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Subread depth 
cutoffs ≥ 

Pearson's r 
(SMRT-seq vs BS-seq) 

No. of CpG sites

1 0.797 25,606,068 (23,949,832-27,008,582) 
10 0.873 21,668,418 (18,263,886-23,515,147) 
20 0.933 14,276,212 (10,526,406-16,736,887) 
30 0.952 6,736,890 (4,255,452-10,449,814) 
40 0.948 3,420,790 (2,232,511-5,792,825) 
50 0.941 1,684,871 (1,278,475-3,055,876) 
60 0.929 911,961 (707,295-1,581,313) 
70 0.917 532,422 (350,001-866,045) 
80 0.907 284,375 (177,698-534,540) 
90 0.906 150,974 (98,000-333,933) 
100 0.875 89,788 (58,552-182,861) 

FIG. 100 
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Subread depth Pearson's r 
No. of CpG sites 

cutoffs~ (SMRT-seq vs BS-seq) 
1 0.797 25,606,068 (23,949,832-27,008,582) 

10 0.873 21,668,418 (18,263,886-23,515, 147) 
20 0.933 14,276,212 (I0,526,406-16,736,887) 
30 0.952 6,736,890 ( 4,255,452-10,449,814) 
40 0.948 3,420,790 (2,232,511-5,792,825) 
50 0.941 1,684,871 (l,278,475-3,055,876) 
60 0.929 911,961 (707,295-1,581,313) 
70 0.917 532,422 (350,001-866,045) 
80 0.907 284,375 (I 77,698-534,540) 
90 0.906 150,974 (98,000-333,933) 
100 0.875 89,788 (58,552-182,861) 
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1020 

Receiving a plurality of first data structures, each first data structure of the first 
plurality of first data structures corresponding to a respective window of 

nucleotides sequenced in a respective nucleic acid molecule of a plurality of 
first nucleic acid molecules, where each of the first nucleic acid molecules is 
sequenced by measuring pulses in a signal corresponding to the nucleotides, 

where a modification has a known first state in the nucleotide at a target 
position in each window of each first nucleic acid molecule, each first data 

structure comprising values for certain properties 

,--, 1022 

Storing a plurality of first training samples, each including one of the first 
plurality of first data structures and a first label indicating the first state for the 1024 

modification of the nucleotide at the target position 

i
Receiving a second plurality of second data structures, each second data 

structure of the second plurality of second data structures corresponding to a 
respective window of nucleotides sequenced in a respective nucleic acid 

molecule of a plurality of second nucleic acid molecules, where the modification 
has a known second state in a nucleotide at a target position within each 

window of each second nucleic acid molecule, each second data structure 
comprising values for the same properties as the first plurality of first data 

structures 

I
Storing a plurality of second training samples, each including one of the second 

plurality of second data structures and a second label indicating the second 
state for the modification of the nucleotide at the target position 

1026 

— 1028 

Training a model using the plurality of first training samples and optionally the 
plurality of second training samples, where an output of the model specifies 1029 

whether the nucleotide at the target position in the respective window has the 
modification 

FIG. 102 
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Receiving a plurality of first data structures, each first data structure of the first 
plurality of first data structures corresponding to a respective window of 

nucleotides sequenced in a respective nucleic acid molecule of a plurality of 

+ 

first nucleic acid molecules, where each of the first nucleic acid molecules is i- 1022 
sequenced by measuring pulses in a signal corresponding to the nucleotides, 

where a modification has a known first state in the nucleotide at a target 
position in each window of each first nucleic acid molecule, each first data 

structure comprising values for certain properties 

, ' 
Storing a plurality of first training samples, each including one of the first 

plurality of first data structures and a first label indicating the first state for the ~ 1024 
modification of the nucleotide at the target position 

r _________________ i _________________ ~ 
1 Receiving a second plurality of second data structures, each second data I 
1 structure of the second plurality of second data structures corresponding to a I 
I respective window of nucleotides sequenced in a respective nucleic acid : 
I molecule of a plurality of second nucleic acid molecules, where the modification 1 
: has a known second state in a nucleotide at a target position within each I 
1 window of each second nucleic acid molecule, each second data structure I 
1 comprising values for the same properties as the first plurality of first data I 
I structures 1 
~---------------- I _________________ I 

r----------------- -----------------~ 
I Storing a plurality of second training samples, each including one of the second : 
1 plurality of second data structures and a second label indicating the second -I 
: state for the modification of the nucleotide at the target position I 
~-----------------------------------1 

, ' 
Training a model using the plurality of first training samples and optionally the 

1026 

1028 

plurality of second training samples, where an output of the model specifies ,,-- 1029 

+ 

whether the nucleotide at the target position in the respective window has the 
modification 

FIG. 102 
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1030 

Receiving an input data structure, the input data structure 
corresponding to a window of nucleotides sequenced in a sample 

nucleic acid molecule, wherein the sample nucleic acid molecule is 
sequenced by measuring pulses in an optical signal corresponding 
to the nucleotide, the input data structure comprising values for the 

following properties: 
for each nucleotide within the window: 

an identity of the nucleotide, 
a position of the nucleotide with respect to a target position within 

the respective window, 
a width of the pulse corresponding to the nucleotide, and 

an interpulse duration representing a time between the pulse 
corresponding to the nucleotide and a pulse corresponding to a 

neighboring nucleotide 

,, 1032 

Inputting the input data structure into a model  1034 

i 
Determining, using the model, whether the modification is present 
in a nucleotide at the target position within the window in the input 

data structure 

__. 1036 

FIG. 103 
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10301 

+ 

Receiving an input data structure, the input data structure 
corresponding to a window of nucleotides sequenced in a sample 

nucleic acid molecule, wherein the sample nucleic acid molecule is 
sequenced by measuring pulses in an optical signal corresponding 
to the nucleotide, the input data structure comprising values for the 

following properties: 
for each nucleotide within the window: 

an identity of the nucleotide, 
a position of the nucleotide with respect to a target position within 

the respective window, I----' 1032 
a width of the pulse corresponding to the nucleotide, and 

an interpulse duration representing a time between the pulse 
corresponding to the nucleotide and a pulse corresponding to a 

neighboring nucleotide 

Inputting the input data structure into a model 

u 

L--' 1034 

Determining, using the model, whether the modification is present 
in a nucleotide at the target position within the window in the input _, 1036 

data structure 

FIG. 103 
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Chr start end Len gth 
Haplotype 

block id 

PacBio sequencing 
Methylation 

level in 
adjacent non-
tumoral tissue 

Methylation 
level in tumor 

tissue 

Hap I Hap II Hap I Hap II 
chrl 56312395 56347696 35301 hap1927 68.2 67.4 60.3 23.5 
chrl 194413819 194424806 10987 hap5953 52.8 49.5 48.8 9.3 
chrl 220674478 220699011 24533 hap6863 63.0 64.5 50.4 17.3 
chr10 113088792 113124248 35456 hap11838 62.7 63.4 38.1 5.7 
chrl 1 5482746 5498801 16055 hap12904 70.3 75.0 16.3 51.7 
chrl 1 42819351 42852772 33421 hap14385 54.6 54.9 65.3 17.8 
chrl 1 57983961 58051078 67117 hap14930 67.3 66.4 58.2 18.6 
chrl 1 60174708 60204209 29501 hap 14990 58.4 59.8 49.6 10.8 
chr12 128079419 128114656 35237 hap22249 60.0 58.3 12.1 45.2 
chr15 20480575 20533464 52889 hap29631 64.7 69.1 27.7 59.3 
chr15 94902853 94946231 43378 hap32161 74.1 74.5 74.9 15.8 
chr15 96526684 96549225 22541 hap32221 70.8 68.8 28.9 64.4 
chr16 31595372 31613277 17905 hap33499 55.9 59.3 46.3 14.4 
chr16 80151778 80182097 30319 hap34821 71.1 71.0 11.5 51.8 
chr16 82519715 82554191 34476 hap34920 71.3 66.5 47.4 13.0 
chr17 21668593 21685572 16979 hap36049 50.3 47.8 67.4 19.6 
chr17 44999177 45012087 12910 hap36640 47.1 45.2 81.6 35.1 
chr17 69911623 69926625 15002 hap37435 67.3 63.0 37.8 5.2 
chr18 11441122 11458521 17399 hap38335 65.5 66.8 65.9 22.4 
chr18 23405569 23423387 17818 hap38673 66.3 61.7 3.3 48.1 
chr18 68887284 68925031 37747 hap40390 63.0 61.0 22.0 53.4 
chr18 69487809 69505470 17661 hap40414 74.5 74.1 33.3 72.2 
chr2 41480394 41514135 33741 hap43972 54.0 54.0 14.9 77.8 
chr2 114171214 114182880 11666 hap46226 72.4 68.8 79.7 16.7 
chr2 123762541 123797629 35088 hap46589 66.7 68.1 24.0 54.5 
chr2 125236882 125241950 5068 hap46673 58.9 59.2 10.7 46.4 
chr2 130016110 130040331 24221 hap46835 54.6 50.8 5.6 41.6 
chr2 137757638 137783716 26078 hap47090 61.8 61.4 13.5 69.2 
chr2 144128597 144160845 32248 hap47343 65.8 66.6 9.3 50.3 
chr20 15736792 15753459 16667 hap51505 78.9 74.3 45.8 77.3 
chr20 26167979 26177235 9256 hap51868 55.0 52.2 38.5 68.6 
chr20 44255808 44264190 8382 hap52246 57.4 56.1 9.7 50.6 
chr20 59518410 59559273 40863 hap52761 61.0 62.4 30.0 72.8 
chr21 21402034 21424129 22095 hap53197 63.5 67.3 25.0 75.5 
chr21 24750027 24768793 18766 hap53333 68.2 64.6 3.4 38.9 
chr21 26666833 26701575 34742 hap53418 62.1 66.5 47.6 16.7 
chr3 2364024 2387896 23872 hap55539 67.4 67.8 54.9 10.9 
chr3 21036965 21049451 12486 hap56223 54.8 51.4 53.1 21.1 
chr3 56011690 56046642 34952 hap57346 64.2 61.2 71.2 22.6 

FIG. 105A 
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chrl 
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chrl6 
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chrl8 
chrl8 
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PacBio sequencing 

Methylation 
Methylation 

start end Length 
Haplotype level in 

level in tumor block id adjacent non-
tumoral tissue tissue 

Hap I Hap II Hap I Hap II 
56312395 56347696 35301 hapl927 68.2 67.4 60.3 23.5 
194413819 194424806 10987 hap5953 52.8 49.5 48.8 9.3 
220674478 220699011 24533 hap6863 63.0 64.5 50.4 17.3 
113088792 113124248 35456 hapl 1838 62.7 63.4 38.1 5.7 
5482746 5498801 16055 hapl2904 70.3 75.0 16.3 51.7 
42819351 42852772 33421 hapl4385 54.6 54.9 65.3 17.8 
57983961 58051078 67117 hapl4930 67.3 66.4 58.2 18.6 
60174708 60204209 29501 hapl4990 58.4 59.8 49.6 10.8 
128079419 128114656 35237 hap22249 60.0 58.3 12.1 45.2 
20480575 20533464 52889 hap29631 64.7 69.1 27.7 59.3 
94902853 94946231 43378 hap32161 74.1 74.5 74.9 15.8 
96526684 96549225 22541 hap32221 70.8 68.8 28.9 64.4 
31595372 31613277 17905 hap33499 55.9 59.3 46.3 14.4 
80151778 80182097 30319 hap34821 71.1 71.0 11.5 51.8 
82519715 82554191 34476 hap34920 71.3 66.5 47.4 13.0 
21668593 21685572 16979 hap36049 50.3 47.8 67.4 19.6 
44999177 45012087 12910 hap36640 47.1 45.2 81.6 35.1 
69911623 69926625 15002 hap37435 67.3 63.0 37.8 5.2 
11441122 11458521 17399 hap38335 65.5 66.8 65.9 22.4 
23405569 23423387 17818 hap38673 66.3 61.7 3.3 48.1 
68887284 68925031 37747 hap40390 63.0 61.0 22.0 53.4 
69487809 69505470 17661 hap40414 74.5 74.1 33.3 72.2 
41480394 41514135 33741 hap43972 54.0 54.0 14.9 77.8 
114171214 114182880 11666 hap46226 72.4 68.8 79.7 16.7 
123762541 123797629 35088 hap46589 66.7 68.1 24.0 54.5 
125236882 125241950 5068 hap46673 58.9 59.2 10.7 46.4 
130016110 130040331 24221 hap46835 54.6 50.8 5.6 41.6 
137757638 137783716 26078 hap47090 61.8 61.4 13.5 69.2 
144128597 144160845 32248 hap47343 65.8 66.6 9.3 50.3 
15736792 15753459 16667 hap51505 78.9 74.3 45.8 77.3 
26167979 26177235 9256 hap51868 55.0 52.2 38.5 68.6 
44255808 44264190 8382 hap52246 57.4 56.1 9.7 50.6 
59518410 59559273 40863 hap52761 61.0 62.4 30.0 72.8 
21402034 21424129 22095 hap53197 63.5 67.3 25.0 75.5 
24750027 24768793 18766 hap53333 68.2 64.6 3.4 38.9 
26666833 26701575 34742 hap53418 62.1 66.5 47.6 16.7 
2364024 2387896 23872 hap55539 67.4 67.8 54.9 10.9 
21036965 21049451 12486 hap56223 54.8 51.4 53.1 21.1 
56011690 56046642 34952 hap57346 64.2 61.2 71.2 22.6 
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chr3 73330942 73371216 40274 hap57939 60.9 62.9 9.4 42.9 
chr3 106372440 106401301 28861 hap59077 67.8 67.9 13.8 53.2 
chr3 107772994 107807482 34488 hap59122 69.6 73.5 30.4 66.4 
chr3 116742501 116776747 34246 hap59493 64.3 69.1 14.1 51.6 
chr3 171076306 171100102 23796 hap61495 68.0 66.0 80.6 48.8 
chr3 193058272 193080344 22072 hap62231 65.5 64.7 54.6 20.0 
chr4 30411613 30432317 20704 hap63589 59.3 60.6 53.4 14.6 
chr4 31304718 31338193 33475 hap63633 60.2 60.0 7.2 55.0 
chr4 92003467 92030505 27038 hap65794 65.3 65.1 54.1 21.7 
chr4 155224697 155250915 26218 hap68104 60.5 57.5 57.3 25.0 
chr5 2281802 2299281 17479 hap69632 71.5 66.9 69.9 6.6 
chr5 4624948 4664704 39756 hap69739 62.8 61.0 14.0 52.0 
chr5 89593236 89606080 12844 hap72628 76.6 74.0 20.3 78.4 
chr5 119214026 119233058 19032 hap73698 62.8 61.2 57.6 13.1 
chr5 119940397 119972658 32261 hap73720 59.1 54.7 53.8 12.2 
chr5 132859668 132877415 17747 hap74150 62.5 66.6 59.5 28.3 
chr6 26914610 26936918 22308 hap76887 41.9 40.9 71.9 32.6 
chr6 66879106 66957243 78137 hap78266 61.6 59.6 25.4 62.0 
chr6 77349083 77377529 28446 hap78674 64.5 66.4 27.0 62.9 
chr6 159738794 159751033 12239 hap81616 79.6 79.0 21.2 59.8 
chr7 26585255 26641907 56652 hap83161 66.2 64.7 49.4 13.3 
chr7 48214640 48248036 33396 hap84003 76.0 76.7 78.0 32.3 
chr7 88558182 88575482 17300 hap85335 63.8 59.6 63.8 22.9 
chr7 96588562 96607580 19018 hap85620 60.4 63.1 19.7 50.0 
chr7 122942180 122956897 14717 hap86454 42.3 39.0 19.2 50.0 
chr7 132321970 132344802 22832 hap86807 61.4 60.7 52.5 11.5 
chr7 153296219 153302441 6222 hap87487 48.7 53.7 64.4 19.3 
chr7 156356247 156371897 15650 hap87631 74.9 71.6 87.5 56.6 
chr7 159091986 159119486 27500 hap87738 54.0 49.1 52.0 13.2 
chr8 51530582 51550889 20307 hap89477 66.4 65.7 68.0 19.9 
chr8 63513932 63537543 23611 hap89942 62.0 63.3 11.6 48.4 
chr8 72373321 72398122 24801 hap90226 58.0 54.9 71.6 32.0 
chr8 94100451 94141855 41404 hap90991 65.2 65.7 36.2 68.7 
chr8 109300499 109326404 25905 hap91510 63.6 67.7 29.5 65.8 

FIG. 105B 
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73330942 73371216 40274 hap57939 60.9 62.9 
106372440 106401301 28861 hap59077 67.8 67.9 
107772994 107807482 34488 hap59122 69.6 73.5 
116742501 116776747 34246 hap59493 64.3 69.1 
171076306 171100102 23796 hap61495 68.0 66.0 
193058272 193080344 22072 hap62231 65.5 64.7 
30411613 30432317 20704 hap63589 59.3 60.6 
31304718 31338193 33475 hap63633 60.2 60.0 
92003467 92030505 27038 hap65794 65.3 65.1 
155224697 155250915 26218 hap68104 60.5 57.5 
2281802 2299281 17479 hap69632 71.5 66.9 
4624948 4664704 39756 hap69739 62.8 61.0 
89593236 89606080 12844 hap72628 76.6 74.0 
119214026 119233058 19032 hap73698 62.8 61.2 
119940397 119972658 32261 hap73720 59.1 54.7 
132859668 132877415 17747 hap74150 62.5 66.6 
26914610 26936918 22308 hap76887 41.9 40.9 
66879106 66957243 78137 hap78266 61.6 59.6 
77349083 77377529 28446 hap78674 64.5 66.4 
159738794 159751033 12239 hap81616 79.6 79.0 
26585255 26641907 56652 hap83161 66.2 64.7 
48214640 48248036 33396 hap84003 76.0 76.7 
88558182 88575482 17300 hap85335 63.8 59.6 
96588562 96607580 19018 hap85620 60.4 63.1 
122942180 122956897 14717 hap86454 42.3 39.0 
132321970 132344802 22832 hap86807 61.4 60.7 
153296219 153302441 6222 hap87487 48.7 53.7 
156356247 156371897 15650 hap87631 74.9 71.6 
159091986 159119486 27500 hap87738 54.0 49.1 
51530582 51550889 20307 hap89477 66.4 65.7 
63513932 63537543 23611 hap89942 62.0 63.3 
72373321 72398122 24801 hap90226 58.0 54.9 
94100451 94141855 41404 hap90991 65.2 65.7 
109300499 109326404 25905 hap91510 63.6 67.7 
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Chr start end Len gth 
Haplotype 

block id 

PacBio sequencing 
Methylation 

level in 
adjacent non-
tumoral tissue 

Methylation 
level in tumor 

tissue 

Hap I Hap II Hap I Hap II 
chr9 27803548 27888202 84654 hap58508 64.2 60.9 20.6 75.4 
chr6 242149 386636 144487 hap47880 62.3 63.3 77.4 32.2 
chr5 28219159 28302858 83699 hap44666 59.3 58.0 16.8 58.2 
chr5 18119943 18153743 33800 hap44475 61.6 65.0 53.2 21.7 
chr7 24906307 25046195 139888 hap52069 69.3 68.7 44.0 76.2 
chr15 27689897 27752573 62676 hap18337 65.9 61.9 64.8 20.5 
chr12 42183870 42212433 28563 hap12045 63.5 68.4 19.4 51.2 
chr21 9825597 9935752 110155 hap34175 54.3 53.5 60.9 29.1 
chr2 118813055 118893366 80311 hap30060 62.6 62.3 77.0 38.6 
chr6 90307702 90344869 37167 hap49779 69.1 66.4 84.7 53.9 
chr7 107932914 108049376 116462 hap53838 67.2 62.9 43.8 76.4 
chr7 137039327 137160933 121606 hap54447 59.5 60.9 22.9 72.0 
chr17 21193754 21254930 61176 hap22633 59.2 54.3 69.7 31.6 
chr12 11473697 11644714 171017 hap11451 62.8 66.4 35.5 75.9 
chr5 129212299 129353349 141050 hap46632 50.9 54.5 45.5 14.0 
chrl 1 93910738 94028887 118149 hap10288 67.6 63.6 36.6 74.2 
chr3 131707434 132003636 296202 hap38642 57.8 55.9 17.9 60.2 
chr3 43024004 43161785 137781 hap36769 69.1 66.5 46.1 80.2 
chr3 190403156 190606658 203502 hap39947 60.9 61.6 36.9 72.7 
chr15 40218970 40279780 60810 hap 18606 53.4 57.5 79.1 47.4 
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Methylation 
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start end Length 

Haplotype level in 
level in tumor block id adjacent non-

tissue 
tumoral tissue 
Hap I Hap II Hap I Hap II 

27803548 27888202 84654 hap58508 64.2 60.9 20.6 75.4 
242149 386636 144487 hap47880 62.3 63.3 77.4 32.2 
28219159 28302858 83699 hap44666 59.3 58.0 16.8 58.2 
18119943 18153743 33800 hap44475 61.6 65.0 53.2 21.7 
24906307 25046195 139888 hap52069 69.3 68.7 44.0 76.2 
27689897 27752573 62676 hapl8337 65.9 61.9 64.8 20.5 
42183870 42212433 28563 hapl2045 63.5 68.4 19.4 51.2 
9825597 9935752 110155 hap34175 54.3 53.5 60.9 29.1 
118813055 118893366 80311 hap30060 62.6 62.3 77.0 38.6 
90307702 90344869 37167 hap49779 69.1 66.4 84.7 53.9 
107932914 108049376 116462 hap53838 67.2 62.9 43.8 76.4 
137039327 137160933 121606 hap54447 59.5 60.9 22.9 72.0 
21193754 21254930 61176 hap22633 59.2 54.3 69.7 31.6 
11473697 11644714 171017 hapll451 62.8 66.4 35.5 75.9 
129212299 129353349 141050 hap46632 50.9 54.5 45.5 14.0 
93910738 94028887 118149 hapl0288 67.6 63.6 36.6 74.2 
131707434 132003636 296202 hap38642 57.8 55.9 17.9 60.2 
43024004 43161785 137781 hap36769 69.1 66.5 46.1 80.2 
190403156 190606658 203502 hap39947 60.9 61.6 36.9 72.7 
40218970 40279780 60810 hapl8606 53.4 57.5 79.1 47.4 

FIG. 106 

+ 

Pg. 1797



T
is

su
e 

ty
p

es
 

N
o
. o

f 
h
ap

lo
ty

p
e 

bl
oc

ks
 s

ho
w

in
g 

m
et

h
y
la

ti
o
n
 

im
ba

la
nc

e 
b
et

w
ee

n
 t

w
o 

h
ap

lo
ty

p
es

 i
n 

tu
m

o
r 

ti
ss

u
es

 

N
o
. o

f 
ha

pl
ot

yp
e 

bl
oc

ks
 

sh
ow

in
g 

m
et

h
y
la

ti
o
n
 

im
ba

la
nc

e 
b

et
w

ee
n

 t
w

o 
h
ap

lo
ty

p
es

 i
n 

p
ai

re
d

 a
d
ja

ce
n
t 

no
n-

tu
m

o
ra

l 
ti

ss
u

es
 

C
ol

on
 

92
 

47
 

B
re

as
t 

57
 

13
 

K
id

n
ey

 
68

 
18

 
L

un
g 

31
 

21
 

P
ro

st
at

e 
26

 
19

 
S

to
m

ac
h

 
2 

0 

FI
G

. 1
07

A 

+
 

N
o.

 o
f 

ha
pl

ot
yp

e 
bl

oc
ks

 s
ho

w
in

g 
T

is
su

e 
ty

pe
s 

m
et

hy
la

ti
on

 i
m

ba
la

nc
e 

b
et

w
ee

n
 t

w
o 

ha
pl

ot
yp

es
 i

n 
tu

m
or

 t
is

su
es

 

C
ol

on
 

92
 

B
re

as
t 

57
 

K
id

ne
y 

68
 

L
un

g 
31

 
P

ro
st

at
e 

26
 

St
om

ac
h 

2 

FI
G

.1
07

A
 

N
o.

 o
f 

ha
pl

ot
yp

e 
bl

oc
ks

 
sh

ow
in

g 
m

et
hy

la
ti

on
 i

m
ba

la
nc

e 
b

et
w

ee
n

 t
w

o 
ha

pl
ot

yp
es

 i
n 

pa
ir

ed
 a

dj
ac

en
t 

no
n-

tu
m

or
al

 
ti

ss
u

es
 

47
 

13
 

18
 

21
 

19
 

0 

0 m
 

--
l m
 

;;o
 s: z )>
 

:::!
 

0 z Q
A

 
""T

l 
--

l 

CJ
) 

rn
g

c
 

:::r
 

)>
 

0 
• 

CD
 

en
o

en
 

CD
 

m
 ;

; 
:.i 

-
r
S

:
b

~
 

_
.,

o
Q

I
\
J
C

D
 

_
.,

 
CD

 
O

 
O

O
 

:::
J 

(
0

 
,-

+
 

-
.i

,..
 

,-
+

 

!l
) 

""
T

]v
l)

>
 

0 
,-

-
-
-
0

0
"
0

 
..

.,
 

)
>

C
"
£

 
...

.. 
--

l 
C(

l 
a·

 
.,

::
,.

 
-
~

!
l
)
 

0
, 

Q
v
lc

:!
: 

z 
.i

,..
 

0 
en

 v
)
 

:::
J 

+
 I\

J 
0 

---
I 

""
T

l~
 

z C
 

0 r m
 

0 )>
 

0 0 en
 

Pg. 1798



T
is

su
e 

ty
p
es

 

N
o
. o

f 
ha

pl
ot

yp
e 

bl
oc

ks
 

sh
ow

in
g 

m
et

h
y
la

ti
o
n
 

im
ba

la
nc

e 
b

et
w

ee
n

 t
w

o 
h

ap
lo

ty
p

es
 i

n 
tu

m
o
r 

ti
ss

u
es

 

T
um

or
 S

ta
g

in
g

in
fo

rm
at

io
n
 

(T
N

M
) 

av
ai

la
b

le
 

B
re

as
t 

18
 

T
2 

57
 

T
3 

K
id

n
ey

 
68

 
T

3a
 

0 
T

2 

FI
G

. 1
07

B 

+
 

N
o.

 o
f 

ha
pl

ot
yp

e 
bl

oc
ks

 
sh

ow
in

g 
m

et
hy

la
ti

on
 

T
is

su
e 

ty
p

es
 

im
ba

la
nc

e 
b

et
w

ee
n

 t
w

o 
ha

pl
ot

yp
es

 i
n 

tu
m

or
 t

is
su

es
 

18
 

B
re

as
t 

57
 

K
id

ne
y 

68
 

0 

FI
G

. 1
07

8 

T
um

or
 S

ta
gi

ng
 

in
fo

rm
at

io
n 

(T
N

M
) 

av
ai

la
bl

e 

T
2 

T
3 

T
3a

 

T
2 

0 m
 

--
l m
 

;;o
 s: z )>
 

:::!
 

0 z Q
A

 
""T

l 
--

l 

CJ
) 

rn
g

c
 

:::r
 

)>
 

0 
• 

CD
 

en
o

en
 

CD
 

m
 ;

; 
:.i 

-
r
S

:
b

~
 

_
.,

o
Q

I\
J
C

D
 

l\
)
C

D
O

o
o

::
:J

 
0

,
-
+

_
.
i,

.
.
r
+

 
!l

) 
""

T
]v

l)
>

 
0 

,-
-
-
-
0

0
"
0

 
..

.,
 

)
>

C
"
£

 
...

.. 
--

l 
C(

l 
a·

 
.,

::
,.

 
-
~

!
l
)
 

0
, 

Q
v
lc

:!
: 

z 
.i,

..
 

0 
en

 v
)
 

:::J
 

+
 I\

J 
0 

---
I 

""
T

l~
 

z C
 

0 r m
 

0 )>
 

0 0 en
 

Pg. 1799



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 121 of 145 

Blood sample of a pregnancy 

Buffy coat DNA 

SMRT sequencing 

Maternal Hap I 

A 

Plasma DNA 

SMRT sequencing 

•A-0 - 0 -0 --0 -0 -G-0-0-

-G-0 -0 -0-0-
Maternal Hap II -0-T-0-0-0-

0 Unmethylated CpG • Methylated CpG 

Link plasma DNA to maternal haplotypes 

-11-0-0-111-111-

G-0-0-0-

-0 -G-0-0-0-

T A G 

A 
-0-A-0-0-0-

0 - 0 - A AHD-

Methylation level of Hap I < Methylation level of Hap II 

The fetus has inherited Hap I 

FIG. 108 

Hap I 

Hap II 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 121 of 145 

Blood sample of a pregnancy 

Buffy coat DNA 

SMRT sequencing 

Maternal Hap I 

~~~~~ 

Maternal Hap 11 

Plasma DNA 

SMRT sequencing 

•• •§-0-+ 
-·•:: 

•• p;-o--e,- •·····• 
--l-0-00-0-­
~m• •• 

~m• •• 
0 Unmethylated CpG • Methylated CpG 

Link plasma DNA to maternal haplotypes 

--0-$.-e-+O­
.......O-@ •• 

Methylation level of Hap I< Methylation level of Hap II 

The fetus has inherited Hap I 

FIG. 108 

+ 

Pg. 1800



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 122 of 145 

1090 

Analyze DNA molecules from the biological sample to 
identify their locations in a reference genome, to 
determine respective alleles, and to determine 

methylation status 

-,  1091 

Identify one or more heterozygous loci, each having a first allele 
on the first haplotype and a second allele on the second haplotype 

Identify a first set of DNA molecules, each located at any 
one of the heterozygous loci, including a respective first 

allele, and including at least one of N genomic sites 

_, 1092 

,.. 1093 

Determine a first methylation level of a first portion of a first 
haplotype 

Identify a second set of DNA molecules, each located at any 
one of the heterozygous loci, including a respective second 

allele, and including at least one of N genomic sites 

k 1094 

-'  1095 

[_,Determine a second methylation level of a first portion of a second 1096 
haplotype 

[-•Calculate a value of a parameter using the first methylation level 1097 
and the second methylation level 

Compare the value of the parameter to a reference value f-d 1098 

Determine a classification of a disorder in the organism using the 
1099 

comparison of the value of the parameter to the reference value 

FIG. 109 

109 

+ 

□, 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 122 of 145 

Analyze DNA molecules from the biological sample to 
identify their locations in a reference genome, to 
determine respective alleles, and to determine 

methylation status 

, ' 

~ 10 

Identify one or more heterozygous loci, each having a first allele 
on the first haplotype and a second allele on the second haplotype 

91 

~ 1092 

Identify a first set of DNA molecules, each located at any 
l.--' 10 one of the heterozygous loci, including a respective first 93 

allele, and including at least one of N genomic sites 

Determine a first methylation level of a first portion of a first 
haplotype - 1094 

' ' 
Identify a second set of DNA molecules, each located at any 
one of the heterozygous loci, including a respective second _, 1095 

allele, and including at least one of N genomic sites 

,r 

Determine a second methylation level of a first portion of a second I--' 1096 
haplotype 

,, 
Calculate a value of a parameter using the first methylation level _, 1097 

and the second methylation level 

, ' 
Compare the value of the parameter to a reference value ~ 1098 

,, 

Determine a classification of a disorder in the organism using the 
comparison of the value of the parameter to the reference value 

.- 1099 

FIG. 109 

+ 

Pg. 1801



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 123 of 145 

Human fragment Mouse fragment 

Whole genme 
amplification Whole genome 

amplification 
M.Sssi 

I 

RXW N:\1%.N.,:•\\X\
11010 11020 

!Methylated Unmethylated 

Mixing and cross-ligating 

a k%:''' '\X%X\\\MN.\\X\MAXagiaailta(alak  Human-mouse hybrid DNA 

b IMM.\\X\MMWSM\VMMM 

C &.\\' \\N\c,N Human-only DNA 

d iltalLUMILIMIUALuildu ;,:alfamittakala 

e   Mouse only DNA 

FIG. 110 + 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 123 of 145 

Hurnan fragn1ent 

biiiiiiiiiiiiiiiiiiiilfaiiiiiiiiiiiiiiiiiU 

Mouse fragment 

\Vhcie 9enor,1e 
arnplffk.~)tion 

l 
tvtSssl 

i 

1 
V~l hole gm10f1',i1 

amplification 

-~~! ~~~!~-.~~!~-.~~v-" l lOlO inwi:t:i~1t,,;i:inr,~t~m~w~ ll020 
t-._'\;_,.._~~~:>..~~~:>..~~" $.,;::,,:J.,:,~(,::,,":J.,::~,,::~cll:,~,i::,,f 

rv1ethy!ated Unmethylated 

1 
f<..llixing and cross-ligating 

a ~~~~~~~lrfilJiill1t11Imm.rrrrmmmm 

b ~~~~~~~,~~~~~~~ 
C ~~'\.~~~~'\_~ 

fJ LDTillLEfill]l:1l?nTllill11lli 

FIG.110 

Human-rnouse hybrid DNA 

+ 

Pg. 1802



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 124 of 145 

Human fragment Mouse fragment 

EEEEEEEEEEEEEEEEEM CEEMEEEEEEEEEEEEE 

Whole genome 
Whole genome ampiitication 
amplification 

Unmethylated 

M SSS1 

11110 mstt s\ml...., 11120 

Methylated 

Mixing and cross-ligating 

a = • vw\vammmsm Human-mouse hybrid 

Human-only DNA. 

Mouse,on DNA 

DNA 

FIG. 111 + 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 124 of 145 

Hurnan fragrnent fv1ouse fragrnent 

l 
Whole aenorne .,,_. 

arnpHficahon 

1 

Unmethylated 

1 
fv1ixing and cross--Hgating 

c: El1ETI1TI!BEliETIHZ1TI1BlliliE1 

d ~,,~,,,~,~~,~~~~~~~~~'9 

e ~~~,~~"-~"-~"¾~~ 

FIG.111 

+ 

Pg. 1803



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 125 of 145 

6

0 

04€ 
0 
0 

0 

0 

0 

Human-only DNA 
Mouse-only DNA. 
Human-mouse hybrid DNA 

a 

4000 4000 6000 8000 10000 

Length (bp) 

FIG. 112 + 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 125 of 145 

0 2000 4000 6000 8000 10000 

length (bp) 

FIG.112 

+ 

Pg. 1804



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 126 of 145 

DNA (A) DNA (B) 

Restriction enzyme. 
digestion 

A 5 3' 
M‘, \\\N‘k iN‘ .\

Ligation 

A( A) DNA (B) 

\\\XXXXXXX‘w 
Junction site 

FIG. 113 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 126 of 145 

DNA (A) DNA (B) 

DNA(A) 

5'9. 

Ligation 

V· 

FIG.113 

DNA(B) :r 

+ 

-~ 

s~ 

Pg. 1805



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 127 of 145 

a Cam. 

JAH 

,'. 
V-

3 

area

fl
‹*

 0
00

C
.W

ri
 

vib 
Sls 

  
      

2) 
i 

  

he 

   

S
E
A
 

夠 % oo 

   

hy 

   

Be 

  
04 pouliye 

Eyored 
y
n
 

ic) 

   

BURHUOD 
C
O
A
G
)
 

GOTO 
Put 

h
u
n
 

Wy" 

PURINE 
W
O
O
O
:
 
W
e
n
 

© Oy p
o
u
 

Aye 
-gNO 

  

    

weed: 

= 
eo 
Bey 
= 

  

W
O
O
D
 

W
h
i
e
r
e
l
e
s
 
T
Y
 

¢ 
oO 
p
o
n
y
 

多 te ten, 

  

  SP] JO JZ). yoRyS 
184907 

SCIDV SISIONN do SNOILVOISIGOW ASV SO NOILVNIWYSLAG 

LLZEvEl-SNOEPSZ0-S10080 Ly 
uonesddy jared 'Sn

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 127 of 145 + 

■ 

(!) 

LL 

Pg. 1806



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 128 of 145 

:•.""""""•••••,•••••••••••••••••••••••••••••• 

Hurnan-onty Mouse-o Human Mouse 
DNA DNA r.part part 

Humart-mot4se 
hybnd DNA 

FIG. 115 

U.S. Patent Application 

KT 080015-028430US-1343271 
DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

Lo et al. 

Sheet 128 of 145 

    

        
            

  

              
      a Human Mouse 

ONA DONA part part 
  

Nurmanqnouse 
hybrid ONA 

FIG. 115+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 128 of 145 

FIG.115 

+ 

Pg. 1807



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 129 of 145 

4. 

dd

Human-only DNA 
Mouse-only DNA 
Human-mouse iybrid DNA 

 \SSTs` 44•••••••••••••••••••••••••••••••••••4444.1•44,44r1,441 `4.11•41-441r.1•44;$ 

• 

0 2000 4000 6000 8000 10000 

Length (bp) 

FIG. 116 + 

ID 
0 ., 
0 

N 
0 . 
0 

0 
0 

X 

0 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 129 of 145 

❖'-'-'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''X 

~ -- ~ Hurnan--on!y DNA 
Mouse-only DNA . 
Hurnan-rnouse hybrid DNA 

0 2000 4000 6000 8000 10000 

Length (bp) 

FIG.116 

+ 

Pg. 1808



Pr
ob
ab
il
it
y 
of
 b
ei

ng
 

me
th

yl
at

ed
 f
or

 a
 C
p
G
 s
it
e 

C 

% % 
•,„

„„
„„

„„
„„

„„
„„

„„
„„

„„
„„

„„
„„

„„
„„

„„
„„

„„
„„

„„
„1

„„
„J 

,,...
. 

I

.:••
•• 

,;.. ,,,s. -,s. 
I 

 
, 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 130 of 145 

FIG.117 

-~\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\~ 

!11111111111111111] 
:-.,,,,,,,,~ .... ,,,,,,,,. 

Human 
nart 

,v part 
y---' 

Hurnan-rnouse 
hybrid DNA 

+ 

Pg. 1809



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 131 of 145 

NNVONNVON 

• .• 

A 

CO 

0 

U—

4Ni 

u. 

 3 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 131 of 145 

00 

""""'" 
""""'" 
(!) 

LL 

+ 

a, 

""""'" 
""""'" 
(!) 

LL 

Pg. 1810



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 132 of 145 

9
c z 

(10 toNN §AwArkan 

•••••*!, 

.X. 

01. 

MI MAN otnekkaA 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 132 of 145 

+
t 

-.~· :,,;;- .:; 

. 

r 

;+:{) ___ : 
.; .; ,; .: •. ••• :-:-!-.❖ •:.;,,;.;--: .•·:• t.. } 

tJ 

i 

+· « "' ' ,j 
~"" '' J 
IT t 

'"\ """""""' ., """"""' r""""""'"' ,, """"""""\ """""""'Y"""""""' .; I 

al 
0 
N 

""""'" 
(!) 

LL 

<C 
0 
N 

""""'" ■ 
(!) 

LL 

+ 

Pg. 1811



x••
•••

•••
,tix

. ex
.e.•

 

: 4.
5 t
 ar

m
ax

 ar
y 

M
O

W
N

 
Pa

g;
$4

0 
B

ift
ga

ie
 

ffr
off

; 
w

w
in

g
 s

in
uo

vi
ro

se
qu

ie
nt

i 

H
um

an
 p

o
t 

M
ou

st
 p

an
 

FI
G

. 1
21

A 

4
..
#

0
0

0
4

1
1
0
0
0
0
~

, 

• • 
• • 

• • •
 

• • •
 • • 

%
St

. 

P
A

W
: 

P
A

rli
t)

: 
tri

gg
:M

te
 

P
0.

48
* 

`,•?
xxg

,,A
,M

cm
ig.

 

H
um

an
 ro

d
 

M
in

o
t p

le
t 

FI
G

. 1
21

B 

U
)

CD
 

CD
 

2 0
1

0 CD
 

i-n
 

in
 

z 0 z
 

m
 

C
O

 
0

3
 

C
 

>
 cn

 o
Y

' 
m

 
-0

o
 

C
I 

7
3

0
3

 
>

 
O

-
n

 -3
 

,
• 

0 
o

 
7;

 
z
 

cn
 N

 
O

; 

z C
 

rn
 

6
 

cn
 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 133 of 145 

♦' ~" ·'.'· " 
. 

~ 

i +r"'""1 .. : ❖:-c-•::-; • • • ....... ;..i:--;-.:,.· ❖· 
r - ·. :-. . ·, ·.· . . :: 
~: (,.,.,. ,.,.,.,.J -:: 

al 
""""'" N 

""""'" 
(!) 

LL 

<C 
""""'" N 

""""'" ■ 
(!) 

LL 

+ 

Pg. 1812



H
um

an
-m

ou
se

 
. 

i- 
. 

„. 
„• 

, 
ju

nc
ti

on
 

- P
 v

 
. 

:i.4
-: 

4. 
?-..,i 

v 
'* 

', 
• 

m
et

hy
la

te
d 

• 
- 

ft 
, 

.i. 
1 

x 4 
; 

a 
un

m
et

hy
la

te
d 

4, 
..., 

.z. 
W.

 ,.
..:

 
't

.
 

4 
.3.4

- 
•,

, 
.3.4

3 
•,4

 
I 

'.4.: 
I

. 
"

'..1
. 

t 
T 

3 
'3" 

V
I'

 "
3' 

T 
t 

3 
t 

r 
I 

T
 T

 
 

 
3 

3 
:3 

3 
3 - 

t 
r 

V
 
I 

3 
.3. 

I 
3. 

3. 
3 

3- 
3
 

V
 

3 
!%

. 
R 

A
A

G
C

:T
T

 

H
um

an
 

ch
rX

: 1
65

66
26

2 
w 1

65
67

18
5 

H
um

an
-m

ou
se

 
jU

nc
tio

n 

3',:.
 

,,.
 

„,
 

•.:f,' 
.. 

', 
% 

% 
''', 

'?'" 
..:.

 
r 

`, 
'3',

 
`,3,"

 
..: 

 1
,.; 

, 
".'-'' 

,
4 

I. I. 
C,

'",
,C

A
IG

G
 

13,
4

-3
3-

-*
-*

*-
-*

-4
*-

*-
**

*-
-*

-*
*-

-*
--

-*
*-

 fo
 *

 *
 *

- 
---4

::%
-r::

-

M
ou

se
 

eh
r4

: 1
48

44
07

86
 -
 1

48
44

16
48

 

FI
G

. 1
22

A 

• 
m

et
hy

la
te

d 

o 
un

m
et

hy
la

te
d 

M
ou

se
 

H
u

m
a

n
 

ch
r1

5
 
9
3
3
6
7
5
2
9
 -

 9
3
:4

6
9
0
8
4
 

ch
r2

0
: 

2
0
3
8
2
8
5
8
 -

 2
.0

3
8
4
5
7
3
 

FI
G

. 1
22

B 

0 rn
 

in
 

z z
 

O
 

m
 

c
o
 0
3
 
C
 

>
 

0
 

cn
 

Y'
 

CD
 

•
 

m
u
,

-0 5,1a.
 

o
 -
 
o
 

"
 

C.
#3

 
C
D
 
C

I 
.
p
.

°
3

te
a'

>

5 
c 

▪ 
>

 
_ 

, 
0 

O
0

) 
5

-
▪ 

Z
 cn
 c

') N
 

O
; 

z
 rn
 

0 6
 

cn
 

+
 

H
um

at
H

lJ
O

U
S

f-
1 

I I
 I I

 m 11
11 

I I
 I m

 111
 i i

 I 1
11 

ju
nc

ti
on

 
I 

I I
m

 i I
 I 

I I
 I

i 
I;

 1
 I 

I I
 I 

:Ii 
I 

r 
r 

r 
1 

r 
r 

r 
1 

t 
1 

1 
r 

1 
1 

r 
r 

1 
t 

i 
t 

1 
r 

~ 
t 

1 
r 

r 
r 

1 
1 

r 
1 

t 
1 

t 
r 

r 
r 

r 
r 1

 
1 

1 
t 

A
A

G
C

TT
 

••
••

••
••

••
••

••
••

••
••

••
 

</
'."

"'(
'.:,

,...
::;

,,.,
,;r

:;:
,,..

;:;
,,-

,s;
,-:

;:.
..:;

:,-
,:;

:...
:::

:,,.
,.,:

;:.
..::

:r:
;:,

,..;
:r:

;,-
:;,

,.,s
;:,

-,:
~"

""
";:

,,.,
.,::

,-

H
um

an
 

rv
1o

us
e 

ch
rX

: 
16

56
62

62
 -

16
56

71
85

 
ch

r4
: 

.1
48

44
07

86
 -

14
84

4.
16

48
 

FI
G

. 1
22

A
 

H
ur

rw
n•

m
ou

se
 

, 
.. 

t'
 

JW
K

d
O

fl
 

i :~
~I·

~~~
,~~

,~~
 i I~

~! I~
 ii 

''•
·•

•.
· .. __ 

'-:_
 • 

C
C

A
H

3G
 t. i

 ~
I~

~¼
 1

 ~~
Iii

! j
 t 

1. 
j: I

~~
¼~
 1

 I I
 I~ 

ii
 

t
?

)
t
½

t
t
?

t
t
?

8
t
?

t
t
?

t
t
?

t
t
?

t
t
?

t
t
?

t
 

~ 
$ 

r 
~ 

$ 
r 

~: 
i 

r 
~
 

$ 
~ 

z 
$ 

~ 
~ 

$ 
$ 

~-
·$

 
~ 

~ 
1 

~ 
1 

1 
~ 

1 
1 

~-

.-
-•

-•
•
-•

-•
•
-•

-•
•
-•

-•
•
-•

-•
•
-•

-•
•
-•

-•
:.

•
 

::·,
,~;

,--:
:::,

--;:
:,,,

,;,-
-:::

:,,,
:.:,

,,,;
,--:

::~
--:.

,--,
::,-

-:::
~--

;::,
,,,;

,--:
:::-

-,:.
:,,,

,;,-
-:::

:--,
:.:,

--:,
;,--

::::
--,:

.:--
-:::

:,--
::::

---
;::-

--::
:>-

-:::
:--,

'.':;
':>

.,,:
:·: 

t•l
!o

us
e 

H
um

an
 

·h 
1t

:-.
 g

· "'.✓
-3

· r
r1

t:2
·· 9

 
g··

 3··
 ~

6A
o·

 g·
 4

 
C

 
r.

 .
,,:

,. 
~ 

,:)
 

::J
 .

 ,,
:, 

--~
 

~ 
~ 

,.. 
,..

:i,
 

~
.
 

,.
 

, 
ch

r2
0:

 2
0

3
8

2
B

5
8

 ~ 
2

0
3

8
4

5
7

3
 

FI
G

. 1
22

8 

• 
m

et
hy

la
te

d 
c 

un
m

et
hy

!a
te

d 

• 
m

et
hy

!a
t(,

,z
j 

t>
 u

nm
et

hy
la

te
d 

0 m
 

--
l m
 

;;o
 s: z )>
 

:::!
 

0 z Q
A

 
-n

 -
-l

 

CJ
) 

O
J 

:::r
 

)>
 

0 oo
 

C
 

o
· 

o 
en

 
CD

 
en

 
CD

 
m

tn
-U

 
-
r
S

:
b

ll
l 

..
..

,o
o

N
ro

 
c
..

,m
_

g
~

~
 

.
,
:
i.

.
!
l)

,
iv

)
)
>

 
0 

:
-
o

O
"
O

 
...

, 
►

5i
-g

 
....

. 
.,:

i.. 
0

, +
 --

l 
' 

()
 

-
~

!
l
)
 

0 
v
) 

c:
!:

 
z 

-i
,..

 
0 

en
 v

) 
:::

J 
I\

J 
0 

---
I 

-n
 

z C
 

0 r m
 

0 )>
 

0 0 en
 

Pg. 1813



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 135 of 145 

1230 

Perform single molecule sequencing of a DNA molecule to 
obtained a sequence read that provides a methylation status at 

each of N sites, N being 5 or more, where the methylation statuses 
of the sequence read form a methylation pattern 

Slide the methylation pattern over one or more reference patterns 
that correspond to chimeric molecules that have two portions from 

two parts of a reference human genome, the one or more 
reference patterns including a change between methylated 

statuses and unmethylated statuses 

Identify a match position between the methylation pattern and a 
first reference pattern of the one or more reference patterns, the 
match position identifying a junction between the two parts of the 

reference human genome in the sequence read 

Output the junction as a location of a gene fusion in a chimeric 
molecule 

FIG. 123 

1232 

1234 

1236 

 F., 1238 

1230 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 135 of 145 

Perform single molecule sequencing of a DNA molecule to 
obtained a sequence read that provides a methylation status at 

each of N sites, N being 5 or more, where the methylation statuses 
of the sequence read form a methylation pattern 

, , 
Slide the methylation pattern over one or more reference patterns 
that correspond to chimeric molecules that have two portions from 

two parts of a reference human genome, the one or more 
reference patterns including a change between methylated 

statuses and unmethylated statuses 

, , 
Identify a match position between the methylation pattern and a 
first reference pattern of the one or more reference patterns, the 
match position identifying a junction between the two parts of the 

reference human genome in the sequence read 

,, 

Output the junction as a location of a gene fusion in a chimeric 
molecule 

FIG. 123 

+ 

_, 1232 

__, 1234 

I--' 1236 

__, 1238 

Pg. 1814



1
2

4
0

1
 

1
2

4
0

0
 

12
40

5 

12
40

8 

sa
m

pl
e 

A
ss

ay
 

S
am

pl
e 

h
o

ld
e

r 

12
40

4 

E
xt

er
na

l 
m

em
or

y 

12
41

5 

d
e
te

ct
o
r 

12
40

2 

12
42

5 

st
or

ag
e 

de
vi

ce
 

12
44

5 

12
40

3 
P

ro
ce

ss
or

 

Lo
gi

c 
sy

st
em

 

m
em

or
y 

FI
G

. 1
24

 

12
40

5 

12
43

5 

rn
 

in
 

z 0 z
 

m
 

CO
 0

3 
C

 
(n

 0
 

:•'•
' 

M
 (7

, 
-0

o
 

- 
O

N
) 

0 
°3

GO
 C

D  •
T

I 
▪ 

> 
O

 
— 

()
:cS

 
• 

>
 

• 
, 

0
 

▪ 
0

W
 5

' 
cn

 
o

; 

z
 

rn
 

O
 

6
 

+
 

12
40

1 

~
 

12
40

5 
I 

I 

sa
m

pl
e 
I 

I 
\ 

►1 
d

e
te

ct
o

r 
I-

-
12

40
2 

12
40

8 
I 

I 
A

ss
ay

 

S
am

pl
e 

h
o

ld
e

r 

12
40

4 

I 
E

xt
er

na
l 

m
e

m
o

ry
 

st
or

ag
e 

de
vi

ce
 

12
44

5 

12
41

5 

~
 1

24
25

 

• 

12
40

3 
P

ro
ce

ss
or

 
-

12
40

5 

Lo
gi

c 
sy

st
em

 

m
e

m
o

ry
 
U

 
12

43
5 

FI
G

. 1
24

 

12
40

0 

/ 
0 m

 
--

l 
m

 
;;o

 s: z )>
 

:::!
 

0 z Q
A

 
""T

l 
--

l 

CJ
) 

rn
g

c
 

::
:r

 
)>

 
0 

• 
CD

 
en

o
en

 
CD

 
m

 ;
; 

:.i 
-
r
S

:
b

~
 

_
.,

o
Q

I\
J
C

D
 

w
ro

o
o

o
::

:J
 

a
,
,
-
+

-
-
1

'
>

-
,
-
+

 

!l
) 

""
T

]v
l)

>
 

0 
,-

-
-
-
0

0
"
0

 
..

.,
 

)
>

C
"
£

 
...

.. 
--

l 
C(

l 
a

· 
.,

::
,.

 
-
~

!
l
)
 

0
, 

Q
v
lc

:!
: 

+
 z 

.i,
..

 
0 

en
 v

)
 

:::J
 

I\
J 

0 
--

-I 
""

T
l~

 

z C
 

0 r m
 

0 )>
 

0 0 en
 

Pg. 1815



I/O
 

C
O

N
T

R
O

LL
E

R
 

71
 

S
Y

S
T

E
M

 
M

E
M

O
R

Y
 

72
 

A 
A 

D
IS

P
LA

Y
 

A
D

A
P

T
E

R
 

82
 A 

M
O

N
IT

O
R

 
76

 

I/O
 P

O
R

T
 

77
 

C
E

N
T

R
A

L 
P

R
O

C
E

S
S

O
R

 
73

 

P
R

IN
T

E
R

 
74

 

A 
A 

K
E

Y
B

O
A

R
D

 
78

 

FI
G

. 1
25

 

1
0
 

S
T

O
R

A
G

E
 

D
E

V
IC

E
(S

) 
79

 

D
at

a 
C

ol
le

ct
io

n 
D

ev
ic

e 
85

 TA

E
X

T
E

R
N

A
L 

IN
T

E
R

F
A

C
E

 
81

 

75
 

rn
 

in
 

z 0 z m
 

co
 0

3 
C

 
>

 
0 

cn
 

Y
' 

• 
m

u,
-0

0
 

- 
O

N
) 

(1
CD

 0
 

g
,3

>
 

, 
0
 

O
0

) 
5-

▪ 
Z

 
cn

 
o
; 

z
 

0 rn
 

0 6 cn
 

+
 

1/
0 

S
Y

S
T

E
M

 
C

E
N

T
R

A
L 

C
O

N
T

R
O

LL
E

R
 

M
E

M
O

R
Y

 
P

R
O

C
E

S
S

O
R

 

71
 

72
 

73
 

,. 
H

 
·~ 

~
 

• 
,.

 
' 

. 
. 

·~ 
,. 

" 
,,, 

D
IS

P
LA

Y
 

1/
0 

P
O

R
T

 
K

E
Y

B
O

A
R

D
 

A
D

A
P

T
E

R
 

77
 

82
 

78
 

,. '" 

M
O

N
IT

O
R

 

76
 

\_
 10

 

FI
G

. 1
25

 

P
R

IN
T

E
R

 
D

at
a 

C
ol

le
ct

io
n 

74
 

D
ev

ic
e 

85
 

·~ ' ' 
•• 

,,, 
,. 

S
T

O
R

A
G

E
 

E
X

T
E

R
N

A
L 

D
E

V
IC

E
(S

) 
IN

T
E

R
F

A
C

E
 

79
 

81
 

~
 

~
 

0 m
 

--
l 

m
 

;;o
 s: z 

75
 

~ 0 z Q
A

 
""T

l 
--

l 

CJ
) 

rn
g

c
 

:::r
 

)>
 

0 
(/

) 
CD

 
e

n
o

. 
CD

 
m

 ;
; 

--u
 

-
r
S

:
b

~
 

_
.,

o
Q

I\
J
C

D
 

(
.,

)
r
o

0
~

;:
:.

 
...

...
 

; 
=n

 
(.,

) 
)>

 
0 

,-
-
-
-
0

0
"
0

 
..

.,
 

)
>

C
"
£

 
...

.. 
--

l 
C(

l 
a

· 
.,

::
,.

 
-
~

!
l
)
 

0
, 

Q
v

)
c
:!

: 
z 

-i,
.. 

0 
en

 (
.,) 

:::
J 

I\
J 

+
 0 

--
-I 

""
T

l~
 

z C
 

0 r m
 

0 )>
 

0 0 en
 

Pg. 1816



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 138 of 145 

Genomic DNA 
S$ 

 ,GGCC  GGc.c  

Restriction enzyme digestion; e.g. 
hilspl (recognition site CACGS) 

:=V 

Size selection 

DNA end repair and A-tailing 

;X:#),A. 

Ligation with hairpin adapters carrying 5' T 
overhang 

Remove unitgated adapters, linear DNA and 
uncomplete-circular DNA using exonucleases (e,g, 
exonoclease ltl and VII) 

• 

Single molecule,: rest-titre sequencing 

Base modification analysis using IPD, PW 
and sequence context. according to the 
disclosure 

FIG. 126 + 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 138 of 145 

Genomic DNA 
$\,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,CCGt)-,,-,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_CCGG-,-,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,_,CCGG-,-------- 3-, 

3·: :-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:(.1(;(~:(: ·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·:GG·CC :-=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=•=-:-G.S:3t:~C =•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:• 5❖ 

Restriction e-nzyrne <ligesfa)t), e,g. 
~Asp! (recognition site C,-\CGG) 

~~- ~:::~}<} :-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:•:•:• t-(~{;,~\ ·:::· 
-:~·- _::-~~t~C =·=·=·=·=·=•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:• f;<.~~:~ f· 

Ugabon with hairpin adapters carrying 5- T 
overh~f\g 

R.en1ove the unHgate<l adapters, nnear DNA and 
uncmnp!et(H~:kcuiar DNA using exonucleases (e_g_ 
exom.idease W and Vl!) 

8~1se modification analysis usfn9 !PD, P\N 
and sequence context according to the 
ctis.dosi..me 

FIG. 126 

+ 

Pg. 1817



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 139 of 145 

:tititititi, """'!""""""'w•ssw."`, 

low 
Size of Mspl-digested fragments (hp) 

FIG. 127A 

200 400 et i0 

Size of Mspl-digested fragments (bp) 

FIG. 127B 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

<::~ J 
s'-i 

~~~) 

,.:,.,;, ~ .......... 

~1~· 
,,:,.,' 

~ 
9' 
t .. : "'­Q {:"..:-~ .·.x 
... -... :.:,.,:-:- ~ 

~:r ~ 

£ I 

Sheet 139 of 145 

············································································································································································································•-.; 

~ . 

"t, 
.............. ~ • 
...... ❖ > 

x--;.~ ·---~ 
........................................................................................................................................................ 

FIG.127A 

l ,: 

:St.} '. f 
Q 

... _!i:_. J :_:_ 
~ ·, • -~ ........ ~ ... , ........ , .. ~~,, ................................ ~, ....... -..:-.,,, ............ , ............................................ , ...... ,-.:. 
<::~ 

···················:~····················\·····················~····················t····················":: ••• 

FIG. 1278 

+ 

Pg. 1818



ra
n
g
e
s 

(b
p

) 
N

o
. o

f 
m

o
le

cu
le

s 

P
e

rc
e

n
ta

g
e

 o
f 

m
o
le

cu
le

s 
w

it
h
in

 a
 

si
ze

 r
a
n
g
e
 r

e
la

tiv
e

 
to

 t
o
ta

l f
ra

g
m

e
n
ts

 
(%

) 

N
o
. o

f m
o
le

cu
le

s 
_ 

_ 
w

it
h

in
 a

 s
iz

e
 r

a
n
g
e
 

o
ve

rl
a

p
p

in
g

 C
p

G
 

is
la

n
d
s
 

P
e

rc
e

n
ta

g
e

 o
f m

o
le

cu
le

s 
w

it
h

in
 a

 s
iz

e
 

o
ve

rl
a
p
p
in

g
 C

p
G

 is
la

n
d
s
 

(%
) 

N
o
. o

f C
p

G
 

s
it
e

s
 b

e
in

g
 

se
q
u
e
n
ce

d
 

N
a
.

e
 

ra
n

g
e

 
ta

rg
e

te
d

fa
lli

n
g
 w

it
h
in

 C
p

G
 

is
la

n
d
s
 

P
e

rc
e

n
ta

g
e

 o
f C

p
G

 s
it
e
s
 

b
y
 s

iz
e

 s
e

le
c
ti
o

n
 

a
n

d
 fa

lli
n

g
 w

it
h

in
 C

p
G

 
is

la
n
d
s
 (

%
) 

5
0
-2

0
0
 

5
2
6
,5

4
3
 

2
3

.0
3

 
1

0
4

,0
5

9
 

19
,7

6 
2

,3
5

8
,0

2
0

 
8
8
5
,0

4
1
 

3
7

,5
3

 
2

0
0

-4
0

0
 

2
6
9
,5

6
2
 

1
1
.7

9
 

2
3
.9

2
7
 

8
.8

8
  

1
,7

8
1
,5

5
6 

 
35

3,
08

7 
 

1
9
,8

2
 

4
0

0
-6

0
0

 
17

7.
77

6 
7

.7
7

 
7
,3

6
9
 

4
.1

5
1
,4

6
8
,5

6
1
 

10
7,

13
0 

7
.2

9
 

6
0
0
-8

0
0
 

1
3
3
,9

2
7
 

5.
86

 
3.

67
3 

2
.7

4
 

1,
32

6,
54

4 
4

8
,8

5
1

 
3
.6

8
 

8
0
0
-1

0
0
0
 

10
4.

97
6 

4
.5

9
 

2
,1

6
8

 
2
.0

7
 

1
,1

9
3
,2

3
3
 

2
5
,8

2
1
 

2
,1

6
 

10
00

.-
20

00
 

3
1

1
.5

9
6

 
13

.6
3 

4
,5

9
6
 

1.
47

 
4,

61
0,

50
4 

58
,2

88
 

25
,1

06
 

1.
26

 
0
.8

3
 

2
0

0
0

-3
0

0
0

 
1
4
9
,4

6
8
 

6
.5

4
 

1:
7

7
1

 
1.

18
 

3
,0

3
6
,9

5
1
 

3
0
0
0
-4

0
0
0
 

8
6
,7

6
0
 

3
.7

9
 

6
0

9
 

0
.9

3
 

2
.1

6
5

,1
7

1
 

10
,7

85
 

0
.5

0
 

5
0

0
0

-6
0

0
0

 
3

6
.9

3
1

 
1
 6

2
 

26
6 

0
.7

2
 

1
,2

4
2
,7

1
2
 

3,
41

2 
0.

27
 

6
0
0
0
-7

0
0
0
 

2
5

,0
2

7
 

1
.0

9
 

2
0
2
 

0
.8

1
 

94
7,

87
4 

3,
35

4 
0
.3

5
 

7
0
0
0
-8

0
0
0
 

17
.5

97
 

0.
77

 
8

6
 

0
.4

9
 

7
3

6
,8

3
0

 
7

9
1

 
0

.1
1

 
8
0
0
0
-9

0
0
0
 

1
2

,6
5

8
 

0
,5

5
 

7
6

 
0
.6

0
 

5
8
3
,6

8
0
 

99
3 

0
.1

7
 

9
0

0
0

-1
0

0
0

0
 

9
,1

8
4

 
0

.4
0

 
4
8
 

0.
52

 
4

6
1

,9
3

5
 

5
9

1
 

0
.1

3
 

1
0
0
0
0
-1

5
0
0
0
 

2
0
,7

9
0
 

0
.9

1
 

9
7
 

0.
47

 
1
.2

5
5
,7

3
1
 

2,
00

3 
0
.1

6
 

1
5
0
0
0
.2

0
0
0
0
 

5
.1

1
1
 

0
.2

2
 

1
6

 
0

.3
1

 
4

1
4

,4
0

0
 

1
6
3
 

0.
04

2
0

0
0

0
-2

5
0

0
0

 
1
,4

4
1
 

0.
06

 
6
 

0.
42

 
1
4
7
,7

3
1
 

34
 

0
.0

2
 

rn
 

7z
' 

z O
 

z 

(/
) 

co
 0

3 
C

 
>

 
0 

Cn
 

Y
' 

CD
 

m
u
,

-0

o
 
O

N
) 

cp
 

2h
 

:8
 

(t
)

5-

O
; 

z C
 

0 rn
 

0 6 

FI
G

. 1
28

 

+
 

P
e

rc
e

n
ta

g
e

 o
f 

N
o.

 o
f 

m
o

le
cu

le
s 

S
iz

e 
ra

n
g

es
 

N
o

.o
f 

m
o

le
cu

le
s 

w
it

h
in

 a
 

w
it

h
in

 a
 s

iz
e 

ra
n

g
e 

{b
p}

 
m

o
le

cu
le

s 
si

ze
 r

an
g

e 
re

la
ti

ve
 

o
ve

rl
ap

p
in

g
 C

p
G

 
to

 t
o

ta
l f

ra
g

m
en

ts
 

is
la

n
d

s 
{%

) 

50
-2

00
 

52
6,

54
3 

2
3

.0
3

 
10

4,
05

9 
20

0-
40

0 
26

9,
56

2 
1

1
.r

n
 

23
.9

27
 

40
0-

60
0 

17
7.

77
6 

7.
77

 
7,

36
9 

60
0-

80
0 

13
3,

92
7 

5.
86

 
3,

67
3 

80
0-

10
00

 
10

4,
97

6 
4

.5
9

 
2.

16
8 

10
00

-2
00

0 
31

1.
59

6 
13

.6
3 

4,
59

6 
20

00
-3

00
0 

14
9.

46
8 

6.
54

 
1,

77
1 

30
00

-4
00

0 
8

6
J
6

0
 

3.
79

 
80

9 
50

00
-6

00
0 

36
.9

31
 

1.
62

 
26

6 
60

00
-7

00
0 

2
5

,0
2

7
 

1.
09

 
20

2 
70

00
-8

00
0 

17
,5

97
 

0.
77

 
86

 
80

00
-9

00
0 

12
.6

58
 

0.
55

 
76

 
90

00
-1

00
00

 
9,

18
4 

0.
40

 
48

 
10

00
0-

15
00

0 
2

0
,7

9
0

 
0.

91
 

97
 

15
00

0-
20

00
0 

5.
11

1 
0.

22
 

16
 

20
00

0-
25

00
0 

1.
44

1 
0.

06
 

6 

P
er

ce
n

ta
g

e 
o

f m
o

le
cu

le
s 

w
it

h
in

 a
 s

iz
e 

ra
n

g
e 

N
o

. 
o

fC
p

G
 

o
ve

rl
ap

p
in

g
 C

p
G

 i
sl

an
d

s 
si

te
s 

b
ei

n
g

 

(%
} 

se
q

u
en

ce
d

 

19
.7

6 
2,

35
8,

02
0 

8.
88

 
1,

78
1.

55
6 

4.
15

 
1,

46
8,

56
1 

2-
74

 
1,

32
6,

54
4 

2.
07

 
1,

19
3,

23
3 

1.
47

 
4,

61
0,

50
4 

1
.1

8
 

3,
03

6,
95

1 
0.

9:
3 

2,
16

5,
17

1 
0.

72
 

1,
24

2,
71

2 
0.

81
 

94
7,

87
4 

0.
49

 
73

6,
83

0 
0.

60
 

58
3,

68
0 

0.
52

 
46

1,
93

5 
0.

47
 

1,
25

5,
73

1 
0.

31
 

41
4,

40
0 

0.
42

 
14

7,
73

1 

FI
G

. 1
28

 

N
o

. 
o

f 
C

p
G

 s
it

es
 

fa
lli

n
g

 w
it

h
in

 C
p

G
 

is
la

n
d

s 88
5.

04
1 

35
3,

08
7 

10
7,

13
0 

48
,8

51
 

25
,8

21
 

58
,2

88
 

25
,1

06
 

10
,7

85
 

3
A

1
2

 
3,

35
4 

79
1 

99
3 

59
1 

2,
00

3 
i6

3
 

34
 

P
er

ce
n

ta
g

e 
o

f C
p

G
 s

it
es

 
ta

rg
et

ed
 b

y 
si

ze
 s

el
ec

ti
o

n
 

an
d

 f
al

lin
g

 w
it

h
in

 C
p

G
 

is
la

n
d

s
(%

) 

37
,5

3 
19

.8
2 

7
.2

9
 

3.
68

 
2.

16
 

1.
26

 
0.

83
 

0.
50

 
0.

27
 

0
.3

5
 

o.
·1

1 
0.

17
 

0.
13

 
0.

-1
6 

0.
04

 
0.

02
 

0 m
 

-
l m
 

;;o
 s: z )>
 

:::!
 

0 z Q
A

 
""T

l 
-
l 

CJ
) 

rn
g

c
 

:::r
 

)>
 

0 
• 

CD
 

e
n

o
e

n
 

CD
 

m
 ;

; 
:.i 

-
r
S

:
b

~
 

_
.,

o
Q

I\
J
C

D
 

.,
::

,,
.r

o
o

o
o

::
:J

 
o

-
-
.
i
,
.
.
-

!l
) 

""T
l 

v
)
 
)>

 
0 

,
-
0

0
"
0

 
..

.,
 

)
>

C
"
£

 
...

.. 
-i

 C
(l 

a·
 

.,:
:,,

. 
-
~

!
l
)
 

0
, 

Q
v

lc
:!

: 

+
 

z 
.i,

.. 
0 

en
 v

)
 

:::J
 

I\
J 

0 
---

1 
""

T
l~

 

z C
 

0 r m
 

0 )>
 

0 0 en
 

Pg. 1819



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 141 of 145 

0 
0 

0 8 .3. 

a Ut 

,..xx ..... 

O O 0 

O C x
x s.,,. ....., ,,, ,e. •,., '. '" 

tI0 7/1 

,,, Accii-digested 

--- Mspi-digested 
CL5 C s 

, , , Combined 

200 400 600 800 1000 

Size of fragments (bp) 

FIG. 129 + 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 141 of 145 

~ .............................................................................................................................................................................................................................................................................................................................................................. .. 
__,, l l 
0 

. 

0 
{O 

0 
N 

O» 

' . . . .... )I,.< ... 

v+>,,"',;:'#',,>-'"t(V ... ,t,)<)."""'"''(VY ... +,t,,t,-.,, 

V;,. "' "'° A 

:,,;A ,»to )Ml" ,M,ls ,W,, ·:«t>· :,W -.l«" ~ .,w,; )!Nr,,· 

~~~ 

. ,..,. 
,(', . .,; ;· 

./' 
; 

,,,, "" ... 

# ,w, '('I+.,#< 

, .,.,,., ... ,...,, A4sp!~dig-ested 

Cornbine<l 

~ ~ 
----------------------------->-,>---------->>------------------>-,->---------------->>------------>-,>--------------------->>-->>---->,>-------->>-------------------->-,/-----' 

~ ~ ~ ~ ~ 

200 400 600 800 1000 

Size of fragrnents (bp) 

FIG. 129 

+ 

Pg. 1820



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 142 of 145 

-raCC 

Genomic DNA 

' 
  5' 

  Restriction enzyme digestion, 0.9„. 
Msoi (recognition site CCGG.). 

• Size selection 

ri 
Ligation with hairpin adapters which canying 
a 5' overhang or CS 

Cleanup of adapters or adapter dinners 

Remove the untigated adapters., line DNA 
and 1,4ncomplete-dimuku DN₹A using 
exonucleases(e.g, exonuolease and WO 

Single molecule, real-time seqaced 

Base modification analysis using PW 
and sequence context a000rd€ng to the 
disclosure 

FIG. 130 + 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 142 of 145 

Genornic DNA 

Res:tfidkm imzynw dig-e~fa:m, e.fl 
Ms:p! {reco--grdion s:tte C>"CGG) 

~:· t:~~<~ •: 
:r t: •:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-· <.~\~<.~ ::;· 

-~trr❖-

Ugatkm with h~kpin ~d~pter:s \",;'hkh t:~nying 
~ 6' o,,~rhRn-g of CG 

oeanup of $tlaptern or ad$ptef dimers 

·il@~~---
Rerno-.-~ t!-w unhgf{tfd ,Mfapters, lirWf{t DNA 
and w1ctm'ipi~~%-drnu!ar DNA, lJSing 

l~ionuclt~~tStt$ {f.ttl- (t~{)fH.lZ~i~~i~St~ H~ ~~fHJ \lH} 

B-a$t~ rnochfo::..:ifa:m linaly$1S tisinH iPO, PVV 
i~nd seqti~mt:et:tmtext i~~z:on:Hng to tht~ 
disdo:sum 

FIG. 130 

+ 

Pg. 1821



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 143 of 145 

Genamic, DNA 

CSC  

Restriction enzyme digestion, es.. 
Ivisp1 (recognition site .CACGG) 

Size selection 

Ligation with.. osoho€ytat
adapters which can-yin a 5' overhang of CG 

Cleanup of the adapters 

Phosohoryiation and nick sealing 
by DNA iigase 

• 
rsz 

Rerro e the onligated adapters, linear DNA and 
€womplateseitt uiat DNA using exonuoieeses 

(e, g, twonuctease In and '0) 

Singie molecule, plat€me sequelci 

gas, modification aria Ms using 1P D, PW 
and sequence context according to the 
disclosure 

FIG. 131 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 143 of 145 

Genomk~DNA 
S' =-:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•=-ccz;c..i ·•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•C·cGG ·.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ,_,_,_, __ ,,h.,. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

3 ~ .·.··················································'\3t}CC~ :•=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·={ ... 1(St::•(; •:•=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=•:{3{.3C(: 

Restriction i;Wi.zyme dlge:stkm. e,g. 
-,{l;[t- t):'1:sp! (recognition ~de C'"'CGG} 

<i~ls-

Ugation -.:o-,.-ith <fo,prmsphmylated hakptn 
~)tfapt-er:s-,,vhh::hc~1tr/in9 a S' <iv«:rh~mg d CG 

CleM)UJ} of Hw ;;)d~)f~hMS 

.,_•❖~X 

!It. 
Phosphoryiafa:.m an<l nick sealing 
by DNA !igase 

RernO'ie the lmH9.,ited .,idtiptets, hn~i.V DNA ~~nd 
zmcornplete,-cin:; 1J~r DNA using extmi..Kk.fases 
fe,g. exnm.tel-aas-a m and VH} 

~ff~l,· ............ 

Base rnodificatbn anatysis using 1PD, PW 
.,md M~zwence coMext >\.),~t,xdin.g t❖ the 
disc!OStH\~! 

FIG. 131 

+ 

Pg. 1822



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 144 of 145 

vv 

58 

Suffy coat Placenta 
samples samples 

FIG. 132 

70 

68 

62 

60 

+ 

U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 144 of 145 

;""""""""""""""""""~~~~~~~--;;:,~:"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""; 

,,,1 r,,,,,,,,,,,,c;,,,,,,,,,,,,,,l I 

~ t,,,,,,,,~~~~-...1\'"""""""""} ~ 

I I 
'\,'\,'I,-:: ~ 

• • 
~ I 

1 ,,,,,,,,,,,,,,, latift:"""""'" 1 ~ ,. ................. -~···········~ ~ I , ",:$"" } I 
"-.,, ........................................................................................ ~ .... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~~"""""""""""""""""""""""""""""""""""""""""""""""'' 

~ ~ 

C)i *f:t"v ~-I'\-~~* ni><:~_.f"':~r""h~ 
OY. t; vvgt r J,g:,.,~, n:cJ 

e:arf1t'l!~e s~n,,11°~ ~(.: ____ t""-~~ ...,,~t f'<"' ¥5 

FIG. 132 

+ 

Pg. 1823



U.S. Patent Application 
KT 080015-028430US-1343271 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 
Lo et al. 

Sheet 145 of 145 

0 0

C 

.,. : :...: : . , vim'.' 4,:st. A 

M M . Ctt 

4.  • Nekei ,..e

,..,•' 
• ' , 1 4 ... . V4 ?lox,: ',tic. 4:;‘, 

....k

Ol  CO CO OD a)

FIG. 133 +
 

"T
l - G) ~
 

w
 

w
 

0 

H
t1

ig
ht

 

~
f'

1
 

:,
.}

V
 

10
.f_

n_
 

~
v

v
 

15
0 

t ..
....

....
....

....
....

....
....

....
. f ..

....
....

....
....

....
....

....
....

. ;1
 ....

....
....

....
....

....
....

....
... J

 ....
....

....
....

....
....

....
....

 ;, 
t'.

"H
«,

c1
:M

;,f
.,,

,-,
 
~
 f
\ 

F
 {

<:
J.

 
---0

~ 
h,

<:
~ 

l 
\
l
 .,

,,,
,,,

,,,
,,,

,,,
,, 

D
j':

':.
7'

"-
i:'

:..
,,,

 !::-
4 

l,,
,,

,,
,,

 
r 

t.
xv

0f
 !f

r.x
 

· ·
 -,

,,,
,,,

,,,
,,,

,, 
i 

f 
·W

h
. 

}.
 

~ 
~ 

~
 .. h

 
~ 

!"
Ji

 
t 

-
"7" 

::: 
• 

r 
i9

C
®

t'h
.H

 
,,

,,
,,

,,
,,

,,
,J

 
1 

.,,
,.;

,;,
., 

~
 

r'
.'

ll
/~

_
("

-h
:(

,;
f/

X
: 

:".
1 

i 
r,.

 ~ ~
~
:
f
~
 t 

~ lt
J:

 
:t:J

 .,.
,.,.

,.,.
,.,.

,.,.
,.,.

,.,.
,.,.

,.,.
j 

~ 
.....

.. ,z
. 

I~ 
f ·

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
····

····
·-~

 
D

j':
':.

Z*
K

:.t
"'

<l
·l'

":
. 

:'t
 

i 
' 

, 
r·

 t
,3

'.
v

v
t 

~i
~;

.J
 

~ 
.. /.,

,.,,.
,,.,,

.,,.,
,.,,.

,,.,,
.,,.,

,.,,.
,,.,,

.,.,,
r~ 

~ 
~ 

l"
J:

l~
,,

 1
:,

~J
-«

 ,✓/
,2 

J j
 

j 
j 

r 
i c

-:t
s~;

-c 
f 

~ t
8

 
,.,.,.,

.,.,.,.
,.,.,.,

.,.,.,.
~ ~ 

~ 
~ 

~ 

·.
;
 /

. 
-~

-
-
··

l/
. 

'U
N

 
. 

t( 
L,.,

.J 
~ 

P
ii1

C
f}

t1
til

 
8 

,,,,,
,,,,,

,d 
i 

i 

-~
-

• 
~ 

f/
•;

;,
W

• 
1 

I 
P:

lac
.er

,~J
l 

.:, 
.. ,.,,.,,.,,.,,

.,,.,,.,,.,,.,,
.,,.,,.,,.,,.,,

.,,.,,., ..... 
~ 

~ 

-.-
~-

. 
--

t 
,,,

,1
1 

Jl 
I 

P
hl

t;
,®

th
-8

 
·M

' ,
,,,

,,,
,,,

,,,
 

i 
i 

...
 

; 
/.

 
....

. 
. 
..

 *
,/

, 
.•,

:,:
,:.

-. 
. 

~
:-

.-
.-

,.
} 

~ 
P

ia
(.

:t
1n

ta
 
6 

,,,,,
,,,,,

,;. 
i 

Bu
ff-

v 
(;

o
a
t,

;;
;B

 ,
,,,

,,,
,,,

,,,
,,,

,,,
,,,

,,,
,,,

,,,
1.

 
1 

,J
.Y

.,:
.-,

.· 
.z,

:.-
,.-

~ ~ 

Bt
..rf

ry 
c-,

,oa
t 

2 
,,,,,,

,,,,,,
,,,,~

 
~,,,

,,,,,
,,,,,

,,,,,
,,,,,

,,,,,
,,,,,

; 
.•

 
.•

.l
'.

l'
.U

 
• 

• 
'N

.h
 

i;
,;

,;
,;

,;
,;

,;
,;

,;
,;

,;
,;

,;
,)

 
~ 

B
uf

fy
 o

oa
t 

6 
,,,

,,,
,,,

,,,
,J

 
1 

-
.
,
 

_ 
;
{
:
 

; 
.
,
,
,
,
,
 

-
. 

,
,
,
.
 

-
u

u
 •
. 
jf

. 
1 

B
th

fy
 (

,;
Q

f,
tt

, 
~ 

,,,
,,,

,,,
,,,

,,,
,/ 

? 
r.~

 
, ·f

f,
 W

h
 

-
_ 

_ 
.,

,,
,_

(
;.

' 
~

;
;
;
;
;
;
;
;
;
;
;
;
;
;
,
)
 

1 
0

1
.,

h
(t

 
oo

at
 -

o 
,,,,,

,,,,,
,,,,,

,,. 
i: 

i 

Bu
ff-

·· ,
,,,,

r;o
at,

,,,,
9 

""
""

""
j 

I 
I 

, •
 ¥

.¥
.:,

,,,
· 

• 
,,,

 
,,,

, __
 ,. 

L,,,
,,, 

t,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

,,
, 

f3
U

nY
.,,f

X
>f

1t
,,,,

 7
 ,,,

,,,,,
,,,,~

 
l 

! 
B

f¥ 
.I-

~
-
'
 

~ *
 /'

sJ
 

.{
"'

-:
A

 {::
's:t

 
1 i"

J 
.-,;,,;

,,;,,;,
,;,,;,,

;,,;,,;
,,;) 

~ 
@

 
:
:
 
-~

,,
,,

..
_

;v
~

 ,,
t,, 

;l
 

r
,,

,,
,,

,,
,,

 

ou
ny

,,,
,r;

0a
 ,,,

,:~
f 

""
""

"'
"}

 
l 

. 
..

..
 

..
..

 
~,.,

.,,.,
,.,,.

,,.,:
:: 

!'
%

, 
;{

;{
; 

,.·
 

-~
-
t 

4 
1 

g
tJ

g
V

 
O

O
d

 .
 ___ ·

 __ -_
 . .

,,,,
,,,,

,,d
 

J
.,

 .... ,
. 

. ....
.. ,.

 

0 m
 

-I
 

m
 

;;o
 s:: z ~ 0 z Q
Q

 
C/J

 
C

J
~

C
 

::::
r 

)>
 0

.
 

CD
 

en
o

en
 

CD
 

m
 ~
 ~
 

-r
S

::
6

!a
 

..
.a

.O
O

"
'C

D
 

.,
:i

,.
c

o
o

c
o

::
:,

 
U

I 
; 

:;
, 

c'_
;; 
►
 

0 
,-

c
5

0
-
o

 
""

" 
)>

C
"
E

. 
..a

. 
--1

 C
f> 

,r 
.,:

i,. 
-

_
. 

D
l 

,.
. 

0 
(,.)

 0
: 

...,
, 

z 
~
 

0 
en

 w
::

:,
 

"' 
o

--
.i

 
"T

l 
..

. 

z C
 

(
)
 

r m
 

0 )>
 

Q
 

0 en
 

+
 

Pg. 1824



Doc Code: TRACK1.REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: Yuk-Ming Dennis Lo 

Nonprovisional Application Number (if 
known): 

Title of 
Invention: DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. "I Original Application (Track One) - Prioritized Examination under § 1.102(e)(1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. ri Request for Continued Examination - Prioritized Examination under § 1.102(e)(2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature /David D. Hsu/ Date 8/19/2022 
Name David D Hsu
(Print/Typed) . Practitioner 71 , 659 Registration Number 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiple forms if more than one signature is required." 

1 
V "Total of forms are submitted. 

Doc Code: TRACK1 .REQ 
Document Description: TrackOne Request 

PTO/AIA/424 (04-14) 

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION 
UNDER 37 CFR 1.102(e) (Page 1 of 1) 

First Named 
Inventor: 

Yuk-Ming Dennis Lo I ~iii~~~isionalApplication Number(if I 
Title of 
Invention: DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR 
THE ABOVE-IDENTIFIED APPLICATION. 

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in 
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met 
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee, 
and examination fee are filed with the request or have been already been paid. I understand 
that any required excess claims fees or application size fee must be paid for the application. 

2. I understand that the application may not contain, or be amended to contain, more than four 
independent claims, more than thirty total claims, or any multiple dependent claims, and that 
any request for an extension of time will cause an outstanding Track I request to be dismissed. 

3. The applicable box is checked below: 

I. [?] Original Application {Track One) - Prioritized Examination under§ 1.102{e){1) 

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a). 
This certification and request is being filed with the utility application via EFS-Web. 

---OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111 (a). 

This certification and request is being filed with the plant application in paper. 

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each 
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is 
filed with the application. 

II. 0 Request for Continued Examination - Prioritized Examination under§ 1.102{e){2) 

i. A request for continued examination has been filed with, or prior to, this form. 
ii. If the application is a utility application, this certification and request is being filed via EFS-Web. 
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111 (a), or is 

a national stage entry under 35 U.S.C. 371. 
iv. This certification and request is being filed prior to the mailing of a first Office action responsive 

to the request for continued examination. 
v. No prior request for continued examination has been granted prioritized examination status 

under 37 CFR 1.102(e)(2). 

Signature/David D. Hsu/ Date 8/19/2022 

~p~~~Typed) David D. Hsu Practitioner 71 659 
Registration Number ' 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. 
Submit multiole forms if more than one sianature is reauired. * 

~ *Total of 
1 

forms are submitted. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of 
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) 
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the 
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or 
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or abandonment of the 
application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from 
the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes 
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 
218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under authority of 
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such 
disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a 
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record 
was filed in an application which became abandoned or in which the proceedings were terminated and which 
application is referenced by either a published application, an application open to public inspection or an issued 
patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Attorney Docket No. 080015-0284 t0US-t199353 
Client Ref No. 19/MED/90 I US Reg 

PTO/AK/01 (06-12) 
Approved for use through 01/31/2014. OMB 0651-0032 

U.S. Patent and Trademark Otlim U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 01 information unless it displays a valid OM13 control number. 

tr- DECLARATION (37 CFR 1,63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: LI The attached application, or 

i United States application or PCT international application number 10/995,607 

filed on August 17, 2020 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application tile and therefore are not publicly available. 

LEGAL NAME 

Inventor: 

Signature: 

OF INVENTOR 

:.-   Date (Optional) : YukMjag Dennis La ____ _ 
. .- ,,..•-• 

 ' - .. 

Note: An application data sheet (PTO/S13/14 or equivalent): including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/AIA/01 form for each additional inventor. 

This coilecticn of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The Information Is required to obtain or retain a benefit by the public wnich is to ac (and :IV 

USPTO to process) an application. Confidentiality Is governed by 35 U S.C. 122 she 37 CFR 1.11 and 1.14. This collection Is estimated to lake 1 minute to 
complete, including gathering, preparing. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of lime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer. ELS 
Patent and Trademark Office, U.S. Deportment of Commerce, P.O. Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, cal: ii-Ein0.P1O-9199 and seiect option 2 

Allorney Dockcl No. 0800 J 5-0284 !OUS-l J 99353 
Ctient Ref. No !9/1v!ED/90l US Reg 

PTOIAIN0·J (06-·J?) 
Approved for use tl1mugt1 011311,!014. 0MB 0551-003?. 

U.S Patef\l and Tra,iernark O~ice; U.S. DEPARTMENT OF COMMERCE 
Under the Paper11.rork Reduction Act ot 1995. no persons are required to rn~pond to a co!lectiuri ot information un1ess it disoiavs a valid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPUCAT!ON DATA SHEET {37 CFR 1.76! 

TitlE: of 
invention 

DETERMINATION OF BASE MODlFiCATIONS OF NUCl.EiC ACIDS 

As the below named inventor, I hereby declare that: 

1 his declaration 
is directed to: □ The attached application, or 

12<1 United Slates application or PCT international application number 16/995,607 

filed on August 17, 2020 

The above--ideniified application was made or authorized to be made by me. 

l believe that I am the original inventor or an original joint inventor of a claimed invenlion in the application. 

i hereby acknowledge that any wi!lful faise statement made in this declaration is punishable under, 8 U.S.C. 100'1 
by fine or imprisomneni of nol more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submiHinti personal information in documents filed in a patent appiication that may 
contribute lo identity theit Personal information such as social security numbers, bank account numbers, or credit card numbers 
(ott1er than a check or credit card authorization form PTO--2038 sut;mitted for payrnenl purposes) is never required by !he USPTO 
to support a petition or an application. If this type of pt,rsonal information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such persona! information from the documents before submitting them to the 
USPTO. Peti!ioner/applicant is advised that the record of a patent application is available to the public after publication of !he 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
pale11L Furthermore. the record from an abandoned application may also be available to the public if the application is 
referenced in a publist1ed application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 subrniHed for navment purposes are no! re1ained in the aopHcaiion file and therefore are not oublidv available. 

LJ:CGAL NAME OF INVENTOF-< 

Date (Optional) : _________ _ 

I 
Note: An application d;;iia sheet (PTOISB/14 or equivalent),\1cluding naming the entire inventive entity, must accompany this form. 
Use an additional PTO/AiNfJ-1 form for each additional inver.tor. 

This ca:lect:on o! informat,on :s required oy 35 U.S.C. ·115 ana 37 CFR 1.63. Tne mfmmation 1s required to obtain or retain a benefit by ,t,e public w:1,ch 1s to r,:e (irnd i;y 
tne USPTO to prncsss) an applicatiort Confidcmtiatiiy is governt:"H.i by 35 U S,C. i2~: and 37 CFR 1.11 and 1. i4. This collection is estimated to take 1 minute to 
cc,mp!ete, inducting gathering, preparing, and submitting the c0o1~pleteti applic:.,.t;on form to the USPTO, Time wm va;y rJeoenc-;!ng upon t11e ind!vidua! case. Any 
comment~ on the arnount cfUme you require to complete th!s form and/or suggestions for reducing this tJuri::len, shoutrJ be sent to the C~;lef information Off!C;er, U.S 
Patent and Trademark Office, U.S. Dcpm1rnrnt al Corr,rnerce, P.O. Box 1450, Alexandris1. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO l HiS 
ADDf,ESS. SEND TO: Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in compkiHng the form_, c?.f: 1-,800-P"i0--9i99 <.ind select option 2 

Pg. 1827



Attorney Docket No. 080015-02841011S-1199353 
Client Ref. No. 19/MED/90 I US Reg 

PIO/AVV01 (06.12) 
Approved for use through 01/31/2014 OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMF.RCE 
tinder the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMO control number 

C. DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

\,  APPLICATION DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

DETE_RM€NATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

As the below named inventor, I hereby declare that: 

This declaration 
is directed to: O The attached application, or 

i  United States application or PCT international application number 16/995,607 

filed on August 17, 2020 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by line or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form P1O-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO. 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

t.EGAL NAME 

Inventor: 

Signature: 

OF INVENTOR 

Kassa Wailtyciaciliu 
--) 

Date (Optional) :.... 

f ' 
 , () 

.. . . 
i I 

Note: An application data sheet (PTO/SR/14 or equivalent), including naming the entire inventive entity, must accompany this form. 

Use an additional PTO/AIA/01 form for each additional inventor. 

. . . . _ .. 
This collection a of information required by 35 U.S.C. 115 arid 37 CFR 1.63. The information is required to obtain or retain a benefit by the pti c is to t e 

the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 arid 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to 

complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time wit vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 

Patent and Trademark Otfice, U.S. Department of Commerce. P.O. Box 1450. Alexandria, VA 22313.1450. CO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
It you need assistance in completing the farm, cat 1-800•PTO•9199 and select option ?. 

,\llorney Dm:k~t No. 0800l5-0284lOUS-·i 199353 
Client Ref. No. l9/MED/fJQ I US Reg 

PTO/i\lN01 (0612) 
Approved for use lhrougi1 01/31/201-1 OMH 0651-on~,~­

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under lhe Paperwork Reduction Act cf 1995, no pemons are reqiJired lo respond to a collection of information unless it displays a valid OMS control numti,:r 

DECLARATION (37 CFR 1.63) FOR UT!UTY OR DESIGN APPUCAT!ON USING /\N 

APPUCATiON DATA SHEET {37 CFR 1.76) 

Title of 
Invention 

DETERM!NATION OF BASE MODIFIC,'\TIONS OF NUCLEIC ACIDS 

As the below named inventor, ! hereby dE,clare that: 

This cieclarniion 
is directed lo: D The attached application, or 

i;;,J United States application or PCT international application number 16/995,607 

filed on August 17, 2020 

The above-identified application was made or authorized to be made by me. 

I be!leve !hat I am ihe original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge !ha! any willful false si,3tement made in this declaration is punishable under 18 U.S.C. 1001 
by line or imp1·isonment of not more than five (5) years, or both. 

WARNING: 
Petitioneriappiicani is cautioned to avoid submi!ting pBrsonal information in documents fiied in a patent application !ha\ may 
con1ritiute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(o!her than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before 1,ubrnitiing them to the 
USPTO. Petitioner/applicant ls advised that the record oi a patent application is available to the public after publication of the 
application (unless a non-pub!ication request in compliance with 37 CFR 1.213(a) is made in ihe application) or issuancE, of a 
patent. Furthermore, the record from an abandoned applicBtion may also be available !o the public if the application is 
referenced in a published application or an issued patent (see 37 CFR i .14}. Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and H1erefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Date (Optional) : __________ _ 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an addition8I PTOl/'>.IA/01 form for each additiomil inventor. 

TIHs co!lechon of inforrnat:on 1s requ1red by 3b U.S.C. 1 ·1 fa and :3/ CFR i .63, The !nformatl!Yi 1s reqwred to obtam or rt~tain a t1eneflt by t.he pul1hc which 1s to fi:e {arnJ t:,y 

the US PTO to proces,) a~ appii~.a!ion. ConficJ,,ntiality is governed by 35 U.S.C. ·122 and :;7 CFR 1.11 and 1.1,t This eoilection is estimated to take 1 minute to 

ccmp!ete, including gatheringt preparing, and submitting the completed application form to the US PTO. Time wil! vary depending upon the ind!vi,jual case. Any 

comments on li1e amounl of lime you require to complete this tom, and/or suggestions for reducing this burden, shou!d be se;;t to the Chie! lniormation Officer, U.S. 

Pat13nl mid Trademark Office, U.S. Department oi Commerce. P.O. Bux 1450, i\lexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THiS 

,\ODRESS. SEND TO: Commissioner for Patents, P.O. Sox 1450, Alexandrifl, VA 22313-1450. 

If you need assistance in completing th(; furn,, call 1-SOG-PT0-9199 and select op\inn 2 
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Attorney Dc eket Nu. 0800154)284 I0US-1199353 
Client Ref No. 19iMED/901 US Rem 

PTO/AEA/0i (13£42) 
Approved for use through OrvIB 0651,-0032 

Patent and Tradmalle, Office; U.S, DEPARTMENT OF COMMERC 
Under the Papemork Reduction Act of 1995, no persons are required to respond to a collection of information unlees it displays a valid OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET 37 CFR 1.76 

Title Of DETERMINAT€ON OF BASE: MODIFICATIONS OF NUC€_EIC ACIDS 
Invention 

As the below named inventor, l hereby declare that: 

This declaration 
is directed to: F) The attached application, co 

0 United States application or POT international application number 16/995,607 

filed on August 17; 2020 

The above-identified application was made or authorized to be made by roe. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willfu€ false statement made in this declaration is punishable under 18 U.S.C. 1001 
by tine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/app€icant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the usp-ro 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPIO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 

USPTO. Petitioner/applicant is advised that the record of a patent application is available to -the public; after publication of the 

application (unless a non publication re Vest in compliance with 37 CFR 1.213(a) is made in the application) or iSSUanCe of 3 

patent. Furthermore, the record from an abandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publ€cl=y' available. 

LEGAL. NAME OF INVENTOR 

inventor:  Kwan Cher •t ian .    Date (Optional).:. 

Signature:  • ',•• (_,-., , 

Note. An application data sheet (PTOI$8114 (sr equivalent), including naming the entire inventive of  must accompany this form. 
Use an additional PTO/AIA/01 form for cacti additional inventor. 

This collection at intonation is requiter by 35 U.S.C. 115 aid 3/ el- N 1.63, 'fife infoimation is required to obtain or retain a benefit by the public whmon is. to frle tam 07 

the USPIO to process) an application. Confidentiality io governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated is take 1 minute to 
complete, includifig gathering, preparing, and st:bmitrino the completed application form to the USPTO. Time wit! vary depending upon the Individual case. Any 
comments or Me amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Oflitef.:UB, 

Patent and Madman( Oinim,.U.S..Departmeni or ComiTt.eri;e..P.Q. BOX 1459, Alexandria, VA 22313-1450. DO NOT SEND F•U.,:S (..k COMPLETED FORMS TO Thila 
ADDRESS. SEND TO: Commissioner ter Patents, P.O. Box 1450.Alexandria, VA 22513-1450. 

Ityou need assistance in completing the lucre, 001114100-PT0.•9199 and salW.opffpn 

i\HornGy Dod,ct Nu. (l80015-0284l0US-l !99353 
Ci icnt RrJ No. J 9/MED1% i US fkg 

PTO/Al~./01 (06~1:.!) 
Approvi:d tor use ttuovgh n 1i~i1/2014. 0MB osS1 .. on:>:.? 

U.S. Patent <lnd Tradcmmk Offi-:e; V.S, DEPARTMENT OF COMMU~CF 
Under !he Paperwork Heti,,clion />.ct ,,f 1995, no persons are ;equired to re:c<pond to a coliection o! information unle:,S it ,:Jisplays a vulid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 1.76} 

Title of 
!nvE:ntion 

DETERMIN.A.TION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

;.\s Hie below named inventor, I hereby declare that: 

This dedaration 
is directed lo: Cl The attached applicallon. <H 

rn UnltE,d States application or PCT international application number 16/995,607 

filed on August ·17, 2020 

The above-identified application was made or authorized to be made by me. 

i believe that i am UH:> original inventor or an origioa! joint inventor of a claimed invention in the application. 

I hereby acknowledge that m1y willful fals;J statement made in this declaration is punishable under 18 U.S.C. 1001 
by line or imprisonment of not more than five (5) years, or both. 

\/\!ARNING: 
Petitioner/applicant is cautioned to avoid submi!ling personal information in docurnents flied in a patent application !hat may 
contribute to identity theft. Persona! information such as soc:iai sec;urity numbers, bank account numbers, or credit card numbers 
(olher than a check or credit card authorization form PTO-W38 subrnittrn:! for payment purposes) is never required by' the USPTO 
lo suppmt a petition or an application. If this type of personal 1nforrnation is included in docurnents subrni!ted to the USPTO. 
peti!ioners/app!k:ants should consider redacting such personal information from the documnnts t1Hforn subrniiiing them to U,e 
USPTO. Pe!itionerlapplic:ant is advised ihat the record of a patent app!,cation is avai!ab!e to the public after pubiicalion of the 
appiication (uniess a non-publication request in compliance with 37 CFH 1.213(a) is made in the application) or ismmncE: of a 
patent Furthermore, the record from an abandonrn:i application may also be ava.Uable to ihe public if the application is 
ieferenced in a published application or an issued patent (see 37 CFR 1. 14). Checks and credit card authorization forms 
PTO.2038 submitted for payment purposes are not retained in the 9~p!lcaHon fiie and therefore are not publiciv aval!able. 

LEGAL NAIV1E OF INVENTOR 

Dale (Oplional) ·---···················----

Note. An application data sheet (PTOISFJ/14 or equivalent), including naming the entirn invenli11e entity, must. accompany this form. 
Use ari ,Riditional PTO/AIA/01 form for eac,i add,tiona! inventor. 

rtus co!techon -.1f informauun ls <i.:."qUi(8d by 35 U.S.C. 1 ·1 & ~.mct 3i CFI~ ·; .Et3, fhe miormation 1s r6qwreti to obtain o:- teta:r. 3 berR:flt by the public vvh1ct1 is lo f:le (anti l');/ 

the USPTO tc- proces3) en application. Confic:!ential!ty ir, governed by 35 U.S.C. ·122 and 37 CFR ·1.11 and 1.1,;_ Tt1h~ CQifecUon ls astimated fc take 1 m!nute- to 
compiele, including gathering, preparing, ancl sut)mitling the mmpleted applir:ation form tn ti10 USPTO. Time w;li vmy depending upon lhe individt:a! case. Any 

comments r;r, t~,e <1mount of tim,, you require to complete this ~Jrm and/or suggestions for reducing this tJurden, should bo sent to the Chief Information omce,·, U.S. 

Pa:ent ancl Trademm~ Office, U.S. Department <)f Comme;<~e. P.O. !lox 14/li). Alex~nd,ia, VA ?.?.313-1450 DO NOT $£ND FEES OR COMf'l.E:Tl:D f'ORMS TO THIS 

ADDRESS. SEND TO: Cornrnissioner for P:itents, P.O. Box i450, Alexandfla, VA 2231:~-·1450. 
If yoll rn,ed assistance in conipleling the form, call 1-!lOCH'T0-Gi99 and wicc: opilon 2. 
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Attorney Docket No. 0&0015-0284 99353 
Client Ref No. 1911vIED/001 US Rep, 

PIO/Mini (nti,,iz 
Approved for useithrotigh01731/20:14, 9651-9032 

U.S. Patent and Trademark Orriot; U.S. DEPARTMENT 0f COMMEKE 
Under the Paperwork Reduction Act of 1996, no persons are required to respond to a (toilet:don of information unless it displays a valid OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

\„._ 
Title of 
Invention 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEiC ACIDS 

As thetelow named inventor, I hereby declare that: 

This declaration 
is directed to: O -r he attached appiication,. Or 

0 United States application or PCI international application number 16/996,607 

filed on August 17, 2020 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

i hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by tine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant:is cautioned to avoid submitting personal information in documents filed in a patent application that May 
contribute to identity thef€. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USFTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the. 
application (unless a non-p:ublication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance pt a 
patent. Furthermore, the record from an £bandoned application may also be available to the public if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME 

inventor: 

Signature. 

OF INVENTOR 

Peiyong  Jiang_   Date (Optional) : 

S'  

,o.r.'N  : .4 A 
:  e ,.,,,,_ , . . -i-k ---, , 

.. z' 

Note: An application data sheet (1310/SE3/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PIO/AINO1 WM for each additional inventor. 

APPLICATION DATA SHEET £37 CFR 1.76) 

This or information is required by 96 U.S.C.11.5.and.37 GPO tea 'Ow information is required to obtain or retain a benefit oy the puolic which iS to the (and by 

the USPTO to process) an application. Confidentiality is governed by 55 S.S.C. 122 and CFR 1.1 i and 1.14, this collection is estimated to lake 1 minute to 
oorholeta, includirtg gatheririg, preparing, and etibmilting the oornpieted applioation forms, to fhb USK°. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this torn and/or suggestions for reducing this burden, should be sent to the Chief InformationOtiteer,D,S, 

Patent and Trademark Office, U.S. Department or.Commer4e P.O. Box 1450. Alexandria,. VA 22:ila-1460. JO.NOT SEND FtEs Oa COMPLETED FORIStS TO THIS 
ADDRES:$...SND TO: Commissioner fOr Fatents, P.O..B.ox 1450.. Alexandria, VA 22313-14W: 

II you need assistance in oornpletirig the tort, nog 1-non-PTO-OM and.sereet option.;.. 

A!tomcy Durkct Nu. 080(); 5-Q.2.84 i (JlJS• i i 99353 
Client Rrf No. !9iMED/90J US Reg 

PlO!A!l-\!01 {Ofi--1'J.} 
Approved for use th,ough 011:\1/2014. 0MB 06t,1-0<J:l2 

U.S. Patent and Tredcrnari\ Office; U_S. DEPARTMENT OF COMMEisCE 
Under Hue PapErwcrk Hedt:ct;on Act of 1995, no persc.ms are requfr,e<J to respond to a coHection of informaiion unless it disp!ay·s a vatid 0MB conircl numbc·:·, 

DECU\RAT!ON (37 CFR 1.63) FOR UTIUTY OR DESIGN APPLICATION USING AN 

APPUCAT!ON DATA SHEET (37 CFR 1.76) 

Title of 
Invention 

DETERM!NATION OF BASE MODIF!CA T!ONS OF NUCLEiC ACIDS 

As the below named inventor, I hereby declare that: 

This declaration 
is directed io: □ The attached appilcation, or 

,~ United States application or PCT international application number 16i995,607 

filed on August ·17, 2020 

The above-identified application was made or authorized to be made by me. 

I believe tr1at I arn the originai inventor or an origina! joint inventor of a claimed invention in the application. 

i herd)y acknowledge that any willful false siaternent made in ihis declaration is punishable under 18 U.S.C 1001 
by tine or imprisonment of oat mom than five (5) yi~ars, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid subrniUing pem;onal information in documents filed in a patent application !hat rnay· 
contribute to identity theft. Persona! information such as soc;iai security numbers, bank account numbers, or credit card number:; 
(other than a check or credit card authorization form PTO-2038 submittBd for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal 1nforrnation is indud;id in documBnts subrnilted to the USPTO. 
pe!itioners/app!ic:ants s~10u!d consider redacting SL!Ch personal information from tr;e document!> tmforn subrni!ling tr,ern to the 
USPTO. Petitioner/applicant is mMsed ihat the record of a patent application is avai!abie tc the public after publication of !he 
application (un!ess a non--pub!ication request in compliance with 37 CFH 1.213(a} is made in the application) or ismJance of a 
patent. Furthermore, the rec:ord from an abandoned applimtfon may also be avai!ab!e to the public If the application is 
referenced in a published application or an issued patent (see 37 CFR i .14). Checks and credit card authorization forms 
PTO-2038 submitted for oavment purposes are not retained in the ai:_mlicaliori fiiE1 and therefore are not pub!iclv available. 

!_EGAL NAME OF INVENTOR 

inventor: Peiyong Jiang ----------------------------------------- Oaie (Opllonal) ·------··--·-------------------------· 

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity. must accompany this term. 
U~e an additional PTO/AIA!O·I form for each add;tional inventor. 

nHs co!!echnn ot 1nfnrmau0n 1s required by 35 U.S.C. 1 ! 5 nnct 37 CFR 1.63. n:e :nk=mlatbn 15 H-:qrnreo to otJtam o: retain a benefl:. 0}' tht~ puol!c 'llh1ct1 is to f1!e {<lnc by 
the USPTO \o process} ar: appHcat;on. C<;nfidenHolll}' is governed by 35 U.S.C. 122 and :17 GFR ·t. ·1 i nnd 1 :M. This o:JUection is estirn~ted to l2ke 1 minute to 
tomr;ide, i;-,c;lud!ng gathering, preparing, and st:bmilting the compfe\e<J applicatior, form to tlm USPTO. Time will vary depend;ng upon the !ndividu<'lf case. 1\ny 

comment~ on the cm1ouni nf time you :-equl:r: to compJ~tt: this forrn and/or suqgest!ons for reducing th;s burden, should be sent to the Chief lnfot'rnation Officer, U.S. 

Pa,ent rn.d Trademark Office, U.S_ Department of Commerce, P.O. Box '1460. Alexandria. VA 22:, 1'.1•14'.i0 00 NOT SEND FEES OR COMPLETED f'ORM\l TO THI~; 
,'\DDRESS. SEND TO: Cornm1ss;oner for Patents, P.O. Box i450, .A.lexandria, VA 22313-·!450. 

lfycu neted assistance in ccrnpleting the for,'ii, c;;;111~nno .. pro~H199 ~nd St!lm~t opU..m 2. 
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Attorney Dodd No 0800 I 5-0284 1011S-11993.53 
Client Ref No. 19/MEO/90I US Reg 

PTO/AK/01 (06-12) 
Approved for use through 0li:31/2014. OMB 0651-0037 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a oottection of information unless it displays a valid OMB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET _137 CFR 1.76) 

Title of 
Invention 

DETERMINATION OF BASE MODIFICATIONS OF NUCLEIC ACIDS 

As the below named inventor. I hereby declare that: 

.This dec€aration 
is directed to: O The attached application, or 

El United States application or PCT international application number 16/995,607 

filed on August 17. 2020 

The above-identified application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is . 
referenced in a published application or art issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
P1O-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor Suk HAI; Date (Optional) : 

Signature: 

.2)eng__ _ 

f 
, / 1/........„1,....„. 

.."1/4:

_________ 

Note: An application data sheet (PP:TSB/14 or equivalent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/AlA/01 form for each additional Inventor. 

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The :nformation is required to obtain or retain a benefit by the public which is to file (a:xi by 
the usrro to process) an application. Confidentiality is governed by 35 U.S.C 122 and 37 CFR 1.11 and 1.14. This collecl:on is estimated to take 1 minute to 
rximplete. including gathering, preparing, and submitting the completed application form to the USPTO. Time wilt vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS 1O THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.C. Box 1450, Alexandria, VA 22313-1450. 

II you need assistance in completing the form, cell 1-240-PTO.9199 and select option 2. 

.'\Horney Doekc1 No OSOOl5-02S4 lOlJS-l 199353 
Client Rer No. !9/MED/901 us Reg 

PTOIAIAi01 (06-12) 
Approved for use through 011:31/2014. 0MB 0651-003:> 

U.S. Palen! and Tradcma,11 Ottic,i; U.S. DEPARTMENT OF COMMER.CE 

Under the PapefVVOi}( Reductic~n Act of 1995, no persons are required to respond to a collection of information unfess it display!:- a valid 0MB control nun•ber. 

DECLARATION (37 CFR 'l.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA f;HEET f37 CFR 1.76) 

Title of DETERMINATION OF BASE MOD!F!CI\TIONS OF NUCLEIC ACIDS 
Invention 

As the below named inventor. I hereby declare that 

This deciarniion 
is directed !o: O The attached application, or 

0 United States application or PCT int,m1ational application number ·l6/99t;,6Q7 

filed on August 17. 2020 

Tt;H abovei-id,~niifiecl application was made or authorized to be made by me. 

I believe that I am the original inventor or an original joint invenior of a claimed invention in the application" 

I hereby aGk.now!edge that any· vvillful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonmen! of not more than five (5) years, or both. 

\A/ARNING: 

Petitioner/applicant is cautioned to avoid submitting persona! information in documents filed in a patent application that may 

contribute to identity theft. P;~rsonal information such as social security numbers, bank account numbers, or credit card numbers 

(other !han a check or credit card au!horization form PT0-2038 submitted for payment purposes) is never required by the USPTO 

to support a pe!llion or an application, If this iypH of personal information is included in documents subrnil!ed to the USPTO. 

petitioners/applicants should consider redac!in9 such personal information from the documents before submitiing them to the 

US PTO, Petitionm-Japp!ican! is advised that the record of a patent application is available io the public after publication of the 

application (unless a non-pub!icalion request in compliance with 37 CFR 1.213{a) :s made in the application) or issuance of a 

paient. Furthermore, the record from an abandoned application may aiso bi, available to the public if the application is 

referenced in a published application or an issued paient (see 37 CFR 1.14). Checks and credit card authorization forms 

PT0--2038 submitted for payment purposes are not retained in the application file and therefom are not oublicly available. 

LEGAL NAME OF INVENTOR 

___ Date (Oplional} : ___________ _ 

Note: An application dilta sheet (PTOiSB/1,; or equivalent). includin,;:i naming the entire inventive entity, must accompany this form. 

Use an addit;o11al f"TOIAiA/01 form for each ad,1iliona! inventor. 

1 hh; coOect;on of information is required by 35 U.S.C. 115 and 37 CFR 1,63. The info(mat1on is required to obtain or reta:n a benefit by the publ!c which is to flle {and t>y 

the USPTO to p,ocess) an applic\?lion. Conndenl!ality is gow,rned by 3c; U.S.C: 122 and 3°/ CFR 1.11 and 1.14. This co!ledon is estimated to lake 1 minute to 

complete. including gathering, preparmg, and s1;1JmiUing the ,x1mph:ied app!ication form to the USPTO. Time wm vary depending upon the mdi1,11dval case. ?.ny 

comments on the amount of time you require lo complete this !orm an,ilor suggestions for reducing this burden, should tie sen! to the Chief infom1ation Officer, U.S. 

Palent and Tradmmrk Office, U.S. Depmtn1enl of Commerce, f'.0 Box 1450, Alexandria. VA 22313 .. 1450. DO i~OT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1•150, ,u.iexandria, VA 22313 .. 1450. 

if you need assistance in cunipletin9 thH form, ceH 1-800-PT0~919S and select option 2. 
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Attorney Matt No. 08004S-02M IOUS-14993D 
Client Ref N. it9A4EO/901 us Rcrg 

PTO/AIN01 (06-1?) 
Approved for use through 01/31/2m8, oms 0E151,00.32 

U.S. Patent and Trademark Office; U.S. DEPARTMENT O1: COMMERCE 
Under the Paperwork Reducticin Act of 1596, no persona are rflf.jtAi; ed to respond to a collection of information unless it displaye a valid OMB control number. 

C DECLARATION (37 CFR 163) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 118) 

Title of DETERMINATION OF BASE MOD€FICAT€C)NS OF NUCLE€C AC€DS 
Invention 

As the below named inventor, l hereby dec€are that: 

This declaration 
is directed to: O The attached application, or 

N United States application or PCT internationa€ applicat€on number 16/995,607 

filed on August 17, 2020 

The above-identified app€ication was made or authorized to be made by me. 

I believe that i am the original inventor or an origina€ joint inventor of a clainled invention in the application. 

I hereby acknowledge that arty willful fa€se statement made in this declaration is punishable under 18 €J.S.C, 1001 
by fine or imprisonment of not mote than five (5) years, or both. 

WARNING: 
Petitionertapplicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 

contribute to identity theft, Personal information such as social security numbers, bank account numbers, or credit card numbers 

(other than a check or credit card authorization form PTO-2038 submitted for ptlyment purposes) is never required by the USPTO 

to support a petition or an application. €f this type of personal information is included in documents submitted to.the USF-€ O,. 

petitioners/applicants should consider redacting such personal information from the documents before :submitting them to the 

USPTO. Petitioner/ippl€t;artl is advised that the record of a pa:tent application is available to the plibliC publiciation of the 

application (unless a non-publication request in ct.amOiance with 37 CFR- 1.213(a) is made in the application) or issean Ce ore 

patent. Furthermore, the record from an abandoned application may a€so be available to the public if the application is 

referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization fonts 

P-IO,2038 submitted for payment purposes are not retained  in  the application tile and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

inventor: VVentel Peng   Date (Optional) :  

Signature: 

Note: An application data sheet (PTOISF3/14 or equivalent). including naming the eritite inventive entity, roust accompany this form. 
USe. an additicrial PTOIAINO1 form for each additional inventor. 

This colietsion of information is required by 35 U.S.C. 115 and 37 CFR 1.53, the information is required to obtaih or retain a benefit by the pubiic which is to file (and M, 
the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 1 minute to 

incitiding gathering, preparing, and submitting the competed appfieStien form to the t? 'r  Time will very depending upon the individual case. Arty 
COffnents or the amount of time you regi_are to CDmpicrte this form and/or suggestion:5 for reducing the.,  burden, should he agrit to the Chief information Officer, U,S: 

eter3 and Trademark Otni-,e, [Japan:nem of CommeAvie,.P.O. Box 14f;0, Aiexandtia, %/A 22313-14S0, DO Ni1- SEND FEES OR COMPLETED FORMS TO 
ADDRESS: SEND T-O: COMMissioner tor Patents, P.O.: Ejoac 1450, Alexandria, VA 22313-1.450. 

if you need assistance in completing the form, call i-S0DiPTO919a and select optkm:2. 

Attorney D<Jck<et N<J 0800 i 5-0284 lOUS-1199353 
Ciirnt Rd. N,, ilJiMED/90! US Reg 

PTOiAl.<\!01 (ilti-1).) 
Approv,ad for use through O 11:w201 '1. 0MB 08&1 •0c°3;> 

U.S. Patent and Tradem;:irl< OiiicE'.:; U.S. OEPARl'MENT OF COMMERCE 
Under ihe Paperwork Heductkm Aet of 1~195, no r,ersnns are required tv respnnd t.o a eoik:dion of information unless it dispiays a v:1tid 0MB control nwn1her, 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 1.76) 

Titie of 
Invention 

DETERMINATION OF BASE MOD!FlCATlONS OF NUCLE!C ACIDS 

As the below named inventor, I hereby declare that 

This declaration 
is directed to: C The attached application, or 

0.1 United Siates appiicalion or PCT intematfonal application number 16/995,607 

filed on August 17, 2020 

The above--idenlified application was made or authorized to be made by me. 

I t;elieve that I am the original inventor or an original joint inventor of a claimed invention in UH~ application. 

i hereby acknowledge that any willful false slaternenl made in this dec!aration is punistwble under 18 U.S.C. 1001 
by fine or imprisonrnent of not more than five (5) years, or both. 

\NARNING: 
FJetitionerlapplicant is cautioned to avoid i,ubrniiting personal information in documents filed in a patent application tr,at may 
contribute to ldenti!y theft Personal information such as i,ocial sewdy numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submittBd for payment purposes) is never required by !he USPTO 
to support a pBtition or an application. !f this type of personal information is inc!ud,id in docurnents submitted to the USPTO, 
petitioners/applicants st1ould consider redacting such personal information from the docurnenis tmfom SlJbmilting tt1em to the 
US PTO. Petitioner/applicant is advim~d lhat !he record of a palenl application is available to the public afte1· publication of ihe 
application (uniess a non-publication request in compliance with 37 CFF{ 1.213(a) is made in the application) or issuance of a 
patent. furthermore, the record from an abandorn,d application may also be available to the public if the application is 
referenced in a published app!lcation or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO·2038 submitted for oavment purposes are not retained in !he a Piic:aHon file and therefore are not pubiiclv available. 

LEGAL NAME OF INVENTOR 

inventor: Weniei Peng ................... _______________ _ 

Note: An application data sheet (PTOiSB/14 or equivalent). including naming the entire inventiv(;I entity, must accompany this form. 
Use an addition;,i PTO/AIA/01 form for m,ch additional inve[)tor. 

nus tX•lieGaori of rnfo1mattun is required !.-y 35 U.S. C. 1 "15 nnd 37 CFR 1.t:3. HK~ 1:11<.::rmatton :s rnqu:rec to ol1:.om or retain a beneftl 'C>)' lhf1 puoac 'Nh!Ch !S to f 1!e (<.md oy 

\he USPTO t,> proce,,s) an applicatit>n. Confidentiality is governed t;y 35 U.S.C. 122 and 37 CFR 1.-l 1 .ind 1.·;4_ l'h;s cclleclion is e,atimated ,o take 1 minute lo 
cornp!eh:~, including gather,ng, pr-ep;:1rir.g, and submitting the -~c-mpfeted app!icaikm form to the US PTO. Time 'h'Hi '✓Hf/ tiepending upon the 1ndiYidua! c~se . .1\ny 
Ci.lmments on the an1ount of Hine you :equire to con.1pk:tr: this form and/or sug~~e-sUons tor redudng this burder: 1 st1ou!d be :sent to the Chief infon-rrntlon Officer, U.S. 
Patent ,ind Tra,iemBrk Offb,, U.S D,ipartmenl of Commerce, P.O. llox ·,450. /\!ex;.m<Jria, VA 22313•1450. DO NOT SF.ND FEES OR COMPLETED f'ORMS ·ro TH:~·; 

ADDRESS. SEND TO: Commissioner tor Patents, P.O. Box 1460, Alexandria, VA 22313--1450. 
If yvu nr::mti assistance ln comp!eting the furm. cal! i-800-PT0-9199 and selljct option 2. 
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Attorney :docket No. OW615-0284 10(J&I 199353 
CI ieht Itet No. 19/M1-7:15,901 US Rog 

aTorAlAat (06-il 2) 
Approved for use through 0051/2014. OMR OR51.0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE, 
Under the Paperwork Reduction Ant of 19.95, no persons are required to respond to a collection of information llikc;$, displays a valid OMB control number: 

DECI ARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 1/6) 

Title of 
Invention 

DETERMINATION OF BASE MODIFICATIONS OF NUCLE€C ACIDS 

As the below named inventor, hereby declare that: 

This declaration 
is directed to: U The attached application, or 

United States application or PCT international application number 16/995,607 

fi€ed on August 17, 2020 

The above-identified application was made or authorized to be made by roe, 

I believe that I am the orig;na€ inventor or an original joint inventor of a claimed invention in the application. 

hereby acknow€edge that arty willful false statement made in this declaration is punishable under 18 U.S.C. 1001 
by tine or imprisonment of not more than five (5) years, or both. 

WARNING: 
etitioner/applicant is cautioned to avoid submitting persona€ information in documents filed in a patent application that may 

contribute to identity theft. Personal information such aS social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form P1O-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. It this type of personal information is included in documents submitted to the USPIO, 
petitioners/applicants, should consider redacting such persona€ information from the documents before submitting them to the 
USPTO. Petitioner/applicant is adv€sed that the record of a patent application is available to the public after publication of the 
application (unless a non--publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of €a 
patent. Furthermore, the record from an. abandoned applicatiop may also be available to the public if the application is 
referenced in a published application or an issued patent (See 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the a€aplication file and therefore are not publicly available. 

LEGAL. NAME OF INVENTOR 

Inventor:.  On Yee. Tse   Date (Optional) : 

Signature: 

Note: An application data sheet (PTO/SD/14 Of equiValent), including naming the entire inventive entity, must accompany this form. 
Use an additional PTO/AINC)1 form for each additional inventor. 

This ailteclion of information is required by 35 U.S.C. 115 and 37 OCR 1,63. The information is rertoired to obtain oi-ittain a benetit by the public which is to iti0.(21;10 
the USPTO to process) an application. Confidentiality is governed by 35 122 arid Z,7 CFR i.11 and 1.14. This collection is estimated to take 1 minute to. 
complete; inciudii-ig gathering, preparing, and submitting the COMpleimi apyilcaticn fis??I ;0 ;he USPTO. Time will nary depending :von the individual nese. ,Any 
comments on the ail30:411i (.1( time you require to complete this form and/or suggestions Mr reducing this burden, should be sent to the Chief intormation oriktir. U. C.
Pateill:And TradeMM(Oftipe, U.S. Department of Commerce, P.O., t3ox -1450, Alexandria, VA 22313.1450, DO NOT SEND FEES OR COMPLETED FORMS. TO nig; 
ADDRESS, SEND TO Oothrnissic,,ner for Patents, Box.. 1450, Alexandria,. VA 22313-1450. 

if you need assistance lin compi6tingThe form, call 143.90-PTO-91.99.andselbot option 2. 

.<\!lorney Oockei No. 0800t5-02S4lOUS-i !99353 
Ciient Ref No. !'>!MfD/901 US Reg 

PTO/Al-'.10-1 (00- ·1'2) 
Approved for use fhrou9h 01/31/2014. orv1B 06!)i .OOJ~? 

U.S. Patent and Tradern:ark Offict'>; U.S. DEPAfrfMEt•H OF COMMERCE 
Under the Pi1pr.rwork Reduct:r:n .A.<;t of 199:i, no pt.7rsor1s are required to re5pond tor~ i.:o:fr:ction of inform8Uon unif.;SS ;t displays a V(liid 0MB control nurnbeL 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 

APPLICATION DATA SHEET (37 CFR 1.76'l 

Title of 
Invention 

DETERMiNf\TiON OF BASE MOD!FIC1\TIONS OF NUCLEIC ,t\CiDS 

As the below narrmd inventor. i hereby declare that: 

This declaration 
Ls directed to: o The attached application, or 

t8l United Slates application or PCT internaHonal application number 16/995,607 

filed or; Au9usl 17, 2020 

The above--ldEmtified application was made or authorized to be made by me, 

I believe ihai i am ihe original inventor or an origina! joinl in11!~ntor of a claimed invention in the app!lcallon. 

t hereby acknowledge that any willful false slaternr:ml rnade in this declaration is punishable under '18 U.S.C. i 00·1 
by fine or irnprii,onmenl of not more than iive (5) years, or both, 

WARNING: 
Pet,tioner/app!ic:ant is cautioned to avoid submitting persona! information in documents tiled in a patent appiic:a!ion tt1at may 
coniritiut~i lo identity thefl. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payrnenl. purposes) is never required by the USPTO 
to supporl a petition or ar; application. If this type of persona! informalion is included in documents submitted to tho USPTO, 
petitioners/applicants should consider redacting ~;ud1 personai information from the documents before submitting them to the 
USPTO. Petit1onerfappt1cant is a,jvised lhal U;;~ record of a patent application is available to lhe public after publication of ihe 
app!ica!ion (unless a non--putiiication request in compliance with 37 CFR ·; .2·, 3(a) is made in the application) rn· issuanc,i of a 
patent Furiherrnore, lhe record from an abandoned appiication may also be available to tt;e pub!iG if the application is 
referenced in a publist1ed appiication or an issued patent (see 37 c,:r1 ·i. '14). Checks and credit card autt1orizatlon forms 
PTO--2038 subrnitted for payment purposes are not retained in the applk:alion file and therefore are not oub!ic!y available, 

l.EGM. N,'\ME OF INVENTOR 

lnwntor: On Yrn~ Tse 

Note: An application data sheei (PTOISB/-14 or equivalent), inciuding narr:ing the entire inventive entity, rnust accompany this forrn. 
Use ,m adciitiorwi PTOiA!A/01 form for each ar.idi!ional inventor. 

Thfs Go!!echt)n of mfonnauon rn rt:quired by 35 U,S.C. 11 !.> and 37 CFH 1,63. Ti~e :nforrnatior: ts required to obtam or reta:n a benef:t by the public ,,•./n1cti :s to fiie {a•uJ by 
the USP TO to proce;:;si an ;ipplica!io:1. C,,t;fidenliality is gr;verm~,1 by 35 U.S C. 1n and 37 Cl'I~ ·1.11 and 1.·14_ Tt!is c<.1!1ect!on is estimated to lake 1 minute to 
complete, indudlng ga!r,erin9. prep;;rirnJ. and sut,rnillin(1 !he cornpleie,1 application fmm to the USP TO. Time will vary depending upon 1!1,, lndividuat case. Any 
commenl::.- on the amount of Hme Y')U require to ctimplete U!iS fcnn and/or sugge~tiom; for reducing this hurden, sr1cnitd be sent to n1e Ghiel lntormation Offa:er. U S 
Paten! and Tradenwk Ofl!ce, U.S. Depart.rrn,nt of Commein,, P.O. Box ·14ti0, A!ex::indna, VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FOR.MS TO rHIS 
ADDRESS. SEND ·ro: Co:mr1issioner for Patants, P.O. Box 1450, t,lexaodria. Vi\ 223'13-14fj()_ 

!f you nee:..i assistance in cornp!eting tt1H form, call 1~BOO~Pro~~H9B and select opHun ;:. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17891899 Document Date: 08/19/2022 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 

DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17891899 Document Date: 08/19/2022 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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DocCode - SEQ.TXT 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17891899 Document Date: 08/19/2022 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Sequence Listing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 

DocCode - SEQ.TXT 

SCORE Placeholder Sheet for IFW Content 

Application Number: 17891899 Document Date: 08/19/2022 
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