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Gene: 

Carbamoyl-phosphate synthetase 2, aspartate transcarbamylase, and dihydroorotase (CAD)
This gene is very difficult to obtain. The following primer combination amplified CAD across several genera in several tribes in both the Olethreutinae and Tortricinae. These primers are a mix from different labs and have different universal primer tails (M13 for the forward and T3 for the reverse). In theory they would work without the tails (or both with a M13 or T3/T7 combo), but this has not been tested and I have no desire to mess with this working protocol. So they are included below with the tails attached. 

This primer combination results in multiple bands for most taxa, necessitating gel isolation after the initial PCR. Direct sequencing of the initial PCR product does not work. Some samples that show very faint bands may be reamplified after the gel isolation. Reamplification of samples that failed the initial PCR (no detectable band in the gel isolation process) did not result in PCR product after the reamp, thus reamping completely failed PCRs is not recommended. 

Protocols for the entire process are included here and follow these general steps:

1. Initial PCR
2. Gel isolation and purification of PCR products
3. Reamplification of faint bands detected during step 2
Length: 
Approximately 800 bp
Primers:
25 nmole DNA Oligo (IDT)

	M13r-791F
	CAG GAA ACA GCT ATG ACC TTY GAR GAR GCN TTY CAR AAR GC

	T3-CAD1028R
	ATT AAC CCT CAC TAA AGT TRT TNG GNA RYT GNC CNC CCA T


PCR mix:
TaKaRa Ex Taq Hot Start (RR006A)

STEP 1: Initial PCR

PCR protocol:


1. Create master mix containing:

	37.75 µl
	Water

	5.00 µl
	10X buffer

	4.00 µl
	dNTPs

	1.00 µl
	M13r-791F

	1.00 µl
	T3-CAD1028R

	0.25 µl
	Taq


2. Add 49 µl of master mix to each PCR tube

3. Add 1 µl DNA template for total of 50 µl per PCR reaction
PCR program:


cadtd352 (TODD1) – approximately 3 ½ hours

1. 94°C / 4 min.

2. 5 cycles of:

a. 94°C / 30 sec.

b. 52°C / 30 sec.

c. 72°C / 1 min.

3. 7 cycles of:

a. 94°C / 30 sec.

b. 51°C / 1 min.

c. 72°C / 1 min.

4. 36 cycles of:

a. 94°C / 30 sec.

b. 45°C / 20 sec.

c. 72°C / 1 min. 30 sec.

5. 72°C / 3 min.

6. Hold at 4°C

Run PCR product on normal gel (9 µl DNA + 2 µl dye) and note band intensity.
STEP 2: Gel Isolation
Gel isolation and extraction of PCR product using Qiagen QIAquick Gel Extraction Kit:

1. Load entire PCR product (~40 µl + 6 µl loading dye = 45 µl product) onto a 1.5% low-melt gel

2. Run gel at 50V for approximately 3 hours

3. Visualize band intensity and note faint bands to reamplify

a. Note that completely absent bands are not likely to reamp
4. Cut visible bands from gel and place into 1.5 ml tubes

5. Dissolve gel in 500 µl Buffer QC (vortexing often – usually heating is not necessary)

6. Once completely dissolved, pipette solution into spin column (750 µl total)

7. Spin at 15,000 RPM for 1 minute

8. Discard flow through, dry tube

9. Add 750 µl Buffer PE 
10. Spin at 15,000 RPM for 1 minute

11. Discard flow through, dry tube

12. Spin at 15,000 RPM for 1 minute, discard flow through and tube

13. Place in clean, labeled 1.5 ml tube

14. Elute DNA with 35 µl Buffer EB, spin at 15,000 RPM for 1 minute
At this point samples not being reamplified are ready for sequencing. 

Proceed to Step 3 with samples that showed faint bands in #3 above.
STEP 3: Reamplification PCR

Dilute extracted/cleaned PCR product from Step 2:


Dilute 1 µl of PCR product into 10 µl of water; use this diluted DNA as the PCR template below
PCR protocol:


1. Create master mix containing:

	37.75 µl
	Water

	5.00 µl
	10X buffer

	4.00 µl
	dNTPs

	1.00 µl
	M13r-791F

	1.00 µl
	T3-CAD1028R

	0.25 µl
	Taq


2. Add 49 µl of master mix to each PCR tube

3. Add 1 µl DNA template for total of 50 µl per PCR reaction

PCR program:


T55/C34 – approximately 1 ¼ hours

1. 94°C / 3 min.

2. 34 cycles of:

a. 94°C / 20 sec.

b. 55°C / 20 sec.

c. 72°C / 30 sec.

3. 72°C / 5 min.

4. Hold at 4°C

Run PCR product on normal gel (9 µl DNA + 2 µl dye) and note band intensity.
Clean successful reamps using standard PCR cleanup protocols.

Reamplified samples are now ready for sequencing.
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