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Table S1. Information on the E2 sequences used for the multiple sequence 
alignment in Figure S1 and the phylogenetic analysis reported in Fig1. 
 
 
Label Family Organism Protein Names Uniprot 

ID 
Sc_Ubc1_1 1 S.cerevisiae Ubc1 P21734 
Sp_Ubc1_1 1 S.pombe Ubc1 O74810 

Hs_UBE2K_1 1 H.sapiens UBE2K/E2_25k/HIP2 P61086 
Os_Ubc1_1 1 O.sativa Ubc1 Q8S1Y5 
Ce_Ubc20_1 1 C.elegans Ubc20 Q9TZ69 

     
Ce_Ubc1_2 2 C.elegans Ubc1 P52478 

Hs_UBE2A_2 2 H.sapiens UBE2A/hHR6A P49459 
Dm_UbcD6_2 2 D.melanogaster UbcD6 P25153 

At_Ubc1_2 2 A.tahaliana Ubc1 P25865 
At_Ubc3_2 2 A.tahaliana Ubc3 P42746 
Sc_Ubc2_2 2 S.cerevisiae Ubc2/Rad6 P06104 
Nh_Rad6_2 2 N.haematococca Rad6 P78717 

Sp_Ubc2 2 S.pombe Ubc2 P23566 
     

Sc_Ubc3_3 3 S.cerevisiae Ubc3/Cdc34 P14582 
Hs_Ube2R1_3 3 H.sapiens Ube2R1/Cdc34 P49427 

Ce_Ubc3_3 3 C.elegans Ubc3 Q95XN7 
Sc_Ubc7_3 3 S.cerevisiae Ubc7 Q02159 

Mm_Ube2G2_3 3 M.musculus Ube2G2 P60605 
Ce_Ubc7_3 3 C.elegans Ubc7 P34477 

Hs_Ube2G1_3 3 H.sapiens Ube2G1 P62253 
Ta_Ubc7_3 3 T.aestivum Ubc7 P25868 

Sp_Ubc15_3 3 S.pombe Ubc15 Q9Y818 
Asfv_ubcB_3 3 African swine 

fever virus 
ubcB P25869 

Ec_Ubc3_3 3 E.cuniculi Ubc3 Q8SS54 
     

Hs_UBE2E1_4 4 H.sapiens UBE2E1/UbcH6 P51965 
Sc_Ubc4_4 4 S.cerevisiae Ubc4 P15731 
Ce_Ubc2_4 4 C.elegans Ubc2/Let70 P35129 
Xl_Ubc4_4 4 X.leavis Ubc4 P62840 

Hs_Ubc2D2_4 4 H.sapieins Ubc2D2/UbcH5B P62837 
Mm_MGC58426_4 4 M.musculus MGC58426 A2AFH2 

Dm_CG5440_4 4 D.melanogaster CG5440 Q9VQ00 
Dm_CG10862_4 4 D.melanogaster CG10862 Q9I7T6 
Dm_CG2574_4 4 D.melanogaster CG2574 Q9VYN3 

     
Hs_UBE2J2_5 5 H.sapiens NCUBE2 Q8N2K1 

Sc_Ubc6_5 5 S.cerevisiae Ubc6 P33296 
Ce_Ubc15_5 5 C.elegans Ubc15/ISO A Q18931 
Pm_Sb55_5 5 P.mariana Sb55 Q65079 



At_Ubc32_5 5 A.tahaliana Ubc32 Q9LSP7 
Hs_UBE2J1_5 5 H.sapiens NCUBE1 Q9Y385 

     
Hs_UBE2H_6 6 H.sapiens UBE2H P62256 

Ce_Ubc8_6 6 C.elegans Ubc8 Q9N2W9 
At_Ubc6_6 6 A.tahaliana Ubc6 P42750 
Sc_Ubc8_6 6 S.cerevisiae Ubc8/UbcH2 P28263 
Sp_Ubc8_6 6 S.pombe Ubc8 O74810 

Dm_CG14739_6 6 D.melanogaster CG14739 Q9VGD6 
     

Sc_Ubc9_7 7 S.cerevisiae Ubc8 P50623 
Mm_Ube2I 7 M.musculus Ube2I P63280 
Hs_Ube2I 7 H.sapiens Ube2I P63279 

Sp_Ubc9_7 7 S.pombe Ubc9 P40984 
At_AHUS5_7 7 A.tahaliana AHUS5 Q42551 

     
Hs_Ube2F_8 8 H.sapiens Ube2F Q969M7 
Ce_Ubc12_8 8 C.elegans Ubc12 Q9XVK5 
Hs_Ube2M_8 8 H.sapiens Ube2M P61081 
Sp_Ubc12_8 8 S.pombe Ubc12 O74549 
At_RCE2_8 8 A.tahaliana RCE2 Q9ZU75 
Nc_Ubc_8 8 N.crassa Ubc-like Q8X018 

Sc_Ubc12_8 8 S.cerevisiae Ubc12 P52491 
     

Hs_UBE2T_9 9 H.sapiens UBE2T Q9NPD8 
Sc_Ubc13_9 9 S.cerevisiae Ubc13 P52490 

Hs_UBE2N_9 9 H.sapiens UBE2N P61088 
Lm_Ubc_9 9 L.major Ubc9 Q9NED4 

     
Hs_UBE2S_11 11 H.sapiens UBE2S Q6NXQ4 
At_UBC22_11 11 A.tahaliana UBC22 Q9FF66 
Sc_Ubc10_11 11 S.cerevisiae Ubc10 P29340 
Sp_UBC16_11 11 S.pombe UBC16 Q9P6I1 

     
Sc_Ubc11_12 12 S.cerevisiae Ubc11 P52492 
Ss_E2C_12 12 S.solidissima(clam) E2C Q95044 

Hs_UBE2C_12 12 H.sapiens UBE2C O00762 
Dm_VIHAR_12 12 D.melanogaster VIHAR Q9VTY6 

At_Ubc19_12 12 A.tahaliana Ubc19 Q9LJZ5 
     

Hs_UBE2W_13 13 H.sapiens UBE2W Q96BO2 
Ce_Ubc16_13 13 C.elegans Ubc16 Q9XWF6 
At_UBC15_13 13 A.tahaliana UBC15 P42743 

     
Hs_BIRC6_14 14 H.sapiens BIRC6 Q9NR09 
Ce_Ubc17_14 14 C.elegans Ubc17 Q11079 
At_Ubc23_14 14 A.tahaliana Ubc23 Q9ZVX1 

Hs_UBE2O_14 14 H.sapiens UBE2O Q9C0C9 



Dm_CG10254_14 14 D.melanogaster CG10254 Q9XZ32 
Hs_UBE2Z_14 14 H.sapiens UBE2Z A6NC60 

     
Hs_UBE2L6_15 15 H.sapiens UBE2L6 O14933 
Hs_UBE2L3_15 15 H.sapiens UBE2L3/UbcH7 P68036 
Ce_Ubc18_15 15 C.elegans Ubc18 Q21633 

Dm_CG17030_15 15 D.melanogaster CG17030 Q9VZ73 
Ce_Ubc24_15 15 C.elegans Ubc24 Q20617 

Dm_UbcD84_15 15 D.melanogaster UbcD84 P52486 
 



 

Table S2. Summary of our MD simulations of E2 variant and their complexes. 

E2 variant Organism/Sourc
e 

Catalytic site 
residues 

Number and 
duration of 

replicas 

Starting structure 

hHR6A Human Cys88 
 

CES/D site: 
Ser120 

4 replicates x 
160 ns each 

(total duration 
0.64  µs) 

 wild type hHR6A homology 
model using hHR6B NMR 
structure (pdb entry 1JAS1) 
as template (sequence 
identity 96%) 

hHR6A-pS120 Human Cys88 
 

CES/D site: 
pSer120 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

 phospho-Ser120 hHR6A 
homology model using 

hHR6B NMR structure (pdb 
entry 1JAS1) as template 

hHR6A-S120D Human Cys88 
 

CES/D site: 
Asp120 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

S120D hHR6A homology 
model using hHR6B NMR 
structure (pdb entry 1JAS1) 

as template 
hHR6A-S120A Human Cys88 

 
CES/D site: 

Ala120 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

S120A hHR6A homology 
model using hHR6B NMR 
structure (pdb entry 1JAS1) 

as template 
hHR6A-S120T Human Cys88 

 
CES/D site: 

Thr120 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

S120T hHR6A homology 
model using hHR6B NMR 
structure (pdb entry 1JAS1) 

as template 
hHR6A-S120E Human Cys88 

 
CES/D site: 

Glu120 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

S120E hHR6A homology 
model using hHR6B NMR 
structure (pdb entry 1JAS1) 

as template 
Rad6 S.cerevisiae Cys87 

 
CES/D site: 

Ser119 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

X-ray structure of wild-type 
Rad6 (pdb entry 1AYZ2) 

Rad6-pS120 S.cerevisiae Cys87 
 

CES/D site: 
pSer119 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

In-silico mutation starting 
from the X-ray structure of 
wild-type Rad6 (pdb entry 

1AYZ2) 
Rad6-S120D S.cerevisiae Cys87 

 
CES/D site: 

Asp119 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

In-silico mutation starting 
from the X-ray structure of 
wild-type Rad6 (pdb entry 

1AYZ2) 
Rad6-S120A S.cerevisiae Cys87 

 
CES/D site: 

Ala119 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

In-silico mutation starting 
from  the X-ray structure of 
wild-type Rad6 (pdb entry 

1AYZ2) 
hHR6B Human Cys87 

 
CES/D site: 

Ser119 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

NMR structure of wild-type 
hHR6B (pdb entry 1JAS1) 

Ubc1 S.cerevisiae Cys88 
 

CES/D site: 

4 replicates x 
160 ns each 

(total duration 

X-ray structure of wild-type 
Ubc1 (pdb entry 1FZY3) 



Ser120 0.64 µs) 
Ube2I  Human Cys93 

 
CES/D site: 

Asp127 

4 replicates x 
160 ns each 

(total duration 
0.64 µs) 

X-ray structure of wild-type 
Ube2I (pdb entry 1A3S4) 

     
Ube2I-SUB Human Cys93 

 
CES/D site: 

Asp127 

2 replicates x 
80 ns each 

(total duration 
0.16 µs) 

X-ray structure of wild-type 
Ube2I  in complex with 

RanGAP (PDB entry 
2GRN5) 

Ube2ID127S-SUB Human Cys93 
 

CES/D site: 
Ser127 

2 replicates x 
80 ns each 

(total duration 
0.16 µs) 

X-ray structure of D127S 
Ube2I variant in complex 
with RanGAP (PDB entry 

2GRR5) 
Ube2IpS127-SUB Human Cys93 

 
CES/D site: 

pSer127 

2 replicates x 
80 ns each 

(total duration 
0.16 µs) 

In-silico mutation starting 
from the X-ray structure of 
D127S Ube2I variant in 
complex with RanGAP (PDB 
entry 2GRR5) 

Ube2ID127A-SUB Human Cys93 
 

CES/D site: 
Ala127 

2 replicates x 
80 ns each 

(total duration 
0.16 µs) 

X-ray structure of D127A 
Ube2I variant in complex 
with RanGAP (PDB entry 

2GRQ5) 
Ube2ID127T-SUB Human Cys93 

 
CES/D site: 

Thr127 

2 replicates x 
80 ns each 

(total duration 
0.16 µs) 

In-silico mutation starting 
from the X-ray structure of  
wild-type Ube2I variant in 

complex with RanGAP (PDB 
entry 2GRN5) 

Ube2ID127E-SUB Human Cys93 
 

CES/D site: 
Glu127 

2 replicates x 
80 ns each 

(total duration 
0.16 µs) 

In-silico mutation starting 
from the X-ray structure of  
wild-type Ube2I variant in 

complex with RanGAP (PDB 
entry 2GRN5) 
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Table S3. Hydrogen bond and salt bridges observed in the Ube2I-RanGAP1 simulations 
between the residue at position 127 (CES/D site) and the substrate acceptor lysine (Lys524). 
The Ube2ID127A-RanGAP1 is not reported in this table since due to the hydrophobic nature of its 
side chain, an alanine residue at the CES/D site cannot be involved in electrostatic or hydrogen-
bond interactions. Hydrogen bonds have been calculated using g_hbond tool of Gromacs, whereas 
salt bridges have been calculated using PyInteraph (http://linux.btbs.unimib.it/pyinteraph/). 
Hydrogen bonds are thus defined using a angle cutoff between donor-hydrogen-acceptor atoms of 
30° and a distance cutoff of 0.35 nm between donor-acceptor atoms. Salt bridges have been defined 
with a distance cutoff of 0.45 nm between the charged groups of the two residues forming the salt 
bridge, using PyInteraph default definition. 

 

E2 variant Pair of 
interacting 

residues 

Salt-bridge population Hydrogen Bond population 

Ube2IpS127-RanGAP1 pS127-K524 100% 100% 
Ube2I-RanGAP1 D127-K524 45% 23% 

Ube2ID127E-RanGAP1 E127-K524 74% 30% 
Ube2ID127S-RanGAP1 S127-K524 / 7% 
Ube2ID127T-RanGAP1 T127-K524 / 0.4 % 
 



Figure S1. Multiple sequence alignment of E2 superfamily members used for the 
phylogenetic analysis. Identical residues (red-filled-boxes) and similar residues (red 
boxes) are indicated. 
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Sp_Ubc9_7   105 � 	 
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Hs_UBE2C_12    95 � 	 
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At_Ubc19_12    95 � 	 
���
�� 	 	 	SA   V  IL SI    L              A                      V  YD. RT  L  QS.L GEP..NISSPLNNQ AQLWS....N.....QEEYRKM EKLYKPLNA..
Hs_UBE2W_13   101 � 	 
���
�� 	 	 	PA   V  VC SI    L              F                      K  LS. QS  L  IS.M SSCK.EKRRPPDNS YVRTCN..........KNPKKT WWYHDDTC...
Ce_Ubc16_13   102 � 	 
���
�� 	 	 	PA   V  VC SI    L              I                      R  LS. QS  L  LS.M SSSK.EKKHPIDDA YVRTCS..........KNPSKT WWFHDDSV...
At_UBC15_13   101 � 	 
���
�� 	 	 	PA   V  VC SI    L              R                      R  MT. NS  I  LS.M SSSP.AKQRPADND YVKNCKN........GRSPKET WWFHDDKV...
Hs_BIRC6_14   113 � 	 
���
�� 	 	 	PQ   F  VL SV    L              S                      I  TSS LQ  V  QSLI VAEP.YFNEPGYER RGTPSGT.QS.....SREYDGN RQATVKWAM..
Ce_Ubc17_14   114 � 	 
���
�� 	 	 	PY   L  VL SI    .              Q                      K  CS. MQ  V  QEVI EKHLWLKREAILK. AQAWID..NV.....SNDFGDD MSKRKDVFA..
At_Ubc23_14   107 � 	 
���
�� 	 	 	PK   I  VL SL    L              Q                      T  SSS LQ  V  QGLV NSKP.YFNEAGYDK VGTAEGE.KN.....SLGYNEN FLLNCKTMM..
Hs_UBE2O_14   108 � 	 
���
�� 	 	 	SK   L  VL SI    L              D                      A  SS. LQ  I  QGLI VNEP.YYNEAGFDS RGLQEGY.EN.....SRCYNEM LIRVVQSMT..
Dm_CG10254_14  109 � 	 
���
�� 	 	 	PS   M  VL SI    L              Q                      A  ST. LQ  V  QGLI VDEP.YYNEAGYEK RGTQLGN.EN.....SRVYNEM IIKIAQSTV..
Hs_UBE2Z_14   108 � 	 
���
�� 	 	 	PA   I  VL SI    .              E                      I  QS. SS  I  QSLM TENP.YHNEPGFEQ RHPG.....D.....SKNYNEC RHETIRVAV..
Hs_UBE2L6_15    96 � 	 
���
�� 	 	 	PC   T  VL AL    V              L                      A  TK. CQ  E  NV.L NRP..NIREPLRMD ADLLTQ...N.....PELFRKN EEFTLRFGVD.
Hs_UBE2L3_15    97 � 	 
���
�� 	 	 	PA   T  VI SL    V              L                      A  TK. DQ  Q  IA.L NDP..QPEHPLRAD AEEYSK...D.....RKKFCKN EEFTKKYGE..
Ce_Ubc18_15    97 � 	 
���
�� 	 	 	PA   T  VM AL    I              V                      A  TK. EQ  M  LS.L NEP..EPSHPIRAD AEEFQK...D.....HKKFMKT EEHTRKHAE..
Dm_CG17030_15  102 � 	 
���
�� 	 	 	PT   I  VL VL    I              M                      A  TR. DQ  Q  LA.T NDP..QPENAWHIE AGEYRN...D.....PVRFFKM DAWVQKYSE..
Ce_Ubc24_15   103 � 	 
���
�� 	 	 	PE   M  VL NL    L              A                      S  TT. ED  L  IV.L NEP..DLSRPVNID AHDYIH...N.....KVEFVKK TELAKKW....
Dm_UbcD84_15    97 ��
 � ��
���
 � � �PT   T  VL AL    V              L                      A  TR. EQ  Q  VA.I HNP..EPEHPLRSD AEEFVR...E.....HKKFMKT EEFTKKNAE..

α2 α3 α4



Figure S2. Proteins of the E2 superfamily that only conserve the E2 fold but do 
not conserve the catalytic cysteine do not show a conserved CES/D site. An 
extract of the multiple sequence alignment of UEVs E2 families (family 10 and 16) 
with Ubc2 (Rad6) of family 2 (a serine at the CES/D site in bold) and Ubc1 of family 
1 (a aspartate at the CES/D site in bold) as a reference. 
 
 

Sc_Ubc2_2         -----ASPANVEAATLFKDHKSQYVKRVKETVE  
Sc_Ubc1_1         -----NDPQDAEVAQHYLRDRESFNKTAALWTR 
Hs_UBE2V1_10      ---LMMSKENMKLPQ--PPEGQCYSN-------  
Hs_UBE2V2_10      ---LMMSKENMKLPQ--PPEGQTYNN------- 
Mm_UBE2V1_10      ---LMMSKENMKLPQ--PPEGQCYSN-------  
Mm_UBE2V2_10      ---LMMSKENMKLPQ--PPEGQTYNN------- 
Dm_Uev1A_10       ---IMTMKENLKLAQ--PPEGSCF--------- 
Ce_Uev1_10        ---MMMAKENLKLQQ--PAEGAMF---------  
Sc_MMS2_10        ---EMATPANKKLRQ--PKEGETF---------  
Sp_MMS2_10        ---EMASSSNRKLPQ--PPEGSTFF--------  
At_Uev1C_10       ---EMAASHNRKLVQ--PPEG-TFF--------  
Hs_AKTIP_16       VVDSVKVCTARLFDQ--PKIEDPYAISFSPWNP  
Mm_AKTIP_16       VVDSVKVCTARLFDQ--PKIEDPYAISFSPWNP  
Dm_AKTIP2_16      VQEQAILSRNLIYDR--PPTEDPHYIIVEPYCA  
Dm_AKTIP1_16      VQENIKESKEHIFDT--PPTEDPHYIVFEKFQQ  
Ce_Ubc19_16       AKECVEASRSMVYDELAEQEHDPNGIRLLPWDA  
At_ELCL_16        SAREVETEGLLSLQSDLKRREEEINNGFKEMVI 
 



Figure S3. Multiple sequence alignment by ClustalW to define the corresponding 
residues of the different E2 enzymes for PCA analysis. 
 
 
 
hHR6A           MSTPARRRLMRDFKRLQEDPPAGVSGAPSEN-----NIMVWNAVIFGPEGTPFEDGTFKL 55 
hHR6B           MSTPARRRLMRDFKRLQEDPPVGVSGAPSEN-----NIMQWNAVIFGPEGTPFEDGTFKL 55 
RAD6            -STPARRRLMRDFKRMKEDAPPGVSASPLPD-----NVMVWNAMIIGPADTPYEDGTFRL 54 
UBE2I           MSGIALSRLAQERKAWRKDHPFGFVAVPTKNPDGTMNLMNWECAIPGKKGTPWEGGLFKL 60 
UBC1            ---SRAKRIMKEIQAVKDDPAAHITLEFVSES----DIHHLKGTFLGPPGTPYEGGKFVV 53 
                       *: :: :  :.* .  .      :     ::   :  : *  .**:*.* * : 
 
hHR6A           TIEFTEEYPNKPPTVRFVSKMFHPNVY-ADGSICLDILQN--RWSPTYDVSSILTSIQSL 112 
hHR6B           VIEFSEEYPNKPPTVRFLSKMFHPNVY-ADGSICLDILQN--RWSPTYDVSSILTSIQSL 112 
RAD6            LLEFDEEYPNKPPHVKFLSEMFHPNVY-ANGEICLDILQN--RWTPTYDVASILTSIQSL 111 
UBE2I           RMLFKDDYPSSPPKCKFEPPLFHPNVY-PSGTVCLSILEEDKDWRPAITIKQILLGIQEL 119 
UBC1            DIEVPMEYPFKPPKMQFDTKVYHPNISSVTGAICLDILKN--AWSPVITLKSALISLQAL 111 
                 : .  :** .**  :* . ::***:    * :**.**::   * *.  : . * .:* * 
 
hHR6A           LDEPNPNSPANSQAAQLYQENKREYEKRVSAIVEQSWRDC-- 152 
hHR6B           LDEPNPNSPANSQAAQLYQENKREYEKRVSAIVEQSWNDS-- 152 
RAD6            FNDPNPASPANVEAATLFKDHKSQYVKRVKETVEKSWEDDMD 153 
UBE2I           LNEPNIQDPAQAEAYTIYCQNRVEYEKRVRAQAKKFAPS--- 158 
UBC1            LQSPEPNDPQDAEVAQHYLRDRESFNKTAALWTRLYAS---- 149 
                ::.*:  .* : :.   :  .: .: * .   .. 

~                                                     
 
 
 



Figure S4. Snapshots from the MD simulations of the wild type, mutant and 
phosphorylated Ube2I-RanGAP1 complexes. In all the structures, the residue at the 127 
site (CES/D site) is shown on the left, the catalytic cysteine in yellow, and the Glu98 on the 
right. RanGAP1 and the E2 enzyme are shown as grey and pink cartoons, respectively. The 
Ube2ID127A-RanGAP1 is not reported here since it provides results similar to the Ube2ID127T-
RanGAP1 simulation. 
 
 

 
 
 



Figure S5. Main-chain RMSD over the simulation time of each hHR6A MD 
replicates  reported in Table S2. A) wild-type hHR6A B) S120A hHR6A C) S120D 
hHR6A D) pS120 hHR6A E) S120E hHR6A F) S120T hHR6A  
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Figure S6. Main-chain RMSD over the simulation time of each Rad6, hHR6B, 
Ubc1 and Ube2I MD replicates reported in Table S2. A) wild-type Rad6 B) S120A 
Rad6 C) S120D Rad6 D) pS120 Rad6 E) hHR6B F) Ubc1 G) Ube2I  
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Figure S7. Main-chain RMSD over the simulation time of each Ube2I-RanGap1 
MD replicates reported in Table S2. A) wild-type complex B) D127A complex C) 
D127S complex D) pS127 complex E) D127E complex F) D127T complex. We 
should notice that in these simulations most of the complex residues have been 
restrained at their atomic positions using and harmonical potential (see Methods). 
 
A        B 

 
 
C        D 

 
E        F 

 

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 10  20  30  40  50  60  70  80

m
ai

n-
ch

ai
n 

R
M

SD
 (n

m
)

time (ns)

r1
r2

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 10  20  30  40  50  60  70  80
m

ai
n-

ch
ai

n 
R

M
SD

 (n
m

)

time (ns)

r1
r2

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 10  20  30  40  50  60  70  80

m
ai

n-
ch

ai
n 

R
M

SD
 (n

m
)

time (ns)

r1
r2

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 10  20  30  40  50  60  70  80

m
ai

n-
ch

ai
n 

R
M

SD
 (n

m
)

time (ns)

r1
r2

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 10  20  30  40  50  60  70  80

m
ai

n-
ch

ai
n 

R
M

SD
 (n

m
)

time (ns)

r1
r2

 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0.12

 0.14

 10  20  30  40  50  60  70  80

m
ai

n-
ch

ai
n 

R
M

SD
 (n

m
)

time (ns)

r1
r2


