1.;"13":52%"517$."1*"9)/(/W%'":;"43"%8-1.%'"4552)%@%3."/)"43"471.4.%'"4..%@9."./"%*-49%"

%89/*2)%N"A3%"*.2';"9)/9/*%'".$4.",51%*"9)%,%)"./")%*1'%"13"'1@"517$."/(%)":)17$.%)"-/3'1.1/3*"

TL1%7%)"%."45NH"IJJdUH"*277%*.137".$4.".$%"13-)%4*%'"4-.1(1.;"13":52%"517$."1*"43"%*-49%")%*9/3*%N"

=/Q%(%)H".$1*"%89%)1@%3."@%4*2)%'",5;"517$."9)%,%)%3-%"13"43"4994)4.2*".$4."-/3.413%'",//'"13"

/3%"*1'%":2."3/.".$%"/.$%)H"Q$1-$"-/25'"13,52%3-%",5;"-$/1-%"/,"9/*1.1/3N"M2).$%)@/)%H".$%"

9/.%3.145",/)"517$."9)%,%)%3-%"./"-$437%"4-)/**",5;"51,%*943"Q4*3_."%84@13%'N">13-%",51%*"*$/Q"

)%'2-%'"4(/1'43-%"./"13.%3*%".$%)@45"*.1@251"4*".$%;"47%"TR$1@1)%"43'"Y1@H"IJ!gUH"Q%"

13(%*.174.%'"Q$%.$%)",51%*"9)%,%)"./")%*1'%"13"517$."/)"'4)WH"43'"Q$%.$%)".$1*"9)%,%)%3-%"45*/"

-$437%*"Q1.$"47%N"

#$%"9)%*%3."*.2';".%*.%'".$%"517$."9)%,%)%3-%*"/,";/237VH"@1''5%VH"43'"/5'V47%",51%*H"Q$15%"

-/3.)/55137",/)",//'"5/-4.1/3"43'".%@9%)4.2)%H"43'"*$/Q%'".$4.":/.$";/237"43'"@1''5%V47%'",51%*"

7%3%)455;",4(/)%'"'4)W3%**"/(%)"517$."13"%4-$"517$."-/3'1.1/3H":2."*1731,1-43.5;",%Q%)";/237",51%*"

-$/*%"./")%*1'%"13"E".$43"13"6VEN"#$%"4(%)47%"9%)-%3.47%"/,",51%*".$4."Q%)%",/23'"13"517$."

7%3%)455;"13-)%4*%'"Q1.$"47%"13"@/*."-4*%*N">13-%"3%4)5;"455".%*.%'",51%*"9)%,%))%'"'4)W3%**"/(%)"

:52%"517$.H".$%*%"'4.4"*277%*.".$4."13-)%4*%'",5;"4-.1(1.;"13":52%"517$."1*"43"4(/1'43-%":%$4(1/)N"

>13-%"%;%"917@%3.4.1/3"9)/.%-.1(%5;"4:*/):*":52%"517$."TY1)*-$,%5'H"!GeIc"a$/2"43'">.%55%)H"

IJJ` UH"43'"*1731,1-43."9$/./)%-%9./)"-%55"'%4.$"/--2)*"13"@1''5%V"43'"/5' V47%'",51%*"T<4*$"%."45NH"

IJ!G UH"9$/./)%-%9./)"-%55"'%4.$"@4;"-42*%"'1*)29.%'":52%"517$.")%-/731.1/3"/)"'%-)%4*%"9%)-%1(%'"

:52%"517$."'1*-/@,/).H"43'".$2*"%895413".$%")%'2-%'":52%"517$."4(/1'43-%":%$4(1/)"/,"w 43'"C>"

,51%*"13"/5'V47%"-/@94)%'"./"@1''5%V47%N"#$1*"1*"45*/"*299/).%'":;".$%"*1@154)"9%)-%3.47%"/,":52%"
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517$."4(/1'43-%"13"@1''5%V"43'"/5' V47%"eya2",%@45%*N"=/Q%(%)H"13-)%4*%'":52%"517$."4(/1'43-%"1*"

*$/Q3"13"/5'V47%"eya2 @45%*"-/@94)%'"./".$/*%"/,"@1''5%V47%H"*277%*.137".$4."9$/./)%-%9./)"

'%7%3%)4.1/3"@4;"3/.":%".$%"/35;"-42*%"/,"'%-)%4*%'":52%"517$."4(/1'43-%N"&3/.$%)")%9%4."/,".$1*"

%89%)1@%3."@17$."$%59"-54)1,;"Q$%.$%)".$%"'1,,%)%3.":52%"517$."4(/1'43-%")%*9/3*%*":%.Q%%3"eya2 

@45%*"43'",%@45%*"/:*%)(%'"*/",4)"Q155":%"(%)1,1%'N"

#4W%3"./7%.$%)H"/2)"%89%)1@%3."*277%*.*".$4.",51%*"7%3%)455;"4(/1'"517$.H"%*9%-1455;":52%"

517$.H":2.".$1*".%3'%3-;"'%-)%4*%*"Q1.$"47%N"?3.%)%*.1375;H"1."1*"W3/Q3".$4."%5'%)5;"$2@43*"$4(%"4"

*1731,1-43."5/**"/,"*$/).VQ4(%5%37.$V)%-%9.1(%V-/3%"*%3*1.1(1.;"4-)/**".$%")%.134"-/@94)%'"./"

;/237%)"4'25.*"T=4%7%)*.)/@VF/).3/;H"!GeeUN">13-%"Q%"*$/Q".$4."51,%V5/37"517$."%89/*2)%"

*$/).%3*"51,%*943"43'"4--%5%)4.%*"47137"9$%3/.;9%*H"43'"4"9)%(1/2*"*.2';"*$/Q%'".$4."517$."

13'2-%*"*.)%**")%*9/3*1(%"7%3%*"TY213.S5%"%."45NH"IJ!dUH"Q%"-/3-52'%".$4."517$."4(/1'43-%"

:%$4(1/)"@4;":%":%3%,1-145",/)"/)7431*@45"*2)(1(45N"

"

4.7 Future directions 

" #$%"'4.4"4-D21)%'"'2)137".$1*"*.2';")41*%'"*%(%)45"D2%*.1/3*".$4."-/25'":%"4'')%**%'"Q1.$"

4''1.1/345"%89%)1@%3.4.1/3N"M1)*.H"1."Q/25'":%"13.%)%*.137"./".%*.".$%"5/37%(1.;"/,",51%*"@413.413%'"

13"/.$%)"*9%-1,1-"Q4(%5%37.$*"/,"(1*1:5%"517$.H",/)"%84@95%"7)%%3H"./"%3*2)%".$%":52%"-/@9/3%3."/,"

(1*1:5%"517$."1*".$%"/35;"'%.)1@%3.45"Q4(%5%37.$")437%N"&''1.1/345"5/37%(1.;".%*.137"/,"4'25.",51%*"

W%9."13"'415;"-;-5%*"/,".$%",/2)"@413"Q4(%5%37.$*"-/@9)1*137".$%"517$."9/).1/3"/,"6O0"Q/25'"

'%.%)@13%"Q$%.$%)"51,%*943")%'2-.1/3"Q4*"-42*%'":;"%89/*2)%"./"$17$"%3%)7;"9$/./3*"/)":52%"

517$."*9%-1,1-455;H"Q$1-$"-/25'"9)/(1'%"13*17$."13./".$%"9$/./V./81-"@%-$431*@N"M/)"%84@95%H"1,"

,51%*"51(%'"5/37%)"13"'415;"-;-5%*"/,":52%"517$."-/@94)%'"./"'415;"-;-5%*"/,"(1/5%."517$.H".$4."Q/25'"
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*277%*.".$4."51,%*943")%'2-.1/3",)/@"517$."%89/*2)%"Q4*3_."/35;"-42*%'":;"$17$"%3%)7;"9$/./3*"

:2."*/@%"/.$%)"-$4)4-.%)1*.1-"/,":52%"517$.N"

Z$15%".$%"@%-$431*@".$4."9)/'2-%*"4'(%)*%"-/3*%D2%3-%*"./":52%"517$."%89/*2)%")%@413*"

23W3/Q3H"/2)"'4.4"*277%*.*".$4."9$/./)%-%9./)"-%55"'%4.$"1*"3/.".$%"@413"-42*%"/,"51,%*943"

)%'2-.1/3N"=/Q%(%)H".$%".%*.%'"eya2",51%*"$4(%"4".)43*94)%3."-2.1-5%"/(%)".$%"4)%4"Q$%)%".$%"%;%"

Q/25'"3/)@455;":%"5/-4.%'H"43'".$1*".)43*94)%3."-2.1-5%"-/25'"4-."4*"4"Q13'/Q",/)"517$."

9%3%.)4.1/3"43'"*2:*%D2%3."517$.V13'2-%'":)413"3%2)/'%7%3%)4.1/3N"#$%)%,/)%H".$%"*4@%"

%89%)1@%3.*"*$/25'":%"'/3%"/3"/.$%)",5;"*.)413*H"*2-$"4*".$/*%"-/3.413137".$%"glass @2.4.1/3H"

Q$1-$"54-W"9$/./)%-%9./)*"43'"9)/.%13*",/)"9$/./.)43*'2-.1/3H":2."*.155"$4(%"4"*.)2-.2)%"

)%*%@:5137"4"-/@9/23'"%;%N"?,".%*.137"/3"/.$%)"%;%"@2.4.%'"*.)413*"*299/).*"/2)",13'137*".$4."

'1*)29.1/3"./".$%"9$/./.)43*'2-.1/3"94.$Q4;"'/%*"3/.")%'2-%"51,%*943H"@/)%")%*%4)-$"*$/25'":%"

'/3%"./"13(%*.174.%"$/Q"517$.V13'2-%'"51,%*943")%'2-.1/3"/--2)*N"M/)"%84@95%H"*13-%":52%"517$."

%89/*2)%"1*"W3/Q3"./"-42*%"/81'4.1(%"'4@47%"13"51(%"@/2*%"*W13"T<4W4*$1@4"%."45NH"IJ!dUH"

4''1.1/345"13(%*.174.1/3"13./"4''1.1/345"954-%*".$4."/81'4.1(%"*.)%**"@4;"/--2)",)/@":52%"517$."

%89/*2)%"@4;":%"13.%)%*.137N"#$1*"-/25'":%"'/3%":;"%(4524.137",5;"@1./-$/3')145"$%45.$H"

%*9%-1455;"13"@2*-5%*"Q$%)%"@1./-$/3')14"4)%"4:23'43.H",/)".$/*%"W%9."13"EO0"-/@94)%'"./"0O0N"

?,":52%"517$."%89/*2)%"'1'3_."*%%@"./"'4@47%"@1./-$/3')14"/)"-42*%"/81'4.1(%"*.)%**H",2).$%)"

13(%*.174.1/3"-/25'":%"'/3%"/3".$%"Q4;*":52%"517$."@4;":%"13'1)%-.5;"$4)@137",51%*N"M/)"%84@95%H"

517$."-/25'"13'1)%-.5;"$4)@",5;"$%45.$":;"1@941)137"@1-)//)7431*@*".$4."*;@:1/.1-455;")%*1'%"13"

,51%*H"51W%"72.":4-.%)14N"#$%"-/@9/*1.1/3"/,",5;"72.":4-.%)14"1*"W3/Q3"./"-$437%"/(%)".1@%H"Q$1-$"

13'2-%*"47137"TC54)W"%."45NH"IJ!gUN"^/)%/(%)H"Drosophila $4(%"4")%54.1(%5;"5/Q"'1(%)*1.;"/,"72."

:4-.%)14"TZ/37"%."45NH"IJ!!UH"43'":52%"517$."$4*":4-.%)1-1'45"%,,%-.*"TR2,,%;"43'"Z15:/)3H"IJJbUH"

*277%*.137".$4.":52%"517$."%89/*2)%"-/25'"13'1)%-.5;")%'2-%",5;"5/37%(1.;":;"45.%)137".$%"
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-/@9/*1.1/3"/,".$%"@1-)/:%*".$%;"$/*.N"M2).$%)".%*.137"*$/25'":%"9%),/)@%'"./"'%.%)@13%"Q$%.$%)"

:52%"517$."-43"9%3%.)4.%".$%"Drosophila 72.N""

Z$15%"Q%"/:*%)(%'"4(/1'43-%"/,")%54.1(%5;":)17$."517$.H"1."1*"9/**1:5%".$4.",51%*"4)%"

4..)4-.%'"./"517$."/,"5/Q%)"13.%3*1.;"43'"*9%-1,1-"Q4(%5%37.$N"M2).$%)"%89%)1@%3.4.1/3"-/25'"

%895/)%".$1*"9/**1:151.;":;")%-/)'137".$%"4(%)47%"9/*1.1/3"/,",51%*"13"43"4994)4.2*".$4."%@1.*"

@/3/-$)/@4.1-"517$."/,"(4)1/2*"13.%3*1.1%*"/)"4"*9%-.)2@"/,"(4)1/2*"Q4(%5%37.$*"/,"%D245"

13.%3*1.;N"?3"4''1.1/3H".$%"'1*-/(%);".$4."@/*."7)/29*"/,",51%*".%3'%'"./"4(/1'":52%"517$."*277%*.*"

:52%"517$."%89/*2)%"1*")%-/731S%'"4*"3/81/2*N"#$%)%,/)%H".$%"*1731,1-43.")%'2-.1/3"/,":52%"517$."

4(/1'43-%":%$4(1/)"*$/Q3"13"@/*."/5'V"(%)*2*"@1''5%V47%'",51%*"-/25'":%".$%")%*25."/,"47%V

)%54.%'")%'2-.1/3"13".$%"%89)%**1/3"/,"4"9413V)%*9/3*%"7%3%H"*1@154)"./".$%"-4*%"/,".$%"47%V)%54.%'"

)%'2-.1/3"/,".$%"painless 7%3%"%89)%**1/3"43'"$%4."4(/1'43-%"TR$1@1)%"43'"Y1@H"IJ!gUN"R%3%.1-"

@4319254.1/3"/,".$1*"7%3%"-/25'"'%.%)@13%"Q$%.$%)"1."1*"13(/5(%'"13"517$."4(/1'43-%"43'"51,%*943"

/,"4'25.",51%*N"

"

4.8 Significance"

&*"@%3.1/3%'"13".$%"?3.)/'2-.1/3H"6+0"2*%"$4*":%-/@%"-/@@/3954-%"'2%"./".$%"

32@%)/2*"4'(43.47%*".$%;"$4(%"-/@94)%'"./"/.$%)".;9%*"/,"517$.137N"?3",4-.H"4--/)'137"./".$%"

<4.1/345"+5%-.)1-45"^432,4-.2)%)*"&**/-14.1/3"T<+^&UH"6+0"54@9*"Q%)%".$%"@/*."-/@@/35;"

*/5'"54@9"13"IJ!eN"&''1.1/3455;H".$%"<%Q"v/)W"#1@%*"T<v#U")%9/).%'".$4."*.)1-.%)"517$.":25:"

%,,1-1%3-;"*.43'4)'*"Q155":%"%3,/)-%'"13".$%"B31.%'">.4.%*"13".$%":%7133137"/,"K4324);"IJIJH"43'"

.$4."4*"/,"3/QH"/35;"-/@94-.",52/)%*-%3."517$.":25:*"43'"6+0*"@%%.".$%"%,,1-1%3-;"*.43'4)'N"

#$2*H"-/@94-.",52/)%*-%3."517$.":25:*"43'"6+0*"Q155"*//3":%".$%"/35;"517$.":25:*"*/5'"13".$%"

&@%)1-43"@4)W%.N"E%*1'%*"517$.137"/2)"$/@%H":52%V%3)1-$%'"6+0*"45*/"1552@134.%"/2)"@/:15%"
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'%(1-%*H"Q$1-$"$4(%":%-/@%"2:1D21./2*N"?3",4-.H"4"IJ!f"*.2';"/3"-%55"9$/3%"4''1-.1/3"*$/Q%'"

.$4."-/55%7%"*.2'%3.*"*9%3'"3%4)5;"313%"$/2)*"9%)"'4;"/3".$%1)"-%55"9$/3%*"TL/:%).*"%."45NH"IJ!fUN"

?3.%)%*.1375;H".$%"*9%-.)45"-/@9/*1.1/3"/,".$%"1F$/3%")%5%4*%'"13"IJ!`"T1F$/3%"g>U"1*"(%);"*1@154)"

./".$4."/,"/2)"%89%)1@%3.45":52%"517$."-/3'1.1/3"43'"Drosophila"*$/Q%'"')4@4.1-"51,%*943"

)%'2-.1/3"Q$%3"%89/*%'"./"eV$/2)*"/,"'415;":52%"6+0N"&*"-%55"9$/3%".%-$3/5/7;"43'"

,23-.1/3451.;"13-)%4*%*H"4''1-.1/3"43'":52%V%3)1-$%'"6+0"%89/*2)%"Q155"51W%5;",/55/QN"#$%"

13-)%4*137"5%(%5*"/,"$2@43"517$."%89/*2)%",)/@"6+0"9)/51,%)4.1/3"43'".%-$3/5/71-45"4'(43-%*H"

-/@:13%'"Q1.$".$%"9)%*%3."'1*-/(%);".$4."'415;"517$."%89/*2)%"4--%5%)4.%*"47137"43'"@/).451.;"13"

Drosophila s"4"@/'%5"/)7431*@"s"@4;"*94)W"4''1.1/345")%*%4)-$"./"13(%*.174.%"$/Q"13-)%4*%'"

517$."%89/*2)%"1*"4,,%-.137"$2@43*N"

"

<+^&O"$..9*OkkQQQN3%@4N/)7k?3.%5517%3-%k?3'1-%*kF47%*k6+0V&V513%V43' V=45/7%3V64@9V
>$19@%3.*V?3-)%4*%V13V#$1)'Vn24).%)VIJ!eN4*98"
"
<v#O"$..9*OkkQQQN3;.1@%*N-/@k13.%)4-.1(%kIJ!GkJ`kJek-51@4.%k517$.V:25:V%,,1-1%3-;N$.@5" "
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