!;l;b”;TQ;r|;IO;u‘-".]|J!;”bv;79;l;|0;u‘-"J|J 11;r];7% ;1;10;u"«""’

Qe eee'F:]1:"00—0ey

Ecology and Evolution

RESEARCH ARTICLE
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"t7brptm]7 $F);ttlol$utvin7hb- with potential impacts on organismal performance. To understand the consequences
ttb-mlutc-u;;u;tto%e7r-ul|l;m| . L& . . . R
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pan of a large outbred Drosophila melanogastgropulation (n S~ S ‘7« «{Qu=rh 7 b nu}v

Present address development and boosts reproductive output without impacting pre- adult viability

h_bt-t7tmtubiuvpd_; 7°-m1;7 and body size. Conversely, an elevated dietary carbohydrate content correlated to
"It 7©0= ott;1|b%; -"bo&mb”;uvb]|
o=onv|-m@&@mv|-mETI-m«<8
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reduced lifespan in flies, evidenced by accelerated functional senescence including

scriptomic analysis indicated a substantial difference in gene regulatory landscapes

protein levels indicating transcriptomes primed for reduced synthesis of fatty acids.
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$_;=tm7-1;mhdt;vvbdzmoi-mbwlvo7:[rw b7 k| _;
essential resources and nutrients essential to the survival, growth,
maintenance and reproduction. Central to these resources are mae
ronutrients, utilized in distinct yet interconnected functions in an
ou]-mbvlkwbotolJoubm|-mIud|;bmubl-ubtu”;-vOitbt7
ing blocks for growth and repair, while carbohydrates and lipids are
generally utilized to fuel the energy requirements for cellular and or-
ganismal functions (Jequier,1994; Wu et al.,2014 Q$_;u;=0u 7%
anced diet comprising of optimal macronutrient composition is key
|ol- SbIb{E;; ott|bonrmevo=mo§-mbwAt|l-mipB1;
utmmjut:2Z0018 -%ot;x|-t:2016 Q:

0%o; " ;ul7; -"-bt-ObtAwtl _-mor|bl-t7b] bvmp - % -<v
guaranteed in natural settings, leading potentially to dietary mis-
I-]1_;Wwtu™;m b;0;ul-20Z0; Logan & Jacka,2014; Wiggins &
Wilder, ‘e evQ$_;lomv;tt;mbay_bvb;|-ux_b=¢mmou]-mbvl]v
performance and life history traits are difficult to predict based on our
ltuupmp%t;7hu|_;uloutodru;_;mvyT70=7b;| b+
pact on an organism's performance is difficult, given that it requires
:S-1l -mbrtt-|deow Zolrom;m}mZmtm7;uv|-madfmbpu
short-term as well as longterm effects on performance. Therefore,
conducting such studies in natural settings and using organisms with
tom]tb;vr-mwn0;1_tt;m]bn7b|bomiwoikvb7;ybi7qb|
may simultaneously influence multiple organismal traits, an effective
V|itT7uttburw |l %o ;u;| 5v;|ublvy % ttD-u-1|;,ubQ;7:
is aso crucial to understand how these nutrients are being metabo-
thE&@%B1lt;-7]|o]; 1 -m];orm; oG ;u”;7_;mol|«<r;vm _bv
1 an | ; Shidsophila melanogasteserves as a suitable model system
for investigating diet's influence on organismal traits spanning across
biub;vi];v: b ;mby % ttid;uv|jodPDou-|oukoto]«Bottd
characterized traits, and a comparatively short lifespan, Drosophila
allows for precise dietary component manipulations and longitudi-
nal performance tracking in controlled laboratory settings (Carvalho
etal.,2012; Catterson etal.,2010; Jang & Lee,* **v8 br; u; | - t 2005;
Skorupa etal., ‘¢ e vQ:

bv|joublbmthf7bvaiu;t-|Fm]vomtE; mlood-mbvi-t
performance, the calorific value of diet has gathered considerable
attention given the impact of dietary restriction on lifespan across
“-ubof-$-Bitt7bbmjli|;0u-|Pwt|_oos7%t2005; Jiang
etal,20008 -u|ub7]:t2005QwWd@ ;m|R 1 -<;|-tT935Q-hY
_f-mvPottovEom|-n2007 Q:0%o; ;ull;mbpm7bnmphv
light that diet's impact is more nuanced, with isocaloric diets varying
in macronutrient composition significantly affecting organismal life
history including lifespan (Mair et al.,2005; Shi etal., 2021 Q):_ bt t
macronutrients are essential, empirical evidence highlights the crit
ical importance of dietary composition, often depicted as the ratios
of macronutrients, for organismal growth, reproduction, and survival
(Raubenheimer & Simpson,1997; Simpson & Raubenheimer2009 Q :

0%0; ;Wb |0o=v;;u-t=oulvrd%t;7}00T]|_ ru-
cise role of macronutrient composition in diets in influencing organ-
bvl-t;u=oul-miptiblu;r-myt1;|-t2013; Lee,2015;
Lee etal,

‘e ey Lushchak etal., 2012,2014 Q$ _v;7b1lu;r-mlb;

-luovp; ;Sov|bmDtbv_uFou|LmO; -|Jub0t]onv;;u-t
bmulomm;L}vomviuw|Vf-m7-u7dd;_ 7 5="-u «b mij
|lub;mdrovb|bolmovwrou|¥avmp; Sov @b vir7b:0sbm]
varied in the choice of ingredients and thereby often introducing
confounding effects due to changes in caloric content. Second, many
V|tT7b;&lbmi_ blr-1jo=blomvrlbgbpu tho|; v
of traits, potentially leading to inconsistencies in the interpretation
of trait correlations. Third, the reports often vary in terms of the tim -
ing of dietary change implementation relative to the organism's life
V|-];:m7=m-ttv«pomdmu-1|bomb| %|b ];m;|bP%S b-m
[;u-1|b&mi mE -b2017; Roche etal.,2005 8& w - y| - £t 2015 Q
1drtb1-|;p; vam|_;vbwuytt|val 7b=;u;n;ubl;m|v7
r-ulbltt%utmlov]|; Sv|bwit]7 b ;ivy b mQ Drosophilalines
each with diverse genetic backgrounds. Taken together, these short
lolbm]lp tb]]l | m;7=a-1anvbv|;$jubl;m=4l;%ouh
to comprehend the effects of diet on traits across various life stages.
$olb1tI™;mtl _1-tt;m];wd bwl7<%;;SIbm;T;
effect of diet- composition-induced plasticity across eight key life
history traits spanning various life stages, thereby aiming to ob
tain a holistic understanding of the impact of diet on organismal
=b|m;&Wbm] % ttU-u-1|;ubdE;du;Tortt-|bond. mela-
nogaster (Sarangi etal., 2016 Q- nY¥ vdrtbmJ t-u]; m#0;u o=b-m
dividuals during assays, we ensured that our results are free from
biases of a specific genotype or a particular inbreeding trajectory.
We have utilized isocaloric diet regimes with five different protein-
to-carbohydrate ratios to control the confounding effect of diet's
1-toub=thl:tu=m7bnv]iv];v|-rovb|bI@u;t-|®q|Ph;;m
increased carbohydrate content in diet to delayed pre-adult devel-
opment, compromised reproductive output, and a shortened lifes-
r-mm77b|bdmumviubr|offdb;%700yvu" vbmb=b1l-m|
7B=;u;mQ;%o;;Mmm; Su;vvbroo=btQy % ;;mh;=7om
different dietary conditions, with aberrant transcriptional upreg -
ulation of genes involved in muscle development, being observed
brelh;v=7 om7b| %o b ;ulu0o_<7ulpn|;m|tuuyTtt|v
provide crucial insights into how macronutrient composition shapes
various life history traits and their correlations and help advance our
understanding of how organisms might adapt to dietary fluctuations
in today's rapidly changing world.

‘JId %! " $ "

“2¢J|J -bm|;m-m1; u;]bl; o= =t< rorft-|bo
$ _:=tb;®wy7 bm bv;S;ubl;m¥u; 7;ub”;Zal - tul;
(NSS*~ee e Q@ Ou;7-v;tbmortt-|bBnm$ _ W0 -v;tbmartt-
|bo%\>v7;ub‘;(7<;t’r-ttkbébm]1_4 P ;t-mo]-vi|5w;tbhm;Q
populations, whose detailed ancestry can be found in a previous ar

ticles (Sarangi etal., 2016; Shenoi etal., 2016 Q$ _;
was maintained at 25°C in constant light, following a 14-day genera-
|[bomdt;=00";u’s |;m;u-|b@mwul,; 1uu;m$;ubl;m|v:
Throughout this period, the flies were given a baseline diet com

rortt-|bom

posed of corn, sugar, and yeast (recipe provided in TableS1Q$ bv
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7b;|-7-1toub=bilo=>+“Sh1-tR-rw|;bfmllu00_<7u-|;00||t;Yon|-bmbaB] =070=- vr,lb=t;ubl;m|ufbl;:

uib®;ml;=o0up Qo=:":
we collected ~’++ ;]]vbm-1_o=v;;mlt-u -SOuoa $J-
plastic bottles, each containing~"*Sl o=07:m|_ *¢| _7<rov|
(113 at; 1| bpm-77tt|%ou;jumv=;ujo:tul;rt SHOv I;

ouud |bmortt-|bombm|;m-m1;F; vi;

%ovUT;-|:7=a-t|_; =k ;S;ubl;m|=07ulbl;v:
The bottles were maintained under the environmental conditions,
% _b%ou;b7m|blet ; O-v;tbmarft-|bonmi;u _;rfr-; -7
darkened, the bottles were regularly checked at 2-h intervals and

P*S1ISxS*eS1ISxSH & BIRN7? =w _r;|ubtd|; 1an|-b m b mthe number of eclosing males and females was recorded against the

Ov;tbrm;7b% vrw b7 ;Fa-00t|“J ;]]X<bmr;ubo7m

the 14th day post egg-collection, these eggs were then transferred

bmpM;mOd|t;wo6to%bm]-00~;1; | _odobm/b-|; mS|
generation. The adult flies remained in the cage as a backup until egg
collection for the subsequent generation.

2 J1d b|v

To evaluate organismal performance across different macronutri
ent compositions, we formulated five isocaloric diets (matching the
l-toub=thfito=_ O-v;tbrib| Qwlo 7|bmDB| utboo=:7
0.25, 0.4, 0.55, and 0.7. These ratios were adjusted by modifying
the amounts of sugar and yeast in the food, while maintaining con
sistent caloric values (see TableS1 =o; S 1 [ud br;\#Q;: 7 b| %o|b_

corresponding eclosion time. We continued these observations until
maoh;vltov;Zoo u“vS=al - 0d|t;:uol | bV -Peo;10-
puted average time to eclosion, preadult survivorship (i.e., the per
1;m|-lo=h;vitov;GHo=eev}]; ¥m1l_uomfiE@nTv;S
ratio (i.e., the number of males divided by the number of female flies
;1tov; @9 ;1 ;ul; -7tt|vo;-1 o9 =urtb1-0d|t;v
in each treatment regime and subjected to statistical analysis.

'3 GJ o u| bwvbr]«

$otm7;uv|im7=;10=rblomuruo7t1|0frT|%;;SI-
ined the number of viable offspring produced by the females reared
om7b=;u;myulbl;v); I;m;u-|;&;ubl;m|=b;W0<1d
t;1lbpilv-n7vOv;tt;mubvbm] ;ltov;77tt|brmbS;7J

- 9 ulboe=1-]1_:y; 0v;tbm97utb@=>: uru;v;:m|v v:Sluotrim7;® " 7bv|bpSIrjubl;mlp=t-|1;mab;|v:m|_;

|5 1-Sbltllu0o0_<7u-fY Ibmbltlrw]|;bmi# 9 ujbo=
eeby;;1an";uv;b%a| mebm]l-|=y -l bm-dbduw]|;bm
powder is often preferred over yeast for dietary protein manipula -
tion in flies (Chang etal.,, 2001 8 -mvom$~«to 2F12; Maklakov
etal, ‘eev8 Ir;u;| -t20148-4_ot]v; -mvonh-t2009;
Lee etal., ‘e+vQ7 1, |oldrt;S1drovb|bom;-v[0;comT7iv|

12th day post-egg collection, we introduced two pairs of male and
=;l-t;=kh;popo;-1_"btlon|-bmb&llo= ; uyr;1|bly-¢
Ism|7hl:$ v =lb; % u;]b;m“S Jot< ;]]vFigd;ukebl] ;
adults were removed. This process was replicated in 30 vials for each
dietary treatment. We then calculated per capita female fertility
based on the number of adult offspring that emerged from each vial.

rwo|;bmoiuvir7<%o;_-75 -vo-Llotm|5@|_; 1u0o0_<«7u-]|;Since the diet treatment has no effect on fly viability (see Section 3
lon|;m=;-v]o-11tu-|;k¢1tt-|;; 9 uibosS;ubl;m|-tand b]T1®3Q|_; 7{-0Q-bm%BdtD;rbl-ubd |o]|; ;=

diets (see TableS1Q :

'J|J vv-<v
ou-tt-vv-<w¥eKe”e;Jlv=al | O-v;tbmortt-|b ey,
ldt;1|;Fmtv|bAd|t;dan|-bmbi8] o4 ; uyr;1|b%07
[<rsviol;m;uU;|_;;S;ubl;mEM; VG uot]_olt|;v]7<%o;
ensured consistent environmental conditions, maintaining constant
th] {7;lr;u-|tuo="f 7vewK—ew #1b7b|«@t m7-mlfub
tion, and an uncrowded rearing environment. Chronological age of
| _;=hh; % v-tvvotrh=oulten|uottlfov-w-<v:TubmV]|b]-
tion focused on measuring four sets of important life- history traits
related to the flies' preadult development, reproductive output,
lifespan, and functional senescence across the aforementioned five
dietary regimes.

17003 G u;-Tihftorl;mm7
survivorship assay

ou_bwv-¢B1|teeev}];X¥ml_uomBE@EyZ7 -t2000Q
eggs were collected from the baseline flies in each of five replicate

fect of diet on fertility. To determine whether variations in fertil -
ity data correspond to differences in body size across the dietary
u;lbl;WB;Tv7%m]t:m]| o=7ttElh;vv-rScea0d «vE;
Pv, $;SB1 o u7;|-btvQ:

773 GI b=;vmATmML|bwom-tvl;miy-<v
Subsequently, we investigated the effect of nutrition on the fly
physiology as the fly ages. To check this, we measured lifespan, and
quantified male activity and female gut health at old age to test the
state of these functional traits in flies reared under different diet
u;]bl;voul; -vtubtbB}jvr-mai| ; «'|_7< =0l | 7< 0=
(1] 1at;1|b&myr-u-|;7; ;S;ubl;m|=h;W0«v;STm;u
th.| , -m;v|_;vbPre1;7/ 51 bmd;JvSiwtro=g_|
bm ™7 T -btw|[t-v btvion|-bmbi#]=070=u;wv;1|b"7b;|
ulbl;); 1on7t1|¢7vil urtbl-|rwv;S=a;-1 o4 ;=
diet regimes. We monitored the vials daily at a particular time (arbi
|lu-ulvgk-]e‘ee momQ¥ | ;< %ou;lumv=;ubpg=w _=07
vials every alternate day, till the last individual died. The number of
days one fly lived from the time of the assay setup is considered
b|th;vr-m;u-]tb;vr-%vildrt|;7=0;-1 urtb1-y;tr
and was subjected to statistical analysis.
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To quantify the senescence status of activity, we monitored lo-
comotor activity of 34- day old male flies using drosophila activity
lomblouPmQva|;lv); ulou7{7Zbullb"bfasSeeSbm:

ou-mtcvhyv;7=lbvdsSbm=7{-%v;S1t7:7n7| ; mS|}So=
7H-%viv7|oltltt-f2-Ub " b|d]b " boe* |- t;=h;% u;
I;-vtugZu7blulbl;:v-1on|upd;mVui_-||_;;=;1|w=
aging are due to the rearing diet, we measured locomotor activity of

et J7<ot7l -t;-nYsl-t; gb;wwbm]  "«v]iIVeb|] ;v
riolole¢-00";:1|b"bga‘ I-t;wnm’'* =]-t;vkowvlat;1];7
and subjected to statistical analysis.

To check the gut health, 34-day old female flies were put in a
1o_oapebimb b7 bfto]t-vVbtweb-rruoShl-|:8d o=¢
=071ldou;%lbeesSloODbttbOH]7¢ Putnmtou_;I ~|:
|7:Q-loml;m|u-¢BotwBbe |F otsQui 1 urtbl-Tb-t¥%su;
made per diet regime. The flies were allowed to stay in the vial for
eS7T-m7_;m_;<%u;l ;1h;ym7;ju;l bluovlow"lfu=
feevQ$ ; miO;uo=h; % bl|tum;7
"l fu%ovulou7dladrt|; | rwrou|bemomdl tu=h;v

phenotype (Martins et al.,

for each vial. We computed arcsine of the square root of the propor-
tions (following Zar, 1999 Qm %t 0f; 1| ]@V|-|bv|bin-tt<vbv:

%) GJ! ;S|lu-1|bmmbOufwir-u-|bom
m|_;e'|_7=<rov|;]] 1dt;1|bem=|-t; =lh;Wou;ldt;1]|;7
for a particular biological replicate and snap frozen in Trizol solution.

$ u;vflurtbl-|%u;l -7;0u-1_o=|_;7b;u]lbl;v%b|_9
ulbow=:"7e¢ 7" 7-N7 o:! beot-|b&mwr;u=oul;fAbm]
Vim7-u7;mot_touo=oc@u-1|blgrh_o7vm7 tttb|«
7;];ulbmpm] bt;mho-m-t<«Ewy; " tOu - ubhw ;
smub 11 ml ;S| &fu- !
Wu-uur b=otflbmEbmyfm7-uio|olotdu-ublfbw;
vitt;ml;TWbm}p”e

r;u=oul;rov|rotc<

r-bu;Mm7_;lbv|jwom o7 -v;tueee:

:*J]J3"|-|bv|b1l-t -m7 Obobm=oul-|b1l
1"1eJ GJ m-tevtbw;d|ouu-b|v

buvka,; -tt-]; 7% 7b=;u;md ulbl;v-=;1];F; -"u
age developmental time of the flies. The data for average develop
mental time, which is continuous and unbounded (see Section2.3.1
=0U;|-btYe-mt<E ;TAbm-] | %0 Yo« =ttddl|oub-t( : m
| bvmtcvb&d_7bjLvr;1b=0s<7w|;bppllul0o_<«7uPg Q
Ulboow=:7e: " 7o 70" 7-nM¥ e eL-m¥;SP -t;ou;l-t;Qkou;
ly-1;7-v=%; =1 |ouw;-7tTyTu"b ouvw{bO;bmlul;m|-];
-ttt vivPeev-dvbmit-up@||umv=oulrBopo-mtcvbm
od;yol;v]l ;8 :mp=blbintl;7t-v|blhkaiv=0oulrT--
7Tty U b ouw ben?v;Sulb@-{-% u;vHf;1]|;[omo <
=$;7=1jou ( %b|7b;P9 u|boore: F:'"F:“F:""F:eQ
-vl =%;7=4|ourov]|Id-mtcvBwv7an;tomgih;<]v"
|;vl:tt_;-00" v -|bv|bh-t«<wWav7om}ivbni$ $ "$ ¢
"TPl-|"o=m1$Ttv-77&" Q:

-m-tx;vhv7 - ml-|b"Omolb-t

"tOV tt;mpc7SIbm; ;Y ;=:;1¢=7bl-udan7b|bomyv
=p|btbju={-t;7|u-|bmy|-viamy--: ou|_; -mtcvbX¥e?
ilrtoc;7-m;}|b"0molbitm;ub @&hr;-Uo 7;tP  Q %olb_
-tdgtmbEMml|bdmim|]; <il:mG=ml|boved < ""=r-1h-];
bm ;uvbbme:$ ; ( |-0t%ov];m;u-|%b|_; <mo”-=
function from the ‘car’ package. To identify specific differences be-
|%o;;m; t7;tvwog_; 7bjulbl;vPb: 9 ufbow=:7¢:"7:"7
e " Te 0 Q% ;lan7t1l|rdv|Jd-mtcvibvom$th;<]v" |;v]|7
implemented via the ‘glht’ function in the ‘multcomp’ package.

y; -mt<@E;|7; ;=;1|le=07¥SZn7|_ ;bbmu-1|bom
%o Jt;m]| 17 -vtu; M- roS a0 o «viE;7bm] %olb_

- -tvvb=dbtenmPb7m|btinkEml|bém: ( |-0t;%v

I;m;u-|;Tom$er; viv o=vtt-u;vov|Jd ldr-ubvomyv
-lompo®";tvesu;lom7 T 1[vibn$t h;«]v"
yses were performed in R version 4.3.1 with the ‘glm’ function for
lo7;t=ldbm|]7 <mo"-=m1l|bsm | <du#-1h-]=a]|

( |-0t;7m | <{_|=m1l|bsel | <Ift|lolmr=1h-];
for Tukey's test.

l;v]:ttm-t

To test the impact of diet regimes on lifespan, we subjected
|_;-"su-1stb;vr-th]-]o- | %0 %o« =ttI1]|oub-t (  %b
7b| P9 Ulbo@=e:7e: "7 7" 7-n7 ¢2Q-n7 v;SP -t;0uU

-t Qo u-];7-v=$;7=1|ouvrov|Jd-mtcvBwyv7an;
tom$th;<Jv"  |;v]:$ bw}l|bv|bimt«viXey 7an;Tbm]
"$$ "$ c""P|-]"o=th1:Qu|_;ulo®Aolr-u;7_;vtu
"b ouvlifr;wbm] oSrwrou|bom@&Juliov7;t$_; <tu"=
function from the ‘survival’ package in R version 4.3.1 was used to
create the survival object, incorporating both time and event status.

007t ;tvP9 ulbow=:7e¢: "7 T7e:""7-M7 oo QhoU;V; -V
=1|ouwn? 9 ulb@=" %vlonvb7;uyf; us;u;mly:-
Jou ; lo7;t% v=[4;7tbm|]; <dSr =m1|bomvtl-uc
Vi|bv|Ban;0(Q-bm;7:E-wAbovao;-1_=1|ouny bmu-1
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The graphs were made using ggplot2 (Wickham2016 Q -1 h-];

in R version 4.3.1 and RStudio v2022.07.1.
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(c) DGE analysis in P:C 0.25 vs. P:C 0.40
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(d) DGE analysis in P:C 0.55 vs. P:C 0.40
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(e) DGE analysis in P:C 0.70 vs. P:C 0.40
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and quantify the amount of carbohydrates and protein consumed
u;t-1bfo|_; |d-t=o07bmh;:; vrb|s vOVv|-m|B*vSQ7 b
ference in developmental time between flies reared on diets with

different compositions, pre-adult viability was not impacted by diet.
$_bwll;viv -] smt;d_ Ssubl;m (b %lo | S tdho;v|

9 utboh ;W u;-0t;|ov{bvisbml;vv-uw]|;bmttbu;
ments for pre-adult growth and development, albeit at a later time
robm[z7b|bommtdxE=;u;nmbig;Suibdvol ;u";7luovyv
ofu: S:ubl:mp-hybmzZpim]- | mabIHmaA ;7 ;torl;m
tal plasticity was present under these dietary regimes, a phenome-
non that is often seen in various organisms (reviewed in Rosenfeld
& Roberts, 2004 Q:

u;d7tt|7;7;torl;m|b; bvhm%rhort-< - 1d1butd; bm

shaping an organism's body size and morphology, especially in in
V;1|R|hbmvdidtd®978 -~ b7 0 %4} @004 8 bf _o 120D3;

<tbm of|_-u¥7vQ:uy " botwff7b;v-> bibl-|{7-];$
tending the pre-adult period leads to an increase in body size,

dietary protein content is decreased or sugar intake is increased
(Lee,2015; Lushchak etal., 2014; Savola etal., 2021 Q$ ;< -tvot m
derscore the observed difference in fertility of flies reared on diets
%ob[7b=;u;@|uibobvi; 1uu;mff7<«%lb-v}i]];ubigu;
than four-fold increase in the number of offspring observed on the
bvol-tqo&babl;m|Zb| %fb | ; t@o;viu00_<7utpn|;m]|
compared to that with the highest carbohydrate content.
m]-|b"louu;t-|WoPbo;;mruo7t1|wT|rtFmib=;vrim
a widely recognized phenomenon across species, including Drosophila
P t-|] -%;1®BG78 T m||-t2004; Rose,*—v“Q$ Wbju7;d=
is thought to originate owing to resources directed towards reproduc -
tion, reducing available resources for somatic maintenance and repair,
leading to accelerated senescence and reduced lifespan (Kirkwood
& Rose, 1991 Q:0 %o ;" ; wrm v [f 7 <o nDrosophila ablating the germ
tbm;-7mag=;1pmaon];"b|R-um;\ -t 2006 Qw{];v|bm]1
| 5 -wolb-|0Q|fo; ;M ;v;|% |ub|X-mO; tTrdaofrt;Pbr;u
etal, 2017 Q:m;u;v|bm|lt<*wolb-|Pdfh;;myuo7t1]|bwrm
lifespan can even be positively correlated if any factor impacts both

%o _bvou|;mbonulyvttivm 7;1u;-vhn@ o7 «<v@&E P -"b7 0% b | e traits in the same manner independently. Carbohydrate+ich diets

etal., 2004 Q:0%o; ;W UV 7 <%o;7BmooO/;u”"; vOV|-m
tial difference in body size, neither in males nor females, across the
:Sr;ubl;mbetl-towbol7u]bl;v%lb “-uc<bmip|;bhol4
0Oo_<7u-yjbod: bwi];v|V_-|7vru botviSt-bm;|77
=h;wru;70m td 9 utbabluttbu;-7vbmb=b1tan}xu
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| 5 7b| %olb | 5 tGo;u9 utbo7mpuy tthm77b|bojo %o |_
[bomu;v|blomp; | -||_ =t;vb |o-1 b;": 1;u|-bdwr <
size irrespective of the time they take to develop as body size is an
important contributor to fitness for the flies in terms of aggression
=op; I-t;vP-ulub7];-utt_-AQn7_b_;u-1tm7bjx
=]-t;vP;=u-m11tm7]--wR000Q$ bwtttv|u-|,.v||; 1w
relation between pre-adult development time and body size can be
lom|;$4db=I7;r;m7;mnf-ubotvd|ou$:bwbv;y;
question of whether the surplus carbohydrate intake is prioritized
for reproductive purposes instead of growth on high- carbohydrate
diets (Lee etal., ‘e *vQ$o|;v||_bvao|_;vBuwbmV|b]-|u?
ruo7tl|offrtiluoyy;;Sr;ubl;mibtlk]lbl;v:
ml;u;v|ibmimnd7ot] =t;w;u;7onm7b=u;m$;ubl:m
tal diets had similar body sizes, we observed a significant effect of
diet composition on the number of viable offspring produced by
adult Drosophilapairs (henceforth termed as reproductive output;

have been found to reduce lifespan, as well as lower egdaying capa
bility in fruit flies with low protein diets (Lushchak et al., 2014 Q:t u
current study on Drosophila-tvoer_0%o; 7 _-|%b|7;1u;-vbnd u|bo7
th;vr-m;lu;-v;viu|_;bPpvomu;v|bming; |_-|| vbm-|Tu;
is more pronounced in females than males, consistent with earlier
findings that females are more vulnerable to the adverse effects of
high-sugar diets in fruit flies (Chandegra etal., 2017 Q" trrou | b m;]
notion of the findings of our study, several studies have demonstrated

| - _b_¥f-u7bl1mt-7|olu7bolcor-| tz7-|;705M|b";
stress, and diabeteslike phenotypes, thereby compromising the lifes-
pan of adult DrosophilaP & ;u| -t 2017; Musselman etal.,2019 8 -
etal., 20138 -t-mh;tivv;tl-m -t2011 Q% ;u;-\_; th;vr-o=
flies increased with increasing protein consumption (Lee2015; Savola
etal., 2021 Q:0 %o; ;wAuuyTt|-w brhon|u-Mo| ;W 7b;v-]|
found no difference in lifespan between flies reared on high protein
and high carbohydrate diets (Watada etal., 2020 @ W _ ;4 _x =orh 7

| -llonvtlbmb_1u00_<7u-f7tdorw|;bim Sblb@Esyvr-m
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bl-mh]-m];vom-u-I;|;uw7 _-vbfw;-vbm] 9 u{bestb|_;u7

b]TWB;Q:mbiu;-vhm_ ut-|brwrou|boru0o_<«7u-|;\altering temperature, or genetic background, could lead to a reduction

in the diet resulted in a significant decrease in reproductive output.
The observed discrepancy of reduced reproductive output on a
carbohydrate-rich diet, despite comparable body sizes, aligns with
findings from a prior study. This research indicated that elevated
sugar intake leads to cholesterol accumulation, subsequently redue
bm3u|btPlwooh_;:4{t2017 Q:m 77b|bpah 7;jubl;m]|-t

;=:;1¢=SivvbLu0o_<«7utpnvtir|bomiruo7t1|¥edm?7

etary protein is known to stimulate ovarian stem cell proliferation
-mdbdgd;m;vPwtllom7Julov-"ru-7tb200ZQw; vt|b imrh
greater reproductive output. These findings are supported by sew
eral studies that have reported a reduction in female fecundity when

brb=;vr-mb]_;u9 u|bovb™;rh ;v;lom=tb lhbm¥]b ml] vl ;
targeted investigation is needed to understand the mechanistic under
pinnings of the impact of macronutrients on lifespan, which is beyond

| _svbr;ogd; 1uu;mff7<m|;-7%;;S1bm;7; :=;1]o=
macronutrient composition on health span by studying the functional
senescence of adult locomotor activity and gut physiology.

Lifespan serves as a crucial measure of organismal evolution
~u<=lm;vvo % ;T urfrw b7 ;-vmbmolrt;|,0m-uth% 0=
of-mbvlietu=oul-mljou;bmoul-|b’rruo-1byo;$
amine the gradual decline in functional status with age, or func
tional senescence, of an organism's various traits. This perspective
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is mirrored in human gerontology research, which has recently bmt7btoh]D_-bm|<«-kt o van|_;|-v®7bl-";0;;m
V_b=lgv=datwval ;§;m7bmblvr-ho;S;m7bm;]r;ubo7 linked with obesity and associated metabolic disorders under high
of healthy, active, and disabilityfree living, referred to as health =-[7b|Pf;ulo_'bvBDuR@I8"-Ir-|__ |-10b2011 Q% u ;
Vi-mP-u|ub?2p18 Q - mofuvif 7<% ;=dm7 _-|I-t; =l;v alsodownregulated under high-protein diet ( b]tu'yv Q t|_ot]_

U;u;%omtG1ul0o_«7u-Jrw]|;bmb;; S bOb[u7%|;u proposed here, a systematic investigation of the precise molecular
activity levels at a later age. Similarly in females, with increasing mechanisms behind these dietinduced transcriptional changes is

9 utbo¥%;o0/;u";7 7;t-<;77;1tbront| tmbnb]Jn]ub|<«7needed, which is outside the scope of the current study. We rec
-vbimb1-|0%|_; _b_;uwrou|bomhi;yvS bOb|pmhmJ o]mb[E;7b blr-1]|V-< -u«Iluoviwvt ;Rtthy-t2015Q7
Smurf phenotype ( b]tu; Q$ ;v;=m7bmbvionvbv|%sb suggesting that future research could focus on a tissuespecific

prior research, which found that increasing sugar content in the -m-tcvdFrot tom7bmiu]_;$rtou-|lbem;l ot;1tthyul-
diet increased the proportion of flies displaying a leaky gut phe- -mbviw]];ubmv;]l;m;Su;vvbbam];X o tlu’;-tm%
mo|«<rP;u;buyuf-t7eev7_d% ;" ;u; -t;mE-o0t;«2021 Q pathways and molecular entities involved in dietary adaptations.

Taken together, our findings suggest that increasing the relative &t|bl-[;{&tv;=bmmiw "b7rnwlbvbalimTt;vo;ttlb7-|
proportion of carbohydrate and decreasing the proportion of ing the molecular basis of dietary adaptations and unraveling the
protein in the isocaloric diet accelerates functional senescence in lolrt;Sb|bsy;m;ultt-|bdmyromyp7buvmfub;m|
flies, leading to a shorter lifespan. compositions.
uolr|;70<|_; vbmb=bbsam{;mds7b| 1drovb|bom

key life- history traits, including the preadult developmental period,
u;ruo7t1pbfrt|7]bmiav th;vr-67;S-m7;81u;Ste " JJ & "
ration to effects at a sub-organismal level. With the understanding
that the traits mentioned above are polygenic, we conducted an un- Tuv|[T7<b_tb]_Jly vbmb=bl=ml|ed- luomTt|ubdm)|
targeted transcriptomic analysis of whole-fly samples. The findings position on various life history traits—development, reproduction,
u; " -tu@tvibm7; Tty |blbfixm;; Su;vvbRfu5Q7 and survival of Drosophila Specifically, our results indicate that
lauoOou-pPhlm]-utbwmit 7b;R -uo;| -t 2019; Whitaker a high proportion of carbohydrates in the diet negatively impacts
etal., 2014 Q:0|-0t«tubmV|b]-|bbmit";7 tu];510u;7 development, reproduction, and lifespan. Moreover, our findings
D.melanogaster population with substantial standing genetic varia- demonstrate that carbohydrate accelerates aging and impairs late-
tion. The consistency across biological replicates attests to the re life physiology and behavior. These results have implications for
bustness of our data and signal clarity, bolstering the reliability of our understanding the role of diet in shaping the life history traits of
u;vit{er lon=b7;mh;; o ;u”;7;m;;Su;vvbom;umv: oul-mbviw|:-0t%%;7;|;1|;7|bm7ybmt1;7-ub-|bbomyv
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o~ u;Sru;vvboawmi;u-{;m;virm;u- _b_ 1u0o0o_<7u7f] r-|_%o-<v@l_-v mttvim-tbm]Q7];lo=us-1<1bmRIQ
P9 ujbo=:"Q%$ bw ;u;Sru;vvibpn0;-[|ub0T|o]_; signaling, and related pathways involved in energy homeostasis will
fru;ltt-|booem; |-ul;lou+-1<1bRHQr-|_%o-<¢hi<ulj- provide us the key to understand underlying mechanisms behind
Tt-looA Tt brtijumvliubrdhporud:! r-| % -BLowm;u”;7 the observed diet-induced plasticity in life-history, physiology, and
across the species, including DrosophildTatebe & Shiozaki,2017 Q 7 behavior. Such understanding holds the potential for devising thera

and it is a known downstream target of insulin and insulin-like pep- peutic strategies targeting age-related diseases.
|b7ypm-tbB1@-| _%o-%6_bbvru;]tt-|;Ai;u b]¥f-u
diet (Teleman,2009 Q :rhub ]t b mt«id ;] T t- | bodmm ;w ;|- 7 &$ ! $! & $

to muscle development was also detected (b]Tu'v Q omvbv|;m|h_bt- T7tmdmiddr|t-tb@Etba@8} LTUboRtT-tQ8
%olb | bwZv|;S;ubl;m|v: 7:lomv]|u-|; 7| % ! vbm-t =0l-t-mtcviPk 7@V |b]-|bRIT Q8| _o70toR& 7 8tb
ing pathway can enhance musclespecific transcription factors in 7-|boPpt-tQBT-tbE -Rblom@PSo|bwdb]bnyu=Ptt-tQ8

mammalian systems (Risson etl.,2009Q-nY |_; mtthum ;r|ouF %b|bmb{b;%nY ;7b|bMAit-tQo_-mhtl-u _-m7u-h-m| )
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investigation of the impact of diet on Drosophila muscle stem cells P;tT-t/QBltUboRLT-t@&|-t-mt<viPtT-t@& v|b]-|bom
P t" Qn7-7ft]tvithultuvduvvQ¥bedt@; -t%e;|_;u PtT-tQ8_o7o0tdHkT-tQ-8Db-|bdmt-tQBT-tb E AtbtotQ 8

carbohydrate-rich diet is promoting muscle development or the ob- %o |b KO bD]bn7d=PtT-t@So| bWl b;%n7;7b|bR{T-tQ:
v;u ;7tv|blbfR;m;;Su;vvbbwmlionv;tt;mdst"-|;7 _-m "tu-9|-11u-|bdht-tQ8nV|b]-| bt -t Qishant
maintenance and repair of the muscles in response to damages Tl-u9-|-11u-|bdPht-t@8V|b]-|bRMN-tQt7br|- $tTm]9
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P9 utbo=Q;-tv ];m;u{timviubr|do®e mu;]tt-|bovmtul Rt7Q8F;u"bvbRtny Pab|brlob]bn7e=|Ptt-tQ8
( bfubbc,eQ:o|-0t<JZm;lrtbl-|phr}|<-bAm|_;vbvPol|big "b;%m77b|b®}7Q:



' 0= "[JJM

_Ecology and Evolution

MUDUNURI ET AL.

Open Access,

ACKNOWLEDGEMENTS

) U-v-771 o _-tbnmY _bvir7;mlu'o_b]
-rbt=arw b 7bmv]_; ofiO0u;7 , ,populations, which is the
r-u;mirortt-|bom_; ;&;ubl;mrartt-|bdm7 _u;: 7

" 7-n -lhmo%et; 7] =m7bm¥roufal | !;v;-ul_
-n7 ; ";torl;m|==b1R! Q7v_oh&m ;uvb|<«-lhmo%t
;71vl S =m7bmfroufaol |5 ;r-ull;mé=bo|;1_moto]«
P $QWbluot]l; tmbouw;-ul;tto% vPbQ});
w=-mf;;"-t-m750rw”"b7bt@ou-|owx];m|vnY uo="
Shashidhara for access to lab equipment. ST acknowledges the sup
roup= $F);ttlol$dv|mb-ttb-mLutc-u;;u;tto%v_Dbr
Pr F FevFeF e sq@uy;-ul=m7bmiy v_oh&m ;uvb|«
for the infrastructure.

| -mhuo=

|_'mh

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
b=;®|ouk{-1m0;=dm@muc<«-7 bjb|-lt rovb|ofukm|];
link https:// doi.org/10.5061/dryad.bcc2fqzkr. The raw data for the
I v:t ;&;ubl;mbjwOIb||;Bm urovb|oud7l mO;-1
cessed using the link https:/www.ncbi.nlm.nih.gov/ geo/ query/ acc.

"o ’

cgi?acc= .

ORCID
Sudipta Tung'® https:/lorcid.org/0000-0002-3201-3303

REFERENCES

tl;b7-7; -u"-t_o7 7_ bu|_7 :PéeeQuo0o7bmh;-m=07
choice are altered by the developmental transition at critical weight
in Drosophila melanogasteAnimal Behaviourl26 7 —" K * « vhttps:/
doi.org/10.1016/j. anbehav.2017.02.005

t|1-mm7 :P——eQb;|o=¢;-utbml]-t; rubl-|;Rapio cynoceph
alusQu 7b b ;| blslbm; vRroceedings of the National Academy of
Sciences of the United States of Amerj@&B P ‘ Q'3 K“* " https:/ doi.
OU[Fe e ee’F rm-vyv:' “‘e

m7u; %'v. Péee QFastQC: A quality control tool for high throughput
sequence dataRd.lrt|; uv o%o - u h&tps:/ www.bioinformatics.
babraham.ac.uk/projects/ fastqc/

|lhbmvom7"I0t<7: : Pa—eQ: <-y oll-mbvHiw-tt@b];ubm
colder environments? Making sense of a life history puzzle. Trends
in Ecology & Evolution12 Pu@ 7 K'’ —:https:/ doi.org/10.1016/
Mo o= J' eP—eQ e e’y Ju

-um;v7 7 oom;7. :7 -1o0vonm/7-u|ub7];7_ _-rl-m7
$:PéeuQuoo ;él;mvbomb;vr—lﬁk -0t-|boaw];ul tm;bm
Drosophila Proceedings of the Royal Society B: Biological Sciences
273 P+ " v —Q-7K—" ¢ {|rvOFF7obou]Fe ¢: ¢ e—vF Wr0: ‘ e*”: ' 'vv

foulo7:7_'wbufPéeeQlot;o= ;r-|bZ;v-|Tu-vigmQvb|<«J
related metabolic disorders. Current Opinion in Clinical Nutrition &
Metabolic Care 13 PuQ¥ Keev:_||[rvOFF0bOU]Fs o: ¢ »—F
sQee’ My :1%0

uooh_;-uPBi % -ubm];mM77 ottbmv77tbm;7:7 tml-m7

D PseeQbl_Jfluowdtl; V- |;umeQvb|Zbutrp/-u

ian function and decreases fertility in Drosophila melanogaster
Biochimica et Biophysica Acta (BBA)Molecular Basis of Disease
1863 P u<Q 7" K« ‘ u 'https:// doi.org/10.1016/j. bbadis.2017.03.014

utl;7 :70S8_"77-u"-t_a7:7H-1-7-7:7- m]7J:7-u-<-m7

7T ut 5t 787 -r-_b77_ -7): ): Pée’Q:bl_1u0o0

_<7u-|;Ktodd;bmonvtlr|bonSblb®rosophilalifespan.

Experimental Gerontology48 Pe«Q¥' —Ke«'" https:/ doi.org/10.
oo oUFf:; Sliuzt oo oo

utmm;u7)t mvl_:7_ - ulo|7: :PéeeQ)_-|bvmor/bl-t
diet? Relationship of macronutrient intake to obesity, glucose toler-
ance, lipoprotein cholesterol levels and the metabolic syndrome in
|_5)_ b]|;_-tv{f 7 dnternational Journal of Obesity25 P+ Q"K' :
_|IrvOFF obou]Fe e: ¢ o'VF Vf:fo:e vee'

-u"-t_o77"-lr-bo7: 7 -tl7): 7 u-mh-|v1_:h77-]om"77_
"7l _i;mha7Pée'Q:=;1]|9=7b] -n7 7;;torl;mpm|_;
Drosophilalipidome. Molecular Systems Biology P * Q ¥ :https:/
70bou]Fee:eo’'VF | VO et f —

Sll;uvomZ7 mo%ot; vt <77 -l;v7 7 ;1h7 "7 -ul-u7

7 -u|t; <7 :PéeeQb;|-uto7tt-|bwmBrosophilasleep-
wake behaviour. PLoS Ong5 P v Q7+ u :https:/ doi.org/10.1371/
journal.pone.0012062

_-m7;]usB-m]7 :+7 _b77_ th17PéeeQ;St-tTdour_bil

effects of dietary sugar on lifespan, feeding and starvation resis
tance in Drosophila Aging 9P«'Q7 «K*”*v :https:/ doi.org/10.
v U"F -]bm]see™
-m]7: :7t0u;1_7tI_-tt'7": 7 tu-v_bliPeeeQ:77Tt]
reproductive capacity of Ceratitis capitata P br|;u$9 _ub|b7-;Q
on a chemically defined diet. Annals of the Entomological Society
of America 94 P"Q¥e‘Keeu: https:/ doi.org/10.1603/ 0013-
Ve “UP‘essQ ¢ —“Reee’g | S ‘e 8¢

o0 _; m7P=v v Qatistical power analysis for the behavioral sciend@nd
;7:Qxut0-Tlvvolb-|;v:

-"b70%biTE7Iblo7 7 u7;ubbf_otf|7Pé“Q%_; ;=;1|v
of environmental variation on a mechanism that controls insect
body size. Evolutionary Ecology ReseardhP « Q7K u * :

lom|bv:7_ ;uublomRPée—Quh;Ju-|bormmtthit;r|ouF 0So
signaling and dMyc activity during muscle growth regulates body
size in Drosophila Development 136 P u Q7K — —"https:// doi.org/
10.1242/ dev.027466

utllom73uOov-7_"ru-7tbhm]7 PéeeQ"|;I 1ittvnY|_bu
progeny respond to nutritional changes during Drosophila oogen
esis Developmental Biology231 P« Q" K*ev https:/ doi.org/10.
1006/dbio.2000.0135

lh;u?77 omE&-1$7:"7";;];uT: 7"-m|ov7 :7 ou;|07"7

otblJom7:7 ; bm;u®E7 ftloh;mvib77lol_-7 :$7_

-uQov-7(:PseeQb]_¥Huow;blbimt1l;¥vb0;|bthir_;-
mo|<r;nYo®$7-|bvj; v Brosophila melanogasted uo|;1|b";
role of Syzygium cuminiand Bauhinia forficata Biomedicine &
Pharmacotherapy 89 7 u «” K u ¢ uhttps:// doi.org/10.1016/j. biopha.
2017.02.076

ttbvi7:7 0% |-m7 :7_)ot=]-m]7 :Pss"Q:; |-00thdy
|pviyy lb=uglt-|bomktlo |; |-00tbRUloSONel0OP Q7
;eeeU” Ve |[rvOFFObOU]Fe o: ¢ 'eeF foTumtir om;:e eeu”ve

-mvom7:7_$~<tou7): Pée'Q:uo|;bm91-ulo ujbw:yt-bm
life span patterns found in Queensland fruit fly on diets varying in
yeast:sugar ratios. Age34 P uQ K+’ u vhttps:/ doi.org/10.1007/
Voo eJeee] —ley] '

-mvom7:7); t7om7):7 bu; EJrt;vi7T'brvom7 7_$«<tou7?

2): Pée—Qif|ub;mhwZ toubiy|ubl|b§mVis;vr-mm
Queensland fruit flies (Bactrocera tryoniQAging Cel] 8 P” Q7 K" *":
_|[r'VOFFOboU]Fe o:  sssFf: o “e"] —o'yy: S

t-|F7_ -%;1h$7:PéeeQ:t";mbtiaulom;v-u]tt-|oad_;
|lu7;8=0;]%;;mruo7t1|bmrm v r- mb Drosophila mela
nogaster Evolution 61 P v Q-+ Ke——-<https:/ doi.org/10.1111/j.
o IV U“U: ¢ eee: o e’ s

St;mE:7T_ ot;«7:Pé&eQ: Jttlovwdrt;l;m|;7b ;m-m1l;v
gut barrier integrity in Drosophila. Biology Open1l0 P'@Be"u"«"
https:// doi.org/10.1242/ bio.056515

tfu™;,m?7 :7_ BO;ul-m7 :Pé&'«Q) ! 0o’b;vBvl-|1_7
medicine and missing diversity. Evolution and Human Behavior
41 P Q’7« K’ “ e https:// doi.org/10.1016/j. evolhumbehav.2020.
04.001

ee_ e S


https://doi.org/10.5061/dryad.bcc2fqzkr
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE241397
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE241397
https://orcid.org/0000-0002-3201-3303
https://orcid.org/0000-0002-3201-3303
https://doi.org/10.1016/j.anbehav.2017.02.005
https://doi.org/10.1016/j.anbehav.2017.02.005
https://doi.org/10.1073/pnas.88.2.420
https://doi.org/10.1073/pnas.88.2.420
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://doi.org/10.1016/S0169-5347(97)01058-6
https://doi.org/10.1016/S0169-5347(97)01058-6
https://doi.org/10.1098/rspb.2005.3388
https://doi.org/10.1097/MCO.0b013e32833ec41b
https://doi.org/10.1097/MCO.0b013e32833ec41b
https://doi.org/10.1016/j.bbadis.2017.03.014
https://doi.org/10.1016/j.exger.2013.02.003
https://doi.org/10.1016/j.exger.2013.02.003
https://doi.org/10.1038/sj.ijo.0801543
https://doi.org/10.1038/msb.2012.29
https://doi.org/10.1038/msb.2012.29
https://doi.org/10.1371/journal.pone.0012062
https://doi.org/10.1371/journal.pone.0012062
https://doi.org/10.18632/aging.101335
https://doi.org/10.18632/aging.101335
https://doi.org/10.1603/0013-8746(2001)094%5B0702:ARCOCC%5D2.0.CO;2
https://doi.org/10.1603/0013-8746(2001)094%5B0702:ARCOCC%5D2.0.CO;2
https://doi.org/10.1242/dev.027466
https://doi.org/10.1242/dev.027466
https://doi.org/10.1006/dbio.2000.0135
https://doi.org/10.1006/dbio.2000.0135
https://doi.org/10.1016/j.biopha.2017.02.076
https://doi.org/10.1016/j.biopha.2017.02.076
https://doi.org/10.1371/journal.pone.0116587
https://doi.org/10.1007/s11357-011-9308-3
https://doi.org/10.1007/s11357-011-9308-3
https://doi.org/10.1111/j.1474-9726.2009.00497.x
https://doi.org/10.1111/j.1558-5646.2007.00151.x
https://doi.org/10.1111/j.1558-5646.2007.00151.x
https://doi.org/10.1242/bio.056515
https://doi.org/10.1016/j.evolhumbehav.2020.04.001
https://doi.org/10.1016/j.evolhumbehav.2020.04.001

MUDUNURI ET AL.

Ecology and Evolution

-u07:7 -uu;ua7:7_';t-|7:Pse—Qf|ub|bomnjttt-|bom
1;m ;éu;vvb&m90_<7u7-=|ul-n7-l bm-olbT ;r;m;m|
modulation of transcriptional activity. International Journal of
Molecular Sciences20 P u @'# u https:// doi.org/10.3390/ ijms2
eeuc’VU

%ot <T7"rvom'7 7_)bt7;U07 : PseuQt;v_=h;wu]ltt-|]_
lonvtlrlbom |- 1uomt|uforh|{$blb@s;vr-mn? ;]]
production. Behavioral Ecology27 P« Q7 K* "« https:// doi.org/10.
1093/ beheco/arv151

ib-m@&-77. b7 :PéeeQ:; m;3b| bmu-1|b-onhruylbvbrm frub-
tion in obesity. International Journal of Molecular Sciencek3 P “ €v7e:
_|IrvOFFobou]Fe o: " "—eF Hlve ve“esye

OttovVEx7:7_ om|-m-7PéeeQ:-toubulv|ubl|bmmi-myv:
Experimental Gerontology 42 Pv Q% —Kee«‘:https:/ doi.org/10.

oo ouFf:; S];u:‘ oee: o’ 00

ot|_oo=77o_mvo7:7_ (-m=t;|;u;mh7Ps+"Q:b;|-uws

striction in the nematode Caenorhabditis elegansThe Journals of

Gerontology. Series A, Biological Sciences and Medical Scig6@d3—Q 7

oo’ "Kee’ e https:/ doi.org/10.1093/ gerona/60.9.1125
tm|77 voohv77 ;mmbomv77"l b|_7 7 ;m|v;m7 7_
tvvbiu;7Pée“Q:b] _dt-th|le t;=d71lb1h;biv|_;-~
bthm;St-Thrt-01 7b <ot mNature, 432 Pee e @7 “Keeo‘e:
_||IrvOFF obou]Fe e: ¢ o'VF m|tu; o'ov*

-m¥7_ ;7
life-history traits in larval and adult Drosophila melanogasterThe
use of nutritional geometry and chemically defined diets. Journal of
Experimental Biology221 P ‘e @;Deveee" https:/ doi.org/10.1242/
f:0sveee”

;ttb;u7P«—-“Q:ulo0_<7u-|yvva ulo=mu]<«The American
Journal of Clinical Nutrition59 P’ Q¥ " K u v " "https:/ doi.org/ 10.
oo —'F-fImF="; uv"

b-m}7:7-ut]-77;rm;"vh-<-A:7 -E%bmvhiPreeQ:m
intervention resembling caloric restriction prolongs life span and
retards aging in yeast. FASEB Journal4 P «“ Q7 "K'+’ «:https:/
doi.org/10.1096/ fj.00-0242fje

bl17:7-11b7 :7-uhZ7 ;mm;|[7_"-tEO;U]7Pés—Qu-r_J
Ov;7];mol;-bIml;mpr];mo|<rb¥p " $'-nv " $J
genotype. Nature Biotechnology37 Pv @| b 1 t;7— e« K-« "https:/
70bou]Fe ;e o'VF Vio'y e Jee—Je e

buh% 0®:777_ 'ov;7: !: Pa—eQ%0tT|bom;m;vl;m1l-9
survival sacrificed for reproduction. Philosophical Transactions of

the Royal Society of London. Series B, Biological Sciel8%sPe«‘u‘Q7

o7 K" :_||rvOFF7obou]Fe o: e e—VvF W/|0:e —=: ¢ o'y

ut;];u7Pé«” Qlrim Galore!: A wrapper around Cutadapt and FastQC
to consistently apply adapter and quality trimming to FastQ files, with
extra functionality for RRBS data -0 u - _ - Ima | b | thttps:/ cir.nii.
ac.jp/crid/ 1370294643762929691

;37 0 it Pée”Qibj|-uaw|;bm91-ul0o _&GTum[lhbw 1b|b1l-t

modulator of lifespan and reproduction in Drosophila melane
gaster9 |;v|twbm]1;lbl-ttk;=bm7b|:Journal of Insect
Physiology 75 7 « * K+ —https:// doi.org/10.1016/j. jinsphys.2015.
02.007
37 T hrvom'Z 7tbvvot77 uoohVv7 -tt-u7y: :7$<tou?
D) 7"ou-m77_'-T0;m_;bl;uPsevQb;vr-amYuyuo
duction in Drosophila9 ; % bwmb]_|val mfub|bolmet;|u«:

Proceedings of the National Academy of Sciences of the United States

of America 105 P+ Q7 —vK*"e«’ :https:/ doi.org/10.1073/ pnas.

eccco)ese”

;=u-ml7. tTm7]--uZPéeeQ$; bmtt;mdd-t;-n7 =§-t;
body size on copulation duration and fecundity in Drosophila melan
ogaster Hereditas 132 P’ Q7 K* “ « https:// doi.org/10.1111/j. 1601-
m “: ‘ ...: . .“”: é

ol-m7 :7_ -1h-7 : Pée"“Q:t|ub|bomit_b-|uy;-ul_rm
emerging discipline and its intersection with global urbanization,
environmental challenges and the evolutionary mismatch. Journal

PésevQolr-ubnm]; blr-1jo4- luomt|ubmm|v

JM]J-’ 0= o*

of Physiological Anthropology33 P« Q'7: _||rvOFF obou]Fs «:  svuF
v veJuveJ ' J*t!

0o™;7: 7 tO;uy:7_ m7;uv7Pse“Q:07;u-|;7v[bl-|bom
0==071-m];-nY 7br;uvboaam! Jvit 74 -%lb  ";t":
Genane Biology 15 P« Q"7 ¢ : _||rvOFFobou]Fs e: ¢ svuF ve'e”

—Je o] e™e] vy

tv_1_-hT7:7 ovro7-u<o’{:7'0";mho7 :7 to"«<-h7 :7

+fuh; <1 77 t«t0-7: 7" _1_;u0bfq:7_ tv_1_-@7
Pée'Q:-t-m10;| %o; ;M- Luomt|ubsmljte;vrm-ny

=ml|bow#ivl; mbpnstb|tc Drosophila melanogasterThe

Journals of Gerontology. Series A, Biological Sciences and Medical

Sciences 67AP‘Q¥ev Ke*": https:// doi.org/10.1093/ gerona/

Jteav®

tv_1_-h7:7 ovro7-u<ofq:7'0";mho?7 :7+fuh;" <1 _:77

suh_ttemT:7_ fv_1_-6:7 :Pé«“Q"r;1b=DH -u<l+

bohydrates differentially influence the life span and fecundity

of Drosophila melanogasterThe Journals of Gerontology. Series A,

Biological Sciences and Medical Scien@&%P « (K7 * :https:/ doi.org/

10.1093/ gerona/glt077

-buy: 7 br;u7: :):7_ -u|ub7];F4+"Q:-toub7emp;$S
rt-brré];mvbonnb;vr-m0<7b|-u<u v|ub1l|b@msophila
PLoS Biology3 P« Q7' : https:/ doi.org/10.1371/ journal.pbio.
0030223

-ht-ho7 7"brvom'7. 7,-fb|v1_;A7tt7 :7 ; vvI-mm7

tbvvotZ7-10;m_;bl;u7om7tub-mvh«7uoohv?7
P‘-vQ‘;é\Jr,1b=b[1m;,v:/=;1d=va|ub;tm|-hqmuru07—T1
tion and lifespan. Current Biology18 P «“ @</u‘ K« u uhttps:/ doi.
OUJFe oo esuFf: 170:" eov: o uie "

-ulbmiv?:7 1 u-1h;m?7: 7"bomv7 ::7; mubtt;v77_
yu-7: PéevQo %|0141 -vIitu=ax5];bmiIn7 0;com7In
vivo assessment of intestinal permeability in multiple model or
ganisms.Bio-protocol, 8 P' Q7 * * : _||rvOFFobou]Fee: ‘ esu—F bou
otoc.2722

-|Ehbm77 o mvo'm7-b]_|77 oEbmo™¥17- uho%7:
PéeeQb;|-usw|;bm¥vi-u7b=;u;m|b=t;tk7T;";torl;m|
and metabolic pools in ecologically diverse DrosophilaThe Journal
of Nutrition, 141 Pu Q¢ ¢Ke+'’: https:/ doi.org/10.3945/ jn.111.
LRRVANAY)

1 -<7 : :7TU0%o;tt7 :7_ - «m-u7:7:P=""Q8; ;=;1¢=us
tarded growth upon the length of life span and upon the ultimate
body size. 1935. The Journal of Nutrition10 P ¢ @ K+ —https:/ doi.
org/10.1093/jn/10.1.63

fvv;tl-m7 :7 bmh7 :7_ -u-mvBb7Pé.-Q'bbt-u=;1|o=
high-fructose and high-glucose feeding in a Drosophilamodel of
obesity and diabetes. PL0S Ongel4 P " Q¢7 ¢ ¢ » — u https:// doi.org/
10.1371/ journal.pone.0217096

-7 7T vvitl-m7:7 ;m7v; 7 -u-mveb7o71;uf:7 louuid_

-]1-m7V: Pé+’Q: Drosophilamodel of high sugar dietinduced
cardiomyopathy. PLoS Genetic® P« Q% ¢+« " :https:// doi.org/10.
1371/ journal.pgen.1003175

bf_ot[7:Ps¢’Q$%_ 1aon|uotdor<vEE brbwm; 1| Developmental

Biology 261 P« Q ¥K—: _||rvOFFobou]Fe ¢: ¢ esUF vees'  JF usuP*'Q
oo ‘o Jv
«tbmM7_ o||_-u77P+—-vQt-v|blbjkb;Jb|oulwub]|®nnual

Review of Entomology43 P « Q@ K v’ https:/ doi.org/10.1146/ annur
ev.ento.43.1.63

~t-mh;d vv;tl-mZ tmh7 7 -uEbmvHblZ1l_-m7u-m77
"thtl-u-|_bu-I-thBZ]-m7: :7_ -u-mvBb7PéeQ:
high-sugar diet produces obesity and insulin resistance in wildty pe
Drosophila Disease Models & Mechanismd P u @7K v “ —https:/
70bou]Fee:e “F 7l

-ujub7];PéeuQ:; uom|otolS|9m7bin] _;-t|_vr-Nature,
529 P «"v"Q 7:_||[rvOFF obou]Fe s: e ’'VF " ‘—e™-

-ulub7]77 -utt_-u7Pev'QbE;|blj-|bmyfll;ve=l-t;
fruitflies (Drosophila melanogaste@bw t-|; 7 0| _; b w & ;Animal

o ooty


https://doi.org/10.3390/ijms20061386
https://doi.org/10.3390/ijms20061386
https://doi.org/10.1093/beheco/arv151
https://doi.org/10.1093/beheco/arv151
https://doi.org/10.3390/ijms18040787
https://doi.org/10.1016/j.exger.2007.03.009
https://doi.org/10.1016/j.exger.2007.03.009
https://doi.org/10.1093/gerona/60.9.1125
https://doi.org/10.1038/nature03084
https://doi.org/10.1242/jeb.181115
https://doi.org/10.1242/jeb.181115
https://doi.org/10.1093/ajcn/59.3.682S
https://doi.org/10.1093/ajcn/59.3.682S
https://doi.org/10.1096/fj.00-0242fje
https://doi.org/10.1096/fj.00-0242fje
https://doi.org/10.1038/s41587-019-0201-4
https://doi.org/10.1038/s41587-019-0201-4
https://doi.org/10.1098/rstb.1991.0028
https://cir.nii.ac.jp/crid/1370294643762929691
https://cir.nii.ac.jp/crid/1370294643762929691
https://doi.org/10.1016/j.jinsphys.2015.02.007
https://doi.org/10.1016/j.jinsphys.2015.02.007
https://doi.org/10.1073/pnas.0710787105
https://doi.org/10.1073/pnas.0710787105
https://doi.org/10.1111/j.1601-5223.2000.00243.x
https://doi.org/10.1111/j.1601-5223.2000.00243.x
https://doi.org/10.1186/1880-6805-33-22
https://doi.org/10.1186/1880-6805-33-22
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1093/gerona/glr184
https://doi.org/10.1093/gerona/glr184
https://doi.org/10.1093/gerona/glt077
https://doi.org/10.1093/gerona/glt077
https://doi.org/10.1371/journal.pbio.0030223
https://doi.org/10.1371/journal.pbio.0030223
https://doi.org/10.1016/j.cub.2008.06.059
https://doi.org/10.1016/j.cub.2008.06.059
https://doi.org/10.21769/BioProtoc.2722
https://doi.org/10.21769/BioProtoc.2722
https://doi.org/10.3945/jn.111.138438
https://doi.org/10.3945/jn.111.138438
https://doi.org/10.1093/jn/10.1.63
https://doi.org/10.1093/jn/10.1.63
https://doi.org/10.1371/journal.pone.0217096
https://doi.org/10.1371/journal.pone.0217096
https://doi.org/10.1371/journal.pgen.1003175
https://doi.org/10.1371/journal.pgen.1003175
https://doi.org/10.1016/s0012-1606(03)00276-8
https://doi.org/10.1016/s0012-1606(03)00276-8
https://doi.org/10.1146/annurev.ento.43.1.63
https://doi.org/10.1146/annurev.ento.43.1.63
https://doi.org/10.1242/dmm.007948
https://doi.org/10.1242/dmm.007948
https://doi.org/10.1038/529154a

e 0= +[JIM

_Ecology and Evolution

MUDUNURI ET AL.

Open Access,

Behaviour 31 P’'Q A/eeKvee: https:/ doi.org/10.1016/ SO003-
“oePy'Qvet
-u|lub 777 u7: 2 ):7_ - by7 Pée"Q:by|-uwuy|ubl|tbmm
Drosophila Mechanisms of Ageing and Developmeri26 P - Q% K
950. https:// doi.org/10.1016/j. mad.2005.03.023
;u;bu-7%$7 - tbh77 ov|uo?7 :7 - _t;u7?7 7_ tvv;tl-m7
P PéevQ:i=;1p=7bl-u«-77b|b"ombmv|bnrsul;-0btb]|«
in both Drosophilaand a human cell coeulture. Disease Models &
Mechanisms 11 P« Q7A 1«’“"*e: https:/ doi.org/10.1242/ dmm.
034520
br;u?
7o077bmol|77 or=;m77"oft|othbv77 bl;<;u7:7
,uu77 6|1 ;07 :7"W;bua7. -u|ub7]sFde“Q: _db7bl
medium for Drosophila melanogasteNature Methods 11 P ¢ @<7» K
105. _||[rvOFF7obou]Fe e: e ’'VF ni;|_: ‘o'
br;u7 :): 7Thoutr-77_ -u|lub7];Pé«"Qb;|7; |-00tbvdy
lifespan in Drosophila Experimental Gerontology40 Pe* @ 7Kvu*:
| IrvOFobou]Fe o: e ssUFf: ; ST;u:* oo™ s ue o’
br;u7 :):7"ottlothbhv77 t-m177; v-uov:7 ; uO;u'l7:7
Tublb277:7|-m-vvo77-tlomo% b 1MEM]7 7' brvom7
": 7MW ;bua7. -u|ub7]PéeeQ- |1_bimf-uel bm-db7
0t-milp|_; brabbllawmvt-|;%!; orlblb®Ew % |-n¥ us
production without cost to lifespan. Cell Metabolism, 25 P’ Qi¥e K
621. https:/ doi.org/10.1016/j. cmet.2017.02.005
u-v-77 7" -h-u-777 o_b{(7 :7"_;;0-1:7'-f-1-mb77_
ov_b7PéeeQ ott|bom7t1;7uF7tt[bObtbpytu"-t
growth rate in laboratory populations of Drosophila melanogaster
selected for shorter development time. Genetics Research7/6 P’ Q 7
‘“ —K*"—https:// doi.org/10.1017/ S0O016 672300004754
1-t0;m_;bl;u7 "brvom'7. :P+—«Qrh;Ju-|blTo 7;tw=mfub-
;m[0t-m1lbm]i@bl-|behm 1|vn? “;ul;0u-|Nutrition
Research Reviewd0 P« @7 Kee—:||rvOFFoboU]Fe o: ¢ ee—F
970009
1-t77,u;& 70t0;ul77 tEIbm7u-h¥ 7 7t;u?7;|;uvom77 (bto7
Pee—Q9 uo=btwOv,u " ;mwrtml|bgmutbl_I:mjtcvbyv
-nYlan";uvborhym;th|Wwée—1Tr7-]|; Qucleic Acids Research
47 P)* Q¥ —+K)e—vhttps:// doi.org/10.1093/ nar/gkz369

Mo

'bvvomvi7- E;tbmdl;ub:77"-m1_;E&70o mlotthimoium;totr7

7l _-ux|;-t7:7 (Am-t7 77 --v7 :7 5 =o0tul?
uxvv,m;|77$-m|b2:7;J-ul_-mitd|;t:7;uub;u7
omf-urdt-mc77tol-mbmo7-1t11_B7-m|- 77 T ;tt;u?
27, -m]to=37 Pée—Qifvithal|b -|lweh ! 1-4v;v
metabolic and dystrophin defects leading to severe myopathy. The
Journal of Cell Biologyl87 P u @%K v «“:||rvOFFobou]Fe «: ¢ sv'F
jcb.200903131
1ol _;7: :7_bttbrvZ bOm;<7 :Pe+"Q$_;| ;|-Oothvdm7uol;9
The crossroads of diet and genetics. Proceedings of the Nutrition
Society 64 P’ QeR K’ o« ||[rVOFF7ObOU]Fe o0 so—F ™o o7
lov;7: 1: P2v*“Q:00u-|Jopyott|bomov|rom;wm;vil;midm
Drosophila melanogasterEvolution 38 P” @<« “ Ke ¢ « « https:/ doi.
OUFee:‘ TooF " “oy®
lov;m=;t777_1'100;u|V¥7 : Pée“Q:- |[;um7th| -nYo| ;u=2%
[ouv=;1|bordvru bmé]u tbo9u 7 b; %iology of Reproduction
T1P“ @ Keees: [[rvOFFObOU]Fe ¢: ¢ «—"F Oboturuo7:e «*; o 'ey—e
"elr-|_7:7_ | -10b7 : Péee Q& ;ud;ovf-uoctd 7;v-|Tu-v;
in obesity, insulin resistance, and inflammation.Annals of the New
York Academy of Scienced243 7“«K” ' https:// doi.org/10.1111/].
e Juu sue: S
"-u-m]b7-]-u-f-m7; <77 0ov;77_ ov_b7PseuQiott|bom
of increased larval competitive ability in Drosophila melanogaster
without increased larval feeding rate. Journal of Genetics95 P'Q 7
“—eK"e : ||[rVOFFObOU]Fe ;o seeF ve'e e JeeuJe u’uJv
"-"ot-77 om|]ol;u<77)- t7uom7 7 om|;b|_7:7(-t;7:7_
)- ttbm]Pé «Q$;v|bmlott|bomSute m-|bemp; th;v
pan benefit of dietary restriction in fruit flies ( Drosophila melanogas
ter (Bvolution, 75 P * Q"7 K “ u "https:// doi.org/10.1111/ev0.14146

1) 7t-m17 ;bl>odm2-t"WNA-m]7:7; 7*:7bn=0u77

"smol:7 17 th7:,:7_ u-v-77 :PseuQiott|bombfu;-v;7
adult longevity in Drosophila melanogastepopulations selected for
adaptation to larval crowding. Journal of Evolutionary Biologp9 P * Q 7
“e oK “ee:https:// doi.org/10.1111/jeb.12795

"bT7T7-m7 _FTFTAT7 7+-m V7, 0087, _-0FT7)- m]¥:7 b 7:7
't-m77 077 bm]7:7)- m]7:7$bm7:7); bY: 7"tm¥7 +7

To7t:F -m]#%7 "tTm7Pe‘eQ:mvol-tolubZ;u-|;th]_1J
={7b|; S| ;m 7t vr-bonin t;u{v- nYDrosophila Cell Metabolism
33 P’ QW+ K" —¢: ;https:// doi.org/10.1016/j. cmet.2020.12.017

"blrvom77_1!-T0;m_;bl;uPée—Q:+ luomt|ubtml-;n7

lifespan. Aging 1P Q@7 Kvve:||rvOFFobou]Fe ;e vu"F -]bm]:
oo 0 ._V

"blrvom:7:7 !-10;m_;bl;uPee'Q$_;m|Tuo=mt|ub]|boimb
=<bmll;%ouhal -nMbl-t-7-r|-|bgdm_H-moQvb|<«nThe
nature of nutriton: ubm1;|&nb~; uv by vhttps:/ doi.org/10.

o’ ."F _.V.“ . .vaoY
"houtr-7:7 ;u"bv;=;m7h%B;m;u7_ t;|1_;U7 : PsevQ:
b;|-uddrovb|bwrmib=hgavtir|boMwb|<ATtb;vr-lmm
Drosophila melanogasteAging Cell 7 P “ Q% K — ¢ https:/ doi.org/
oo e seef: o] _o': é

$1;0;7:7_" boE-hP¥e*Q ott|bonl-anv;u"-|bem 1d-
rom;mpwj_; $ ! vbm-tbm-] _ %o -<Biomolecules 7P“Q¥:
https:// doi.org/10.3390/ biom7040077

$;t;1-m7 :Pée—Qot;1tthul_-mbwl¥; |[-Ootb)ft-|bOm
insulin in Drosophila The Biochemical Journagd25 P « € K* uhttps:/
70bou]Fee:ee™“F  fes  —eoye

&W-UT77 ub==bmM77 ; E<77 tfbv-h-=7(bmO;ul7"o=|b17

sy m]7:7u<7:7ou7om77 -_m7!:Pee”Qm|;u-1|b@mv
tween gut microbiota, host genetics and diet modulate the predis-
position to obesity and metabolic syndrome. Cell Metabolism22 P’ Q 7
"euK”’ e :https:// doi.org/10.1016/j. cmet.2015.07.007

Y-|-7-7:7-<-v_b7-|-m-0;77bE&T|-MbTu;7:7 -||oub7
_&;ltu-B:Pé'eQ:b";ul; mlo;Hrosophilaspecies: Longevity
and reproduction under different nutrient balances. Genes to Cells
25 7u' u K u '’ u||rvOFF7obou]Fe o: e seeF ] |1:e ‘o—v

y_b|-h;u7 bt7: 7 bm]7:7$-|-u77 ; t=-m'7.7:7_ ; u;||b7

P‘-“Q:b;|-u<v%a|1g;”;-tv=v|1mu7bm-]|;;m;;§u;vvbom
changes in Drosophila melanogasteAging 6 P " Q"7 K’ u vhttps:/
7obou]Fe e: e vu™F -]bm]e eeuu’

yb1lh_-17:Peeu@gplot2: Elegant graphics for data analysiSpringer.

Yb]lbmM7 :7_)bt7;U7 : PéevQbvl-|1_0; %o;;mbl-uws
quirements for lipid by a predator and availability of lipid in prey.
Oikos 127 P « 7 Ke ' * https:// doi.org/10.1111/0ik.04766

YT 7:7-@,uP:7-b77W:7)-m]77_)t 7,:Pé+“Q:Il bm-db7

mfub | booanbd [-tv @0 |; bwmm]|_; vin¥ 0 ;<o m Annual Review
of Animal Bioscience® P » Qv#K “« «https:/ doi.org/10.1146/ annur
ev-animal-022513-114113

,-u7: :P-——Rastatistical analysis

‘eo\/: o o'ee:

;-uvormtl-|bonib-:

" & '$ s
77b|bom¥tou|brmmoul-|bdm O0; =d m7ormmbmbn
"frrou|bm}oul-|kdmboM_;;mb=|_bw|blt;:

0% |o 1b|; |_bv -u|b1t;97 T-mthuthbm([7_7
_-m7T7tu-77t1-u7 7T $tm]IPe Qb Mt 1;7
rtv|blbitb= d|ouu-b}m7q;m;Sru;vvimoh|Ou;7
Drosophila melanogastepopulation. Ecology and Evolutiori4,

€10976. https:/doi.org/10.1002/ece3.10976



https://doi.org/10.1016/S0003-3472(83)80242-5
https://doi.org/10.1016/S0003-3472(83)80242-5
https://doi.org/10.1016/j.mad.2005.03.023
https://doi.org/10.1242/dmm.034520
https://doi.org/10.1242/dmm.034520
https://doi.org/10.1038/nmeth.2731
https://doi.org/10.1016/j.exger.2005.06.013
https://doi.org/10.1016/j.cmet.2017.02.005
https://doi.org/10.1017/S0016672300004754
https://doi.org/10.1079/NRR19970009
https://doi.org/10.1079/NRR19970009
https://doi.org/10.1093/nar/gkz369
https://doi.org/10.1083/jcb.200903131
https://doi.org/10.1083/jcb.200903131
https://doi.org/10.1079/PNS2005445
https://doi.org/10.2307/2408434
https://doi.org/10.2307/2408434
https://doi.org/10.1095/biolreprod.104.030890
https://doi.org/10.1111/j.1749-6632.2011.06303.x
https://doi.org/10.1111/j.1749-6632.2011.06303.x
https://doi.org/10.1007/s12041-016-0656-8
https://doi.org/10.1111/evo.14146
https://doi.org/10.1111/jeb.12795
https://doi.org/10.1016/j.cmet.2020.12.017
https://doi.org/10.18632/aging.100098
https://doi.org/10.18632/aging.100098
https://doi.org/10.1515/9781400842803
https://doi.org/10.1515/9781400842803
https://doi.org/10.1111/j.1474-9726.2008.00400.x
https://doi.org/10.1111/j.1474-9726.2008.00400.x
https://doi.org/10.3390/biom7040077
https://doi.org/10.1042/BJ20091181
https://doi.org/10.1042/BJ20091181
https://doi.org/10.1016/j.cmet.2015.07.007
https://doi.org/10.1111/gtc.12798
https://doi.org/10.18632/aging.100662
https://doi.org/10.18632/aging.100662
https://doi.org/10.1111/oik.04766
https://doi.org/10.1146/annurev-animal-022513-114113
https://doi.org/10.1146/annurev-animal-022513-114113
https://doi.org/10.1002/ece3.10976

