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Abstract

It was difficult to clone long genes from cDNA library due to a series of factors, such as mRNA in-
stability and the low efficiency of reverse transcription. Combining partial amplification with DNA
assembly, an optimal solution was proposed for cloning lone gene that was difficult to amplify
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from cDNA directly. Taking the human epidermal growth factor receptor 2 (HER2) gene as an ex-
ample, three fragments of HER2 were amplified firstly. F1 and F2 were fused into F12 by overlap
extension PCR, and then enzyme cleaved F12 and F3 were linked together into vector, so as to re-
combine the whole HER2 gene. Hundreds of colonies were screened out from double fragments li-
gation and one positive clone matching completely to HER2 sequence was detected. For long gene
that was difficult to clone directly, it was feasible to amplify its segments and then assemble them
into a complete one. Double fragments ligation breaking the rigorous demand of restriction sites
of step by step ligation, in the assistance of overlap extension PCR, could join DNA fragments into a
complete gene.
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1. 5]

M cDNA FErbon i FAZ RN, PRI RGN 3R0E, 2 F L Dhae 5 LS i) eA[L]. 28
MR TAEE#A REL, RIKEERUN R R 5 e b, MK RO R R DL B e b . B T
ZIRRFIEELEEM, B TREAFAELL R LA G R . —2 RNA B V2 AA/E T s2iim iz, W KIS 2]
R & UUAERRIR — LR (Diethyl pyrocarbonate, DEPC)ALEESLIG 2544, {H AT #E DL 5 4238 % mRNA TEHEER
Al RARAF ISR P B R, P U DA HE mRNA RE MR . H 8 e i i s B IE 2L 5 e Ul 29, K
B mRNA [ =) & 8 AR Z5FR RNase H & 14 vl 0@ 2 38 i i sl As e 1, B RVEIRIE SRS K
FLIAI 52 %% cDNA [3] [4]. BE4L, mRNA BIBUMAIESAG . ST RE . SR 26 1R RNA T 771) 45 DR 340
XS A FTRea, S EUKHE cDNA P2 RK[5]. Rk, M cDNA FE 3 5 34 v Bol
XSG, Rl ABENL S V)0 SR ) cDNA i, AEARREY 8 HARFE R 2 A P Br. #7 Befs 2
B A gmig 7 H 24 DNA F B, Rl FEPHEE R B n] 15 21 5o B 5L A

BRI i) - %4 5 B B SE {1 PCR (overlapping extension PCR, OE-PCR)/2#; 1 ) DNA #4572, X%
BTV B R BGE, BRAEARXS (8, (A IR By B RS2 ) T P A IR D s 2K, (EXUR B
P vl G VA 6] [7]. OE-PCR Rl & Ui —MBEE L. NiiF DNA Fr B FERGINmiFEAC, (Hn] e
VENBEY) - FERRRIAN S . S5 6 FARTE L R TIR R AL G, BiEHR DNA B R e B ]

NF AR T3 44 2 2R (human epidermal growth factor receptor 2 gene, HER2) . Fx c-ERBB2 5§
neu, & B EMEILA, HFREACT ARG ST UGS HIBEFR[8] [9]. HER2 E:R4ufd /¥ 514K
3768 bp (GenBank: NM_004448), #ifi 1255 A2 JE IR I 5 I 2 A4 85 1 [10] . ANBI 9T LA i % HER2 BE[A R
B, X H DNA BHE LTI, DA A — Rl 2 IR v B o 7 56

Tk

2. M5 RHE
2.1 ##

DH5a 522 KA B (CB101) I H RAR AR (AL ) B IR /A l; pcDNA3.L i #i(V800-20)1 H 3
Thermo Fisher A,
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EasyPure RNA Kit. EasyScript First-Strand cDNA Synthesis SuperMix £l 2xEasyTaq PCR SuperMix (1t
HeREEYHAREIAT): TaKaRa LA PCR Kit Ver.2.1. DNA Ligation Kit Ver.2.1 (Takara A&, HZ);
PR AL P VDB EcoRl. Hindlll. Ndel &% Xhol (NEB A @], JE[E); DNA RIS A0 kLN S 3 155
EWHUNIE AR R AR).

22. 5|t S AR

190K Primer Premier 5.0 #fFitit, tAbat ALRR MR IR AR G, 2 PAGE 4ift. 5l
MWFBIRAE 1.

Table 1. Primers used for PCR
%z 1. PCR 5|15

Primer Sequence Length (nt)
S0 5'ATTAAGCTTATGGAGCTGGCGGCCTTGTGC3' 30
S1 5'GGACGAATTCTGCACAATGGCGCCTA3' 26
S2 5 TCCCCATATGTCTCCCGCCTTCT3' 23
A0 5'ATACTCGAGCACTGGCACGTCCAGACCCAZ 29
Al 5'TGCAGAATTCGTCCCCGGATTAC3' 23
A2 5'GAGACATATGGGGAGCCCACACCA3 24
T7 5TAATACGACTCACTATAGGS3 19
BGH 5 TAGAAGGCACAGTCGAGG3' 18

2.3. {AREEESE R cDNA #l%

MCF-7 4l A= K AE 5 10% AR5 i, 100 U/mL FH8:3, 100 pg/mL #4552 ) DMEM 5 dkrr, 1
FRHAF N 5% CO,, 37°C. B BUEK LN LA 2 x 10* i fa/om? 5 B R0 E] 10 om BRI IRILF, 4k%:
}59% 24 ho R EasyPure RNA Kit #4377 ZIEHUE RNA [11], FFLL EasyScript First-Strand cDNA
Synthesis SuperMix 7l & il & cDNA [12].

24. BEEmE

B —% PCR: 25 uL 2xGC buffer, 7 uL dNTP, 0.5 pL primer 1/0.5 uL primer 2, 0.5 pL TaKaRa LA Taq,
1 uL cDNA, #hKZ 50 uL. OE-PCR: 25 puL 2xGC buffer, 7 uL dNTP, 0.5 uL primer 1/0.5 uL primer 2,
0.5 uL TaKaRa LA Taq, 2.5 uL 3787 BEU/2.5 ul e H B Elied, #hKZE 50 uL. B1TFEF B M-
94°C 5min; 94°C 30s, 55°C 30s, 72°C 3min, 32 ff¥r; 72°C 10 min. EEIJ74E: HUPCR [HY4) 17 pL
(5% pcDNA3.1 JFiki 1 pg #ikEE] 17 uL ddH,0 1), i 2 pL 10xbuffer, 0.5 pL B 1/0.5 uL f§ 2, 37CHFHE 4
h.PCR A U1 =4 25 v ik Al J (UL ZE 50 pl ddHL0 1. SR A DNA Ligation Kit Ver.2.1 Z452 F Be 5 #44 .
X BOER: 7% solution 1 7.5uL, #4& 0.5 uL, MBS 3.5 ul; = BOERE 7% solution 1 8 uL, %,
05 L, =B 2.5ul; B 16°CHAE 30 min. EEFYHEHNMEZERIITE, BATEYES
#-LB FH, 37 CRi IR .

2.5. PR SERERIORIL S FRIIE
WA L BEBLORACAC BT, BT 4 mL R T LB AR 4R 6 h. SR 2xEasyTag
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PCR SuperMix, B4 LN HGHAT PCR KGII[13]. X B T2 R 3 ml B /N & 3 Bk AT 3 51
€, DNA At AL 5t AR AR A R A 7 58 il KH DNAMAN 4.0 BAEHEAT BR# YEBE D) 247 5
75 B
3. BERE S
3.1. M cDNA EErh¥/ i HER2 ZEEH=1HKE

Wow b HER2 FE K], HERZIEIEK, WTHEA S ML L cDNA 18 B 3E R 4K . % HER2 #
A BRI PR B ) 20 M, REFL A& — Kpnl A7 A (02 T3 R i5), B4 Bglll A7 s (B4 F 2R A _E3) & H.
A~ BamHI A7 5. IXSEEEUIA S H AR R B T B Y] - P I B BN A A
EcoRI 7 £ A1—> Ndel £i7 55, It 3 J& 1301 fi7 EcoRI iz 5 A1 2340 £i7. Ndel £i7 250K HER2 JE K4 il =4 K/
T FL (1-1301). F2 (1302-2340)5 F3 (2341-end) (/& 1). HEHEEFY) /4745 BB THHE R 51 P28 18

HER?2 2[5 2 H Fr B
Bglll BamHI Bglll BamHI BamHI BamHI Kpnl
1I ‘ ‘ EcoRII(l 301) ‘ ’ Ndf1(2340) \ECORII(2923// 37|68
| —Fl — F—— — |
i A<= T8 A2<$ 82 A<

Figure 1. Restriction map of HER2 gene and primer matching sites
[# 1. HER2 EE BT EIE & 514 LA s

M) FH B2 58 i 20 (Oligo dT)ERBEHL 51 403K HL MCF-7 4Hi 1 4 cDNA >y PCR AR, 7351 LA SO/AL, S1/A2,
S2/A0 A5 W1 HER2 JE[A F1, F2, F3 FBr. &2 K% PCR e %2514, Oligo dT 4 R ¥4 F3 F B
BEAL S ALITR 3 18 H 43 = ANJER B T A SO/A2, S1/A0, SO/AQ A 5| Wk 4 A fe 3 14 A L 1) F12,
F23 Jr B S K BE R (1] 2) 0 DA b 25 SR 5K Jk IR e DA 1422 o B () 2 B PO AR 55

A M . Fl F2 F3 FI2 F23 HERZM  bp
= = = :§§§§
= =-'%
— -— —500
— — —100

B M . Fl F2 F3 FI2 F23HERZM  bp
c : —3000
= == 3000
, - = - 1000

e —500
—250
—100

Figure 2. Amplification of HER2 gene fragments. The cDNA was obtained by reverse transcription with oligo Dt (A) or
random primers (B), and then used as PCR template

&l 2. HER2 E[E K ER RO 18, 1 Oligo dT (A)SKREHLS | 4(B)isisE R 5% 15H) cDNA A#EHR, iBid PCR # 1% HER2 & H
RE
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3.2. 52% HER2 EFA =&

N Bid HER2 B K = F EX R e B K], Je22iR L OE-PCR k. K F1 5 F2 & E Sy 15
HFL2 B, F2 5 F3 LAY F23 B, H FL. F2 5 F3 =& 414 KA 1 H HER2 & KL (4 3).
PAEISIY) F12 FrB2E A F3 8L LA F23 R & FL 7R REEY 1 HER2 K ER (4R ARJEIR), HENA]HE
K HE DNA F BT T S MR AT E

M - F12  F23 HER2 M bp
-y e — 2000
—— =
- = =
o £ . —>

—250
—100

Figure 3. Fusion of partial HER2 gene fragments by OE-PCR
3. OE-PCR %@t & HER2 EE IS HE.

T F3 A BYIN & EcoRI 755, i F23 FBUEILS FLilid EcoRI A AUscBlBgY) - %E8e; 1M F12 Fr B
5 F3 AT Nde [ Bt Ja sebldE 24 1). pcDNA3.L ki 4 22 7a 47 5 (Multiple Cloning Site, MCS)
M Ndel £ 58, WGk P IERE, W BRI SEAEEBC TR £ Bie b, F1. F2, F3 =
FrBAUTT RSB - Bk IR MEPHE RGeS R . % F1. F2. F3. F12 Jz pcDNA3.1 Ji ki A /E XL
BN 4), SELARUY BOEHRE(F12: HindlI/Ndel + F3: Ndel/ Xhol + Vector: Hindll/Xhol)B; =} Bt 2 (F1:
HindIlI/EcoRI + F2: EcoRI/Ndel + F3: Ndel/Xhol + Vector: Hindl11/Xhol), % ER I B Aty 22 (9 AT AT 12k

M FII® F2BEN  F2UN E3NX - YyHWX M bp

— ecod _— — 2000
— ——— i e 1000
——— -_— 750
e s —500
L B —250

=0 —100

Figure 4. Restriction enzyme digestion of HER2 gene fragments and vector. F1"E indicated that the F1 fragment was di-
gested by HindlII/EcoRl, and so on. V"X indicated that pcDNA3.1 vector was digested by Hindl11/Xhol
[ 4. HER2 B FE B B R EAREEY). F17E KRR F1 B BRI HindIII/EcoR| WEBY], KEHMN; V™ 35R pcDNA3.L &

&L Hind111/Xhol M EGH]

3.3. BIiRRENTFESEE

ER YA S KA DHSa J5 220 N 78 3 -LB AR IiGE, XU BUEZ AN 3 E o wik,
1M = 7 BOE B DA T RAHIE(E 5(A). 15 5(B)), - =) BUEBACREUR . 730 PR _ESREL
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A E BT PCRAGI . 77— FIUCE pcDNA3.1 4k MCS Bl T7 5 AL 5140404, BTG Bk
NZSLE S pcDNA3.L Fifidfk, HEH HER2 BENATEH 7. A PRI INFG 2#1. #3. #4. #5 PUFH
M. HE %A S2 SULES pcDNA3.L #fk MCS Fiff) BGH 514l &, MM RERIZwES
pcDNA3.1 Fiki#ifk, HEH HER2 HEMH 585y . Mg RS 7R ——8(& 5(C)). FlpiFhTr ik
I B PR AR I B B B (4 SRR R OR) . S T7 5 BGH SI44H 4, M B PR FH Gl H AN 58 A2 T 74
{HF=H R /MY 2] 250 bp (&1 5(D)),  HHEMIIX P> 5oL & pcDNA3.L 2 &k .

DNt — R ARSI 25 SR P, 0TI B A SRR DY AN BE M s B AR A1 o 285 SR R Ll #4,
#5 SObE S A A IR, #3 fETAEARE(E 5(E). ULEARThTEE T HER2 HE[H, JECHEIEA
pcDNA3.1 4

C
M- 1 2 3 45 67

T7/A1—1354bp

S2/BGH—1555bp

Figure 5. Detection of positive colonies. (A/B) The colonies on the plate of double fragments/tri-fragments ligation. (C) The
PCR detection results of random colonies on A plate. The primers and expected length product were shown in the figure and
ddH,0 acted as negative control. (D) The PCR detection results of random colonies on B plate. pcDNA3.1 plasmid acted as
positive control. (E) Multiple alignments between four positive plasmids with HER2 sequence. Upper half show there were
total 6 mutation points and their critical sequences were shown at the lower half

[E 5. BirelENFESRNER. (AB) WA R/=FEERATREER. (C) A FIREEN PCRIEMLER. 514K
PR E R ER, P ddH0 ffaxtBR. (D) B FARERHI PCR #MLER, A pcDNA3.1 =FRAMIEXTER. (E) FH
MpES HER2 BEFFILEIER . EXEOBRHER 6 MREMUS, TEHI LR 6 NREUSMHARHERFS

4. Wig
AR A B[R & B AT DA 48 L DR 5 R IR 1], (LR KRR & 5 i L TR K . B4R, ik
FER A BB A K T4 5. L HER2 LR A, BoRAS BB 1 H A KIEH, (EFRIE S T %5
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I =N FrBre Sl OE-PCR BhEAEIEY) - HEREAARBER: LR B DN Fr BUPH R e AL A, (HY
PO IR AR AN, D seIl 7 A6 8 Bept%in 45 21 52 8 HER2 JZE[AI(14] 6).

NAANAANS s~~~ CDNA

pcDNA3.1

NAANAANS
Ndel
/ PCRl PCR\ HindlIl

— S )] P ——
HER2 11 " "HERZ 12 HERZ T3

iOE-PCR Hindlll/thi
Ndel pcDNA3.1-HER2  ECoRI

* HERZ F12 o Ndel/Xhol HindIIl

HindI1l/Ndel Xhol

Ndel

———— O E— ligation \

. —> =" ;cOR]
HindIIT Ndel + Ndel Xhol + o

Figure 6. The procedure diagram of HER2 gene cloning
[ 6. HER2 R g3 I R EE

e S R i) e AR R B A BRI ANE FH o AR T IR R 1Y) BioBrick AR 75 v i)
PL IR DNA AR RE “HEIR 7 [14] [15], BARAIE & AR JE IR | B RS i pf 4 AT 11 7R PR
PN VIR Golden gate 5 FE R AR Z SRR i AN BEAFAE T BITE 4 1) DNA Fr BEEE, 75 75 %HAH S A7 55
HATUIBRRAR[16] [17]. VR EAX T DNA FEIAZEA B, (H2X%T DNA PHE R A2 i
PR ZE[18]. MIEIL b3 Hr, Gibson 2H2& & Al T A3 R B pF 82 [19] o 1R H pT R ZERH TR
Bt 2B, WmE R R oG A E R [20] [21], X FLBHESER . SN PR Z AR AR G I = 3
NI

U B P SR b (B AT p B2 SRR B B R (R BR 1] . AR5 R 4k MCS 937 Ndel
P, REBRFEASE HH — ATt Ndel A28 (1 1), RULPIANIE R A BOCTEIT ZE#:3d N3k, XU
J BUERSE WA SZ FE00 o FEX R ARy Bodedie, WU BOE R 19 31 i Fe A0 e D, HLBH MR K IK[22] -
B0 [F e g4 i R R B B o it — P BRI IR et 2, DASSOE ATRIE tH BHPE e fE . OE-PCR (1520 [A]
FALT A CABEE . b R B IR A IR KT SIS R 3, LA PCR B KR .
22 MU0 5 S N SRR A — SRR R L L R DNA B 7 1 (0 LR A 7 28 B4 4 SEBR T I
HSLIG = S5 A BT R X R o

E&UH

22 [H T By AR A R B 1 R H (2020YL37) 5 AL SC PR A B K 2E AR BT BME I 2R F R H
(X202110519011) ¥ .
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