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Research progress of the thermodynamic database for

oligonucleotide secondary structure prediction
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Abstract ; The nucleotide hybridization based molecular biological technologies like PCR have been widely used in
many fields, such as pathogenic microorganism detection, clinical diagnosis. And the accurate prediction of
secondary structures between oligonucleotide and its binding sites is the key to these technologies. The Nearest-
Neighbor Model based on thermodynamics is the most accurate method to predict oligonucleotide secondary
structure, and the precision mainly depends on the thermodynamic parameters. Meanwhile, the diversity of
secondary structure requires different thermodynamic parameters for different motifs, including perfect matches,
mismatches, internal loops, bulge loops, dangling ends, CNG repeats, and GU wobble base pairs. Therefore, this
review summarized the current parameter sets available for oligonucleotide secondary structure prediction. We also
pointed out the limitations and future development directions of the thermodynamic database.
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TR A B & 50 MU F 4258 Tl i — 4
S HA S R 2 BROE R ITECAL , iR R
MESTC EZERTTT NI KR R Im %42 CNG
B GU SRR, I, A% IR a5
P 2E T RGP 75 OIS E 3R Z2 Fh 2546 i #4
VIEE 28

YT H AT I AT A 8R4 HCT S W) SRR
S EOR R SR IR o] SRt AR — | R AR SR
2R TN [ AR B B TA BT R B R G ) 2R
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%1 DNA/DNA

SRR IR 24 AR e 1 Jey R B AR R
K JET5 1) T R AR OGN B BEA T 9F 5 4 11 5 5 Bl
JEGEIR , e S R — e EE M AR B

1 DNA 5 DNA HHEAEHBFS 22250

1.1 EEME

BFXF DNA/DNA #H H.A/E HIXUEE H' Watson-Crick
B AT.GC Bg %F, Santalucia T 1998 4F & H 09 7%
Imol/L NaCl P55 M ZE 4% 1 R Fc i AP A 1 22 B4
EHSRBIRIRE R/ NI SRR 220z R
(WF 1), Ho AH AS 5 AG 7 B RFRIERAS |
PRUERHAS FIBRUE B B BE, T BB NI T 2 S 503k 3K
W, SEFEVCECLSF IS AR .

AGCGA
AH ( TCGCT

AGCGA
AS(T(‘( GCT

= AH(E) + AH(E) + M) + AH(E) &
= ASG) +AS(E) + AS(EE) + AS(E) .
(D

ZEETERFFIEDHRNZSE (1 mol/L, 37 C)

Table 1 Nearest-neighbor thermodynamic parameters for DNA/DNA perfect matches (1 mol/L, 37 °C)

Sequence AH (kcal/mol) AS(cal/mol) AG(kcal/mol) Sequence AH(kcal/mol)  AS(cal/mol) AG(kcal/mol)
AA/TT -7.9 -22.2 -1.00 GA/CT -8.2 -22.2 -1.30
AT/TA -7.2 -20.4 -0.88 CG/GC -10.6 -27.2 -2.17
TA/AT -7.2 -21.3 -0.58 GC/CG -9.8 -24.2 -2.24
CA/GT -8.5 -22.7 —-1.45 GG/CC -8.0 -19.9 -1.84
GT/CA -8.4 -22.4 -1.44 Init/Term GC 0.1 -2.8 0.98
CT/GA -7.8 -21.0 -1.28 Init/Term AT 2.3 4.1 1.03

Symmetry 0.0 -1.4 0.00

1.2 BRMEERR HEAT

ik B B G A9 B S, T Allawi
ATCN _ AT TC
Santalucia DL & Peyret 2 AT 1997 ~ 1999 4F AL 11 AH(Gee) = AH(Gp) + AH() 5 (2)
W2, — w ATC TC
TR T (LR 2) o B O 25 AL 1 R T 2 ASCree) = AS () + AS(ge)
®2 BMERLEMANFESHE(1 mo/L,37 C)
Table 2 Thermodynamic parameters for DNA/DNA single mismatch (1 mol/L,37 °C)
AH AS AH AS AH AS AH AS
Sequence Sequence Sequence Sequence
(kecal/mol) ( cal/mol) (keal/mol) ( cal/mol) (keal/mol) ( cal/mol) (kcal/mol)  (cal/mol)

AA/TA 1.2 1.7 CC/GC -1.5 -7.2 GG/CG -6.0 -15.8 GT/CG -4.4 -12.3
CA/GA -0.9 -4.2 GC/CcC 3.6 8.9 TG/AG 1.6 3.6 TG/AT -0.1 -1.7
GA/CT -2.9 -9.8 TC/AC 6.1 16.4 AT/TT =2.7 -10.8 TT/AG -1.3 =53
TA/AA 4.7 12.9 AG/TG -3.1 -9.5 CT/GT -5.0 -15.8 AA/TG -0.6 -2.3
AC/TC 0.0 -4.4 CG/GG -4.9 -15.3 GT/CT -2.2 -8.4 AG/TA -0.7 -2.3
TT/AT 0.2 -1.5 CA/GG -0.7 -2.3 GT/CC 5.2 13.5 AC/TT 0.7 0.2
AG/TT 1.0 0.9 CG/GA -4.0 -13.2 TC/AT 1.2 0.7 AT/TC -1.2 -6.2
AT/TG -2.5 -8.3 GA/CG -0.6 -1.0 TT/AC 1.0 0.7 CC/GT -0.8 -4.5
CG/GT -4.1 -11.7 GG/CA 0.5 3.2 AA/TC 2.3 4.6 CT/GC -1.5 -6.1
CT/GG -2.8 -8.0 TA/AG 0.7 0.7 AC/TA 53 14.6 GC/CT 2.3 5.4
GG/CT 3.3 10.4 TG/AA 3.0 7.4 CA/GC 1.9 3.7 GA/CC 5.2 14.2
GC/CA -0.7 -3.8 TA/AC 3.4 8.0 CC/GA 0.6 -0.6 TC/AA 7.6 20.2
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24 H B A T B P A R O S T A AR S,
H Allawi . Santalucia VA ) Peyret 22T 1997 ~ 1999
ESRPER BRI FR 3) L SRS A
HOE ey =T

1.3

AHGNE) = AH(ye) + AH(E) + AH(SY)

o . . , (3)
AS(Rse) = AS(ho) + AS(E) + AS() &
R3I EHEEBREHHNANZESEH (1 mol/L,37 °C)

Table 3 Thermodynamic parameters for DNA/DNA
tandem mismatches (1 mol/L,37 °C)

Sequence AH(keal/mol) AS(cal/mol)
GG/TT 5.8 16.3
GT/TG 4.1 9.5
TG/GT -1.4 -6.2
GT/TT 5.8 16.3
GT/AT -0.1 -1.7
1.4 HIR

S BE N ER B = A S DL E i A R A A X

= AH((E'?) +AH((§(C) + AH(loop = of - 8) =
AH(Ge) + AH(SE) 5

AS(Cearsg) = AS(ER) + AS(5e) + AS(loop —of - 8)

(4)

GACCGC
AH ( CCATAG

R4 RREWANZESH(1 mol/L,37 C)
Table 4 Thermodynamic parameters for DNA/DNA
internal loop (1 mol/L,37 °C)

n AS n AS n AS
(loop of n) (cal/mol) (loop of n) (cal/mol) (loop of n) (cal/mol)

3 10.3 11.6 5 12.9

6 14.2 14.8 8 15.5

9 15.8 10 15.8 12 16.7

14 17.4 16 18.1 18 18.7

20 19.0 25 20.3 30 21.3

1.5 BMIEERiG

TV B 4% 458 2K i ( Single dangling-end ) , 48 4%
SEFFA 57 B 37 R g HE B — > A DG E Y A% R BV 2 o
ap G (I 7 427R) . th B BESR 7
Bommarito 45 A F* 2000 47 $2{Hk A9 #1 7 2 5005 (L
#5), Single dangling-end Z5A8 IS 241 ANT .

if, 1% FH Santalucia il Hicks T 2004 4R3I 2% AH({Ghnea ) = AH(EGn) + AHEL)
¥ 14 ALV ~CTA A .
B (L 4) . WEREEHIEO S AS(ETST) = AS(EN) + AS(S) . )
% 5 Single dangling-end Z5## 1% 54 (1 mol/L,37 °C)
Table 5 Thermodynamic parameters for DNA/DNA single dangling-end (1 mol/L,37 °C)
AH AS AH AS AH AS AH AS
Sequence Sequence Sequence Sequence
(kecal/mol) (cal/mol) (kcal/mol) ( cal/mol) (kcal/mol) (cal/mol) (kcal/mol)  (cal/mol)
AA/-T 0.2 2.3 CG/-C -4.0 -11.9 TG/A- -1.6 -3.6 CC/-G -4.4 -12.6
TA/-T -6.9 -20.0 AT/-A -2.9 -7.6 TT/A- 2.9 10.4 AG/-C -3.7 -10
GA/-T -1.1 -1.6 TT/-A -0.2 -0.5 GA/C- -2.1 -3.9 TG/-C -4.9 -13.8
CA/-T 0.6 33 GT/-A -4.2 -15.0 GC/C- -0.2 -0.1 GG/-C -39 -10.9
AC/-G -6.3 -17.1 CT/-A -4.1 -13.0 GG/C~ -39 -11.2 TA/A- -0.7 -0.8
TC/-G -4.0 -10.9 AA/T- -0.5 -1.1 GT/C- -4.4 -13.1 TC/A- 4.4 14.9
GC/-G =-5.1 -14.0 AC/T- 4.7 14.2 CA/G~- -5.9 -16.5 CT/G- -5.2 -15.0
AT/T- -3.8 -12.6 AG/T- -4.1 -13.1 CC/G- -2.6 -7.4 CG/G- =32 -10.4

1.6 KEERIH

FriB KR A ( Long dangling-end) , $§ 4¢3 ¥
5157 8 37 Ay 1 B 2 WA SO DL | AR DR S i A%
FRENZS AL gap 45 HG (=7 %R ) o BRI IX AL
B, i Sugimoto 28 AT 2002 4F 2L A #2248

B(FE ),
BAE .

Long dangling-end %5 #4) #4122 11

AH(Cnians ) = AH(Cand) + AH (G0 5

GCTAG---\ _ GCTAG G---
AS(CG\'I‘()\/\/\ - AS(CG/\'I‘C ) + AS(Cr\/\/\ o

(6)



%34 WEE, F ATEBHR B EHTNGR I FHBEFRLE 199
% 6 Long dangling-end Z## /12241 (1 mol/L,37 °C)
Table 6 Thermodynamic parameters for DNA/DNA long dangling-end (1 mol/L,37 °C)
Sequence Al as Sequence Al As Sequence Al as

(kecal/mol) (‘cal/mol) (keal/mol) (‘cal/mol) (keal/mol) (‘cal/mol)
CAA/G—- -2.15 -5.5 CAAA/G-—— -3.3 -8.5 CAAAA/G—=—- -4.85 -13.5
TAA/A—- -1.0 -1.0 TAAA/A——- -1.95 -4.5 TAAAA/A———- -2.35 -6.0
AAA/--T -1.5 -2.5 AAAA/——-T -1.75 -3.5 AAAAA/ ———-T -3.95 -10.5
AAG/--C -0.25 0.5 AAAG/---C -0.15 1.5 AAAAG/-—--C -0.75 -0.5

1.7 BIMEAKIA

JIT V8 B0 I K 2R ( Single bulge loop) , 48 4% 38 ¥
1 PR L B — A~ R DG E A A% R B 25 03 gap 2544 (]
“UFRR) . MBI APEICES W] Tanaka S8 AT

loop 5 T2 .

AH(
AS(

Conreca) = AH(Gey) + AHCT) + AH (g

) + AS(I) + AS(

GA-TCCG

GCTTAGGC \ _ GCT
CGA-TCCG/ — AS(CGA

5
AGGC )
TCCG / ©

7
2004 AFFEALEI AT FHAE T (WK 7). Single bulge v
% 7 Single bulge loop £ 1% 241 (1 mol/L,37 C)
Table 7 Thermodynamic parameters for DNA/DNA single bulge loop (1 mol/L,37 °C)
Sequence Al as Sequence Al as Sequence Al as Sequence Al as
(keal/mol) (cal/mol) (keal/mol) (cal/mol) (keal/mol) (cal/mol) (kcal/mol)  (cal/mol)

AAA/T-T -4.0 -17.5 AAT/T-A -13.5 -44.6 AAC/T-G 10.2 25.8 AAG/T-C -0.2 -4.6
ATA/T-T 9.8 24.7 ATT/T-A -19.5 -61.8 ATC/T-G -4.8 -20.0 ATG/T-C 5.6 12.9
ACA/T-T 6.1 14.0 ACT/T-A -3.4 -15.3 ACC/T-G -29.1 -91.3 ACG/T-C -1.2 -7.4
AGA/T-T 15.5 43.1 AGT/T-A 5.3 10.6 AGC/T-G =72 -28.4 AGG/T-C 5.7 14.4
TAA/A-T 15.3 38.5 TAT/A-A 19.8 56.7 TAC/A-G -2.3 -12.7 TAG/A-C 15 40.4
TTA/A-T -2.7 -16.0 TTT/A-A -8.2 -30.1 TTC/A-G 8.8 23.2 TTG/A-C 7.0 17.5
TCA/A-T 1.6 -3.9 TCT/A-A 9.9 30.5 TCC/A-G -15.2 —-48.7 TCG/A-C -0.7 -7.0
TGA/A-T -12.3 -47.0 TGT/A-A 20.9 59.8 TGC/A-G 2.6 1.6 TGG/A-C -9.2 -31.4
CAA/G-T -14.4 -46.6  CAT/G-A -7.0 -25.8 CAC/G-G 4.3 8.8 CAG/G-C -2.9 -13.0
CTA/G-T -18.7 -61.7 CTT/G-A -4.6 -17.0 CTC/G-G -14.5 -48.1 CTG/G-C -4.7 -18.8
CCA/G-T 5.8 13.4 CCT/G-A =53 -24.8 CCC/G-G -2.6 -9.4 CCG/G-C 9.1 24.4
CGA/G-T  -14.7 -49.6  CGT/G-A 2.1 6.5 CGC/G-G -4.4 -17.8 CGG/G-C  -164 -51.6
GAA/C-T -6.8 -25.2 GAT/C-A -9.8 -35.6 GAC/C-G -4.8 -18.3 GAG/C-C -6.5 -21.0
GTA/C-T -7.4 -27.0 GTT/C-A 1.8 -0.6 GTC/C-G -12.3 -40.0 GTG/C-C -2.3 -10.0
GCA/C-T -2.1 -12.5 GCT/C-A -3.5 -16.1 GCC/C-G 0.4 -1.0 GCG/C-C 13.8 42.9
GGA/C-T -0.7 3.6 GGT/C-A -1.2 -9.3 GGC/C-G -1.7 -7.2 GGG/C-C 3.5 8.5

1.8 KA

FIT SR AZAK IR ( Long bulge loop) , 5 4238 ¥ 51
BB LI S AN S DL B AR DE L A A% R R 25 7 gap
ik (=7 Kon) o 4 B Ao,
Santalucia 1 Hicks T~ 2004 4F42 {1t 1 #4 ) 24 5
(W5 8) . Long bulge loop Z5H4 B 24U .

AH(EX) = AH(Term = AT = penalty) +
AH(bulge — loop = of = 3) = 0;

AS(S*C) = AS(Term — AT — penalty) + )
AS(bulge — loop — of = 3) =
AS(bulge ~ loop = of - 3),

% 8 Long bulge loop & 1= 2% (1 mol/L,37 °C)
Table 8 Thermodynamic parameters for DNA/DNA
long bulge loop (1 mol/L,37 °C)

n

AS n

AS

n

AS

(loop of n) (cal/mol) (loop of n) (cal/mol) (loop of n) (cal/mol)

2

5

-9.35 3
-10.64 6
-12.57 9
-14.15 12
-15.48 15
-16.26 18
-17.09 25

-10.0

-11.28

-13.22

-14.51

-15.65

-16.77
-18.06

4

7

10

13

-10.32

-11.93

-13.86

-15.00

-16.12

-16.80
-19.02
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Table 9 Thermodynamic parameters for DNA/RNA perfect matches (1 mol/L,37 °C)

B 222K F H Sugimoto 55 AT 1995 AR U8

(DE%% 9) , 58 RIL LA 1R

#* 9 DNA/RNA #£ATFEREFIEHRAFSE (1 mol/L,37 °C)

2EHER 1.,

Sequence  AH (kcal/mol) AS (cal/mol)  Sequence  AH (kcal/mol) AS (cal/mol)  Sequence  AH (kcal/mol)  AS (cal/mol)
dAA/YUU -11.5 -36.4 dCG/1GC -16.3 —47.1 dTA/rAU -7.8 -232
dAC/TUG -7.8 -21.6 dCT/rGA -9.1 -23.5 dTC/TAG -5.5 -13.5
dAG/rUC -7.0 -19.7 dGA/rCU -8.6 -22.9 dTG/rAC -9.0 -26.1
dAT/rUA -8.3 -23.9 dGC/rCG -8.0 -17.1 dTT/rAA -7.8 -21.9
dCA/rGU -10.4 -28.4 dGG/rCC -9.3 -232 Initiation 1.9 -3.9
dCC/1GG -12.8 -31.9 dGT/1CA -5.9 -12.3

3 RNA 5 RNA MHEAEHT 2S5

AR 2 S8 1 Xia 25 AT 1998 AR H (L

%10).,

24 mRNA 5 RNA # HAE I, 58 & DU L 1Y

BATAR T2 S50 ™ i Turner 28 AT 2006 442

3.1 XML
>4 RNA 5 RNA HEAEH B, 58 38 DU AC 1 f il

R 11),

%10 RNA/RNA &ERTELEFIEBHANESHR (1 mol/L,37 C)
Table 10 Thermodynamic parameters for RNA/RNA perfect matches (1 mol/L,37 °C)

SEE VLR RIS

R 1.1,

Sequence  AH (kcal/mol) AS (cal/mol) Sequence  AH (kcal/mol) AS (cal/mol) Sequence  AH (kecal/mol) AS (cal/mol)
AA/UU -6.82 -19.0 CC/GG -13.39 -32.7 Initiation 3.61 -1.5
AC/UG -11.4 -29.5 CG/GC -10.64 -26.7 Ter per-A/U 3.72 10.5
AG/UC -10.48 -27.1 GA/CU -12.44 -32.5 symmetry 0.0 -1.4
AU/UA -9.38 -26.7 GC/CG -14.88 -36.9
CA/GU -10.44 -26.9 UA/AU =7.69 -20.5
& 11 mRNA/RNA %&EELEREERBHRNFSHER(1 mol/L,37 C)
Table 11 Thermodynamic parameters for mRNA/RNA perfect matches (1 mol/L,37 °C)
Sequence  AH (kcal/mol) AS (cal/mol)  Sequence AH (kcal/mol) AS (cal/mol)  Sequence AH (kcal/mol)  AS (cal/mol)
mAA/UU -7.48 -22.3 mCG/rGC -9.47 -23.0 mUG/rAC -12.14 -32.9
mAC/rUG -6.32 -15.2 mCU/rGA -9.59 -23.89 mUU/TAA -5.43 -14.5
mAG/rUC -13.94 -39.1 mGA/rCU =577 -11.9 Initiation -12.8 -52
mAU/rUA -6.33 -17.7 mGC/rCG -11.9 -26.3 Ter per-A/U 3.14 9.1
mCA/rGU -5.21 -10.7 mGG/rCC -9.66 -22.1 Symmetry 0.0 -1.4
mCC/1GG -8.88 -19.7 mGU/rCA -6.62 -14.3
mUA/rAU -6.47 -17.0 mUC/TAG -9.65 -25.0
3.2 A WS BRIE | Y 7S W WE AL 5 S B IO 45 4 ) B g o
4 PR A I R B BT Znosko AT HEANTE .

2008 4E LAY B 2B (WL 12)  Hih RFER
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AH(G) = AH(L) + AH(per_AU/GU) + AH()) =
AH(Y) + 1 x AH(Y) + AH(SY) 5

AS(Jue) = AS(y) + AS(per_AU/GU) + AS(33y) =
AS(p) + 1 x AS({) + AS(T) o

®12 BMEREMHRNFESH(1 mol/L,37 C)
Table 12 Thermodynamic parameters for RNA/RNA
single mismatch (1 mol/L,37 °C)

AH AS AH AS
Sequence

Sequence
(kcal/mol) ( cal/mol)

(kcal/mol) ( cal/mol)

‘ o . (9) A/G -08  -104 YRR/RRY 0.8 6.2
2t B 2 I A A X, A Turner 558 AT
1999 Fil 2006 4 LA AU B 22 K00 22 (L 13) U/U  -149  -457 RYY/YYR -03 -1.2
SR EEBL SE R B A AN G/G -17.9  -522 YYR/RYY 2.6 6.5
per AU -4 -150 YRY/RYR -7.0  -20.3
AH(ENG) = adjacent_to_GC_AH(}Y) ;
(cce) = adjacent_to GC_AH(:,) ; (10) per G/U -4 -19.3  RRY/YYR -17.3  -54.5

AS( Eé:((; ) = adjacent_to_GC_AS( éﬁ ) o

R 13 EEETEHHRANFESER(1 mol/L,37 C)
Table 13 Thermodynamic parameters for RNA/RNA tandem mismatches (1 mol/L,37 °C)

Sequence AH AS Sequence AH AS Sequence AH AS Sequence AH AS
(closing="G/C" )(kecal/mol ) (cal/mol) (closing="C/G" )(keal/mol) (cal/mol) (closing="U/A")(kcal/mol) (cal/mol) (closing="A/U")(kcal/mol )( cal/mol )

GA/AG -25.1 -72.5 GA/AG -14.6 -44.8 GA/AG -13.4 -45.5 GA/AG -14.4 -47.4
AG/GA -15.6 -46.1 AG/GA -12.7 -38.7 AG/GA -19.4 -64.8 AG/GA -10.8 -35.8
uu/uu -14.4 -44.8 uu/uu -17.5 -55.1 uu/uu -6.7 -25.1 Uu/uu -12.2 -41.3
GG/GG -22.8 -76.1 GG/GG -22.8 -76.1 GG/GG 2.7 3.9 GG/GG -1.0 -7.7
CA/AC -10.3 -36.4 CA/AC -10.8 -38.4 CA/AC 9.1 23.2 CA/AC 7.2 15.8
cusuc -20.9 -70.9 cusuc -0.6 -6.4 cusuc 3.3 3.5 cus/uc 7.4 -16.8
uc/Ccu -14.7 -50.6 Uc/CU -2.8 -13.5 uc/cu 9.5 21.6 uc/cu 7.4 -16.8
cC/ce -14.7 -50.6 CC/CcC -1.8 -11.3 CC/cC 12.1 30.0 CC/cC 7.4 -16.8
AC/CA -8.6 -30.6 AC/CA -1.7 -11.9 AC/CA 12.1 30.1 AC/CA 7.5 16.1
AA/AA -1.3 -9.0 AA/AA -4.6 -19.0 AA/AA 14.7 38.4 AA/AA 13.4 34.2
3.3 AR 34 CNG EEF7I

M I EREER | N Turner 55 AT 1999 4 Al
2006 AEERALAIR T AR (LR 14) . IR,
LT WAL= 7 = (I

AH(C) = AH(loop — of —n) + AH(per_AU/GU) +
(nl —n2)AH(asymmetry) = AH loop(7) +
AH(}) + (4 - 3) AH(asymmetry) ;

AS($205%) = AS(loop — of —n) + AS(per_AU/GU) +
(nl —n2)AS(asymmetry) = AH loop(7) +
AS(}) + (4 - 3)AS(asymmetry) ,

(11)

fiTiE CNG R T, BHE—KFH(5 2 3T
i) 24~ G(CNG)xC BT F BRI P91, X B «
JEHE CNG A WA H ;N AR —Fh i b 45 e S5 78 B
N/N, Y B P A HS, B A Broda 5 A F 2005
SRR LRI 2B BE Y (LR 15) . CNG A 4544
OEApAE AR/ N

AH(GGncce) = AH(3 = CAG - repeats) ; (12)
AS(Ciacorconcs) = AS(3 = CAG = repeats) ,

* 14 HNIREHRHRNESE (1 mo/L,37 C)
Table 14 Thermodynamic parameters for RNA/RNA internal loop (1 mol/L,37 °C)

AH AS AH AS AH AS
n(loop of n) n(loop of n) n(loop of n)
(kcal/mol) (‘cal/mol ) (keal/mol) (‘cal/mol) (keal/mol) (‘cal/mol)
2 -10.5 =354 5 -6.8 -28.4 per_A/U 5 13.9
3 0.3 -4.5 6 -1.3 -10.6 per_G/U 5 13.9
4 -7.2 -26.8 >6 -1.3 -10.6 asymmetry 3.2 8.4
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®15 CNG EEFHMANFSH (1 mol/L,37 IC)
Table 15 Thermodynamic parameters for CNG repeats (1 mol/L,37 °C)

Sequence(x) AH (kcal/mol) AS (cal/mol) Sequence(x) AH (kcal/mol) AS (cal/mol) Sequence(x)  AH(kcal/mol) AS (cal/mol)

CAG(2) -40.1 -110.1 CAG(4) -32.0 -80.2 CAG(6) -35.5 -104.0
CGG(2) -50.1 -139.5 CGG(4) -58.0 -153.0 CGG(6) -23.9 -69.8
CCG(2) -29.3 -74.9 CCG(4) -45.8 -66.7 CCG(6) -24.4 -72.0
CUG(2) -49.6 -141.9 CUG(4) -43.9 -116.7 CUG(6) -39.8 -118.6
CAG(3) -30.1 -75.4 CAG(5) -29.3 -86.6 CAG(7) -30.6 -89.4
CGG(3) -50.7 -134.3 CGG(5) -19.9 -58.2 CGG(7) -23.4 -67.5
CCG(3) —42.2 ~114.4 CCG(5) -32.8 -1215 CCG(7) -27.3 -80.1
CUG(3) -54.9 -147.9 CUG(5) -42.8 -128.3 CUG(7) -49.86 -143.5

3.5 GU#Ezhsicsd One GU base pair: AH({oc) =AH(S0) +AH(L)

% RNA/RNA HIE AR 2 B2 M8 200 GU i AS(Goe) =AS(6) +AS (60 5

X (E Watson-Crick BCXT) Z5 41, B Turner %N Two adjacent GU base pairs: AH((ovc) =AH (L) +

T 1999 EROHTHIFEI S (UF16). CUIE  Ap(ih) sAm(E)  AS(HEE) 2 AS(E) +

7 \ éj:

B AR R R AS(Y) +AS(Y) . (13)

& 16 GUEFBXERHRNFESH (1 mol/L,37 C)
Table 16 Thermodynamic parameters for GU wobble base pairs (1 mol/L,37 °C)

AH AS AH AS AH AS
n(loop of n) n(loop of n) n(loop of n)
(kcal/mol) (‘cal/mol) (keal/mol) (‘cal/mol) (kcal/mol) (‘cal/mol)
AG/UU -3.2 -8.6 GG/CU -8.33 -21.9 GG/UU -13.47 -44.9
AU/UG -8.81 24.0 GU/CG -12.59 -32.5 UG/GU -9.26 -30.8
CG/GU -5.61 -13.5 UG/AU -6.99 -19.3 per_G/U 3.72 10.5
CU/GG -12.11 -32.2 UU/AG -12.83 -37.3
3.6 1EE SE T 2002 12006 4F S AT 2 s BT (I

XFF Sigle dangling-end #238, N Serra %6 AT 32 18) , Hirp R SRR LIS G 3L, Y 3R 75 5 g i 3
2006 1 2008 AE4R ALY E BRI Z 2 (WK 17) 3 Dangling-end 25 R348 IR 1.5 5 1.6,
Xt Long dangling-end =, i H Sugimoto 55 Serra

% 17 Single dangling-end 3% /1241 (1 mol/L,37 °C)
Table 17 Thermodynamic parameters forRNA/RNA single dangling-end (1 mol/L,37 °C)

AH AS AH AS AH AS AH AS
Sequence Sequence Sequence Sequence
(kcal/mol) ( cal/mol) (kcal/mol) ( cal/mol) (kcal/mol) ( cal/mol) (kcal/mol)  (cal/mol)

UA/A- -5.2 -14.3 UC/A- -3 -8.7 UG/A- -6.6 -18.8 UU/A- -3.1 -8.9
UA/G- -2.9 -6.5 uc/G- -2.8 -6.7 UG/G- -6.4 -17.5 Uuu/G- -1.5 -3.1
GA/U- -2.6 -6.8 GC/U- -4.0 -10.2 GG/U- -1.7 -4.4 GU/U- -2.2 -5.4
AU/-G 2.8 9.7 CU/-G 0.4 2.3 GU/-G 1.4 5.3 uu/-G 4.3 14
AG/-U 1.6 5.3 CG/-U 0.5 1.6 GG/-U -0.6 -1.7 UG/-U 2.2 6.8

% 18 Long dangling-end Z5#3# /1% 5% (1 mol/L,37 C)
Table 18 Thermodynamic parameters forRNA/RNA long dangling-end (1 mol/L,37 °C)

AH AS AH AS AH AS AH AS

Sequence Sequence Sequence Sequence
(kcal/mol) ( cal/mol) (kcal/mol) ( cal/mol) (kcal/mol) (cal/mol) (kcal/mol)  (cal/mol)

CA/G- -1.05 1.0 CAA/G--  -6.75 -16.0 CAAA/G--- -10.45 -26.5 CAAA/G--- -11.95 =31
AG/-C -0.4 -0.5 AAG/--C -5.2 -20.5 AAAG/---C -8.25 -24.5 AAAG/---C -13.1 -39.5
UA/A- -0.95 -1.0 UAA/A-~- -3.2 =7.0 UAAA/A--- -42 -9.5 UAAA/A--- =525 -13.0
AA/-U -1.1 -2.5 AAA/--U  -3.35 -9.0 AAAA/---U -3.38 -10.0 AAAA/--—-U -3.85 -9.0
RY/Y- 0.0 0.0 RRR/Y-- 0.0 0.0 RRY/Y-- -2.5 -6.7 YY/R- 0.0 0.0

YR/R- -2.5 -6.7
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3.7 FRKIR FIHEWT .

XtF Single bulge loop &3, i H Serra 48 A\ F AH(M) = AH(per_AU/GU) + AH(bulge -
2007 AF4R AL AT FHIE T (I3 19) | Single bulge loop — of - 3) ;
loop Z5 A8 Y FA T 24158 1.7; %5 T Long bulge loop AS(}) = AS(per_AU/GU) + AS(bulge —

2ERI R Turner 5 AT 1999 F1 2006 4F- 2L Ag#4 S loop = of = 3),
SRR 2 (JL3 20) , Long bulge loop 4544 Y #4 /g (1)
% 19 Single bulge-end & /1F 5 %1(1 mol/L,37 °C)
Table 19 Thermodynamic parameters for RNA/RNA single bulge-end (1 mol/L,37 °C)
Sequence Al as Sequence A as Sequence Al as Sequence Al as
(keal/mol) (cal/mol) (keal/mol) (cal/mol) (keal/mol) (cal/mol) (keal/mol)  (cal/mol)

CAC/G-G 4.7 2.6 CAG/G-C 14.7 32.9 CAU/G-A 11.9 24.2 CAU/G-G 5.3 13.2
CGC/G-G 8.8 15.5 CGU/G-A 21.8 55.1 CGU/G-G 19.7 58.0 GAG/C-C 8.3 14.5
GAC/C-G 8.2 17.1 GAU/C-A 9.8 17.1 GAU/C-G 21.3 62.2 GCG/C-C -4.5 -24.2
GCA/C-U 9.4 16.4 GCU/C-A 4.2 9.4 GCG/C-U 1.61 35.8 GUG/C-C 1.3 29.3
GUA/C-U -0.3 -129 GUG/C-U 15.6 35.1 UAG/A-C 16.4 45.8 UAC/A-G 26 66.4
UAU/A-A 20.8 54.2 UAU/A-G 36.8 100.0 UGC/A-G 26.6 69.6 UGU/A-A 12.2 28.4
UGU/A-G 0.056 163.8 UCA/A-U 8.5 14.8 UCU/A-A 4,2 1.0 UCG/A-C 20.1 49.3
UCG/A-U 34.6 97.0 ACA/U-U -3.7 -25.8 ACG/U-C 22.6 60.1 ACU/U-A 32.4 89.0
ACG/U-U 39.7 114.5 AUG/U-C 15.1 35.8 AUA/U-U 37 0.0 AUG/U-U 42 119.9
GCA/U-U 25.8 70.9 GCG/U-C 11.4 23.9 GCU/U-A 25.2 68.7 GCG/U-U 23.8 66.7
GUG/U-C 4.2 11.9 GUA/U-U 10 19.3 GUG/U-U 24.6 68.4 UAC/G-G 6.2 10.6
UAG/G-C 0.1 -4.8 UAU/G-A 20.7 56.1 UAU/G-G 18.4 50.9 UGC/G-G 21.8 61.6
UGU/G-A 13.8 31.0 UGU/G-G 17.5 46.4

% 20 Long bulge-end &3/ 1Z25(1 mol/L,37 °C)
Table 20 Thermodynamic parameters forRNA/RNA long bulge-end (1 mol/L,37 °C)

n(loop of n) AH (kcal/mol) AS (cal/mol)  n(loop of n)

AH (kcal/mol) AS (cal/mol)

n(loop of n) AH (kcal/mol) AS (cal/mol)

2 7.1 13.9 5 7.1 10.0 per_A/U 5 13.9
3 7.1 12.6 6 7.1 8.7 per_G/U 5 13.9
4 7.1 11.3 >6 7.1 8.7

4 FFIREEER IS 2 SR

Br L3k ATCGU ZAb, AR b Rl R A7 e —2E
TEH B 58 5 40 LT (Inosine base, 1) | 75 2 it 122 04
(2_hydroxyadenine pairs, A ™) 5%, H §j & 8L H 7E
RNA/RNA AHEAEHI T LA TU DERC I 2K B, AH G
Eﬁ?j@jj%ﬁﬁﬂﬂ Znosko ¢ NT 2007 4FE4R 4L 28](%

One inosine base :
AH(SE) =AH(R) +AH(S) LAS(HS) =AS(5) +AS(S) 5
Two adjacentbase pairs containing inosine :
AH((?LAIE; - AH( 1)+ AH( D+ AH( ) AS(E}X}E =
AS(CA) + AS AE) + AS 1(;) o
(15)

PRI (A7) B %280l Sugimoto 45

AF 2001 @mﬁﬂ” ‘L% AT RIS —GA*C—3’ u
M Santaluma ff]\ﬁ: 2005 AL %:z 22) [29] mjj BN,
LR . . .

AH(E) = AH(EY) + AH()S) + AH(GA" C/CCG) 5

AS(S ) = AS(SY) + AS(XS) + AS(GA* C/CCG)

(16)
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& 21 RNA/RNA #EEH IBENRNFSH(1 mol/L,37 C)
Table 21 Thermodynamic parameters for RNA/RNA inosine base (1 mol/L,37 °C)
AH AS AH AS AH AS AH AS
Sequence Sequence Sequence Sequence
(kcal/mol) ( cal/mol) (kcal/mol) ( cal/mol) (kcal/mol) ( cal/mol) (kcal/mol)  (cal/mol)
UA/TU -10.08 -33.8 UU/TA -11.68 -36.3 UG/1IC -11.99 -36.2 UcC/I1G -9.81 27.4
uu/n 9.53 8.8 UI/1U 8.41 19.9 TA/UU -8.22 -27.9 1U/UA -15.83 -49.4
IG/uC -13.38 -39.3 IC/UG~- -11.56 -34.0 1U/U1 17 43.3 per_Ll/U -0.08 4.0
& 22 DNA/DNA #&EEFH IBENRNFSE (1 mol/L,37 C)
Table 22 Thermodynamic parameters for DNA/DNA inosine base (1 mol/L,37 °C)
AH AS AH AS AH AS AH AS
Sequence Sequence Sequence Sequence
(keal/mol) (cal/mol) (kcal/mol) ( cal/mol) (kcal/mol) (cal/mol) (kcal/mol)  (cal/mol)
AA/IT -3.4 -11.2 GC/1G -1.1 -32 1G/AC -7 -20.0 IT/GA 0.1 -1.8
AC/1G -7.8 -21.1 GG/1C 7.1 21.3 IT/AA -0.7 -2.6 1G/Gl 3.2 6.1
AG/IC 2.6 8.9 GT/IA -4.9 -15.8 TA/A1 -13.9 -40.5 TA/TT -0.8 -4.3
AT/IA -8.3 =25 Gl/1G -4.2 -39.8 TA/CT -4.9 -13.9 1C/TG -4.3 -12.1
Al/IA -9.5 -29.1 TA/IT -6.5 -22.0 1C/CG -5 -12.6 IG/TC 0.1 -1.0
CA/IT -5.9 -17.4 TC/1G =35 -10.6 1G/CC -8.3 -23.8 IT/TA -5.6 -18.7
CC/1G -6.8 -19.1 TG/1C -1 -2.4 1T/CA -8.8 -25.4 IT/TI -7.6 -31.1
CG/IC -5.4 -13.7 TT/T1A 0.49 -0.7 IC/CI -12.1 -36.3 1C/1G -0.5 -1.3
CT/IA -8.9 -25.5 TI/1T -1.47 -49.4 IA/GT 1.0 1.0 1G/1C 1.3 3.0
CI/IC -1.8 -6.4 TA/AT -1.3 -4.6 1C/GG -7.6 =22 IT/TA -3.3 -11.9
GA/IT -1.9 -8.5 IC/AG -7.6 -20.2 1G/GC 5.8 16.9 TA/IT 0.1 -2.3

%23 DNA/DNA HEEH A" HHNRIZE
Z#(1 mol/L,37 °C)
Table 23 Thermodynamic parameters for

DNA/DNA A" (1 mol/L,37 C)

AH AS AH AS
Sequence Sequence
(kcal/mol) ( cal/mol) (kcal/mol ) ( cal/mol)
TAA/AA®T 265 71.0  GAC/CA*G  70.8 203.0
TGA/AA™T 21 61.0 GGC/CA*G  25.6 76.0
TCA/AA™T 9 27.0  GCC/CA™ G 19 54.0
TTA/AA*T 14 38.0 GTC/CA* G 9 29.0

5 4iihSRE

TR TR — A5 R RS B IO A 53 £E ) 2 I
FH AP A Ok 1 E 22V, #8022 2 80 AN B ¢
H IR B2 PR R . ASSCRE XA R — 245
Hay, Zids F R A A R0 2 Rt P R i 52 5%
DCHC HEC PR I ER R S 42 L CNG & GU
FEENICS LA AL & JIUH R SR RN SR 254 . R T
ARSI R, FH P Al UK 5 A [ 75 3R 8 #5451 A 4
Ptk Tk B A SCE SOt A B SR TR — A
AR TN G | M 4 v L S A% R 2% 52 S A 1)
TLEVHAR I A

SR AR R R R IR R 2 R TR AR AE
A A 0 R S 36 v A0 B O T, PR Y pHL (), Ca™ |

Mg 85 B - DL Ky — S0 P 551 1 HH 5 B ( formamide ) |
DMSO (= FUEIAR ) 5 23 0 2 5 e S A% 1 R — 90 45
FRITAG IR HL BR AT C.G U IERBEERL S b
B IE R R PR RS, oA A= ) 43 1 an 2 TP B A R
B CTAE IS (% R R B A AE T Ak,
PRI | AR A 06 B3 3 S0 4 FE T AR 2 S8, fil
WA BT 2R B SRS o 3, DLtk — 203
P Z R RORE B P, DT A SR A IR — A
1) P S0
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