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DNA FIRCE A3 2R g s, X e — M EW
HEPIL S, ¥4 DNA KIS AR DNA (1)
WAL, HrTLl “TrhEf7, {LLLINTP 4
JEURHAE K A )P A DNA. X 0] TR
FE U 3RA5 H 12354k s a7 B A i ) K S AL R A R
A F BT R I — L J B (1) ] B 52 3 1
(TA) (GAA), /(TTC)n (CCTG)se (dG), /(dC), Fl
[ S A2 7 51 S ] DLPE R AR VE - R T &,
FR A S FIE 10 kb IIEE PR 1). HK

Table 1

%2 JURAE R — P 0 575 1) (unusual ) I 52 58 416
—SGIAR E TT AT IO AT, 6 T LR R
BB R, H AT B AR AH DG 1 ] . E
FEANY TEAT RGN HRGE . A FUm 04
0 32 Fl 18 bp A% T R WU 7 A Y R AT
REMI, MR E S P Rt Bl
TN, A5 R FURRIR I 73 T34k iR o
W6 E A A7 e 1 7 A R LA S DR 512 W
I ERE S 1 A SRR I Z R N S

Summary of repetitive DNA elongation with various DNA polymerases

DNA length/bp

Short DNA sequence (5'— 3") Reaction temperature/C DNA polymerase Reference
Before elongation After elongation

(dG),¢/(dC)yo 37 10/10 10 000 Klenow(exo") 24
(AT) 65 16 20 000 Taq pol 25
(TA), 65 18 20 000 Taq pol 26
(CA)112 (TG) s PCR 8~24 >20 000 Taq pol 27
(TC)1/(GA) PCR 20/20 >20 000 Taq pol 27
(TTG)/ (CAA); 37~72 15/15 >20 000 Taq pol 27
(AAT)/(ATT); 47 9/15 20 000 Klenow 28
(CAG)/(CTG)s 47 9/15 2000 Taq pol 28
(GCC)s 37 15 250 Taq pol 29
(GCC);s 37 15 80 Klenow 29
(GCC);s 37 15 45 HIV/RT 29
(GAA) 1 37 30, 51 >1 000 Klenow 30
(TTC) 1017 37 30, 51 >1 000 Klenow 30
(TAGG),/(CCTA),, 70 40/40 10 000 Taq pol 31
(TTAAGGGG)s/(CCCCTTAA); 75 40/40 10 000 Taq pol 31
(TACATGTA), 74 48 60 000 Tth pol 32
(TACATGTT), 74 48 60 000 ATth pol 32

1 MR57E

1.1 #M#

64 Ff' 18 bp H It H & /¥ 41 1 Integrated DNA
Technologies 23 & A, WI(AGC)e (GCT)s 255 XL
B T KR K (AGC)e /(GCT)s FT(ATA), /(TAT),
%%; Vent fll Vent (exo-) DNA 5. DNA 431
JiT 15 b il (Marker) %5 1 |1 New England Biolabs;
SYBR Green [ 4 H Invitrogen /A @ ; fif: fi f DNA
W’JE Sigma A s ZBRILYOKXFI G H Takara 2

wl, HAARTR 3 A [ 40 2k 7).

1.2 BEEEFIIERTE

32 Bl E AN ) 18 bp = A R A I
NN 96 FLAKk . k4 JE B T A DNA ik £
BAEEMIRA, Ry mAL B . & T 10 pl
1 x Ifit #4428 & W 2% 1P ¥ (Thermopol Buffer) 4 %
(1xThermopol Buffer: 20 mmol/L Tris-HCl, pH 8.8
(25°C), 10 mmol/L (NH,),SO,;, 10 mmol/L KCl,
2.0 mmol/L MgSO,, 0.1% Triton X-100), JI# 4 90°C
PAFME 3.0 min, ZZMEAHIE . A 10 ul &
40 U/ml Vent 5%, Vent(exo )DNA K&, 1.0 mmol/L
dNTPs, 1xThermopol Buffer %= A il &b P %5 5 %5
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Wrh, BioRA G % E PCR BRI &5, THIETE RS
FEFH B PCR A e . & N4k AR
20 ul, 20 U 4, 0.5 mmol/L ANTPs. SEX ¥
B NIRE A 37T, 50C. 60C. 70C. 80°C.
SR — 5 I A] i s UHORE
1.3 SYBR Green | KX EEED TR

Fict B b 7 7O DNA B BE I LV, SYBR
Green | Jef, YeRIZIREN 1x, BEGYHAM 10~
30 min.  BEE FEOGERERR (S E 53 1 MS) UK I
K4 497 nm, KUV 520 nm, W SE .
SUUG R B, dsDNA WKRFELE 12.5~ 500 mg/L ¥ S
Bl S Rt oe &R, 2 =0.9992, Kol Pl AT ik
1.56 pg/L. AEFFUH K=Y TE S ik 25~
400 {5, ff dsDNA I BE ORHF7E 12.5~ 500 mg/L
O P HEAT SN P e B
1.4 ¥ G0k

5.0 wl 7887240, 0.8% Bt I 4 Bt Ji H K
1.0 h 5% 6% 3 P M Ik i e e sk 1.5 h, EB 48
30 min J5 & TR B A1 (Gel Doc XRY) s
o3
1.5 EHEESNE

Yo B 4 RE A 2 B 1.0 wmol/L %5 iR T
1 AN 25 22 Pk 7 () S 2% 90 (20 mmol/L Tris-HCl,
10 mmol/L (NH,),SO,; 10 mmol/L KCl, 2.0 mmol/L
MgSO,, pH 8.8 25C). il & UVI800 M & kf
i BE IR 20~90°C (ARG WL, [R]20 I 5
WoefE.  [El FH DINAMelt Web Server 445 45 4
J LY J e A BE = P i s g A T U

o R

21 HE=ZHREREEFIYT RIS FIK
ek

AL T 18 MK = R R P
Hl, IR RE SR8 TE B Sk sl 5| kAT
DNA 7 p(— B PCR 51K T 18 /Migidk). iRt
R S g AN [ 11 B A2 B AH ) 1) =A% B IR P4
BAEAFRIFS], B I 64(40)Fh 1% 1112 HE
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S IXEJPHI T LUK 32 Fhoe A BANKIRUEE,
(AAG), /(CTT)s» (AGC), /(GCT)s 5. Vent DNA %
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TR HOK 4L, wIAE 98°C Il AR A7) Hh
() —Fh AT S IR AR RE I AV R A B, T
PCR FH5 [ 55 S 8, es HATR R IN 3'—5" 51 )

BEEE. Ogata 552 3 HE Vent DNA £ AT LA
BT de novo DNA &%, 1 HIBA AN VB AT K
A AT, ] Vent DNA B G/ (19 DL 145
SR S AR AR R R R B, R IR
ATVI%E R B R IEAT T B B P 41 ) 8 S

Y SEIATWIGT T Vent DNA B4 WX &4 271
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THEAT DNA AW)E It “Bib /5197 45k, —
JEWUE DNA A Red A8 . (H i W i 1 45 2R W
7Ry BR(GGG)s /(CCC)e Hh, Hofth 31 FhXUEHS 0l %2
BT R A . T T R R IR 1 R LA
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BEARA GRS 4547, N1 AT BUE H, FRAIANE
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Fig. 1 Agarose gel electrophoresis analysis of expansion
products of all 18 bp short trinucleotide repeats
(a) Short repeats with 0 or 1/3 GC content. (b) Short repeats with 2/3
or 100% GC content. Reaction conditions: 50 nmol/L short repeats,
10 U/ml Vent, 0.5 mmol/L dNTPs, in 20 wl of 1x Thermopol Buffer
(20 mmol/L Tris-HCI, 10 mmol/L(NH,),SO,, 10 mmol/L KCl, 2.0 mmol/L
MgSO,, 0.1% Triton X-100, pH 8.8 25°C), 70C, 4.0 h. Analyzed by 1%

agrose gel.
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TR, SIAHSCHR, PR — K EE =m0k
FHAUEE DNA ¥ 2 4% 5% 5] 3 11 18 25 A2 K (1) DNA
FEY), T B AE IS FL R (R ) 2 O 4 B — R A
e B AL I AR B IR 2 10 kb 1) DNADT S,

WE 1 FoR, XA AT BREEST P8,
PEYE D> X RAT GIC TEEXS R,
— AR . AT LUREL, T RER A/T LA G/IC
RS (0 7 41, 24— 45 b A Dy WA i (n
(AAG)e» (AGG),), 1M B AMNE A Ry e iR SE I, L
ISR A, 2 GC FEh 1/3 I, AR
RV, M GC AR 2/3, e
— & LA G XNAT CiF, PRI LR
PRECIR K= 0 2.

7 4.0 h SAN B s — 41 = M 1R -3
BEY TR 2. 0] WP HIAR FA B — 455 =)
PR B AMIE. GC F=HR 13 MFs, B
BRI SGE R, FEA LEELE 4.0 h (99 &N 5
£33 2.0 kb BL B4, ¥ AL F] 8.0 bp/min
DL b, ATCUE HYRE 3 ) 51 (6 o4 3 = 52 P S A )
SUR R PHIANE, W(AAC) (ACA), FI(CAA),
(RN BB HS AT LLBAE & AAC . 1X 3 FEHI#S
HAAMUMY BdE. %P 5Ea R KA,
UWI(AAG)s/(CTT)s B(GAA)s /(TTC)s ™ Ji& 3 8 PLAR
Z. M4 LA RIER R, W (AAG)
(AGG), 55, ¥ R F AN .

Table 2 Length of final product and synthesis rate for different 18 bp simple sequence repeats

Sequence Length after 4.0 h/bp Synthesis rate/(bp *min™")"
(AAA)J/(TTT), 1500 6.3
(AAT){/(ATT)s, (ATA)/(TAT),, (TAA)J/(TTA), 800 33
(AAC)¢(GTT);, (ACA){/(TGT);, (CAA)/(TTG), 2 000 8.3
(AAG){(CTT)s (AGA){/(TCT)s 4000 16.7
(GAA){/(TTC), 2 000 8.3
(AGT\/(ACT),, (GTA){/(TAC),, (TAG){/(CTA), 4000 16.7
(TGA)J(TCA)s 3000 12.5
(GAT){/(ATC),, (ATG)/(CAT); 2 000 8.3
(GAG)¢(CTC)5, (AGG)¢/(CCT),, (GGA)¢(TCC), 1000 42
(GTG)/(CAC)e(TGG)¢(CCA), 500 2.1
(GGT)J(ACC), <500 <2.1
(AGC){/(GCT)g, (GCA)/(TGC),, (CAG)/(CTG), <500 <2.1
(CGA)/(TCG),, (GAC)/(GTC)e (ACG){/(CGT), <500 <2.1
(CCG){/(CGG)s, (CGC)/(GCG),, (GCC)d(GGC)s <500 <2.1
(GGG)/(CCC)s <500 <2.1

) The rates were determined under standard reaction conditions.

22 EESZERES R RRNAREKREFNE

JIT FHXUE DNA R (T Jo5E 25508 A R 11
PEARA = AR . FRA T e T — ek
PE P B8 5. 3). WTLAEH, B GC &= 1E
100% LA B P a ok, JLABXUEE I T, #% T 70°C
R R S N L . W (AAG)Y (CTT)g 1 T AT

503°C, Ly @RV EAK 20C . BI(AAG)/(CTT),
TEY R RN HIUG I B, 24635 5 BRIk A
N T HEEWENY R N, FRATIEN T
(GAT)¢/(ATC); F1(AGC)/(GCT)s» W5 T 75 37°C ,
50C. 60°C. 70°C A1 80°C &ML K9 i S
PN LK B 2 R A B 2 PR
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Table 3 T, values of several short repeats
Sequence Measured T, of short repeats /'C " Calculated T, of short repeats /C 2 Calculated T, of long products /C?
AAA/TTT 44.7 41.8 66.1
AAT/ATT 35.8 349 59.4
AAC/GTT 559 57.2 78.5
AAG/CTT 50.3 49.7 75.1
ACT/AGT 51.1 47.5 71.3
ATC/GAT 53.6 50.1 75.9
ACC/GGT 66.7 66.3 92.0
AGG/CCT 63.5 62.8 89.0
ACG/CGT 70.1 66.4 89.5
AGC/GCT 67.5 68.4 93.1
CGG/CCG 81.4 82.1 107.8
GGG/CCC 88.9 79.5 109.6

" The length of short repeats was 18 bp. ? The T,, was obtained by DINAMelt Web Server which is the software to predict melting profiles for

nucleic acids. The length of long products was set to be 102 bp, and T,, will not increase for longer duplex.

(@)
1/C 37 50 60 70 80

th M1 4201 4201 4201 4201 420

(b)
i C 37 50 60 70 80

10—

1.0 — e
0.5 —w=

Fig. 2 Effect of temperature on expansion of short trinucleotide repeats
(a) (AGC)¢/(GCT)g. (b) (GAT)/(ATC),. Reaction was carried out at 37°C, 50°C, 60°C, 70°C and 80°C for 1.0, 4.0, and 20 h, respectively. Other reaction

conditions are the same as shown in Figure 1.

X T (AGC)¢/ (GCT)s, fEAK T I T,,(67.5°C ) 1
37C . 50CHI 60°C T b, HA 5 —2&ar(K 2a);
e T3 T, (9 70°C A1 80°C N 52 N 7 ) W) LA 5k
By . A8 37°C F50°C R K i N AR
HAAAE 20 h J5 A GeW )b &), {5 60°C LA L
I, 1.0 h AP, 75 60C T, 44"
W) A T S Bt PTIA #12 0.50 bp/min. X
(GAT)/(ATC)(T, = 53.6°C )L A LE 37°C f1 70C
SIS P LB — 44 Al o L T AE 50°C AT 80 C
R PR LR O A, AE 60°C B IR RN 7
W) 2 B — 4% Aty RUUR B0 3L A7 (] 2b). 7R 60°C Y

B2 PE ) AR GE 29 R 4.2 bp/min,  {E 70°C
T, A PR AR O B, ATk B
8.5 bp/min. {EX ML N, (GAT)/(ATC), 15—
i A R R W] LE(AGC) (GCT), PR . BLAR T
FHT FAME Vent Z8 4B 1) 5 e s M3 S L A 70~
80°C, WAL 37°C #HA WAk,

ik 9T Vent AT 37°C FA Y R
P KIES RNV TR, BATENTIR T
(AAA)Y(TTT), [F17= K S5 B BN (1] (1) AR 4k, 285
3 PR, WV 0.5h Ja Y RIEA F] 100 bp B E,
FEMIA BE 2 B3 A E 100~ 130 bp 2 [0). N~
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W5y 1 R/NBEAG RN I ] () G KT oK, B
— AR, BRI A0 A B 7 (K 3a). 4
Bl 3b iz, fE 12h DA, RS9 K FE R s
IS T AT AR B R B PR AH DR R 3R, 1 380 e I Jekt e ik 3]
1.6 bp/min. 24 h 5 & BOEFEAG P& 3a). 7&

(a)
t/h

| =

051 2 4 6 8 12 24

bp
1517—
800 —

500 —
400 —

300 —

(€ HIH
|

200 — ==~

100 — =

RN ZAETR M REE 28K (> 50 bp) i Poly-A/
Poly-T [¥] T,, Al ik 1 66.1°C (£ 3), Kk, 7 37°C
RNIRE TS, RNBELT 0.5 h LG, P LI XUE
e AFAE.

(b)

1200 y=73.445x+142.8

7=0.9906

—
(=
(=3
(=)
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400 -
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Product length/bp

3 6 9 12
t(Incubation)/h

Fig. 3 Time course for the expansion of (AAA), /(TTT), at 37°C

Aliquots were withdrawn after time intervals as shown on the top of the PAGE figure. (a) The reaction products were resolved on 6% PAGE gel and

stained with ethidium bromide. (b) Dependence of the product length estimated from (a) on reaction time.

DA b 2 Pk 9 el ml A il A% 1 R AT
(GCC)¢/(GGC), A1(CCG)¢/(CGG) £F 80C NP g
NVAEHT 8.0 h WHIAIREF I TE R R, ¥ E
AL F] 2.0 bp/min PL_L. 8.0 h 547 R o IV X DL 4k
4:13£17 (data not shown).

23 BH=ZGEREEFIITREREBRSZHAR

555 FRAT K AT e A IR U BE — s P 4 oy
WIAE 37T 50C. 60°C. 70°C A1 80°C HEAT T v,
URGHICENY R tE. TR EE R Z,
AT 96 FLFE S AREEAT IO, RN ) B
SYBR Green [ HEATOMEZDN, XA DNA
FEHAT T (B 4. WTUEH, JLTETH
FLEEAA DNA AR, (2K 28753 R R
BEMR AR 22 AR, Rl SR B S E
PR . KA AT B2 (19 41 (AAT)Y (ATT)e
(TAA) /(TTA)s F1(ATA), /(TAT)s 25 (K35 B3 J i

8 60C . GC & & 4 1/3 [ (TCA)s / (TGA)e
(AGT)s /(ACT)s. (ACA)s /(TGT)s F1(ATG)s /(CAT),
EE Y RIRE R 70T . GC & &4 2/3
(ACG), /(CGT)s. (CGA)s /(TCG)s F1(CAC)s /(GTG)s
SIS B IR N 80°C, {HAE 70°C HB A B H
I fE. 1 GC 44 100% K (CCG), /(CGG), 25
HAESOCH mBy . W—Bims, GC & ail
i, G TR R BT .

RUE S AMBIE T R EAR, (HfE RS
H I HaEY IR R, GC & HIF-— 48
[FINA G A C iEE P e sk s, kol
GC &N 13 FA. A THLEFHMY &~
YR — S R REGT ), SOGEA R R
W AR, RIS s = KA —E K.
WI(ACC)¢/(GGT), M FENAER mr, HIE— B
FEARAE (B 1).
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Fig. 4 Systematic study of expansion of all short trinucleotide repeats at various temperatures
The 18 bp short repeats is the abbreviation for trinucleotide, such as (ACG)y/(CGT) is written as ACG/CGT. The reaction conditions are the same as

shown in Figure 1. Fluorescence was measured after the reaction solution was diluted by 1x TE buffer containing 1x SYBR Green [ . (a) Duplex with
more G/C base pairs. (b) Duplex with more A/T base pairs. (¢) Duplex with only A/T or G/C base pair.[1: 37°C; @: 50C; ll: 60°C; A: 70°C ; E3: 80C.

3 i it
HIDLESRTAL, AR R P I E E R S
JE BA L. LT AR E R RS AR
IEHA R IR E, ERR 1E5109 J B ) 22 5 %
K, Pt B ER GC F BN RS &,
LYK S AT Fr B 50 (10 R B i 7 ) o — MR R
. JBETE 37°C ~80°C YW N Y R BAT &1

WEEAETE, BEEREE GC SR, BIGh i
JEM I T, AR T ml(H S AT R T fe
Sy AT RO . A S SR AT AR T AR SR
Wi, 2% L8 IR A MRS LR NARLRE TR B AR
FFANTE A A L S MU PRI IEAR DG . Wl 37°C
AT BRSNS, (H BN A2 I,
WA A .
FEHAMEREALR IS R NAA R T, BRXUEE A
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SRy AL, IAFAEAE AR BN R RN
BRI SN, e DNA IR & G 2%
I AT s N2 [ A AE S I SE 4 R R . il L
i, HBTH] DNA b B AMBEER Z I, B 5 kB
R A B RN, RIEE 373 A 5 T e T A
IEEHC, JFAESR A MR ] R A ESRALT-5 14 /A
WS SR, BT Vent 245 HE7E R A ANTP
(RIAFLE R 2550 NS5 F DNADS 11, 22 SRR XU S
IRAEY FEMC I, B AT REAE MR . FBER) H
SHRRIA ) 22 A5 L UIOIRE L FR RS B EAR /DN, T A
S A R ) A Y FE AR B (R R S L R, AR
SR HIDK B AR I FLZR W58 e Z 8] 1Y

.
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/ \
37 ananan 3
..... 3 _U__Il]_y
\ o
=l
) /
:

SRS IR0 vl AT AR R 4. Bt NGt
FERTH BN e, B P 2. (HAEZ
HOORAT T ROWE L P59 SN AN K.
AR W] P A T e 819 2 LUK R RS 4
JTUG. e E SRR AT IR OR b A S Rk
gitt), REML G 3 TR E 5. A&
HAMAHF8E DNA e AFUE R R — 2B R
Ui AR R, A AR SRS IE (g M. K
S B B N 8 (R N R, AR 70°C L
AL R RCREL R, IF He BTG RN AR TG
AT kb BRI, AR ) S
[ LA R A — 2

(b)
5" ATCATC-—-ATCATCATCATC 3’
3’ TAGTAG--TAGTAGTAGTAGS5’
r |

“— ac ,
5' ATCAT G ATCATC.ATCQ3 -

3’ TAGTAG.-TAGTAG-TAGTAG 5§’
T
, S |
5 ATCATC-ATC ATCATC’ 3
3TAGTAGTAGTAGTAGTAG 5'
S’ATCATCATC-----ATCATCATC’ 3
TAGTAG -~ TAGTAGTAGTAG 5'
3/ l
5ATCATCATC~ATCATCATCATC 3’
3’ TAGTAGTAG--TAGTAGTAGTAGS5 —

Fig. 5 Proposed mechanism for elongation of tandem repetitive sequence

(a) Mechanism proposed previously by Christian®. (b) Mechanism we proposed. The (ATC)y/(GAT); was set as an example to explain this slippage

synthesis model. A three base loop is formed and the polymerase binds quickly to the template/primer-like structure for primer extension. The unstable

loop structure will slip and wave quickly in the duplex till it is released at the 5' end. The polymerase binds the new-born template/primer-like structure

to carry out primer extension. Accordingly, the length of DNA is elongated by 6 nucleotides for every cycle.
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Expansion of Trinucleotide Repetitive Sequences and Its Mechanism®

WANG Yang, JIA Lei-Min, DONG Ping, LIANG Xing-Guo™
(College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract Simple repetitive sequences are widely present in genomes of most organisms. They are closely related
to molecular evolution, genetic diversity, molecular marker and some hereditary diseases. In this article, all of the
18 bp trinucleotide repetitive double strand sequences were used, and their expansion by DNA polymerase was
researched systematically. We discussed the factors including reaction temperature and sequence which influence
the amplification efficiency and the length of product. The result showed that almost all of the repeats can be
elongated, and the variance in sequence had great effect on the amplification efficiency. The repeats with more GC,
especially those with G and C in one of the strands were much easier to grow. Duplexes with one strand containing
only A and C were amplified a lot as well. The optimum reaction temperature and the GC content of the duplexes
had a positive correlation. Agarose and polyacrylamide gel electrophoresis showed that the product has narrow size
distribution of molecules, and the expansion has a linear dependence of the length of products on the reaction time.
Differentiation of the products occurred more at higher reaction temperatures. At last, a slippage model
demonstrating the mechanism of duplex expansion was discussed, and it is promising to be used for explanation of

molecular evolution and unusual expansion of repetitive sequences during gene amplification and detection.
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