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	Part I: Calculations

	
	1
	11 mL

	
	2
	87g/mL

	
	3
	0.02M or 20mM

	
	4
	NaCl: 0.41L
	Water: 0.79L

	
	5
	22.5

	
	6
	0.6

	
	7
	Volume of NaCl: 3.5 mL

	
	8
	Plasmid A: 250 ng
	Amount of 1 Kb insert: 33.33 ng

	
	Part II: Bioinformatics

	
	1
	5.9

	
	2
	NM_173926

	
	3
	Forward: B
	Reverse: C

	
	4
	442 + 2877

	
	5
	ATGGATCCTACAC

	
	6
	AluI: 1
	HpaII: 3

	
	Part III: Theory

	
	1
	A

	
	2
	C

	
	3
	20

	
	4
	341

	
	5
	(a) T
	(b) F
	(c) T
	(d) T

	
	Part IV: Problems

	
	1a
	0.25 units/ul

	
	1b
	Insert size: 10 Kb
	Insertion site: EcoRV

	
	1c
	Lane (s): S
	Size (s): 14 + 4

	
	1d
	14 Kb (3) +  4 Kb (2)

	
	1e
	4X





	
	Part IV. Problems (Cont’d)

	B
B
E
E
3
E
2.0
4.0
2.0
5.0

	2a Plasmid X                                                    Plasmid Y

	

	
	Insert size: 6.0
	Insertion site: BamHI

	
	2b  A
2.0Kb
  C
7.0Kb
  B
15.0Kb
  B
18.0Kb
  C
16.0Kb


	
	3a
	KpnI (1.3)

	
	3b
	2.1 Kb band in Kpn lane

	
	3c
	Enzymes: K+C or K+S
	Probe: 1
	Sizes: 1.0, 0.8 & 0.3 or 1.4 & 1.7

	
	3d
	Band sizes: 1.5 and 9Kb




I. Calculations: Do not round off your values until you obtain your final answer. Your final answer should be indicated to two digits after the decimal. Make sure to indicate your units (16 points)

Consider the following information to answer questions 1-3
A solution “X” is prepared by adding 110 mL of a 1M solution of solute “A” (MW 100g/mole), 55 mL a 2M solution of solute “B” (MW 50g/mole) and 22 mL of a 3M solution of solute “C” (MW 40g/mole) to 33 mL of water.

1. What is the volume of one part in solution “X”?

2. What is the final concentration of total solutes in g/L solution “X”?

3. What would be the molar concentration of solute “A” in a 4% (v/v) solution of solution “X”?

4. You wish to prepare 1.2L of a 10% (m/v) solution of NaCl from a 5M stock solution. (MW of A 58g/mole) What volumes of water and of the NaCl stock are required to prepare the desired solution? 

5. You add 1mL of water to 5mL of a 0.3M solution of compound “A” (MW of “A”: 90g/mole). What is the concentration of compound “A” in µg/µL in the diluted solution? 

6. You have 100µL of a solution containing 5.0µg of DNA. You add to this solution 150µL of water and an additional 250uL of a DNA solution of unknown concentration. The resulting solution had an absorbance at 260nm of 0.5. What must have been the absorbance at 260nm of the unknown DNA solution? 

7. You have the following stock solutions: 1M NaCl, 5% (m/v) sucrose and 2 mg/mL of MgSO4. You wish to prepare a solution with the following final concentrations: 50mM NaCl, 1% (m/v) sucrose and 50 µg/mL MgSO4? You do so by adding the appropriate volumes of each of the stock solutions to 50.75 mL of water. What would be the volume of the NaCl stock solution in the final solution?

8. [image: ]You have two plasmid preparations “A” and “B” (illustrated below). 








a) What amount of plasmid “A” (in nanograms) should you digest with EcoRI to obtain 50 ng of insert?

b) What amount (in nanograms) of the 1 Kbp EcoRI insert from plasmid “A” should be mixed with 50 ng of EcoRI digested plasmid “B” to obtain a molar ratio of insert to vector of 2:1?

II. Bioinformatics (1.0 point/question)

1. What is the expected number of hits corresponding to a gene which Blast predicts would be obtained with the following query sequence?

GCTGATTGTTTGATCCCGATTGAACAAAAGCTGCCGTAGGCATTTTGGGCTCTCGATTGAATCCAAGTTCCCCAACCCATTTTCCAAAAAGGTTTGAAAACTTGAAAAACGTCCTGGGAACTGGACTT

2. Perform a general search to obtain the first nucleotide record for Bos taurus insulin (INS), transcript variant 1, mRNA. What is the accession number of the record obtained?

3. Which two of the following primers would allow amplification of at least 200bp of the sequence with the accession number U83347? Indicate which primer is forward and which is reverse. What would be the size of the amplicon?

(a) TGGATCCTACACTTTACTGTGGC
(b) ACACACTTTACTGTGTAGTTGCG
(c) CGCAGTCTCACTGAAGGGCGGG
(d) CTAAACCTCGCCGGGGCTGGGC

4. A pair of primers was used to amplify the complete sequence with the accession number U83347. The forward primer included an EcoRI restriction site and the reverse primer included a KpnI restriction site. The EcoRI-KpnI digested amplicon was then cloned into pUC19 digested with EcoRI and KpnI. Fragments of what sizes would be expected after a complete digestion of the recombinant plasmid with SalI?

5. Obtain the reverse complement of the sequence corresponding to the accession number U83347. Obtain the complement sequence of the resulting sequence. Now obtain the reverse sequence of the last sequence obtained. Indicate the first six bases of the final sequence.

6. How many AluI and HpaII restriction sites are there between positions 2371 – 2785 inclusively in the sequence with the accession number NC_031695





III. Theory (1.0 point/question)

1. You performed a BLASTn search with a query sequence of 100 bases which returned a hit with the following parameters: Coverage of 65% and identity of 85%. The corresponding record was a nucleotide sequence of 2016 bases. Which of the following interpretations most accurately describes the results obtained?

(a) Out of 65 bases of the query, 85% were identical to the record sequence. 
(b) Out of 1310 bases of the record sequence, 85% were identical to the query sequence.
(c) Out of 85 bases of the query, 65 were identical to the record sequence.
(d) Out of 100 bases of the query, 85% were identical to the record sequence.

2. TBLASTx allows you to perform a search of...?
	 
(a) A protein database with a translated nucleotide query.
(b) A translated nucleotide database with a protein query.
(c) A translated nucleotide database with a translated nucleotide query.
(d) A protein database with a protein query.

3. [image: ]The schematic represents a template used for a PCR amplification using a pair of primers. How many cycles would be required to obtain 1 µg of the amplified product if you start with 1pg of the template? Round off to the nearest whole number.

4. The enzyme FraII cleaves palindromes of the sequence B▼NATNV (B = C, G or T; V = A, C or G; N = A, C, G, or T). What would be the average fragment size obtained following the digestion of a genome with FraII?

5. Indicate whether each of the following statements is true (T) or false (F):
		
(a) Migration of DNA on an agarose gel is influenced by its molecular size and the concentration of agarose.		
(b) For a given palindrome, the sequence on one strand (5’>3’) represents the reverse sequence (5’>3’) of the other strand.		
(c) The ends generated by an enzyme which cleaves the sequence GG▼ATCC would be compatible with the ends generated by an enzyme which cleaves the sequence AA▼ATTT.	
(d) Based on the unit definition of restriction enzymes, 2 units of a given restriction enzyme would completely digest 1 µg of DNA in as little as 30 minutes under optimal conditions.	


IV. Problems: Answer 2 of the 3 following problems (5 points/problem)

1. Panel A: Calibration of a novel restriction enzyme; BraI. The restriction activity of a BraI enzyme preparation was evaluated with reaction mixtures containing 1 µg plasmid DNA and 2 µL from serial 2 fold dilutions of the enzyme preparation. All reactions were incubated for one hour under optimal conditions and then separated on a gel. The first lane represents the undigested plasmid (UD).

Panel B: Restriction enzyme analysis of a recombinant plasmid. The first lane represents the undigested recombinant plasmid (UD). Lanes 2-4 represent the recombinant plasmid digested with ClaI (C), EcoRV (E) and SphI (S) respectively. The last lane (V+X) represents only the vector digested with XbaI which cuts the vector once. Fragment sizes in kilobase pairs are indicated besides each band.UD     1/2    1/4    1/8  1/16   1/32   1/64 1/128 1/256
A
10
4
14
10
2
4
4
14
UD        C          E         S        V + X
B
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(a) According to the results in panel A, what is the approximate concentration in units/µL of BraI in the 1/32 dilution?

(b) According to panel B, the recombinant plasmid has a DNA insert with a size of      	   Kpb inserted in the  	   restriction site of the vector.

(c) According to panel B, which fragment size (s) represent intermediate products resulting from a partial digestion? Indicate the lane and the size (s) of the intermediate products.

(d) How many sites remain to be digested in the intermediate products identified in (c)? Indicate the sizes of the intermediate products and the number of cut sites which remain to be digested in parentheses. (ex. 7Kb (3))

(e) How many times does SphI cut in the ClaI fragment?
(f) 

2. You cloned your favorite gene, TGIF, into a circular bacterial plasmid vector pNIM. You identify two recombinants, plasmid X and plasmid Y, that contain the TGIF gene inserted in pNIM.  You digest all three plasmids (pNIM, plasmid X, and plasmid Y) with EcoRI, BamHI, or both restriction enzymes together. All digestions were complete and gave the following results: 

	pNIM           
	Plasmid X
	Plasmid Y

	EcoRI
	BamHI    
	Both
	EcoRI
	BamHI    
	Both
	EcoRI
	BamHI    
	Both

	7.0 kb    
	10.0 kb
	5.0 kb     
	9.0 kb    
	10.0 kb    
	5.0 kb    
	7.0 kb    
	10.0 kb    
	5.0 kb    

	3.0 kb    
	
	3.0 kb         
	4.0 kb         
	6.0 kb
	4.0 kb
	6.0 kb
	6.0 kb
	4.0 kb

	
	
	2.0 kb         
	3.0 kb
	
	3.0 kb
	3.0 kb
	
	3.0 kb

	
	
	
	
	
	2.0 kb
	
	
	2.0 kb



(a) On the templates provided, draw possible restriction maps of plasmids X and Y which are in agreement with the results presented. Your maps must indicate which restriction sites are in the vector (thin line) and which restriction sites are in the insert (thicker line) as well as the relative distances between the restriction sites. Below the templates, indicate the size of the insert and the restriction site in which it is inserted within the vector.

(b) A linear DNA fragment was digested with enzymes A, B, and C. The following table indicates the fragment sizes obtained following complete digestions.

	Enzymes
	Size of bands (Kbp)

	A
	2 and 18

	B
	2, 3 and 15

	C
	4, 7 and 9

	A + B
	2, 13 and 3

	A + C
	2, 5, 9 and 4

	B + C
	1, 2, 7 and 8



Draw a restriction map on the template provided which would be in agreement with the pattern of fragments obtained. Indicate the relative distance between each of the restriction sites. Note the position of restriction site “A” is indicated.






3. [image: ]You cloned and sequenced a 5 Kbp gene obtained from the zebra fish genome. An analysis with NEB cutter generated the following map:










The letters S, C, and K represent the restriction sites SpeI, ClaI, and KpnI, respectively and the numbers in parentheses represent the positions on the map in Kbp from the origin. 

To verify the computer generated map, you isolate zebrafish genomic DNA, perform restriction digestions, separate on a gel, and then hybridize the gel with one of two probes indicated above. The sizes of the bands observed on the Southern hybridization are indicated in the table below.

	Enzyme
	Probe 1
	Probe 2

	Cla1
	0.3, 1.3 and 1.9
	1.9 and 9.0

	KpnI
	2.1
	8.0

	SpeI
	2.8 and 5.0
	5.0



(a) These results indicate that the computer-generated map is missing one or more restriction sites. Indicate the restriction site (s) and it's (their) position (s) in parentheses.

(b) Which band size (s) observed on the Southern was (were) unexpected according to the computer generated map?

(c) To confirm the error, you wish to repeat the southern hybridization on a double digest of genomic DNA. A double digest with which enzymes would allow you to confirm the error? Indicate the probe that would be used to confirm the presence of the missing site (s). Indicate the band size (s) which would would be expected if the site (s) is (are) truly present.

(d) A double digest of the genomic DNA with ClaI and SpeI is probed with probe 2. What band sizes are expected?
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3. You cloned and sequenced a 5 Kbp gene obtained from the zebra fish genome. An analysis
with NEB cutter generated the following map:

0 1 2 3 4 5
$(0.2) C(1.0) C(2.3)C(2.6)S(3.0) K(3.4) C(45)
Probe 1
N (1.5) Probe 2
(3.4) (4.8)

The letters S, C, and K represent the restriction sites Spel, Clal, and Kpnl, respectively and the
numbers in parentheses represent the positions on the map in Kbp from the origin.

To verify the computer generated map, you isolate zebrafish genomic DNA, perform
restriction digestions, separate on a gel, and then hybridize the gel with one of two probes
indicated above. The sizes of the bands observed on the Southern hybridization are
indicated in the table below.

Enzyme Probe 1 Probe 2
Clat 0.3,1.3and 1.9 1.9and 9.0
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NaCl 35g/mole) What volumes of water and of the NaCl stock solutions are required to
prepare the desired solution?

5. You add 1mL of water to 5mL of a 0.30% (m/v) solution of gentamicin. What is the
concentration of gentamicin in pg/uL in the diluted solution?

6. 250pL of a DNA solution of unknown concentration and 150pL of water are added to 100uL
containing 50ug of DNA. The resulting DNA concentration in the final solution was 0.11pg/pL.
What must have been the absorbance at 260nm of the DNA solution of unknown
concentration?

7. You have the following stock solutions: 1M NaCl, 5% (m/v) sucrose and 2 mg/mL of MgSOs.
Ci You wish to prepare a solution with the following final concentrations: 50mM NaCl, 1% (m/v)
sucrose and 50 ug/mL MgSO4? You do so by adding the appropriate volumes of each of the
stock solutions to 50.75 mL of water. What would be the volume of the NaCl stock solution in
the final solution?

8. You have two plasmid preparations “A” and “B” (illustrated below).

EcoRl EcoRl EcoRl

Total size 3.0Kbp

Total size 5.0Kbp «gr

“pn

° a) What amount of plasmid “A” should you digest with EcoRl to obtain 50 ng of insert?

b) What amount of the 1 Kbp EcoRl insert from plasmid “A” should be mixed with 50
ng of EcoR| digested plasmid “B” to obtain a molar ratio of insert to vector of 2:1?
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