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Designed active-site library reveals thousands of functional

GFP variants



Reviewer #1 (Remarks to the Author): 

The paper by Weinstein et al describes a computational method called htFuncLib to generate 

functional variants, and then an experimental testing and evaluation of the method using GFP. The 

method and results appear promising and potentially very useful for generating libraries for large-

scale testing, and could thus be useful in other engineering efforts. In particular, by enabling 

efficient combinatorial engineering in for example active sites, the method could be used to 

optimize for example enzymes. 

The paper is relatively dense, with several novel ideas and results. Thus, while each part of the 

paper is well written, it is also easy as a reader to get lost because there are many points made, 

and because many of them are presented only at an overall level. I missed a lot of details of the 

results and methods, which made it difficult to evaluate the work. The comments below should 

also be seen in this light; there may be points that I have missed, but in that case this could be 

because the points/results/methods are in places very difficult to find. 

Briefly described (if I understand the method correctly), the application to GFP starts with 

manually selecting 27 sites around the chromophore assumed to be important for function and 

followed by these steps: A first filtering is based on a phylogenetic analysis and single-site Rosetta 

calculations and results in a list of promising amino acid substitutions at a subset of the 27 sites. 

Then, Rosetta calculations of multipoint mutations constructed in spatially local neighbourhoods 

are used as input for a neural network model that outputs a ranked list of substitutions from which 

a selected top is used to construct a combinatorial library. Two such libraries were made and 

screened for fluorescence in high throughput and for two excitation wavelengths. Screened 

variants from the two libraries were pooled and a common random forest model was trained to 

predict the functional state of all 11 plus 0.93 million combinatorial variants of the two libraries 

respectively. The usefulness of individual substitutions in functional multipoint mutants is analysed 

based on the predicted function states. 

Overall, I find the paper interesting and it appears that the method can make combinatorial 

libraries that are enriched in successful and potentially interesting functional variants. Although it 

is not surprising to find interactions between buried and spatially close sites, the paper presents a 

method that seem capable of handling this, i.e. that a substantial fraction of the variants 

generated are functional. How many and what fraction is still unclear (see below for discussion on 

this). One area to improve the manuscript is that the computational method, details of the high-

throughput screen and random forest model are relatively poorly described, and in places also 

poorly validated, which leaves substantial uncertainties for the reader, and makes it very difficult 

to evaluate the method presented. 

More detailed comments and suggestions for improvements. 

1. 

There are some claims in the abstract that are difficult to find support for in the paper: 

1a. 

“We screened 11 million htFuncLib designs that targeted the GFP chromophore-binding pocket …”. 

The experimentally screened library in theory has 11 million members but I do not see evidence 

that all have been transformed and screened. Fig. 2C suggests a maximum of ~10^5 

experimentally screened variants. If the abstract refers to the in silico screen using the random 

forest model, please make that clear, and also say how many are known to have been screened 

experimentally. 

1b. 

“… and isolated >16,000 unique fluorescent designs encoding as many as eight active-site 

mutations”. In the body of the paper the 16,000 functional variants are referred to as “putative” or 

“potentially active” which I find more reasonable due to the “Relatively loose criteria (enrichment 

in the selected population relative to the presorted population >1)” by which these are identified. 

If the authors wish to claim to have identified 16,000 functional variants, the rest of the paper 



should be more focused on validating this, see in particular below regarding the uncertainty of the 

high-throughput assay. 

1c. 

“By eliminating incompatible active-site mutations, htFuncLib generates a greater diversity of 

functional sequences than evolutionary or mutational scanning approaches for optimizing 

enzymes, binders, and other functional proteins.” Fig. 3B illustrates that when only looking at 

variants containing functional site mutations, i.e. removing most variants from the other sets, then 

htFuncLib seems to cover a larger space. However, it is not clear from the abstract that the other 

sets are heavily reduced, in particular because variants with more mutations are likely to have at 

least one outside the functional site. The text in the conclusion is a bit clearer on this point, but it 

would be good that the abstract reflects this. 

2) 

Major parts of the methods are not described in any substantial detail. For example the deep 

sequencing and random-forest model which are described with six and three sentences 

respectively. This makes it almost impossible to judge the results and conclusions of the paper, 

and for others to build on this work. Ideally, one should be able to examine all major parts from 

reading the paper, for example, only details should by looked up in the code. 

3) 

I find it surprising that PROSS-eGFP performs relatively poorly in the computational and 

experimental stability evaluation (Fig. 5a). If I understand correctly, PROSS-eGFP should be 

optimized by something very similar to the filtering method so why does so many beneficial 

substitutions show up in the filtering? The only information I can find regarding the “filtering” is 

that this leaves a combinatorial space of 10^18 variants; it would be interesting to see the 

resulting substitutions presented as in supplementary table S1. Also, Y145F is described in ref. 33 

as a part of PROSS-eGFP but here reintroduced as a new mutation? Similarly, T167I is presented 

as a new substitution here, but seems to already be in the background in ref. 33 (looking at the 

DNA sequence below the supplementary table S2). Also, in ref. 33 PROSS-eGFP is reported to 

have 11 or 12 substitutions relative to eGFP but here only one (interpreting undescribed tics in Fig. 

5A and the caption of Fig. 3: “PROSS-eGFP (and eGFP, which are nearly identical in the designed 

positions)”. All in all, this is somewhat unclear from reading the paper. Maybe it is just me having 

a hard time finding the data, but then that might also be the case for other readers. It would have 

been useful to report exact sequences of eGFP and PROSS-eGFP (and sfGFP) and substitutions 

used. Also, please comment on the apparent low stability of PROSS-eGFP and the relationship to 

the fact that it is optimized. 

4) 

Regarding the number of tested designs, I cannot make the numbers in supplementary table S5 

match the attached csv file: The csv holds 72 sequences incl. 3 controls, i.e. 69 tested designs 

that all seems to be functional, whereas the text reports 68 designs tested in total? There may be 

a way to add this up but I could not find it. The 19 variants in sfGFP background are listed in the 

csv but not in table S5. Also, I can only see 15 functional random-forest designs and 10 AmCyan 

variants selected for spectral shift in the csv but 16 and 14 are reported in table S5? Most 

importantly, please report the sequences and number of mutations of the failed design (e.g. in the 

csv and/or in the text) as this is essential information for the community. Also, please describe in 

the paper the nine “Additional designs” listed in Table S5 as selected from deep sequencing, of 

which only one is functional. Again, apologies if these were presented somewhere, but I could not 

find it. 

5) 

In the top plot of Fig 3A, it seems that 100% of single variants are functional – perhaps this is WT, 

i.e. zero mutations, and the x-axis is shifted? If this is the case, the RF model seems very 

optimistic in identifying function with almost 100% single mutants functional (currently x=2) or at 

least more than NGS. With this, I find it odd that the bottom plot shows slightly more functional 

single variants in NGS than in RF (assuming most single mutants are observed in NGS). Please 

check and clarify. 



6) 

Most striking in Fig 3A is the high fraction of the “16,000 potentially active designs” with more 

than four mutations. This should be validated better if authors wish to report 16,000 functional 

variants identified in the abstract. First, the authors only report tests of designs up to 8 mutations 

whereas a substantial fraction of functional NGS variants have more than 8 mutations. Please 

report the success rate in experimental tests per number of mutations (also related to pt. 4 above 

on information about the failed designs). Second, please comment on the statistics in 

supplementary Table S2: The false-positive rate is 1/12, i.e. ~8% are the falsely predicted 

functional out of the actual non-functional. This is a quite high number since the paper reports 

~90% non-functional (Fig. 2C), i.e. with 100,000 non-functional variants, 8,000 are expected to 

be false positive. This reflects the imbalance in training on a high-prevalence set (most functional) 

and applying to a low-prevalence set (fewest functional). Third, there is very little indication of the 

uncertainty in the NGS experiment. It requires a very deep sequencing to cover 100,000 unique 

variants without paired-end reads, to an extent that warrants calculation of enrichments. To 

calculate enrichments, the authors need to have a good idea about the abundance of a variant 

prior to selection and there is no discussion on how this is addressed. Please comment on this, e.g. 

size the of transformed library, how many cells are expected to have more than one plasmid, FACS 

coverage (cells sorted per library size), sequencing coverage (average number of reads per unique 

variant), which region of GFP is sequenced (maximum 600 bases are sequenced), are all functional 

variants observed in the non-sorted sequencing, are pseudo-counts applied, frequency of 

unexpected substitutions and how these are handled, etc. 

7) 

It would be interesting to see some more details on the construction of the neighbourhoods. E.g. a 

supplementary table listing the sites of the filtered mutations could also list the neighbourhood of 

each site and the number of calculated multipoint mutations. Are these mostly double mutants or 

higher order mutants? 

8) 

It would be appropriate to make some quantitative comparison with the previous version of 

FuncLib (ref. 24), e.g. by the success rates obtained in experimental validations. 

9) 

It would be interesting to know with a bit more detail on the phylogenetic analysis. The authors 

write “In this selection step, we keep mutations that are likely to be present in the natural 

diversity of sequence homologs and that are moreover predicted not to destabilize the protein 

native state according to atomistic design calculations35”. GFP is sometimes considered not to 

have very many natural homologs and fpbase.org (ref 35) contains a lot of synthetic variants. 

Please give the number of sequences in the phylogenetic analysis and, if possible, indicate how 

many of these are natural, e.g. belongs to a reference genome. 

10) 

The methods section describes “An alternative mutation selection approach that uses Integer 

Linear Programming” which is only briefly referenced in the text. This should either be removed or 

the authors should show the results. 

11) 

In the paragraph starting with “Our working hypothesis is that epistatic interactions most 

frequently arise from three molecular sources (Supplementary Figure 1)” the third point is unclear 

and not illustrated in supplementary Fig. S1: “(3) stability-mediated interactions caused by the 

nonlinear relationship between the free energy of folding and the fraction of natively folded and 

functional protein”. 

Minor points 

1) 

It would be helpful if Fig. 1 more directly illustrated what “filtering” and “EpiNNet enrichment” 

means and where in the pipeline it is performed 



2) 

Should T65S be in supplementary Fig. S2? It would be useful for the discussion in Fig. 4 

3) 

Fig. 4A caption “GFP488/53” should be “GFP488/530” 

4) 

In methods section under FACS sorting: “E. cloni” should probably be “E. coli”, though I quite like 

the name “cloni” 

5) 

In the introduction the authors write “and functional multipoint mutants are exceptionally rare”, 

but do not provide a reference to this general statement. Similarly with the statement “Epistasis is 

a key reason for the low tolerance to multipoint active-site mutations.” 

Reviewer #2 (Remarks to the Author): 

In this study, Weinstein and colleagues use a combination of energetic modeling and high-

throughput screening to identify GFP variants with multiple mutations, addressing the challenge of 

potential negative epistasis between mutations reducing the hit-rate. htFuncLib was used to design 

a set of point mutations and then combinations of mutations that were energetically favorable. 

Then, a machine learning EpiNet model was trained to discriminate favorable and unfavorable 

combinations of mutations. Hits from this approach included those with > 8 mutations, which 

exceeded the tolerated mutational perturbation load from previous design approaches. This work 

and a companion submission on enzyme engineering show that issues with epistasis can begin to 

be addressed by combining judicious energetic modeling combined with training of machine 

learning models. An important and relevant study to the protein engineering field. The work is 

technically sound and clearly presented. 

Two comments that should be addressed: 

(1) There is no functional goal in these libraries - i.e. quantum yield, photostability, color. How 

would these methods be adapted if a particular functional feature, not just structure and stability 

were to be optimized. Excitation and emission spectral properties were not described (peak 

wavelenthgs). Can models be trained to identify what features contribute to photophysical 

properties? 

(2) This training of EpiNNet should be discussed in the context of the choice of host protein - a 

stable version of GFP - and specifically the work earlier this year from Kondrashov 

(https://doi.org/10.7554/eLife.75842) showing that mutational landscapes that are flatter are not 

as useful for training models. Does the energetic modeling in htfuncLib work for more 'fragile' 

proteins where epistatic interactions can have a more pronounced effect on folding/function? 

Reviewer #3 (Remarks to the Author): 

In this manuscript, the authors introduce the htFuncLib, a protein-engineering pipeline to design 

and test variant libraries focused on protein functional sites. The motivation behind developing 

such a method is to increase the sampling efficiency and diversity around a protein functional site, 

which is usually highly conserved and sensitive to mutations. To achieve this goal, the authors 

have to overcome the epistatic effect by introducing multiple mutations simultaneously, which, in 

the past, has only been partially achieved by directed evolution through iterative mutation-

selection cycles. The htFuncLib method starts with low-energy PSSM-approved mutations in the 

functional site (by phylogenetic analysis and Rosetta energy calculation), then ranks and selects 

those mutations by their mutual compatibility (by a trained neuron network EpiNNet). After this in 

silico screening, DNA fragments encoding these compatible point mutations are assembled in an 

all-against-all combinatory library by Golden Gate method, tested by high-throughput FACS, and 

read out by deep sequencing. The authors apply this engineering pipeline to GFP’s fluorescence 



functional site. The results are impressive: 1.) they explore a much bigger sequence space that is 

inaccessible in multiple previous attempts, 2.) the functional multipoint mutants after library 

selection show desired functional diversity in terms of protein stablity, fluorescence spectra, 

fluorescence lifetime, pH sensitivity, and fluorescence photo-stability, and 3.) the molecular 

mechanisms of epistasis underlying the successfully selected GFP variants are interesting for 

structural analysis. Overall, the manuscript presents a pragmatic way to diversify certain protein 

functions and I anticipate it will attract attention among protein engineers working towards protein 

tools (eg. imaging tools such as fluorescent proteins) and enzymes, thus I recommend this 

manuscript for publication after a minor revision. Below are my comments for the authors: 

1. A direct comparison between FuncLib and htFuncLib would be necessary here. If adding a 

perceptron-based neural network (or ILP) machine learning module largely improves the end 

results, it would be worthwhile to ask what Rosetta method lacks and what role Rosetta design 

calculation plays in this new method. 

2. The general applicability for other users and other proteins is not very clear. There are several 

manual steps in the Method description(Line 455, 462, 470). While it is understandable to 

introduce manual intervention on every steps during method development and the initial 

application, I would like the see how the authors plan to automate the pipeline for future 

applications. 

3. The final paragraph in the Introduction is slightly an overstatement (Line 55, ”arbitrarily large 

libraries” and Line 61, “millions(and potentially billions) of designs”). From the Method description, 

it is obvious that the size of the final library is a limiting factor for designing the combinatory 

library (Line 462-464, Line 494-497). I would suggest the authors to revise this paragraph to 

avoid misleading. 

4. In Line 81-86 and Supplementary Figure 1, the authors listed three hypothesized sources for 

epistatic interactions. It is hinted in the text (Line 99, “penalize backbone deformation” and Line 

105 “most likely to give rise to…”) that the htFuncLib is focused on establishing type 1 epistatic 

interactions only (this is my speculation). It would make the manuscript easy to understand if the 

authors can offer a direct correspondence between the three types of epistatic interactions and the 

htFuncLib library design’s target interactions. 

5. Following comment 4, I am also confused about how the method deals with backbone 

movement upon introducing multiple mutations, eg. how does the calculation “penalizes backbone 

deformation(Line 105)”? 

6. In Fig.2D, the overlay of the top-ranked mutations could be better illustrated in a different 

color. 

7. In Fig.3A, “NGS” could be better named as “htFuncLib-NGS”. I misunderstood it as all the next-

generation sequencing data combined (or, does it really mean all the data combined? See, I’m 

confused.). 

8. In Fig.3A, it does not make clear sense to me that the point mutants (“1” in the bottom plot) 

have a functional ratio of 100% (“1.0” in the top plot) for all the libraries and “RF” prediction. Is it 

a normalization point? If it is not a normalization point, does it indicate that the fluorescence 

threshold for defining “functional” is arbitrarily low in this analysis? In addition, since the other 

reference libraries (avGFP, cgreGFP, …) are sorted differently, I wonder how to justify this 

comparison of “functional” variants. 

9. Fig.4 and Supplementary Fig. 8 are the same low-dimensional representation of protein fitness 

landscape labeled with “clean” Random Forest(RF) predicted functional mutations and “noisy” 

experimental data, respectively. The authors choose to focus their analysis and discussion on the 

RF-predicted results (Fig.4) in the main text. While this is totally reasonable with proper 

justification (as the authors have provided in line 355-356 for ”false negative” and line 885-886 for 

“false positive”), it should be noted if the representative mutations have strong or weak signals in 

the experimental data. If they are completely missed in the FACS sorting and NGS sequencing, 

further experimental validation is needed to support the authors’ claim. For example, the 

discussion on the “two long parallel tails” in line 323-344 is not very convincing to me since the 

same signals are not apparent in Supplementary Fig. 8A. To keep this part as a novel finding, I 

would suggest the authors test the representative mutations experimentally. 

10. Reference data of transferring mutations to sfGFP are missing (Line 361-362). 

11. For the 68 uniques designs(Line 349) chosen for protein purification and biochemistry 

characterization, how many functional-site mutations do they carry? 

12. An open and honest discussion on the limitations of the htFuncLib method would make this 



manuscript stronger. From several places in the main text, the htFuncLib seems to require a very 

stable starting point and it cannot explicitly improve a specific aspect of the protein function. I 

think that general readers will appreciate an open discussion in this regard. 

Reviewer #4 (Remarks to the Author): 

The manuscript describes development and application of the htFuncLib – a computational protein 

design workflow combining atomistic and machine-learning based approaches. The goal of the 

htFuncLib is to increase efficiency of laboratory screening efforts by eliminating poorly scoring 

combinations of mutations from combinatorial libraries, allowing exploration of highly epistatic 

fitness landscapes. Even for a limited set of manually curated designable positions, an 

astronomically large number of combinations makes exhaustive sampling of the full sequence 

space computationally intractable. To optimize amino acid composition for each position the 

authors first used phylogenetic information and in silico site saturation mutagenesis (SSM) to 

identify residue types most likely individually tolerable in the parent sequence context. However, 

as their computations show, a dominant fraction of the designs constructed by random 

combination of these individually beneficial mutants has substantially worse computational score 

relative to parental sequence. 

The authors propose a simple and elegant computational procedure that apparently helps to 

alleviate this problem. The entire set of designable positions is split into spatial neighborhoods and 

the range of allowed amino acids for each position is flexibly adjusted so as to make the total 

number of sequence combinations for the neighborhood computationally tractable (under 10^6). 

Rosetta energy score is computed for each combination (or 10% of all combinations for large 

neighborhoods) in each neighborhood and combinations are classified as “good” or “bad” relative 

to the score of the parental sequence. Authors train a neural network (EpiNNet) to classify 

designs, and use the trained network to rank individual mutations in a way reflecting probability of 

the mutation to be in a “good” scoring combination. The main discovery of the study is that 

designs constructed from higher ranking mutations (“EpiNNet enriched”) have a much higher 

chance to have better energy scores than designs constructed from a set of mutations filtered 

using phylogenetic information and single SSM computations. 

Authors proceed to apply their workflow to construct a library of PROSS-eGFP – a previously 

optimized variant of avGFP. Sorting library using FACS indicated presence of the variants retaining 

fluorescence even with up to 8 mutations. While the functional status of the overwhelming 

majority of >16,000 variants was assigned based on their enrichment in NGS data, some variants 

were purified on a scale sufficient for more detailed biophysical analysis. 

While the rationale of the method is well laid out and convincing, the findings seem a bit 

underwhelming. 

First, it appears that library construction using high ranking mutations lead to a mostly very 

conservative set of allowed mutations. Considering this, the result of finding functionally active 

variants with up to 8 mutations in the active site becomes almost trivial. Authors remark on the 

inclusion of radical substitutions into the library, but it is not clear how often such mutations 

appear in the active variants and more importantly how often presence of the radical substitutions 

affect functionality in a practically significant way. Additionally, previous studies referenced in the 

manuscript (Somermeyer, 2022) indicated various levels of robustness for different variants of the 

GFP. avGFP was reported to have intermediate robustness (tolerating at most 4 mutations), but 

given extensive optimization of PROSS-eGFP it may be not surprising its robustness increased to 

the level allowing it to tolerate more mutations. It might be helpful to see how the method 

performs for less optimized proteins. 

Second, it would be helpful to see a control experiment where a library is created by combining 

lowest ranking mutations, or selected positions completely randomized to be able evaluate 

significance of the sequence space optimization provided by EpiNNet or any other method. 



Third, authors claim functional variants having a wide range of biophysical properties (spectral 

changes, thermostability changes, quantum yield, photostability, life time etc.). Given the multi-

modality of fluorescent function and its sensitivity to the immediate environment it is not 

surprising to discover variants have functional diversity. It is exciting to see few variants with 

greatly increased thermostability or fluorescence lifetime, but on the other hand almost all variants 

are less photostable making their use limited to specific applications. And yet it is hard to imagine 

similar results cannot be obtained with other types of diversification as exemplified by multiple 

examples of directed evolution experiments with fluorescent proteins. Interestingly, it appears 

none of the characterized variants have substantial changes in emission spectra, which is quite 

often the most desired feature to be modified. 

Fourth, it is not clear how significant is the role of EpiNNet in ranking and selection of the 

mutations to be allowed in the library. Alternative methods to perform this task were described 

and applied to optimize enzymes (Fox, 2005 DOI: 10.1016/j.jtbi.2004.11.031; Fox 2007 

https://doi.org/10.1038/nbt1286) 

On a subject of presentation. 

Lines 204-205 Describe how many libraries were constructed, and were there more than just 

nohbonds and hbonds libraries. 

Lines 213-216 Reference 20 used epPCR to construct libraries with no ability to target mutations 

specifically to chromophore-binding pocket, so there were probably no mutants with >= 5 

mutations in the active site 

Lines 267-269 How conservation score is defined and deltaPSSM is computed? 

Lines 494-496 Not clear what role EpiNNet plays in selecting mutations for the library. It appears 

the EpiNNet is used to rank the mutations, but not select them. Therefore, comparison between 

ILP solution and EpiNNet mutation-selection process is confusing and misleading 

Line 459 should it be scores greater than -2 ? 

Lines 462-463 Methods section describing “Refinement and mutation scan” seems to contain text 

relevant for “Partial modeling and scoring”. 

Lines 114-115 seems to erroneously reference an ILP solution to picking ranked mutations as a 

method to train a model to perform classification task. 

Line 584 … and purified using <what?> 

Line 618 should be pET28 instead of pBAD? 

Line 619 … restriction sites cloned introduced previously 

Line 625 BL21(DE3) cells not BL21 cells? Expression from pBAD vector can be done in BL21 cells, 

pET vectors with T7 promoters require BL21(DE3) cells 

Figure 3A top panel suggests all # mutations=1 are active in all libraries, which is probably 

incorrect. Also the color scheme is illegible, please make markers of different shapes to help read 

the graph. 

Figure 1C What is the side-bar color gradient illustrating? 

Page 3 line 105 and page 15 line 469 A unit of distance, presumably $, is missing. There is also 

inconsistency in font on page 15. 

Page 3 The definition given in parentheses of proximal positions is incomplete and misleading. 

Perhaps use definition given in methods which is much more effective. 

Page 5 The hbond and nohbond libraries differ in their definitions only in their inclusion of positions 

involved in hydrogen bonds to the chromophore, but the smaller number of positions included in 

the hbond library indicates some additional criteria differentiating selection of positions in these 

two libraries 

Page 52 Supplementary table 6 appears to be missing. 

Page 12 line 369 Functional thermostability values are missing units, presumably °C. 



QX g[Ta^ g[X LXi\XjXef Ybe g[X\e WXgT\_XW TaW VbafgehVg\iX Vb``Xagf* =X_bj( c_XTfX Y\aW T

WXgT\_XW eXfcbafX gb T__ g[X Vb``Xagf* LXi\f\baf \a g[X eXfhU`\ggXW `TahfVe\cg TeX _TUX_XW

hf\aZ eXW Ybag*

LXi\XjXe "- &LX`Te^f gb g[X <hg[be'6

N[X cTcXe Ul QX\afgX\a Xg T_ WXfVe\UXf T Vb`chgTg\baT_ `Xg[bW VT__XW [gAhaVF\U gb ZXaXeTgX

YhaVg\baT_ iTe\Tagf( TaW g[Xa Ta XkcXe\`XagT_ gXfg\aZ TaW XiT_hTg\ba bY g[X `Xg[bW hf\aZ BAJ*

N[X `Xg[bW TaW eXfh_gf TccXTe ceb`\f\aZ TaW cbgXag\T__l iXel hfXYh_ Ybe ZXaXeTg\aZ _\UeTe\Xf Ybe

_TeZX)fVT_X gXfg\aZ( TaW Vbh_W g[hf UX hfXYh_ \a bg[Xe XaZ\aXXe\aZ XYYbegf* Da cTeg\Vh_Te( Ul

XaTU_\aZ XYY\V\Xag Vb`U\aTgbe\T_ XaZ\aXXe\aZ \a Ybe XkT`c_X TVg\iX f\gXf( g[X `Xg[bW Vbh_W UX

hfXW gb bcg\`\mX Ybe XkT`c_X Xaml`Xf*

N[X cTcXe \f eX_Tg\iX_l WXafX( j\g[ fXiXeT_ abiX_ \WXTf TaW eXfh_gf* N[hf( j[\_X XTV[ cTeg bY g[X

cTcXe \f jX__ je\ggXa( \g \f T_fb XTfl Tf T eXTWXe gb ZXg _bfg UXVThfX g[XeX TeX `Tal cb\agf `TWX(

TaW UXVThfX `Tal bY g[X` TeX ceXfXagXW ba_l Tg Ta biXeT__ _XiX_* D `\ffXW T _bg bY WXgT\_f bY g[X

eXfh_gf TaW `Xg[bWf( j[\V[ `TWX \g W\YY\Vh_g gb XiT_hTgX g[X jbe^* N[X Vb``Xagf UX_bj f[bh_W

T_fb UX fXXa \a g[\f _\Z[g7 g[XeX `Tl UX cb\agf g[Tg D [TiX `\ffXW( Uhg \a g[Tg VTfX g[\f Vbh_W UX

UXVThfX g[X cb\agf+eXfh_gf+`Xg[bWf TeX \a c_TVXf iXel W\YY\Vh_g gb Y\aW*

QX g[Ta^ g[X eXi\XjXe Ybe g[X cbf\g\iX Vb``Xagf TaW Ybe g[X g[bhZ[gYh_ fhZZXfg\baf* Da i\Xj bY

g[X Vb``Xagf( jX f\`c_\Y\XW g[X ceXfXagTg\ba \a fXiXeT_ c_TVXf &abgXW UX_bj'*

=e\XY_l WXfVe\UXW &\Y D haWXefgTaW g[X `Xg[bW VbeeXVg_l'( g[X Tcc_\VTg\ba gb BAJ fgTegf j\g[

`TahT__l fX_XVg\aZ .3 f\gXf TebhaW g[X V[eb`bc[beX Tffh`XW gb UX \`cbegTag Ybe YhaVg\ba TaW

Yb__bjXW Ul g[XfX fgXcf6 < Y\efg Y\_gXe\aZ \f UTfXW ba T c[l_bZXaXg\V TaT_lf\f TaW f\aZ_X)f\gX

LbfXggT VT_Vh_Tg\baf TaW eXfh_gf \a T _\fg bY ceb`\f\aZ T`\ab TV\W fhUfg\ghg\baf Tg T fhUfXg bY g[X

.3 f\gXf* N[Xa( LbfXggT VT_Vh_Tg\baf bY `h_g\cb\ag `hgTg\baf VbafgehVgXW \a fcTg\T__l _bVT_

aX\Z[Ubhe[bbWf TeX hfXW Tf \achg Ybe T aXheT_ aXgjbe^ `bWX_ g[Tg bhgchgf T eTa^XW _\fg bY

fhUfg\ghg\baf Yeb` j[\V[ T fX_XVgXW gbc \f hfXW gb VbafgehVg T Vb`U\aTgbe\T_ _\UeTel* Njb fhV[

_\UeTe\Xf jXeX `TWX TaW fVeXXaXW Ybe Y_hbeXfVXaVX \a [\Z[ g[ebhZ[chg TaW Ybe gjb XkV\gTg\ba

jTiX_XaZg[f* MVeXXaXW iTe\Tagf Yeb` g[X gjb _\UeTe\Xf jXeX cbb_XW TaW T Vb``ba eTaWb`

YbeXfg `bWX_ jTf geT\aXW gb ceXW\Vg g[X YhaVg\baT_ fgTgX bY T__ -- c_hf ,*5/ `\__\ba Vb`U\aTgbe\T_

iTe\Tagf bY g[X gjb _\UeTe\Xf eXfcXVg\iX_l* N[X hfXYh_aXff bY \aW\i\WhT_ fhUfg\ghg\baf \a YhaVg\baT_

`h_g\cb\ag `hgTagf \f TaT_lfXW UTfXW ba g[X ceXW\VgXW YhaVg\ba fgTgXf*

IiXeT__( D Y\aW g[X cTcXe \agXeXfg\aZ TaW \g TccXTef g[Tg g[X `Xg[bW VTa `T^X Vb`U\aTgbe\T_

_\UeTe\Xf g[Tg TeX Xae\V[XW \a fhVVXffYh_ TaW cbgXag\T__l \agXeXfg\aZ YhaVg\baT_ iTe\Tagf* <_g[bhZ[ \g

\f abg fhece\f\aZ gb Y\aW \agXeTVg\baf UXgjXXa Uhe\XW TaW fcTg\T__l V_bfX f\gXf( g[X cTcXe ceXfXagf

T `Xg[bW g[Tg fXX` VTcTU_X bY [TaW_\aZ g[\f( \*X* g[Tg T fhUfgTag\T_ YeTVg\ba bY g[X iTe\Tagf

ZXaXeTgXW TeX YhaVg\baT_* Cbj `Tal TaW j[Tg YeTVg\ba \f fg\__ haV_XTe &fXX UX_bj Ybe W\fVhff\ba

ba g[\f'* IaX TeXT gb \`cebiX g[X `TahfVe\cg \f g[Tg g[X Vb`chgTg\baT_ `Xg[bW( WXgT\_f bY g[X



[\Z[)g[ebhZ[chg fVeXXa TaW eTaWb` YbeXfg `bWX_ TeX eX_Tg\iX_l cbbe_l WXfVe\UXW( TaW \a c_TVXf

T_fb cbbe_l iT_\WTgXW( j[\V[ _XTiXf fhUfgTag\T_ haVXegT\ag\Xf Ybe g[X eXTWXe( TaW `T^Xf \g iXel

W\YY\Vh_g gb XiT_hTgX g[X `Xg[bW ceXfXagXW*

GbeX WXgT\_XW Vb``Xagf TaW fhZZXfg\baf Ybe \`cebiX`Xagf*

-* N[XeX TeX fb`X V_T\`f \a g[X TUfgeTVg g[Tg TeX W\YY\Vh_g gb Y\aW fhccbeg Ybe \a g[X cTcXe6

-T*

sQX fVeXXaXW -- `\__\ba [gAhaVF\U WXf\Zaf g[Tg gTeZXgXW g[X BAJ V[eb`bc[beX)U\aW\aZ cbV^Xg

pt* N[X XkcXe\`XagT__l fVeXXaXW _\UeTel \a g[Xbel [Tf -- `\__\ba `X`UXef Uhg D Wb abg fXX

Xi\WXaVX g[Tg T__ [TiX UXXa geTafYbe`XW TaW fVeXXaXW* A\Z* .> fhZZXfgf T `Tk\`h` bY n-,S1

XkcXe\`XagT__l fVeXXaXW iTe\Tagf* DY g[X TUfgeTVg eXYXef gb g[X \a f\_\Vb fVeXXa hf\aZ g[X eTaWb`

YbeXfg `bWX_( c_XTfX `T^X g[Tg V_XTe( TaW T_fb fTl [bj `Tal TeX ^abja gb [TiX UXXa fVeXXaXW

XkcXe\`XagT__l*

QX XW\gXW g[X TUfgeTVg gb eXY_XVg g[XfX haVXegT\ag\Xf6 sQX Tcc_\XW [gAhaVF\U gb g[X BAJ

V[eb`bc[beX)U\aW\aZ cbV^Xg( TaW( hf\aZ Y_hbeXfVXaVX eXTWbhg( eXVbiXeXW :-2(,,, ha\dhX

WXf\Zaf XaVbW\aZ Tf `Tal Tf X\Z[g TVg\iX)f\gX `hgTg\baft*

QX TWWXW T fXagXaVX gb g[X LXfh_gf fTl\aZ g[Tg g[X geTafYbe`Tg\ba jTf XYY\V\Xag &Xfg\`TgXW Tg 1

k -,3 geTafYbe`Tagf' TaW `beX WXgT\_ gb g[X GXg[bWf fXVg\ba WXfVe\U\aZ g[X WXXc fXdhXaV\aZ

cebVXWheX*

-V*

s=l X_\`\aTg\aZ \aVb`cTg\U_X TVg\iX)f\gX `hgTg\baf( [gAhaVF\U ZXaXeTgXf T ZeXTgXe W\iXef\gl bY

YhaVg\baT_ fXdhXaVXf g[Ta Xib_hg\baTel be `hgTg\baT_ fVTaa\aZ TccebTV[Xf Ybe bcg\`\m\aZ

Xaml`Xf( U\aWXef( TaW bg[Xe YhaVg\baT_ cebgX\af*t A\Z* /= \__hfgeTgXf g[Tg j[Xa ba_l _bb^\aZ Tg

iTe\Tagf VbagT\a\aZ YhaVg\baT_ f\gX `hgTg\baf( \*X* eX`bi\aZ `bfg iTe\Tagf Yeb` g[X bg[Xe fXgf(

g[Xa [gAhaVF\U fXX`f gb VbiXe T _TeZXe fcTVX* CbjXiXe( \g \f abg V_XTe Yeb` g[X TUfgeTVg g[Tg g[X

bg[Xe fXgf TeX [XTi\_l eXWhVXW( \a cTeg\Vh_Te UXVThfX iTe\Tagf j\g[ `beX `hgTg\baf TeX _\^X_l gb

[TiX Tg _XTfg baX bhgf\WX g[X YhaVg\baT_ f\gX* N[X gXkg \a g[X VbaV_hf\ba \f T U\g V_XTeXe ba g[\f

cb\ag( Uhg \g jbh_W UX ZbbW g[Tg g[X TUfgeTVg eXY_XVgf g[\f*

<ZT\a( jX TZeXX* QX eX`biXW g[X Vb`cTe\fba j\g[ ceXi\bhf fgeTgXZ\Xf Yeb` g[X TUfgeTVg(

eXc_TV\aZ \g j\g[6 s=l X_\`\aTg\aZ \aVb`cTg\U_X TVg\iX)f\gX `hgTg\baf( [gAhaVF\U ZXaXeTgXf T _TeZX

W\iXef\gl bY YhaVg\baT_ fXdhXaVXft*

QX T_fb TWWXW fgTgX`Xagf gb g[X Y\ZheX _XZXaW gb V_Te\Yl g[Tg `hgTg\baf bhgf\WX g[X cbV^Xg jXeX

\ZabeXW &sPTe\Tagf j\g[ `hgTg\baf bhgf\WX g[X V[eb`bc[beX cbV^Xg jXeX \aV_hWXW( Uhg g[XfX

`hgTg\baf jXeX \ZabeXW j[Xa VT_Vh_Tg\aZ W\fgTaVXf*t' TaW TWWXW T cTeXag[Xg\VT_ fXagXaVX j[Xa

\agebWhV\aZ g[\f TaT_lf\f \a g[X LXfh_gf g[Tg g[X ceXi\bhf _\UeTe\Xf jX eXYXe gb W\W abg YbVhf

W\iXef\gl ba g[X V[eb`bc[beX U\aW\aZ cbV^Xg s&T_UX\g( g[XfX fghW\Xf W\W abg YbVhf W\iXef\gl ba g[X

TVg\iX f\gX't*



.'

GT]be cTegf bY g[X `Xg[bWf TeX abg WXfVe\UXW \a Tal fhUfgTag\T_ WXgT\_* Abe XkT`c_X g[X WXXc

fXdhXaV\aZ TaW eTaWb`)YbeXfg `bWX_ j[\V[ TeX WXfVe\UXW j\g[ f\k TaW g[eXX fXagXaVXf

eXfcXVg\iX_l* N[\f `T^Xf \g T_`bfg \`cbff\U_X gb ]hWZX g[X eXfh_gf TaW VbaV_hf\baf bY g[X cTcXe(

TaW Ybe bg[Xef gb Uh\_W ba g[\f jbe^* DWXT__l( baX f[bh_W UX TU_X gb XkT`\aX T__ `T]be cTegf Yeb`

eXTW\aZ g[X cTcXe( Ybe XkT`c_X( ba_l WXgT\_f f[bh_W Ul _bb^XW hc \a g[X VbWX*

L\Z[g* QX TWWXW XkgXaf\iX WXgT\_ gb Ubg[ fXVg\baf*

/'

D Y\aW \g fhece\f\aZ g[Tg JLIMM)XBAJ cXeYbe`f eX_Tg\iX_l cbbe_l \a g[X Vb`chgTg\baT_ TaW

XkcXe\`XagT_ fgTU\_\gl XiT_hTg\ba &A\Z* 1T'* DY D haWXefgTaW VbeeXVg_l( JLIMM)XBAJ f[bh_W UX

bcg\`\mXW Ul fb`Xg[\aZ iXel f\`\_Te gb g[X Y\_gXe\aZ `Xg[bW fb j[l WbXf fb `Tal UXaXY\V\T_

fhUfg\ghg\baf f[bj hc \a g[X Y\_gXe\aZ; N[X ba_l \aYbe`Tg\ba D VTa Y\aW eXZTeW\aZ g[X sY\_gXe\aZt \f

g[Tg g[\f _XTiXf T Vb`U\aTgbe\T_ fcTVX bY -,S-4 iTe\Tagf7 \g jbh_W UX \agXeXfg\aZ gb fXX g[X

eXfh_g\aZ fhUfg\ghg\baf ceXfXagXW Tf \a fhcc_X`XagTel gTU_X M-* <_fb( R-01A \f WXfVe\UXW \a eXY*

// Tf T cTeg bY JLIMM)XBAJ Uhg [XeX eX\agebWhVXW Tf T aXj `hgTg\ba; M\`\_Te_l( N-23D \f

ceXfXagXW Tf T aXj fhUfg\ghg\ba [XeX( Uhg fXX`f gb T_eXTWl UX \a g[X UTV^ZebhaW \a eXY* //

&_bb^\aZ Tg g[X ?H< fXdhXaVX UX_bj g[X fhcc_X`XagTel gTU_X M.'* <_fb( \a eXY* //

JLIMM)XBAJ \f eXcbegXW gb [TiX -- be -. fhUfg\ghg\baf eX_Tg\iX gb XBAJ Uhg [XeX ba_l baX

&\agXeceXg\aZ haWXfVe\UXW g\Vf \a A\Z* 1< TaW g[X VTcg\ba bY A\Z* /6 sJLIMM)XBAJ &TaW XBAJ(

j[\V[ TeX aXTe_l \WXag\VT_ \a g[X WXf\ZaXW cbf\g\baf't* <__ \a T__( g[\f \f fb`Xj[Tg haV_XTe Yeb`

eXTW\aZ g[X cTcXe* GTlUX \g \f ]hfg `X [Ti\aZ T [TeW g\`X Y\aW\aZ g[X WTgT( Uhg g[Xa g[Tg `\Z[g

T_fb UX g[X VTfX Ybe bg[Xe eXTWXef* Dg jbh_W [TiX UXXa hfXYh_ gb eXcbeg XkTVg fXdhXaVXf bY

XBAJ TaW JLIMM)XBAJ &TaW fYBAJ' TaW fhUfg\ghg\baf hfXW* <_fb( c_XTfX Vb``Xag ba g[X

TccTeXag _bj fgTU\_\gl bY JLIMM)XBAJ TaW g[X eX_Tg\baf[\c gb g[X YTVg g[Tg \g \f bcg\`\mXW*

QX TZeXX g[Tg g[\f cb\ag aXXWf V_TeY\VTg\ba* N[X JLIMM)XBAJ WXf\Za jTf gXfgXW TaW f[bja gb

[TiX [\Z[Xe eXf\fgTaVX gb g[Xe`T_ WXaTgheTg\ba( Uhg fhece\f\aZ_l( \a bhe fghWl( functional

g[Xe`bfgTU\_\gl \f _bjXe6

w QX TWWXW g[X Yb__bj\aZ fXagXaVX gb g[X Y\efg eXfh_gf cTeTZeTc[6 s=XVThfX TVg\iX)f\gX

`hgTg\baf `Tl eXWhVX cebgX\a fgTU\_\gl( jX V[bfX Tf T fgTeg\aZ cb\ag T ceXi\bhf_l

WXf\ZaXW iXef\ba bY Xa[TaVXW BAJ( JLIMM)XBAJ( g[Tg Xk[\U\gXW X_XiTgXW eXf\fgTaVX gb

g[Xe`T_ WXaTgheTg\ba//* Da g[\f WXf\Za( TVg\iX)f\gX cbf\g\baf( XkVXcg Nle-01J[X TaW

N[e-23D_X( jXeX \``hgTU_X* Da Tcc_l\aZ [gAhaVF\U( jX T_fb T__bjXW WXf\Za \a g[XfX gjb

cbf\g\baf*s gb V_Te\Yl Ubg[ g[X W\fVeXcTaVl eXZTeW\aZ JLIMM cbf\g\baf TaW N-23 TaW

R-01*

w QX TWWXW fhcc_X`XagTel NTU_Xf /)0 WXfVe\U\aZ g[X \WXag\g\Xf XkT`\aXW Ybe XTV[ cbf\g\ba

Tg g[X iTe\bhf fgTZXf bY g[X [gAhaVF\U T_Zbe\g[`*

w <__ Vbageb_ fXdhXaVXf TeX eXcbegXW \a Mhcc_X`XagTel NTU_X -. &ceXi\bhf_l

Mhcc_X`XagTel NTU_X -,'*

w <WWXW T V_Te\Y\VTg\ba Ybe g[X _bj YhaVg\baT_ g[Xe`bfgTU\_\gl bY JLIMM)XBAJ6 sQX abg\VXW

g[Tg g[X JLIMM)XBAJ cTeXagT_ WXf\Za \f _Xff fgTU_X g[Ta XBAJ j[Xa YhaVg\baT_

g[Xe`bfgTU\_\gl \f `XTfheXW &A\ZheX 1<' eTg[Xe g[Ta g[Xe`T_ WXaTgheTg\ba Tf \a g[X

JLIMM)XBAJ WXf\Za fghWl//* <ccTeXag_l( g[X JLIMM)XBAJ WXf\Za \f `beX eXf\fgTag gb

[XTg WXaTgheTg\ba( Uhg \gf Y_hbeXfVXaVX \f `beX fXaf\g\iX gb [XTg g[Ta XBAJ*t



0'

LXZTeW\aZ g[X ah`UXe bY gXfgXW WXf\Zaf( D VTaabg `T^X g[X ah`UXef \a fhcc_X`XagTel gTU_X M1

`TgV[ g[X TggTV[XW Vfi Y\_X6 N[X Vfi [b_Wf 3. fXdhXaVXf \aV_* / Vbageb_f( \*X* 25 gXfgXW WXf\Zaf

g[Tg T__ fXX`f gb UX YhaVg\baT_( j[XeXTf g[X gXkg eXcbegf 24 WXf\Zaf gXfgXW \a gbgT_; N[XeX `Tl

UX T jTl gb TWW g[\f hc Uhg D Vbh_W abg Y\aW \g* N[X -5 iTe\Tagf \a fYBAJ UTV^ZebhaW TeX _\fgXW \a

g[X Vfi Uhg abg \a gTU_X M1* <_fb( D VTa ba_l fXX -1 YhaVg\baT_ eTaWb`)YbeXfg WXf\Zaf TaW -,

<`>lTa iTe\Tagf fX_XVgXW Ybe fcXVgeT_ f[\Yg \a g[X Vfi Uhg -2 TaW -0 TeX eXcbegXW \a gTU_X M1;

Gbfg \`cbegTag_l( c_XTfX eXcbeg g[X fXdhXaVXf TaW ah`UXe bY `hgTg\baf bY g[X YT\_XW WXf\Za

&X*Z* \a g[X Vfi TaW+be \a g[X gXkg' Tf g[\f \f XffXag\T_ \aYbe`Tg\ba Ybe g[X Vb``ha\gl* <_fb( c_XTfX

WXfVe\UX \a g[X cTcXe g[X a\aX s<WW\g\baT_ WXf\Zaft _\fgXW \a NTU_X M1 Tf fX_XVgXW Yeb` WXXc

fXdhXaV\aZ( bY j[\V[ ba_l baX \f YhaVg\baT_* <ZT\a( Tcb_bZ\Xf \Y g[XfX jXeX ceXfXagXW

fb`Xj[XeX( Uhg D Vbh_W abg Y\aW \g*

QX g[Ta^ g[X LXi\XjXe Ybe g[X WXgT\_XW TaT_lf\f* QX \aWXXW [TW fb`X W\fVeXcTaV\Xf \a g[X

gTU_X* QX hcWTgXW g[X fhcc_X`XagTel gTU_Xf WXgT\_\aZ T__ g[X WXf\Zaf &abj Mhcc_X`XagTel

NTU_Xf -- $ -.' TaW g[X gXkg gb eXY_XVg g[X eXfh_gf `beX TVVheTgX_l* QX TWWXW T__ g[X

abaYhaVg\baT_ fXdhXaVXf gb g[X gTU_Xf( \aV_hW\aZ g[X\e fbheVX*

1'

Da g[X gbc c_bg bY A\Z /<( \g fXX`f g[Tg -,,# bY f\aZ_X iTe\Tagf TeX YhaVg\baT_ q cXe[Tcf g[\f \f

QN( \*X* mXeb `hgTg\baf( TaW g[X k)Tk\f \f f[\YgXW; DY g[\f \f g[X VTfX( g[X LA `bWX_ fXX`f iXel

bcg\`\fg\V \a \WXag\Yl\aZ YhaVg\ba j\g[ T_`bfg -,,# f\aZ_X `hgTagf YhaVg\baT_ &VheeXag_l k9.' be Tg

_XTfg `beX g[Ta HBM* Q\g[ g[\f( D Y\aW \g bWW g[Tg g[X Ubggb` c_bg f[bjf f_\Z[g_l `beX YhaVg\baT_

f\aZ_X iTe\Tagf \a HBM g[Ta \a LA &Tffh`\aZ `bfg f\aZ_X `hgTagf TeX bUfXeiXW \a HBM'* J_XTfX

V[XV^ TaW V_Te\Yl*

L\Z[g* QX VbeeXVgXW g[\f* N[X HBM WTgT \a Y\ZheX /= eXY_XVg Ubg[ _\UeTe\Xf( j[XeXTf LA eXYXef gb

ab[bUaWf ba_l &\g jTf ba_l geT\aXW TaW Tcc_\XW gb g[X ab[bUaWf fXdhXaVX fcTVX'* N[\f \f g[X

eXTfba j[l g[X HBM WTgT [Tf `beX f\aZ_X cb\ag `hgTagf g[Ta g[X LA WTgT*

2'

Gbfg fge\^\aZ \a A\Z /< \f g[X [\Z[ YeTVg\ba bY g[X s-2(,,, cbgXag\T__l TVg\iX WXf\Zaft j\g[ `beX

g[Ta Ybhe `hgTg\baf* N[\f f[bh_W UX iT_\WTgXW UXggXe \Y Thg[bef j\f[ gb eXcbeg -2(,,, YhaVg\baT_

iTe\Tagf \WXag\Y\XW \a g[X TUfgeTVg* A\efg( g[X Thg[bef ba_l eXcbeg gXfgf bY WXf\Zaf hc gb 4

`hgTg\baf j[XeXTf T fhUfgTag\T_ YeTVg\ba bY YhaVg\baT_ HBM iTe\Tagf [TiX `beX g[Ta 4

`hgTg\baf* J_XTfX eXcbeg g[X fhVVXff eTgX \a XkcXe\`XagT_ gXfgf cXe ah`UXe bY `hgTg\baf &T_fb

eX_TgXW gb cg* 0 TUbiX ba \aYbe`Tg\ba TUbhg g[X YT\_XW WXf\Zaf'* MXVbaW( c_XTfX Vb``Xag ba g[X

fgTg\fg\Vf \a fhcc_X`XagTel NTU_X M.6 N[X YT_fX)cbf\g\iX eTgX \f -+-.( \*X* n4# TeX g[X YT_fX_l

ceXW\VgXW YhaVg\baT_ bhg bY g[X TVghT_ aba)YhaVg\baT_* N[\f \f T dh\gX [\Z[ ah`UXe f\aVX g[X cTcXe

eXcbegf n5,# aba)YhaVg\baT_ &A\Z* .>'( \*X* j\g[ -,,(,,, aba)YhaVg\baT_ iTe\Tagf( 4(,,, TeX

XkcXVgXW gb UX YT_fX cbf\g\iX* N[\f eXY_XVgf g[X \`UT_TaVX \a geT\a\aZ ba T [\Z[)ceXiT_XaVX fXg

&`bfg YhaVg\baT_' TaW Tcc_l\aZ gb T _bj)ceXiT_XaVX fXg &YXjXfg YhaVg\baT_'* N[\eW( g[XeX \f iXel

_\gg_X \aW\VTg\ba bY g[X haVXegT\agl \a g[X HBM XkcXe\`Xag* Dg eXdh\eXf T iXel WXXc fXdhXaV\aZ gb

VbiXe -,,(,,, ha\dhX iTe\Tagf j\g[bhg cT\eXW)XaW eXTWf( gb Ta XkgXag g[Tg jTeeTagf VT_Vh_Tg\ba

bY Xae\V[`Xagf* Nb VT_Vh_TgX Xae\V[`Xagf( g[X Thg[bef aXXW gb [TiX T ZbbW \WXT TUbhg g[X



TUhaWTaVX bY T iTe\Tag ce\be gb fX_XVg\ba TaW g[XeX \f ab W\fVhff\ba ba [bj g[\f \f TWWeXffXW*

J_XTfX Vb``Xag ba g[\f( X*Z* f\mX g[X bY geTafYbe`XW _\UeTel( [bj `Tal VX__f TeX XkcXVgXW gb

[TiX `beX g[Ta baX c_Tf`\W( A<>M VbiXeTZX &VX__f fbegXW cXe _\UeTel f\mX'( fXdhXaV\aZ

VbiXeTZX &TiXeTZX ah`UXe bY eXTWf cXe ha\dhX iTe\Tag'( j[\V[ eXZ\ba bY BAJ \f fXdhXaVXW

&`Tk\`h` 2,, UTfXf TeX fXdhXaVXW'( TeX T__ YhaVg\baT_ iTe\Tagf bUfXeiXW \a g[X aba)fbegXW

fXdhXaV\aZ( TeX cfXhWb)Vbhagf Tcc_\XW( YeXdhXaVl bY haXkcXVgXW fhUfg\ghg\baf TaW [bj g[XfX

TeX [TaW_XW( XgV*

QX eXc_TVXW g[X V_T\` ba iTe\Tagf j\g[ :4 `hgTg\baf j\g[ baX YbVhf\aZ ba iTe\Tagf j\g[ hc gb 4*

QX TZeXX g[Tg g[X HBM VbiXeTZX \f cebU_X`Tg\V WhX gb g[X _XaZg[ bY g[X W\iXef\Y\XW eXZ\ba \a g[X

T`c_\Vba* NeTafYbe`Tg\ba XYY\V\XaVl jTf :1k-,3 Ybe Ubg[ _\UeTe\Xf( Tf VT_Vh_TgXW Yeb` c_Tg\aZ

XkcXe\`Xagf Z\i\aZ hf Tg _XTfg Y\iXYb_W VbiXeTZX &abj abgXW \a g[X LXfh_gf'* Da beWXe gb VbiXe g[X

_\UeTe\Xf gb g[X Yh__Xfg( jX fbegXW -, g\`Xf g[X gbgT_ _\UeTel f\mX( \*X* n-,4 TaW n-,3 Ybe ab[UbaWf

TaW [UbaWf( eXfcXVg\iX_l &\a GXg[bWf'* <f g[X gbgT_ ah`UXe bY eXTWf jTf YT\e_l _bj( g[X ah`UXe

bY eXTWf TYgXe Y\_geTg\ba jTf _bj Tf jX__* QX g[hf hfXW g[X eX_Tg\iX_l _Tk Ve\gXe\T bY Xae\V[`Xag : -*

Nb _bjXe g[X YT_fX)cbf\g\iX eTgX( jX fbegXW g[X _\UeTe\Xf gj\VX( che\Yl\aZ TaW eX)geTafYbe`\aZ g[X

c_Tf`\Wf \a UXgjXXa* OaXkcXVgXW fhUfg\ghg\baf TeX [TaW_XW Ul g[X F<MN T_Zbe\g[`( j[\V[

Vbaf\WXeXW YTfgd dhT_\gl TffXff`Xagf* QX T_fb TWWXW fhcc_X`XagTel Y\ZheX 2 g[Tg f[bjf g[X

g[X ah`UXe bY eXTWf T__ fXdhXaVXf \a g[X fbegXW fT`c_Xf [TW \a g[X WXXc fXdhXaV\aZ WTgT*

<f g[X ab[UbaWf _\UeTel \f _TeZXe g[Ta g[X gbgT_ ah`UXe bY Vbhagf TiT\_TU_X \a g[X

WXXc)fXdhXaV\aZ ^\g jX hfXW( jX W\W abg XkcXVg gb VbiXe g[X hafbegXW cbch_Tg\baf Xag\eX_l*

N[XeXYbeX( jX Vbaf\WXeXW Tal fXdhXaVX Yeb` g[X fbegXW fT`c_Xf g[Tg jTf abg eXceXfXagXW \a

g[X aba)fbegXW fT`c_X Tf Xae\V[XW( XYYXVg\iX_l Tcc_l\aZ T _bj cfXhWb)Vbhag*

N[XfX WXgT\_f TeX abj \a g[X `Xg[bWf fXVg\ba*

3'

Dg jbh_W UX \agXeXfg\aZ gb fXX fb`X `beX WXgT\_f ba g[X VbafgehVg\ba bY g[X aX\Z[Ubhe[bbWf* @*Z*

T fhcc_X`XagTel gTU_X _\fg\aZ g[X f\gXf bY g[X Y\_gXeXW `hgTg\baf Vbh_W T_fb _\fg g[X aX\Z[Ubhe[bbW

bY XTV[ f\gX TaW g[X ah`UXe bY VT_Vh_TgXW `h_g\cb\ag `hgTg\baf* <eX g[XfX `bfg_l WbhU_X

`hgTagf be [\Z[Xe beWXe `hgTagf;

QX TWWXW fhcc_X`XagTel gTU_Xf -). &baX Ybe XTV[ _\UeTel' WXgT\_\aZ j[\V[ cbf\g\baf jXeX \a XTV[

aX\Z[Ube[bbW( [bj `Tal TaW j[\V[ `hgTg\baf jXeX XkT`\aXW Ybe XTV[ cbf\g\ba TaW g[X

Vb`c_Xk\gl bY g[X chgTg\iX _\UeTe\Xf*

4'

Dg jbh_W UX Tccebce\TgX gb `T^X fb`X dhTag\gTg\iX Vb`cTe\fba j\g[ g[X ceXi\bhf iXef\ba bY

AhaVF\U &eXY* .0'( X*Z* Ul g[X fhVVXff eTgXf bUgT\aXW \a XkcXe\`XagT_ iT_\WTg\baf*

AhaVF\U TaW [gAhaVF\U TeX abg W\eXVg_l Vb`cTeTU_X Z\iXa g[X iXel W\YYXeXag ceX`\fXf bY g[X gjb

T_Zbe\g[`f* <_fb( AhaVF\Uuf fhVVXff eTgX &TaW [gAhaVF\Uuf Tf jX__' TeX T Vb`c_\VTgXW TaW

haceXW\VgTU_X YhaVg\ba bY g[X ah`UXe bY cbf\g\baf( g[X\e fXaf\g\i\gl gb `hgTg\ba TaW g[X\e

Xib_hg\baTel VbafXeiTg\ba* QX g[XeXYbeX Wb abg YXX_ Vb`YbegTU_X Vb`cTe\aZ fhVVXff eTgXf

UXgjXXa g[XfX `Xg[bWf* HXiXeg[X_Xff( \a fXiXeT_ VTfXf jX abg\VXW g[Tg UXgjXXa x TaW v bY



g[X AhaVF\U WXf\Zaf jXeX TVg\iX* CXeX( Ybe f`T__ _\UeTe\Xf &hc gb 1,(,,, iTe\Tagf' g[X fhVVXff

eTgX \f -,# r _bjXe &A\Z* />'( Uhg XkgeX`X_l [\Z[ Vb`cTeXW gb fgTaWTeW W\iXef\Y\VTg\ba `Xg[bWf*

5'

Dg jbh_W UX \agXeXfg\aZ gb ^abj j\g[ T U\g `beX WXgT\_ ba g[X c[l_bZXaXg\V TaT_lf\f* N[X Thg[bef

je\gX sDa g[\f fX_XVg\ba fgXc( jX ^XXc `hgTg\baf g[Tg TeX _\^X_l gb UX ceXfXag \a g[X aTgheT_

W\iXef\gl bY fXdhXaVX [b`b_bZf TaW g[Tg TeX `beXbiXe ceXW\VgXW abg gb WXfgTU\_\mX g[X cebgX\a

aTg\iX fgTgX TVVbeW\aZ gb Tgb`\fg\V WXf\Za VT_Vh_Tg\baf/1t* BAJ \f fb`Xg\`Xf Vbaf\WXeXW abg gb

[TiX iXel `Tal aTgheT_ [b`b_bZf TaW YcUTfX*beZ &eXY /1' VbagT\af T _bg bY flag[Xg\V iTe\Tagf*

J_XTfX Z\iX g[X ah`UXe bY fXdhXaVXf \a g[X c[l_bZXaXg\V TaT_lf\f TaW( \Y cbff\U_X( \aW\VTgX [bj

`Tal bY g[XfX TeX aTgheT_( X*Z* UX_baZf gb T eXYXeXaVX ZXab`X*

Abe g[X c[l_bZXaXg\V TaT_lf\f( jX ba_l hfXW flag[Xg\V iTe\Tagf UTfXW ba TiBAJ* N[X TaT_lf\f

fgTegXW j\g[ -/2 fhV[ fXdhXaVXf( TaW Y\_gXeXW g[XfX gb 1/* QX TWWXW g[XfX WXgT\_f gb g[X

Tccebce\TgX `Xg[bWf fXVg\ba6 s< gbgT_ bY -1/ fXdhXaVXf jXeX eXge\XiXW Yeb` AJ=TfX( T__

flag[Xg\V iTe\Tagf bY TiBAJt*

-,'

N[X `Xg[bWf fXVg\ba WXfVe\UXf s<a T_gXeaTg\iX `hgTg\ba fX_XVg\ba TccebTV[ g[Tg hfXf DagXZXe

F\aXTe JebZeT``\aZt j[\V[ \f ba_l Ue\XY_l eXYXeXaVXW \a g[X gXkg* N[\f f[bh_W X\g[Xe UX eX`biXW

be g[X Thg[bef f[bh_W f[bj g[X eXfh_gf*

QX eX`biXW g[\f fXVg\ba*

--'

Da g[X cTeTZeTc[ fgTeg\aZ j\g[ sIhe jbe^\aZ [lcbg[Xf\f \f g[Tg Xc\fgTg\V \agXeTVg\baf `bfg

YeXdhXag_l Te\fX Yeb` g[eXX `b_XVh_Te fbheVXf &Mhcc_X`XagTel A\ZheX -'t g[X g[\eW cb\ag \f

haV_XTe TaW abg \__hfgeTgXW \a fhcc_X`XagTel A\Z* M-6 s&/' fgTU\_\gl)`XW\TgXW \agXeTVg\baf VThfXW

Ul g[X aba_\aXTe eX_Tg\baf[\c UXgjXXa g[X YeXX XaXeZl bY Yb_W\aZ TaW g[X YeTVg\ba bY aTg\iX_l

Yb_WXW TaW YhaVg\baT_ cebgX\at*

QX TWWXW T cTaX_ gb Mhcc_X`XagTel A\ZheX - j\g[ T fV[X`Tg\V i\fhT_\m\aZ fgTU\_\gl `XW\TgXW

Xc\fgTf\f* QX T_fb V_Te\Y\XW g[X gXkg WXfVe\U\aZ \g \a g[X eXfh_gf fXVg\ba6 sfgTU\_\gl)`XW\TgXW

\agXeTVg\baf \a j[\V[ WXfgTU\_\m\aZ `hgTg\baf Wb abg Xk[\U\g c[Xabglc\V W\YYXeXaVXf j[Xa

\agebWhVXW f\aZ_l Uhg eXWhVX fgTU\_\gl be XkceXff\ba _XiX_f j[Xa Vb`U\aXWt*

G\abe cb\agf

-'

Dg jbh_W UX [X_cYh_ \Y A\Z* - `beX W\eXVg_l \__hfgeTgXW j[Tg sY\_gXe\aZt TaW s@c\HHXg Xae\V[`Xagt

`XTaf TaW j[XeX \a g[X c\cX_\aX \g \f cXeYbe`XW

QX V_Te\Y\XW g[X g\g_X bY cTaX_ ? s<cc_l @c\HHXg gb fX_XVg T fXdhXaVX fcTVX Xae\V[XW j\g[

`hghT__l Vb`cTg\U_X `hgTg\baft*

.'

M[bh_W N21M UX \a fhcc_X`XagTel A\Z* M.; Dg jbh_W UX hfXYh_ Ybe g[X W\fVhff\ba \a A\Z* 0



N[XeX \f ab fgeT\Z[gYbejTeW jTl gb `bWX_ N21M Tf \g \f T cTeg bY g[X V[eb`bc[beX &T

abaVTaba\VT_ cTeg bY g[X fgehVgheX'* Aheg[Xe`beX( T MXe jbh_W UX bUfVheXW Ul g[X _TeZXe N[e*

/'

A\Z* 0< VTcg\ba sBAJ044+1/t f[bh_W UX sBAJ044+1/,t

>beeXVgXW* N[Ta^f!

0'

Da `Xg[bWf fXVg\ba haWXe A<>M fbeg\aZ6 s@* V_ba\t f[bh_W cebUTU_l UX s@* Vb_\t( g[bhZ[ D dh\gX

_\^X g[X aT`X sV_ba\t

>_ba\ \f g[X Vb``XeV\T_ aT`X bY g[X UTVgXe\T jX hfXW* N[X gXkg jTf V_Te\Y\XW gb eXY_XVg g[\f*

1'

Da g[X \agebWhVg\ba g[X Thg[bef je\gX sTaW YhaVg\baT_ `h_g\cb\ag `hgTagf TeX XkVXcg\baT__l eTeXt(

Uhg Wb abg cebi\WX T eXYXeXaVX gb g[\f ZXaXeT_ fgTgX`Xag* M\`\_Te_l j\g[ g[X fgTgX`Xag s@c\fgTf\f

\f T ^Xl eXTfba Ybe g[X _bj gb_XeTaVX gb `h_g\cb\ag TVg\iX)f\gX `hgTg\baf*t

QX TWWXW g[X Yb__bj\aZ fXagXaVX gb g[X \agebWhVg\ba( T_baZf\WX Ta Tccebce\TgX eXYXeXaVX gb

V_Te\Yl g[\f6 s@c\fgTg\V \agXeTVg\baf UXgjXXa `hgTg\baf VTa fXiXeX_l eXfge\Vg g[X V[TaVXf bY Y\aW\aZ

YhaVg\baT_ `h_g\cb\ag `hgTagf \a Ta TVg\iX f\gXt*

LXi\XjXe ". &LX`Te^f gb g[X <hg[be'6

Da g[\f fghWl( QX\afgX\a TaW Vb__XTZhXf hfX T Vb`U\aTg\ba bY XaXeZXg\V `bWX_\aZ TaW

[\Z[)g[ebhZ[chg fVeXXa\aZ gb \WXag\Yl BAJ iTe\Tagf j\g[ `h_g\c_X `hgTg\baf( TWWeXff\aZ g[X

V[T__XaZX bY cbgXag\T_ aXZTg\iX Xc\fgTf\f UXgjXXa `hgTg\baf eXWhV\aZ g[X [\g)eTgX* [gAhaVF\U jTf

hfXW gb WXf\Za T fXg bY cb\ag `hgTg\baf TaW g[Xa Vb`U\aTg\baf bY `hgTg\baf g[Tg jXeX

XaXeZXg\VT__l YTibeTU_X* N[Xa( T `TV[\aX _XTea\aZ @c\HXg `bWX_ jTf geT\aXW gb W\fVe\`\aTgX

YTibeTU_X TaW haYTibeTU_X Vb`U\aTg\baf bY `hgTg\baf* C\gf Yeb` g[\f TccebTV[ \aV_hWXW g[bfX

j\g[ : 4 `hgTg\baf( j[\V[ XkVXXWXW g[X gb_XeTgXW `hgTg\baT_ cXegheUTg\ba _bTW Yeb` ceXi\bhf

WXf\Za TccebTV[Xf* N[\f jbe^ TaW T Vb`cTa\ba fhU`\ff\ba ba Xaml`X XaZ\aXXe\aZ f[bj g[Tg

\ffhXf j\g[ Xc\fgTf\f VTa UXZ\a gb UX TWWeXffXW Ul Vb`U\a\aZ ]hW\V\bhf XaXeZXg\V `bWX_\aZ

Vb`U\aXW j\g[ geT\a\aZ bY `TV[\aX _XTea\aZ `bWX_f* <a \`cbegTag TaW eX_XiTag fghWl gb g[X

cebgX\a XaZ\aXXe\aZ Y\X_W* N[X jbe^ \f gXV[a\VT__l fbhaW TaW V_XTe_l ceXfXagXW*

QX g[Ta^ g[X LXi\XjXe Ybe g[XfX cbf\g\iX Vb``Xagf*

Njb Vb``Xagf g[Tg f[bh_W UX TWWeXffXW6

&-' N[XeX \f ab YhaVg\baT_ ZbT_ \a g[XfX _\UeTe\Xf ) \*X* dhTagh` l\X_W( c[bgbfgTU\_\gl( Vb_be* Cbj

jbh_W g[XfX `Xg[bWf UX TWTcgXW \Y T cTeg\Vh_Te YhaVg\baT_ YXTgheX( abg ]hfg fgehVgheX TaW fgTU\_\gl

jXeX gb UX bcg\`\mXW* @kV\gTg\ba TaW X`\ff\ba fcXVgeT_ cebcXeg\Xf jXeX abg WXfVe\UXW &cXT^



jTiX_Xag[Zf'* >Ta `bWX_f UX geT\aXW gb \WXag\Yl j[Tg YXTgheXf Vbage\UhgX gb c[bgbc[lf\VT_

cebcXeg\Xf;

N[\f \f iXel gehX* QX Xkc_T\a g[Tg [gAhaVF\Uuf ZbT_ &Tf \`c_X`XagXW [XeX' \f gb ZXaXeTgX

gb_XeTgXW fXdhXaVX W\iXef\gl* DY T cTeg\Vh_Te YhaVg\baT_ ZbT_ \f ^abja( TaW \g \f haWXefgbbW j[Tg

`b_XVh_Te WXgT\_f `Tl _XTW gb g[\f ZbT_( g[Xa [gAhaVF\U VTa UX TWTcgXW gb \g* Abe XkT`c_X( \Y \g \f

^abja g[Tg f[begXe XkV\gTg\ba jTiX_XaZg[f eXdh\eX Ta Teb`Tg\V T`\ab TV\W Tg T fcXV\Y\V cbf\g\ba(

baX `Tl YbeVX g[Tg `hgTg\ba TaW hfX [gAhaVF\U gb eXVb``XaW `hgTg\baf g[Tg TeX Vb`cTg\U_X

j\g[ \g* QX TWWXW T fXZ`Xag W\fVhff\aZ g[\f gb g[X VbaV_hf\baf6 sDY T fcXV\Y\V YhaVg\baT_ ZbT_ \f

WXf\eXW TaW g[X `b_XVh_Te haWXec\aa\aZf bY g[Tg ZbT_ TeX ^abja( g[Xl VTa UX \`cbfXW Whe\aZ

g[X WXf\Za cebVXff gb YbVhf g[X _\UeTel ba iTe\Tagf g[Tg Xk[\U\g g[X XffXag\T_ `b_XVh_Te YXTgheXf*t*

&.' N[\f geT\a\aZ bY @c\HHXg f[bh_W UX W\fVhffXW \a g[X VbagXkg bY g[X V[b\VX bY [bfg cebgX\a ) T

fgTU_X iXef\ba bY BAJ ) TaW fcXV\Y\VT__l g[X jbe^ XTe_\Xe g[\f lXTe Yeb` EbaWeTf[bi

&[ggcf6++Wb\*beZ+-,*3110+XF\YX*3140.' f[bj\aZ g[Tg `hgTg\baT_ _TaWfVTcXf g[Tg TeX Y_TggXe TeX abg

Tf hfXYh_ Ybe geT\a\aZ `bWX_f* ?bXf g[X XaXeZXg\V `bWX_\aZ \a [gYhaVF\U jbe^ Ybe `beX %YeTZ\_X%

cebgX\af j[XeX Xc\fgTg\V \agXeTVg\baf VTa [TiX T `beX cebabhaVXW XYYXVg ba Yb_W\aZ+YhaVg\ba;

L\Z[g* QX Wb abg lXg ^abj g[X TafjXe gb g[\f( g[bhZ[ \g \f _\^X_l g[Tg cebgX\a ebUhfgaXff \f

\`cbegTag Ybe fhVVXff* QX TWWXW T fXagXaVX gb g[X >baV_hf\ba fXVg\ba W\fVhff\aZ g[\f6 sN[X

[\Z[ fgTU\_\gl TaW Ue\Z[gaXff bY g[X XBAJ fgTeg\aZ cb\ag TeX _\^X_l gb UX ^Xl gb bUgT\a\aZ T _TeZX

ah`UXe bY YhaVg\baT_ iTe\Tagf* Aheg[Xe eXfXTeV[ \f aXXWXW gb WXgXe`\aX j[Xg[Xe g[X Vb`U\aTg\ba

bY JLIMM fgTU\_\gl WXf\Za TaW [gAhaVF\U VTa TVVXff fhV[ _TeZX fcTVXf bY YhaVg\baT_ iTe\Tagf \a

_Xff ebUhfg fgTeg\aZ cb\agft*

LXi\XjXe "/ &LX`Te^f gb g[X <hg[be'6

Da g[\f `TahfVe\cg( g[X Thg[bef \agebWhVX g[X [gAhaVF\U( T cebgX\a)XaZ\aXXe\aZ c\cX_\aX gb WXf\Za

TaW gXfg iTe\Tag _\UeTe\Xf YbVhfXW ba cebgX\a YhaVg\baT_ f\gXf* N[X `bg\iTg\ba UX[\aW WXiX_bc\aZ

fhV[ T `Xg[bW \f gb \aVeXTfX g[X fT`c_\aZ XYY\V\XaVl TaW W\iXef\gl TebhaW T cebgX\a YhaVg\baT_

f\gX( j[\V[ \f hfhT__l [\Z[_l VbafXeiXW TaW fXaf\g\iX gb `hgTg\baf* Nb TV[\XiX g[\f ZbT_( g[X

Thg[bef [TiX gb biXeVb`X g[X Xc\fgTg\V XYYXVg Ul \agebWhV\aZ `h_g\c_X `hgTg\baf f\`h_gTaXbhf_l(

j[\V[( \a g[X cTfg( [Tf ba_l UXXa cTeg\T__l TV[\XiXW Ul W\eXVgXW Xib_hg\ba g[ebhZ[ \gXeTg\iX

`hgTg\ba)fX_XVg\ba VlV_Xf* N[X [gAhaVF\U `Xg[bW fgTegf j\g[ _bj)XaXeZl JMMG)TccebiXW

`hgTg\baf \a g[X YhaVg\baT_ f\gX &Ul c[l_bZXaXg\V TaT_lf\f TaW LbfXggT XaXeZl VT_Vh_Tg\ba'( g[Xa

eTa^f TaW fX_XVgf g[bfX `hgTg\baf Ul g[X\e `hghT_ Vb`cTg\U\_\gl &Ul T geT\aXW aXheba aXgjbe^

@c\HHXg'* <YgXe g[\f \a f\_\Vb fVeXXa\aZ( ?H< YeTZ`Xagf XaVbW\aZ g[XfX Vb`cTg\U_X cb\ag

`hgTg\baf TeX TffX`U_XW \a Ta T__)TZT\afg)T__ Vb`U\aTgbel _\UeTel Ul Bb_WXa BTgX `Xg[bW(

gXfgXW Ul [\Z[)g[ebhZ[chg A<>M( TaW eXTW bhg Ul WXXc fXdhXaV\aZ* N[X Thg[bef Tcc_l g[\f

XaZ\aXXe\aZ c\cX_\aX gb BAJuf Y_hbeXfVXaVX YhaVg\baT_ f\gX* N[X eXfh_gf TeX \`ceXff\iX6 -*' g[Xl

Xkc_beX T `hV[ U\ZZXe fXdhXaVX fcTVX g[Tg \f \aTVVXff\U_X \a `h_g\c_X ceXi\bhf TggX`cgf( .*' g[X

YhaVg\baT_ `h_g\cb\ag `hgTagf TYgXe _\UeTel fX_XVg\ba f[bj WXf\eXW YhaVg\baT_ W\iXef\gl \a gXe`f bY

cebgX\a fgTU_\gl( Y_hbeXfVXaVX fcXVgeT( Y_hbeXfVXaVX _\YXg\`X( cC fXaf\g\i\gl( TaW Y_hbeXfVXaVX



c[bgb)fgTU\_\gl( TaW /*' g[X `b_XVh_Te `XV[Ta\f`f bY Xc\fgTf\f haWXe_l\aZ g[X fhVVXffYh__l

fX_XVgXW BAJ iTe\Tagf TeX \agXeXfg\aZ Ybe fgehVgheT_ TaT_lf\f* IiXeT__( g[X `TahfVe\cg ceXfXagf T

ceTZ`Tg\V jTl gb W\iXef\Yl VXegT\a cebgX\a YhaVg\baf TaW D Tag\V\cTgX \g j\__ TggeTVg TggXag\ba T`baZ

cebgX\a XaZ\aXXef jbe^\aZ gbjTeWf cebgX\a gbb_f &XZ* \`TZ\aZ gbb_f fhV[ Tf Y_hbeXfVXag cebgX\af'

TaW Xaml`Xf( g[hf D eXVb``XaW g[\f `TahfVe\cg Ybe chU_\VTg\ba TYgXe T `\abe eXi\f\ba*

QX g[Ta^ g[X LXi\XjXe Ybe g[X cbf\g\iX TffXff`Xag*

=X_bj TeX `l Vb``Xagf Ybe g[X Thg[bef6

-* < W\eXVg Vb`cTe\fba UXgjXXa AhaVF\U TaW [gAhaVF\U jbh_W UX aXVXffTel [XeX* DY TWW\aZ T

cXeVXcgeba)UTfXW aXheT_ aXgjbe^ &be DFJ' `TV[\aX _XTea\aZ `bWh_X _TeZX_l \`cebiXf g[X XaW

eXfh_gf( \g jbh_W UX jbeg[j[\_X gb Tf^ j[Tg LbfXggT `Xg[bW _TV^f TaW j[Tg eb_X LbfXggT WXf\Za

VT_Vh_Tg\ba c_Tlf \a g[\f aXj `Xg[bW*

AhaVF\U TaW [gAhaVF\U [TiX W\YYXeXag ZbT_f* N[X Y\efg fXTeV[Xf Ybe T f`T__ fXg bY bcg\`\mXW

`hgTagf \a j[\V[ XTV[ WXf\Za \f \aWXcXaWXag bY Tal bg[Xe TaW g[X fXVbaW Ybe T _TeZX fXg bY

`hgTagf g[Tg VTa UX TffX`U_XW Ul Vb`U\aTgbe\T_ `hgTZXaXf\f* <f fhV[( [gAhaVF\U WbXf abg

\`cebiX AhaVF\U Uhg hfXf \g Tf T c_TgYbe` gb XkgXaW gb `hV[ _TeZXe fXdhXaVX fcTVXf* QX Wb abg

g[\a^ g[Tg g[X eXfh_gf jX f[bj W\eXVg_l fhZZXfg T _TV^ \a LbfXggT* DY Talg[\aZ( LbfXggT \f g[X

XaZ\aX Ybe Vb`chg\aZ g[X Vb`cTg\U\_\gl T`baZ `hgTg\baf*

.* N[X ZXaXeT_ Tcc_\VTU\_\gl Ybe bg[Xe hfXef TaW bg[Xe cebgX\af \f abg iXel V_XTe* N[XeX TeX

fXiXeT_ `TahT_ fgXcf \a g[X GXg[bW WXfVe\cg\ba&F\aX 011( 02.( 03,'* Q[\_X \g \f haWXefgTaWTU_X

gb \agebWhVX `TahT_ \agXeiXag\ba ba XiXel fgXcf Whe\aZ `Xg[bW WXiX_bc`Xag TaW g[X \a\g\T_

Tcc_\VTg\ba( D jbh_W _\^X g[X fXX [bj g[X Thg[bef c_Ta gb Thgb`TgX g[X c\cX_\aX Ybe YhgheX

Tcc_\VTg\baf*

QX TZeXX* Ihe _TU \f Vb``\ggXW gb `T^\aZ WXf\Za gbb_f g[Tg TeX fgeXT`_\aXW TaW TVVXff\U_X Ybe

eXfXTeV[Xef j\g[ ab XkcXeg\fX \a `bWX_\aZ* QX TeX VheeXag_l jbe^\aZ ba Ta shcZeTWXt gb g[X

AhaVF\U jXU fXeiXe g[Tg j\__ XaTU_X Thgb`TgXW be fX`\)Thgb`TgXW XkXVhg\ba bY [gAhaVF\U* QX

[bcX gb [TiX g[\f \a eXTWl Ybe` j\g[\a g[X aXkg f\k `bag[f*

/* N[X Y\aT_ cTeTZeTc[ \a g[X DagebWhVg\ba \f f_\Z[g_l Ta biXefgTgX`Xag &F\aX 11( tTeU\geTe\_l _TeZX

_\UeTe\Xft TaW F\aX 2-( s`\__\baf&TaW cbgXag\T__l U\__\baf' bY WXf\Zaft'* Aeb` g[X GXg[bW

WXfVe\cg\ba( \g \f bUi\bhf g[Tg g[X f\mX bY g[X Y\aT_ _\UeTel \f T _\`\g\aZ YTVgbe Ybe WXf\Za\aZ g[X

Vb`U\aTgbel _\UeTel &F\aX 02.)020( F\aX 050)053'* D jbh_W fhZZXfg g[X Thg[bef gb eXi\fX g[\f

cTeTZeTc[ gb Tib\W `\f_XTW\aZ*

QX g[\a^ g[Tg g[X `Xg[bW \f fVT_TU_X jX__ UXlbaW `\__\baf Uhg VXegT\a_l Wb abg lXg [TiX WTgT gb

fhccbeg g[Tg* QX g[XeXYbeX X_\`\aTgXW g[X V_T\` ba U\__\baf bY WXf\Zaf*

0* Da F\aX 4-)42 TaW Mhcc_X`XagTel A\ZheX -( g[X Thg[bef _\fgXW g[eXX [lcbg[Xf\mXW fbheVXf Ybe

Xc\fgTg\V \agXeTVg\baf* Dg \f [\agXW \a g[X gXkg &F\aX 55( scXaT_\mX UTV^UbaX WXYbe`Tg\bat TaW F\aX

-,1 s`bfg _\^X_l gb Z\iX e\fX gbpt' g[Tg g[X [gAhaVF\U \f YbVhfXW ba XfgTU_\f[\aZ glcX - Xc\fgTg\V

\agXeTVg\baf ba_l &g[\f \f `l fcXVh_Tg\ba'* Dg jbh_W `T^X g[X `TahfVe\cg XTfl gb haWXefgTaW \Y g[X



Thg[bef VTa bYYXe T W\eXVg VbeeXfcbaWXaVX UXgjXXa g[X g[eXX glcXf bY Xc\fgTg\V \agXeTVg\baf TaW

g[X [gAhaVF\U _\UeTel WXf\Zauf gTeZXg \agXeTVg\baf*

QX XW\gXW g[X gXkg gb eXY_XVg [bj g[X T_Zbe\g[` TWWeXffXf g[X g[eXX glcXf bY Xc\fgTf\f jX

`Xag\ba6

N[X XaW bY g[X g[\eW cTeTZeTc[ \a g[X eXfh_gf fXVg\ba WXfVe\UXf [bj \aW\eXVg( UTV^UbaX

`XW\TgXW( Xc\fgTf\f \f TWWeXffXW6 sDa TWW\g\ba( g[XfX VT_Vh_Tg\baf Tcc_l [Te`ba\V VbbeW\aTgX

VbafgeT\agf gb UTV^UbaX Tgb`f Whe\aZ j[b_X)fgehVgheX `\a\`\mTg\ba( g[XeXUl cXaT_\m\aZ

UTV^UbaX WXYbe`Tg\baf g[Tg `Tl _XTW gb \aW\eXVg Xc\fgTg\V \agXeTVg\baft*

N[X Yb__bj\aZ cTeTZeTc[ fgTgXf g[Tg6 sM\aVX g[X fcTVX bY cbgXag\T_ `h_g\cb\ag `hgTg\baf \a T _TeZX

TVg\iX f\gX \f Vb`chgTg\baT__l \ageTVgTU_X( jX YbVhf VT_Vh_Tg\baf ba Vb`U\aTg\baf bY `hgTg\baf

j\g[\a aX\Z[Ube[bbWf bY cebk\`T_ cbf\g\baf &A\ZheX -= $ >( Mhcc_X`XagTel NTU_Xf - TaW .'

j[\V[ TeX g[X `bfg _\^X_l gb Z\iX e\fX gb W\eXVg Xc\fgTg\V \agXeTVg\baf &Mhcc_X`XagTel A\ZheX -<'t(

TVVbhag\aZ Ybe [bj g[X T_Zbe\g[` TWWeXffXf W\eXVg Xc\fgTf\f*

N[X fT`X cTeTZeTc[ _TgXe fgTgXf6 sN[X eXfh_g\aZ _\UeTel \f Xae\V[XW \a `hghT__l Vb`cTg\U_X

`hgTg\baf( fhV[ g[Tg Ubg[ W\eXVg TaW fgTU\_\gl)`XW\TgXW Xc\fgTf\f &Mhcc_X`XagTel A\ZheX -< TaW

>' TeX TWWeXffXWt*

1* Ab__bj\aZ Vb``Xag 0( D T` T_fb VbaYhfXW TUbhg [bj g[X `Xg[bW WXT_f j\g[ UTV^UbaX

`biX`Xag hcba \agebWhV\aZ `h_g\c_X `hgTg\baf( XZ* [bj WbXf g[X VT_Vh_Tg\ba scXaT_\mXf

UTV^UbaX WXYbe`Tg\ba&F\aX -,1't;

QX XW\gXW g[X gXkg gb UXggXe Xkc_T\a g[\f cb\ag6 sDa TWW\g\ba( g[XfX VT_Vh_Tg\baf cXaT_\mX UTV^UbaX

WXYbe`Tg\baf gb `\a\`\mX \aW\eXVg Xc\fgTg\V \agXeTVg\baf Ul Tcc_l\aZ [Te`ba\V VbbeW\aTgX

VbafgeT\agf ba UTV^UbaX Tgb`f &Mhcc_X`XagTel A\ZheX -='*t*

2* Da A\Z*.?( g[X biXe_Tl bY g[X gbc)eTa^XW `hgTg\baf Vbh_W UX UXggXe \__hfgeTgXW \a T W\YYXeXag

Vb_be*

QX V[TaZXW g[X Vb_bef bY g[X iTe\bhf `hgTg\baf*

3* Da A\Z*/<( sHBMt Vbh_W UX UXggXe aT`XW Tf s[gAhaVF\U)HBMt* D `\fhaWXefgbbW \g Tf T__ g[X

aXkg)ZXaXeTg\ba fXdhXaV\aZ WTgT Vb`U\aXW &be( WbXf \g eXT__l `XTa T__ g[X WTgT Vb`U\aXW; MXX(

Du` VbaYhfXW*'*

QX V[TaZXW g[X Y\ZheX TVVbeW\aZ_l*

4* Da A\Z*/<( \g WbXf abg `T^X V_XTe fXafX gb `X g[Tg g[X cb\ag `hgTagf &s-t \a g[X Ubggb` c_bg'

[TiX T YhaVg\baT_ eTg\b bY -,,# &s-*,t \a g[X gbc c_bg' Ybe T__ g[X _\UeTe\Xf TaW sLAt ceXW\Vg\ba* Df \g

T abe`T_\mTg\ba cb\ag; DY \g \f abg T abe`T_\mTg\ba cb\ag( WbXf \g \aW\VTgX g[Tg g[X Y_hbeXfVXaVX

g[eXf[b_W Ybe WXY\a\aZ sYhaVg\baT_t \f TeU\geTe\_l _bj \a g[\f TaT_lf\f; Da TWW\g\ba( f\aVX g[X bg[Xe

eXYXeXaVX _\UeTe\Xf &TiBAJ( VZeXBAJ( p' TeX fbegXW W\YYXeXag_l( D jbaWXe [bj gb ]hfg\Yl g[\f

Vb`cTe\fba bY sYhaVg\baT_t iTe\Tagf*

>beeXVgXW*

5* A\Z*0 TaW Mhcc_X`XagTel A\Z* 4 TeX g[X fT`X _bj)W\`Xaf\baT_ eXceXfXagTg\ba bY cebgX\a

Y\gaXff _TaWfVTcX _TUX_XW j\g[ sV_XTat LTaWb` AbeXfg&LA' ceXW\VgXW YhaVg\baT_ `hgTg\baf TaW

sab\flt XkcXe\`XagT_ WTgT( eXfcXVg\iX_l* N[X Thg[bef V[bbfX gb YbVhf g[X\e TaT_lf\f TaW



W\fVhff\ba ba g[X LA)ceXW\VgXW eXfh_gf &A\Z*0' \a g[X `T\a gXkg* Q[\_X g[\f \f gbgT__l eXTfbaTU_X

j\g[ cebcXe ]hfg\Y\VTg\ba &Tf g[X Thg[bef [TiX cebi\WXW \a _\aX /11)/12 Ybe tYT_fX aXZTg\iXt TaW

_\aX 441)442 Ybe sYT_fX cbf\g\iXt'( \g f[bh_W UX abgXW \Y g[X eXceXfXagTg\iX `hgTg\baf [TiX fgebaZ

be jXT^ f\ZaT_f \a g[X XkcXe\`XagT_ WTgT* DY g[Xl TeX Vb`c_XgX_l `\ffXW \a g[X A<>M fbeg\aZ TaW

HBM fXdhXaV\aZ( Yheg[Xe XkcXe\`XagT_ iT_\WTg\ba \f aXXWXW gb fhccbeg g[X Thg[befu V_T\`* Abe

XkT`c_X( g[X W\fVhff\ba ba g[X sgjb _baZ cTeT__X_ gT\_ft \a _\aX /./)/00 \f abg iXel Vbai\aV\aZ gb

`X f\aVX g[X fT`X f\ZaT_f TeX abg TccTeXag \a Mhcc_X`XagTel A\Z* 4<* Nb ^XXc g[\f cTeg Tf T

abiX_ Y\aW\aZ( D jbh_W fhZZXfg g[X Thg[bef gXfg g[X eXceXfXagTg\iX `hgTg\baf XkcXe\`XagT__l*

QX [TiX TWWXW \aYbe`Tg\ba \a g[X `T\a gXkg TaW A\ZheX M4 TUbhg g[X W\eXVg fhccbeg \a g[X

XkcXe\`XagT_ WTgT g[Tg XTV[ bY g[X W\YYXeXag V_hfgXef bY fXdhXaVXf [TiX \a g[X XkcXe\`XagT_ WTgT

) Abe g[X g[eXX `T\a VbaaXVgXW V_hfgXef W\YYXe\aZ Tg cbf\g\baf 21 TaW 256 s<__ g[eXX Zebhcf

TeX fgebaZ_l fhccbegXW Ul `Tal W\YYXeXag fXdhXaVXf W\eXVg_l TffXffXW \a g[X fbeg\aZ

XkcXe\`Xag &A\Z M4't

) QX V_Te\Y\XW g[Tg g[X XkcXe\`XagT_ WTgT fgebaZ_l fhccbegf g[X <`>lTa sgT\_t6 sN[X

<`>lTa0,1+1.1 gT\_ \f jX__)fhccbegXW \a g[X XkcXe\`XagT_ WTgT TaW \f abg Ta Teg\YTVghT_

ceXW\Vg\ba bY bhe `bWX_( Tf jX bUfXeiX T V_hfgXe bY [\Z[_l `hgTg\baT__l VbaaXVgXW

WXf\Zaf g[Tg jXeX T_fb T`baZ g[X `bfg fgebaZ_l Xae\V[XW \a <`>lTa0,1+1.1 fbegXW VX__f

&A\ZheX 0?( A\ZheX M4't

Nb `T^X g[XfX eXfh_gf `beX geTafcTeXag( jX cebi\WX T aXj Mhcc_X`XagTel NTU_X -, j\g[ g[X

fXdhXaVXf UX_baZ\aZ gb g[X V_hfgXe TaW g[X\e VbeeXfcbaW\aZ Xae\V[`Xag iT_hXf Tf f[bja [XeX6

F0. P24 K25 M3. N-,4 P--. R-01 N-23 C-4- F.., P..0
AhaVg\baT_

V_Tff

@ae\V[`

Xag

&_bZ.'

P < < N @ P R N C P D <`>lTa 3*.

P < < N @ P G N C P D <`>lTa 3*2

P < < N @ P A N C P D <`>lTa 1*.

P < < N @ P R P C P D <`>lTa 3*4

P < < N @ P R N C F D <`>lTa 2*.

P < < N @ P D N C P D <`>lTa 1*.

P < < N @ P R N F P D <`>lTa 1*.

P < < N @ P G P F P D <`>lTa 1*.

P < < N @ D R N C P D BAJ -*/

-,* LXYXeXaVX WTgT bY geTafYXee\aZ `hgTg\baf gb fYBAJ TeX `\ff\aZ &F\aX /2-)/2.'*



<WWXW T eXYXeXaVX gb g[X Tccebce\TgX fhcc_X`XagTel gTU_X*

--* Abe g[X 24 ha\dhXf WXf\Zaf&F\aX /05' V[bfXa Ybe cebgX\a che\Y\VTg\ba TaW U\bV[X`\fgel

V[TeTVgXe\mTg\ba( [bj `Tal YhaVg\baT_)f\gX `hgTg\baf Wb g[Xl VTeel;

QX TWWXW T Vb``Xag gb V_Te\Yl g[\f6 sXk[\U\g\aZ Tg _XTfg gjb `hgTg\baf Yeb` JLIMM)XBAJ TaW

glc\VT__l Tg _XTfg gjb `hgTg\baf Yeb` baX Tabg[Xet*

-.* <a bcXa TaW [baXfg W\fVhff\ba ba g[X _\`\gTg\baf bY g[X [gAhaVF\U `Xg[bW jbh_W `T^X g[\f

`TahfVe\cg fgebaZXe* Aeb` fXiXeT_ c_TVXf \a g[X `T\a gXkg( g[X [gAhaVF\U fXX`f gb eXdh\eX T

iXel fgTU_X fgTeg\aZ cb\ag TaW \g VTaabg Xkc_\V\g_l \`cebiX T fcXV\Y\V TfcXVg bY g[X cebgX\a

YhaVg\ba* D g[\a^ g[Tg ZXaXeT_ eXTWXef j\__ TcceXV\TgX Ta bcXa W\fVhff\ba \a g[\f eXZTeW*

QX XW\gXW g[X cTcXe \a fXiXeT_ c_TVXf gb eXY_XVg g[X cbgXag\T_ _\`\gTg\baf bY g[X `Xg[bW( \aV_hW\aZ6

) < cTeTZeTc[ \a g[X VbaV_hf\ba fXVg\ba j[\V[ fgTgXf6 sN[X [\Z[ fgTU\_\gl TaW Ue\Z[gaXff bY

g[X XBAJ fgTeg\aZ cb\ag TeX _\^X_l gb UX ^Xl gb bUgT\a\aZ fb `Tal YhaVg\baT_ iTe\Tagf*

Aheg[Xe eXfXTeV[ \f aXXWXW gb WXgXe`\aX j[Xg[Xe g[X Vb`U\aTg\ba bY JLIMM fgTU\_\gl

WXf\Za TaW [gAhaVF\U VTa TVVXff fhV[ _TeZX fcTVXf bY YhaVg\baT_ iTe\Tagf \a _Xff ebUhfg

fgTeg\aZ cb\agf* s

) < fgTgX`Xag eXZTeW\aZ g[X TccTeXag fgTU\_\gl bY bhe fgTeg\aZ cb\ag \a g[X eXfh_gf fXVg\ba6

sQX abg\VXW g[Tg g[X JLIMM)XBAJ cTeXagT_ WXf\Za \f _Xff fgTU_X g[Ta XBAJ j[Xa

YhaVg\baT_ g[Xe`bfgTU\_\gl \f `XTfheXW &A\ZheX 1<' eTg[Xe g[Ta g[Xe`T_ WXaTgheTg\ba Tf \a

g[X JLIMM)XBAJ WXf\Za fghWl* <ccTeXag_l( g[X JLIMM)XBAJ WXf\Za \f `beX eXf\fgTag

gb [XTg WXaTgheTg\ba( Uhg \gf Y_hbeXfVXaVX \f `beX fXaf\g\iX gb [XTg g[Ta XBAJt*

) < cTeTZeTc[ \a g[X eXfh_gf fXVg\ba g[Tg fgTgXf6 s=XVThfX TVg\iX)f\gX `hgTg\baf `Tl

eXWhVX cebgX\a fgTU\_\gl( jX V[bfX Tf T fgTeg\aZ cb\ag T ceXi\bhf_l WXf\ZaXW iXef\ba bY

Xa[TaVXW BAJ( JLIMM)XBAJ( g[Tg Xk[\U\gXW X_XiTgXW eXf\fgTaVX gb g[Xe`T_

WXaTgheTg\bat*

LXi\XjXe "0 &LX`Te^f gb g[X <hg[be'6

N[X `TahfVe\cg WXfVe\UXf WXiX_bc`Xag TaW Tcc_\VTg\ba bY g[X [gAhaVF\U q T Vb`chgTg\baT_

cebgX\a WXf\Za jbe^Y_bj Vb`U\a\aZ Tgb`\fg\V TaW `TV[\aX)_XTea\aZ UTfXW TccebTV[Xf* N[X ZbT_

bY g[X [gAhaVF\U \f gb \aVeXTfX XYY\V\XaVl bY _TUbeTgbel fVeXXa\aZ XYYbegf Ul X_\`\aTg\aZ cbbe_l

fVbe\aZ Vb`U\aTg\baf bY `hgTg\baf Yeb` Vb`U\aTgbe\T_ _\UeTe\Xf( T__bj\aZ Xkc_beTg\ba bY [\Z[_l

Xc\fgTg\V Y\gaXff _TaWfVTcXf* @iXa Ybe T _\`\gXW fXg bY `TahT__l VheTgXW WXf\ZaTU_X cbf\g\baf( Ta

Tfgebab`\VT__l _TeZX ah`UXe bY Vb`U\aTg\baf `T^Xf Xk[Thfg\iX fT`c_\aZ bY g[X Yh__ fXdhXaVX

fcTVX Vb`chgTg\baT__l \ageTVgTU_X* Nb bcg\`\mX T`\ab TV\W Vb`cbf\g\ba Ybe XTV[ cbf\g\ba g[X

Thg[bef Y\efg hfXW c[l_bZXaXg\V \aYbe`Tg\ba TaW \a f\_\Vb f\gX fTgheTg\ba `hgTZXaXf\f &MMG' gb

\WXag\Yl eXf\WhX glcXf `bfg _\^X_l \aW\i\WhT__l gb_XeTU_X \a g[X cTeXag fXdhXaVX VbagXkg* CbjXiXe(

Tf g[X\e Vb`chgTg\baf f[bj( T Wb`\aTag YeTVg\ba bY g[X WXf\Zaf VbafgehVgXW Ul eTaWb`

Vb`U\aTg\ba bY g[XfX \aW\i\WhT__l UXaXY\V\T_ `hgTagf [Tf fhUfgTag\T__l jbefX Vb`chgTg\baT_

fVbeX eX_Tg\iX gb cTeXagT_ fXdhXaVX*



N[X Thg[bef cebcbfX T f\`c_X TaW X_XZTag Vb`chgTg\baT_ cebVXWheX g[Tg TccTeXag_l [X_cf gb

T__Xi\TgX g[\f cebU_X`* N[X Xag\eX fXg bY WXf\ZaTU_X cbf\g\baf \f fc_\g \agb fcTg\T_ aX\Z[Ube[bbWf

TaW g[X eTaZX bY T__bjXW T`\ab TV\Wf Ybe XTV[ cbf\g\ba \f Y_Xk\U_l TW]hfgXW fb Tf gb `T^X g[X

gbgT_ ah`UXe bY fXdhXaVX Vb`U\aTg\baf Ybe g[X aX\Z[Ube[bbW Vb`chgTg\baT__l geTVgTU_X &haWXe

-,S2'* LbfXggT XaXeZl fVbeX \f Vb`chgXW Ybe XTV[ Vb`U\aTg\ba &be -,# bY T__ Vb`U\aTg\baf Ybe

_TeZX aX\Z[Ube[bbWf' \a XTV[ aX\Z[Ube[bbW TaW Vb`U\aTg\baf TeX V_Tff\Y\XW Tf sZbbWt be sUTWt

eX_Tg\iX gb g[X fVbeX bY g[X cTeXagT_ fXdhXaVX* <hg[bef geT\a T aXheT_ aXgjbe^ &@c\HHXg' gb

V_Tff\Yl WXf\Zaf( TaW hfX g[X geT\aXW aXgjbe^ gb eTa^ \aW\i\WhT_ `hgTg\baf \a T jTl eXY_XVg\aZ

cebUTU\_\gl bY g[X `hgTg\ba gb UX \a T sZbbWt fVbe\aZ Vb`U\aTg\ba* N[X `T\a W\fVbiXel bY g[X

fghWl \f g[Tg WXf\Zaf VbafgehVgXW Yeb` [\Z[Xe eTa^\aZ `hgTg\baf &s@c\HHXg Xae\V[XWt' [TiX T

`hV[ [\Z[Xe V[TaVX gb [TiX UXggXe XaXeZl fVbeXf g[Ta WXf\Zaf VbafgehVgXW Yeb` T fXg bY

`hgTg\baf Y\_gXeXW hf\aZ c[l_bZXaXg\V \aYbe`Tg\ba TaW f\aZ_X MMG Vb`chgTg\baf*

QX g[Ta^ g[X LXi\XjXe Ybe g[X cbf\g\iX TffXff`Xag*

<hg[bef cebVXXW gb Tcc_l g[X\e jbe^Y_bj gb VbafgehVg T _\UeTel bY JLIMM)XBAJ q T ceXi\bhf_l

bcg\`\mXW iTe\Tag bY TiBAJ* Mbeg\aZ _\UeTel hf\aZ A<>M \aW\VTgXW ceXfXaVX bY g[X iTe\Tagf

eXgT\a\aZ Y_hbeXfVXaVX XiXa j\g[ hc gb 4 `hgTg\baf* Q[\_X g[X YhaVg\baT_ fgTghf bY g[X

biXej[X_`\aZ `T]be\gl bY :-2(,,, iTe\Tagf jTf Tff\ZaXW UTfXW ba g[X\e Xae\V[`Xag \a HBM

WTgT( fb`X iTe\Tagf jXeX che\Y\XW ba T fVT_X fhYY\V\Xag Ybe `beX WXgT\_XW U\bc[lf\VT_ TaT_lf\f*

Q[\_X g[X eTg\baT_X bY g[X `Xg[bW \f jX__ _T\W bhg TaW Vbai\aV\aZ( g[X Y\aW\aZf fXX` T U\g

haWXej[X_`\aZ*

A\efg( \g TccXTef g[Tg _\UeTel VbafgehVg\ba hf\aZ [\Z[ eTa^\aZ `hgTg\baf _XTW gb T `bfg_l iXel

VbafXeiTg\iX fXg bY T__bjXW `hgTg\baf* >baf\WXe\aZ g[\f( g[X eXfh_g bY Y\aW\aZ YhaVg\baT__l TVg\iX

iTe\Tagf j\g[ hc gb 4 `hgTg\baf \a g[X TVg\iX f\gX UXVb`Xf T_`bfg ge\i\T_* <hg[bef eX`Te^ ba g[X

\aV_hf\ba bY eTW\VT_ fhUfg\ghg\baf \agb g[X _\UeTel( Uhg \g \f abg V_XTe [bj bYgXa fhV[ `hgTg\baf

TccXTe \a g[X TVg\iX iTe\Tagf TaW `beX \`cbegTag_l [bj bYgXa ceXfXaVX bY g[X eTW\VT_

fhUfg\ghg\baf TYYXVg YhaVg\baT_\gl \a T ceTVg\VT__l f\Za\Y\VTag jTl* <WW\g\baT__l( ceXi\bhf fghW\Xf

eXYXeXaVXW \a g[X `TahfVe\cg &Mb`Xe`XlXe( .,..' \aW\VTgXW iTe\bhf _XiX_f bY ebUhfgaXff Ybe

W\YYXeXag iTe\Tagf bY g[X BAJ* TiBAJ jTf eXcbegXW gb [TiX \agXe`XW\TgX ebUhfgaXff &gb_XeTg\aZ Tg

`bfg 0 `hgTg\baf'( Uhg Z\iXa XkgXaf\iX bcg\`\mTg\ba bY JLIMM)XBAJ \g `Tl UX abg fhece\f\aZ \gf

ebUhfgaXff \aVeXTfXW gb g[X _XiX_ T__bj\aZ \g gb gb_XeTgX `beX `hgTg\baf* Dg `\Z[g UX [X_cYh_ gb

fXX [bj g[X `Xg[bW cXeYbe`f Ybe _Xff bcg\`\mXW cebgX\af*

<VghT__l( g[X _\UeTe\Xf \agebWhVX `Tal eTW\VT_ `hgTg\baf( Tf VTa UX fXXa \a A\ZheX .?(

fhcc_X`XagTel A\ZheXf . TaW /( TaW fhcc_X`XagTel NTU_X 1* Dg \f T_fb Ue\XY_l `Xag\baXW \a g[X

gXkg6 s=bg[ _\UeTe\Xf TeX Vb`c_Xk6 fb`X cbf\g\baf T__bj ba_l fhUg_X `hgTg\baf( TaW bg[Xef(

\aV_hW\aZ X*Z*( B_a25 TaW Nle-01( Xk[\U\g [\Z[ W\iXef\gl TaW eTW\VT_ `hgTg\baf &Mhcc_X`XagTel

A\ZheXf . TaW /( Mhcc_X`XagTel NTU_X 1't*

<WW\g\baT__l( jX TWWXW g[X Yb__bj\aZ gXkg TaW Tccebce\TgX gTU_X6 sMge\^\aZ_l( `Tal bY g[X TVg\iX

WXf\Zaf [TiX eTW\VT_ `hgTg\baf( \aV_hW\aZ N[e.,/C\f &-/#'( B_a25GXg &5#'( MXe.,1<fc &5#'(

B_a50FXh &4#'( TaW Nle-01GXg &4#' &Mhcc_X`XagTel NTU_X 3'*t



MXVbaW( \g jbh_W UX [X_cYh_ gb fXX T Vbageb_ XkcXe\`Xag j[XeX T _\UeTel \f VeXTgXW Ul Vb`U\a\aZ

_bjXfg eTa^\aZ `hgTg\baf( be fX_XVgXW cbf\g\baf Vb`c_XgX_l eTaWb`\mXW gb UX TU_X XiT_hTgX

f\Za\Y\VTaVX bY g[X fXdhXaVX fcTVX bcg\`\mTg\ba cebi\WXW Ul @c\HHXg be Tal bg[Xe `Xg[bW*

N[X TaT_lf\f WXc\VgXW \a A\ZheX .> f[bjf g[Tg baVX _bjXe eTa^\aZ `hgTg\baf TeX TWWXW gb g[X

flag[Xg\V _\UeTel( g[X fhVVXff eTgX YT__f* =l XkgeTcb_Tg\aZ g[\f geXaW( TaW g[X YTVg g[Tg g[X aba

Xae\V[XW fXdhXaVX fcTVXf cXeYbe`XW XkgeX`X_l cbbe_l \a g[X \a f\_\Vb XaXeZl TaT_lf\f &A\ZheX

.<' jX VbaV_hWX g[Tg g[X Ubggb` eTa^\aZ `hgTg\baf TeX _\^X_l gb XaVbWX T _\UeTel g[Tg \f WXc_XgXW

\a YhaVg\baT_ iTe\Tagf*

N[\eW( Thg[bef V_T\` YhaVg\baT_ iTe\Tagf [Ti\aZ T j\WX eTaZX bY U\bc[lf\VT_ cebcXeg\Xf &fcXVgeT_

V[TaZXf( g[Xe`bfgTU\_\gl V[TaZXf( dhTagh` l\X_W( c[bgbfgTU\_\gl( _\YX g\`X XgV*'* B\iXa g[X

`h_g\)`bWT_\gl bY Y_hbeXfVXag YhaVg\ba TaW \gf fXaf\g\i\gl gb g[X \``XW\TgX Xai\eba`Xag \g \f abg

fhece\f\aZ gb W\fVbiXe iTe\Tagf [TiX YhaVg\baT_ W\iXef\gl* Dg \f XkV\g\aZ gb fXX YXj iTe\Tagf j\g[

ZeXTg_l \aVeXTfXW g[Xe`bfgTU\_\gl be Y_hbeXfVXaVX _\YXg\`X( Uhg ba g[X bg[Xe [TaW T_`bfg T__

iTe\Tagf TeX _Xff c[bgbfgTU_X `T^\aZ g[X\e hfX _\`\gXW gb fcXV\Y\V Tcc_\VTg\baf* <aW lXg \g \f [TeW

gb \`TZ\aX f\`\_Te eXfh_gf VTaabg UX bUgT\aXW j\g[ bg[Xe glcXf bY W\iXef\Y\VTg\ba Tf XkX`c_\Y\XW Ul

`h_g\c_X XkT`c_Xf bY W\eXVgXW Xib_hg\ba XkcXe\`Xagf j\g[ Y_hbeXfVXag cebgX\af* DagXeXfg\aZ_l( \g

TccXTef abaX bY g[X V[TeTVgXe\mXW iTe\Tagf [TiX fhUfgTag\T_ V[TaZXf \a X`\ff\ba fcXVgeT( j[\V[

\f dh\gX bYgXa g[X `bfg WXf\eXW YXTgheX gb UX `bW\Y\XW*

JLIMM)XBAJ \f T iXel [\Z[ UTe Z\iXa \gf [\Z[ bcg\`\mTg\ba( `T^\aZ g[X f\Za\Y\VTag

\`cebiX`Xagf bUfXeiXW \a fb`X bY bhe WXf\Zaf dh\gX fge\^\aZ( \a bhe bc\a\ba* N[X ^Xl cb\ag bY

g[X U\bV[X`\VT_ TaT_lf\f \f g[Tg V[bbf\aZ WXf\Zaf Yeb` g[X A<>M)fX_XVgXW cbch_Tg\ba &T_`bfg

TeU\geTe\_l' _XTWf gb T iXel [\Z[ W\iXef\gl \a `h_g\c_X YhaVg\baT_ cebcXeg\Xf7 g[X WXf\Zaf Wb abg

`XeX_l XkcbfX s`hgTg\baT_ gb_XeTaVXt Tf `bfg ceXi\bhf fghW\Xf W\W( Uhg cbgXag\T__l hfXYh_

YhaVg\baT_ W\iXef\gl* <f W\YYXeXag Y_hbeXfVXag V[TeTVgXe\fg\Vf TeX eXdh\eXW Ybe W\YYXeXag

XkcXe\`XagT_ cebVXWheXf( jX fhZZXfg Yb__bj hc fghW\Xf hfX bhe fbegXW _\UeTe\Xf &WXcbf\gXW \a

<WWBXaX' gb fVeXXa Ybe fcXV\Y\V V[TeTVgXe\fg\Vf( fhV[ Tf [\Z[ c[bgbfgTU\_\gl*

QX T_fb abgX g[Tg abg T__ Tcc_\VTg\baf eXdh\eX g[X fcXVgeT_ cTeT`XgXef gb Zb \a T VXegT\a W\eXVg\ba*

Abe \afgTaVX( _bj c[bgbfgTU\_\gl \f hfXYh_ \a AL<J XkcXe\`Xagf j[XeXTf [\Z[ c[bgbfgTU\\_\gl \f

VehV\T_ Ybe _baZ gXe` XkcXe\`Xagf &g[\f \f `Xag\baXW ba cZ* -/'* MgTU\_\gl \a W\YYXeXag cC T_fb WbXf

abg Xk[\U\g Ta sbcg\`h`t \a g[X hfhT_ fXafX bY g[X jbeW* N[X Ubggb` _\aX \f g[Tg [gAhaVF\U

VheeXag_l cebi\WXf g[X ba_l jTl gb ZXaXeTgX YhaVg\baT_ W\iXef\gl g[Tg `Tl UX eX_XiTag gb `h_g\c_X(

XiXa VbaY_\Vg\aZ( bcg\`\mTg\ba ZbT_f* QX TWWXW T fgTgX`Xag gb g[X VbaV_hf\baf fXVg\ba

W\fVhff\aZ g[\f6 sIhe \`c_X`XagTg\ba bY [gAhaVF\U W\W abg gTeZXg T fcXV\Y\V YhaVg\baT_ bhgVb`X(

XkVXcg Ybe cebgX\a fgTU\_\gl* N[\f \`c_X`XagTg\ba \f XfcXV\T__l fh\gTU_X \Y `h_g\c_X iTe\Tagf Ybe

W\YYXeXag TaW cbgXag\T__l \aVb`cTg\U_X ZbT_f TeX WXf\eXW* Abe XkT`c_X( AL<J XkcXe\`Xagf

eXdh\eX Y_hbeXfVXag cebgX\af g[Tg U_XTV[ dh\V^_l( j[XeXTf _baZ)gXe` \`TZ\aZ XkcXe\`Xagf eXdh\eX

f_bj U_XTV[\aZ( TaW jX eXVbiXeXW WXf\Zaf g[Tg Xk[\U\gXW Ubg[ cebcXeg\Xf Yeb` T f\aZ_X _\UeTel*t*

QX UX_\XiX g[Tg g[X Vb``Xag g[X LXi\XjXe `T^Xf ba W\eXVgXW Xib_hg\ba `\ffXf g[X cb\ag6 \g \f

VXegT\a_l gehX g[Tg W\eXVgXW Xib_hg\ba _XTWf gb \`cebiX`Xagf( Uhg glc\VT__l T _TUbe\bhf( `h_g\ fgXc

`hgTg\ba+fX_XVg\ba cebVXff \f eXdh\eXW for each functional goal* CXeX( jX YbhaW g[bhfTaWf bY

cbgXag\T__l hfXYh_ fXdhXaVXf Yeb` T f\aZ_X XkcXe\`Xag*

LXZTeW\aZ X`\ff\ba fcXVgeT( g[bfX TeX `bfg_l `bW\Y\XW Ul g[X eXf\WhX Tg cbf\g\ba 22 &j\g[\a g[X

V[eb`bc[beX'( j[\V[ jX W\W abg `bW\Yl \a g[X VheeXag fghWl*



Abheg[( \g \f abg V_XTe [bj f\Za\Y\VTag \f g[X eb_X bY @c\HHXg \a eTa^\aZ TaW fX_XVg\ba bY g[X

`hgTg\baf gb UX T__bjXW \a g[X _\UeTel* <_gXeaTg\iX `Xg[bWf gb cXeYbe` g[\f gTf^ jXeX WXfVe\UXW

TaW Tcc_\XW gb bcg\`\mX Xaml`Xf &Abk( .,,1 ?ID6 -,*-,-2+]*]gU\*.,,0*--*,/-7 Abk .,,3

[ggcf6++Wb\*beZ+-,*-,/4+aUg-.42'

N[X [gAhaVF\U TccebTV[ eXdh\eXf ab XkcXe\`XagT_ WTgT &bg[Xe g[Ta T fgehVgheX TaW T `h_g\c_X

fXdhXaVX T_\Za`Xag bY [b`b_bZf'( j[XeXTf g[X JebM<L TccebTV[ eXdh\eXf `h_g\c_X \gXeTg\baf bY

XkcXe\`Xag TaW TaT_lf\f* [gAhaVF\U \f XffXag\T__l T f\aZ_X f[bg `Xg[bW Ybe \agebWhV\aZ `hg_\c_X

TVg\iX f\gX `hgTg\baf*

Ia T fhU]XVg bY ceXfXagTg\ba*

F\aXf .,0).,1 ?XfVe\UX [bj `Tal _\UeTe\Xf jXeX VbafgehVgXW( TaW jXeX g[XeX `beX g[Ta ]hfg

ab[UbaWf TaW [UbaWf _\UeTe\Xf*

Hb( jX ba_l gXfgXW g[XfX gjb*

F\aXf .-/).-2 LXYXeXaVX ., hfXW XcJ>L gb VbafgehVg _\UeTe\Xf j\g[ ab TU\_\gl gb gTeZXg

`hgTg\baf fcXV\Y\VT__l gb V[eb`bc[beX)U\aW\aZ cbV^Xg( fb g[XeX jXeX cebUTU_l ab `hgTagf j\g[

:9 1 `hgTg\baf \a g[X TVg\iX f\gX

L\Z[g* QX TWWXW T fgTgX`Xag eXZTeW\aZ g[\f gb g[X Tccebce\TgX cTeTZeTc[6 sT_UX\g( g[XfX fghW\Xf

W\W abg YbVhf W\iXef\gl ba g[X TVg\iX f\gXt*

F\aXf .23).25 Cbj VbafXeiTg\ba fVbeX \f WXY\aXW TaW WX_gTJMMG \f Vb`chgXW;

QX XW\gXW g[X Tccebce\TgX `Xg[bWf fXVg\ba gb V_Te\Yl g[\f6 sDa TWW\g\ba( Ybe XiXel iTe\TU_X

cbf\g\ba( g[X W\YYXeXaVX \a g[X fheYTVX TVVXff\U_X fb_iXag TeXT &M<M<'( JMMG fVbeX( TaW T`\ab

TV\W VTgXZbel jXeX T_fb Tff\ZaXW &Vb`cTe\aZ g[X `hgTgXW T`\ab TV\W TaW g[X JLIMM)XBAJ

\WXag\gl't*

F\aXf 050)052 Hbg V_XTe j[Tg eb_X @c\HHXg c_Tlf \a fX_XVg\aZ `hgTg\baf Ybe g[X _\UeTel* Dg TccXTef

g[X @c\HHXg \f hfXW gb eTa^ g[X `hgTg\baf( Uhg abg fX_XVg g[X`* N[XeXYbeX( Vb`cTe\fba UXgjXXa

DFJ fb_hg\ba TaW @c\HHXg `hgTg\ba)fX_XVg\ba cebVXff \f VbaYhf\aZ TaW `\f_XTW\aZ

QX V[bfX gb eX`biX g[X DFJ W\fVhff\ba Yeb` g[X `T\a gXkg TaW `Xg[bWf gb eXWhVX VbaYhf\ba*

DaWXXW( @c\HHXg eTa^f g[X `hgTg\baf TaW g[X hfXe fX_XVgf g[X ah`UXe bY gbc)eTa^XW `hgTg\baf

TVVbeW\aZ gb g[X _\UeTel f\mX f+[X jTagf gb VbafgehVg*

F\aX 015 f[bh_W \g UX fVbeXf ZeXTgXe g[Ta ). ;

RXf* VbeeXVgXW \a g[X gXkg* N[Ta^f!

F\aXf 02.)02/ GXg[bWf fXVg\ba WXfVe\U\aZ sLXY\aX`Xag TaW `hgTg\ba fVTat fXX`f gb VbagT\a

gXkg eX_XiTag Ybe sJTeg\T_ `bWX_\aZ TaW fVbe\aZt*

>beeXVg( jX `biXW g[\f fXagXaVX gb g[X VbeeXVg cbf\g\ba*

F\aXf --0)--1 fXX`f gb XeebaXbhf_l eXYXeXaVX Ta DFJ fb_hg\ba gb c\V^\aZ eTa^XW `hgTg\baf Tf T

`Xg[bW gb geT\a T `bWX_ gb cXeYbe` V_Tff\Y\VTg\ba gTf^*

QX eX`biXW T__ `Xag\baf bY g[X DFJ cebVXff*



F\aX 140 p TaW che\Y\XW hf\aZ 8j[Tg;:

QX VbeeXVgXW g[X gXkg*

F\aX 2-4 f[bh_W UX c@N.4 \afgXTW bY c=<?;

>beeXVg( jX XW\gXW g[X gXkg TVVbeW\aZ_l6 s BXaXf jXeX \afXegXW \a g[X c@N.4 iXVgbe hf\aZ =fTD

eXfge\Vg\ba f\gXf V_baXW ceXi\bhf_l hf\aZ Kh\V^>[TaZXt*

F\aX 2-5 p eXfge\Vg\ba f\gXf V_baXW \agebWhVXW ceXi\bhf_l

>beeXVgXW gb sBXaXf jXeX \afXegXW \a g[X c@N.4 iXVgbe hf\aZ =fTD eXfge\Vg\ba f\gXf ceXi\bhf_l

V_baXW hf\aZ Kh\V^>[TaZXt*

F\aX 2.1 =F.-&?@/' VX__f abg =F.- VX__f; @kceXff\ba Yeb` c=<? iXVgbe VTa UX WbaX \a =F.-

VX__f( c@N iXVgbef j\g[ N3 ceb`bgXef eXdh\eX =F.-&?@/' VX__f

QX VbeeXVgXW g[X gXkg gb6 sc@N.4 c_Tf`\Wf VbagT\a\aZ g[X eX_XiTag \afXeg jXeX geTafYbe`XW \agb

=F.- &?@/' VX__f TaW Zebja biXea\Z[g*t*

A\ZheX /< gbc cTaX_ fhZZXfgf T__ " `hgTg\baf9- TeX TVg\iX \a T__ _\UeTe\Xf( j[\V[ \f cebUTU_l

\aVbeeXVg* <_fb g[X Vb_be fV[X`X \f \__XZ\U_X( c_XTfX `T^X `Te^Xef bY W\YYXeXag f[TcXf gb [X_c

eXTW g[X ZeTc[*

QX VbeeXVgXW Ubg[ g[X eXZ\fgXe Ybe g[X Xag\eX Y\ZheX TaW TWW `Te^Xef*

A\ZheX -> Q[Tg \f g[X f\WX)UTe Vb_be ZeTW\Xag \__hfgeTg\aZ;

QX XW\gXW g[X VTcg\ba gb Xkc_T\a g[\f6 s>b_be UTef f\Za\Yl \aVeXTf\aZ LbfXggT XaXeZ\Xf*t*

JTZX / _\aX -,1 TaW cTZX -1 _\aX 025 < ha\g bY W\fgTaVX( ceXfh`TU_l !( \f `\ff\aZ* N[XeX \f

T_fb \aVbaf\fgXaVl \a Ybag ba cTZX -1*

N[X \ffhX jTf j\g[ g[X flfgX`uf J?A( TaW jTf VbeeXVgXW*

JTZX / N[X WXY\a\g\ba Z\iXa \a cTeXag[XfXf bY cebk\`T_ cbf\g\baf \f \aVb`c_XgX TaW `\f_XTW\aZ*

JXe[Tcf hfX WXY\a\g\ba Z\iXa \a `Xg[bWf j[\V[ \f `hV[ `beX XYYXVg\iX*

QX eX`biXW g[X WXY\a\g\ba Yeb` g[X eXfh_gf fXVg\ba( \a YTibe bY g[X WXgT\_XW Xkc_TaTg\ba \a g[X

Tccebce\TgX `Xg[bWf fXVg\ba*

JTZX 1 N[X [UbaW TaW ab[UbaW _\UeTe\Xf W\YYXe \a g[X\e WXY\a\g\baf ba_l \a g[X\e \aV_hf\ba bY

cbf\g\baf \aib_iXW \a [lWebZXa UbaWf gb g[X V[eb`bc[beX( Uhg g[X f`T__Xe ah`UXe bY cbf\g\baf

\aV_hWXW \a g[X [UbaW _\UeTel \aW\VTgXf fb`X TWW\g\baT_ Ve\gXe\T W\YYXeXag\Tg\aZ fX_XVg\ba bY

cbf\g\baf \a g[XfX gjb _\UeTe\Xf

=l fgTeg\aZ j\g[ T W\YYXeXag fXg bY cbf\g\baf( jX XaWXW gXfg\aZ TaW V[bbf\aZ T W\YYXeXag fXg bY

cbf\g\baf gb TVghT__l `hgTgX*

JTZX 1. Mhcc_X`XagTel gTU_X 2 TccXTef gb UX `\ff\aZ*

Mhcc_X`XagTel NTU_X 2( abj -, jTf Ta TWW\g\baT_ Y\_X*



JTZX -. _\aX /25 AhaVg\baT_ g[Xe`bfgTU\_\gl iT_hXf TeX `\ff\aZ ha\gf( ceXfh`TU_l o>*

>beeXVgXW*



Reviewer #1 (Remarks to the Author): 

The revised paper by Weinstein et al improves the manuscript and removes some of the claims 

that were previously not well supported by the data in the original version. For example, a 

sentence in the abstract that originally read: 

“We screened 11 million htFuncLib designs that targeted the GFP chromophore-binding pocket and 

isolated >16,000 unique fluorescent designs…” 

now reads 

“We applied htFuncLib to the GFP chromophore-binding pocket, and, using fluorescence readout, 

recovered >16,000 unique designs” 

It’s still a bit unclear what the 16000 unique designs are and how many of them are fluorescent. 

For example, in the first review, I had asked (pt. 6) about the ~8% false-positive rate, which 

might correspond to 8000 designs. This point still remains to be answered. On the other hand, a 

careful reader might find this number in Table S2. 

Reviewer #2 (Remarks to the Author): 

The author responses to my questions were adequate and do not require further revision. Out of 

larger scientific interest beyond the scope of this study, I mention the following points: 

With regard to the first question about selection for specific functional features (in the case of a 

fluorescent protein - color, quantum yield, etc), the authors indicate that knowledge about 

chemical/physical constraints could be incorporated into the design scheme. This is fine, although 

it would be more exciting to learn these features through selection of a large, negative-epistasis 

free, library. 

Regarding a fragile vs. robust starting point - this approach may help us better understand the 

possible anticorrelation between a large space of sequence designability in a robust background 

versus a smaller space in a fragile background that could yield greater functional innovation. 

Overall a very exciting study and an important contribution to the field. 

Reviewer #3 (Remarks to the Author): 

In the revised version of their manuscript, the authors have faithfully addressed the majority of 

my questions and concerns. I recommend the manuscript for publication. 

Reviewer #4 (Remarks to the Author): 

I would like to thank the authors for their clarifications and changes made to the manuscript. I do 

not have more questions and would recommend publishing the work. 



On behalf of all authors, we would like to sincerely thank the reviewers for their thorough and thoughtful reviews. We

feel the manuscript is much better off thanks to their help.

Reviewer 1:

Reviewer #1 (Remarks to the Author):

The revised paper by Weinstein et al improves the manuscript and removes some of the claims that were previously

not well supported by the data in the original version. For example, a sentence in the abstract that originally read:

“We screened 11 million htFuncLib designs that targeted the GFP chromophore-binding pocket and isolated >16,000

unique fluorescent designs…”

now reads

“We applied htFuncLib to the GFP chromophore-binding pocket, and, using fluorescence readout, recovered >16,000

unique designs”

It’s still a bit unclear what the 16000 unique designs are and how many of them are fluorescent.

For example, in the first review, I had asked (pt. 6) about the ~8% false-positive rate, which might correspond to 8000

designs. This point still remains to be answered. On the other hand, a careful reader might find this number in Table

S2.

We revised the legend of table S6 (now supplementary table 1) to better explain this.

Reviewer #2 (Remarks to the Author):

The author responses to my questions were adequate and do not require further revision. Out of larger scientific

interest beyond the scope of this study, I mention the following points:

With regard to the first question about selection for specific functional features (in the case of a fluorescent protein -

color, quantum yield, etc), the authors indicate that knowledge about chemical/physical constraints could be

incorporated into the design scheme. This is fine, although it would be more exciting to learn these features through

selection of a large, negative-epistasis free, library.

Regarding a fragile vs. robust starting point - this approach may help us better understand the possible anticorrelation

between a large space of sequence designability in a robust background versus a smaller space in a fragile

background that could yield greater functional innovation.

Overall a very exciting study and an important contribution to the field.

Reviewer #3 (Remarks to the Author):

In the revised version of their manuscript, the authors have faithfully addressed the majority of my questions and

concerns. I recommend the manuscript for publication.



Reviewer #4 (Remarks to the Author):

I would like to thank the authors for their clarifications and changes made to the manuscript. I do not have more

questions and would recommend publishing the work.


