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METAGENOMICS? 
 

TRANSCRIPTOMICS? 

METATRANSCRIPTOMICS? 

PHARMACOMICROBIOMICS? 
 

RIDICULOMICS*? 

http://www.ark-genomics.org/badomics-generator 

*Blinov ML, Moraru II. Logic modeling and the ridiculome under the rug. BMC Biol. 2012 Nov 21;10:92. doi: 10.1186/1741-7007-10-92.   

GENOMICS? 





 Metagenomics: Environmental Shotgun Sequencing 

Wooley JC, Godzik A, Friedberg I (2010) A Primer on Metagenomics. PLoS 

Comput Biol 6(2): e1000667. doi:10.1371/journal.pcbi.1000667 

http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000667 

Sampling from habitat 

filtering particles, 

typically by size 

DNA extraction and lysis  

cloning and library 

sequence the clones 

sequence assembly 

http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000667


Why do you care? 

• Metagenomics 
– Create new sources of energy 

• Biofuels 

– Human health 
• Evidence that diabetes and Crohn’s disease related to the bacteria 

in your gut (microbiome) 
• Transplanting bacteria from one person to another cures 

“incurable” hospital bacterial infection (C. difficile) 
 

• Genomics and Transcriptomics 
– Human health 

• Find genes/factors controlling disease/health 

– Agriculture 
• Drought resistant crops – dealing with climate change 

 





643 HiSeqs = 6.5 Pb/year 

http://www.illumina.com/systems/hiseq_2000.ilmn http://omicsmaps.com/ 

http://omicsmaps.com/


Genomics analysis:  

two basic flavors 

• Loosely-coupled problems 
Sequence alignment and Variant Calling: Read many 
short DNA sequences from disk and map to a reference 
genome 

– Lots of disk I/O 

– Fits well with MapReduce framework 

 

• Tightly-coupled problems 
De novo assembly: Assemble a complete genome from 
short genome fragments generated by sequencers 

– Primarily a large graph problem 

– Works best with a lot of shared memory 

 



Blacklight: SGI Altix UV 1000 
2×16 TB of cache-coherent shared memory 

4096 cores 
 



Tackling some of the most challenging 
problems in genomics with Blacklight 
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Capability + 
Throughput 

32 x 1 TB RAM 

Large Memory + 
High Throughput 





Source: Google Image 

















“Natural products remain a consistent source of drug leads with 

more than 40% of new chemical entities reported since 1981 being 

derived from microbial natural products. Perhaps more 

astonishing is that more than 60% of the anticancer and 70% of 

the anti-infective antibiotics currently in clinical use are natural 

products or natural product-based. ” 









Time point 
Number of Paired 

End Reads 
Total 

Sequence  

Initial (0-Weeks) 481,578,176 96GB 

Intital (0-Weeks) 
1.1 Millon  (FLX 

Titanuim) 0.5GB 

Shaker(6-Weeks) 487,079,477 97GB 
Fermenter (8-

Weeks) 542,583,705 108GB 

TOTAL 1,512,341,358 ~300GB 



Assembly Characteristic  Value 

Velveth peak RAM Usage  3.6 TB (3,600GB) 

Velveth CPU Hours 1,200 (50 days) 

Velveth Wall Time Hours 60 (2.5 days) 

Velvetg peak RAM Usage 
(w/RAMDISK) 1.0 TB (1,000GB) 

Velvetg CPU Hours 1,600 (66 days) 

Velveth Wall Time Hours 83 (3.5 days) 



Could not find 500kb of continuous RAM in 

6000GB (6TB)! 







Metagenomic 
Assembly 

Velvet Assembly Size 
(300 BP Contigs) /n50 

MSCA Initial Soil 
Sample 112 MB/1.3kb 

MSCF Fermenter 
Enrichment 626 MB/2.8kb 

MSCS Shaker 
Enrichment 577 MB /2.6kb 

Total Combined 
Assembly 1.2 GB /2.6kb 





PFAM Domain  
Number of Genes Models 

with Evalue < -4 PFAM  Physiological role 

Polyketide 
Cyclase  1,597 Antibiotic Synthesis  

NRPS 16 Peptide Secondary Metabolites 

SnoaL 
Polyketide 

Cyclase 1,597 Antibiotic Synthesis  

Skimate Kinase 350 Aromatic Compound Precursor Synthesis  

Thioesterase 1,567 
Terminal Step in Cyclic Antibiotic 

Synthesis 

Antibiotic 
Biosytheis  

Monoxygenase 83 Antibiotic Synthesis 











Protopterus aethiopicus 140+ Giga 

basepairs 



3040 Plant Genome Listed with 1C value greater than 3GB 











WHAT IS A TRANSCRIPTOME? 

• DNA is transcribed into corresponding molecules of RNA 

• The transcriptome is all of the transcripts of a particular 

cell  

• The major type of RNA is messenger RNA (mRNA) which a 

gene may produce various types of 



WHAT CAN THE TRANSCRIPTOME 

TELL US? 

• The transcriptome shows when and where each gene is 

turned off or on in the cells and tissues of an organism 

• Counting the number of transcripts for a given gene can 

determine gene expression 



BUILDING THE 

TRANSCRIPTOME 

FROM RNA-SEQ 

READS WITH DE 

NOVO ASSEMBLY 

USING TRINITY 

Grabherr et al., 2011 



BUILDING THE 

TRANSCRIPTOME FROM 

RNA-SEQ READS WITH 

DE NOVO ASSEMBLY 

USING TRINITY 

INCHWORM: All overlapping k-mers 

are extracted from the RNA-seq 

reads, and each unique k-mer is 

examined and transcript contigs are 

generated using a greedy extension 

based on (k-1)-mer overlaps. 

Grabherr et al., 2011 



BUILDING THE 

TRANSCRIPTOME FROM 

RNA-SEQ READS WITH 

DE NOVO ASSEMBLY 

USING TRINITY 

CHRYSALIS: related Inchworm 

contigs are clustered into components 

using raw reads to group transcripts. A 

de Bruijn graph for each cluster is built, 

and then reads are partitioned among 

the clusters.  

Grabherr et al., 2011 



BUILDING THE 

TRANSCRIPTOME FROM 

RNA-SEQ READS WITH 

DE NOVO ASSEMBLY 

USING TRINITY 

BUTTERFLY: The RNA-seq reads 

are traced through the graph and 

connectivity based on the read 

sequence and on support from any 

available paired-end data is 

determined. Butterfly processes 

each de Bruijn graph in parallel and 

reports the full-length transcripts for 

alternatively spliced isoforms.  

Grabherr et al., 2011 



THE NON-HUMAN 

PRIMATE REFERENCE 

TRANSCRIPTOME 

RESOURCE  

(NHPRTR) 

Prosimian 

Human 

Chimpanzee 

Gorilla 

Rhesus Macaque 

Japanese Macaque 

Cynomolgus Macaque 

Pig-tailed Macaque 

Vervet 

Sooty Mangabey 

Common Marmoset 

Squirrel Monkey 

Ring-tailed Lemur 

Mouse Lemur 

Olive Baboon 

New World Monkeys 

Old World 

Hominoids 

~70 mya 

35-40 

23-25 

6 

8 

9 

10 





TRINITY PIPELINE 

5x faster on 

RAM disk  

Trinity + files on 

RAM disk required 

~1 TB RAM 



Species Library # input 

sequences 

(billion) 

# contigs Total 

length 

(Mb) 

N25 

(bp) 

N50 

(bp) 

N75 

(bp) 

Longest 

contig 

(bp) 

Baboon 
TOT 0.149 658,581 281 1,029 434 276 35,170 

UDG 1.543 1,131,951 844 3,534 1,368 479 131,395 

Chimpanzee UDG 1.465 987,615 1,433 6,356 3,806 1,666 47,873 

Cynomologus 

Macaque Chinese 

RNA 1.676 911,282 864 4,769 2,316 706 59,032 

UDG 1.630 990,604 1,055 5,479 2,822 875 122,916 

Cynomolgus 

Macaque Mauritian 

RNA 1.078 1,142,531 929 4,368 1,813 525 30,364 

TOT 0.166 526,723 200 657 377 266 36,976 

UDG 1.177 1,015,657 834 4,360 1,927 532 22,239 

Gorilla UDG 1.256 732,336 1,122 5,878 3,680 1,804 33,526 

Japanese Macaque  RNA 1.863 703,246 738 5,010 2,687 898 21,620 

Marmoset 
TOT 0.253 332,782 118 545 357 261 14,561 

UDG 1.659 814,235 476 2,206 785 359 122,518 

Pig-tailed Macaque 
RNA 1.725 969,993 1,044 5,189 2,807 916 25,056 

UDG 1.573 1,301,087 1,222 5,015 2,265 668 32,637 

Rhesus Macaque 

Chinese 

RNA 1.210 923,017 836 4,694 2,230 639 32,796 

UDG 1.310 969,421 850 4,638 2,114 594 34,020 

Rhesus Macaque 

Indian 

RNA 3.200 703,246 738 5,010 2,687 898 21,620 

UDG 1.410 1,051,149 833 3,966 1,644 519 68,269 

Ring-tailed Lemur UDG 1.403 611,678 822 6,169 3,630 1,468 33,401 

Sooty Mangabey UDG 1.635 1,188,472 1,466 6,431 3,483 1,116 30,331 



CURRENT USES OF THE 

DE NOVO ASSEMBLED 

TRANSCRIPTOMES 

• Improve existing genome annotation for species with 

reference genomes 

• Different splice variants 

• Show extensions in 3’ and 5’ UTRs 

• Establish genome annotation for species without 

reference genomes  

• Assist in genome annotation for the Baboon genome 

consortium 

 

Long-term goal is to have an excellent annotation data set 

for each species to detect species-specific differences that 

have functional consequences. 



BLACKLIGHT AND XSEDE 

HIGHLIGHTED IN RECENT 

TRINITY PROTOCOL PAPER 
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Questions? 

How can I: 

• De novo assemble a 17 Gbp genome? 

• Assemble a terabase of metagenomic 
data? 

• De novo assemble 30 transcriptomes 
for 10 different primate species? 

 

 

 


