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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

This is an interesting and multidimensional paper, which greatly enhances our 

understanding of metabolic homeostasis in a vital tissue. 

Major comments: 

To my mind, the biggest weakness of this MS is that relies heavily on microscopy, and 

attempts to quantify reporter genes and fluorescent probes, rather than direct biochemical 

measurements of the inferred metabolites which would have given direct, quantitative data 

on a linear scale. The story is, however, plausible; and I am inclined to let it go. 

Minor comments: 

when making the case for the tubule as an essential tisssue, it may be worth mentioning 

that it's the only tissue which does not remodel during pupation. 

Results: figure 1. the mitochondrial density in tubules is (perhaps more) nicely shown in DOI: 

10.1074/jbc.M603002200, fig. 3A-E, with mitochondria all through the cells, sepecially the 

principal cells - and every microvillus containing a mitochondrion (as shown by em in 

Calliphora by Bradley). Also critical to include here, this paper directly assesses 

mitochondrial potential with the voltage-sensitive dye JC-1, and show that blockade of V-

ATPase with bafilomycin nearly doubles cellular [ATP], confirming the V-ATPase as the 

largest single energy sink in the tubule (Fig. 5). On that note, it would have been preferable 

to have used a direct deterination of [ATP] in this paper, rather than the less precise ATP-red 

fluorescence. 

Fig. 1. What is the basis for asserting that MalA1-GFP, PGI-GFP, and LDH-GFP accurately and 

fully represent the expression of the named genes? Given that such reporter constructs only 

rarely do so, it would be nice to add a caveat to the text along the lines "While it cannot be 

asserted that any individual reporter construct will completely and faithfully map the 

expression of its cognate gene,the impression given by a related panel of such reporters is 

that..." 

Methods: Ramsay assays. Maddrell always asserted that droplets should be sampled as 

frequently as possible (he worked to 10 min) to allow dynamic aspects of secretion to be 

studied. This is less immportant here; but given that several of the neuropeptide modulators 



of tubule are also though to impact metabolism, it would have been interesting to see 

hormonal impact on these metabolic pathways. 

Results 185: It's worth going back at least as far as Wessing to acknowledge that stellate 

(type II) cells are thought to be much less metabolically active than principal. 

Results line 196: it is welcome to see a detailed analysis of peroxisomal function in this 

tissue. The authors are presumably focussing on the main segment of the tubule for this 

analysis (this should be made clear); it may be worth mentioning that the peroxisomes of 

the inital segment appear to have been co-opted to a different role, in calcium storage 

excretion (10.1152/physiolgenomics.00038.2006). 

Results, line 326: ERR. This section is somewhat speculative(and the results somewhat 

confusing), but I guess it is marked as such. 

Reviewer #2 (Remarks to the Author):

Dear Editor / Authors. 

The paper addresses a long-standing conundrum in the field of biochemistry and 

metabolism: how do different cell types meet their differing metabolic needs? Additionally, 

how does a cell adapt its metabolic ‘flux’ in response to different stressor and at differing 

life history stages? These are important questions that affects our basic understanding of 

tissue and organ biology. It is thought that the mechanisms underpinning the heterogeneity 

of metabolic needs, might be therapeutic targets for the promotion of healthy ageing. 

The team nicely addresses the question using the Drosophila renal organ known as the 

Malpighian tubule. The tubules regulate ion and water balance in insects and comprise a 

small number of different and well-characterised cell types, most notably the Principal and 

Stellate Cells. The model is supported by established cell-specific genetic tools, genetic 

reporters and it is highly amenable to pharmacological intervention. Drosophila is also well 

known as a useful model with which to study ageing in complex organisms and the renal 

tubules reflect mechanisms that are conserved between insects and mammals. The team 

also use publicly available single cell gene expression data to support their reasoning and 

hypotheses. 



The team find that Principal and Stellate cells within a tissue differentially couple their 

energy needs with functional outputs. In short, the tissue consists of different metabolic 

compartments. The team suggest this might be to avoid competition between differing cells 

for ‘precious’ substrates. They show that glucose is either transported into or generated 

within principal cells and then directed to the pentose phosphate pathway, rather than 

through latter stages of glycolysis but that the majority of ATP is generated by fatty acid 

oxidation. They also show that tubule function declines as a function of ageing and that 

concomitant changes to a transcription factor (ERR) may help explain this ageing phenotype. 

Overall the data are compelling especially in relation to fatty acid oxidation by PCs. To find 

that two different cell types within a tissue have differing metabolic pathways is perhaps 

not surprising but the team’s overarching hypothesis is interesting – i.e. this 

compartmentalisation of metabolism has evolved as a necessity, it avoid adjacent yet 

different cell types competing with each other. Whether this is a general phenomenon is not 

clear. The team have done a great job addressing what at first appears to be a highly 

intractable problem and I'd recommend publishing this article after revision. 

I have made a lot of suggestions that I think cause a lot of editorial work (mainly adjusting 

text and figures). There may be some issues with the stats but I doubt these will alter the 

hypotheses if indeed they need to be corrected. Some additional, yet limited, microscopy 

work and controls to clarify a few points would be helpful too. 

Dear Authors: 

Minor: 

The abstract and introduction start with comment about tissue health, whereas the 

discussion ends with a comment about tumour microenvironments. It might be best to 

focus on healthy ageing and remove reference to tumour biology? 

Abstract: Define the abbreviations, PPP, FA, ERR. 



Stylistically, there is a reliance on hyperbole that could probably be toned-down, for 

example p3, 1st sentence of the introduction uses the terms, ‘extraordinarily’ and 

‘astoundingly’. Personally, these feel out of place in a technical document and arguably they 

are somewhat redundant because it is widely accepted that biology is complicated. 

Intro general: what is missing here is a commentary on how any single cell type adjusts its 

metabolism or substrate usage according to different conditions. Yeast would be an ideal 

focal point, for example, moving it to and from nitrogenous compounds led to autophagy 

genes being identified. High and low oxygen and HIF1a (I note this comes up later – but it 

could feature in the intro?). Whilst there are an abundance of mechanisms that cells use to 

adapt their metabolism, your point seems to be more about how within a tissue these 

mechanisms are diverse as a necessity – i.e. that there is an evolutionary pressure for 

differing cell types within a tissue to have dissimilar metabolic mechanisms – it reduces 

competition for precious substrates. I might be wrong – but this hypothesis perhaps needs a 

more explicit presentation. 

Methods general: The team are not really conducting experiments “in vivo”, these are ex 

vivo methods that rely on dissection and preparation in culture media. 

scRNASeq Data: A lot of the graphs display scRNASeq data that is not new to the study, it is 

from a publicly available source. Firstly, this source needs to be cited (presumably it is from 

the FlyCell Atlas?). Secondly, I’d argue that these graphs should be removed from the 

primary figures and presented as a supplemental table. Sample size needs stated (is it 

10,000 cells from a single tissue sample or is it the mean of 3-4 sets of 10,000 cells etc..?). 

The stats needs to be considered too – these data do not look normally distributed and in 

some cases the data is clearly bimodal, yet parametric tests have been used to compare 

means. A lot of conclusions rest on the two cell types having identical expression levels for 

internal control genes and it is not clear which genes were used as controls – for example 

was it GAPDH? Can it be safely assumed the levels of control gene expression are identical 

between the two cell types? This is important because many of the differences are relatively 

small. Also, a lot of hypotheses are being tested and there should be some sort of correction 



(e.g. perhaps a Bonferroni correction?) applied to the testing strategy. 

Minor specifics: 

L30. There is the statement, “This vital life-sustaining organ….”, the authors will know that a 

human can live with a single kidney so it might be better to say ‘the kidneys provide vital..’ 

or ‘kidney function is vital…’. 

L33. Remove the word ‘profoundly’, it seems unnecessary in this context. ATP-dependent 

process are vital. 

L33. “Kidneys … extraordinarily high bioenergetic … rate of 400kcal per kg per day”. This 

statement would benefit from a little more context – the authors could provide comparative 

data from that paper for the brain, liver and heart etc…, in order to emphasise their claim. 

L80. “In this study, we demonstrate strategic metabolic partitioning between distinct renal 

cell types not only supports their unique functional roles but sustains tissue-wide excretory 

activity and delays 81 premature ageing”. Insert ‘that’ between ‘demonstrate / strategic’? 

And inset ‘also’ between ‘but / sustains’? 

L86. Define ETC as Electron Transport Chain (it does not seem to be defined in the paper). 

L93. OXPHOS is used for the first time but it is defined on L108 – can you go through the 

document to ensure abbreviations are defined at first use please? 

L98. “their dramatic disruption’, dramatic seems unnecessary – perhaps too dramatic. 

L100. Are you suggesting a general hypothesis regarding tissue complexity where different 

cell types may need to employ different substrate-usage mechanisms because this is less 

competitive and toxic compared to the use of a single common substrate / metabolite 

production pathway? That’s a really interesting idea – however it might need articulated 



more clearly (and are there any other examples?)? 

Figure 1H. State the values in the results section because it is not clear what the relative 

difference is for Glut1 between PCs and SCs. 

L138. “revealed significantly increased uptake…” should read ‘revealed significantly greater 

uptake relative to’. 

L144. “In contrast, inhibition of glucose import by SCs had little effect on tubule function 

under basal conditions (Figure 1O)” This refers to Figure 1N and 1O. Why do you assume 

that knock down of the same target gene (Glut1) with two different drivers has been 

equivalent? Do you know that knock down of Glut1 in SCs was successful and if so to what 

level? 

L150 – I’m not sure you should say this is ‘surprising’, it doesn’t seem to be. The levels of 

ATP do not decrease because ATP is not being used at the same rate – largely because 

secretion is reduced. You have reduced glucose transport, which (conceivably) might lead to 

reduced ATP only if the secretion rate was maintained at control levels. 

Figure Q and Q’. Are these figures adjusted for total cell volume? The cells are very different 

total volumes and therefore the total amount of enzyme activity is relevant here – not the 

amount quantified in a confocal slice. The cells are likely to have very different total enzyme 

activity. 

I know it seems unlikely to change any interpretation of the data but in Fig 1 the authors are 

using a lack of an effect as evidence for an alternative hypothesis, so it is important to add 

positive controls as follows (they can argue otherwise): 

Figure 1S – you need to show a positive control for PGI RNAi (a cell type where you knock it 

down to good effect and see an effect on readouts of glycolysis). 

Figure 1T – you need to show a positive control for E4P. 

Figure 1V – you need to show a positive control for Oxamate. 



L162 “If PCs do not rely on glucose metabolism to meet their energetic demands…”, this 

seems like an oversimplification of the data – the cells do rely on glucose. They have glucose 

transporters, enzymatic mechanisms to make glucose and their function is sensitive to 

inhibition by 2DG. The statement probably needs revised a little. 

L168. Re-phrase ‘vast quantities’ and just the state fold difference between the metabolic 

pathways that generate ATP. 

L306-319: this is for the discussion. 

L352-360: seems like discussion / speculation. 

Figure 7A. Is this based on immunofluorescence of nuclear ERR? This is complicated because 

the nucleus of older PCs is larger than in younger cells, is it not? This might ‘dilute’ an ERR 

nuclear signal. Is there a way to quantify the entire ERR fluorescence in a nucleus of young 

and older PCs? This seems important given the conclusion is that the ERR protein levels are 

declining as a consequence of ageing. 

L432, “we reveal strict functional-metabolic”, insert ‘that’ between reveal / strict? 

Methods: 

L19. It is conspicuous that there is no mention of bicarbonate being added to the 

Schneider’s media. Can the team confirm whether bicarbonate was added to Schneider’s 

Medium? 

JC-1 is used. Monochrome images are shown in Fig.S1 and these are red. It is typical for JC-1 

data to show the dual orange-green fluorescence of the probe and present a ratio of 

orange-green (aggregates-monomers). The team need to explain how JC-1 was imaged and 

interpreted. It would be important to show the dual fluoresce, if possible. 

Could the authors state when images are single confocal sections or z-stacks please? 



Statistics. 

The use of the snRNAseq data: a lot of graphs show bi-modal distribution of data – with 

many points close of zero and others at higher values with no continuum between – for 

example in Fig 4 all the data from SCs looks like this. The reason for all the ‘zero’ data needs 

to be addressed. It also looks like the data are non-normally distributed and from the 

methods it looks like parametric tests are used throughout. 

For example, in Supplemental Figure 1 the expression data need n numbers stated and 

there needs to be justification of using parametric tests because all the data look skewed 

and non-normally distributed. Also, there are some means that are almost identical, yet the 

stats results show a P value <<0.01 (e.g. Complex II SdhB, 0.18 vs 0.17). This starts to look 

like an over-sampling error / false positive. 

You also need at some point to define the source of the scRNASeq data, there doesn’t seem 

to be a reference cited. 

Also, what internal control gene is used and is this equivalent between cell types – for 

example, if it is actin or b-actin then SCs would be expected to have a greater number of 

transcripts per cell than PCs. Also, PCs have a huge nucleus compared to SCs – how does this 

affect the interpretation of the data? A lot of transcripts will be in the rough ER – are these 

taken into account. 

Which data in Figure 4 were tested with an ANOVA?
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CQZ_b S_]]U^dc3 

J_ ]i ]Y^T% dXU RYWWUcd gUQ[^Ucc _V dXYc CI Yc dXQd bU\YUc XUQfY\i _^ ]YSb_cS_`i% Q^T QddU]`dc d_ aeQ^dYVi 

bU`_bdUb WU^Uc Q^T V\e_bUcSU^d `b_RUc% bQdXUb dXQ^ TYbUSd RY_SXU]YSQ\ ]UQcebU]U^dc _V dXU Y^VUbbUT 
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`\QecYR\U4 Q^T ? Q] Y^S\Y^UT d_ \Ud Yd W_' 
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Y]]`_bdQ^d XUbU4 Red WYfU^ dXQd cUfUbQ\ _V dXU ^Ueb_`U`dYTU ]_Te\Qd_bc _V deRe\U QbU Q\c_ dX_eWX d_ 

Y]`QSd ]UdQR_\Yc]% Yd g_e\T XQfU RUU^ Y^dUbUcdY^W d_ cUU X_b]_^Q\ Y]`QSd _^ dXUcU ]UdQR_\YS `QdXgQic' 
JQ MS^QQ cU`T `TQ EQbUQcQ^ `TM` Qd\X[^UZS cTQ`TQ^ OTMXXQZSUZS `TQ `aNaXQ_ "McMe R^[Y 

T[YQ[_`M_U_# c[aXP UY\MO` D7 [^ F7 YQ`MN[XU_Y$ T[cQbQ^ cQ QZbU_U[Z `TQ_Q MZMXe_Q_ M^Q 
NQe[ZP ̀ TQ _O[\Q [R ̀ TQ Oa^^QZ` _`aPe MZP _T[aXP R[^Y ̀ TQ NM_U_ [R M Ra`a^Q O[Y\^QTQZ_UbQ _`aPe&  

HUce\dc *1.3 ?d"c g_bdX W_Y^W RQS[ Qd \UQcd Qc VQb Qc LUccY^W d_ QS[^_g\UTWU dXQd cdU\\QdU #di`U ??$ SU\\c 

QbU dX_eWXd d_ RU ]eSX \Ucc ]UdQR_\YSQ\\i QSdYfU dXQ^ `bY^SY`Q\' 
JQ `TMZW `TQ ^QbUQcQ^ R[^ `TU_ _aSSQ_`U[Z MZP TMbQ Z[c UZOXaPQP MPPU`U[ZMX ^QRQ^QZOQ_ R^[Y 

JQ__UZS [Z \MSQ .&  

HUce\dc \Y^U *2/3 Yd Yc gU\S_]U d_ cUU Q TUdQY\UT Q^Q\icYc _V `Ub_hYc_]Q\ Ve^SdY_^ Y^ dXYc dYcceU' JXU 

QedX_bc QbU `bUce]QR\i V_SeccY^W _^ dXU ]QY^ cUW]U^d _V dXU deRe\U V_b dXYc Q^Q\icYc #dXYc cX_e\T RU 
]QTU S\UQb$4 Yd ]Qi RU g_bdX ]U^dY_^Y^W dXQd dXU `Ub_hYc_]Uc _V dXU Y^YdQ\ cUW]U^d Q``UQb d_ XQfU RUU^ 

S_&_`dUT d_ Q TYVVUbU^d b_\U% Y^ SQ\SYe] cd_bQWU UhSbUdY_^ #*)'**.+(`XicY_\WU^_]YSc'))),1'+))/$' 
JQ M\[X[SU_Q R[^ `TQ O[ZRa_U[Z MZP TMbQ Z[c YMPQ U` OXQM^ `TM` cQ M^Q R[Oa_UZS [Z `TQ `aNaXQk_ 

YMUZ _QSYQZ` R[^ [a^ MZMXe_Q_ "`Qd` \MSQ 1#& JQ TMbQ MX_[ UZOXaPQP `TU_ UZ`Q^Q_`UZS ^QRQ^QZOQ [Z 
\Q^[dU_[YQ RaZO`U[Z UZ `TQ UZU`UMX _QSYQZ` "\MSQ )(#&  

HUce\dc% \Y^U ,+/3 ;HH' JXYc cUSdY_^ Yc c_]UgXQd c`USe\QdYfU#Q^T dXU bUce\dc c_]UgXQd S_^VecY^W$% Red 

? WeUcc Yd Yc ]Qb[UT Qc ceSX' 
5_ `TQ ^QbUQcQ^ _aSSQ_`_$ `TU_ _QO`U[Z [R `TQ YMZa_O^U\` Qd\X[^UZS `TQ ^[XQ [R 9EE [Z 

\^[S^MYYUZS `aNaXQ YQ`MN[XU_Y ":USa^Q .# U_ Y[^Q _\QOaXM`UbQ `TMZ [`TQ^ _QO`U[Z_ [R `TQ 
YMZa_O^U\`& BQbQ^`TQXQ__$ cQ RQQX `TM` ̀ TQ \^Q_QZ`QP 9EE PM`M N^UZS_ a_ MZ UY\[^`MZ` _`Q\ OX[_Q^ 

`[ aZPQ^_`MZPUZS T[c PU_`UZO` YQ`MN[XUO \^[RUXQ_ M^Q Q_`MNXU_TQP MZP'[^ YMUZ`MUZQP UZ PURRQ^QZ` 
OQXX `e\Q_ cU`TUZ M _UZSXQ "^QZMX# `U__aQ& JQ TMbQ Z[c `^UQP `[ N^UZS Y[^Q OXM^U`e `[ `TQ `Qd` 

MOO[Y\MZeUZS `TQ 9EE ^Q_aX`_ UZ :USa^Q .& 



#

/3;43<37 !$ 

EfUbQ\\ dXU TQdQ QbU S_]`U\\Y^W Uc`USYQ\\i Y^ bU\QdY_^ d_ VQddi QSYT _hYTQdY_^ Ri F9c' J_ VY^T dXQd dg_ 

TYVVUbU^d SU\\ di`Uc gYdXY^ Q dYcceU XQfU TYVVUbY^W ]UdQR_\YS `QdXgQic Yc `UbXQ`c ^_d ceb`bYcY^W Red dXU 

dUQ]sc _fUbQbSXY^W Xi`_dXUcYc Yc Y^dUbUcdY^W o Y'U' dXYc S_]`Qbd]U^dQ\YcQdY_^ _V ]UdQR_\Yc] XQc Uf_\fUT 

Qc Q ^USUccYdi% Yd Qf_YT QTZQSU^d iUd TYVVUbU^d SU\\ di`Uc S_]`UdY^W gYdX UQSX _dXUb' LXUdXUb dXYc Yc Q 

WU^UbQ\ `XU^_]U^_^ Yc ^_d S\UQb' JXU dUQ] XQfU T_^U Q WbUQd Z_R QTTbUccY^W gXQd Qd VYbcd Q``UQbc d_ RU 

Q XYWX\i Y^dbQSdQR\U `b_R\U] Q^T ?"T bUS_]]U^T `eR\YcXY^W dXYc QbdYS\U QVdUb bUfYcY_^' ? XQfU ]QTU Q \_d _V 

ceWWUcdY_^c dXQd ? dXY^[ SQecU Q \_d _V UTYd_bYQ\ g_b[ #]QY^\i QTZecdY^W dUhd Q^T VYWebUc$' JXUbU ]Qi RU 

c_]U YcceUc gYdX dXU cdQdc Red ? T_eRd dXUcU gY\\ Q\dUb dXU Xi`_dXUcUc YV Y^TUUT dXUi ^UUT d_ RU S_bbUSdUT' 

I_]U QTTYdY_^Q\% iUd \Y]YdUT% ]YSb_cS_`i g_b[ Q^T S_^db_\c d_ S\QbYVi Q VUg `_Y^dc g_e\T RU XU\`Ve\ d__'  

JQ `TMZW `TQ EQbUQcQ^ R[^ `TQU^ [bQ^MXX \[_U`UbU`e3 cQ TMbQ Z[c MPP^Q__QP QMOT [R e[a^ _\QOURUO 

O[ZOQ^Z_ M_ [a`XUZQP NQX[c& 

CY^_b3  

JXU QRcdbQSd Q^T Y^db_TeSdY_^ cdQbd gYdX S_]]U^d QR_ed dYcceU XUQ\dX% gXUbUQc dXU TYcSeccY_^ U^Tc gYdX 

Q S_]]U^d QR_ed de]_eb ]YSb_U^fYb_^]U^dc' ?d ]YWXd RU RUcd d_ V_Sec _^ XUQ\dXi QWUY^W Q^T bU]_fU 

bUVUbU^SU d_ de]_eb RY_\_Wi6 

JQ M\[X[SU_Q R[^ `TQ O[ZRa_U[Z TQ^Q3 cQ MS^QQ cU`T `TQ EQbUQcQ^k_ _aSSQ_`U[Z MZP TMbQ Z[c 

Y[bQP `TQ `Qd` ^QRQ^^UZS `[ `aY[a^ NU[X[Se& 

7RcdbQSd3 :UVY^U dXU QRRbUfYQdY_^c% FFF% <7% ;HH'  

JQ TMbQ Z[c PQRUZQP `TQ_Q MNN^QbUM`U[Z_ UZ `TQ =Z`^[PaO`U[Z [Z \MSQ -& 

Idi\YcdYSQ\\i% dXUbU Yc Q bU\YQ^SU _^ Xi`UbR_\U dXQd S_e\T `b_RQR\i RU d_^UT&T_g^% V_b UhQ]`\U `,% *cd 

cU^dU^SU _V dXU Y^db_TeSdY_^ ecUc dXU dUb]c% rUhdbQ_bTY^QbY\is Q^T rQcd_e^TY^W\is' FUbc_^Q\\i% dXUcU VUU\ 

_ed _V `\QSU Y^ Q dUSX^YSQ\ T_Se]U^d Q^T QbWeQR\i dXUi QbU c_]UgXQd bUTe^TQ^d RUSQecU Yd Yc gYTU\i 

QSSU`dUT dXQd RY_\_Wi Yc S_]`\YSQdUT'  

JQ M\[X[SU_Q R[^ [a^ [bQ^%a_Q [R Te\Q^N[XQ MZP TMbQ `[ZQP%P[cZ `TQ XMZSaMSQ MOO[^PUZSXe3 R[^ 

QdMY\XQ M_ _aSSQ_`QP$ cQ TMbQ ^QY[bQP jM_`[aZPUZSXek MZP jQd`^M[^PUZM^UXek R^[Y `TQ RU^_` 

\M^MS^M\T [R `TQ =Z`^[PaO`U[Z&  

?^db_ WU^UbQ\3 gXQd Yc ]YccY^W XUbU Yc Q S_]]U^dQbi _^ X_g Q^i cY^W\U SU\\ di`U QTZecdc Ydc ]UdQR_\Yc] 

_b ceRcdbQdU ecQWU QSS_bTY^W d_ TYVVUbU^d S_^TYdY_^c' NUQcd g_e\T RU Q^ YTUQ\ V_SQ\ `_Y^d% V_b UhQ]`\U% 

]_fY^W Yd d_ Q^T Vb_] ^Ydb_WU^_ec S_]`_e^Tc \UT d_ Qed_`XQWi WU^Uc RUY^W YTU^dYVYUT' >YWX Q^T \_g 

_hiWU^ Q^T >?<*Q #? ^_dU dXYc S_]Uc e` \QdUb o Red Yd S_e\T VUQdebU Y^ dXU Y^db_6$' LXY\cd dXUbU QbU Q^ 

QRe^TQ^SU _V ]USXQ^Yc]c dXQd SU\\c ecU d_ QTQ`d dXUYb ]UdQR_\Yc]% i_eb `_Y^d cUU]c d_ RU ]_bU QR_ed 

X_g gYdXY^ Q dYcceU dXUcU ]USXQ^Yc]c QbU TYfUbcU Qc Q ^USUccYdi o Y'U' dXQd dXUbU Yc Q^ Uf_\edY_^Qbi 

`bUccebU V_b TYVVUbY^W SU\\ di`Uc gYdXY^ Q dYcceU d_ XQfU TYccY]Y\Qb ]UdQR_\YS ]USXQ^Yc]c o Yd bUTeSUc 

S_]`UdYdY_^ V_b `bUSY_ec ceRcdbQdUc' ? ]YWXd RU gb_^W o Red dXYc Xi`_dXUcYc `UbXQ`c ^UUTc Q ]_bU Uh`\YSYd 

`bUcU^dQdY_^' 

JQ ̀ TMZW ̀ TQ EQbUQcQ^ R[^ ̀ TU_ _aSSQ_`U[Z MZP TMbQ Z[c Qd\MZPQP [a^ PU_Oa__U[Z [R ̀ TQ_Q \[UZ`_ 

UZ `TQ RU^_` \M^MS^M\T [R `TQ =Z`^[PaO`U[Z&   

CUdX_Tc WU^UbQ\3 JXU dUQ] QbU ^_d bUQ\\i S_^TeSdY^W Uh`UbY]U^dc pY^ fYf_q% dXUcU QbU Uh fYf_ ]UdX_Tc 

dXQd bU\i _^ TYccUSdY_^ Q^T `bU`QbQdY_^ Y^ Se\debU ]UTYQ'  

JQ MS^QQ cU`T `TQ EQbUQcQ^ MZP TMbQ Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

cSHD7IUa :QdQ3 7 \_d _V dXU WbQ`Xc TYc`\Qi cSHD7IUa TQdQ dXQd Yc ^_d ^Ug d_ dXU cdeTi% Yd Yc Vb_] Q 

`eR\YS\i QfQY\QR\U c_ebSU' <Ybcd\i% dXYc c_ebSU ^UUTc d_ RU SYdUT #`bUce]QR\i Yd Yc Vb_] dXU <\i9U\\ 7d\Qc6$' 

JQ M\[X[SU_Q R[^ `TU_ [YU__U[Z3 cQ TMbQ Z[c OU`QP `TQ :Xe 7QXX 5`XM_ QMOT `UYQ U` U_ a_QP `[ 

O[Y\M^Q D7 b_ F7 SQZQ Qd\^Q__U[Z& 



$

IUS_^T\i% ?sT QbWeU dXQd dXUcU WbQ`Xc cX_e\T RU bU]_fUT Vb_] dXU `bY]Qbi VYWebUc Q^T `bUcU^dUT Qc Q 

ce``\U]U^dQ\ dQR\U' IQ]`\U cYjU ^UUTc cdQdUT #Yc Yd *)%))) SU\\c Vb_] Q cY^W\U dYcceU cQ]`\U _b Yc Yd dXU 

]UQ^ _V ,&- cUdc _V *)%))) SU\\c UdS''6$' JXU cdQdc ^UUTc d_ RU S_^cYTUbUT d__ o dXUcU TQdQ T_ ^_d \__[ 

^_b]Q\\i TYcdbYRedUT Q^T Y^ c_]U SQcUc dXU TQdQ Yc S\UQb\i RY]_TQ\% iUd `QbQ]UdbYS dUcdc XQfU RUU^ ecUT 

d_ S_]`QbU ]UQ^c' 7 \_d _V S_^S\ecY_^c bUcd _^ dXU dg_ SU\\ di`Uc XQfY^W YTU^dYSQ\ Uh`bUccY_^ \UfU\c V_b 

Y^dUb^Q\ S_^db_\ WU^Uc Q^T Yd Yc ̂ _d S\UQb gXYSX WU^Uc gUbU ecUT Qc S_^db_\c o V_b UhQ]`\U gQc Yd =7F:>6 

9Q^ Yd RU cQVU\i Qcce]UT dXU \UfU\c _V S_^db_\ WU^U Uh`bUccY_^ QbU YTU^dYSQ\ RUdgUU^ dXU dg_ SU\\ di`Uc6 

JXYc Yc Y]`_bdQ^d RUSQecU ]Q^i _V dXU TYVVUbU^SUc QbU bU\QdYfU\i c]Q\\' 7\c_% Q \_d _V Xi`_dXUcUc QbU RUY^W 

dUcdUT Q^T dXUbU cX_e\T RU c_]U c_bd _V S_bbUSdY_^ #U'W' `UbXQ`c Q 8_^VUbb_^Y S_bbUSdY_^6$ Q``\YUT d_ dXU 

dUcdY^W cdbQdUWi'  

JQ M\[X[SU_Q R[^ `TQ O[ZRa_U[Z TQ^Q& JQ TMbQ Z[c UZOXaPQP Y[^Q PQ`MUX_ [R `TQ _MY\XQ _UfQ_ 

a_QP `[ SQZQ^M`Q `TQ :Xe 7QXX 5`XM_ PM`M UZ `TQ ^QXQbMZ` AQ`T[P_ _QO`U[Z& 5_ `TQ EQbUQcQ^ 

_aSSQ_`_$ `TQ _ZEB5_Q] PM`M M^Q Z[` Z[^YMXXe PU_`^UNa`QP "`TQe M^Q ^M`TQ^ NUY[PMX#& JQ TMbQ 

_[aST` MPbUOQ R^[Y S^[a\_ `TM` ^[a`UZQXe \Q^R[^Y _OEB5_Q]$ MZP R[XX[cUZS `TQU^ MPbUOQ$ cQ TMbQ 

Z[c \Q^R[^YQP Z[Z%\M^MYQ`^UO _`M`U_`UOMX MZMXe_Q_ "Wilcoxon rank sum# cU`T M YaX`U\XQ `Q_`UZS 

"FDR# O[^^QO`U[Z& EQSM^PUZS `TQ a_Q [R O[Z`^[X SQZQ_$ cQ TMbQ Z[c UZOXaPQP MPPU`U[ZMX MZMXe_U_ 

":USa^Q F)5# `[ _T[c `TM` U# `^MPU`U[ZMX D7 "Q&S& +5@51! 4A?! +DC! ,.&$"1# MZP F7 "3B:! 286+<! ,A;@ 

MZP 0A;@# OQXX `e\Q%_\QOURUO YM^WQ^_ M^Q QZ^UOTQP UZ D7_ MZP F7_$ ^Q_\QO`UbQXe cU`TUZ `TQ 

_ZEB5_Q] PM`M MZP UU# O[Z`^[X SQZQ_ "Q&S& -5@7:$ MZP 1@2%## M^Q Qd\^Q__QP M` _UYUXM^ XQbQX_ 

cU`TUZ D7_ MZP F7_& 

CY^_b c`USYVYSc3  

B,)' JXUbU Yc dXU cdQdU]U^d% pJXYc fYdQ\ \YVU&cecdQY^Y^W _bWQ^l'q% dXU QedX_bc gY\\ [^_g dXQd Q Xe]Q^ SQ^ 

\YfU gYdX Q cY^W\U [YT^Ui c_ Yd ]YWXd RU RUddUb d_ cQi rdXU [YT^Uic `b_fYTU fYdQ\''s _b r[YT^Ui Ve^SdY_^ Yc 

fYdQ\ls'  

JQ M\[X[SU_Q R[^ `TQ O[ZRa_U[Z TQ^Q MZP TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe&  

B,,' HU]_fU dXU g_bT r`b_V_e^T\is% Yd cUU]c e^^USUccQbi Y^ dXYc S_^dUhd' 7JF&TU`U^TU^d `b_SUcc QbU 

fYdQ\'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B,,' pAYT^Uic l UhdbQ_bTY^QbY\i XYWX RY_U^UbWUdYS l bQdU _V -))[SQ\ `Ub [W `Ub TQiq' JXYc cdQdU]U^d 

g_e\T RU^UVYd Vb_] Q \Ydd\U ]_bU S_^dUhd o dXU QedX_bc S_e\T `b_fYTU S_]`QbQdYfU TQdQ Vb_] dXQd `Q`Ub V_b 

dXU RbQY^% \YfUb Q^T XUQbd UdSl% Y^ _bTUb d_ U]`XQcYcU dXUYb S\QY]'  

JQ ̀ TMZW ̀ TQ ̂ QbUQcQ^ R[^ ̀ TU_ _aSSQ_`U[Z MZP TMbQ Z[c UZOXaPQP ̀ TQ_Q O[Y\M^M`UbQ PM`M [Z \MSQ 

+&  

B1)' p?^ dXYc cdeTi% gU TU]_^cdbQdU cdbQdUWYS ]UdQR_\YS `QbdYdY_^Y^W RUdgUU^ TYcdY^Sd bU^Q\ SU\\ di`Uc ^_d 

_^\i ce``_bdc dXUYb e^YaeU Ve^SdY_^Q\ b_\Uc Red cecdQY^c dYcceU&gYTU UhSbUd_bi QSdYfYdi Q^T TU\Qic 1* 

`bU]QdebU QWUY^Wq' ?^cUbd rdXQds RUdgUU^ rTU]_^cdbQdU ( cdbQdUWYSs6 7^T Y^cUd rQ\c_s RUdgUU^ rRed ( 

cecdQY^cs6 

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B1/' :UVY^U ;J9 Qc ;\USdb_^ JbQ^c`_bd 9XQY^ #Yd T_Uc ^_d cUU] d_ RU TUVY^UT Y^ dXU `Q`Ub$' 

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B2,' EMF>EI Yc ecUT V_b dXU VYbcd dY]U Red Yd Yc TUVY^UT _^ B*)1 o SQ^ i_e W_ dXb_eWX dXU T_Se]U^d d_ 

U^cebU QRRbUfYQdY_^c QbU TUVY^UT Qd VYbcd ecU `\UQcU6 

JQ M\[X[SU_Q R[^ `TQ_Q [YU__U[Z_$ cQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 



%

B21' pdXUYb TbQ]QdYS TYcbe`dY_^s% TbQ]QdYS cUU]c e^^USUccQbi o `UbXQ`c d__ TbQ]QdYS'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B*))' 7bU i_e ceWWUcdY^W Q WU^UbQ\ Xi`_dXUcYc bUWQbTY^W dYcceU S_]`\UhYdi gXUbU TYVVUbU^d SU\\ di`Uc 

]Qi ^UUT d_ U]`\_i TYVVUbU^d ceRcdbQdU&ecQWU ]USXQ^Yc]c RUSQecU dXYc Yc \Ucc S_]`UdYdYfU Q^T d_hYS 

S_]`QbUT d_ dXU ecU _V Q cY^W\U S_]]_^ ceRcdbQdU ( ]UdQR_\YdU `b_TeSdY_^ `QdXgQi6 JXQdsc Q bUQ\\i 

Y^dUbUcdY^W YTUQ o X_gUfUb Yd ]YWXd ^UUT QbdYSe\QdUT ]_bU S\UQb\i #Q^T QbU dXUbU Q^i _dXUb UhQ]`\Uc6$6 

JQ MS^QQ cU`T `TQ EQbUQcQ^$ `TU_ U_ `TQ Te\[`TQ_U_ cQ cQ^Q _aSSQ_`UZS& JQ TMbQ Z[c Y[PURUQP 

`TQ `Qd` "\MSQ -# `[ M^`UOaXM`Q `TU_ UPQM Y[^Q OXQM^Xe& 

<YWebU *>' IdQdU dXU fQ\eUc Y^ dXU bUce\dc cUSdY_^ RUSQecU Yd Yc ^_d S\UQb gXQd dXU bU\QdYfU TYVVUbU^SU Yc V_b 

=\ed* RUdgUU^ F9c Q^T I9c'  

JQ M\[X[SU_Q R[^ `TQ XMOW [R OXM^U`e TQ^Q3 cQ TMbQ Z[c Qd\XUOU`Xe _`M`QP `TQ YQMZ Qd\^Q__U[Z 

bMXaQ_ R[^ QMOT [R `TQ SQZQ_ [Z `TQ S^M\T&  

B*,1' pbUfUQ\UT cYW^YVYSQ^d\i Y^SbUQcUT e`dQ[Ulq cX_e\T bUQT rbUfUQ\UT cYW^YVYSQ^d\i WbUQdUb e`dQ[U 

bU\QdYfU d_s'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B*--' p?^ S_^dbQcd% Y^XYRYdY_^ _V W\eS_cU Y]`_bd Ri I9c XQT \Ydd\U UVVUSd _^ deRe\U Ve^SdY_^ e^TUb RQcQ\ 

S_^TYdY_^c #<YWebU *E$q JXYc bUVUbc d_ <YWebU *D Q^T *E' LXi T_ i_e Qcce]U dXQd [^_S[ T_g^ _V dXU 

cQ]U dQbWUd WU^U #=\ed*$ gYdX dg_ TYVVUbU^d TbYfUbc XQc RUU^ UaeYfQ\U^d6 :_ i_e [^_g dXQd [^_S[ T_g^ 

_V =\ed* Y^ I9c gQc ceSSUccVe\ Q^T YV c_ d_ gXQd \UfU\6  

G[ O[Y\XQYQZ` [a^ [^USUZMX PM`M$ cQ TMbQ Z[c PQY[Z_`^M`QP `TM` Qd\^Q__U[Z [R 9<DC$"1/);

`T^[aST[a` `TQ `aNaXQ UZ N[`T D7_ MZP F7_ "a_UZS `TQ aNU]aU`[a_ )6C(6"95<' P^UbQ^# XQMP_ `[ M 

_UYUXM^ ^QPaO`U[Z UZ `aNaXQ _QO^Q`U[Z `[ `TM` [R D7%P^UbQZ 9<DC$"1/); MX[ZQ ":USa^Q F)=#& JQ TMbQ 

MX_[ PQY[Z_`^M`QP `TM` D7 MZP F7 ;MX, P^UbQ^_ SUbQ ^U_Q `[ _UYUXM^ Qd\^Q__U[Z XQbQX_ [R M H5F%

P^UbQZ ;:D O[Z_`^aO` ":USa^Q F)<#3 UZ RMO` `TQ F7 ;MX, U_ Y[^Q QRRUOUQZ` M` P^UbUZS ;:D Qd\^Q__U[Z 

`TMZ `TQ D7 ;MX,& BQbQ^`TQXQ__$ cQ MS^QQ cU`T `TQ EQbUQcQ^ `TM` cU`T[a` \Q^R[^YUZS EG%]D7E [Z 

U_[XM`QP D7_ MZP F7_ "cTQ^Q D7 MZP F7 _Q\M^M`U[Z c[aXP NQ `QOTZUOMXXe OTMXXQZSUZS#$ cQ OMZ Z[` 

NQ _a^Q `TM` cQ M^Q MOTUQbUZS QdMO`Xe `TQ _MYQ XQbQX [R WZ[OWP[cZ [R 9<DC$ UZ D7_ MZP F7_3 cQ 

TMbQ `TQ^QR[^Q Y[PURUQP `TQ `Qd` `[ NQ Y[^Q OMa`U[a_ UZ [a^ UZ`Q^\^Q`M`U[Z [R `TQ PM`M&  

B*.) o ?s] ^_d cebU i_e cX_e\T cQi dXYc Yc rceb`bYcY^Ws% Yd T_Uc^sd cUU] d_ RU' JXU \UfU\c _V 7JF T_ ^_d 

TUSbUQcU RUSQecU 7JF Yc ^_d RUY^W ecUT Qd dXU cQ]U bQdU o \QbWU\i RUSQecU cUSbUdY_^ Yc bUTeSUT' N_e 

XQfU bUTeSUT W\eS_cU dbQ^c`_bd% gXYSX #S_^SUYfQR\i$ ]YWXd \UQT d_ bUTeSUT 7JF _^\i YV dXU cUSbUdY_^ bQdU 

gQc ]QY^dQY^UT Qd S_^db_\ \UfU\c'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

<YWebU G Q^T Gs' 7bU dXUcU VYWebUc QTZecdUT V_b d_dQ\ SU\\ f_\e]U6 JXU SU\\c QbU fUbi TYVVUbU^d d_dQ\ f_\e]Uc 

Q^T dXUbUV_bU dXU d_dQ\ Q]_e^d _V U^ji]U QSdYfYdi Yc bU\UfQ^d XUbU o ̂ _d dXU Q]_e^d aeQ^dYVYUT Y^ Q S_^V_SQ\ 

c\YSU' JXU SU\\c QbU \Y[U\i d_ XQfU fUbi TYVVUbU^d d_dQ\ U^ji]U QSdYfYdi'  

GTQ EQbUQcQ^ TM_ YMPQ M bQ^e bMXUP \[UZ`3 `TQ [^USUZMX PM`M YQM_a^QP D;=%;:D MZP @8<%;:D 

UZ`QZ_U`e \Q^ aZU` M^QM [R ̀ TQ OQXX& JQ TMbQ Z[c YQM_a^QP ̀ [`MX UZ`QZ_U`e MO^[__ ̀ TQ OQXX$ ̀ [ UZPUOM`Q 

T[c `[`MX QZfeYQ XQbQX_ YUST` bM^e NQ`cQQZ D7_ MZP F7_ ":USa^Q F)>%?#3 M_ `TQ EQbUQcQ^ 

_aSSQ_`_$ SUbQZ `TQ O[Z_UPQ^MNXe XM^SQ^ _UfQ [R D7_ ̂ QXM`UbQ `[ F7_ [a^ ZQc MZMXe_Q_ UZPUOM`Q `TM` 

D7_ \[__Q__ TUSTQ^ `[`MX D;= XQbQX_ `TMZ F7_$ MX`T[aST `TQ `[`MX @8< "NM_QP [Z `TQ ;:D ^Q\[^`Q^# 

U_ Z[` PURRQ^QZ` NQ`cQQZ `TQ `c[ OQXX `e\Q_&   



&

? [^_g Yd cUU]c e^\Y[U\i d_ SXQ^WU Q^i Y^dUb`bUdQdY_^ _V dXU TQdQ Red Y^ <YW * dXU QedX_bc QbU ecY^W Q \QS[ 

_V Q^ UVVUSd Qc UfYTU^SU V_b Q^ Q\dUb^QdYfU Xi`_dXUcYc% c_ Yd Yc Y]`_bdQ^d d_ QTT `_cYdYfU S_^db_\c Qc V_\\_gc 

#dXUi SQ^ QbWeU _dXUbgYcU$3  

! <YWebU *I o i_e ^UUT d_ cX_g Q `_cYdYfU S_^db_\ V_b F=? HD7Y #Q SU\\ di`U gXUbU i_e [^_S[ Yd 

T_g^ d_ W__T UVVUSd Q^T cUU Q^ UVVUSd _^ bUQT_edc _V W\iS_\icYc$'  

JQ TMbQ Z[c PQY[Z_`^M`QP `TM` D;=%EB5U Qd\^Q__U[Z cU`TUZ QZ`Q^[Oe`Q_ cU`TUZ `TQ RXe Sa` 

"a_UZS `TQ 1%1'"95<' P^UbQ^# XQMP_ `[ _USZURUOMZ` P^[\ UZ XMO`M`Q ":USa^Q F)@#$ M_ UZRQ^^QP 

a_UZS `TQ SQZQ`UOMXXe%QZO[PQP :E9G XMO`M`Q NU[_QZ_[^ @MO[ZUO "a_UZS Q_`MNXU_TQP M__Me_ 

M_ UZ <aP^e Q` MX&$ *()1 MZP ;[ZfMXQf%;a`UQ^^Qf Q` MX&$ *()1#&

! <YWebU *J o i_e ^UUT d_ cX_g Q `_cYdYfU S_^db_\ V_b ;-F'  

JQ TMbQ Z[c M__Q__QP cTQ`TQ^ 9,D `^QM`YQZ` [R QZ`Q^[Oe`Q_ XQMP_ `[ M _USZURUOMZ` P^[\ 

UZ XMO`M`Q$ M_ UZRQ^^QP a_UZS `TQ SQZQ`UOMXXe%QZO[PQP NU[_QZ_[^ @MO[ZUO& <[cQbQ^$ [a^ PM`M 

_aSSQ_` `TM` 9,D `^QM`YQZ` P[Q_ Z[` XQMP `[ M _`^[ZS ^QPaO`U[Z UZ XMO`M`Q \^[PaO`U[Z "_QQ 

S^M\T NQX[c# O[Y\M^QP `[ `TM` cQ [N_Q^bQP a_UZS D;=%EB5U MZP CdMYM`Q `^QM`YQZ`3 R[^ 

`TU_ ^QM_[Z$ cQ QZbU_U[Z U` YMe NQ M\\^[\^UM`Q `[ ̂ QY[bQ 

`TQ [^USUZMX 9,D PM`M R^[Y :USa^Q )& BQbQ^`TQXQ__$ SUbQZ 

`TM` cQ _T[c D;=%EB5U MZP [dMYM`Q `^QM`YQZ` M^Q 

_aOOQ__RaX M` YM^WQPXe ̂ QPaOUZS XMO`M`Q XQbQX_ UZ M ̀ U__aQ 

UZ cTUOT `TQe M^Q ^Q]aU^QP "QZ`Q^[Oe`Q_$ UZ M YMZZQ^ 

O[Y\M^MNXQ `[ \aNXU_TQP PM`M3 <aP^e Q` MX&$ *()1 MZP 

;[ZfMXQf%;a`UQ^^Qf Q` MX&$ *()1#$ cQ QZbU_U[Z [a^ 

_aSSQ_`U[Z `TM` XM`Q _`MSQ SXeO[Xe`UO QZfeYQ_ M^Q Z[` 

Q__QZ`UMX UZ D7_ R[^ ^[Na_` `aNaXQ _QO^Q`U[Z ^QYMUZ_ 

bMXUP& 

! <YWebU *K o i_e ^UUT d_ cX_g Q `_cYdYfU S_^db_\ V_b EhQ]QdU'  

JQ TMbQ Z[c PQY[Z_`^M`QP `TM` CdMYM`Q `^QM`YQZ` [R RXe QZ`Q^[Oe`Q_ "aZPQ^ Q]aUbMXQZ` 

O[ZPU`U[Z_ ̀ [ [a^ ̂ QZMX ̀ aNaXQ Qd\Q^UYQZ`# MX_[ XQMP_ ̀ [ M _USZURUOMZ` P^[\ UZ XMO`M`Q ":USa^Q 

F)A#$ M_ UZRQ^^QP a_UZS `TQ SXeO[Xe`UO NU[_QZ_[^ @MO[ZUO "a_UZS Q_`MNXU_TQP M__Me_ M_ UZ 

<aP^e Q` MX&$ *()1 MZP ;[ZfMXQf%;a`UQ^^Qf Q` MX&$ *()1#&

B*/+ p?V F9c T_ ^_d bU\i _^ W\eS_cU ]UdQR_\Yc] d_ ]UUd dXUYb U^UbWUdYS TU]Q^Tclq% dXYc cUU]c \Y[U Q^ 

_fUbcY]`\YVYSQdY_^ _V dXU TQdQ o dXU SU\\c T_ bU\i _^ W\eS_cU' JXUi XQfU W\eS_cU dbQ^c`_bdUbc% U^ji]QdYS 

]USXQ^Yc]c d_ ]Q[U W\eS_cU Q^T dXUYb Ve^SdY_^ Yc cU^cYdYfU d_ Y^XYRYdY_^ Ri +:=' JXU cdQdU]U^d `b_RQR\i 

^UUTc bUfYcUT Q \Ydd\U'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B*/1' HU&`XbQcU rfQcd aeQ^dYdYUcs Q^T Zecd dXU cdQdU V_\T TYVVUbU^SU RUdgUU^ dXU ]UdQR_\YS `QdXgQic dXQd 

WU^UbQdU 7JF'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B,)/&,*23 dXYc Yc V_b dXU TYcSeccY_^'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

B,.+&,/)3 cUU]c \Y[U TYcSeccY_^ ( c`USe\QdY_^'  

JQ TMbQ Z[c Y[PURUQP `TU_ _QO`U[Z [R `TQ `Qd`& 

<YWebU 07' ?c dXYc RQcUT _^ Y]]e^_V\e_bUcSU^SU _V ^eS\UQb ;HH6 JXYc Yc S_]`\YSQdUT RUSQecU dXU 

^eS\Uec _V _\TUb F9c Yc \QbWUb dXQ^ Y^ i_e^WUb SU\\c% Yc Yd ^_d6 JXYc ]YWXd rTY\edUs Q^ ;HH ^eS\UQb cYW^Q\' 



'

?c dXUbU Q gQi d_ aeQ^dYVi dXU U^dYbU ;HH V\e_bUcSU^SU Y^ Q ^eS\Uec _V i_e^W Q^T _\TUb F9c6 JXYc cUU]c 

Y]`_bdQ^d WYfU^ dXU S_^S\ecY_^ Yc dXQd dXU ;HH `b_dUY^ \UfU\c QbU TUS\Y^Y^W Qc Q S_^cUaeU^SU _V QWUY^W'  

GTQ PM`M [Z 9EE XQbQX_ UZ :USa^Q /5 cM_ SQZQ^M`QP a_UZS YM__ _\QO`^[YQ`^e [Z \^[`QUZ Qd`^MO`QP 

R^[Y UZ`MO`$ cT[XQ ^QZMX `aNaXQ_3 cQ TMbQ UZOXaPQP PQ`MUXQP \^[`[O[X_ [Z `TQ SQZQ^M`U[Z [R `TU_ 

PM`M UZ `TQ AQ`T[P_ MZP YMPQ `TQ ^Mc PM`M MbMUXMNXQ [ZXUZQ& =Z `TQ `Qd` MOO[Y\MZeUZS `TQ_Q PM`M 

UZ :USa^Q /5 cQ TMbQ YMPQ U` OXQM^ ̀ TM` 9EE XQbQX_ M^Q [N`MUZQP R^[Y e[aZS MZP [XP cT[XQ ̀ aNaXQ_$ 

^M`TQ^ `TMZ D7_&  

:[^ O[Y\XQ`QZQ__$ cQ TMbQ MX_[ ]aMZ`URUQP ZaOXQM^ _UfQ UZ e[aZS "/%PMe# MZP MSQP "35%PMe# D7_ 

MZP cQ RUZP Z[ PQ`QO`MNXQ PURRQ^QZOQ "PM`M _T[cZ NQX[c#& 

B-,+% pgU bUfUQ\ cdbYSd Ve^SdY_^Q\&]UdQR_\YSq% Y^cUbd rdXQds RUdgUU^ bUfUQ\ ( cdbYSd6 

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

CUdX_Tc3 

B*2' ?d Yc S_^c`YSe_ec dXQd dXUbU Yc ^_ ]U^dY_^ _V RYSQbR_^QdU RUY^W QTTUT d_ dXU ISX^UYTUbsc ]UTYQ' 9Q^ 

dXU dUQ] S_^VYb] gXUdXUb RYSQbR_^QdU gQc QTTUT d_ ISX^UYTUbsc CUTYe]6  

JQ a_Q FOTZQUPQ^k_ AQPUaY F(),. R^[Y FUSYM%5XP^UOT$ cTUOT UZOXaPQ_ BM<7C+ "(&, S'@#$ 

SXaO[_Q2 * S'@ "8Qd`^[# MZP @%SXa`MYUZQ ")&0 S'@#& JQ TMbQ Z[c YMPQ ^QRQ^QZOQ `[ `TU_ _\QOURUO 

FOTZQUPQ^k_ AQPUaY UZ `TQ AQ`T[P_&  

@9&* Yc ecUT' C_^_SXb_]U Y]QWUc QbU cX_g^ Y^ <YW'I* Q^T dXUcU QbU bUT' ?d Yc di`YSQ\ V_b @9&* TQdQ d_ 

cX_g dXU TeQ\ _bQ^WU&WbUU^ V\e_bUcSU^SU _V dXU `b_RU Q^T `bUcU^d Q bQdY_ _V _bQ^WU&WbUU^ #QWWbUWQdUc&

]_^_]Ubc$' JXU dUQ] ^UUT d_ Uh`\QY^ X_g @9&* gQc Y]QWUT Q^T Y^dUb`bUdUT' ?d g_e\T RU Y]`_bdQ^d d_ 

cX_g dXU TeQ\ V\e_bUcSU% YV `_ccYR\U'  

5_ `TQ EQbUQcQ^ _aSSQ_`_$ >7%) U_ `^MPU`U[ZMXXe UYMSQP UZ N[`T ^QP'[^MZSQ MZP S^QQZ OTMZZQX_$ 

cTUOT UZPUOM`Q ^QXM`UbQ XQbQX_ [R >7%) MSS^QSM`Q_ MZP Y[Z[YQ^_$ ^Q_\QO`UbQXe& >7%) MSS^QSM`Q_ 

"^QP OTMZZQX# M^Q `e\UOMXXe UZPUOM`UbQ [R YU`[OT[ZP^UMX \[XM^U_M`U[Z MZP TQZOQ YU`[OT[ZP^UMX 

MO`UbU`e3 UZ [a^ [^USUZMX YMZa_O^U\`$ cQ `Ta_ ]aMZ`URUQP [ZXe `TQ ^QP RXa[^Q_OQZOQ [a`\a` [R >7%)& 

JQ TMbQ Z[c UZOXaPQP PaMX O[X[a^ UYMSQ_ R[^ >7%) UZ cUXP%`e\Q `aNaXQ_ ":USa^Q F)9%9kk# MZP 

]aMZ`URUQP `TQ ^M`U[ [R >7%) MSS^QSM`Q_ "^QP# i Y[Z[YQ^_ "S^QQZ# UZ D7_ MZP F7_ ":USa^Q F)9kkk#&  

9_e\T dXU QedX_bc cdQdU gXU^ Y]QWUc QbU cY^W\U S_^V_SQ\ cUSdY_^c _b j&cdQS[c `\UQcU6 

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

IdQdYcdYSc3 

JXU ecU _V dXU c^HD7cUa TQdQ3 Q \_d _V WbQ`Xc cX_g RY&]_TQ\ TYcdbYRedY_^ _V TQdQ o gYdX ]Q^i `_Y^dc 

S\_cU _V jUb_ Q^T _dXUbc Qd XYWXUb fQ\eUc gYdX ^_ S_^dY^ee] RUdgUU^ o V_b UhQ]`\U Y^ <YW - Q\\ dXU TQdQ 

Vb_] I9c \__[c \Y[U dXYc' JXU bUQc_^ V_b Q\\ dXU rjUb_s TQdQ ^UUTc d_ RU QTTbUccUT' ?d Q\c_ \__[c \Y[U dXU 

TQdQ QbU ̂ _^&^_b]Q\\i TYcdbYRedUT Q^T Vb_] dXU ]UdX_Tc Yd \__[c \Y[U ̀ QbQ]UdbYS dUcdc QbU ecUT dXb_eWX_ed' 



(

JQ M\[X[SU_Q R[^ `TQ O[ZRa_U[Z TQ^Q MZP XMOW [R OXM^U`e& 5_ Qd\XMUZQP UZ [a^ ^Q_\[Z_Q MN[bQ 

^QSM^PUZS MZMXe_U_ [R `TQ :Xe 7QXX 5`XM_ _ZEB5%_Q] PM`M$ cQ TMbQ Z[c UZOXaPQP MPPU`U[ZMX PQ`MUX_ 

UZ `TQ AQ`T[P_ ^QSM^PUZS PM`M SQZQ^M`U[Z MZP MZMXe_U_& GTQ S^M\T_ R[^ `TQ _OEB5%_Q] PM`M M^Q 

\X[`_ [R jQd\^Q__U[Z bMXaQ_k "R[XX[cUZS FQa^M`%NM_QP _OMXUZS MZP Z[^YMXU_M`U[Z# R[^ `TM` SQZQ UZ 

QMOT UZPUbUPaMX OQXX "cU`T M aZU]aQ NM^O[PQ#&  

EQSM^PUZS `TQ jfQ^[k bMXaQ_2 M PU_`UZO` OTM^MO`Q^U_`UO [R _OEB5%_Q] PM`M U_ `TQ bM_` \^[\[^`U[Z [R 

fQ^[_ aZ_QQZ UZ NaXW EB5%_Q] PM`M "_QQ >UMZS Q` MX *(** -8>?=8 *;?<?9E R[^ M PQ`MUXQP 

Qd\XMZM`U[Z#& 9MOT \X[``QP bMXaQ ^Q\^Q_QZ`_ `TQ Qd\^Q__U[Z [R `TM` SQZQ R^[Y M _UZSXQ OQXX& GTa_ 

M jfQ^[k bMXaQ ^QRXQO`_ M fQ^[ Qd\^Q__U[Z YQM_a^QYQZ` R[^ `TM` SQZQ UZ M \M^`UOaXM^ OQXX& GTQ_Q 

fQ^[_ M^Q XUWQXe ̀ [ NQ M YUd`a^Q [R NU[X[SUOMX fQ^[_ MZP Z[Z%NU[X[SUOMX fQ^[_3 cTUXQ NU[X[SUOMX fQ^[_ 

XUWQXe UZPUOM`Q M XMOW [R SQZQ Qd\^Q__U[Z$ Z[Z%NU[X[SUOMX fQ^[_ ̂ Q\^Q_QZ` YU__UZS bMXaQ_ M^`URUOUMXXe 

UZ`^[PaOQP Pa^UZS `TQ SQZQ^M`U[Z [R _OEB5%_Q] PM`M "Q&S& Pa^UZS `TQ \^Q\M^M`U[Z [R NU[X[SUOMX 

_MY\XQ_ R[^ _Q]aQZOUZS [^ PaQ `[ XUYU`QP _Q]aQZOUZS PQ\`T_#& 5_ `TQ EQbUQcQ^ _aSSQ_`_$ SUbQZ 

`TQ bM_` ZaYNQ^_ [R fQ^[_$ `TQ PM`M U_ Z[` Z[^YMXXe PU_`^UNa`QP MZP cQ TMbQ `TQ^QR[^Q ^Q%MZMXe_QP 

`TQ PM`M cU`T Y[^Q M\\^[\^UM`Q Z[Z%\M^MYQ`^UO `Q_`_ "JUXO[d[Z ^MZW _aY cU`T :8E O[^^QO`U[Z$ 

_QQ [a^ ^Q_\[Z_Q [Z \MSQ , MN[bQ#&  

<_b UhQ]`\U% Y^ Ie``\U]U^dQ\ <YWebU * dXU Uh`bUccY_^ TQdQ ^UUT ^ ^e]RUbc cdQdUT Q^T dXUbU ^UUTc d_ 

RU ZecdYVYSQdY_^ _V ecY^W `QbQ]UdbYS dUcdc RUSQecU Q\\ dXU TQdQ \__[ c[UgUT Q^T ^_^&^_b]Q\\i TYcdbYRedUT' 

7\c_% dXUbU QbU c_]U ]UQ^c dXQd QbU Q\]_cd YTU^dYSQ\% iUd dXU cdQdc bUce\dc cX_g Q F fQ\eU 55)')* #U'W' 

9_]`\Uh ?? ITX8% )'*1 fc )'*0$' JXYc cdQbdc d_ \__[ \Y[U Q^ _fUb&cQ]`\Y^W Ubb_b ( VQ\cU `_cYdYfU' 

:[^ MXX MZMXe_Q_ [R `TQ :Xe 7QXX 5`XM_ _OEB5_Q] PM`M$ cQ TMbQ a_QP Qd\^Q__U[Z PM`M R^[Y *),. 

YMUZ _QSYQZ` D7_ MZP )/+( YMUZ _QSYQZ` F7_3 cQ Z[c YMWQ `TU_ \[UZ` OXQM^ UZ `TQ ^QXQbMZ` 

AQ`T[P_ _QO`U[Z& 5_ PQ_O^UNQP MN[bQ$ cQ TMbQ Z[c ^Q\QM`QP [a^ _`M`U_`UOMX MZMXe_Q_ a_UZS Z[Z%

\M^MYQ`^UO `Q_`_ "JUXO[d[Z ^MZW _aY `Q_`# cU`T :8E O[^^QO`U[Z_ R[^ `TQ XM^SQ _MY\XQ _UfQ& 

N_e Q\c_ ^UUT Qd c_]U `_Y^d d_ TUVY^U dXU c_ebSU _V dXU cSHD7IUa TQdQ% dXUbU T_Uc^sd cUU] d_ RU Q 

bUVUbU^SU SYdUT'  

JQ TMbQ Z[c Y[PURUQP `TQ `Qd` MOO[^PUZSXe& 

7\c_% gXQd Y^dUb^Q\ S_^db_\ WU^U Yc ecUT Q^T Yc dXYc UaeYfQ\U^d RUdgUU^ SU\\ di`Uc o V_b UhQ]`\U% YV Yd Yc 

QSdY^ _b R&QSdY^ dXU^ I9c g_e\T RU Uh`USdUT d_ XQfU Q WbUQdUb ^e]RUb _V dbQ^cSbY`dc `Ub SU\\ dXQ^ F9c' 

7\c_% F9c XQfU Q XeWU ^eS\Uec S_]`QbUT d_ I9c o X_g T_Uc dXYc QVVUSd dXU Y^dUb`bUdQdY_^ _V dXU TQdQ6 7 

\_d _V dbQ^cSbY`dc gY\\ RU Y^ dXU b_eWX ;H o QbU dXUcU dQ[U^ Y^d_ QSS_e^d'  

GTQ :Xe 7QXX 5`XM_ `^MZ_O^U\`[YUO PM`M cM_ SQZQ^M`QP [Z U_[XM`QP ZaOXQU$ _[ cUXX [ZXe YQM_a^Q 
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REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

I thank the authors for their thorough response to my queries/suggestions. I think this is a 

very interesting and valuable MS in the field, and I have no further issues to raise. 

Reviewer #2 (Remarks to the Author):

The authors have thoroughly addressed my comments. This is a well written paper with 

interesting findings. I think the team explain a very complex aspect of tissue level metabolic 

partitioning with clarity. The supporting evidence is robust and presented logically.


