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Physcomitrella patens life cycle







P. Patens protoplast preparation



Protoplast expressing nuclear GFP



Counting mRNA molecules is better 
than counting reads



NNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

mRNA
    AATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATT

TSO-AAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Finish first strand cDNA

    AATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT

 NNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

Anneal oligo-dT primer

    AATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCC

                                              NNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

First strand cDNA

    AATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCC

TSO-AAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Anneal template switching oligo



    AATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATT

TSO-AAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

After 1st strand

GAATGATACGGCGACCACCGA

    AATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATT

TSO-AAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

One primer PCR

GAATGATACGGCGACCACCGA

    GAATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATTA

GAAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACGATCGGTGGTCGCCGTATCATTC

After one primer PCR



    GAATGATACGGCGACCACCGATCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTNNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATTA

GAAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACGATCGGTGGTCGCCGTATCATTC

Tagmentation

  NNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATTA

GAAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNN

CTGTCTCTTATACACATCTGACGC

TAG2X-CAAGCAGAAGACGGCATACGAGATBARCODAGCGTCAGATGTGTATAAGAGACAG

CTGTCTCTTATACACATCTGACGC

TAG2X-CAAGCAGAAGACGGCATACGAGATBARCODAGCGTCAGATGTGTATAAGAGACAG



Bio-P5-AATGATACGGCGACCACCGA

PCR

  NNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATTA

GAAUGAUACGGCGACCACCGAGAUCUACACXXXXXXXXXXGGGNNNNNNNNNN

P7-CAAGCAGAAGACGGCATACGAGAT

     NNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATT

Bio-AATGATACGGCGTCCACCGAGATCTACACXXXXXXXXXXGGGNNNNNNNNNN

Recover the bottom strand with streptavidin coated beads

CTGTCTCTTATACACATCTGACGC

TAG2X-CAAGCAGAAGACGGCATACGAGATBARCODAGCGTCAGATGTGTATAAGAGACAG

CTGTCTCTTATACACATCTGACGCBARCODEATCTCGTATGCCGTCTTCTGCTTG

CAAGCAGAAGACGGCATACGAGATBARCODAGCGTCAGATGTGTATAAGAGACAG

     NNNNNNNNNNCCCXXXXXXXXXXGTGTAGATCTCGGTGGACGCCGTATCATT CAAGCAGAAGACGGCATACGAGATBARCODAGCGTCAGATGTGTATAAGAGACAG



FASTQC of reads passing QC





Alignment to genome

• Physcomitrella patens genome version 3.3

• STAR with no introns:
/sw/compbio/STAR/build/STAR-STAR_2.4.0j/bin/Linux_x86_64_static/STAR \

   --runThreadN 8 \

   --readFilesIn /home/projects/adhoc/vulcanite/run_170420/good_clipped.fq \

   --genomeDir /home/projects/adhoc/vulcanite/ref_3.3/idx \

   --alignIntronMax 1 \

   --alignEndsType EndToEnd



fastq_qual_filte
r

fastq_umi_clippe
r

umi_counterizer.pl

Chr01:219194 1 CAAGGTATAG
Chr01:219196 6 TGATGGAGGG TCAACCGGGT TGGGGAAAGG AAGTAGAAGG TATGTAACAG GCTTCCAGGG
Chr01:219204 1 GTGGGGTCCT
Chr01:219221 1 TCCTTTGGTT
Chr01:219226 2 GGTCAAACCA TGGTCATCCC
Chr01:219243 2 TGGTTTGTGA CAGTTTGTGC
Chr01:219245 3 GGGGCCCACT TCTGTATGTA CGCGGGTCCC
etc.

■ Should be enough to map UMI counts to annotations
■ But...



AAAAGAAGAG   Chr12:7900304 Chr26:3619711 Chr26:3619712
AAAAGAAGCG   Chr02:3872221 Chr02:3872222 Chr13:4315394
AAAAGAAGGC   Chr20:14859923 Chr20:14859924
AAAAGAAGGG   Chr19:903186 Chr19:903187
AAAAGAATCG   Chr04:81040 Chr15:11239144
AAAAGAATGG   Chr04:7886664 Chr04:7886665 Chr04:7886666 Chr04:20229236 Chr20:9736571 
AAAAGACCGG   Chr03:13013503 Chr03:13013504 Chr16:4510628
AAAAGACCTG   Chr05:9674490 Chr05:9674491 Chr12:9536972
AAAAGACGGC   Chr04:81040 Chr08:9268889 Chr08:9268890 Chr09:2418217 Chr13:16920618
AAAAGACGGG   Chr09:12743652 Chr12:13598785 Chr16:3730921 Chr16:3730922 Chr22:3241130
AAAAGACTGG   Chr16:7754118 Chr16:7754119 Chr21:2462127 Chr22:9433984
etc.

Something strange is going on with the UMIs

■ Same UMI 
■ Not quite the same position
■ Different read sequence!



Figure 1. An example of reads sharing a UMI mapping to adjacent 
locations on the genome. The numbers of reads mapping to the five 
coordinates shown were 1, 10, 796, 3, and 1, respectively. The 796 
alignments at the mode were edited to make it possible to see reads 
at each position in one figure. All reads in this UMI-read cluster 
were tagged with UMI AAAGGAGTGG. The central mapping 
location is Chr03:591516. The vertical dashed line was inserted by 
the application and indicates the coordinate used to search. 



What are the chances?

■ Spacing of identical UMIs
■ Identical UMIs are seldom distant
■ Identical UMIs are usually next to one another

Total UMIs:     78207
Median spacing: 1
Mean spacing:   544420
Mode spacing:   1
Min spacing:    1
Max spacing:    29063882

1   66354
2   1905
3   636
4   177
5   93
6   41
7   15
8   16
9   16

















Shannon Entropy:

Mutual Information
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