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FiC i fik f10KS DNA B B2 BE, ] 1xSYBR
Green [ &% 4% 15 min. | Thermo Scientific

Varioskan Flash 4> K £ T GE B A5 A0 5 5% 6 AH,
WOR P 497 nm, RSP 520 nm. SEEG R B,
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Fig. 1 Agarose gel electrophoresis analysis of expansion products from five short sequences
Reaction was performed at 50°C (a), 60°C (b), 70°C (c), and 80°C (d) for 1.0, 3.0 and 16 h, respectively. Reaction conditions: 100 nmol/L short repeats,
20 U/ml Vent, 0.5 mmol/L dNTPs, in 20 pl of 1xThermopol Buffer (20 mmol/L Tris-HCI, 2.0 mmol/L MgSO,, 10 mmol/L KCI, 10 mmol/L (NH,),SO.,

0.1% Triton X-100, pH 8.8 ( 257C)). Analyzed by 0.8% agrose gel.
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Table 1 T, Values of short and long repeats and concentrations of products amplified at four temperatures

T./(C)

p(Products)/(mg+L™")?

p(Products)/(mg+L™")

20bpMea 20bp Cal® Prod Cal® No?  Seq ¢ 60C  wC soc O % Toc e 70C  s0C

41.0 419 60.5 A0 TAAA 02 02 02 01 A2 TATT 02 02 02 02
483 52.9 72.0 BOI GAAA 01 01 <01 01 Bo2 CTIT <01 03 01 0.1
55.7 55.6 742 €Ol ACAA <01 <01 <01 <01 €02 GTTT <01 05 33 02
66.9 69.9 90.6 DOl AGGG <01 <01 0.1 01 po2 CTCC <01 <01 46 0.1
724 72.0 92.4 E0I CCAC <01 <01 07 01  E02 GGGT <01 <01 02 19
82.6 83.1 10205 FoI  GGCG <01 <01 0.1 14 F02 CCGC 01 01 374 118°
59.2 60.4 78.5 GIl GAGA 26 247 215 55 GI2 CICT 246 717 411 10
60.0 62.9 81.2 G2 AGGA 21 04 113 12 G2 CCIT 01 85 622 Ll
675 64.9 82.4 HI1l CACA 158 441 226 121 HI2 TGTG 26 357 301 44
644 63.7 832 H2I CCAA <01 01 799 21 H2 GITG 02 <01 204 06
48.8 486 673 111 TAGA 64 72 03 06 112 CTAT 111 71 02 0.
525 51.8 69.4 21 AGTA 19 67 22 06 22 TACT 03 01 01 02
53.7 54.1 72.4 131 ATGA 03 11 01 02 132 CATT 01 144 01 0.1
51.2 50.5 69.1 JiI CATA 0.1 11 43 02 J12 GTAT 564 191 02 02
50.5 50.1 69.3 21 CTAA <01 06 05 <01 J22 AGTT 237 151 03 02
54.4 53.7 72 31 CAAT 01 162 02 01 J32 TTGA 19 255 45 03
614 61.0 80.2 KIl AGTG 03 348 162 49 KI2 CTCA <0. 152 506 0.1
60.0 59.6 78.5 K21 AGGT 13 118 32 04 K22 CCTA 04 50 913 04
63.8 62.5 81.6 K31 ATGG 02 02 88 21 K32 CCAT 26 425 124 606
613 61.5 80.2 LIl CAGA 01 125 20 01 LI2 CTGT 103 156 509 02
674 65.3 81.8 L21 ACGA 27 312 589 121 L22 TCGT 02 169 288 3.1
672 66.0 84.0 L31 AGCA 0.1 03 138 231 L32 GCTT 49 356 438 495
77.7 72.7 91.0 MIl CGAG 0.1 02 133 413 MI2 GCTC 35 125 34 12
73.9 72.4 90.5 M21 GACG 04 233 156 442 M22 CGTC 0.1 0.1 408 336
73.4 73.0 92.9 M31 CAGG 1.0 121 291 339 M32 CTGC 47 36 219 427
75.3 72.1 90.3 NIl CGAC 02 05 834 211 NI2 TCGG 7. 294 178 338
80.2 74.7 92.4 N21  ACGC 46 231 112 312 N2 TGCG 239 226 245 309
75.8 73.8 92.9 N3l CAGC 04 52 128 151 N32 GCTG 02 25 205 679
63.8 61.9 80.2 Oll CAGT 17 409 308 87 O0I2 GACT 07 478 356 129

765 666 828 020 ACGT 339 905 253 562

724 624 829 030 GCTA 20 198 263 170

703 653 831 040 CGAT 44 216 262 223

782 710 881 050 TGCA 32 520 229 130

481 431 560 PI0 ATAT 224 242 520 10.6

439 473 616 P20 TAAT 646 724 104 5.1

81.0 858 104 QI0 GCGC 2.8 147 336 270

8.8 846 105 Q20 GGCC 08 12 54 159

"The conditions of calculated T, of 20 bp dsDNA were the same as that of measurement: 116.7 mmol/L NaCl, 2.0 wmol/L DNA.? The T, of
96 bp dsDNA was calculated using the conditions of DNA amplification: 10 mmol/L NaCl, 2 mmol/L magnesium ion, 0.1 pmol/L DNA.

3 The number of each sequence was designated according to the kinds of nucleotides, ascending T:, of the 96 bp repetitive sequences. The left

sequences were complimentary with the right ones. Take group I for example, TAGA, AGTG and ATGA, composed of the same bases, were

classified as group I-1 and numbered as 111, 112, and 113 respectively, in consideration of their 96 bp Ty ¥ Products concentration of

sequences were the mean of two repeated experiments, the relative error was less than 15%. ¥ The data of products concentration of italic No.

and corresponding sequences are less than 10. © The bold data, more than 10, are maximum of products concentration of corresponding

sequences under four temperatures, reflecting the most suitable temperature for amplification.
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f. 1A O 4155 530 17 )7 51 (41 AGTT
FITTGA, HJE AR G #ifE), K2 HAMFEMY
HREIE, S i B AR (10°C BLIA).

A, SPAHCIIFA, W& CTG. CAG
VYL IR E S 4P, B L11(CAGA)YF, KZH
AR R ). BT T RS T GATAN
IR
222 HANTAY RS S LR

xR AL PHE T A E R R T B,
TAGA (I11) 5 CTAT (112), ®] JB R oo
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BT AT DUBCR S8 e 41, v DURILEA LR
e a. HANTAEGE Y B AR (ZE(EAE 10C
Z W) b BRASBIFEZIAN W HT AT N2), K¥#4r H.
WNF IV BT EA ZE 1 A5LL 15 e, 2 Bk Ai
WRESE LS C o T I, A GI. H4L(E
P C I SE SRR 13 45 17 X, e it sm T3
HAMNE(ET G BH A), RIS Ky 1 & o 2 5l T
PR G T AT IE LA RIS, 1K
PGS, MRS OLA G2, ML, M2,
NI FIN2 25 5 %F, 41 M1, M2 50 G 831
RE Iz ot T35 W C IMIF 4, XA RERR N HiC AG
FLASAC TC SRR E .

ZEAY 220 2 2.2.2 AT A1 SCE A
THEGAERSCR Y A, L BRI A T
VU T 53 7 41UAT B8 5 )38 B 1 TR Y L 6] Y
FERAERSOPHINE, NEZRN HE, A%
AT(3/4)8% 3 MR A R85, AR
% GCRMHIFHY H®, GC 5 AT % H5—
X RCAT RSS20 ARy B ge s HAMNT A
Y SR EAT, (HPYIREA e 2R, ERR

A C B T 17 F1 L BN 9119 3 T,

BN RN H LT P AN T, U
JEE RTINS 1) 5 BB AR T AR AR 2R
223 T, 598 HEERLCR

DL DNA k7 DNA 284 M 4E F R & i
DNA #823 JE SR TR 458, R A5 4 3G e Fe v
KUIRTE+T T M 2y B BERT T B R A e . B
SRR SEAZ AT IR A FRAE, (AR Bk R b 25 B 1
KUIRTiE 4544, DR e AH WY T 5 91 RURE 1) T WY 1A
TS HIRROCR. Ry e RAgi el E
R

a. DYANIE LT ARARAMES 384 10 41 (RHAHE 43
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Tw K2 KARECK &, 17 W A0 BO. 111 il 12-
5. JHBE T, AE 41~56°C, KBE T, ££ 75C LLF.
G. C &E#E i DO E0 AT FO1 45, K% 7, #/E
90°C LA L.

b, B/LENEEE NP RIS, R
2R BE T, 5 BOTE Y 1 Ok £ X . (1
FEVAHZE 10C LA, BIAMEDLZE, MI12(GCTC) IR
YRR, 10 P20(TAAT)IW T, 8%, {HAE
70CH 5. AREEREEREY WRERZICT
KBE T A 21 PP HIEE T, 5 T HROE 15U
JEZ110°C, 4 G2 H2 F1 132 %5, 21 P51 KA
T, o T 50 3& §7 93 B 20°C 2245, 1 Gl. HI.
F02. JI12. Q10 Fl MI2 &. WA &, %k T,
10C | N e T KB 7, 10C ~20°C (3R A AT
FERIRIY 8. X I~N 41740, BE%E G. C &
W2, T, BT, o R T
s 1 HAE T R R F W AR v, B Ry
HIEWIN 2. X5 R AR E P A9 R
AHABIRS,

2.2.4 16 h R EEGEH o A

R T AR S A DL T 23 4, K 16 h
PR AR AN S A JLPAT A n
(0~ 1.0 mg/L, almost no detection), fKHZ]1(1.0~
10 mg/L, low yield), & 4] m(10~50 mg/L, middle
yield), 4] h(50~ 150 mg/L, high yield), #
#=4] sh(> 150 mg/L, super high yield). n. 141 &
FRIZAKEAL L, h. sh AGHz mmEd Ho %iER
(] S 55 75 R A PR AT X, K e 912 1 4 oy
3 VY # & 4E 7] 3¢ (nonpalindromic TSR, 54 #). J{
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Fig. 2 Statistical histogram of the amplification of repetitive sequences
[: Nonpalindromic TSR; M : Palindromic TSR; [I: Nonpalindromic DSR; [ : ATAT; : GCGC.
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Fig. 3 Variation of the number of sequences of L, m and
H amplification efficiency along with temperature
o—e:L;A—A:m; m—m: H
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1A 515 H S /M43 1) 18 1 10), 1M h AT sh 41

(e H H 55 22 (23 9 13 A1 10), IXEPI KL
H70°C I G 3. — i Ak DNA R4 I 5
IR FELE 70C ~80°C 2 [i), W LA H 80°C If, AH
XFF 50°C F 60°C B Sy 4 — Lk

b, IR ELLT BB I (AR A

HIE 3 AL, BT, —ANIRELT S5
SR RPIERE: L 4UPSIBUtE g, 70C
/b my H 2619 50k, 20048 60°C AT 70°C
Hikfemm. L5 H 475 B Tt s s 4%
K, W EMHE R 70C & T K ZHUF 554,
YL SUN I SR I S TR

c. AFIFPHIZEILY Hife S AR

HE 2 B, [HSOPsY % R R, T
FEHCFA, ZHAE T4 S0C Ty, HE
Pn R AR FOCEY Y. T S EERISOFS
(ATAT. GCGC), [ 50°C It} GCGC ¥4 %5 /b o,
TESIRE R R )l s, i AR R SC e Ay i
ReIA—, “HESRIEG RNy AAY 6
JIFHE, IXER 2.2.0 HR o BT A SRARL. XTI
FAERISCFEAIM S, 50°C I, BR J12 (GTAT) 4h*



2014; 41 (7)

FILEA, % MEHRESFYIRET EHFERINERR *699+

Wyt HAE T AR (m) BB AR MK 60°C B A )7 51
(1) 7= 4 Bk 372 m 4L (H) K P 70C 1A 5 Fh
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I 2 F(TGCG, ACGC)J¥41¥ 1 %] 150 mg/L LA
b HmEER 1TLUER, &f TGC(GCA), TCG
(CGA)EX CGT(ACG)IMIFHA S 31,
2.2.5  TLKITH 70°C Py FE Rl I (] A5 4k

h SRR R, F R 16 h R
i EMRIEE T H 4P 4I(CGAT, CAGC, CCAT,
CGAC, ACGA), 7€ T 'EAT4E 70C T4 4 1 h,
3h. 8h. 16 hy 24 h =Wk i, 25w 4
FioR.

p(Products)/(mg+L™")

5 10 15 20 25
t(incubation)/h

Fig. 4 Variation of products concentraton along
with reaction time at 70°C
o—e: CGAT; A—A: CAGC; m—m: CCAT;0—o0: CGAC;A—A: ACGA.

3741 CGAT 4R R, 78 1h o KEY
1, 3h WIEASERR 50%LL BT, 3 h WY
A BE I A A R I, 8 h R K ZEE, AT
AEHH T ANTPs HE AT FE AL 22 DA R AR 1 1) £ B 1R FHL
NV HE— DT, AP IS — 3 h ok
TS Y B, ARG ROV R
P HAENE, XA FRRIE AL R P
5] CAGC 1 CGAC, Hi## M Wik, X35
HMED S P S AT AR i, RISE R SN i sl 5
KT PRIV AR, AR HH A DR, B 3 11
EURBY BORA 14 N A P B
2.3 ERO RSN GBS 4

BT FH BRI N VDB AL ) J7 200 M T
BTy, 8BRS O R B R R

PR SEAZ TR M B P, n S 58 0 e R 1
PE P D) B R P S AL, DS PR T e AR
AN, BN % A AR P 8. GCGC. CGAT.
CTCC ¥ ¥4/~ v) g5 L il 5 iR,

M GCGC
t/min__ 0 5 204090

M  CGAT
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ATLUEH, § 3= T LRyl b=
{19 F BEK /Nt s [ (10 S0 177326 ¥ A8 4 . GCGC e
2, 5 min I KRS =) CLFE 500 bp LA s CGAT
FER T RSN, 2 AR B R 5K
H4&atr, ATREDRN 201 N By T-10) 2 JE B A 46 1)
BHAS THEFD) N, CTCC | T, 4t
WES, (HAR SR TARIEGUIROR. A AATT
M GCTA 2551 5 GCGC F= 4 ¥) v vk Bl AR AH
WACRAIH). e HENT, G751 e 1 =)
FEAR b A ) 53 AT H T 1 XU DNA.

3 it it

SRR, RIS SIS AR RSO S B A A F
PR RSP SIEARRISC 21 S B
TR LS, NAZH T RIS REER S T T
WSS TIARBR IS S5, [N 274 2 4 A
FHPIBEEAT R L. AR SR BT TR B S R
(1) 3" KR aiH A sh s RE i kR o 1, B REAS
ROEAMLAR YIS B 10 70 7 RATRERLIE, B ECRL R
18 AR Ly AR S N %2 AR R S8
B IR 1 A8 R A% AT SR HL SIS CAGC 4% )y 41
70°C R LA I EAR W], MR aR B B2
FARRISCPAIR Y S, ek TR AR RO R 1
M. A, RIS S T e S ANRR L R4



<700+ EMUFEEYIEHR

Prog. Biochem. Biophys. 2014; 41 (7)

PR

¥k 7, 10C B BT KEE 7, 10C ~20C (1)
W AR TR R 1S, TR N RS, AESK
WUREE N, REE T, NARIASZ) T8 R XU S 45 1) T HfE
CAG Ry 38, O AR A 2 4T AT T —
AP KBTI T, T SEAR BN, ) LR
FRECOA R E IRUEE AL, ]I ST LU I 55 N 1 )
R IR, B ANTA I Sedd 4 Bl AR 3 B A T
P H AR, 0 5 K™= A B 11 22 il vl g
TR RIS AR, 25T, & 24
AH IR E R 7P 51 LU B AN A S8 B, T REA R
WA 68 i R 2 ) A7 L 1T A X e AN sl 3R &
fifg S A 45 L

ool A 2 S R #5249 R . 210
G. CHI T K& AERISC P A 1. X o] fg il T
G+C MAAAER T RUEE L R I JE G, U G CHHAR
s BRI RECN & G RS L LR e e, R T4

5" CAGGCAGGCAGGCAGGCAGG —

5 c,xec‘
a0 al ‘g

EGG AC

REGERIER, 1 GeT. G*A. TAAT (&Y
B RS T ATAT, AP TRr i Oy e
TORUEE AR

16 h R FEGETH oA e W], DY 3 55 7 41 Ak
P IRE AR, KREZHWEIE S/ 70C Py 1. X
— 7T e TR AUA SRR, Wi 5 |3 3
ISy RUBE T, KA, B v Ret T Vent(exo-)
DNA B A ifE 75°C BAT I s 1k

— AN B DNA A Ay AR T 373
TR R G5 KA 5 1 0T 5 | A A S Y, 3K 2 ]
FRJPHIY HREM B, BRI R TR, &
S ARG B BOZ 3 1 B B (R A B B Ji ik,
[FlIf 2% CAGG FAESS FRs mil, XU 304 1 I
FEES, A ] DINAMelt Web Server 14041 ¢ 45 1)
24, L CAGG A il H HE [l 507 51 Sl 31
(A 6).

AG AG AGGCAG GCAG
§ % 5 agspacge” s — 5 cccenepggtSs

AGHEIRGCAGGCAG " CAG SCAGGCAG ' EACEEAC L AR N
5 CAGERGGCAGGCAGGCA — 5 C"CEE:EQE" ¢ ' ¢ C@é?%%é j— 5 g»_;C_C_g,_;c.c_g,?.gg\. G
23 &GaGi e — @ PECGICESGc ~— oI EQTCCOGAC > o BIECETELETELGG A
7¢ — Fluctuation 7€ —=
[ Process A: amplification of ssDNA by intramolecular slide ] ‘
) '
Multiple A a0

] 71G**. : 5
do 5 c;c«cr;cc(accuecr;gcc< CCY

Sessinaasesssniasinine
GY((GTCCGT(CGTCCGTCCGT< &
Cee

N

N 57 GAGGCAGGEAGEIRECT ;
3 GTCCGTCCGTCCG,y, G¢
5/¢

dd_ s T TE TIT i Tae & cOICEGEECOACCOACGCACCCA
5’ CAGGCAGGCAGGCAGGCAGG

Bt L T RO EER T
Amplification of dsDNA by intramolecular slide
@: DNA polymerase

YC’"'“@T: + S,
G .,»,«_(( ('C\» e
S¢eec

SASSIASSSASSSASSIASSS
GTCCOTCCOTCCOTCCGTCCO
Te

Process B:
Amplification cycle
mediated by dO

AGGCAGG SAGE(.'.'G'G)S;

&7 €6
daa 3 N
GTCeG1eCE o2

Fig. 6 Mechanism of the amplification of single-stranded tetranucleotide repeats

Process from a0 to d0 was amplifiction by intrachain slip. Process from d0 to dd and dO was amplification mediated by DNA containing hairpin

structure.
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Amplification Characteristics of Single-strand Tetranucleotide
Repetitive Sequences and Its Mechanism”

TAO Xian-Ming, WANG Peng-Fei, WANG Yang, LIANG Xing-Guo™
(College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract Simple sequence repeats(SSR), whose biological significance causes people's increasing attention, are
widely distributed in genomes of many organisms. Many of them can be elongated easily and abnormal extension
can directly result in certain hereditary diseases in some cases. In this research, sixty kinds of tetranucleotide
repetitive sequences (TRS) and six kinds of dinucleotide repetitive sequences (DRS) of 20 nt single strands were
used for isothermal amplification by thermophilic DNA polymerase. The electrophoresis results demonstrated that
most of single-strand repeats, even the sequences with no complementary bases inside like AGGA, can be
elongated. The results of quantitative analysis demonstrated: palindromic sequences were amplified most easily;
DRS could be amplified at a broader range of temperature than TRS; DNA with more G and C, were more suitable
for amplification under higher temperature; Most strands whose repetitive unit contains two same pyrimidines were
amplified more easily than their complimentary ones; the concentration of products exhibited linear relationship
with time. The results of restriction endonuclease digestion indicated that the products had the same repetitive unit
with their original repetitive sequences. Finally, an two-stage amplification model, including amplification by
intra-chain slide and mediated by hairpin-contained structure, was proposed to provide information for the study of
nonspecific amplification of repetitive sequences and pathogenetic mechanisms of relevant diseases.
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