
Reviewer #1 (Remarks to the Author):  

The authors used cryo-electron tomography to image seeded alpha-synuclein filaments in primary 

neurons (untransfected or transfected) and SH-SY5Y cells (transfected). The seeds were either 

sonicated preformed fibrils (PFFs) assembled from human recombinant wild-type or mutant A53T 

alpha-synuclein, gold-labelled or not, or prepared from the pons of a case of neuropathologically 

confirmed multiple system atrophy (MSA) using sarkosyl extraction and sonication.  

The tomography part of this work is of high quality and wide interest. However, the description of 

seed production lacks in detail (see point 3 of major comments). Moreover, discussion of some of 

the background and implications is inadequate and needs changing.  

Major comments  

1. The authors repeatedly mention the paper by Shahmoradian et al. (2019), which questioned the 

relevance of alpha-synuclein filaments for Lewy pathology. The present work cannot say anything 

definitive about this controversy, because it is unclear how seeded aggregation using PFFs relates to 

Lewy pathology. As the authors mention, the structures of filaments made from recombinant 

protein may differ from those found in human brain. The other seeds were prepared from MSA 

brain. But MSA is not characterized by Lewy pathology. So, although this work deals with seeded 

aggregation of alpha-synuclein, it cannot say anything specifically about Lewy bodies. It is incorrect 

-

claim that, based on the current work, the filaments seen by Shahmordian et al. were alpha-

synuclein filaments. The paper by Mahul-Mellier, which is directly relevant for the mechanisms 

underlying Lewy body formation, must be discussed and cited (PNAS 117, 4971-4982, 2020). Perhaps 

it is all only question of time downstream of filament assembly. The work by Shahmoradian et al. 

may or may not be relevant for human diseases. One way to link what is going on in human diseases 

with what is described here would be to use labels that are positive in both. This may go beyond the 

scope of this manuscript, but the possibility should be mentioned. Such labels could be thioflavins, 

luminescent conjugated oligothiophenes or silver stains.  

2. The work showing polarised growth of alpha-synuclein filaments is interesting. The authors show 

that upon internalisation of gold-labelled seeds made of wild-type alpha-synuclein PFFs, seeded GFP-

alpha-synuclein filaments were only decorated at one end by gold particles. But the experiments 

used recombinant assembled proteins and the reference (Guerrero-Ferreira et al., 2019) refers to 

the cryo-EM structures of filaments assembled from recombinant (1-121) alpha-synuclein. As 

mentioned above, the structures of recombinant alpha-synuclein filaments are probably different 

from those found in human brain. The authors ignore the evidence (from over 20 years ago) 

suggesting polarised growth of alpha-synuclein filaments in human brain (dementia with Lewy 

Letters 292, 128-130 (2000) must be cited in this respect. The authors must discuss how they see 

polarised growth of alpha-synuclein filaments in MSA, taking into account the cryo-EM structures of 

alpha-synuclein filaments from MSA described in reference 26.  

3. The authors say that nucleation-relevant seeds consist of oligomeric alpha-synuclein. They should 

explain this statement. Is a major point of seeded aggregation not that it is nucleation-independent 

(no lag phase)? In the Methods it says that seeds were sonicated. The authors must show negative 

stain pictures of their seeds after sonication and describe how sonication was carried out. This is a 



crucial piece of information. How can they exclude that what they call oligomers were in fact short 

filaments? If they cannot do so, they must mention the possibility that at least some seeds were 

short filaments of alpha-synuclein. The paper by Pieri et al. (Scientific Reports 6: 24526, 2016) must 

be discussed and cited. Can tomography distinguish between large oligomers and small filaments?  

4. This study depends on seeded aggregate formation. It is important to point out that there is no 

evidence to suggest that the high-resolution structures of seeds and seeded aggregates are the 

same, which is a hidden assumption behind much of the discussion.  

Minor comments  

1. Duffy and Tennyson (JNEN 24, 398-414, 1965) described Lewy body filaments before Roy and 

Wolman.  

2. Cross-reaction of alpha-synuclein antibodies with neurofilaments is not a general problem. 

Reference 12 and its discussion must be removed.  

3. The work of Araki et al. (PNAS 116, 17963-17969, 2019) must be discussed and cited. It looks at 

human disease and disagrees with the conclusions of Shahmoradian et al.  

Reviewer #2 (Remarks to the Author):  

Review for Trinkhaus et al  

Trinkhaus et al present a methodologically sound, well-controlled study showing a higher resolution 

picture of the cellular and molecular organisation of Lewy bodies, neuronal inclusions common to 

Previous studies - most notably a room temperature correlative light and electron microscope and 

tomography study - have shown that alpha-synuclein-positive Lewy bodies consist of crowded 

environments of membranes of disfigured organelles and vesicles, as well as unidentified 

filamentous structures. The latter have been proposed to consist of alpha-synuclein, but their 

identity has not been unequivocally confirmed due to lower resolution of the employed imaging 

method.  

There is very little to fault this study, as it is fairly coherent and well-designed. Only the following 

minor points -  

- figure 3a  beautiful images. How does the labelling relate / agree with the atomic structure of Syn 

reported by Henning Stahlberg?  

- ith single-particle studies reporting a higher twist, 

indicative of higher flexibility , for MSA-

Could you provide numbers for twists, diameters, maybe even an image comparison with the 

downloaded EMDB structure?  



- Perhaps use of red and green in figures could be prevented? I suggest to change to cyan and 

magenta throughout the manuscript.  

- 

-rendered.  

- 

explained in the methods section. Perhaps this could be explained in the main text?  

- -



IP bZ`WO WTVP _Z _SLYV _SP ]PaTPbP]^ QZ] _SPT] NZXXPY_^% bSTNS bP QZ`YO aP]d SPW[Q`W TY
TX[]ZaTYR _SP XLY`^N]T[_'

FPaTPbP] "* #FPXL]V^ _Z _SP 6`_SZ]$3

HSP L`_SZ]^ `^PO N]dZ&PWPN_]ZY _ZXZR]L[Sd _Z TXLRP ^PPOPO LW[SL&^dY`NWPTY QTWLXPY_^ TY
[]TXL]d YP`]ZY^ #`Y_]LY^QPN_PO Z] _]LY^QPN_PO$ LYO G=&GK.K NPWW^ #_]LY^QPN_PO$' HSP ^PPO^ bP]P
PT_SP] ^ZYTNL_PO []PQZ]XPO QTM]TW^ #E;;^$ L^^PXMWPO Q]ZX S`XLY ]PNZXMTYLY_ bTWO&_d[P Z]
X`_LY_ 6.,H LW[SL&^dY`NWPTY% RZWO&WLMPWWPO Z] YZ_% Z] []P[L]PO Q]ZX _SP [ZY^ ZQ L NL^P ZQ
YP`]Z[L_SZWZRTNLWWd NZYQT]XPO X`W_T[WP ^d^_PX L_]Z[Sd #BG6$ `^TYR ^L]VZ^dW Pc_]LN_TZY LYO
^ZYTNL_TZY'
HSP _ZXZR]L[Sd [L]_ ZQ _ST^ bZ]V T^ ZQ STRS \`LWT_d LYO bTOP TY_P]P^_' =ZbPaP]% _SP OP^N]T[_TZY
ZQ ^PPO []ZO`N_TZY WLNV^ TY OP_LTW #^PP [ZTY_ , ZQ XLUZ] NZXXPY_^$' BZ]PZaP]% OT^N`^^TZY ZQ
^ZXP ZQ _SP MLNVR]Z`YO LYO TX[WTNL_TZY^ T^ TYLOP\`L_P LYO YPPO^ NSLYRTYR'

BLUZ] NZXXPY_^
*' HSP L`_SZ]^ ]P[PL_POWd XPY_TZY _SP [L[P] Md GSLSXZ]LOTLY P_ LW' #+)*2$% bSTNS \`P^_TZYPO
_SP ]PWPaLYNP ZQ LW[SL&^dY`NWPTY QTWLXPY_^ QZ] APbd [L_SZWZRd' HSP []P^PY_ bZ]V NLYYZ_ ^Ld
LYd_STYR OPQTYT_TaP LMZ`_ _ST^ NZY_]ZaP]^d% MPNL`^P T_ T^ `YNWPL] SZb ^PPOPO LRR]PRL_TZY `^TYR
E;;^ ]PWL_P^ _Z APbd [L_SZWZRd' 6^ _SP L`_SZ]^ XPY_TZY% _SP ^_]`N_`]P^ ZQ QTWLXPY_^ XLOP Q]ZX
]PNZXMTYLY_ []Z_PTY XLd OTQQP] Q]ZX _SZ^P QZ`YO TY S`XLY M]LTY' HSP Z_SP] ^PPO^ bP]P []P[L]PO
Q]ZX BG6 M]LTY' 7`_ BG6 T^ YZ_ NSL]LN_P]TePO Md APbd [L_SZWZRd' GZ% LW_SZ`RS _ST^ bZ]V OPLW^
bT_S ^PPOPO LRR]PRL_TZY ZQ LW[SL&^dY`NWPTY% T_ NLYYZ_ ^Ld LYd_STYR ^[PNTQTNLWWd LMZ`_ APbd
MZOTP^' >_ T^ TYNZ]]PN_ _Z NLWW _SP L^^PXMWTP^ ZM^P]aPO SP]P lAPbd MZOd&WTVPm' HST^ X`^_ MP
NSLYRPO' HST^ LW^Z L[[WTP^ _Z _SP NWLTX _SL_% ML^PO ZY _SP N`]]PY_ bZ]V% _SP QTWLXPY_^ ^PPY Md
GSLSXZ]OTLY P_ LW' bP]P LW[SL&^dY`NWPTY QTWLXPY_^' HSP [L[P] Md BLS`W&BPWWTP]% bSTNS T^
OT]PN_Wd ]PWPaLY_ QZ] _SP XPNSLYT^X^ `YOP]WdTYR APbd MZOd
QZ]XL_TZY% X`^_ MP OT^N`^^PO LYO NT_PO #EC6G **0% -20*&-21+% +)+)$' EP]SL[^ T_ T^ LWW ZYWd
\`P^_TZY ZQ _TXP OZbY^_]PLX ZQ QTWLXPY_ L^^PXMWd' HSP bZ]V Md GSLSXZ]LOTLY P_ LW' XLd Z]
XLd YZ_ MP ]PWPaLY_ QZ] S`XLY OT^PL^P^' DYP bLd _Z WTYV bSL_ T^ RZTYR ZY TY S`XLY OT^PL^P^
bT_S bSL_ T^ OP^N]TMPO SP]P bZ`WO MP _Z `^P WLMPW^ _SL_ L]P [Z^T_TaP TY MZ_S' HST^ XLd RZ MPdZYO
_SP ^NZ[P ZQ _ST^ XLY`^N]T[_% M`_ _SP [Z^^TMTWT_d ^SZ`WO MP XPY_TZYPO' G`NS WLMPW^ NZ`WO MP
_STZQWLaTY^% W`XTYP^NPY_ NZYU`RL_PO ZWTRZ_STZ[SPYP^ Z] ^TWaP] ^_LTY^'

IP YZ WZYRP] ]PQP] _Z _SP p&GdY TYNW`^TZY^ ZM^P]aPO TY Z`] NPWW`WL] ^d^_PX L^ jAPbd MZOd&WTVPk'
IP SLaP LW^Z ]P[S]L^PO _SP ^_L_PXPY_^ ZY _SP OT^PL^P&]PWPaLYNP ZQ Z`] QTYOTYR^ LYO ]PQP] _Z
BLS`W&BPWWTP] P_ LW' #]PQ ,*$% P'R' #WTYP^ *21&+))$3 j6W_ZRP_SP]% bP ^SZb _SL_ YP`]ZYLW p&GdY
LRR]PRL_P^ NZY^T^_ ZQ MZ_S p&GdY QTM]TW^ LYO aL]TZ`^ NPWW`WL] XPXM]LYP^' >Y LR]PPXPY_ bT_S L
]PNPY_ ]P[Z]_,*% Z`] QTYOTYR^ ^`RRP^_ _SL_ _SP QTM]TW^ ZM^P]aPO TY [L_SZWZRTNLW p&GdY TYNW`^TZY^*+&

*-%*/ L]P TYOPPO p&GdY QTM]TW^'k
BZ]PZaP]% bP SLaP TYNW`OPO LOOT_TZYLW ]PQP]PYNP^ TWW`^_]L_TYR _SP ^TXTWL]T_TP^ MP_bPPY ^PPOPO
LRR]PRL_TZY bT_S E;;^ LYO APbd MZOTP^% TYNW`OTYR _STZQWLaTY ^_LTYTYR #]PQ +/% WTYP^ 1*&1,$3 jIP
[P]QZ]XPO N]dZ&:H ZY YP`]ZYLW p&GdY LRR]PRL_P^ `^TYR L bPWW&P^_LMWT^SPO ^PPOTYR [L]LOTRX _SL_
]PNL[T_`WL_P^ TY_P]&YP`]ZYLW ^[]PLOTYR LYO VPd YP`]Z[L_SZWZRTNLW QPL_`]P^ ZQ APbd MZOTP^%
TYNW`OTYR _SP LMTWT_d _Z MTYO LXdWZTO OdP^*%+.&+0'k



+' HSP bZ]V ^SZbTYR [ZWL]T^PO R]Zb_S ZQ LW[SL&^dY`NWPTY QTWLXPY_^ T^ TY_P]P^_TYR' HSP L`_SZ]^
^SZb _SL_ `[ZY TY_P]YLWT^L_TZY ZQ RZWO&WLMPWWPO ^PPO^ XLOP ZQ bTWO&_d[P LW[SL&^dY`NWPTY E;;^%
^PPOPO <;E&LW[SL&^dY`NWPTY QTWLXPY_^ bP]P ZYWd OPNZ]L_PO L_ ZYP PYO Md RZWO [L]_TNWP^' 7`_ _SP
Pc[P]TXPY_^ `^PO ]PNZXMTYLY_ L^^PXMWPO []Z_PTY^ LYO _SP ]PQP]PYNP #<`P]]P]Z&;P]]PT]L P_ LW'%
+)*2$ ]PQP]^ _Z _SP N]dZ&:B ^_]`N_`]P^ ZQ QTWLXPY_^ L^^PXMWPO Q]ZX ]PNZXMTYLY_ #*&*+*$ LW[SL&
^dY`NWPTY' 6^ XPY_TZYPO LMZaP% _SP ^_]`N_`]P^ ZQ ]PNZXMTYLY_ LW[SL&^dY`NWPTY QTWLXPY_^ L]P
[]ZMLMWd OTQQP]PY_ Q]ZX _SZ^P QZ`YO TY S`XLY M]LTY' HSP L`_SZ]^ TRYZ]P _SP PaTOPYNP #Q]ZX ZaP]
+) dPL]^ LRZ$ ^`RRP^_TYR [ZWL]T^PO R]Zb_S ZQ LW[SL&^dY`NWPTY QTWLXPY_^ TY S`XLY M]LTY
#OPXPY_TL bT_S APbd MZOTP^% BG6% EL]VTY^ZYm^ OT^PL^P$' FPQP]PYNP^ . LYO /% L^ bPWW L^
8]Zb_SP] P_ LW' CP`]Z^NTPYNP AP__P]^ +2+% *+1&*,) #+)))$ X`^_ MP NT_PO TY _ST^ ]P^[PN_' HSP
L`_SZ]^ X`^_ OT^N`^^ SZb _SPd ^PP [ZWL]T^PO R]Zb_S ZQ LW[SL&^dY`NWPTY
QTWLXPY_^ TY BG6% _LVTYR TY_Z LNNZ`Y_ _SP N]dZ&:B ^_]`N_`]P^ ZQ LW[SL&^dY`NWPTY QTWLXPY_^ Q]ZX
BG6 OP^N]TMPO TY ]PQP]PYNP +/'

HSP ^`RRP^_PO ]PQP]PYNP^ LYO OT^N`^^TZY ]PRL]OTYR _SP [ZWL]TePO R]Zb_S ZQ p&GdY QTM]TW^ L]P YZb
TYNW`OPO #WTYP^ *.,&*.1$3 j>Y_P]P^_TYRWd% N]dZ&:H LYLWd^T^ ZQ TYNW`^TZY^ ^PPOPO Md RZWO&WLMPWPO
E;;^ ^SZbPO <;E&p&GdY QTM]TW^ bT_S ZYP PYO OPNZ]L_PO Md ,&*) RZWO [L]_TNWP^ #;TR' ,M% N$%
TYOTNL_TYR _SL_ PcZRPYZ`^ ^PPO^ _]TRRP] _SP QTM]TWWL_TZY ZQ NPWW`WL] p&GdY TY L [ZWL]TePO XLYYP]%
NZY^T^_PY_ bT_S _SP [ZWL] ^_]`N_`]P^ ZQ ]PNZXMTYLY_ p&GdY QTM]TW^,-' 6W_SZ`RS [L_TPY_&OP]TaPO p&
GdY QTM]TW^ L]P [ZWL] L^ bPWW0%1%,,%-)% T_ ]PXLTY^ _Z MP P^_LMWT^SPO bSP_SP] OT^PL^P&]PWL_PO ^PPO^ LW^Z
_]TRRP] `YTOT]PN_TZYLW QTM]TW R]Zb_S TY NPWW^'k

,' HSP L`_SZ]^ ^Ld _SL_ Y`NWPL_TZY&]PWPaLY_ ^PPO^ NZY^T^_ ZQ ZWTRZXP]TN LW[SL&^dY`NWPTY' HSPd
^SZ`WO Pc[WLTY _ST^ ^_L_PXPY_' >^ L XLUZ] [ZTY_ ZQ ^PPOPO LRR]PRL_TZY YZ_ _SL_ T_ T^ Y`NWPL_TZY&
TYOP[PYOPY_ #YZ WLR [SL^P$5 >Y _SP BP_SZO^ T_ ^Ld^ _SL_ ^PPO^ bP]P ^ZYTNL_PO' HSP L`_SZ]^ X`^_
^SZb YPRL_TaP ^_LTY [TN_`]P^ ZQ _SPT] ^PPO^ LQ_P] ^ZYTNL_TZY LYO OP^N]TMP SZb ^ZYTNL_TZY bL^
NL]]TPO Z`_' HST^ T^ L N]`NTLW [TPNP ZQ TYQZ]XL_TZY' =Zb NLY _SPd PcNW`OP _SL_ bSL_ _SPd NLWW
ZWTRZXP]^ bP]P TY QLN_ ^SZ]_ QTWLXPY_^5 >Q _SPd NLYYZ_ OZ ^Z% _SPd X`^_ XPY_TZY _SP [Z^^TMTWT_d
_SL_ L_ WPL^_ ^ZXP ^PPO^ bP]P ^SZ]_ QTWLXPY_^ ZQ LW[SL&^dY`NWPTY' HSP [L[P] Md ETP]T P_ LW'
#GNTPY_TQTN FP[Z]_^ /3 +-.+/% +)*/$ X`^_ MP OT^N`^^PO LYO NT_PO' 8LY _ZXZR]L[Sd OT^_TYR`T^S
MP_bPPY WL]RP ZWTRZXP]^ LYO ^XLWW QTWLXPY_^5

IP SLaP YZb XZOTQTPO _SP NZ]]P^[ZYOTYR ^PN_TZY^% LaZTOTYR _SP _P]X jY`NWPL_TZYk'
<TaPY _SL_ Z`] ^PPO^ bP]P []ZO`NPO Md ^ZYTNL_TZY ZQ XL_`]P QTM]TW^% bP LR]PP _SL_ T_ T^ XZ]P
WTVPWd _SL_ _SP ^XLWW ^PPOTYR&NZX[P_PY_ ^[PNTP^ NZ]]P^[ZYO _Z ^XLWW QTM]TW^% ]L_SP] _SLY ZWTRZXP]^'
HST^ SL^ YZb MPPY NZ]]PN_PO _S]Z`RSZ`_' HST^ NZYNW`^TZY T^ NZY^T^_PY_ bT_S _SP QTYOTYR^ ZQ ETP]T
P_ LW'% bSTNS bP YZb NT_P #]PQ -*% WTYP^ *.1&*/)$3 jD`] OL_L LW^Z ^SZb _SL_% TY Z`] Pc[P]TXPY_LW
NZYOT_TZY^% ^XLWW p&GdY QTM]TW^ L]P _SP XZ^_ ^PPOTYR&NZX[P_PY_ ^[PNTP^% TY LR]PPXPY_ bT_S
[]PaTZ`^ ]P^`W_^-*'k
6OOT_TZYLW TYQZ]XL_TZY ZY _SP ^ZYTNL_TZY []ZNPO`]P T^ YZb TYNW`OPO TY _SP BP_SZO^ #WTYP^ ,,+&
,,,% ,,1&,,2$% LYO YPRL_TaP ^_LTY TXLRP^ L]P ^SZbY TY G`[[WPXPY_L]d ;TR' *M'

-' HST^ ^_`Od OP[PYO^ ZY ^PPOPO LRR]PRL_P QZ]XL_TZY' >_ T^ TX[Z]_LY_ _Z [ZTY_ Z`_ _SL_ _SP]P T^ YZ
PaTOPYNP _Z ^`RRP^_ _SL_ _SP STRS&]P^ZW`_TZY ^_]`N_`]P^ ZQ ^PPO^ LYO ^PPOPO LRR]PRL_P^ L]P _SP



^LXP% bSTNS T^ L STOOPY L^^`X[_TZY MPSTYO X`NS ZQ _SP OT^N`^^TZY'

HSP QZWWZbTYR ^PY_PYNP SL^ MPPY LOOPO _Z NWL]TQd _ST^ [ZTY_ #WTYP^ */.&*/1$3 j6W_SZ`RS p&GdY
^_]LTY^ NLY MP _]LY^XT__PO MP_bPPY NPWW^ in vitro LYO in vivo,% _SP NPWW`WL] PYaT]ZYXPY_ XLd LW^Z
XZOTQd _SP ^_]LTY NSL]LN_P]T^_TN^-+' HS`^% STRSP] ]P^ZW`_TZY OL_L L]P YPPOPO _Z PW`NTOL_P _Z bSL_
Pc_PY_ _SP ^_]`N_`]P ZQ _SP ^PPO T^ _PX[WL_PO TY _SP LRR]PRL_P^ ^PPOPO bT_STY NPWW^'k

BTYZ] NZXXPY_^
*' 9`QQd LYO HPYYd^ZY #?C:C +-% ,21&-*-% *2/.$ OP^N]TMPO APbd MZOd QTWLXPY_^ MPQZ]P FZd
LYO IZWXLY'

IP _SLYV _SP FPaTPbP] QZ] [ZTY_TYR `^ _Z _ST^ ^_`Od% bSTNS T^ YZb LW^Z NT_PO TY Z`] XLY`^N]T[_
#]PQ **% WTYP^ .1&.2$3 j:L]Wd PWPN_]ZY XTN]Z^NZ[d #:B$ ^_`OTP^ ^`RRP^_PO _SL_ _SP APbd MZOTP^2&*+

LYO RWTLW Nd_Z[WL^XTN TYNW`^TZY^*,%*-%k

+' 8]Z^^&]PLN_TZY ZQ LW[SL&^dY`NWPTY LY_TMZOTP^ bT_S YP`]ZQTWLXPY_^ T^ YZ_ L RPYP]LW []ZMWPX'
FPQP]PYNP *+ LYO T_^ OT^N`^^TZY X`^_ MP ]PXZaPO'

9ZYP'

,' HSP bZ]V ZQ 6]LVT P_ LW' #EC6G **/% *02/,&*02/2% +)*2$ X`^_ MP OT^N`^^PO LYO NT_PO' >_
WZZV^ L_ S`XLY OT^PL^P LYO OT^LR]PP^ bT_S _SP NZYNW`^TZY^ ZQ GSLSXZ]LOTLY P_ LW'

IP YZb NT_P 6]LVT P_ LW' TY _SP >Y_]ZO`N_TZY #]PQ *.% WTYP^ /+&/,$3 j>Y_]TR`TYRWd% J&]Ld OTQQ]LN_TZY
XPL^`]PXPY_^ NZYQT]XPO _SP []P^PYNP ZQ LXdWZTO QTM]TW^ ZYWd TY ^ZXP APbd MZOTP^*.k



FPaTPbP] "+ #FPXL]V^ _Z _SP 6`_SZ]$3

FPaTPb QZ] H]TYVSL`^ P_ LW

H]TYVSL`^ P_ LW []P^PY_ L XP_SZOZWZRTNLWWd ^Z`YO% bPWW&NZY_]ZWWPO ^_`Od ^SZbTYR L STRSP]
]P^ZW`_TZY [TN_`]P ZQ _SP NPWW`WL] LYO XZWPN`WL] Z]RLYT^L_TZY ZQ APbd MZOTP^% YP`]ZYLW TYNW`^TZY^
NZXXZY _Z ^PaP]LW YP`]ZOPRPYP]L_TaP OT^PL^P^% TYNW`OTYR EL]VTY^ZYm^ 9T^PL^P LYO X`W_T[WP
^d^_PX^ L_]Z[Sd' E]PaTZ`^ ^_`OTP^ & XZ^_ YZ_LMWd L ]ZZX _PX[P]L_`]P NZ]]PWL_TaP WTRS_ LYO
PWPN_]ZY XTN]Z^NZ[P LYO _ZXZR]L[Sd ^_`Od & SLaP ^SZbY _SL_ LW[SL&^dY`NWPTY&[Z^T_TaP APbd
MZOTP^ NZY^T^_ ZQ N]ZbOPO PYaT]ZYXPY_^ ZQ XPXM]LYP^ ZQ OT^QTR`]PO Z]RLYPWWP^ LYO aP^TNWP^% L^
bPWW L^ `YTOPY_TQTPO QTWLXPY_Z`^ ^_]`N_`]P^' HSP WL__P] SLaP MPPY []Z[Z^PO _Z NZY^T^_ ZQ LW[SL&
^dY`NWPTY% M`_ _SPT] TOPY_T_d SL^ YZ_ MPPY `YP\`TaZNLWWd NZYQT]XPO O`P _Z WZbP] ]P^ZW`_TZY ZQ _SP
PX[WZdPO TXLRTYR XP_SZO'

HSP]P T^ aP]d WT__WP _Z QL`W_ _ST^ ^_`Od% L^ T_ T^ QLT]Wd NZSP]PY_ LYO bPWW&OP^TRYPO' DYWd _SP
QZWWZbTYR XTYZ] [ZTY_^ i

IP _SLYV _SP FPaTPbP] QZ] _SP ZaP]LWW [Z^T_TaP NZXXPY_^'

& QTR`]P ,L i MPL`_TQ`W TXLRP^' =Zb OZP^ _SP WLMPWWTYR ]PWL_P ( LR]PP bT_S _SP L_ZXTN ^_]`N_`]P ZQ
GdY ]P[Z]_PO Md =PYYTYR G_LSWMP]R5

IP XPL^`]PO LY LaP]LRP OT^_LYNP MP_bPPY RZWO MPLO NPY_P]^ ZQ ,'. h )'- YX #XPLY h ^O$ LWZYR
p&GdY QTM]TW^' <TaPY _SL_ _SP _d[TNLW OT^_LYNP MP_bPPY MP_L ^_]LYO^ T^ f-'1 g LN]Z^^ aL]TZ`^ STRS&
]P^ZW`_TZY ^_]`N_`]P^ ZQ p&GdY QTM]TW^ #EB>9 ,+**+22*% ,+-/*/12$% bP P^_TXL_P _SL_ _SP RZWO
MPLO^ WLMPW L[[]ZcTXL_PWd PaP]d 0&1 MP_L ^_]LYO^' HST^ T^ YZb XPY_TZYPO TY _SP WPRPYO ZQ ;TR' ,
#WTYP^ +-0&+-2$' HSP NL]_ZZY TY ;TR' ,N SL^ LW^Z MPPY ]P&^NLWPO LNNZ]OTYRWd'

& jD`] XPL^`]PXPY_^ L]P LW^Z NZY^T^_PY_ bT_S ^TYRWP&[L]_TNWP ^_`OTP^ ]P[Z]_TYR L STRSP] _bT^_%
TYOTNL_TaP ZQ STRSP] QWPcTMTWT_d % QZ] BG6&OP]TaPO QTM]TW^ NZX[L]PO _Z ]PNZXMTYLY_k
8Z`WO dZ` []ZaTOP Y`XMP]^ QZ] _bT^_^% OTLXP_P]^% XLdMP PaPY LY TXLRP NZX[L]T^ZY bT_S _SP
OZbYWZLOPO :B97 ^_]`N_`]P5

IP YZb XPY_TZY TY _SP _Pc_ _SL_ _SP OTLXP_P] ZQ Z`] QTM]TW^ bL^ f*) YX% ^TXTWL] _Z LWW
]PNZXMTYLY_ LYO [L_TPY_&OP]TaPO ^_]`N_`]P^ [`MWT^SPO _Z OL_P #WTYP^ *)2&***$3 jHSP QTM]TW^ bP]P
f*) YX TY OTLXP_P]% ^TXTWL] _Z ]PNZXMTYLY_ LYO [L_TPY_&OP]TaPO p&GdY QTM]TW^,,%,- LYO NWPL]Wd
OT^_TYN_ Q]ZX YP`]ZQTWLXPY_^ #;TR' *R$'k
6[[]ZcTXL_P aLW`P^ QZ] _SP _bT^_^ ZQ _SP [`MWT^SPO ^_]`N_`]P^ L]P LW^Z WT^_PO #WTYP^ *,1&*-*$3
jD`] XPL^`]PXPY_^ L]P LW^Z NZY^T^_PY_ bT_S ^TYRWP&[L]_TNWP ^_`OTP^ ]P[Z]_TYR L STRSP] _bT^_%
TYOTNL_TaP ZQ STRSP] QWPcTMTWT_d,1% QZ] BG6&OP]TaPO QTM]TW^,, #f/) YX$ _SLY QZ] XZ^_ ^_]`N_`]P^ ZQ
]PNZXMTYLY_ QTM]TW^,- #2)&*+) YX$'k
=ZbPaP]% OP^[T_P Pc_PY^TaP TXLRP []ZNP^^TYR PQQZ]_^% bP NZ`WO YZ_ OP_P]XTYP LY LaP]LRP
^_]`N_`]P ZQ Z`] QTM]TW^ bT_S ^`QQTNTPY_ ]P^ZW`_TZY% Z] PaPY ]PWTLMWd NLWN`WL_P _SPT] _bT^_% [Z^^TMWd
O`P _Z _SPT] ^_]`N_`]LW aL]TLMTWT_d' HSP]PQZ]P% bP bZ`WO QTYO T_ []PXL_`]P _Z []P^PY_ LY TXLRP
NZX[L]T^ZY L_ _ST^ [ZTY_'



& EP]SL[^ `^P ZQ ]PO LYO R]PPY TY QTR`]P^ NZ`WO MP []PaPY_PO5 > ^`RRP^_ _Z NSLYRP _Z NdLY LYO
XLRPY_L _S]Z`RSZ`_ _SP XLY`^N]T[_'

HSLYV dZ` QZ] _SP ^`RRP^_TZY' IP SLaP NSPNVPO LWW QTR`]P^ bT_S L NZWZ]&MWTYO ^TX`WL_Z]3
S__[^3((bbb'NZWZ]&MWTYOYP^^'NZX(NZMWT^&NZWZ]&MWTYOYP^^&^TX`WL_Z](
;`]_SP]XZ]P% QZ] LWW WTRS_ XTN]Z^NZ[d TXLRP^% bP ^SZb _SP OTQQP]PY_ NSLYYPW^ ^P[L]L_PWd L^ MWLNV
LYO bST_P TXLRP^'

& A+1/3 HSP NL[_TZY ]PLO^ l,9 ]PYOP]TYR ZQ L$m% M`_ ^SZ`WO MP l,9 ]PYOP]TYR ZQ _ZXZR]LX
OP[TN_PO TY L$m% L^ _SP OP^N]T[_TZY QZ] L$ ]PLO^ l_ZXZR]L[STN ^WTNPm% bSTNS NLYYZ_ MP ,9&]PYOP]PO'

HSLYV dZ` QZ] [ZTY_TYR _ST^ Z`_' IP SLaP NZ]]PN_PO T_ TY LWW ]PWPaLY_ WPRPYO^ #;TR' *O% ;TR' *S%
;TR' +M% ;TR' ,O% ;TR' ,P% G`[[WPXPY_L]d ;TR' /N$'

& A,)-3 l8d_Z^ZWTN QTM]TW OPY^T_dm3 >_ T^ YZ_ OT]PN_Wd ZMaTZ`^ bSL_ T^ XPLY_ Md _ST^ _P]X L^ T_ T^
ZYWd Pc[WLTYPO TY _SP XP_SZO^ ^PN_TZY' EP]SL[^ _ST^ NZ`WO MP Pc[WLTYPO TY _SP XLTY _Pc_5

IP SLaP YZb LOOPO _ST^ Pc[WLYL_TZY TY _SP XLTY _Pc_ #WTYP^ *+2&*,*3 j=ZbPaP]% QTM]TW OPY^T_d
bT_STY TYNW`^TZY^% OPQTYPO L^ _SP Q]LN_TZY ZQ Nd_Z^ZWTN aZW`XP ZNN`[TPO Md QTM]TW^% bL^
^TRYTQTNLY_Wd STRSP] TY NPWW^ Pc[]P^^TYR <;E&p&GdY #;TR' +P% G`[[WPXPY_L]d HLMWP *$'k$ LYO _SP
WPRPYO ZQ ;TR' + #WTYP^ +,/&+,0$'

& A../3 lNLXP]L^m &4 lNLXP]Lm

j8LXP]Lk T^ `^PO TY [W`]LW L^ T_ ]PQP]^ _Z MZ_S @+ LYO @, NLXP]L^'



Reviewer #1 (Remarks to the Author):  

The authors have answered my previous questions. I have no additional comments.  

Reviewer #2 (Remarks to the Author):  

The authors have answered all my questions, happy to recommend publication.  

Tanmay Bharat 


