
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0281737 A1 

US 2011028.1737A1 

ROTHBERG et al. (43) Pub. Date: Nov. 17, 2011 

(54) METHOD AND APPARATUS FOR RAPID (60) Provisional application No. 61/196,953, filed on Oct. 
NUCLEIC ACID SEQUENCING 22, 2008, provisional application No. 61/198,222, 

filed on Nov. 4, 2008, provisional application No. 
(75) Inventors: Jonathan M. ROTHBERG, 61/205,626, filed on Jan. 22, 2009. 

Guilford, CT (US); Wolfgang Hinz, 
Killingworth, CT (US); John F. 
Davidson, Guilford, CT (US); Publication Classification 
Antoine M. van Oijen, (US); John (51) Int. Cl. H. Leamon, Guilford, CT (US); 
Martin Huber, (US) C40B 20/00 (2006.01) 

(73) Assignee: LIFE TECHNOLOGIES (52) U.S. Cl. ............................................................ SO6/2 
CORPORATION, Carlsbad, CA 
(US) (57) ABSTRACT 

(21) Appl. No.: 13/027,500 Methods and apparatus relating to FET arrays including large 
(22) Filed: Feb. 15, 2011 FET arrays for monitoring chemical and/or biological reac 

O O tions such as nucleic acid sequencing-bv-SVnthesis reactions. 
Related U.S. Application Data Some methods provided E. ENE. signal 

(63) Continuation of application No. 12/474,897, filed on (and also signal to noise ratio) from released hydrogen ions 
May 29, 2009. during nucleic acid sequencing reactions. 



Patent Application Publication Nov. 17, 2011 Sheet 1 of 129 US 2011/0281737 A1 

78 
Sensitive Ared 

s 72 50 D 

G T B 

76 2/ 
74 

S 

F/G, 2 

  

  



Patent Application Publication Nov. 17, 2011 Sheet 2 of 129 US 2011/0281737 A1 

C 
as .9 

y O 

g , E 
59 

() A. C. 
. N 

O CN 

CS 
N 

s N 
N 

e 

al 

Sy G G 
N < 

aesareer-ree- salar-e- 

s a d 
G 



Patent Application Publication Nov. 17, 2011 Sheet 3 of 129 US 2011/0281737 A1 

as- FIG. 5 

Out 

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 4 of 129 Patent Application Publication 

  



Patent Application Publication Nov. 17, 2011 Sheet 5 of 129 US 2011/0281737 A1 

ROW 1 a 
ROW40 4-s-16 RSEL 

Row 
Decoder RSEL16 

RSEL 16 

COL 1 c Switching 
COL-4 c logic 

Column 
Decoder 

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 6 of 129 Patent Application Publication 

092 

90.InOS eJnss9.Jc3 

ZZZ 

  

  

  

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 7 of 129 Patent Application Publication 

*jesmo, C 

  



Patent Application Publication Nov. 17, 2011 Sheet 8 of 129 US 2011/0281737 A1 

-107A 

50 

- 
- 

2O - 

O 
O 20 40 60 80 OO 12O 140 160 180 200 

VB4 (uAmps) 

F/G, 9B 

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 9 of 129 Patent Application Publication 

-- 

- 
-- - - - - a 

---- 
L--- 

s-a- - - us -- was -- - - - - - - - - - - - - - - - - r - m 
-- or -- - - - - - - - ------------------ 

-- - - - - - - - - - - 
-- - - - - - - - 

- 

--- 

------+---+-------+-- 
serf--- 

-- 
L-J -- 

- 

- - - - - rem 

rur au may as eas ery 

an it war are vur was use sur 

! !--|-----|-------|---|-------------1---1----|----|------|---------- i---+--------|----------?-.---T-T-T-T-T-T-T-T-TÌ-t-i-Ii --------+------------- 
içoj — ^|-} — 

. 

  

    

  

  

  



Nov. 17, 2011 Sheet 10 of 129 US 2011/0281737 A1 Patent Application Publication 

  

  

  

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 11 of 129 Patent Application Publication 

a { iso,822 | 

ZEY 
No.aei!!!!!!!= 

20%, 

84 ! 

    

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 12 of 129 US 2011/0281737 A1 

o 
St S st 

ZNY 

NZNZNZns Its 
7 2s1 WS 2N4s 

CS N. 

S. 

S. 
N 

2i m) CN s 
7 

an 
c 
c 

was 

O 
Cld 

NS) 

2 

$ -- r S. s 

uw-r - --- P as ap 

N Z S 

M 

s 

r - m an ar 

N 

N Z 8 S 

s 

  

  



Patent Application Publication Nov. 17, 2011 Sheet 13 of 129 US 2011/0281737 A1 

S 

N 4 

Compound 1R 
1 5. 

--N Compound 2R= NO2 
2 

N 

2 NH 3. 1st-y2+ (2+ HN-cu2t c2EN 
sly ZNK M 

H N 

Ns 
2 Compound 4 

Compound 3 

FIG 11B(1) 

  



Patent Application Publication Nov. 17, 2011 Sheet 14 of 129 US 2011/0281737 A1 

N N 

- ZN' ZN'Y- 

\ ! N / SN N / 
N 2 

ZN'-dipicolylamine 
Compound 5 

Compound 6 NN 

FIG. 11B(2) 

  



Patent Application Publication Nov. 17, 2011 Sheet 15 of 129 US 2011/0281737 A1 

N 2, NCS 
N 

2 SN 2. 
W. N N -S 2 N N21 

SN N s- s! 

Ns C 1 N N 

a YN OH 2 NN 

N | N 

Compound 7 Compound 8 
NCS 

H2N 

HN 

NH HN 

in 
-/ 

Compound 9 

NH2 

fa' re. NS 
\ A NH HN 1 

N 

oni-N' 
w O \ N 

M 

Compound 10 
NH2 

FIG. 11B(3) 



Patent Application Publication Nov. 17, 2011 Sheet 16 of 129 US 2011/0281737 A1 

2. 
2 f N / N f) 

2 
2 5 2. n 

er ( ) 8 TY 2 
2. / N / 4 \ N / 4 N 8. 

O o 5 ( ) ( ) C 
Z Z 

2 4S 

A 2/F A/(y 
2. N / N / 

th N 7 ( ) 8 
/ \ 2. 2 

5- - - -( ) - S ( ) Y YN 
d N / 4 \ O 

() VN O 21 N 

2S CS 
A 2/F 2 Ns 

( ) 8 N 
  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 17 of 129 Patent Application Publication 

Z–(l)O! ! 'OLJ 

  



Patent Application Publication Nov. 17, 2011 Sheet 18 of 129 US 2011/0281737 A1 

CbzHN 
Br Br OH E. O -- O OH 

CbzHN C OH OH OH OTS OTS OTS 

1 2 3 OTS OTs OTs 
4 

NHCbz NH2 

s- s! N- N 
iii iv 

N C N N C N 
21 NN OTs 21 NN 2 YN OTS 2 
N- N- s- N 

5 6 

NCS NCS 

-v RuOU -v- NuC N N N N 

21 N OTS 2 YN a N OH a NN 

S. N N S. 
7 8 

Compound 8 

i. TsC, TEA, 4-DMAP, THF 
ii. Pa(PPh3), aq Na2CO3, EtOH/benzene 
iii. dipicoyomine, K2CO3, Kl, MeCN 
iv. H., Pd/C, MeOH 
v. DPT, MeCN, r.t. 
vi. NaOH, MeOH, THF 

FIG 11 CO2) 



Patent Application Publication Nov. 17, 2011 Sheet 19 of 129 US 2011/0281737 A1 

H2N H2N H2N 

|- 
H H 

MeO N NH, H2N1\- y NH. H,N--NN1 NH 
1 2 3. 

Bn HN 

V ( ) W H ( H 
BinHN H2N 

Compound 9 
i. ethylenediomine, 90C 
ii. BH-THF 
iii. KOH, CuCO3, benzoyl chloride 
iv. 1: 4 ratio of 4: 6, MeCN, r,t. 
v. NaBH, MeOH; H2NNH2 if necessary 

FIG 11 CO3) 



US 2011/0281737 A1 Nov. 17, 2011 Sheet 20 of 129 Patent Application Publication 

| | 
HN 



US 2011/0281737 A1 NOV. 17, 2011 Sheet 21 of 129 Patent Application Publication 

------- 

(Z)\TI ? OLJ 
| 

| { -}\, 
| 

X / 

?WO 
HN )-s HN 



US 2011/0281737 A1 Nov. 17, 2011 Sheet 22 of 129 Patent Application Publication 

  



Nov. 17, 2011 Sheet 23 of 129 US 2011/0281737 A1 Patent Application Publication 

  



|-Z / ’9/-/ 

US 2011/0281737 A1 Nov. 17, 2011 Sheet 24 of 129 

O „ŽRE 9949Gt ‘991 

Patent Application Publication 

  

  



ç? OLJ 

Ápo?A 'GISSA 'OSSA ‘W’SSA ‘GGGA ‘OGGA "VOGA 

AQ ‘AO 

Nov. 17, 2011 Sheet 25 of 129 US 2011/0281737 A1 

uensifie 

Koluo zig x ZIG?s?De?! 
Kouluv punojuns(ZIG 'ZIG)ALST s||ex?a Kuuuung go-±1 

suuun?OO pup SMO}} Z | [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] [] 

Patent Application Publication 

  

  

  

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 26 of 129 US 2011/0281737 A1 

RowSel RowSe2 RowSe512 

ColSet 2 CoSel4 CoSe512 

Wool2 VOut2 (even) 
19ta 
ColSel4 

Fron V 

7S. Col4 Bids/Reddout 
Circuitry 19t 

t 175 
CoSel512 

'esis -, f 9512 
FIG. 16 

  

  

  

  

  



Nov. 17, 2011 Sheet 27 of 129 US 2011/0281737 A1 Patent Application Publication 

|-aero 
092 

Z / '0/-/ 

  

    

  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 28 of 129 US 2011/0281737 A1 

Col 12 
raw worm uwo arro a no wam as un- an our me admor psy over ann wa? nor rev ow 

Col. 5,6 
Col 3,4 
Col 1,2 

an aw - my worr vore- umm we wrw were ano was un mu run-wo 

st 

(2 
2 S. OO 

d N 

Col 5, 6 Y. - 

b- Col 3,4- 
3 Col 1, 2 CS () CO N 

e 3 N 
s---------------- is 
9 st 

5 st gC2 
OC 5. CN 
st on Col. 51,512 g r 

g eg Co. 509,510 o s s 
w O al 6. s 

C. Ds 1. CD 
CD.C. --u d 92 on 3 g 

O) - Col 5,60 d 2 (S. C. c. Y 
Col 3,4N 
Col 2 N. 

who was uru woup on err were we are arm as ww ven- wo V- re-res cap as a repoy 

ETA 
res (9 

8 
H 

O 
is O. 
ad 

shed 

m 
s 

d5 cd 

  



Patent Application Publication Nov. 17, 2011 Sheet 29 of 129 US 2011/0281737 A1 

was has we has aw win an exu was seas or a - ww. J. Col1. an an unawaya vapo - wro 

Ref3,4 

Col.511,512 
Col509,510 

M) CN 

S 

s t 
a "t 

2 1. 
Col3,4 
Col1,2 

wama m rw m my me win-milliam w. a m we Ref.2--- unww. 

Ref3,4 

E. s CO O 
(s (2 1. N 
E d a. g OO 

g t VN 
g 

b tl Col3,4 
Col1.2 CS 

3 Ref.2 N 

s Ref3,4 
O st 

oppa Col511,512 op. 9 o 
T 5 ) 

O 8 Col509,510 8 S. 
d 59 O 
s O 1. 

R as M N M O -O 
w a -4C) C 
C F (p-u d: 

Col3,4 33 
Col 1,2 
Ref1,2Y 

o 2 
Eos 
ES 
Oc 

3 8. Eg aid 355 
as a 5 25 

  

    

  

      

  

  



Patent Application Publication Nov. 17, 2011 Sheet 30 of 129 US 2011/0281737 A1 

5O2 
Acquire Array Data at Low Rate 

w/Reference or No input 

504 
Calculote First Tronsition 

Value Doto Set 

Acquire Array Data at High 506 
(Overspeed) Data Rate w/Reference 

or No input 

508 
Calculate Second Transition 

Value Doto Set 

Calculote Correction Foctor Doto Set 51O. 
Bosed on First ond Second Tronsition 
Value Dota Sets; Store CF Data Set 

512 
Acquire Array Data at Overspeed 
Data Rate in Presence of Analyte 

514 
Apply Correction Factor Data 
Set to Acquired Analyte Data 

F/G, 13B 

  

  

    

  



Nov. 17, 2011 Sheet 31 of 129 US 2011/0281737 A1 Patent Application Publication 

F/G, 18C 

| | | | 

F/G, 18D 

  

  





Nov. 17, 2011 Sheet 33 of 129 US 2011/0281737 A1 Patent Application Publication 

QSSA ‘OSSA "WSSA ‘QQQA ‘OGGA 

  

  

    

  

    

  

  

  



Nov. 17, 2011 Sheet 34 of 129 US 2011/0281737 A1 Patent Application Publication 

------ 
Our Load WP t 
---- 

-- -*- ? ? ? ? ? ? ? ? ? ? ? ? ? ? -+ -- 

  



GSSA 'OSSA “WSSA ‘OGGIA ‘OC?GA 

Nov. 17, 2011 Sheet 35 of 129 US 2011/0281737 A1 Patent Application Publication 

  

  

    

  

  

  

  

    

    

  

  

  

  

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 36 of 129 Patent Application Publication 

ZZ (6)/-/ 3-} \no/A 

QSSA 'OSSA 
ZTETTIT?T?T?T?T?T???T?T?, ) } ); 

    

  

  

  





Nov. 17, 2011 Sheet 38 of 129 US 2011/0281737 A1 Patent Application Publication 

jy? '0/-/ 

  



-> - 

ÍTOQA 

Nov. 17, 2011 Sheet 39 of 129 US 2011/0281737 A1 Patent Application Publication 

  



Nov. 17, 2011 Sheet 40 of 129 US 2011/0281737 A1 

|HS TOO 

  



Nov. 17, 2011 Sheet 41 of 129 US 2011/0281737 A1 Patent Application Publication 

HS TOO 

390 || 

HSd 

  



Patent Application Publication Nov. 17, 2011 Sheet 42 of 129 US 2011/0281737 A1 

  



Nov. 17, 2011 Sheet 43 of 129 US 2011/0281737 A1 Patent Application Publication 

6Z 60/-/ 
|| År 16Ž 

| 

ŽŽ?ZZZZZZZZZOK:STS 
SSS 

ZZZZZZZZZ ZZÁK: 

| | |||||||| acavatayaraawaar Anawawa-Caravau Avataramarayamauranaraya 

Ž 2. Ž 

SSSSSSSSSSS SSSSSSS 

  

  

  

  

  

  

  

  

  

  







Patent Application Publication Nov. 17, 2011 Sheet 46 of 129 US 2011/0281737 A1 

X 

3310 

3,312 

FIG. J.5 



Patent Application Publication Nov. 17, 2011 Sheet 47 of 129 US 2011/0281737 A1 

3,522 
Uncured V8O21 

N 

F/G, 33B 

  



Patent Application Publication Nov. 17, 2011 Sheet 48 of 129 US 2011/0281737 A1 

3304A 3300A 

SS 

FIG. 33B-1 

  



Patent Application Publication Nov. 17, 2011 Sheet 49 of 129 US 2011/0281737 A1 

y 
S 
S Š 

S. S 
S S S S Y S 

S & 
S 

S & S. S 

S Š S S S 
FIG. 33B-2 

    

  

  

  

  

  

  

  

  

  

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 50 of 129 Patent Application Publication 

3324A 

FIG. 33B-3 

  



Patent Application Publication Nov. 17, 2011 Sheet 51 of 129 US 2011/0281737 A1 

  



atent Application Publication Nov. 17, 2011 Sheet 52 of 129 US 2011/0281737 A1 

  





Patent Application Publication Nov. 17, 2011 Sheet 54 of 129 US 2011/0281737 A1 

387 O 

-- 3422 

FIG. 38 

3910 

fzezz-z-z-z-z-z-z-z-z-z-z-z-z 9.28 

O 
3922 . 924 

7 

Teó 25 
59.20 3925 

-z-z-z-z-z-z-z-z-z-z-z-z-z-z-z- 

FIG. 59 

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 55 of 129 US 2011/0281737 A1 

4022 

401O 

4012 

FIG. 4O 

4f 10 

4112 

F/G, 41 

  



Nov. 17, 2011 Sheet 56 of 129 US 2011/0281737 A1 Publication atent Application 

  



Patent Application Publication Nov. 17, 2011 Sheet 57 of 129 US 2011/0281737 A1 

421.2B 

A-e- 

4210B 4214B 

F/G, 42B 

421.2B 

4216C 421 OB 

F/G, 42C 

421.2B 4213D 

/ c e e Q l, e U 

F/G, 42D 



Patent Application Publication Nov. 17, 2011 Sheet 58 of 129 US 2011/0281737 A1 

Original Modified 
Diffuser Section Section 

4206A 

361O 

42O2A 4204A 

F/G, 42A 

F/G, 42E 

422OF 

F7G 42F 

  

  



Patent Application Publication Nov. 17, 2011 Sheet 59 of 129 US 2011/0281737 A1 

424.2F 

(Ceiling height grading: Fluid in 
421.2B darker = higher) 

F/G, 4.2F1 

  



Patent Application Publication Nov. 17, 2011 Sheet 60 of 129 US 2011/0281737 A1 

W NC C 244?).22 AP144 7A3573 

F/G, 42F3 42F270, 42F260 

2 

A , 
77 777 44944 
ZZZZZZZZZ 

, 

42F270 

H1 

FIG. 42F5 

  

  

  

    

  

  

  

    

    

  

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 61 of 129 US 2011/0281737 A1 

  

  



Patent Application Publication Nov. 17, 2011 Sheet 62 of 129 US 2011/0281737 A1 

inlet to 
Actuate 
Wolve 

426O1 

/1 

F/G, 42H 

3.472 

    

  

  

    

  



Patent Application Publication Nov. 17, 2011 Sheet 63 of 129 US 2011/0281737 A1 

F/G, 4.2/ 

4252G 

Flow to 
Waste 

4268/ 
4254G 4266J 

NX222N 

2. 

F/G, 42J 

S 
N 4264J 

3412 

  

  

  

  

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 64 of 129 US 2011/0281737 A1 

F/G, 42K 

Flow to 
Waste inflow 4272K 

JN L : 

F/G, 42L 

4273L 

4276K 4263/ 

SN 

  

  
  

  

    

    

  

  



Patent Application Publication Nov. 17, 2011 Sheet 65 of 129 US 2011/0281737 A1 

4274K 

4272K 

4276K 

F/G, 42M 

  











Patent Application Publication Nov. 17, 2011 Sheet 70 of 129 US 2011/0281737 A1 

512O 

5120 

  



Patent Application Publication Nov. 17, 2011 Sheet 71 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 72 of 129 US 2011/0281737 A1 

55f O 

2 ZZX292242 3·K<ÉK 
5.532 554.2/ 55.34 

553O 

5522 5526 560 5620 5528w 5524 

2 ZZX2, INI2XZ2 3& HYEk M 
5510 

5550 

5670 

FIG. 56 

  

  

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 73 of 129 US 2011/0281737 A1 

572O 

  



Patent Application Publication Nov. 17, 2011 Sheet 74 of 129 US 2011/0281737 A1 

FIG. 59A 

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 75 of 129 Patent Application Publication 

086€. 

(8) O 

  

  



Patent Application Publication Nov. 17, 2011 Sheet 76 of 129 US 2011/0281737 A1 

A 
ZZOZ ZTIZZZ a 

Ake Section A- A 

B 
ZZ LZ.ZZZZZZZ. A 

B Section B-B 

5922 

5990 

  



Patent Application Publication Nov. 17, 2011 Sheet 77 of 129 US 2011/0281737 A1 

SMA 
Connector 

6040 

- Flow Celi 
  



Patent Application Publication Nov. 17, 2011 Sheet 78 of 129 US 2011/0281737 A1 

DNA polymerase 

5' - ACTGGTCCAGCA GCCGTACGAC------ 3' 
GGCATGCTG- - - - - - 5' 

dTTP 

PPi 

DNA polymerase 

AGCCGTACGAC------ 3' 
CGGCATGCTG------ 5' 

5' - ACTGGTCCAG 

FIG. 61A 

  



Patent Application Publication Nov. 17, 2011 Sheet 79 of 129 US 2011/0281737 A1 

---- - - - - 
M n 

N 

H+ Bound N 
by Nucleobase \ 

Polymerase-mediated \ 
dNTP incorporation \, 

2 W 

arr - - 1 
- - 

S-FET bosed 
H- detection 

F/G, 61B 

w 

W - - - x, 
a. 

V a. 

H-- Bound N Y 
by Nucleobose N 

H- Polymerase-mediated N 
dNTP incorporation v 

IS-FET bosed 
H- detection 

FIG. 61C 

  

  

  

  



Patent Application Publication Nov. 17, 2011 Sheet 80 of 129 US 2011/0281737 A1 

U C) 
Res Rs - 25- 2 
S - N. S. 
N 

/ 
Z -- N 



US 2011/0281737 A1 Nov. 17, 2011 Sheet 81 of 129 Patent Application Publication 

Il 9 '9/-/ H/9 %)/-/ leuu?ud ?o pu? „G—ETE---THE-O 

  
  



Patent Application Publication Nov 17, 2011 Sheet 82 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 83 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 84 of 129 US 2011/0281737 A1 

s 

  



Patent Application Publication Nov. 17, 2011 Sheet 85 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 86 of 129 US 2011/0281737 A1 

s 

  



Patent Application Publication Nov. 17, 2011 Sheet 87 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 88 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 89 of 129 US 2011/0281737 A1 

s 

  



Patent Application Publication Nov. 17, 2011 Sheet 90 of 129 US 2011/0281737 A1 

S 

  



Patent Application Publication Nov. 17, 2011 Sheet 91 of 129 US 2011/0281737 A1 

  



Patent Application Publication Nov. 17, 2011 Sheet 92 of 129 US 2011/0281737 A1 

14 

F/G, 70 

  



Patent Application Publication Nov. 17, 2011 Sheet 93 of 129 US 2011/0281737 A1 

Chip having array of microwells Se. 
- quencing User for sequencing reactions apparatus / 

Modem to connect to internet 

w 
. Software ne 

w 

t 

Handheld device to provide 
sequencing information to 
reole use? Fig 71 

Computer system 

  



Nov. 17, 2011 Sheet 94 of 129 US 2011/0281737 A1 Patent Application Publication 

(S&H 91) JequunN 9uuDu + 

  

  



US 2011/0281737 A1 Nov. 17, 2011 Sheet 95 of 129 Patent Application Publication 

82/ '0/-/ (Sd.) 81) lequunN suudu.4 
peqoadxB uo?Duoduoou? ON = 2 ? Z s?IOKO uo?Duoduoou? esog L = L 910ÃO ‘SMOLJ CHLOP 

  





(Sd.) 81) lequunN 9uudu+ 

Nov. 17, 2011 Sheet 97 of 129 US 2011/0281737 A1 

SunOO O/W 

pe?oedx3 uo!?duoduoou| oN = 2 ? Z sø|OKO uo?Duoduobu] esog OL = L æIOKO ‘SMOLJ d LLP 

Patent Application Publication 

  



US 2011/0281737 A1 

on Trace 

Nov. 17, 2011 Sheet 98 of 129 

8O 

6O 

40 

2 

Patent Application Publication 

J O O 2 O 1 

150 

4 O O 5 O O 1 1 -40 - O O O 6 O O 

2OO 1 OO 

FIG. 75A 
50 

20 

on Fig. 73A 

15 

Bar Type 
2 

lonogram 

1 O 

TTTTTCTTTTTCTTTTCTTTCC 

F/G, 73B 

  

  



Patent Application Publication Nov. 17, 2011 Sheet 99 of 129 US 2011/0281737 A1 

on troce 

O 2O 40 60 8O 1 OO 

Legend Line Type 
8 Bar Type on Fig. 74A 
2 = 

6 
O 
5 
8. 
8 4 

% % % s % 3 % 2 % 
RoW 

TTTTTTTTGCCCGGTTTCTTTCC 

F/G, 74B 

  




































































































































































































































