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FLg. S1 ± S23
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CaSWLRQV fRU MRYLeV S1 WR S10

RefeUeQceV (22-28)

MDWHULDOV DQG MHWKRGV

DURVRSKLOD JHQHWLFV

FO\ VWUaLQV XVed LQ WhLV VWXd\ aUe OLVWed LQ TabOe S1. DeWaLOed fO\ geQRW\SeV LQ each e[SeULPeQW aUe OLVWed LQ
TabOe S2-3.

C5I6P5 NQRFNLQ RI HA WDJ LQ PDWXUH FKHPRDWWUDFWDQW OLJDQG SHSWLGH

SeTXeQceV Rf PVF1, KUQ, aQd SSL ZeUe aOLgQed WR deWeUPLQe HA LQVeUWLRQ VLWeV LQ Whe SUedLcWed PaWXUe
SeSWLde afWeU cOeaYage (TabOeV S4). gRNA ZaV deVLgQed (hWWS://WaUgeWfLQdeU.fO\cULVSU.QeXUR.bURZQ.edX/)
afWeU VeTXeQcLQg Whe hRVW geQRPLc DNA aQd cORQed LQWR Whe SU6-BbVI-chLRNA YecWRU (TabOeV S5-6). HA
Wag LQVeUWLRQ ZaV deVLgQed accRUdLQg WR VcaUOeVV edLWLQg (hWWSV://fO\cULVSU.RUg/VcaUOeVV-geQe-edLWLQg/) b\
cORQLQg a1Nb OefW aQd ULghW UecRPbLQaWLRQ aUP LQWR Whe SHD-2[HA-ScaUOeVVDVRed YecWRU. PULPeUV XVed
ZeUe OLVWed LQ TabOe S7. CRISPR LQMecWLRQ ZaV SeUfRUPed b\ BeVWGeQe LQWR fO\ VWUaLQV e[SUeVVLQg CaV-9 LQ
Whe geUP-OLQe (TabOe S1 aQd S8). IQdLYLdXaO F1 ZaV cURVVed ZLWh PBac WR UePRYe VcaUOeVV, aQd VcUeeQed
b\ e\e cRORU. GeQRPLc DNA ZaV e[WUacWed aQd VeTXeQced WR YeULf\ cRUUecW LQVeUWLRQ. Egg chaPbeUV ZeUe
VWaLQed OLYe RU fL[ed WR deWecW HA VLgQaOV (TabOe S8).

EJJ FKDPEHU GLVVHFWLRQ DQG VWDLQLQJ

AdXOW fePaOe RYaULeV ZeUe dLVVecWed LQ SchQeLdeU¶V DURVRShLOa PedLXP (TheUPR FLVheU ScLeQWLfLc,
WaOWhaP, MA; 21720) ZLWh 20% feWaO bRYLQe VeUXP. OYaULROeV cRQWaLQLQg egg chaPbeUV Rf Whe deVLUed
VWageV ZeUe SXOOed RXW Rf Whe PXVcOe VheaWh ZLWh #55 fRUceSV.

FRU fL[ed VaPSOe VWaLQLQg, RYaULROeV ZeUe WheQ fL[ed fRU 20ௗPLQ LQ 4% SaUafRUPaOdeh\de aW 4ௗ�C. FRU OecWLQ
(LecWLQ PNA AOe[a 647; TheUPR FLVheU ScLeQWLfLc; L32460) VWaLQLQg, RYaULROeV ZeUe LQcXbaWe LQ dLVVecWLRQ
PedLXP cRQWaLQLQg 10 ȝg/PO OecWLQ fRU 3 PLQ befRUe fL[aWLRQ. AfWeU fL[aWLRQ, RYaULROeV ZeUe ZaVhed ZLWh
PBS/0.4% TULWRQ X-100 (PBST), aQd WheQ LQcXbaWed ZLWh SULPaU\ aQWLbRdLeV RYeUQLghW aW 4ௗ�C. The
fROORZLQg da\, RYaULROeV ZeUe ZaVhed ZLWh PBST befRUe LQcXbaWLRQ LQ VecRQdaU\ aQWLbRd\ fRU 1.5ௗh. AfWeU
UePRYaO Rf VecRQdaU\ aQWLbRdLeV, VaPSOeV ZeUe VWaLQed ZLWh HRechVW fRU 20ௗPLQ. SaPSOeV ZeUe VWRUed LQ
VECTASHIELD (VecWRU LabRUaWRULeV, BXUOLQgaPe, CA) aW 4ௗ�C.

FRU HA-KeUeQ OLYe VWaLQLQg, egg chaPbeUV ROdeU WhaQ VWage 10 ZeUe UePRYed, aQd RYaULROeV LQcXbaWed LQ
OLYe LPagLQg PedLXP cRQWaLQLQg LQVXOLQ aQd aQWL-HA D\LLghW 550 (TheUPR FLVheU ScLeQWLfLc; 26183-D550)
aQd AOe[a-FOXRU 647 (WR PaUN QRQ-VSecLfLc WUaSSLQg Rf aQWLbRdLeV LQ e[WUaceOOXOaU VSaceV) fRU 30 PLQ. The\
ZeUe TXLcNO\ ULQVed WZR WLPeV ZLWh dLVVecWLRQ PedLXP aQd LPPedLaWeO\ PRXQWed fRU OLYe LPagLQg. FRU
de[WUaQ OLYe OabeOLQg Rf e[WUaceOOXOaU VSace, de[WUaQ LV PePbUaQe LPSeUPeaQW aQd UeadLO\ dLffXVeV
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beWZeeQ ceOOV, bXW LV eQdRc\WRVed RYeU WLPe. TheUefRUe Ze LQcXbaWed OLYLQg egg chaPbeUV LQ fOXRUeVceQWO\
OabeOed de[WUaQ (100 ȝg/PO; De[WUaQ AOe[a 647 10,000 MW; TheUPR FLVheU ScLeQWLfLc; D22914) aQd
LPaged WheP LPPedLaWeO\, befRUe eQdRc\WRVLV cRXOd RccXU.

AddLWLRQaO aQWLbRdLeV/d\eV XVed LQ WhLV VWXd\: UaW aQWL-Ecad fURP DeYeORSPeQWaO SWXdLeV H\bULdRPa BaQN
(DSHB, IRZa CLW\, IA; DCAD2; 1:50), chLcNeQ aQWL-GFP (AbcaP, CaPbULdge, UK; 13970; 1:2000),
PhaOORLdLQ fRU F-acWLQ (SLgPa-AOdULch; 65906; 1:1000).

CRQIRFDO LPDJLQJ DQG YLVXDOL]DWLRQ

FRU cRQfRcaO ]-VWacN LPagLQg, LQ RUdeU WR SUeVeUYe Whe 3D VWUXcWXUe aQd NeeS Whe VaPSOe VWabOe dXULQg
LPagLQg, Ze adMXVWed Whe PRXQWLQg aQd ]-VWacN LPagLQg PeWhRd. FLUVW, fRU PRXQWLQg, Ze XVed aQ 18 PP [
18 PP cRYeUgOaVV RQ Whe WRS aQd a 22 PP [ 40 PP cRYeUgOaVV RQ Whe bRWWRP fRU Whe LQYeUWed
PLcURVcRSe WR PLQLPL]e VaPSOe PRYePeQW b\ Whe WRXchLQg RbMecWLYe dXULQg ]-VWacNV. FRXU a0.5 PP X 0.5
PP NR.1 cRYeUgOaVV debULV ZeUe XVed aV bULdgeV RQ fRXU cRUQeUV WR aYRLd cUXVhLQg Rf Whe egg chaPbeUV.
48.6 XO VECTASHIELD ZeUe XVed WR aOORZ 150 ȝO gaS beWZeeQ Whe WZR cRYeUgOaVeV VR WhaW Whe egg
chaPbeUV ZeUe QRW cRPSUeVVed. SecRQd, fRU LPagLQg, Ze XVed a 40î 1.1 N.A. 0.62PP ORQg ZRUNLQg
dLVWaQce ZaWeU RbMecWLYe RQ a ZeLVV LSM780 cRQfRcaO PLcURVcRSe. LaVeU SRZeU cRUUecWLRQV ZeUe aSSOLed
b\ LQcUeaVLQg Whe OaVeU SRZeU aV Whe RbMecWLYe VcaQV fURP Whe QeaU eQd Rf Whe VaPSOe WR Whe faU eQd Rf Whe
VaPSOe.

CRQfRcaO ]-VWacN LPageV ZeUe YLVXaOL]ed LQ IPaULV (BLWSOaQe, SRXWh WLQdVRU, CT), ReSUeVeQWaWLYe LPageV
ZeUe e[SRUWed fURP IPaULV XVLQg eLWheU 3D YLeZ RU VOLce YLeZ. IQ FLg. 2E aQd F, fLg. S10A, aQd fLg. S14A,
QXUVe ceOO QXcOeL VLgQaOV ZeUe PaVNed WR aLd YLVXaOL]aWLRQ Rf Whe PePbUaQe VLgQaOV. IQ FLg. 3F, fLg. S13E
aQd F, aQd fLg. S17B, de[WUaQ VLgQaOV RXWVLde Rf Whe egg chaPbeU ZeUe PaVNed WR aLd YLVXaOL]aWLRQ Rf
VLgQaOV LQVLde. E[SRUWed LPageV ZeUe URWaWed aQd cURSSed LQ PhRWRVhRS (AdRbe, SaQ JRVe, CA). SLQgOe
chaQQeO LPageV ZeUe cRQYeUWed fURP a bOacN bacNgURXQd WR a ZhLWe bacNgURXQd XVLQg IQYeUW LUT fXQcWLRQ
LQ FIJI. RaLQbRZ dLVSOa\ Rf PLgUaWLRQ ZaV geQeUaWed XVLQg a VXbVeW Rf OLYe LPage MIPV cRORUed LQ FIJI
XVLQg a cXVWRP LUT.

QXDQWLILFDWLRQ LQ 2D, 3D DQG 4D

KeUeQ QXaQWLfLcaWLRQ: AQWLbRdLeV caQ accXPXOaWe QRQ-VSecLfLcaOO\ LQ e[WUaceOOXOaU VSaceV aQd be
eQdRc\WRVed b\ fROOLcOe ceOOV LQcOXdLQg bRUdeU ceOOV. IQ RUdeU WR cRUUecW fRU QRQ-VSecLfLc fOXRUeVceQW VLgQaOV,
Ze LQcXbaWed egg chaPbeUV LQ bRWh HA-KeUeQ aQd AOe[a-FOXRU 647 aQWLbRdLeV. The QRQ-VSecLfLc \
AOe[a-FOXRU 647 fOXRUeVceQce ZaV VXbWUacWed fURP Whe HA-KeUeQ WRWaO fOXRUeVceQce WR \LeOd Whe VSecLfLc
aQWL-HA VLgQaO. FLQaO aQaO\VLV ZaV SeUfRUPed RQ Whe VXbWUacWed  LPage Rf HA-KeUeQ PLQXV AOe[a-FOXRU
647. The LQWeQVLW\ Rf Whe AOe[a-FOXRU 647 chaQQeO ZaV aWWeQXaWed b\ a facWRU caOcXOaWed b\ cRPSaULQg
UeOaWLYe VLgQaO VWUeQgWh beWZeeQ HA-KeUeQ aQd AOe[a-FOXRU 647, VR WhaW Whe VXbWUacWed HA-KeUeQ UeWaLQed
a baVaO LQWeQVLW\. IQ RUdeU WR TXaQWLf\ Whe aQWeULRU-SRVWeULRU VLgQaO, Ze XVed FIJI WR dUaZ a OLQe
SeUSeQdLcXOaU WR Whe PePbUaQe 30 SL[eOV ZLde WR caSWXUe Whe fXOO ZLdWh Rf Whe ORcaO QXUVe ceOO cRQWacW. We
PRYed WhLV OLQe aORQg Whe aQWeULRU-SRVWeULRU a[LV WR caSWXUe dLffeUeQW SRVLWLRQV. IQ RUdeU WR TXaQWLf\ Whe
PedLaO-OaWeUaO VLgQaO Ze VWaUWed fURP Whe OaWeUaO edge Rf a QXUVe ceOO PePbUaQe SaWh aQd PRYed Whe OLQe
WRZaUdV Whe ceQWeU XVLQg Whe VaPe PeWhRd deVcULbed abRYe. We e[cOXded cXUYed RU fX]]\ PePbUaQeV
aQd fRcaO SOaQeV WhaW LQcOXded ULQg caQaOV. RaZ dLVWaQce ZaV cRQYeUWed WR Whe UeOaWLYe 0%-100% SRVLWLRQ
aORQg each a[LV. Each daWa SRLQW Rf PedLaO-OaWeUaO VLgQaO ZaV QRUPaOL]ed WR Whe aYeUage ZLWhLQ each egg
chaPbeU. The ML gUadLeQW VORSe ZaV caOcXOaWed fURP Q=6 Rf each geQRW\Se aQd fURP 0-100% PedLaO
SRVLWLRQ. Each daWa SRLQW Rf aQWeULRU-SRVWeULRU VLgQaO ZaV QRUPaOL]ed WR Whe aYeUage Rf daWa SRLQWV ORcaWed
beWZeeQ 40%-60% Rf Whe aQWeULRU-SRVWeULRU PLgUaWLRQ SaWh becaXVe eYeU\ egg chaPbeU LQcOXded daWa
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SRLQWV fURP WhLV UegLRQ. DaWa SRLQWV fURP VL[ WR VeYeQ egg chaPbeUV aUe VhRZQ fRU each geQRW\Se. A fLWWed
OLQe UeSUeVeQWV Whe WUeQdOLQe Rf QRUPaOL]ed KeUeQ dLVWULbXWLRQ aORQg Whe aQWeULRU-SRVWeULRU RU PedLaO-OaWeUaO
a[LV. The VWaQdaUd deYLaWLRQ Rf Whe beVW fLW WUeQdOLQe ZaV UeSUeVeQWed b\ cRORU VhadeV LQ Whe gUaSh. The
AP VORSe ZaV caOcXOaWed fURP QRUPaOL]ed LQWeQVLW\ beWZeeQ 0%-70% Whe dLVWaQce fURP Whe aQWeULRU WLS WR
Whe RRc\We fURP WhUee VhgRNAL egg chaPbeUV aQd fRXU cRQWURO egg chaPbeUV aOO Rf ZhLch LQcOXded daWa
SRLQWV fURP 0%-70%. The P YaOXeV ZeUe baVed RQ W WeVW cRPSaULVRQV Rf Whe AP aQd ML VORSeV.

FRU TXaQWLfLcaWLRQ Rf SRVWeULRU aQd PedLaO PLgUaWLRQ LQdLceV LQ 3D, Ze XVed IPaULV MeaVXUePeQWPUR LQ Whe
fROORZLQg VWeSV: 1) XVe aQ ObOLTXe SOLceU acURVV Whe ceQWeU Rf Whe QXUVe ceOO-RRcW\e bRUdeU WR VeW a SOaQe
SaUaOOeO WR Whe SRVWeULRU fROOLcOe ceOO ULQg, VeW SRLQW B aW Whe ceQWeU Rf Whe QXUVe ceOO-RRc\We bRUdeU (fLg. S1A);
VeW SRLQW A aW Whe aQWeULRU eQd Rf Whe egg chaPbeU (LLQe AB PeaVXUeV aQd OeQgWh Rf Whe aQWeULRU-SRVWeULRU
dLVWaQce LQ QXUVe ceOOV ZheUe bRUdeU ceOOV Qeed WR PLgUaWe); 2) PRYe Whe SUeYLRXV ObOLTXe SOLceU gRLQg
acURVV Whe ceQWeU Rf Whe bRUdeU ceOO cOXVWeU, VeW SRLQW C aW Whe LQWeUVecWLRQ Rf Whe SOaQe aQd OLQe AB (LLQe
AC PeaVXUeV hRZ PXch bRUdeU ceOO PLgUaWeV fURP aQWeULRU); 3) RQ Whe ObOLTXe SOLceU SOaQe WhaW gReV
acURVV C, VeW SRLQW D aW Whe ceQWeU Rf Whe bRUdeU ceOO cOXVWeU, VeW SRLQW E aQd F aW Whe edge Rf Whe egg
chaPbeU VXch WhaW OLQe EF gReV WhURXgh bRWh Whe ceQWeU Rf Whe cURVV VecWLRQaO SOaQe aQd Whe ceQWeU Rf Whe
bRUdeU ceOO cOXVWeU (LLQe EF PeaVXUeV dLaPeWeU Rf Whe egg chaPbeU ZheUe Whe bRUdeU ceOO LV aW). PRVWeULRU
PLgUaWLRQ LQde[ = AC/AB * 100%; MedLaO PLgUaWLRQ LQde[ = PLQ (DE, DF)/(EF/2) * 100%.

PRVWeULRU PLgUaWLRQ ZaV TXaQWLfLed LQ VWage 10 egg chaPbeUV. NRWe WhaW LQ QXUVe ceOO Ecad NQRcNdRZQ,
ceQWULSeWaO ceOOV VhRZ PLgUaWLRQ defecWV VR Whe\ aUe QRW XVed fRU VWagLQg. IQVWead, egg chaPbeU VL]e aQd
QXUVe ceOO:RRc\We YROXPe UaWLR ZeUe XVed WR LdeQWLf\ VWageV 9 aQd 10. MedLaO PLgUaWLRQ ZaV TXaQWLfLed LQ
VWage 9 egg chaPbeUV LQ ZhLch bRUdeU ceOOV had PLgUaWed 25-75% Rf Whe Za\ WR Whe RRc\We bRUdeU, ZheUe
Whe abXQdaQce Rf aOWeUQaWLYe SaWhV LV gUeaWeVW, e[ceSW ZheUe RWheUZLVe VSecLfLed (e.g. fLg. S22 ZheUe Ze
aQaO\]ed 75-100%). The SUefeUeQce fRU PXOWLSOe QXUVe ceOO MXQcWXUeV ZaV aOVR eYLdeQW aW Whe LQLWLaWLRQ Rf
PLgUaWLRQ (fLg. S23).

FRU TXaQWLfLcaWLRQ Rf QXUVe ceOO PePbUaQe defOecWLRQV LQ 3D, Ze XVed IPaULV FLOaPeQWTUaceU LQ Whe
fROORZLQg VWeSV: 1) egg chaPbeU dULfW LQ WLPe ZaV cRUUecWed b\ ORcaWLQg a feZ LPPRbLOe aQWeULRU VWUeWched
ceOOV, VWaON ceOOV, aQd SRVWeULRU cROXPQaU ceOOV XVLQg Whe SSRWV fXQcWLRQ LQ IPaULV TUacN baVed RQ
UbL-HLVRFP; 2) The VaPe 3-ceOO MXQcWXUe ZaV WUacNed LQ each WLPe fUaPe XVLQg Whe AXWRDeSWh PeWhRd LQ
FLOaPeQWV baVed RQ Whe UMAT-L\Q-WdTRPaWR VLgQaO, aQd ZeUe WULPPed WR a8 ȝP OeQgWh; 3) The DeQdULWe
OULeQWaWLRQ AQgOe ZaV e[SRUWed aQd XVed WR caOcXOaWe Whe PePbUaQe defOecWLRQ aQgOe.

For quantification of �3-cell MXQcWXUe deQVLW\ LQ 3D, Ze XVed IPaULV MeaVXUePeQWPUR LQ Whe fROORZLQg
VWeSV: 1) URWaWe Whe egg chaPbeU VR WhaW LW LV QRW WLOWed LQ Z aQd Whe aQWeULRU LV WRZaUdV Whe OefW; 2) PeaVXUe
Whe aQWeULRU WLS aQd Whe RRc\We bRUdeU SRVLWLRQ X, aQd WheQ caOcXOaWe 20, 30, 40, 50, 60, 70, 80% ORcaWLRQV
LQ X; 3) VeW a YZ OUWhR SOLceU LQ Whe each Rf WheVe SOaQeV, add MeaVXUePeQW PRLQWV aW Whe ceQWeU Rf each
YZ SOaQe, aV ZeOO aV aOO Whe 3-ceOO MXQcWXUeV (FLg. 3B, bOXe dRWV); 4) LQ 3D YLeZ, WUace aOO 3-ceOO MXQcWXUe OLQeV
XVLQg FLOaPeQW, aQd SOace SSRWV aW Whe MXQcWXUeV Rf WhRVe fLOaPeQWV aV >3 ceOO MXQcWXUeV (FLg. 3A, PageQWa
dRWV); 5) e[SRUW VWaWLVWLcV fRU SRVLWLRQ XYZ, WheQ caOcXOaWe Whe dLVWaQce WR Whe ceQWeU LQ Whe YZ SOaQe; 6) bLQ
Whe daWa LQ 5 ȝP UadLXV LQWeUYaOV, aQd SORW Whe heaW PaS.

FRU TXaQWLfLcaWLRQ Rf de[WUaQ-OabeOed fUee VSace LQ 3-ceOO MXQcWXUeV (fLg. S13G), Ze PeaVXUed WheLU
dLaPeWeU LQ 2D. AQ RbOLTXe VOLceU ZaV XVed WR fLQd Whe 3-ceOO MXQcWXUeV WhaW ZeUe cORVe WR Whe RbMecWLYe aQd
aOPRVW SaUaOOeO WR Whe LPagLQg SOaQe WR PLQLPL]e Whe dLVWRUWLRQ fURP RXW-Rf-fRcXV OLghW. The OLQe ZLdWh Rf Whe
3-ceOO MXQcWLRQaO VSace ZaV PeaVXUed fURP Whe VOLce XVLQg FIJI. De[WUaQ-OabeOed fUee VSace LQ >3-ceOO
MXQcWXUeV ZeUe PeaVXUed LQ 3D. We XVed IPaULV MeaVXUePeQWPUR SXUface fXQcWLRQ aQd e[SRUWed VROXPe
VWaWLVWLcV.
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FRU TXaQWLfLcaWLRQ Rf 2-ceOO VXUface cRQWacW aUea LQ 3D, Ze XVed IPaULV CeOO fXQcWLRQ LQ Whe fROORZLQg VWeSV:
1) URWaWe Whe egg chaPbeU LQ 3D VR WhaW LW LV QRW WLOWed LQ Z aQd SeUfRUP aWWeQXaWLRQ cRUUecWLRQ WR adMXVW
PePbUaQe VLgQaO LQWeQVLW\ LQ Z; 2) LRcaWe bRUdeU ceOOV, QXUVe ceOOV, aQd RRc\We QXcOeL XVLQg SSRWV
fXQcWLRQ, add aQ addLWLRQaO SSRW RXWVLde Rf Whe egg chaPbeU, PaVN Whe QXcOeL VWaLQ chaQQeO ZLWh Whe
SSRWV; 3) VegPeQW bRUdeU ceOOV, QXUVe ceOOV, aQd RRc\We XVLQg Whe CeOO fXQcWLRQ b\ WZR chaQQeOV, Whe
PaVNed QXcOeL chaQQeO aQd Whe PePbUaQe chaQQeO; 4) e[SRUW CeOOV WR SXUfaceV, aQd VSOLW QXUVe ceOO
PePbUaQe VXUfaceV aQd OabeO WheP accRUdLQg WR Whe LdeQWLf\ LQ fLg. S11A, S16A aQd S21C; 5) UXQ SXUface
VXUface cRQWacW MacUR LQ IPaULVXT WR VegPeQW dLffeUeQW VXUface cRQWacW; 6) gURXS WheP accRUdLQg WR WheLU
ORcaWLRQ, aQd e[SRUW VWaWLVWLcV fRU Whe AUea.

FRU TXaQWLfLcaWLRQ Rf Whe SURWUXVLRQ fUeTXeQc\ LQ 4D, Ze dLd LQ Whe fROORZLQg VWeSV: 1) PaQXaOO\ VeW SSRWV aW
Whe WLS Rf Whe SURWUXVLRQ b\ URWaWLQg Whe bRUdeU ceOOV LQ 3D LQ each WLPe fUaPe; 2) XVe aQ ObOLTXe SOLceU
gRLQg SeUSeQdLcXOaU WR Whe SURWUXVLRQ WR deWeUPLQe Lf Whe SURWUXVLRQ LV ORcaWed aW 2-ceOO LQWeUface RU 3-ceOO
MXQcWXUe; 3) UecRUd Whe W\Se Rf SURWUXVLRQ acURVV Whe WLPe fUaPeV.

FRU TXaQWLfLcaWLRQ Rf bRUdeU ceOO cOXVWeU PLgUaWLRQ VSeed LQ 4D, Ze fROORZed a SXbOLVhed SURWRcRO (22): 1)
egg chaPbeU dULfW LQ WLPe ZaV cRUUecWed aV deVcULbed abRYe; 2) bRUdeU ceOO cOXVWeU ZaV WUacNed XVLQg Whe
SXUfaceV fXQcWLRQ LQ IPaULV TUacN baVed RQ VObR-4XPHEGFP; 3) LQVWaQWaQeRXV VSeed ZaV e[SRUWed aQd
SORWWed.

LLJKW VKHHW LPDJLQJ DQG GDWD SURFHVVLQJ

FRU OLghW VheeW LPagLQg, \RXQgeU aQd ROdeU egg chaPbeUV LQ Whe VaPe RYaULROe Rf Whe WaUgeWed eaUO\ VWage
9 egg chaPbeU ZeUe UePRYed caUefXOO\ ZLWh VhaUS fRUceSV VR Whe\ dR QRW bORcN Whe OLghW SaWh. The deVLUed
egg chaPbeUV ZeUe PRXQWed LQ 0.5% ORZ PeOWLQg SRLQW agaURVe ZLWh fOXRUeVceQW beadV (TheUPR FLVheU
ScLeQWLfLc; T7280) LQ 0.68 PP dLaPeWeU caSLOOaU\ (ZeLVV; 701902). Egg chaPbeUV WhaW aUe RULeQWed
YeUWLcaOO\ LQ Whe caSLOOaU\ ZeUe chRVeQ fRU LPagLQg WR PLQLPL]e OLghW bORcNLQg effecW fURP Whe RSaTXe
RRc\We. IPageV ZeUe WaNeQ fURP 8 aQgOeV 45 degUeeV aSaUW RQ a ZeLVV LLghWVheeW Z.1.

IPageV ZeUe UegLVWeUed, fXVed aQd decRQYROXWed XVLQg Whe MXOWLYLeZ-RecRQVWUXcWLRQ FIJI SOXgLQ (23). The
fXVed aQd decRQYROYed egg chaPbeUV ZeUe WheQ VegPeQWed LQWR dLffeUeQW geUP ceOOV XVLQg Whe IPaULV CeOO
VRfWZaUe aQd e[SRUWed aV VXUfaceV. We WheQ LPSRUWed Whe VXUfaceV LQWR MeVhOab WR cOeaQ XS Whe PeVh aV
ZeOO aV geQeUaWe a PLY fLOe WhaW caQ be aQaO\]ed XVLQg TLVVXe CaUWRgUaSh\ (24). ThLV ZaV dRQe b\ Whe
fROORZLQg MeVhOab cRPPaQdV: 1) LPSRUWLQg Whe ceOO VXUface; 2) SRLVVRQ dLVc VaPSOLQg ZLWh baVe PeVh
VXbVaPSOLQg; 3) cRPSXWLQg QRUPaOV fRU SRLQW VeWV; 4) VXUface UecRQVWUXcWLRQ: SRLVVRQ. The UecRQVWUXcWed
VXUface LV WheQ e[SRUWed aV a PLY fLOe. The PLY fLOe ZaV WheQ aQaO\]ed XVLQg TLVVXe CaUWRgUaSh\, deWaLOV
SURYLded LQ Whe UefeUeQce abRYe. IQ VhRUW, Whe PeVh LV XVed WR defLQe Whe ceQWeU Rf a UegLRQ Rf LQWeUeVW. We
WheQ ORRN aW a VXP Rf aOO Rf Whe SL[eOV ZLWhLQ a 1.5 XP dLVWaQce fURP Whe PeVh. ThLV VLgQaO LV WheQ
³SXOOed-bacN´ LQWR a 2D LPage WhaW caQ be aQaO\]ed XVLQg VWaQdaUd SURceVVLQg WechQLTXeV. TheVe 2D
LPageV ZeUe PaQXaOO\ VegPeQWed aQd TXaQWLfLed LQ FIJI. SXUfaceV cRQWaLQLQg ULQg caQaOV ZeUe QRW
aQaO\]ed, dXe WR bRWh hLgheU VLgQaO LQ Whe ULQg caQaO VWUXcWXUe, aQd ORZeU VLgQaO ZLWhLQ Whe ULQg.

F5AP LPDJLQJ DQG GDWD SURFHVVLQJ

FOXRUeVceQce UecRYeU\ afWeU ShRWRbOeachLQg (FRAP) ZaV dRQe XVLQg a hRPR]\gRXV YLabOe GFP WUaS OLQe
LQ Whe VhRWgXQ (Ecad) ORcXV. Egg chaPbeUV ZeUe dLVVecWed LQ SchQeLdeUV PedLa VXSSOePeQWed ZLWh 0.4
Pg/PL LQVXOLQ (SLgPa) aQd 1X aQWLP\cRWLc/aQWLbLRWLc (GLbcR) befRUe PRXQWLQg RQ OXPR[ dLVheV. FRAP
SeUfRUPed XVLQg aQ LQYeUWed ZeLVV LSM800 cRQfRcaO PLcURVcRSe fLWWed ZLWh a POaQ-ASRchURPaW 40X, 1.2

1Ê



NA PXOWL-LPPeUVLRQ RbMecWLYe ZLWh Whe cROOaU VeW fRU ZaWeU LPPeUVLRQ. The ZeLVV ZeQ VRfWZaUe bOeachLQg
PRdXOe ZaV XVed WR bOeach a 3[5 �P UecWaQgOe Rf QXUVe ceOO PePbUaQe fRU 10 LWeUaWLRQV XVLQg a 10 PW
488 QP dLRde OaVeU ZLWh 3.1 PW aW Whe VaPSOe SOaQe. IPage caSWXUe VeWWLQgV ZeUe aV fROORZV: 512[512
SL[eOV (79.86 �P2 LQ XY) ZLWh a 316 PVec VcaQ WLPe (1.03 �Vec SL[eO dZeOO) XVLQg a 3.93 ALU\ XQLW RU 3.2
�P VecWLRQ WhLcNQeVV aW a bLW deSWh Rf 16. A WRWaO Rf 5 SUe-bOeach LPageV ZeUe WaNeQ aW a 2.5 Vec LQWeUYaO
fROORZed b\ 3 PLQ Rf SRVW-bOeach LPagLQg aW Whe VaPe 2.5 Vec LPagLQg LQWeUYaO. FOXRUeVceQce LQWeQVLW\
ZaV PeaVXUed fRU Whe bOeached PePbUaQe UegLRQ, a QRQ-bOeached cRQWURO PePbUaQe UegLRQ aQd a
bacNgURXQd UegLRQ RXWVLde Rf Whe egg chaPbeU. TheVe YaOXeV ZeUe WheQ LQSXW LQWR Whe eaV\FRAP Zeb
aSSOLcaWLRQ (hWWSV://eaV\fUaS.YPQeW.XSaWUaV.gU) WR caOcXOaWe Whe T1/2 aQd PRbLOe fUacWLRQ Rf E-cadheULQ RQ
VLde YeUVXV ceQWeU QXUVe ceOO PePbUaQeV. GUaShV ZeUe WheQ SURceVVed LQ PULVP (GUaShPad, La JROOa,
CA).

6WDWLVWLFV DQG UHSURGXFLELOLW\

AOO fO\ cURVVeV ZeUe UeSeaWed aW OeaVW WZLce aQd RYaU\ dLVVecWLRQV aQd VWaLQLQg ZeUe UeSeaWed aW OeaVW
WhUee WLPeV. DaWa deVcULbe WechQLcaO RU bLRORgLcaO UeSOLcaWeV. SaPSOe VL]e ZaV QRW SUedeWeUPLQed b\
VWaWLVWLcaO PeWhRdV bXW Ze XVed SULRU NQRZOedge WR eVWLPaWe PLQLPXP VaPSOe VL]e. SaPSOeV Rf Whe
cRUUecW VWage ZeUe LQcOXded aQd QR daWa SRLQW WhaW fLWV Whe aQaO\VLV cULWeULa ZaV e[cOXded. The
e[SeULPeQWV ZeUe QRW UaQdRPL]ed. IQYeVWLgaWRUV ZeUe QRW bOLQded.

SWaQdaUd VWaWLVWLcaO WeVWV ZeUe SeUfRUPed XVLQg PULVP. SaPSOe VL]eV ZeUe aSSURSULaWeO\ OaUge ZLWh
aSSURSULaWe dLVWULbXWLRQV. MaQQ±WhLWQe\ QRQSaUaPeWULc WeVW (WZR-WaLOed) ZaV XVed fRU cRPSaULQg WZR
gURXSV ZLWh dLffeUeQW YaULaQce. KUXVNaO±WaOOLV QRQSaUaPeWULc WeVW, fROORZed b\ DXQQ¶V PXOWLSOe
cRPSaULVRQV WeVW ZaV XVed ZheQ Whe YaULaQce LV VLgQLfLcaQWO\ dLffeUeQW aPRQg PXOWLSOe gURXSV. PaLUed
W-WeVW (WZR-WaLOed) ZaV XVed fRU cRPSaULQg Whe WZR PeaVXUePeQWV fURP Whe VaPe VaPSOe.

DDWD DQG FRGH DYDLODELOLW\

The aXWhRUV decOaUe WhaW aOO daWa aQd cRde VXSSRUWLQg Whe fLQdLQgV Rf WhLV VWXd\ aUe aYaLOabOe ZLWhLQ Whe
aUWLcOe aQd LWV VXSSOePeQWaU\ LQfRUPaWLRQ fLOeV RU fURP Whe cRUUeVSRQdLQg aXWhRU XSRQ UeaVRQabOe UeTXeVW.
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6XSSOHPHQWDU\ 7H[W

671. 7KH IUHH VSDFH LQ 2D DQG 3D

TR deWeUPLQe Whe SRVVLbOe fUee VSace LQ a N-ceOO MXQcWXUe, Ze aVVXPe WhaW Whe eTXLOLbULXP cRQfLgXUaWLRQ LV
deWeUPLQed b\ a baOaQce beWZeeQ Whe adheVLRQ eQeUg\ beWZeeQ QXUVe ceOOV (SaUaPeWeUL]ed b\ A, SeU XQLW
OeQgWh LQ 2D, aQd SeU XQLW aUea LQ 3D) aQd Whe PePbUaQe/cRUWe[ beQdLQg eQeUg\ (SaUaPeWeUL]ed b\
beQdLQg PRdXOXV B, SeU XQLW OeQgWh LQ 2D aQd SeU XQLW aUea LQ 3D). FLUVW, Ze cRQVLdeU Whe 2D caVe VhRZQ
LQ fLg. S13 A aQd B  fRU aQd .  The geRPeWU\ Rf Whe MXQcWXUeV LV chaUacWeUL]ed b\ cLUcXOaU aUcV𝑁 ࡙ 3 𝑁 ࡙ 4
Rf PePbUaQe ZLWh UadLXV WhaW MRLQ VPRRWhO\, L.e. ZLWhRXW cUeaWLQg a cXVS. The V\VWeP¶V eQeUg\ UeacheV𝑅

𝑓

a PLQLPXP ZheQ . The beQdLQg eQeUg\ fRU each aUc LV cRPSXWed b\ LQWegUaWLQgδ೻𝑊
𝑎𝑑ℎ

ࡒ 𝑊
𝑏𝑒Չ𝑑

೼/δ𝑅 ࡙ 0

RYeU Whe aQgOe Rf SRO\gRQ (fRU Whe e[aPSOeV VhRZQ LQ fLg. S13A aQd B WhLV aQgOe LV aQd೻𝑁 ࡓ 2೼π/𝑁 π/3
, UeVSecWLYeO\). CRPSXWLQg Whe eQeUg\ chaQge fRU each aUc, Ze aUULYe aWπ/2 δ𝑊

𝑏𝑒Չ𝑑
ࡓ࡙ 𝐵𝑁θ೻𝑁೼δ𝑅/𝑅2

ZLWh . DXe WR Whe chaQge LQ Whe WRWaO OeQgWh Rf ceOO-ceOO cRQWacW chaQgeV aQd Wheθ೻𝑁೼ ࡙ ೻𝑁 ࡓ 2೼π/𝑁 𝑅

UeVXOWLQg WRWaO chaQge LQ adheVLRQ eQeUg\ LV . SeWWLQgδ𝑊
𝑎𝑑ℎ

࡙ 𝑁𝐴δ𝐿 ࡙ 𝑁೻𝐴 cot೿θ೻𝑁೼/2ഀδ𝑅೼

Ze fLQd fRU Whe eTXLOLbULXP UadLXVδ೻𝑊
𝑎𝑑ℎ

ࡒ 𝑊
𝑏𝑒Չ𝑑

೼ ࡙ 0

.𝑅
𝑓

2 ࡙ 𝐵೻𝑁 ࡓ 2೼π tan೻π/𝑁೼/೻𝑁𝐴೼

The aUea Rf Whe fUee VSace LV WheQ Whe aUea Rf Whe N-SRO\gRQ cRQQecWLQg Whe cLUcOe ceQWeU PLQXV Whe aUea
Rf Whe cLUcXOaU VecWRUV. The aUea Rf Whe SRO\gRQ LV ZhLOe Whe aUea Rf VecWRUV LV .𝑁𝑅

𝑓
2 cot೻π/𝑁೼ 𝑁θ೻𝑁೼𝑅

𝑓
2/2

ThXV, Whe WRWaO fUee VSace LV gLYeQ b\

𝑆
𝑓Ս𝑒𝑒

࡙ 𝑆
ՋՊՇՔ𝑔ՊՉ

ࡓ 𝑁θ೻𝑁೼𝑅
𝑓

2/2 ࡙ ೿𝑁 cot೻π/𝑁೼ ࡓ ೻𝑁 ࡓ 2೼π/2ഀ𝐵೻𝑁 ࡓ 2೼π tan೻π/𝑁೼/೻𝑁𝐴೼≡𝑓೻𝑁೼𝐵/𝐴

.

IQ fLg. S13C Ze VhRZ WhaW LV a PRQRWRQLcaOO\ LQcUeaVLQg fXQcWLRQ Rf N. ThLV LQdLcaWeV𝑓೻𝑁೼ ࡙ 𝑆
𝑓Ս𝑒𝑒

/೻𝐵/𝐴೼

WhaW Whe aYaLOabOe VSace becRPeV OaUgeU aV Whe QXPbeU Rf ceOOV LQ Whe MXQcWXUe LQcUeaVeV. NRWe WhaW
ZhLch SUedLcWV WhaW, aV adheVLRQ decUeaVeV, Whe fUee VSace LQ ceOO MXQcWXUeV LQcUeaVeV, ZhLch𝑆

𝑓Ս𝑒𝑒
∼ 𝐵/𝐴

LV cRQVLVWeQW ZLWh Whe UeVXOWV Rf Whe E-cadheULQ NQRcN-dRZQ e[SeULPeQWV (fLg. S13E WR G).

FROORZLQg Whe VaPe aUgXPeQW, Whe abRYe caOcXOaWLRQ caQ be dLUecWO\ e[WeQded WR 3D, ZheUe Whe QXUVe ceOO
PePbUaQeV, QRZ cRQVLdeUed WR be VSheULcaO caSV, MRLQ VPRRWhO\ aW Whe MXQcWXUe. UQOLNe 2D, ZheUe aQ\
QXPbeU Rf aUcV caQ MRLQ WR fRUP a SRO\gRQ, LQ 3D Whe VWacNLQg Rf VSheULcaO caSV LV PRUe cRPSOLcaWed.
SSecLfLcaOO\, LW LV RQO\ SRVVLbOe fRU N=4,6,8,12, aQd 20, VXch WhaW Whe ceQWeU Rf Whe VSheUeV fRUP a
SRO\hedURQ NQRZQ aV a POaWRQLc VROLd. The N=4 e[aPSOe, UeVXOWLQg LQ a WeWUahedURQ, LV VhRZQ LQ fLg. S13D.
We agaLQ haYe Whe adheVLRQ-beQdLQg , ZheUe cORVe aWδ೻𝑊

𝑎𝑑ℎ
ࡒ 𝑊

𝑏𝑒Չ𝑑
೼/δ𝑅 ࡙ 0

aQd . HeUe, aQd LV Whe dLhedUaO aQgOeδ𝑊
𝑎𝑑ℎ

࡙ 𝐴𝑁𝑅δ𝑅 cot೿θ೻𝑁೼/2ഀ δ𝑊
𝑏𝑒Չ𝑑

ࡓ࡙ 𝐵𝑁ϕ೻𝑁೼δ𝑅/𝑅3 θ೻𝑁೼ ϕ೻𝑁೼

aQd Whe VROLd aQgOe Rf Whe face Rf Whe SRO\hedURQ, UeVSecWLYeO\. The eTXLOLbULXP UadLXV LV WhXV

𝑅
𝑓

4 ࡙ 𝐵ϕ೻𝑁೼/೻𝐴 cot೿θ೻𝑁೼/2ഀ೼

The fUee VSace YROXPe LV Whe YROXPe Rf Whe POaWRQLc VROLd PLQXV Whe YROXPe Rf Whe VSheULcaO caSV,

.𝑉
𝑓Ս𝑒𝑒

೻𝑁೼ ࡙ 𝑉
ՎՊՇ𝑖𝑑

೻𝑁೼ ࡓ 𝑁𝑅
𝑓

3೻𝑁೼ϕ೻𝑁೼/3
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FRU N=5, a VLPSOe cRQfLgXUaWLRQ LV PLUURU LPagLQg a WeWUahedURQ (N=4), ZhLch gLYeV .𝑉
𝑓Ս𝑒𝑒

೻5೼ ࡙ 2𝑉
𝑓Ս𝑒𝑒

೻4೼

FRU N=7, WheUe LV QR VLPSOe VWacNLQg. The UaWLR Rf Whe fUee VSace YROXPe beWZeeQ N=4,5,6, aQd 8 LQ 3D LV
1 : 2 : 6.6 : 11.6, ZhLch LQcUeaVeV aV N LQcUeaVeV. ThLV LV cORVe WR Whe e[SeULPeQWaO UaWLR, ZhLch ZaV fRXQd
WR be 1 : 3.8 : 9.5 : 15.5 (FLg. 3G, Whe PLddOe SRLQW LV aUbLWUaU\ aQd LV VcaOed WR PaWch Whe e[SeULPeQWaO
daWa). AV a cRPSaULVRQ, Whe UaWLR LQ 2D LV N=4,5,6,8 LV 1 : 2.3 : 3.8 : 7.4.

672. EQHUJ\ FRVWV RI SURWUXVLRQV

WheQ bRUdeU ceOO SURWUXVLRQV e[WeQd LQWR a WZR-QXUVe-ceOO MXQcWXUe, Whe\ haYe WR ³XQ]LS´ Whe adheVLRQ
bRQdV beWZeeQ QXUVe ceOOV. AddLWLRQaOO\, WheUe LV aQ eQeUg\ cRVW dXe WR Whe Qeed WR beQd QXUVe ceOO
PePbUaQeV (FLg. 3E, RUaQge bR[). The adheVLRQ SeQaOW\ LV aSSUR[LPaWeO\ , ZheUe LV𝑊

𝑎𝑑ℎ,2
࡙ 2πՍ𝐴 ࡛ 𝐴𝑃 Ս

Whe aYeUage UadLXV Rf Whe bRUdeU ceOO SURWUXVLRQ aQd LV LWV SeULPeWeU. The beQdLQg SeQaOW\ LV𝑃
. WheQ bRUdeU ceOOV SURWUXde LQWR ceOO MXQcWXUeV, Whe SURWUXVLRQV bUeaN feZeU adheVLRQ𝑊

𝑏𝑒Չ𝑑,2
࡛2π𝐵/Ս 𝑁3࡟

bRQdV dXe WR Whe SUe-e[LVWLQg VSace, VR Whe adheVLRQ SeQaOW\ LV VPaOOeU WhaQ LQ WZR ceOO MXQcWXUeV.
FXUWheUPRUe, LQ cRQWUaVW WR Whe WZR-ceOO MXQcWXUe, VTXee]LQg LQWR VhRXOd UeleaVe beQdLQg eQeUg\, b\𝑁3࡟
UedXcLQg Whe QXUVe ceOO cXUYaWXUe fURP WR , ZheUe aQd UeSUeVeQW Whe ORcaO UadLXV Rf Whe1/𝑅

𝑓
1/𝑅

Ջ
𝑅

𝑓
𝑅

Ջ

QXUVe ceOO PePbUaQe befRUe aQd afWeU Whe SURWUXVLRQ PRYeV LQ (FLg. 3E, c\aQ aQd PageQWa bR[eV). IQ
geQeUaO, . The adheVLRQ SeQaOW\ LV SURSRUWLRQaO WR Whe QXUVe ceOO PePbUaQe WhaW PXVW be XQ]LSSed,𝑅

Ջ
࡝ 𝑅

𝑓

gLYeQ b\ . The dLffeUeQce Rf WRWaO beQdLQg eQeUg\ LV𝑊
𝑎𝑑ℎ,𝑁

࡙ 𝐴೻𝑁 ࡓ 2೼π೻𝑅
Ջ

ࡓ 𝑅
𝑓
೼

. IQ Whe VLPSOe caVe, Ze caQ PRdeO bRUdeU ceOO SURWUXVLRQV LQ fXOO𝑊
𝑏𝑒Չ𝑑,𝑁

࡙ 𝐵೻𝑁 ࡓ 2೼π೻1/𝑅
Ջ

ࡓ 1/𝑅
𝑓
೼

cRQWacW ZLWh Whe QXUVe ceOOV ZLWh a fL[ed SeULPeWeU Rf . NRWe WhaW, LQ WhLV caVe, Whe೻𝑁 ࡓ 2೼π𝑅
Ջ

࡙ 𝑃

adheVLRQ dLffeUeQce dXe WR QXUVe-bRUdeU ceOO cRQWacWV LV LQdeSeQdeQW Rf . TheQ, aQd𝑁 𝑊
𝑎𝑑ℎ,2

࡝ 𝑊
𝑎𝑑ℎ,𝑁

 

fRU . ThXV, bRWh beQdLQg aQd adheVLRQ eQeUgLeV faYRU SURWUXVLRQ LQWR𝑊
𝑏𝑒Չ𝑑,2

࡝ 0 ࡝ 𝑊
𝑏𝑒Չ𝑑,𝑁

𝑁3࡟ 𝑁3࡟

-QXUVe-ceOO MXQcWXUeV UaWheU WhaQ LQWR WZR-ceOO MXQcWXUeV. FXUWheUPRUe,
decUeaVeV aV LQcUeaVeV. VaOXeV Rf aUe𝑊

𝑎𝑑ℎ,𝑁
࡙ 𝐴೻𝑁 ࡓ 2೼π೻𝑅

Ջ
ࡓ 𝑅

𝑓
೼ ࡙ 𝐴𝑃 ࡓ 𝐴೻𝑁 ࡓ 2೼𝑅

𝑓
𝑁 𝑊

𝑎𝑑ℎ,𝑁

OLVWed LQ TabOe S9.

FXUWheUPRUe, Ze eVWLPaWe Whe YaOXe Rf b\ fLWWLQg Whe e[SeULPeQWaO daWa LQ FLg. 3G ZLWh Whe fUee𝐵/𝐴࡛1 µՈ2

VSace YROXPe UaWLR LQ 3D. The UeOaWLYe cRQWULbXWLRQ fURP adheVLRQ aQd beQdLQg eQeUg\ caQ be fRXQd fURP

. caQ be eVWLPaWed fURP Whe VL]e Rf Whe bRUdeU ceOO|𝑊
𝑏𝑒Չ𝑑,𝑁

/𝑊
𝑎𝑑ℎ,𝑁

| ࡙ 𝐵
𝐴|𝑅

Ջ
𝑅

𝑓
| ࡛ 𝐵/𝐴

𝑅
Ջ

೻𝑁2ࡓ೼πtan೻π/𝑁೼
𝑅

Ջ

SURWUXVLRQV .  FURP e[SeULPeQWaO daWa, Ze caQ eVWLPaWe (fLg. S14B). POXggLQg WheՍ ࡙ 𝑅
Ջ

tan೻ π
𝑁 ೼ Ս ࡛2µՈ

eVWLPaWeV Ze geW fRU , ZhLch LQdLcaWeV WhaW Whe beQdLQg eQeUg\ LV QegOLgLbOe|𝑊
𝑏𝑒Չ𝑑,𝑁

/𝑊
𝑎𝑑ℎ,𝑁

|≪1 𝑁3࡟

cRPSaUed WR Whe adheVLRQ eQeUg\.

673. 7KH 3D G\QDPLF PRGHO

TR XQdeUVWaQd Whe d\QaPLcV Rf bRUdeU ceOO cOXVWeU PLgUaWLRQ LQ UeVSRQVe WR Sh\VLcaO aQd chePLcaO cXeV,
Ze deYeORSed a d\QaPLc PRdeO WhaW deVcULbeV Whe WUaMecWRU\ Rf bRUdeU ceOOV ZLWhLQ aQ e[SeULPeQWaOO\
deWeUPLQed WhUee-dLPeQVLRQaO WRSRgUaSh\ Rf egg chaPbeUV. A cRPSOeWe Sh\VLcaO PRdeO ZRXOd deVcULbe
bRUdeU ceOOV aV defRUPabOe 3D RbMecWV WhaW e[eUW fRUceV RQ each RWheU aQd RQ defRUPabOe QXUVe ceOOV, aQd
WhaW PLgUaWe WhURXgh a cRPSOe[ 3D geRPeWU\ gXLded b\ chePRWacWLc aQd geRPeWULc cXeV. SXch a PRdeO LV
cXUUeQWO\ QRW feaVLbOe. We, WheUefRUe, PRdeO Whe bRUdeU ceOO cOXVWeU aV a SRLQW SaUWLcOe, UeSUeVeQWLQg Whe
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ceQWeU Rf PaVV, WhaW PRYeV LQ a 3D geRPeWU\ baVed RQ e[SeULPeQWaO daWa, aQd WhaW fROORZV e[SeULPeQWaOO\
deULYed UXOeV. ThLV PRdeO aOORZV XV WR SURbe Whe UeOaWLYe LPSRUWaQce Rf WRSRgUaShLc aQd chePRWacWLc cXeV.

The PaVV ceQWeU Rf Whe bRUdeU ceOO cOXVWeU LV PRdeOed aV a SaUWLcOe ORcaWed aW SRVLWLRQ PRYLQg LQ aQՍ
→

effecWLYe SRWeQWLaO aQd VXbMecW WR QRLVe . The PRWLRQ caQ be deVcULbed b\ aQ RYeUdaPSed𝑈೻Ս
→
೼ ζ೻Ս

→
, Տ೼

VWRchaVWLc LaQgeYLQ eTXaWLRQ

,𝑑Ս
→
/𝑑Տ ࡓ࡙ ∇𝑈೻Ս

→
೼ ࡒ ζ೻Ս

→
, Տ೼

ZheUe . The effecWLYe SRWeQWLaO LQcRUSRUaWeV Whe dLffeUeQW gXLdaQce࡜ ζ೻Ս
→
, Տ೼ζ೻Ս

→
', Տ'೼ ࡙࡝ 2 δ೻Ս

→
ࡓ Ս

→
'೼δ೻Տ ࡓ Տ'೼

WeUPV:

.𝑈೻Ս
→
೼ ࡙ α𝐷೻Ս

→
೼ ࡒ β

1
𝑆

1
೻Ս

→
೼ ࡒ β

2
𝑆

2
೻Ս

→
೼

The WRSRgUaShLc cXe LV deVcULbed b\ Whe fLUVW WeUP. IW WaNeV LQWR accRXQW WhaW Whe bRUdeU ceOOV haYe PXOWLSOe
SURWUXVLRQV ZhLch SURbe WheLU VXUURXQdLQgV. The bRUdeU ceOO cOXVWeU LV PRUe OLNeO\ WR PRYe LQWR SOaceV
ZheUe PRUe fUee VSace LV aYaLOabOe. We PRdeO WhLV b\ LQcOXdLQg Whe aYeUage eQeUg\ cRVW LQ a VSheUe Rf
cOXVWeU VL]e

.𝐷೻Ս
→
೼ ࡙ ∫ 𝑊೻Ս

→
೼Θ೻Ս

0
ࡓ Ս ೼𝑑Ս

→
/∫ Θ೻Ս

0
ࡓ Ս ೼𝑑Ս

→

HeUe ZheQ , RWheUZLVe , LV Whe aYeUage UadLXV Rf Whe bRUdeU ceOOΘ೻Ս
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0
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0
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cOXVWeU, aQd , ZheUe aQd aUe Whe eQeUg\ cRVWV Rf SURWUXdLQg𝑊೻Ս
→
೼ ࡙ 𝑊
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𝑎𝑑ℎ
𝑊

𝑏𝑒Չ𝑑

LQWR a N-ceOO MXQcWXUe aW SRVLWLRQ (cRPSXWed LQ ST2). NRWe WhaW haV a dRPLQaQW ZeLghW WR Whe RXWeUՍ
→

𝐷೻Ս
→
೼

VXUface Rf Whe cOXVWeU ZheUe SURWUXVLRQV aUe fRUPed.

The chePRWacWLc cXeV aUe deVcULbed b\ Whe VecRQd aQd WhLUd WeUP aQd WaNe LQWR accRXQW chePRaWWUacWaQW
gUadLeQWV aORQg Whe aQWeULRU-SRVWeULRU aQd dRUVaO-YeQWUaO a[LV. AORQg Whe aQWeULRU-SRVWeULRU a[LV, Ze XVe,

fROORZLQg (25), aQ e[SRQeQWLaO cRQceQWUaWLRQ SURfLOe: , ZheUe LV𝑆
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→
೼ ࡙ 𝑐

0
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Ո
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0
೼ exp೿ࡓ ೻Փ ࡓ 𝐿೼/ξഀ ξ

Whe OeQgWh VcaOe Rf Whe e[SRQeQWLaO SURfLOe deca\, aQd LV Whe WRWaO OeQgWh Rf Whe egg chaPbeU.𝐿
DRUVaO-YeQWUaO gXLdaQce LV LQcRUSRUaWed b\ a cRQceQWUaWLRQ gUadLeQW Rf Whe SURWeLQ GXUNeQ, ZhLch Ze

UeSUeVeQW aV , ZheUe LV Whe𝑆
2
೻Ս

→
೼ ࡙ 𝑐

2
೿𝑑

0
ࡓ 𝑑೻Փ, Ք, Օ೼ഀ 𝑑೻Փ, Ք, Օ೼ ࡙ ೻Փ ࡓ Փ

0
೼2 ࡒ ೻Ք ࡓ Ք

0
೼2 ࡒ ೻Օ ࡓ Օ

0
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dLVWaQce WR Whe GXUNeQ VRXUce. EaUOLeU VWXdLeV UeYeaOed WhaW WhLV gXLdaQce LV RQO\ UeOeYaQW QeaU Whe
SRVWeULRU Rf Whe egg chaPbeU aQd WhXV RQO\ e[LVWV LQ RXU PRdeO ZheQ (5). FXUWheUPRUe, ZeՓ ࡝ 2𝐿/3

aVVXPe WhaW QXUVe ceOOV UeSUeVeQW VWaWLc RbVWacOeV VXch WhaW ZheQ faOOV ZLWhLQ a QXUVe ceOO.𝑈೻Ս
→
೼ ࡙ ∞ Ս

→

FLQaOO\, Whe VWUeQgWh Rf Whe geRPeWULc cXe aQd chePRWacWLc cXe LV deWeUPLQed b\ Whe SaUaPeWeUV aQdα,  β
1

.β
2

IQ RXU VLPXOaWLRQV, Ze fLUVW dLVcUeWL]ed VSace LQ aQ e[SeULPeQWaOO\ VegPeQWed egg chaPbeU, UeVXOWLQg LQ a
cXbLc gULd Rf 1ȝP. Each gULd SRLQW LV aVVLgQed ZLWh aQ LdeQWLW\ ZhLch LQdLcaWeV Whe MXQcWXUe W\Se LW beORQgV
WR (e.g., 2 RU 3-ceOO MXQcWXUe). OXU VLPXOaWLRQV VWaUWed b\ SOacLQg Whe SaUWLcOe (L.e., bRUdeU ceOO cOXVWeU) aW Whe
aQWeULRU eQd Rf Whe egg chaPbeU. We WheQ LQcRUSRUaWed a dLVcUeWe YeUVLRQ Rf Whe LaQgeYLQ eTXaWLRQ LQ
ZhLch, fRU each WLPe VWeS, Whe SaUWLcOe caQ PRYe WR a QeLghbRULQg cXbLc gULd SRLQWV ZLWh SURbabLOLW\

,Ջ೻Ս
→

→ Ս
→

ࡒ ΔՍ೼ ࡙ 𝑍1ࡓ exp೽೿𝑈೻Ս
→
೼ ࡓ 𝑈೻Ս

→
ࡒ ΔՍ೼ഀ೾
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ZheUe LV Whe SaUWLWLRQ fXQcWLRQ, aQd Whe VXP LV RYeU aOO QeaUeVW QeLghbRUV𝑍 ࡙
ΔՍ
∑ exp೽೿𝑈೻Ս

→
೼ ࡓ 𝑈೻Ս

→
ࡒ ΔՍ೼ഀ೾

Rf SRVLWLRQ . The SRWeQWLaO caQ be SaUaPeWeUL]ed b\ UeVcaOLQg XQLWV VXch WhaW (QRWLce WhaW WheՍ
→

𝐴 ࡙ 1
beQdLQg eQeUg\ LV QegOLgLbOe, aV VhRZQ LQ ST2).  The VLPXOaWLRQ ZaV WeUPLQaWed ZheQ Whe SaUWLcOe Ueached
Whe RRc\We RU Whe WRWaO QXPbeU Rf VLPXOaWLRQ VWeSV e[ceeded (a W\SLcaO VLPXOaWLRQ LQ ZLOd W\Se egg104

chaPbeU WaNeV VWeSV.). PaUaPeWeUV XVed LQ Whe PRdeO aUe gLYeQ LQ TabOe S10. FRU dLffeUeQW∼ 103

cRPbLQaWLRQV Rf aQd , Whe PedLROaWeUaO aQd aQWeURSRVWeULRU LQdLceV aUe VhRZQ LQ TabOe S11.α β

OXU PRdeO caQ aOVR be aSSOLed WR Whe caVe ZheQ E-cadheULQ LV NQRcNed dRZQ. IQ Whe E-cadheULQ
NQRcNdRZQ egg chaPbeU, Whe QXUVe-fROOLcOe ceOO MXQcWXUeV aUe 2.5 fROd OaUgeU WhaQ Whe ZLOd W\Se
QXUVe-fROOLcOe ceOO MXQcWXUe (fLg. S13F aQd G). ThLV dLffeUeQce LQ MXQcWXUe VL]e LQdLcaWeV WhaW Whe adheVLRQ
beWZeeQ QXUVe ceOO aQd fROOLcOe ceOOV LV VPaOOeU (Vee VecWLRQ abRYe). IQ RXU VLPXOaWLRQ, Ze VeW 𝐴 ࡙ 0. 4
ZhLOe NeeSLQg Whe RWheU SaUaPeWeUV Whe VaPe.
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6XSSOHPHQWDU\ FLJXUHV DQG LHJHQGV

FLJ. 61. 3D DQDO\VLV UHYHDOV RUWKRJRQDO DQWHURSRVWHULRU DQG PHGLRODWHUDO SDWKZD\ FKRLFHV

(A) LaWeUaO YLeZ VhRZLQg Whe PeWhRd fRU TXaQWLfLcaWLRQ Rf SRVWeULRU PLgUaWLRQ. (B) CURVV VecWLRQaO YLeZ

VhRZLQg Whe PeWhRd fRU TXaQWLfLcaWLRQ Rf PedLaO PLgUaWLRQ. (C) MLgUaWLRQ LQ cRQWURO VWage 9 egg chaPbeUV.

The ceOOV UePaLQ LQ Whe ceQWeU aV Whe\ PRYe fURP aQWeULRU WR SRVWeULRU (Qௗ=ௗ59 egg chaPbeUV). ScaOe baUV,

20ௗȝP.
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FLJ. 62. HA WDJJLQJ FKHPRDWWUDFWDQW VWDLQLQJ

(A) SWaLQLQg Rf a OLYLQg VWage 9 egg chaPbeU fURP a hRPR]\gRXV CRISPR HA-KeUeQ fO\ ZLWh aQWL-HA-550

(OefW SaQeO) aQd a QRQ-VSecLfLc AOe[a-647 aQWLbRd\ (PLddOe SaQeO). The VSecLfLc HA-KUQ VLgQaO (ULghW SaQeO)

ZaV caOcXOaWed b\ VXbWUacWLQg Whe QRQ-VSecLfLc AOe[a-647 fOXRUeVceQce fURP Whe WRWaO aQWL-HA-550

fOXRUeVceQce (Vee PeWhRdV fRU deWaLOV). (B) SWaLQLQg Rf a VWage 9 egg chaPbeU fURP Z1118 (QegaWLYe

cRQWURO) ZLWh Whe VaPe aQWLbRdLeV aV LQ A. (C) SWaLQLQg Rf a fL[ed aQd SeUPeabLOL]ed VWage 9 egg chaPbeU

fURP a hRPR]\gRXV CRISPR HA-PVF1 fO\ ZLWh aQWL-HA-550 aQWLbRd\ aORQe aQd ZLWh HRechVW fRU DNA

(ZhLWe) aQd PhaOORLdLQ fRU F-acWLQ (gUeeQ). (D) SWaLQLQg Rf a OLYLQg VWage 9 egg chaPbeU fURP a

hRPR]\gRXV CRISPR HA-PVF1 fO\ ZLWh aQWL-HA-550 VhRZLQg WhaW e[WUaceOOXOaU PVF1 LV QRW deWecWed,

WhRXgh Whe Wagged SURWeLQ LV fXQcWLRQaO becaXVe hRPR]\gRXV fOLeV aUe YLabOe aQd feUWLOe (TabOe. S8). DIC

LPagLQg Rf Whe VaPe egg chaPbeU LV VhRZQ. ScaOe baUV, 20 ȝP.
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FLJ. 63. MLJUDWLRQ GHIHFWV FDXVHG E\ P95 DQG EGF5 5NAL RU GRPLQDQW-QHJDWLYHV (DN)

(A) LaWeUaO aQd cURVV VecWLRQaO YLeZV VhRZLQg aQ e[aPSOe Rf SRVWeULRU PLgUaWLRQ defecW bXW QRUPaO

PedLROaWeUaO SaWh VeOecWLRQ LQ VObR-GaO4>UAS-PVRDN, EGFRDN. ScaOe baUV, 20ௗȝP. (B) QXaQWLfLcaWLRQ Rf

LQVWaQWaQeRXV PLgUaWLRQ VSeed dXULQg eaUO\ VWage 9, LQ 2 PLQXWe WLPe LQWeUYaOV RYeU Whe cRXUVe Rf RQe hRXU

LQ VObR-GaO4 cRQWURO RU VObR-GaO4>UAS-PVRDN, EGFRDN . DaWa fURP nௗ=ௗ90 WLPe SRLQWV (30 WLPe SRLQWV

each fURP 3 egg chaPbeUV SeU gURXS). ****, P < 0.0001 (MaQQ-WhLWQe\ WeVW). RedXced PLgUaWLRQ VSeed

VhRZV Whe dRPLQaQW-QegaWLYe UeceSWRUV ZeUe effecWLYe. (C) QXaQWLfLcaWLRQ Rf PLgUaWLRQ LQde[ fROORZLQg

e[SUeVVLRQ Rf EGFRDN aQd PVRDN (RTKDN) ZLWh Whe fROORZLQg GaO4 OLQeV: FUXLWOeVV-GaO4 e[SUeVVeV LQ

bRUdeU ceOOV fURP VWage 4, 109C1-GaO4 fURP VWage 7, VObR-GaO4 fURP VWage 8.
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FLJ. 64. BRUGHU FHOO FOXVWHU UHVSRQVHV WR HFWRSLF FORQHV RI P9F1 H[SUHVVLRQ

(A) BRUdeU ceOOV deWaLQed aW Whe egg chaPbeU aQWeULRU b\ a cORQe Rf PVF1-e[SUeVVLQg ceOOV (Q=6),

cRQfLUPLQg WhaW Whe\ VeQVe PVF1 fURP Whe cORQe. (B) BRUdeU ceOOV SURWUXde WRZaUd aQ ecWRSLc PVF1 cORQe

\eW WaNe Whe ceQWUaO SaWh (Q=6). (C) BRUdeU ceOOV e[WeQd ecWRSLc SURWUXVLRQ WRZaUdV PVF1 cORQeV. PVF1

cORQeV aUe PaUNed b\ hVFOS, A\GaO4>UAS-GFP, aQd bRUdeU ceOOV aUe PaUNed b\ SObR-PHEGFP. SeOecWed

WLPe SRLQWV fURP OLYe LPagLQg aUe SVeXdR-cRORUed b\ WLPe fURP Ued (eaUO\) WR bOXe (OaWe). SWaWLRQaU\ ceOOV

aSSeaU ZhLWe. (D) PVF1 RYeU-e[SUeVVLRQ LQ aQWeULRU, ³VWUeWch´ fROOLcOe ceOOV. WhLWe daVhed OLQeV RXWOLQe

PVF1-e[SUeVVLQg ceOOV. YeOORZ daVhed OLQeV LQ A-C RXWOLQe Whe aQWeULRU SaUW Rf Whe egg chaPbeU. ORc\We

aQd QXUVe ceOO SRVLWLRQV aUe LQdLcaWed. AVWeULVNV LQ A aQd C deQRWe ceQWULSeWaO ceOOV. ScaOe baUV, 20 ȝP.
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FLJ. 65. EIIHFW RI QXUVH FHOO EFDG NQRFNGRZQ RQ ERUGHU FHOO PLJUDWLRQ

(A) IQ QXUVe ceOO E-cadheULQ NQRcNdRZQ, bRUdeU ceOOV (PaUNed b\ SObR-PHEGFP aQd RXWOLQed) PLgUaWe LQ

beWZeeQ fROOLcOe ceOOV (ZhLWe aUURZV) aQd QXUVe ceOOV. ScaOe baUV, 20 ȝP. (B) QXaQWLfLcaWLRQ Rf

LQVWaQWaQeRXV PLgUaWLRQ VSeed eYeU\ 4 PLQXWeV LQ cRQWURO (MaWaOSha-GaO4>UAS-ZRNAL) RU

MaWaOSha4-GaO4>UAS-Ecad RNAL. IQ cRQWUaVW WR RTK LQhLbLWLRQ, PLgUaWLRQ VSeed ZaV QRW LQLWLaOO\ UedXced.

DaWa fURP eLghW cRQWUROV Qௗ= 178 WLPe SRLQWV aQd eLghW QXUVe ceOO Ecad RNAL egg chaPbeUV Q = 107 WLPe

SRLQWV.
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FLJ. 66. IVRWURSLF OLJKW VKHHW LPDJLQJ RI E-FDGKHULQ RQ PHGLDO DQG ODWHUDO QXUVH FHOO VXUIDFHV

(A) NeaU-LVRWURSLc OLghW VheeW LPagLQg Rf a VWage 9 egg chaPbeU VWaLQed fRU F-acWLQ ZLWh ShaOORLdLQ

(PageQWa), aQd aQWL-Ecad aQWLbRd\ (gUeeQ). DaVhed OLQeV LQdLcaWe Whe bRXQdaULeV Rf a VLQgOe QXUVe ceOO LQ

Whe XY/XZ/YZ RUWhRgRQaO YLeZV. (B) 3D UecRQVWUXcWLRQ Rf Whe VXUface Rf Whe QXUVe ceOO RXWOLQed LQ (A).  (C)

³PXOObacN´ Rf Whe VXUface Rf Whe 3D UecRQVWUXcWLRQ LQ (B) cUeaWed ZLWh Whe IPageV SXUfaceV AQaO\VLV TRRONLW

(24). The SXOObacN UeSUeVeQWV Whe VXPPed LQWeQVLW\ SURMecWLRQ Rf 1.5XP WhLcNQeVV aURXQd Whe VXUface Rf

Whe 3D RbMecW LQ (B). MedLaO VXUfaceV aUe UeSUeVeQWed b\ (*) aQd OaWeUaO VXUfaceV b\ (L).  (D) QXaQWLfLcaWLRQ

fURP fRXU egg chaPbeUV Rf E-cadheULQ aQd F-acWLQ (PhaOORLdLQ) LQWeQVLWLeV RQ PedLaO VXUfaceV YV OaWeUaO

PePbUaQeV OacNLQg ULQg caQaOV. AQRYa ZLWh SRVW-hRc TXNe\ WeVW aQd bORcNLQg b\ egg chaPbeU VhRZed QR

VLgQLfLcaQW dLffeUeQce LQ E-cadheULQ (P = 0.49) RU PhaOORLdLQ (P = 0.94) LQWeQVLWLeV.
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FLJ. 67. FOXRUHVFHQFH UHFRYHU\ DIWHU SKRWREOHDFKLQJ (F5AP) VKRZV QR GLIIHUHQFH LQ E-FDGKHULQ
VWDELOLW\ RQ FHQWHU DQG VLGH SDWKV

(A) SWage 9 egg chaPbeU ZLWh E-cadheULQ eQdRgeQRXVO\ Wagged ZLWh GFP.  IQVeWV VhRZ ceQWeU YV. VLde

PePbUaQe E-cadheULQ VLgQaO. ScaOe baU, 20 ȝP. (B) QXaQWLfLcaWLRQ Rf Whe FRAP e[SeULPeQW VhRZQ LQ (A).

(C) QXaQWLfLcaWLRQ Rf Whe PRbLOe fUacWLRQ aQd T1/2 Rf E-cadheULQ RQ ceQWeU YV. VLde PePbUaQeV.
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FLJ. 68. HA-KUQ FRQFHQWUDWLRQ LQ FRQWURO DQG QXUVH FHOO E-FDGKHULQ 5NAL H[SUHVVLQJ HJJ
FKDPEHUV

E-cadheULQ RNAL dReV QRW caXVe a UedLVWULbXWLRQ Rf HA-KUQ WhaW ZRXOd accRXQW fRU OaWeUaO SaWh VeOecWLRQ.

(A) CRQfRcaO LPagLQg Rf aQWL-HA-550 VWaLQLQg Rf a OLYLQg VWage 9 egg chaPbeU fURP a heWeUR]\gRXV,

CRISPR-Wagged, HA-KeUeQ fO\ (QegaWLYe cRQWURO) [geQRW\Se: MaWaOShaGaO4/+;HA-KeUeQ/+;UAS-ZRNAL/+].

(A¶) LabeOLQg Rf Whe VaPe egg chaPbeU XVLQg a QRQ-VSecLfLc AOe[a-647 aQWLbRd\. (A¶¶) TR deULYe Whe

VSecLfLc SaWWeUQ Rf HA-KUQ, Whe 647 fOXRUeVceQce LQWeQVLW\ ZaV VXbWUacWed fURP Whe WRWaO 550 fOXRUeVceQce

LQWeQVLW\ (Vee PeWhRdV fRU deWaLOV). (B-B¶¶) SWaLQLQg Rf a VWage 9 egg chaPbeU fURP

MaWaOShaGaO4/+;HA-KeUeQ/+;UAS-EcadRNAL/+ XVLQg Whe VaPe PeWhRd aV LQ A-A¶¶. (C-D) QXaQWLfLcaWLRQ Rf

KeUeQ LQWeQVLW\ aORQg Whe aQWeULRU-SRVWeULRU (cRUaO) aQd OaWeUaO-PedLaO (SXUSOe) a[eV. DaWa SRLQWV fURP VL[

egg chaPbeUV aUe VhRZQ fRU each geQRW\Se. The OLQe UeSUeVeQWV Whe beVW fLW WUeQdOLQe Rf QRUPaOL]ed

KeUeQ dLVWULbXWLRQ aORQg Whe A/P RU L/M a[LV. ShadLQg UeSUeVeQWV Whe VWaQdaUd deYLaWLRQ Rf Whe beVW fLW

WUeQdOLQe. TheUe LV QR VWaWLVWLcaOO\ VLgQLfLcaQW dLffeUeQce beWZeeQ cRQWURO aQd QXUVe-ceOO Ecad RNAL aORQg

Whe PedLROaWeUaO a[LV (P = 0.6) RU Whe UeOeYaQW SRUWLRQ Rf Whe A/P a[LV (P = 0.6) WhaW bRUdeU ceOOV eQcRXQWeU

LQ Whe QXUVe-ceOO Ecad RNAL cRQdLWLRQ (Vee FLg. 2D). ScaOe baUV, 20 ȝP.
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FLJ. 69. 6WUHWFK FHOO EFDG NQRFNGRZQ VKRZV QR PHGLDO JXLGDQFH GHIHFW

PURMecWLRQV Rf 18 cRQfRcaO VecWLRQV (2XP each) Rf aQWL-E-cadheULQ VWaLQLQg Rf eaUO\ VWage 10 egg

chaPbeUV LQ Whe LQdLcaWed geQRW\SeV. (A) cRQWURO VWUeWch ceOO GaO4>ZRNAL, (B) DecUeaVed Ecad OeYeO LQ

VWUeWch ceOO GaO4>Ecad RNAL. (C) IQcUeaVed Ecad LQ VWUeWch ceOO GaO4>Ecad. ScaOe baU, 20 ȝP. DRWWed

OLQeV VhRZ VWUeWch ceOO UegLRQV; AUURZV LQdLcaWe bRUdeU ceOO cOXVWeUV. QXaQWLfLcaWLRQ Rf SRVWeULRU (D) aQd

PedLaO (E) PLgUaWLRQ LQ egg chaPbeUV fRU each geQRW\Se. ScaOe baUV, 20 ȝP.
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FLJ. 610. NXUVH FHOO PHPEUDQH GHIOHFWLRQV UHTXLUH ERUGHU FHOO PLJUDWLRQ

(A) SWLOO LPageV fURP a PRYLe Rf a Vlbo PXWaQW egg chaPbeU LQ ZhLch bRUdeU ceOOV dR QRW PLgUaWe (26). NR

QXUVe ceOO MXQcWXUe defOecWLRQ RccXUV, VhRZLQg WhaW Whe\ aUe QRW UaQdRP fOXcWXaWLRQV; UaWheU Whe\ aUe

caXVed b\ bRUdeU ceOOV acWLYeO\ SXOOLQg. ScaOe baU, 20 ȝP. (B) ReSUeVeQWaWLYe WUace Rf QRUPaOL]ed QXUVe

ceOO PePbUaQe defOecWLRQV LQ Vlbo PXWaQW.
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FLJ. 611. NXUVH FHOO DUUDQJHPHQWV LQ FRQWURO HJJ FKDPEHUV

The 16 geUP ceOOV deULYe fURP a VLQgOe geUPOLQe SUecXUVRU, ZhLch XQdeUgReV fRXU URXQdV Rf ceOO dLYLVLRQ

ZLWh LQcRPSOeWe c\WRNLQeVLV. ReVLdXaO, VWabLOL]ed cOeaYage fXUURZV caOOed ULQg caQaOV WhXV cRQQecW

geUPOLQe ceOOV WR RQe aQRWheU LQ a UegXOaU SaWWeUQ. (A) SchePaWLc dUaZLQg Rf Whe geUP ceOO LdeQWLW\

(QXPbeUV LQ cLUcOeV) baVed RQ WheLU bLUWh RUdeU aQd WhXV ULQg caQaO cRQQecWLRQV (OLQeV) LQ cRQWURO egg

chaPbeUV. CRORUV LQdLcaWe dLVWaQce WR Whe RRc\We (#1). (B) 3D UecRQVWUXcWLRQ Rf geUP ceOO SacNLQg LQ VWage

9 egg chaPbeUV. WhLWe, bRUdeU ceOOV aW Whe aQWeULRU WLS. DaVhed OLQe LQdLcaWeV Whe VRPaWLc fROOLcOe ceOO Oa\eU.

ScaOe baU, 20 ȝP.
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FLJ. 612. 7KUHH GLPHQVLRQDO UHFRQVWUXFWLRQV RI QXUVH FHOO FRQWDFWV

A VecRQd e[aPSOe fRU FLg.3A aQd C. (A) 3-QXUVe ceOO MXQcWXUeV aUe UeSUeVeQWed aV OLQeV aQd cRORU

SURYLdeV SRVLWLRQ LQ ]. MageQWa dRWV UeSUeVeQW MXQcWXUeV Rf >3 QXUVe ceOOV. [,\ SOaQeV (OefW SaQeOV), [,]

SOaQeV (PLddOe), aQd \,] SOaQeV (ULghW SaQeOV) aUe VhRZQ. (B) TZR-ceOO-cRQWacWV aUe VhRZQ aV VXUfaceV.

ScaOe baU, 20 ȝP.
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FLJ. 613. GHRPHWU\ RI QXUVH FHOO MXQFWXUHV DQG DVVRFLDWHG IUHH VSDFH

(A) The ORcaO cRQfLgXUaWLRQ Rf 3-ceOO MXQcWXUeV LQ a 2D cURVV VecWLRQ. NXUVe ceOO PePbUaQeV aUe

UeSUeVeQWed b\ VROLd bOacN OLQeV aQd Rf LV Whe ORcaO UadLXV Rf Whe QXUVe ceOO. The fUee VSace beWZeeQ Whe

QXUVe ceOOV, Vhaded gUa\, LV Whe aUea Rf Whe SRO\gRQ (OAB), a WULaQgOe LQ WhLV caVe, PLQXV Whe aUea Rf Whe

cLUcXOaU VecWRU ZLWh ceQWeUV aW A, B aQd O, PXOWLSOLed b\ Whe QXPbeU Rf QXUVe ceOOV LQ Whe MXQcWXUe. (B) The

cRQfLgXUaWLRQ Rf a 4-ceOO MXQcWXUe LQ 2D. IQ WhLV caVe, Whe SRO\gRQ LV a VTXaUe. (C) SfUee LV a fXQcWLRQ Rf Whe

baOaQce beWZeeQ adheVLRQ (A) eQeUg\ gaLQed aQd Whe cRVW Rf beQdLQg (B) QXUVe ceOO PePbUaQeV aQd

LQcUeaVeV ZLWh LQcUeaVLQg N aW Whe MXQcWXUeV. BeQdLQg eQeUg\ SURYed QegOLgLbOe (Vee ST2) (D) The

cRQfLgXUaWLRQ Rf a 4-ceOO MXQcWXUe LQ 3D. The QXUVe ceOO PePbUaQe LV UeSUeVeQWed b\ VSheULcaO VXUfaceV

WhaW MRLQ WRgeWheU. The ceQWeUV Rf Whe VSheUeV aUe Whe YeUWLceV Rf a WeWUahedURQ, ZhLch haV edgeV ZLWh

OeQgWh 2Rf. The YROXPe Rf Whe fUee VSace, agaLQ Vhaded gUa\, LV Whe YROXPe Rf Whe WeWUahedURQ PLQXV Whe

YROXPe Rf Whe VSheULcaO caSV. (E) De[WUaQ fLOOed VSaceV (bOacN) LQ a cRQWURO VWage 9 egg chaPbeU RU ZLWh

geUPOLQe E-cadheULQ NQRcNdRZQ (KD). (F) LaWeUaO YLeZ Rf de[WUaQ VhRZLQg Ecad NQRcNdRZQ eQOaUged

VSace. (G) QXaQWLfLcaWLRQ Rf 3-ceOO MXQcWXUeV LQ 2D. Q = 6, 8 SaLUV Rf MXQcWLRQV fURP 3 cRQWURO aQd 4 ECad

KD egg chaPbeUV. BaUV VhRZ PeaQ. ***, P < 0.001 (MaQQ-WhLWQe\ WeVW), A.U. aUbLWUaU\ XQLW. ScaOe baU, 20

ȝP.
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FLJ. 614. BRUGHU FHOO SURWUXVLRQV IDYRULWH PXOWLFHOOXODU MXQFWXUHV

(A) SWLOO LPageV fURP WZR WLPe SRLQWV Rf a 3D PRYLe. TZR fRUZaUd-dLUecWed SURWUXVLRQV (gUeeQ aUURZV LQ A)

eQcRXQWeU dLffeUeQW QXUVe ceOO MXQcWLRQV (PageQWa). The SURWUXVLRQ WhaW UeacheV a >3 ceOO MXQcWLRQ ZLQV

(gUeeQ aUURZ LQ B, Q = 11 fURP 7 PRYLeV). (B) CURVV-VecWLRQV VhRZLQg VLde SURWUXVLRQV (gUeeQ) aW 2-ceOO

LQWeUface RU 3-ceOO MXQcWLRQV (PageQWa). ScaOe baUV, 20 ȝP.
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FLJ. 615. PORWV RI 99 VLPXODWHG PLJUDWLRQ SDWKV

RaLQbRZ dLVSOa\ Rf 99 VLPXOaWed PLgUaWLRQ SaWhV (Ued=VWaUW aQd bOXe=eQd) fRU each Rf Whe LQdLcaWed

cRQdLWLRQV. (A) NRUPaO cRQdLWLRQ LQ ZhLch SaWh VeOecWLRQ LV a fXQcWLRQ Rf bRWh a SRVWeULRU chePRaWWUacWaQW

gUadLeQW aQd LQcUeaVLQg SUefeUeQce fRU MXQcWXUeV ZLWh LQcUeaVLQg QXPbeUV Rf QXUVe ceOOV. AW Whe eQd Rf

PLgUaWLRQ Whe LQfOXeQce Rf geRPeWU\ ZeaNeQV, cRUUeOaWLQg ZLWh ORVV Rf >3 QXUVe ceOO MXQcWXUeV. (B) RePRYaO

Rf Whe SRVWeULRU chePRaWWUacWaQW gUadLeQW caXVeV 100% SRVWeULRU PLgUaWLRQ defecW aQd 10% PedLaO

PLgUaWLRQ defecW. ThRVe cOXVWeUV WhaW deYLaWe fURP Whe ceQWUaO SaWh PLgUaWe LQWR VLde SaWhV ZLWh >3-ceOO

MXQcWXUeV. (C) IQ Whe SUeVeQce Rf chePRaWWUacWaQW bXW abVeQce Rf SUefeUeQce fRU PXOWLSOe QXUVe ceOO

MXQcWXUeV, cOXVWeUV PLgUaWe SRVWeULRUO\ bXW aUe dLVWULbXWed eVVeQWLaOO\ UaQdRPO\ ZLWh UeVSecW WR Whe

PedLROaWeUaO a[LV. (D) IQ Whe abVeQce Rf eLWheU chePRaWWUacWaQW RU MXQcWLRQaO SUefeUeQce, cOXVWeUV e[hLbLW

bRWh SRVWeULRU aQd PedLaO PLgUaWLRQ defecWV.
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FLJ. 616. NXUVH FHOO DUUDQJHPHQWV LQ PXWDQWV ZLWK LQFUHDVHG QXPEHU RI QXUVH FHOOV

(A) SchePaWLc Rf Whe SaWWeUQ Rf ULQg caQaO (OLQeV) cRQQecWLRQV beWZeeQ LQdLYLdXaO geUP ceOOV (QXPbeUV LQ

cLUcOeV) LQ a 31-QXUVe-ceOO egg chaPbeU. (B) 3D UecRQVWUXcWLRQ Rf geUP ceOO SacNLQg LQ a 31-QXUVe-ceOO

VWage 9 egg chaPbeU. GeUP ceOOV aUe cRORU cRded accRUdLQg WR ULQg caQaO QXPbeU, ZhLch aOVR cRUUeOaWeV

ZLWh SUR[LPLW\ WR Whe RRc\We (Ued ceOO, #1). BRUdeU ceOOV aUe aW Whe aQWeULRU WLS LQ B aQd aUe SVeXdRcRORUed LQ

ZhLWe. ScaOe baU, 20 ȝP. (C) QXaQWLfLcaWLRQ Rf e[WUaceOOXOaU VSaceV fLOOed ZLWh fOXRUeVceQW de[WUaQ LQ cRQWURO

aQd 31-QXUVe-ceOO egg chaPbeUV (Q = 7, 3 egg chaPbeU). (D) QXaQWLfLcaWLRQ Rf VLde SURWUXVLRQ SUefeUeQceV

aV a fUacWLRQ Rf WRWaO SURWUXVLRQV LQ cRQWURO (Q=5) aQd 31-QXUVe-ceOO (Q=3) PRYLeV. **, P < 0.01, *, P < 0.05

(SaLUed W WeVW). NeLWheU LQWeUceOOXOaU VSaceV QRU SURWUXVLRQ SUefeUeQce fRU 3-QXUVe-ceOO MXQcWXUeV ZaV aOWeUed

LQ 31-QXUVe-ceOO egg chaPbeUV.
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FLJ. 617. BRUGHU FHOOV SUHIHU PXOWLSOH FHOO MXQFWXUHV LQ HJJ FKDPEHUV ZLWK UHGXFHG JHUPOLQH EFDG

(A) ThUee dLPeQVLRQaO UecRQVWUXcWLRQV Rf QXUVe ceOOV LQ a fL[ed egg chaPbeU ZLWh geUPOLQe Ecad RNAL

VhRZLQg bRUdeU ceOOV LQ QXUVe ceOO/QXUVe ceOO/fROOLcOe ceOO gURRYeV. (B) SWLOO LPageV fURP a PRYLe VhRZLQg

bRUdeU ceOOV (gUeeQ aUURZhead) ]Lg ]aggLQg(daVhed \eOORZ OLQeV) aORQg gURRYeV. YeOORZ daVhed OLQe

LQdLcaWeV Whe QXUVe ceOO MXQcWLRQV WhaW Whe bRUdeU ceOOV PLgUaWe aORQg. GUeeQ aUURZhead SRLQWV WR Whe

bRUdeU ceOOV. (C) 3D UecRQVWUXcWLRQV Rf QXUVe ceOOV ZLWh Ecad NQRcNdRZQ VhRZLQg bRUdeU ceOOV LQ QXUVe

ceOO-QXUVe ceOO-fROOLcOe ceOO gURRYeV. ScaOe baUV, 20 ȝP.
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FLJ. 618. BRUGHU FHOOV SUHIHU PXOWLSOH FHOO MXQFWXUHV LQ P95DN, EGF5DN HJJ FKDPEHUV ZLWK
RII-FHQWHU ERUGHU FHOOV

(A aQd B) BRUdeU ceOO cOXVWeU ORcaWLRQ UeOaWLYe WR QeaUb\ �3-ceOO MXQcWXUeV LQ UeSUeVeQWaWLYe egg chaPbeUV

LQ ZhLch bRUdeU ceOOV e[SUeVV PVRDN aQd EGFRDN. IQ 90% Rf egg-chaPbeUV, bRUdeU ceOO cOXVWeUV UePaLQ

LQ Whe ceQWeU, ZhLOe 10% PLgUaWe Rff-ceQWeU (FLg. 1F, ULghW SaQeO). (C) QXaQWLfLcaWLRQ Rf dLVWaQce fURP bRUdeU

ceOO ceQWURLd WR Whe egg chaPbeU ceQWeU aQd Whe QeaUeVW 3-ceOO MXQcWXUe. SLPXOaWLRQ Rf QR chePRaWWUacWaQW

LV dRQe b\ UePRYLQg Whe chePRaWWUacWaQW WeUP. **, P < 0.01 (SaLUed W-WeVW). ScaOe baUV, 20ௗȝP.
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FLJ. 619. 5LQJ FDQDOV DUH QHLWKHU QHFHVVDU\ QRU VXIILFLHQW WR VWHHU ERUGHU FHOOV

(A) RLQg caQaO ORcaWLRQV RQ 2-geUP ceOO LQWeUfaceV. MedLaO LQWeUfaceV (gUeeQ) aUe fUee Rf ULQg caQaOV (OefW

SaQeO). 15 OaWeUaO ceOO LQWeUfaceV cRQWaLQ ULQg caQaOV (PageQWa, ULghW SaQeO) aQd 26 dR QRW (c\aQ). (B)

LaWeUaO aQd aQWeULRU 3D SURMecWLRQ YLeZV Rf UecRQVWUXcWed 3D ULQg caQaOV (cRORUed cLUcOeV) LQ eaUO\ VWage 9

egg chaPbeUV LQ ZhLch ULQg caQaOV aUe abVeQW (XSSeU ULghW SaQeO) RU SUeVeQW (ORZeU ULghW SaQeO) LQ Whe

ceQWUaO SaWh. (D) SWLOO LPageV fURP a WLPe OaSVe PRYLe VhRZLQg bRUdeU ceOOV PLgUaWLQg SaVW a ULQg caQaO.

DaVhed OLQe RXWOLQeV Whe egg chaPbeU. ScaOe baUV, 20 ȝP.
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FLJ. 620. A FHQWUDOO\ ORFDWHG QXUVH FHOO GRHV QRW EORFN ERUGHU FHOO PLJUDWLRQ

(A) RecRQVWUXcWed QXUVe ceOO aUUaQgePeQWV VhRZLQg aOO QXUVe ceOOV cRQWacW fROOLcOe ceOOV LQ cRQWURO, bXW

WheUe aUe 1-2 QXUVe ceOOV LQ Whe ceQWeU LQ 31-QXUVe-ceOO egg chaPbeUV. (B) BRUdeU ceOOV PLgUaWe aURXQd a

ceQWUaO QXUVe ceOO LQ VWage 9 (Q=9) aQd Ueach Whe RRc\We bRUdeU b\ VWage 10 LQ aQ egg chaPbeU ZLWh 31

QXUVe ceOOV (Q=19). WhLWe OLQeV LQdLcaWe cURVV-VecWLRQaO SOaQeV VhRZQ LQ Whe ULghW SaQeOV. GUeeQ

aUURZhead SRLQWV WR Whe bRUdeU ceOOV. WhLWe aVWeULVNV LQdLcaWe Whe ceQWUaO QXUVe ceOO. ScaOe baUV, 20 ȝP.

AOWhRXgh Whe ceQWUaO SaWh QRUPaOO\ LV fUee Rf ceOOV, Whe SUeVeQce Rf a ceQWUaO QXUVe ceOO dReV QRW bORcN

PLgUaWLRQ.
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FLJ. 621. 7KH UDWLR RI PHGLDO WR ODWHUDO VXUIDFH DUHDV LV QRW FULWLFDO IRU ERUGHU FHOO PLJUDWLRQ

(A) LaWeUaO YLeZ Rf VegPeQWed 3D QXUVe ceOO VXUface-VXUface cRQWacWV LQ eaUO\ VWage 9 egg chaPbeUV. (B)

QXaQWLfLcaWLRQ Rf Whe aUeaV Rf dLffeUeQW W\SeV Rf QXUVe ceOO VXUface cRQWacWV. Each dRW UeSUeVeQWV Whe aUea

Rf Whe cRQWacW beWZeeQ a VLQgOe QXUVe ceOO aQd a QeLghbRULQg QXUVe ceOO RU fROOLcOe ceOOV. NXPbeUV LQdLcaWe

Whe PeaQ YaOXe QRUPaOL]ed WR WhaW Rf Whe PedLaO SaWh LQ each geQRW\Se WR cRPSaUe UeOaWLYe dLffeUeQceV

beWZeeQ PedLaO aQd OaWeUaO VXUface aUeaV. DaWa fURP nௗ=ௗ3, 2, 1 eaUO\ VWage 9 egg chaPbeUV. AbVROXWe

VL]e Rf PedLaO VXUfaceV: 15NC (PeaQ � SD = 286 � 256) aQd 31NC (PeaQ � SD = 658 � 462) aUe

VLgQLfLcaQWO\ dLffeUeQW (P < 0.0001, XQSaLUed W WeVW). 15NC aQd 7NC (PeaQ � SD = 347 � 247) aUe QRW

VLgQLfLcaQWO\ dLffeUeQW. NRWe WheUe LV RQO\ 1 PedLaO VXUface LQ each 7NC egg chaPbeU. (C) SchePaWLc

dUaZLQg Rf Whe SaWWeUQ Rf ULQg caQaO (OLQeV) cRQQecWLRQV beWZeeQ LQdLYLdXaO geUP ceOOV (QXPbeUV LQ cLUcOeV)
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LQ a 7-QXUVe-ceOO egg chaPbeU. (D) 3D UecRQVWUXcWLRQ Rf geUP ceOO SacNLQg LQ a 7-QXUVe-ceOO eaUO\ VWage 9

egg chaPbeUV. GeUP ceOOV aUe cRORU cRded accRUdLQg WR ULQg caQaO QXPbeU, ZhLch aOVR cRUUeOaWeV ZLWh

SUR[LPLW\ WR Whe RRc\We (Ued ceOO, #1). (E) BRUdeU ceOOV PLgUaWed aORQg Whe PXOWLSOe ceOO MXQcWXUe aQd

Ueached Whe RRc\We bRUdeU LQ VWage 10 egg chaPbeUV ZLWh 7 QXUVe ceOOV (Q=41). WhLWe daVhed OLQeV

LQdLcaWe cURVV VecWLRQaO SOaQe VhRZQ LQ Whe ULghW SaQeO. GUeeQ aUURZhead SRLQWV WR Whe bRUdeU ceOOV. ScaOe

baUV, 20 ȝP.
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FLJ. 622. DRVDO PLJUDWLRQ ZLWK GUN JUDGLHQW

(A) LLYe LPagLQg VhRZLQg dRUVaO PLgUaWLRQ QeaU Whe RRc\We. The c\aQ OLQe LQdLcaWeV Whe WUacN WaNeQ b\

bRUdeU ceOOV LQ a PRYLe (PRYLe S2). WhLWe VSheUe LQdLcaWeV ORcaWLRQ Rf Whe RRc\We QXcOeXV. ScaOe baU, 20

ȝP. (B) TUacNLQg dRUVaO PLgUaWLRQ LQ OLYe PRYLeV aOLgQed accRUdLQg WR Whe RRc\We QXcOeXV ORcaWLRQ b\

URWaWLRQ aURXQd Whe [-\ SOaQe. CRORUV LQdLcaWe WUaMecWRULeV fURP 5 dLffeUeQW egg chaPbeUV. (C)

ReSUeVeQWaWLYe VLPXOaWLRQ Rf a bRUdeU ceOO PLgUaWLRQ SaWh ZheQ Whe GUN gUadLeQW (c\aQ VhadLQg) LV

LQcOXded (PRYLe S3). NRWe WhaW beWZeeQ Whe PRVW SRVWeULRU fRXU QXUVe ceOOV, >3-ceOO MXQcWXUeV (cRORUed

dRWV) aUe abVeQW, ZeaNeQLQg Whe geRPeWU\ cXe aQd aOORZLQg Whe chePLcaO cXe WR Oead ceOOV WhURXgh a

VXbRSWLPaO Sh\VLcaO VSace. (D) 99 VLPXOaWLRQV ZLWh GUN gUadLeQW.
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FLJ. 623. BRUGHU FHOO SRVLWLRQ ZKHQ GHODPLQDWLQJ IURP DQWHULRU IROOLFOH FHOOV

(A) MLgUaWLRQ LQ cRQWURO VWage 9 egg chaPbeUV ZheQ bRUdeU ceOOV aUe deWachLQg fURP aQWeULRU fROOLcOe ceOOV.

(B) HeaW PaS VhRZLQg dLVWULbXWLRQV Rf 3-ceOO MXQcWXUeV aV a fXQcWLRQ Rf PedLROaWeUaO SRVLWLRQ LQ VWage 8 egg

chaPbeUV aW 0-20% SRVWeULRU ORcaWLRQ (OefW) RU 20-80% SRVWeULRU ORcaWLRQ (ULghW). (C) CURVV-VecWLRQV

VhRZLQg bRUdeU ceOOV (gUeeQ SVeXdRcRORU) aQd QXUVe ceOO MXQcWLRQV (bOacN OLQeV) UeOaWLYe WR Whe egg

chaPbeU ceQWeU. ScaOe baU, 20ௗȝP. (D) CRPSaULVRQ Rf Whe dLVWaQce fURP Whe bRUdeU ceOO ceQWURLd WR Whe egg

chaPbeU ceQWeU (SLQN dRWV) YV Whe QeaUeVW 3-ceOO MXQcWLRQ (bOXe WULaQgOeV) LQ 13 eaUO\ VWage 9 egg chaPbeUV

ZheQ bRUdeU ceOOV aUe deWachLQg fURP aQWeULRU fROOLcOe ceOOV. **, P < 0.01 (SaLUed W-WeVW).
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6XSSOHPHQWDU\ 7DEOHV

7DEOH 61. LLVW RI IO\ VWDLQV XVHG LQ WKLV VWXG\

PXUSRVe GeQRW\Se SRXUce RefeUeQce

FOXRUeVceQW
PaUNeUV

bRUdeU ceOO PePbUaQe
PaUNeU

VObR-4XPHEGFP (III) HVLQ-HR SXQg
VObR-LLfeacWGFP Oab VWRcN

QXUVe ceOO PePbUaQe
PaUNeU UMAT-L\Q-WdTRPaWR (II) aQd (III) HVLQ-HR SXQg (27)
aOO ceOO QXcOeL PaUNeU XbL-HLVRFP HVLQ-HR SXQg
Ecad PaUNeU \,Z; VhgGFP BDSC 60584

CRISPR KI

LQMecW PVF1N1 Z;YaV-CaV9 (III) BeVWGeQe 51324
LQMecW PVF1N2, PVF1C,
aQd KeUeQC \Z; QRV-CaV9 (II-aWWS40) BeVWGeQe
LQMecW KeUeQN \, YaV-CaV9, Z BeVWGeQe 55821
LQMecW SSLW]N aQd SSLW]C \Z; QRV-CaV9 (III-aWWS2) BeVWGeQe
UePRYe VcaUOeVV LQ KeUeQN,
KeUeQC

Z; 3XP3-ECFP, WXb-PBac;
MKRS/TM6B BDSC 32070

UePRYe VcaUOeVV LQ
PVF1N1, PVF1N2, PVF1C,
SSLW]N, aQd SSLW]C Z; C\O, Z+, WXb-PBac/Zg BDSC 8283

GaO4 dULYeUV

bRUdeU ceOO GaO4 dULYeU

Z; VObR-GaO4 (II) Oab VWRcN
GaO80WV; FUXLWOeVV-GaO4/TM6B Oab VWRcN
109C1-GaO4 BDSC 7020

VRPaWLc ceOO PRVaLc dULYeU hVFOS; A\-GaO4, UAS-GFP Oab VWRcN
VWUeWch ceOO GaO4 Z; c329b-GaO4/TM3 BDSC 3746

QXUVe ceOO GaO4

Z; PaWaOSha4-GaO4 (II) BDSC 7062
QRV-GaO4/C\O; baP-GaO80/TM6 HX\Qh JeaQ ReQe (21)
GaO4::VP16 BDSC 64277

UAS
WUaQVgeQeV

PVR, EGFR LQhLbLWLRQ

UAS-PVR[DN]; UAS-EGFR[DN] Oab VWRcN
UAS-EGFR-RNAL/C\O;
UAS-PVR-RNAL/TM6 Oab VWRcN

PVF1 RYeUe[SUeVVLRQ UAS-SYf1; UAS-SYf1/TM6B,HX Oab VWRcN

Ecad RYeUe[SUeVVLRQ
UASS-EcadFL Oab VWRcN
UAS-EcadGFP Oab VWRcN

RNAL

Ecad RNAL
VhgRNAL (HMS00693) BDSC 32904 (17)
VhgRNAL2 (V103962) VDRC 103962 (17)

VhUXb RNAL VhUXbRNAL (HMS01767) BDSC 38305 (21)
c\cE RNAL c\cERNAL (HMS00060) BDSC 33654 (28)
ZRNAL ZRNAL Oab VWRcN

PXWaQW VObR
VObR[e7b] Oab VWRcN
VObR[PZ01310] Oab VWRcN
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7DEOH 62. LLVW RI IO\ JHQRW\SHV LQ HDFK H[SHULPHQW

FLgXUe
PaQe
O GURXS GeQRW\Se

1

A-B WT Z; VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+
D-E HA-KeUeQ \,Z/Z; HA-KeUeQ[N1]

F
cRQWURO Z; VObR-GaO4/+
PVR[DN], EGFR[DN] Z; UAS-PVR[DN]/VObR-GaO4; UAS-EGFR[DN]/+

G-H

cRQWURO cORQe
hVFOS/Z; A\-GaO4, UAS-GFP/+; XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR/+

PVF RYeUe[SUeVVLRQ
LQ cORQe

hVFOS/UAS-SYf1; A\-GaO4, UAS-GFP/+; XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR/UAS-SYf1

2

A-D

cRQWURO Z; PaWaOSha4-GaO4/+
Ecad RNAL Z/\,Vc,Y, VeY; PaWaOSha4-GaO4/+; VhgRNAL (HMS00693)/+
Ecad RYeUe[SUeVVLRQ Z; PaWaOSha4-GaO4/UASS-EcadFL

E-H

cRQWURO Z; XbL-HLVRFP, VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+

Ecad RNAL
PaWaOSha4-GaO4/+; VhgRNAL (HMS00693)/XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR

3

A-D WT Z; VObR-GaL4/UAS-LLfeacWGFP
E WT Z; UMAT-L\Q-WdTRPaWR/+; UAS-HLVRFP/VObR-LLfeacWGFP
F-G WT Z; PaWaOSha4-GaO4/+
H WT Z; XbL-HLVRFP, VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+

4 C, E
cRQWURO Z; VObR-GaO4/+
31-NC Z/\,Y; QRV-GaO4/VhUXbRNAL; baP-GaO80/+
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7DEOH 63. LLVW RI IO\ JHQRW\SHV LQ HDFK VXSSOHPHQWDU\ H[SHULPHQW

FLgXUe PaQeO GURXS GeQRW\Se

S1
A-B WT Z; VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+
C WT Z; VObR-GaO4/+

S2

A HA-KeUeQ \,Z/Z; HA-KeUeQ[N1]
B WT Z1118
C-D HA-PVF1 HA-PVF1[N2]

S3

A PVR[DN], EGFR[DN] Z; UAS-PVR[DN]/VObR-GaO4; UAS-EGFR[DN]/+

B

cRQWURO Z; VObR-GaO4/+; XbL-HLVRFP, VObR-4XPHEGFP, UMA-TL\Q-WdTRPaWR/+

PVR[DN], EGFR[DN]
Z; UAS-PVR[DN]/VObR-GaO4; UAS-EGFR[DN]/XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR

C

SObR-cRQWURO Z; VObR-GaO4/+
SObR-DN Z; UAS-PVR[DN]/VObR-GaO4; UAS-EGFR[DN]/+
SObR-RNAL Z; UAS-EGFR-RNAL/VObR-GaO4; UAS-PVR-RNAL/+
FUXLWOeVV-cRQWURO Z; GaO80WV; FUXLWOeVV-GaO4/TM6B
FUXLWOeVV-DN Z; GaO80WV/UAS-PVR[DN]; FUXLWOeVV-GaO4/UAS-EGFR[DN]
FUXLWOeVV-RNAL Z; GaO80WV/UAS-EGFR-RNAL; FUXLWOeVV-GaO4/UAS-PVR-RNAL
109C1-cRQWURO Z;109C1-GaO4/+
109C1-DN 109C1-GaO4; UAS-PVR[DN]/+; UAS-EGFR[DN]/+
109C1-RNAL 109C1-GaO4; UAS-EGFR-RNAL/+; UAS-PVR-RNAL/+

S4

A-C PVF OE LQ cORQe
hVFOS/UAS-SYf1; A\GaO4,UAS-GFP/+; XbLHLVRFP, VObR4XPHEGFP,
UMATL\QTdTRP/UAS-SYf1

D
PVF RYeUe[SUeVVLRQ
LQ VWUeWch ceOOV UAS-PYf1/+; VObR-LLfeacWGFP/+; c329b-GaO4/UAS-LLfeacWRFP

S5

A Ecad RNAL
PaWaOSha4-GaO4/ZRNAL; VhgRNAL (HMS00693)/XbL-HLVRFP,
VObR-4XPHEGFP, UMA-TL\Q-WdTRPaWR

B

cRQWURO PaWaOSha4-GaO4/+; XbL-HLVRFP, VObR-4XPHEGFP, UMA-TL\Q-WdTRPaWR/+

Ecad RNAL
PaWaOSha4-GaO4; VhgRNAL (HMS00693)/XbL-HLVRFP, VObR-4XPHEGFP,
UMA-TL\Q-WdTRPaWR

S6 A-D WT W1118
S7 A-C WT \,Z; VhgGFP

S8 A-D
cRQWURO PaWaOSha4-GaO4/+;HA-KeUeQ[N1]/+
Ecad RNAL PaWaOSha4-GaO4/+;HA-KeUeQ[N1]/VhgRNAL (HMS00693)

S9 A-E

cRQWURO VhgRNAL2 (V103962)/+
Ecad RNAL VhgRNAL2 (V103962)/+; c329b-GaO4/+
Ecad OE c329b-GaO4/UAS-EcadGFP

S10 A-B VObR PXWaQW
VObR[e7b]/VObR[PZ01310]; XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR/+

S11 B WT Z; VObR-GaL4/UAS-LLfeacWGFP
S12 A-B WT Z; UMAT-L\Q-WdTRPaWR/+; UAS-HLVRFP/VObR-LLfeacWGFP

S13 E-G
WT Z; PaWaOSha4-GaO4/+
Ecad RNAL Z/\,Vc,Y, VeY; PaWaOSha4-GaO4/+; VhgRNAL (HMS00693)/+
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S14 A-B WT Z; XbL-HLVRFP, VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+

S16

B-C

cRQWURO Z; PaWaOSha4-GaO4/+

31-NC
QRV-GaO4/VhUXbRNAL; baP-GaO80/XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR

D

cRQWURO Z; XbL-HLVRFP, VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+

31-NC
QRV-GaO4/VhUXbRNAL; baP-GaO80/XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR

S17

A Ecad RNAL Z/\,Vc,Y, VeY; PaWaOSha4-GaO4/+; VhgRNAL (HMS00693)/+

B-C Ecad RNAL
PaWaOSha4-GaO4/+; VhgRNAL (HMS00693)/XbL-HLVRFP, VObR-4XPHEGFP,
UMAT-L\Q-WdTRPaWR

S18
A-B PVR[DN], EGFR[DN] Z; UAS-PVR[DN]/VObR-GaO4, UAS-LLfeacWGFP; UAS-EGFR[DN]/+
C PVR[DN], EGFR[DN] Z; UAS-PVR[DN]/VObR-GaO4; UAS-EGFR[DN]/+

S19
A-B WT Z; VObR-GaL4/UAS-LLfeacWGFP
C WT Z; XbL-HLVRFP, VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+

S20 A-B
15-NC Z; UMAT-L\Q-WdTRPaWR/+; UAS-HLVRFP/VObR-LLfeacWGFP
31-NC Z/\,Y; QRV-GaO4/VhUXbRNAL; baP-GaO80/+

S21
A-B

7-NC c\cERNAL/GaO4::VP16
15-NC Z; VObR-GaL4/UAS-LLfeacWGFP
31-NC Z/\,Y; QRV-GaO4/VhUXbRNAL; baP-GaO80/+

D-E 7-NC c\cERNAL/GaO4::VP16
S22 A-B WT Z; UMAT-L\Q-WdTRPaWR/+; UAS-HLVRFP//VObR-4XPHEGFP
S23 A-B WT Z; XbL-HLVRFP, VObR-4XPHEGFP, UMAT-L\Q-WdTRPaWR/+
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7DEOH 64. PUHGLFWHG PDWXUH SHSWLGH DQG FOHDYDJH VLWHV

GeQe PURWeLQ ID

N-WeUPLQaO aa
afWeU cOeaYage
befRUe PaWXUe
SeSWLde MaWXUe SeSWLde

C-WeUPLQaO aa
afWeU cOeaYage
afWeU PaWXUe
SeSWLde

KeUeQ
NP_524129.
1 IFA

CPPTYVAWYCLNDGTCFTVKIHNEILYNCECALGFM
GPRC EYKEI

SSLW]
NP_599118.
2 TYK

CPETFDAWYCLNDAHCFAVKIADLPVYSCECAIGFM
GQRC EYKE

PYf1 NP_523407
VRNATP fRU N1
aQd ATP fRU N2

ASCSPQPTIVELKPPAEDEANYYYMPACTRISRCNGC
CGSTLISCQPTEVEQVQLRVRKVDRAATSGRRPFTIIT
VEQHTQCRC

IQVeUWed 2[HA VeTXeQce fOaQNed b\ OLQNeUV:
QFALGGSGGSGGSGGSMYPYDVPDYAGYPYDVPDYAIKAGGSGGSGGSGGSKGEL

7DEOH 65. C5I6P5 WDUJHW VLWHV

KeUeQ N TGGACAGGCGAAGATCGGGA
KeUeQ C AGCATCACACGGTTCCTGGT
SSLW] N GGGAATGTAATATTGGGCCT
SSLW] C AACATCGGACGCGGCCTCTT
PYf1 N GTTGCATTCCTCACGGTTGC
PYf1 C CCGCTGCGATTGCCGCACGA

7DEOH 66. PULPHUV IRU FORQLQJ C5I6P5 WDUJHW LQWR WKH S86-BEVI-FKL5NA YHFWRU

KeUeQ N gF CTTCGTGGACAGGCGAAGATCGGGA
KeUeQ N gR AAACTCCCGATCTTCGCCTGTCCAC
KeUeQ C gF CTTCGAGCATCACACGGTTCCTGGT
KeUeQ C gR AAACACCAGGAACCGTGTGATGCTC
SSLW] N gF CTTCGGGAATGTAATATTGGGCCT
SSLW] N gR AAACAGGCCCAATATTACATTCCC
SSLW] C gF CTTCGAACATCGGACGCGGCCTCTT
SSLW] C gR AAACAAGAGGCCGCGTCCGATGTTC
PYf1 N gF CTTCGTTGCATTCCTCACCGTTGC
PYf1 N gR AAACGCAACGGTGAGGAATGCAAC
PYf1 C gF CTTCGCCGCTGCGATTGCCGCACGA
PYf1 C gR AAACTCGTGCGGCAATCGCAGCGGC
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7DEOH 67. PULPHUV IRU FORQLQJ OHIW DQG ULJKW UHFRPELQDWLRQ DUP LQWR WKH SHD-2[HA-6FDUOHVVDV5HG
YHFWRU.

KeUeQ N1 LF TAGCGGCCGCGAATTAAGTTGGCATGACTAGCGTTTATTG
KeUeQ N1 LR CACCAAGGGCGAATTGCGGGAAGGTGACATTCGG
KeUeQ N1 RF TTCCAAGGGCGAATTAATCTTCGCCTGTCCACCGAC
KeUeQ N1 RR AGGTTTAAACGAATTCAGCCTAAGGTGACGTCTCAG
KeUeQ C1 LF TAGCGGCCGCGAATTGATCACAACTAAGGCGAGC
KeUeQ C1 LR CACCAAGGGCGAATTGAATCTCCTTGTACTCGCACC
KeUeQ C1 RF TTCCAAGGGCGAATTAGATGGCTCGTACCTGCCAACTCGCAACCGTGTGATG
KeUeQ C1 RR AGGTTTAAACGAATTAGCACTGAAGTCCGCCTT
SSLW] N1 LF TAGCGGCCGCGAATTCGGAAAATAAACGCGGCTAACAG
SSLW] N1 LR CACCAAGGGCGAATTGGGGGAATGTAATATTCGGGCGGGGCGTGGTC
SSLW] N1 RF TTCCAAGGGCGAATTAACATACAAATGTCCGGAAACCT
SSLW] N1 RR AGGTTTAAACGAATTTTGGGTAGCATGCATCATTTT
SSLW] C1 LF TAGCGGCCGCGAATTAAATGGCTCAACTGGTGGACTG
SSLW] C1 LR CACCAAGGGCGAATTGGATCTCCTTGTATTCGCATCGC
SSLW] C1 RF TTCCAAGGGCGAATTAGACAATACTTACCTGCCCAAACGTCCGCGTCCGA
SSLW] C1 RR AGGTTTAAACGAATTCCACCCTTTTGATTGATTTGATTTG
PYf1 N1 LF TAGCGGCCGCGAATTTCGTGGTAAACATACGTTTTGAG
PYf1 N1 LR CACCAAGGGCGAATTGGGTTGCTGGAGATTGGG
PYf1 N1 RF TTCCAAGGGCGAATTAGTGAGGAATGCAACGCCG
PYf1 N1 RR AGGTTTAAACGAATTTACAGAGTGTGTGCCAGC
PYf1 N2 LF TAGCGGCCGCGAATTTAAAAATGCGATTCGCTTCCTGGAA
PYf1 N2 LR CACCAAGGGCGAATTGATTACGGACGGTTGCTGGAGATTGG
PYf1 N2 RF TTCCAAGGGCGAATTAGCAACGCCGGCGAGCTG
PYf1 N2 RR AGGTTTAAACGAATTCAGAGTGTGTGCCAGCAGTTG
PYf1 C1 LF TAGCGGCCGCGAATTCACTTCCTCTGCGATCGTTTGC
PYf1 C1 LR CACCAAGGGCGAATTGGCAGCGGCACTGCGTATGC
PYf1 C1 RF TTCCAAGGGCGAATTAGATTGTAGGACCAAGGCGGAGGACTGCA
PYf1 C1 RR AGGTTTAAACGAATTTCCCATTTTTGCCTCAACTCAGC
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7DEOH 68. LLVW RI C5I6P5 NQRFNLQ RI HA WDJ LQ PDWXUH FKHPRDWWUDFWDQW OLJDQG SHSWLGH

SU6-BbVI-chLRNA
YecWRU

SHD-2[HA-ScaUOeVVD
VRed YecWRU

VLgQaO LQ OLYe
VWaLQLQg

VLgQaO LQ fL[ed
VWaLQLQg

hRPR]\gRXV
YLabOe

KeUeQ N1 SU6 KeUeQN SHD KeUeQN1 \eV QR \eV
KeUeQ C1 SU6 KeUeQC SHD KeUeQC1 QR QR QR
SSLW] N1 SU6 SSLW]N SHD SSLW]N1 QR QR QR
SSLW] C1 SU6 SSLW]C SHD SSLW]C1 QR QR QR
PVF1 N1 SU6 PVF1N SHD PVF1N1 QR N.A. N.A.
PVF1 N2 SU6 PVF1N SHD PVF1N2 QR \eV \eV
PVF1 C1 SU6 PVF1C SHD PVF1C1 QR QR QR

7DEOH 69. AGKHVLRQ HQHUJ\ FRVW IRU N-FHOO MXQFWXUHV (LQ XQLW RI WKH DGKHVLRQ VWUHQJWK )𝐴

𝑊
𝑎𝑑ℎ,2

𝑊
𝑎𝑑ℎ,3

𝑊
𝑎𝑑ℎ,4

𝑊
𝑎𝑑ℎ,5

𝑊
𝑎𝑑ℎ,6

𝑊
𝑎𝑑ℎ,7

𝑊
𝑎𝑑ℎ,8

YaOXe 6. 3 𝐴 4. 9 𝐴 3. 8 𝐴 2. 8 𝐴 1. 9 𝐴 1. 1 𝐴 0. 3 𝐴

7DEOH 610. MRGHO SDUDPHWHUV.

𝑐
Ո

𝐿 ξ Ս
0

𝑐
2

α β
1

β
2

YaOXe 10 140 ȝP 42 ȝP 10 ȝP 1 80 0.4 0.2
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7DEOH 611. PDUDPHWHU VFDQQLQJ RI DQG 9DOXHV LQ WKH WDEOH FRUUHVSRQG WR SRVWHULRU DQG PHGLDOα β
1
.

PLJUDWLRQ LQGH[ DQG DUH FRORU FRGHG ZLWK UHG/JUHHQ FRUUHVSRQGLQJ WR ORZ/KLJK YDOXHV. 7KH
SDUDPHWHU YDOXHV XVHG LQ ZLOG-W\SH VLPXODWLRQV DUH XQGHUOLQHG.

%
SRVWeULRU

β
1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 α

0 35 57 72 87 91 92 92 91 92 92 92

10 37 57 76 87 91 92 92 92 92 92 92

20 41 57 82 89 91 92 92 92 92 92 92

30 42 59 78 91 92 92 92 93 92 92 92

40 43 57 78 91 91 92 92 92 93 93 92

50 46 61 76 89 91 92 92 92 92 92 92

60 45 61 72 87 91 92 92 92 92 93 93

70 46 58 74 84 90 92 92 92 93 92 93

80 48 60 67 81 91 92 92 92 92 92 93

90 49 59 70 79 86 92 92 92 93 93 92

100 50 59 67 74 86 90 92 92 92 93 93

%
PedLaO

β
1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 α

0 40 53 59 61 58 59 61 65 70 71 71

10 58 60 63 66 67 74 73 73 74 72 76

20 64 69 74 70 73 79 76 76 80 78 78

30 71 74 78 77 77 81 78 81 82 84 79

40 69 78 80 83 83 82 82 85 82 87 82

50 83 82 82 83 84 84 87 84 87 87 85

60 85 87 86 86 86 86 87 85 86 86 88

70 88 87 88 86 87 88 88 88 88 88 89

80 89 89 89 87 87 87 87 89 88 88 89

90 88 88 89 88 87 89 89 89 90 89 89

100 90 90 90 88 89 88 89 88 90 89 90
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MXOWLPHGLD FLOHV

MRYLH 61.  CRQfRcaO WLPe-OaSVe LPagLQg Rf QRUPaO bRUdeU ceOO PLgUaWLRQ. SObRGaO4 dULYeV
UAS-PCD8-EGFP (gUeeQ) aQd UAS-RFPQOV (PageQWa).

MRYLH 62.  ³FO\-WhURXgh´ fURP Whe aQWeULRU WLS Rf Whe egg chaPbeU ZheUe Whe bRUdeU ceOOV aUe ORcaWed WR Whe
RRc\We bRUdeU, XVLQg QeaU LVRWURSLc OLghW VheeW LPagLQg VhRZLQg Whe QXUVe ceOO PePbUaQeV eQcRXQWeUed b\
Whe bRUdeU ceOOV aV Whe\ PLgUaWe. MXOWLSOe QXUVe ceOOV PeeW LQ Whe ceQWeU Rf Whe egg chaPbeU ZheUe WheUe LV
hLgh PePbUaQe cXUYaWXUe. BRUdeU ceOOV eQcRXQWeU a40 VLde SaWhV aORQg Whe Za\. GUeeQ, E-cadheULQ.
MageQWa, F-acWLQ. ScaOe baU, 20  ȝ P.

MRYLH 63.  CRQfRcaO WLPe-OaSVe LPagLQg Rf bRUdeU ceOO PLgUaWLRQ ZLWh geUPOLQe NQRcNdRZQ Rf E-cadheULQ.
MaWaOSha4-GaO4;UAS-EcadRNAL. GUeeQ, SObR-PHEGFP; PageQWa, UMAT-L\Q-WdTRPaWR.

MRYLH 64.  (FLg. 2E aQd F) (A) CRQfRcaO WLPe-OaSVe LPagLQg Rf a QXUVe ceOO MXQcWXUe SXOOed b\ aQ LQcRPLQg
bRUdeU ceOO cOXVWeU LQ a cRQWURO egg chaPbeU. GUeeQ, SObR-PHEGFP; PageQWa, UMAT-L\Q-WdTRPaWR,
UbL-HLVRFP. NRWe WhaW Whe MXQcWXUe VhRZQ b\ Whe \eOORZ fLOaPeQW LV MXVW aQ e[aPSOe. OWheU MXQcWXUeV WhaW
Whe bRUdeU ceOOV cRQWacW aUe aOVR defOecWed. IQ Whe fLUVW aQd OaVW WLPe SRLQWV, WUacNLQg LV UePRYed WR VhRZ
Whe RULgLQaO PePbUaQe VLgQaO. (B) CRQfRcaO WLPe-OaSVe LPagLQg Rf aQ egg chaPbeU ZLWh geUPOLQe
NQRcNdRZQ Rf E-cadheULQ (MaWaOSha4-GaO4;UAS-EcadRNAL) VhRZLQg abVeQce Rf QXUVe ceOO PePbUaQe
defOecWLRQ ZheQ bRUdeU ceOO SURWUXVLRQV WRXch QXUVe ceOO PePbUaQeV. DeVSLWe WRXchLQg Whe QXUVe ceOO
MXQcWXUe PXOWLSOe WLPeV, Whe bRUdeU ceOO SURWUXVLRQ dLd QRW defOecW LW (RQe MXQcWXUe LV hLghOLghWed b\ Whe
\eOORZ fLOaPeQW). IQ Whe fLUVW aQd OaVW WLPe SRLQWV, WUacNLQg LV UePRYed WR VhRZ Whe RULgLQaO PePbUaQe
VLgQaO.

MRYLH 65.  (fLg. S11B, fLg. S19A) AQLPaWLRQ Rf 3-dLPeQVLRQaO UecRQVWUXcWLRQ Rf QXUVe ceOOV aQd ULQg caQaOV
LQ a VWage 9 egg chaPbeU. WhLWe, F-acWLQ; gUeeQ, SObR-LLfeacWGFP; bOXe, HRechVW. NXUVe ceOO cRORU
LQdLcaWeV cRQQecWLRQ dLVWaQce WR Whe RRc\We (Ued). WhLWe, bRUdeU ceOOV aW Whe aQWeULRU WLS. YeOORZ cLUcOeV,
ULQg caQaOV. The egg chaPbeU ZaV VWaLQed WR VhRZ F-acWLQ (ZhLWe), bRUdeU ceOOV (gUeeQ), aQd QXcOeL (bOXe).
FLUVW Whe UecRQVWUXcWed QXUVe ceOOV URWaWe 360 degUeeV WR VhRZ WhaW QXUVe ceOOV WhaW cRQQecW cORVeU WR Whe
RRc\We (Ued) aUe ORcaWed PRUe SRVWeULRUO\. TheQ Whe ULQg caQaOV (\eOORZ) aUe VhRZQ WR dLVSOa\ WheLU ORcaWLRQ
LQ beWZeeQ cRQQecWed QXUVe ceOOV.

MRYLH 66.  (FLg. 3A aQd C) AQLPaWLRQ Rf 3-dLPeQVLRQaO UecRQVWUXcWLRQ Rf dLffeUeQW W\SeV Rf QXUVe ceOO
cRQWacWV LQ a VWage 9 egg chaPbeU. GUeeQ, SObR-LLfeacWGFP; ZhLWe, F-acWLQ RU F-acWLQ ZLWh RXWeU fROOLcOe
ceOO VLgQaO PaVNed. TZR-ceOO-cRQWacWV aUe VhRZQ aV VXUfaceV aQd cRORU UeSUeVeQWV SRVLWLRQ aORQg Whe ]
a[LV. ThUee-QXUVe ceOO MXQcWXUeV aUe UeSUeVeQWed aV OLQeV aQd cRORU SURYLdeV SRVLWLRQ LQ ]. MageQWa dRWV
UeSUeVeQW MXQcWXUeV Rf >3 QXUVe ceOOV. FLUVW F-acWLQ (ZhLWe) aQd bRUdeU ceOOV (gUeeQ) aUe VhRZQ. TheQ
RXWeU-fROOLcOe ceOO F-acWLQ VLgQaOV aUe PaVNed WR VhRZ QXUVe ceOO cRQWacWV. TheQ 2-ceOO VXUfaceV aUe VhRZQ
LQ 360 degUee URWaWLRQ, fROORZed b\ >=3 ceOO MXQcWXUe YLeZV LQ aQRWheU 360 degUee URWaWLRQ.

MRYLH 67.  (FLJ. 4A) SLPXOaWLRQ Rf bRUdeU ceOO PLgUaWLRQ ZLWh QXUVe ceOO geRPeWU\ aQd aQWeULRU-SRVWeULRU
chePRaWWUacWaQW gUadLeQW.

MRYLH 68.  (ILJ. 617B DQG C). A cRQfRcaO WLPe-OaSVe PRYLe Rf bRUdeU ceOO PLgUaWLRQ LQ geUPOLQe
NQRcNdRZQ Rf E-cadheULQ. BRUdeU ceOOV PLgUaWe aORQg QXUVe-ceOO/QXUVe-ceOO/fROOLcOe-ceOO SaWhV LQVWead Rf
QXUVe-ceOO/fROOLcOe-ceOO. GUeeQ, SObR-PHEGFP; PageQWa, de[WUaQ.

MRYLH 69.  (ILJ.622A)   A   cRQfRcaO WLPe-OaSVe PRYLe Rf ZLOd-W\Se bRUdeU ceOO PLgUaWLRQ. NRWe Whe dRUVaO
PLgUaWLRQ SULRU WR UeachLQg Whe RRc\We bRXQdaU\. GUeeQ, SObR-PHEGFP; ZhLWe, UMAT-L\Q-WdTRPaWR.

MRYLH 610.  (fLg.S22C) SLPXOaWLRQ Rf bRUdeU ceOO PLgUaWLRQ ZLWh QXUVe ceOO geRPeWU\ aQd aQWeULRU-SRVWeULRU
chePRaWWUacWaQW gUadLeQW aQd dRUVaO GUN gUadLeQW.
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