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Capacity Analysis of DNA Memory Based on Mathematical Model

MASAHITO YAMAMOTO, 12 SaTosHT KASHIWAMURA 3
and AzuMA OnucHI 12

We have developed a DNA Memory called NPMM with over 10 million (16.8M) addresses.
The data embedded into a unique address was correctly extracted through addressing pro-
cesses based on the nested PCR. In this paper, the addressing process of NPMM was mod-
eled by using the combinatorial optimization problem in order to discuss the limitation of the

scaling-up problem of NPMM.
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Fig.1 Sequence structure of each DNA strand in 16.8M-

NPMM. The area expressing the address informa-
tion comsists of six layers (XY, X € {A,B,C},
Y € {L,R}) and sixteen sequences are defined in
each layer (named XY+, ¢ € {0,1,2...15}).

ARlink  BRlink CRlink

00000000000000000000000 1
0000000000 NPMMOOOOOOODOOO
oooo

000000000000000 AO0O0O0BOOO
CcO0000000000 1600000000000
00000000000 NPMMOOOOOOOOO
16% = 16,777,216 10 0000000000000

0y 0000000000000 ALOBLOCLOO

0000000000000 AROBROCROOOO
00000000000000 1600000000
000 0015000000000ALSOBRIIOODO
0000000000O0O00oo
00000000000 000000000000
00000020 00000000000000000
000000000000000000000000
0000000000000 D00D00000000Dn
00000000000 2000000000000
000000D0000000D00000200000
0000000000 00000000000000
000000000000 000000000000
00000000000 0000000000000
0000D0000000000000D0000 DNA
000000000000000000000000
0¥290oo0000000000 2-step search O
0o0O0000o0oooooo?o
010NPMMOOODOOODOOOODOO300
00D 160000000000 DNAODODOO 96
0000000000000 00000000000
00000600000000000000000200

40060 00 00 data200data400data60 0 3000

g1000o0o00o0oooocooobooooboo
gobOoooooboooobo2e0000000000
gooooOoOooooooooboooooooooboo
gobooooooooboooooooooobonboo
goo1s00000000000
obooobooooooboboobooboog 1e.8MODO



38 go0oo0oooOooooooooooooo

00000000 DNAOODOOODODOODODOOD
000000000000000000000000
000000000000 13)-15) 0000000
000000000000 16.8MO0 1.68x 10700
OO0 DNAOODOOODOOODOOODODODOOD
000000 DNAOOOOOODODODOODOOOO
000000000000 000D00000000Dn
000000000000000000000000
000000000000000000000000
0000 DNAOOOO 102 000000ooooo
00000100000 1000000000010
000000000000000000000000
00000000 1000000000000000
00000000000000D0 100000100
00000 102 00000000001 00000
0000000000000 D0000D0000
00D00000000D0010000000000
00000000000 DNADOODOOODODOOO
000000000000000000000000
00000000 DNAOODOOODOOOODOOO
000000000000000000000000
000000000000000000000000
0000000000 D0000000D0000000n
00000000 16000000000000000
O00000D0O00OONPMMOOOODOOOOOD
00000000000 D000000000000n
00000000000 D00D0000000D000D
00000000000000 NPMMOODOOOO
000000000000000000

3. DNAOQOOOOOOOODO

3.1 000000000
O0DOONPMMODOOOODOOOODOOO
00000000000 0000000000000
O0O0000addressingd 0000
000000000 ONested PCROODOOOOO
0000?00 2000000000000000
0000000000 [CLO, BL2, AL4, AR5, BR3,
CRI)0000000000000000000000
000000000000000000000 100
00000000000000000000000CLO
0O CRIODDOOODOOOODOOODODOOOODOOO
00 16.8MO NPMMOOOOOOOOOOOOOO
0000000000PCROODOOOOOOOOPCR
002000000000000000000000
0000000000 10000000000000

Mar. 2008

cro| [ BL2| [AL4 {turgetD ATl 4R5 ] [BR3 | [CRI

02 NPMMOOOOOOOODOOOO
Fig.2 Operations for retrieving the target DNA from
NPMM are implemented in the nested PCR.
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Fig.3 Result of PolyAcrylamide Gel Electrophoresis for addressing.
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Fig.4 Combinatorial optimization problem for NPMM analysis.
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Table 1 Parameter settings.

P 3.0 x 103
L 20304
N 960 200
o 5000 1,500
v 500 200
max_cycle 30
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Table 2 Theoretical capacity of case of L = 3. The numbers in brackets means

the assignment of the number of address sequences.

a\ v 50 100 200
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1,000 317,623,684 176,278,729 89,170,249
(67,19,14,14,19,67) | (71,17,11,11,17,71) (71,19,7,7,19,71)
1,500 214,036,900 108,056,025 53,509,225
(55,38,7,7,38,55) (55,27,7,7,27,55) (55,19,7,7,19,55)
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Table 3 Theoretical capacity of case of L = 2, 3, 4.
000 L=2 L=3 L=4
oo 6,250,000 176,278,729 180,069,561
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