Genetics, L2 Biology by: Sabri Bousbia, 

TD 3 (Transcription, translation and mutation)

Exercise 1 :

1. Part of the coding strand (forward or sense strand) for a given gene has the sequence 

5′ATGAGCGACTTTGCGGGATTA 3
a) Write the non-coding strand (antisense strand)? which strand is the transcribed strand?
5′ATGAGCGACTTTGCGGGATTA 3’  coding strand (sens or forward strand)
                        3’  TACTCGCTGAAACGCCCTAAT5’  anti-sens or reverse strand (non-codant)

Transcribed strand is the anti-sens strand (non-codant strand) 
b) What are the mRNA and protein sequences that would be produced during transcription and translation of this segment of DNA?

mRNA  5′AUGAGCGACUUUGCGGGAUUA 3’
Protein  N-ter Met Ser Asp Phe Ala Gly Leu C-ter
[image: image1]
Exercise 2 :

1) What does this figure represent?
tRNA
2) Determine the ends of this molecule?
See the figure
3) What are the three nucleotides found at the 3' end of this molecule?
The three nucleotides are CCA 3’ (note: this is not the anti-codon, it’s just a coincidence)
4) Write the nucleotides of the anticodon?
The Trp anti-codon is 5’ CCA 3’ (codon 5’UGG3’ on mRNA)
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Exercise 3 :

Below is a schematic representation of the Y gene, which encodes the X protein. Transcription begins immediately after the promoter.
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1) The primary transcript of this gene transcribed by RNA polymerase will have a length of approximately how many nucleotides?
The primary transcript (immature mRNA) produced by this gene would be approximately 5000 nucleotides (From base 100 to base 5100 THE PROMOTER IS NOT TRANSCRIBED). Transcription begins at nucleotide +1, which is the first nucleotide to be transcribed.
2) Two different transcripts are produced from this gene, one is about 2000 nucleotides long, the other is about 3000 nucleotides long. Explain how two different transcripts can be produced from this gene?
This is possible due to alternative splicing (post-transcriptional modifications). Alternative splicing could produce two different transcripts. One transcript may contain exons 1, 2 and 3 (3000 nucleotides), the other may contain only exons 1 and 3 (2000 nucleotides).
3) Suppose each transcript produces a protein. Given the figure above, what is the approximate size of the protein produced by the main transcript of this gene?
The main transcript is the transcript that contains all the exons, so here exons 1, 2 and 3. Its size is 3000 nucleotides (after post-transcriptional modifications (elimination of introns 1 and 2).

Note: The region from nucleotide 100 to 200 is a 5' untranslated region because it is upstream of the start codon (the 5' UTR) and the region from nucleotide 4802 to 5100 is a 3' untranslated region because it is downstream of the stop codon (the 3' UTR)
So the mature mRNA of this transcript contains all three exons that encode a protein starting at the ATG at position 200 and ending at the stop codon. This is about 2600 nucleotides (3000-100 (5’UTR)-300 (3’UTR) =2600), which is about 866 codons. So the expected protein would be about 866 amino acids.
4) Suppose that Y gene was mutated such that the G/C base pair found at position 2200 was replaced by an A/T. Transcription and translation of the mutated Y gene would still occur?

This mutation changes a single base pair well after the promoter, so it should not affect transcription and translation. The primary transcript should be the same length.
5) The protein produced would be the same length, shorter or longer than the protein produced by the wild type Y gene? Explain your answer.

This mutation changes a single base pair of a single codon. There are two possibilities. If the new codon still codes for an amino acid, then the resulting protein will be the same length. If the new codon creates a stop codon, the protein will be the shorter one.
Exercise 4 :
PLEASE NOTE: The sense strand is the strand that has the same direction of the transcribed RNA AND ALSO the same nucleotide composition except that instead of T there is a U.

Here is a DNA sequence consisting of 210 consecutive base pairs that corresponds to the beginning of the X gene sequence. Transcription begins at the T/A base pair at position 60 (In bold)
1) What are the first 6 nucleotides of the mRNA of gene X? 
The first transcribed base is at position 60. The first 6 nucleotides of the mRNA are 5’ U A G G C U 3’
2) What are the first 4 amino acids coded for by gene X? (A genetic code table is on the last page)
The start codon (the first ATG codon (AUG on the RNA) is at position 133. The first 4 amino acids encoded by the X gene      N-ter   met    arg    arg    leu   C-ter


[image: image2]
You found two different mutations of gene X, mutation 1 and mutation 2.
3) For mutation 1, there is an insertion of the three base pairs immediately after the C/G base pair at position 100 (in bold).   

        5’ TGT 3’ 
3’ ACA 5’

a) Would the mRNA expressed from this version of X gene be longer, shorter, or identical to the mRNA produced by the wild type X gene? Explain, and if longer or shorter, indicate the number of bases?
The insertion is after the promoter and after the first transcribed nucleotide. So the mRNA would be longer by 3 nucleotides.

b) If the mRNA is translated, the protein produced would be longer, shorter, or the same size as that produced by the normal X gene? Will the protein produced have the same function as the normal X protein? Explain your judgment.
The protein would be identical to the normal protein because the insertion is before the start codon. The protein produced is identical to the normal protein, so it will have the same structure and function.
4) For mutation 2, there is a four base pair insertion immediately after the A/T base pair at position 130 (in bold).                 

5’ ATGT 3’ 

3’ TACA 5’

c) What are the first four amino acids that will be translated?
After insertion there is creation of a new ATG start codon just before the ATG codon of the wild-type gene and a reorganization of the codons. The first four amino acids N-ter met phe met arg C-ter

d) The protein produced would be longer, shorter, or the same size as that produced by the normal X gene? Will the protein produced have the same function as the normal X protein? Explain your judgment?
The protein encoded by mutant 2 will be 2 amino acids longer. This mutant protein is almost identical to the normal protein. The only difference is that it has two additional amino acids at the N-terminus, but these two terminal amino acids are unlikely to change the overall tertiary structure of the protein, so it is unlikely that this insertion will change the function of the protein.
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ATCGGTCTCGGCTACTACATAAACGCGCGCATATATCGATATCTAGCTAGCTATCGGTCTAGGCTACTAC
TAGCCAGAGCCGATGATGTATTTGCGCGCGTATATAGCTATAGATCGATCGATAGCCAGATCCGATGATG

Pomoteur

CAGGTATCGGTCTGATCTAGCTAGCTTCTCTTCTCTCTCTCCCCCGCGGGGGCTGTACTATCATGCGTCG
GTCCATAGCCAGACTAGATCGATCGAAGAGAAGAGAGAGAGGGGGCGCCCCCGACATGATAGTACGCAGC

TCTCGGCTACTACGTAAACGCGCGCATATATCGATATCTAGCTAGCTATCGGTCTCGGCTACTACGTAAA
AGAGCCGATGATGCATTTGCGCGCGTATATAGCTATAGATCGATCGATAGCCAGAGCCGATGATGCATTT
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