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Preparations before experiment
1. Low Salt LB (LSLB)
10 g Tryptone
5 g NaCl
5 g Yeast Extract in 1000 ml ddH2O, well dissolved
Dispense 5 ml to 15 ml FALCON tube,
        40 ml to 50 ml FALCON tube
Autoclaved

2. 10% arabinose L (+)
Sigma No. A-3256
10 g powder
90 g ddH2O
mix completely
filter (0.22 μm)
dispense 1 ml / 1.5 ml eppendorf, lable “Ara”
3. Glycerol stock：

1. 從single colony挑起，add to 3 ml LSLB, add Chlorampenicol to final concentration of 12.5 μg/ml，30℃, 300 rpm, overnight

2. 隔天，離心菌液 13200 rpm, 1 min, 4℃
3. 丟掉上清液
4. resuspend pellet in 375 μl LB

5. add 125 μl 80% glycerol 

6. 冰在-80℃
4. Plasmid DNA large Prep.

1. Inoculate 1 single colony in 50 ml LB/antibiotics, 37℃ 240 rpm overnight

2. Transfer 50 ml to 1 L/antibiotics, 37℃ 240 rpm overnight

3. 以QIAfilterTM Plasmid Mega Kit抽DNA，resuspend in 200 ~400 μl LowTE

4. 將DNA稀釋100x-200x，以spectrometer測OD260定量
OD260/OD280須在1.6-1.8之間
OD260可信範圍在0.2-2之間
1 L High copy number plasmid菌液可得2-10 mg
5. Primers for core construct Sequencing
1. core-T7
5'-AATACGACTCACTATAG-3'
2. core-mc1proD2-R
5'-GCAAAACCACACTGCTCGACATTG-3'
3. core-Neo5'-R
5'-GGGCTGCTAAAGCGCATGCT-3'
4. core-Neo3'-F
5'-CATTGTCTGAGTAGGTGTCATTC-3'
5. core-T3

5’-ATTAACCCTCACTAAAGGGA-3' 
6. Low TE

10mM Tris pH 8.0

0.1mM EDTA
7. Antibiotics concentration
	Antibiotics
	Stock conc.
	Work conc.

	Ampicillin
	50 mg/ml in H2O
	150 μg/ml

	Chloramphenicol
	34 mg/ml in ethanol
	25 μg/ml

	Kanamycin
	10 mg/ml in H2O
	50 μg/ml


Electroporation of BAC DNA to EL350

8. Preparation of EL350

Culture EL350 (from single colony) in 5 ml LSLB at 30℃, 300 rpm, overnight
↓

Pellet 1 ml cell suspension in eppendorf at 13200 rpm, 30 sec, 4℃, discard supernatant,
↓

Resuspend with 888 μl ice-cold ddH2O, centrifuge 13200 rpm, 30 sec, discard supernatant. Repeat 3 times.
↓

Resuspend in 40μl ice-cold ddH2O

9. Electroporation

Add 4 μg BAC DNA to 40 μl cell suspension, add ddH2O up to 60 μl, mix, and transfer to ice-cold 0.1 cm cuvette
↓

Electroporate at 1.75 kV, 200 Ω, 25 μF, (normal range 3-4.5 msec)
↓

Add 1 ml LSLB, transfer to eppendorf
↓

Recover the cell at 30℃, 300 rpm, 1.5 hours

↓

Plating on Chloramphenicol added LB plate
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↓

Culture 30℃ overnight

↓

Pick 8 single colonies and streak out on 1 chloramphenical plate, 30℃ overnight

↓  
Colony PCR to check
10. Colony PCR
add 10 x 6 ( or 4) μl ddH2O to 96-well plate (8 wells )

↓
pick 8個single colony的菌，一個colony一個well，resuspend

↓
dispense 10 μl to each following wells
↓
放置PCR machine，94℃ 10 mins

↓
Prepare premix for PCR reactions (x9)

10X PCR buffer 

2.5 μl

10 mM dNTP


  2 μl

10 μM AU/YU primer    0.5 μl

10 μM BD/ZD primer   
0.5 μl

Taq




0.5 μl

ddH2O



up to 15 μl (final 25 μl)

↓
從PCR machine取出96 well plate, dispense 15 μl premix to each 10 μl cell suspension的well

↓
run PCR: 94℃ 2 mins, (94℃ 30 sec, annealing temp. 30 sec, 72℃ 1 min) 35 cycles, 72℃ 7 mins, 4℃ 10 min or 16℃ overnight
↓
take 10 μl product, run electrophoresis to check ( 2 % TBE agarose gel)
Preparation of Vector A

11. Linearize PL253 (附件1)
以NotI和SpeI digest PL253 vector：37℃, overnight
PL253 DNA ~3 μg( by Spectrometers)
x μl

10x buffer 2

                   10 μl

10x BSA






   10 μl

NotI








2 μl

SpeI








2 μl

CIP








1 μl

ddH2O







up to 100 μl

↓

Run mini-gel 看是否切完全( 5 μl to see complete digestion)
↓

run 1% agarose/TAE gel, gel-purify with DNA Clean/Extraction Kit, elute in 50 μl Low TE
↓

λ/HindIII半定量
取2 μl DNA to 18μl Low TE, mix well, add 2 μl 10x DNA loading Dye
↓

Load 1.1 μl, 3.3 μl, 6.6 μl, 11 μl to each well

↓

Compare with 0.05 μg, 0.1 μg, 0.2 μg λ/HindIII DNA marker ( 0.1 μg / 5 μl )

(若DNA很濃，取5 μl DNA to 45 μl Low TE)
12. Prepare homologous arm

以PCR獲得homologous arm AB, YZ: 
Diute BAC DNA, 使f.c. 1 ng/μl
BAC DNA
 (1 ng/μl)

1 μl

10x PCR buffer


5 μl

10 mM dNTP



4 μl

10 μM AU/YU



1 μl

10 μM BD/ZD



1 μl

Pfu Taq
    


1 μl

ddH2O




up to 50 μl x4 reaction
↓

94℃ 2 mins, (94℃ 30 sec, annealing temp. 30 sec, 72℃ 1 min) 35 cycles, 72℃ 7 mins, 4℃ 10 min or 16℃ overnight
↓

Run 2 % TBE agarose gel, check size

↓

以DNA Clean/Extraction Kit 純化，1 arm/column
↓

elute in 78 μl ddH2O
13. Digestion & purification of homologous arm

Digest 純化好的homologous arm: 37℃, overnight




   AB
   YZ
PCR DNA
  76 μl
  76 μl
10x buffer 2  
  10 μl
  10 μl
10x BSA

  10 μl
  10 μl
NotI


   2 μl
    -
SpeI


   -

   2 μl

HindIII

   2 μl
   2 μl

total


 100 μl
 100 μl

↓

以DNA Clean/Extraction Kit 純化，1 arm/column
↓

elute in 50 μl ddH2O

↓

跑電泳以 λ/HindIII 當marker做半定量
14. Ligation 14℃, overnight
Molar ratio = backbone : arm1: arm2 = 1:3:3

Linearized PL253


x μl

AB arm




y μl

YZ arm




z μl

10x BSA




2 μl
10x ligation buffer


2 μl

T4 ligase




1 μl
10 mM ATP               1 μl
ddH2O




up to 20 μl

                         ( final: x + y + z = ~200ng)

15. Transformation to DH5α
把ligation好的DNA (20 μl) 加至200 μl DH5α competent cell suspension

↓

On ice, 30 mins
↓

Heat shock 43.5℃, 90秒
↓

On ice 2 mins

↓

Add SEC/SOC medium 880 μl, recover at 37℃, 1 h, 240 rpm

↓

Plating on Amp+ plate, 37℃ overnight

16. Screening

挑8 single colony，培養在Amp+ LB broth 1.5 ml, 37℃, overnight
↓

抽取plasmid DNA with Plasmid Miniprep kit, elute in 50 μl ddH2O
↓

用HindIII/SpeI和NotI/SpeI切 (HindIII/SpeI 會切出 YZ片段大小，NotI/SpeI會切出AB＋YZ片段大小)
↓

大小符合預期的則是對的clone，亦是vector A

↓

把DNA送定序確認( primer T7, Mc1ProD2)
確認enzyme site, arm方向, PCR arm序列是否皆正確, 
nucleotide不可有誤,若有mutation需確認為BAC上原有的
↓
把確認過的菌株劃於Amp+ plate for後續實驗
Preparation of Vector B or Vector C
17. Linearize PL451 (附件2) or PL452 (附件3)
以NotI / SalI和EcoRI / BamHI digest：37℃, overnight
可獲得2.9 kb的backbone和1.9 kb的Neo-FRT cassette or Neo-LoxP casette
PL451/PL452 DNA 

~5 μg (以Spectrometer定量)
10x buffer 3

 

15 μl

10x BSA




15 μl

NotI





 2 μl

SalI





 2 μl

EcoRI




 2 μl

BamHI




 2 μl

CIP





 1 μl

ddH2O




up to 150 μl

↓

Run mini-gel 看是否切完全( 5 μl to see complete digestion)
↓

run 1% TBE agarose gel, 分別把1.9 kb和2.9 kb的片段切下
↓

以DNA Clean/Extraction Kit 純化, elute in 50 μl Low TE
↓

λ/HindIII半定量
18. Prepare homologous arm

以PCR獲得homologous arm CD, EF, GH, IJ片段：
Dilute BAC DNA 使final con. 1 ng/μl
BAC DNA (1 ng/μl)



1 μl

10x PCR buffer



5 μl

10 mM dNTP




4 μl

10 μM CU/EU/GU/IU


1 μl

10 μM DD/FD/HD/JD


1 μl

Pfu Taq





1 μl

ddH2O





up to 50 μl x 4 reactions
↓

94℃ 2 mins, (94℃ 30 sec, annealing temp. 30 sec, 72℃ 1 min) 35 cycles, 72℃ 7 mins, 4℃ 10 min or 16℃ overnight
↓

Take 10μl PCR product, Run 2 % TBE agarose gel, check size

↓

以DNA Clean/Extraction Kit 純化，1 arm/column

↓

elute in 78 μl ddH2O

19. Digestion & purification of homologous arm

Digest 純化好的homologous arm: 37℃, overnight





 CD/GH
   





 EF/IJ
PCR DNA

  76 μl
 

PCR DNA

  76 μl

10x EcoRI buffer
  20 μl


10x buffer 3  
  20 μl

10x BSA


  20 μl
 

10x BSA 

  20 μl

NotI



   2 μl
    
BamHI
 
  
   2 μl

EcoRI


   2 μl
 

SalI



   2 μl

total



 100 μl


total



 100 μl

↓

以DNA Clean/Extraction Kit純化，1 arm/column
↓

elute in 50 μl ddH2O

↓

跑電泳以 λ/HindIII 當marker做半定量
20. Ligation 14℃, overnight

Molar ratio = backbone : neo cassettes : arm1: arm2 = 1:1:3:3

PL451 or PL452 backbone
a μl
Neo-FRT or Neo-LoxP

b μl

CD or GH 



c μl

EF or IJ




d μl

10x BSA




2 μl
10x ligation buffer


2 μl
10 mM ATP               1 μl
T4 ligase




1 μl

ddH2O




up to 20 μl

                          ( final: a + b + c + d = ~200ng)
21. Transformation to DH5α
把ligation好的DNA (20 μl) 加至200μl DH5α competent cell suspension

↓

On ice, 30 mins

↓

Heat shock 43.5℃, 90秒
↓

on ice 2 mins

↓

Add SEC/SOC medium 880 μl, recover at 37℃, 1 h, 240 rpm

↓

Plating on Amp+ /Kana+ plate, 37℃ overnight

22. Screening

挑8 single colony，培養在Amp+/Kan+ LB broth 1.5 ml, 37℃, overnight

↓

抽取plasmid DNA with Plasmid Miniprep kit
↓

用SalI / NotI和BamHI / EcoRI check
↓

大小符合預期的則是對的clone，亦是vector B/C
↓

把DNA送定序確認( primer T3, T7)，
確認enzyme site, arm方向, PCR arm序列是否皆正確, 

nucleotide不可有誤,若有mutation需確認為BAC上原有的
↓

將確認後的菌株劃於Amp+ /Kana+ plate for後續實驗
Retrieve A
23. Linearize Vector A

Vector A digestion: 37℃, overnight
Vector A  

2-3 μg (以λ/HindIII定量)
10x buffer 2

10 μl

10x BSA


10 μl

HindIII


 2 μl

AflII or AvrII

 2 μl

CIP



 2 μl
ddH2O       

 up to 100 μl

↓

Take 5 μl run mini gel check complete digest or not
↓

Run 1 % TAE agarose gel，把fragment切下。
以DNA Clean/Extraction Kit純化，elute in 40 μl ddH2O
↓

λ/HindIII半定量
24. Electroporation

Culture EL350/BAC in 5 ml LSLB/ Chl+, 30℃, overnight, 300 rpm
↓

Transfer 2 ml EL350/BAC to 50 ml Chl+/LSLB in 250 ml flask, 
30℃, ~2 hrs, 300 rpm until OD600 = 0.5-0.7
↓

On ice, 10 mins


Transfer 25 ml EL350 suspension

to 50 ml FALCON tube


↓
  ↓


Heat shock 43.5℃, 15 mins, 200 rpm
↓

On ice

Transfer flask to ice + water, immediately,

shake by hands for 2 min, transfer 

suspension to 50 ml FALCON tube
↓




↓

4000 rpm, 10 mins, 4℃, discard supernatant
↓ 




↓

3x wash with 888 μl iced-cold ddH2O

(13200 rpm, 4℃, 30 sec)

↓




↓

Resuspend in 80 μl ddH2O

↓




↓
UI




I
EL350/BAC

   40 μl

   
   
  40 μl

Linearized vector A   80 ng



  80 ng
ddH2O



x μl



   x μl   
up to 60 μl

↓




↓
Transfer to ice-cold 0.1 cm cuvette

↓




↓
Electroporate at 1.75 kV, 200Ω, 25 μF (normal range 3-5 msec)
↓




↓

Add LSLB to 1 ml, recover at 30℃, 300 rpm, 1.5 hrs

↓




↓
3000 rpm, 5 min, RT, discard 900 μl supernatant, Resuspend,
Plating on Amp+ plates, 30℃ incubate overnight
P.S. If it’s your first time to do this experiment, please do “Induced EL350 + ddH2O” as negative control for ensuring there’s no contamination happened

25. Screening

挑8 single colony，培養在Amp+ LB broth 1.5 ml, 30℃, 300 rpm, overnight

↓

抽取plasmid DNA with Plasmid Miniprep kit
↓

選適當的restriction enzyme切(約4-5刀，fragment size 不要太集中)
↓

大小符合預期的則是對的clone，亦是retrieved A

↓

Retransform to DH5α, pick colonies and check again

↓

把DNA送定序確認(primer T7, Mc1ProD2)
Sequence須讀到BD外與YU外

↓

將確認過的菌株劃於Amp+ plates for 後續實驗保存
A+B
26. Linearize Vector B

Vector B digestion: 37℃, overnight

Vector B


~5 μg

10x buffer 3

10 μl

10x BSA


10 μl

NotI



 2 μl

SalI



 2 μl

XmnI
/ScaI

 2 μl

CIP



 1 μl

ddH2O    

up to 100 μl

↓

Run Mini gel check pattern

↓

跑電泳，把 arm + casette片段 (~2.5 kb)切下。
以GFX gel-band purification kit純化，elute in 40 μl ddH2O
↓

λ/HindIII半定量
27. Electroporation

Culture EL350 in LSLB, 30℃, overnight, 300 rpm

↓

Transfer 2 ml EL350/BAC to 50 ml Chl+/LSLB, 30℃, ~2 hrs, 300 rpm until OD600 = 0.5-0.7

↓

On ice, 10 mins


     ↓


heat shock 43.5℃, 15 mins, 200 rpm 

                             ↓

On ice

transfer to ice + water, immediately, 

shake by hands for 2 min

       
 ↓




↓

          4000 rpm, 10 mins, 4℃, discard supernatant




 ↓ 




↓

       3x wash with 888 μl iced-cold ddH2O

          (13200 rpm, 4℃, 30 sec)



     ↓




↓

       Resuspend in 80 μl ddH2O



   ↓




↓

     
EL350



 40 μl



Linearized vector B
300 ng


Retrieved-A DNA

 30 ng



ddH2O



up to 60 μl



   ↓




↓

    Electroporate at 1.75 kV, 200Ω, 25 μF



   ↓




↓

    Add LSLB to 1 ml, recover at 30℃, 300 rpm, 1.5 hrs



   ↓




↓

  Plating on Amp+Kan+/LB plates, 30℃ incubate overnight
28. Screening

挑single colony，培養在Amp+ /Kana +LB broth 3 ml, 30℃, 300 rpm, overnight

↓

抽取plasmid DNA with Mini-Plus
↓

用適當的restriction enzyme切
↓

大小符合預期的則是對的clone，亦是A+B

↓

Retransform to DH5α, pick colonies and check again

↓

把DNA送定序確認( primer Neo 5’ R, Neo 3’ F)，把菌塗盤保存
A+B-B

29. Electroporation

Culture EL350 in 5ml LSLB, 30℃, overnight, 300 rpm

↓

2 ml EL350 to 50 ml LSLB, 30℃, 2 hrs, 300 rpm until OD600 = 0.5-0.7
↓

On ice, 10 mins

↓

Add 10% arabinose 0.5 ml, f.c. 0.1%, 30℃, 1 hr, 200 rpm

↓

4000 rpm, 10 mins, 4℃, discard supernatant
↓

3x wash with 888 μl iced-cold ddH2O

(13200 rpm, 4℃, 30 sec)
↓

Resuspend in 80 μl ddH2O

↓

EL350



 40 μl

A+B DNA



  1 ng

ddH2O



up to 60 μl

↓

Electroporate at 1.75 kV, 200Ω, 25 μF

↓

Add LSLB to 1 ml, recover at 30℃, 300 rpm, 1.5 hrs

↓

Plating 100 μl and 800 μl on Amp+ /LB plates ( colonies grow

Plating 100 μl on Amp+Kan+/LB plates as negative control ( no colony 

30. Screening

挑8 single colony，培養在Amp+ LB broth 3 ml, 30℃, 300 rpm, overnight

↓

抽plasmid DNA with Viogene Mini-Plus
↓

用適當的restriction enzyme切
↓

大小符合預期的則是對的clone，亦是A+B-B

↓

Retransform to DH5α, pick colonies and check again

↓

把DNA送定序確認(primer CU, FD)，把菌塗盤保存
A+B-B+C
31. Linearize Vector C

Vector B


~5 μg

10x buffer 3

10 μl

10x BSA


10 μl

NotI



 2 μl

SalI



 2 μl

XmnI
/ScaI

 2 μl

CIP



 1 μl

ddH2O    

up to 100 μl

↓

Run Mini gel check pattern

↓

跑電泳，把 arm + casette片段 (~2.5 kb)切下。
以GFX gel-band purification kit純化，elute in 40 μl ddH2O

↓

λ/HindIII半定量
32. Electroporation

Culture EL350 in LSLB, 30℃, overnight, 300 rpm

↓

Transfer 2 ml EL350/BAC to 50 ml Chl+/LSLB, 30℃, ~2 hrs, 300 rpm until OD600 = 0.5-0.7

↓

On ice, 10 mins


     ↓


heat shock 43.5℃, 15 mins, 200 rpm 

                             ↓

On ice

transfer to ice + water, immediately, 

shake by hands for 2 min

       
 ↓




↓

          4000 rpm, 10 mins, 4℃, discard supernatant




 ↓ 




↓

       3x wash with 888 μl iced-cold ddH2O

          (13200 rpm, 4℃, 30 sec)



     ↓




↓

       Resuspend in 80 μl ddH2O



   ↓




↓

       EL350




 40 μl



  Linearized vector C

300 ng



  A+B-B DNA


 30 ng



  ddH2O




up to 60 μl



   ↓




↓

    Electroporate at 1.75 kV, 200Ω, 25 μF



   ↓




↓

    Add LSLB to 1 ml, recover at 30℃, 300 rpm, 1.5 hrs



   ↓




↓

  

Plating on Amp+Kan+/LB plates, 30℃ incubate overnight
33. Screening

挑8 single colony，培養在Amp+Kan+/ LB broth 1.5 ml, 30℃, 300 rpm, overnight

↓

抽取plasmid DNA with Viogene Mini-Plus
↓

用適當的restriction enzyme切
↓

大小符合預期的則是對的clone，亦是A+B-B+C
↓

Retransform to DH5α, pick colonies and check again

↓

把DNA送定序確認(primer T7, Mc1ProD2, CU, DD, EU, FD, Neo 5’ R, Neo 3’ U)，把菌塗盤保存
附件1.
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附件3.
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