
Accounting for 
Contamination in 
Sequence Data Chloe Lee 



How do you know what 
organism your DNA sequence is 
from?  



Terminology 

§  GC content  
§  GC3  
§  ORF  
§  contig 
§  chimera 

Paranormal	
  Encyclopedia	
  



§  BLAST, but if your sequence is contaminated, 
what do you get out?   

§  GC content varies among different organisms 
§  Translational selection for highly expressed 

genes influences GC content 
§  Mutational selection 

How do you know what organism 
your DNA sequence is from?  



Reasoning for project: 
§  Childonella uncinata as a 

model organism for genomic 
architechture and genome 
evolution 

§  MAC single gene 
chromosomes  

§  Paralogs 
§  Endosymbionts?  

pinkava	
  



Procedure 
§  Take assembly from SPAdes 

§  Identify contaminants 
§  Asses validity of assembly 

§  Analyze GC content of sequence 
§  Identify potential protein coding 

regions 
§  Determine the effective number of 

codons for those ORFs 

SPAdes	
  



GC content 

§  Genes are characterized as having higher GC 
content than genome as a whole 

§  Longer coding sequences associated with 
higher GC content 

§  GC content variable among organisms 
 
Implementation: 
 

§  Sliding window script in python  



0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

60	
  

0	
  
55
00
0	
  

11
00
00
	
  

16
50
00
	
  

22
00
00
	
  

27
50
00
	
  

33
00
00
	
  

38
50
00
	
  

44
00
00
	
  

49
50
00
	
  

55
00
00
	
  

60
50
00
	
  

66
00
00
	
  

71
50
00
	
  

77
00
00
	
  

82
50
00
	
  

88
00
00
	
  

93
50
00
	
  

99
00
00
	
  

10
45
00
0	
  

11
00
00
0	
  

11
55
00
0	
  

12
10
00
0	
  

12
65
00
0	
  

13
20
00
0	
  

13
75
00
0	
  

14
30
00
0	
  

14
85
00
0	
  

15
40
00
0	
  

15
95
00
0	
  

16
50
00
0	
  

17
05
00
0	
  

17
60
00
0	
  

18
15
00
0	
  

18
70
00
0	
  

19
25
00
0	
  

19
80
00
0	
  

20
35
00
0	
  

20
90
00
0	
  

21
45
00
0	
  

22
00
00
0	
  

22
55
00
0	
  

23
10
00
0	
  

23
65
00
0	
  

24
20
00
0	
  

24
75
00
0	
  

25
30
00
0	
  

25
85
00
0	
  

26
40
00
0	
  

26
95
00
0	
  

27
50
00
0	
  

28
05
00
0	
  

28
60
00
0	
  

29
15
00
0	
  

29
70
00
0	
  

30
25
00
0	
  

30
80
00
0	
  

31
35
00
0	
  

31
90
00
0	
  

32
45
00
0	
  

33
00
00
0	
  

G
C	
  
Co

nt
en

t	
  (
%
)	
  

Window	
  start	
  posi3on	
  (window	
  size	
  =	
  1000)	
  

SLIDING	
  WINDOW	
  	
  



ZOOMING IN ON AREAS OF LOW 
OR HIGH GC 
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Glimmer  
Gene Locating Interpolated Markov 
Model 
§  Linear combination of 8 markov chains 
§  3 different Markov Models 
§  Sequence score is based on probabilities of 

bases in sequence 
§  Designed for working with gene rich sequences 



>NODE_1_length_3297883_cov_269.809_ID_1 
orf00001  3295745        9  +1    14.89 
orf00002      153      881  +3    12.32 
orf00004     1893      997  -1    17.83 
orf00005     2349     1900  -1    18.73 
orf00006     3615     2359  -1    13.95 
orf00008     3811     3602  -2    16.59 
orf00010     3846     5303  +3    15.28 
orf00011     5371     5955  +1    16.80 
orf00013     5989     7014  +1    19.15 
orf00014     7017     7799  +3    17.83 
orf00016     7822     8442  +1    17.23 
orf00018     8445     9629  +3    15.11 
orf00021     9645    10415  +3    17.59 
orf00022    10419    11012  +3    16.08 
orf00024    11023    11742  +1    16.93 
orf00025    11759    12517  +2    16.65 
orf00026    12638    13246  +2    14.78 
orf00028    13249    14331  +1    19.89 
orf00031    14723    14430  -3    17.97 
orf00032    14712    14891  +3     6.18 
orf00033    14927    17380  +2    15.57 
orf00034    17394    17510  +3     5.32 
orf00035    17467    17652  +1    10.66 
orf00036    18107    17649  -3    19.53 
orf00037    18093    18218  +3     8.77 
orf00039    18232    18375  +1     4.32 

Glimmer output file: 
▪ORF ID ▪ Start point ▪ End point ▪ Frame ▪ Raw Score ▪ 



Nc 
Effective number of codons 

§  Evaluated using the 
program chips on the ORFs 
found by glimmer 

§  low values in highly biased 
genes  

§  high values in lowly biased 
genes 

RSSSbiology	
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Maurer-­‐Alcala	
  

Examples 



Blast of ORFs with high raw score 



Goals 
§  Make scripts user-friendly 
§  Learn how to use matplotlib  
§  Calculate GC3 instead of GC 
§  Plot results of different contigs together  
§  Train Glimmer using both Chilo and 

contaminant clade predictions  
§  Investigate Glimmer-MG 
§  BLAST results – convert to protein sequences 
§  Isolate Chilodonella uncinata DNA from the 

assembly. 



Sources 
Salzberg SL, Delcher AL, Kasif S, White O. Microbial gene 
identification using interpolated Markov models.  Nucleiv Acids 
Res. 1998 Jan 15; 26(2):544-8.  
 
NCBI BLAST 
 
Glimmer 3.02 
 
Emboss Chips 
 
CodonW Sourceforge 
 
Supek, Frank et al. Translational Selection is Ubiquitous in 
Prokaryotes. PLOS Genetics.  2010 June 25.  
 
Xyrus Maurer-Alcala, Laura Katz 
 
 
 
 



#CdsCount: 50065 
 
#Coding GC 41.09% 
#1st letter GC 41.07% 
#2nd letter GC 41.31% 
#3rd letter GC 40.90% 
 
#Codon AA Fraction Frequency Number 
GCA    A     0.344    16.901  17035 
GCC    A     0.236    11.604  11696 
GCG    A     0.140     6.874   6929 
GCT    A     0.280    13.730  13839 
TGC    C     0.506    16.912  17046 
TGT    C     0.494    16.510  16641 
GAC    D     0.251     6.241   6291 
GAT    D     0.749    18.647  18795 
GAA    E     0.734    21.273  21442 
GAG    E     0.266     7.718   7779 
TTC    F     0.364    21.187  21355 
TTT    F     0.636    37.055  37349 
GGA    G     0.242    11.954  12049 
GGC    G     0.236    11.651  11744 
GGG    G     0.179     8.846   8916 
GGT    G     0.342    16.896  17030 
CAC    H     0.353    10.952  11039 
CAT    H     0.647    20.045  20204 
ATA    I     0.350    23.956  24146 
ATC    I     0.269    18.395  18541 
ATT    I     0.381    26.023  26230 
AAA    K     0.679    37.101  37396 
AAG    K     0.321    17.526  17665 
CTA    L     0.096     8.989   9060 
CTC    L     0.085     7.942   8005 
CTG    L     0.209    19.547  19702 
CTT    L     0.187    17.565  17705 
TTA    L     0.224    21.008  21175 
TTG    L     0.199    18.687  18835 
ATG    M     1.000    19.493  19648 
AAC    N     0.399    17.238  17375 
AAT    N     0.601    25.940  26146 
CCA    P     0.355    17.522  17661 
CCC    P     0.179     8.833   8903 
CCG    P     0.208    10.253  10334 
CCT    P     0.258    12.715  12816 
CAA    Q     0.493    19.166  19318 
CAG    Q     0.507    19.684  19840 
AGA    R     0.251    15.188  15309 
AGG    R     0.206    12.449  12548 
CGA    R     0.140     8.490   8557 
CGC    R     0.115     6.968   7023 
CGG    R     0.171    10.337  10419 
CGT    R     0.117     7.078   7134 
AGC    S     0.169    13.797  13907 
AGT    S     0.158    12.861  12963 
TCA    S     0.242    19.688  19844 
TCC    S     0.145    11.843  11937 
TCG    S     0.100     8.163   8228 
TCT    S     0.185    15.077  15197 
ACA    T     0.306    16.140  16268 
ACC    T     0.316    16.697  16830 
ACG    T     0.129     6.823   6877 
ACT    T     0.248    13.099  13203 
GTA    V     0.353    18.458  18605 
GTC    V     0.112     5.864   5911 
GTG    V     0.210    10.969  11056 
GTT    V     0.325    17.013  17148 
TGG    W     1.000    17.645  17785 
TAC    Y     0.434    18.716  18865 
TAT    Y     0.566    24.389  24583 
TAA    *     0.422    20.985  21152 
TAG    *     0.183     9.105   9177 
TGA    *     0.394    19.580  19736 
 	
  

Cusp 
 


