
Using BioHPC Lab Software

Qi Sun

Computational Biology Service Unit

Cornell University



What is the BioHPC Lab

• 625 Rhodes Hall

• 31 Linux remote workstations

• 2 Large RAM workstations

Open Hours:   24/7

Office Hours:  2-4PM, Mondays  



Using BioHPC Lab:

Step 1: Reserve a computer

http://cbsu.tc.cornell.edu



Software: FileZilla (Win) or Fetch (Mac).

Host:   machine_name.tc.cornell.edu

Port:   22 (sftp)

Using BioHPC Lab:

Step 2: Transfer files to the computer



Windows: PUTTY           MAC: Terminal 

Command-line example:  

bwa aln -t 7 maize s_1_sequence.txt.gz > s1.sai

Using BioHPC Lab:

Step 3: run software



cbsum1c1b002 cbsum1c1b002 cbsum1c1b002 cbsum1c1b002 cbsum1c1b002 cbsum1c1b002

Local Drive:  /workdir/qs24    &     /local_data

Network Drive:  /home/qs24    &   /shared_data

Data storage in BioHPC Lab 

Cbsuss02

(no reservation 

needed)



• BWA 

• Tophat/Bowtie 

• gsMapper

• BLAST

• BLAT

• ClustalW

What software are available?

Alignment:



Data analysis software available on BioHPC lab 

• RNA-seq

• ChIP-seq

• SNP genotyping

• Genotyping-by-sequencing

• De novo assembly (transcriptome and genome)



• Velvet

• AllPaths

• gsAssembler

• iAssembler

What software are available?

Assembly:

* Some require large memory workstations



• SAMTOOLS

• GATK / PICARD

• CUFFLINKS 

• MACS

• ANNOVAR

• MYSQL

• R

What software are available?

Other utilities:

• TASSEL

• STACKS

GBS /RAD tools:



Exercise 1: RNA-seq: 

1. Alignment tool: TOPHAT 

• Reads from exons;

• Reads across splicing junctions;

• Reads larger than exons;

2. Quantification: CUFFLINKS 

• Normalization: FPKM or Upper Quantile;

• CUFFDIFF: identify differentially expressed genes;

tophat -p 4 -o s1 /local_data/tair10/tair10 ./001_s2_sequence.txt.gz

cuffdiff -p 4 -o results /local_data/tair10/TAIR10_GFF3_genes.gff 

s1.bam,s3.bam s2.bam,s4.bam 

cuffdiff -p 4 -o results /local_data/tair10/TAIR10_GFF3_genes.gff 

s1.bam,s3.bam s2.bam,s4.bam 



3. Visualization tool: IGV



trans_id

bundle_i

d chr left right FPKM FMI frac

FPKM_co

nf_lo

FPKM_co

nf_hi coverage length

effective_

length status

GRMZM2G060082_T01 99289 1 2 3807 2.05938 0.507199 0.576667 0 5.04574 0.25115 2804 2769 OK

GRMZM2G060082_T02 99289 1 2606 3754 4.0603 1 0.423333 0 8.65942 0.495171 1066 1031 OK

GRMZM2G059865_T01 99290 1 4853 9652 15.6517 1 0.471931 7.73925 23.5641 1.90879 1966 1931 OK

GRMZM2G059865_T03 99290 1 4856 6355 4.18E-09 2.67E-10 7.70E-11 0 0.000129 5.10E-10 1214 1179 OK

GRMZM2G059865_T02 99290 1 4856 9652 14.2274 0.909003 0.528069 6.68358 21.7713 1.7351 2412 2377 OK

GRMZM2G059856_T01 99291 1 9855 10388 0 0 0 0 0 0 533 498 OK

GRMZM5G888250_T01 99291 1 9881 10387 0 0 0 0 0 0 506 471 OK

GRMZM2G059843_T01 99292 1 11454 14988 0 0 0 0 0 0 1788 1788 OK

GRMZM5G866996_T01 99293 1 46227 47746 0 0 0 0 0 0 472 437 OK

GRMZM2G059818_T02 99294 1 50452 54182 0 0 0 0 0 0 3099 3099 OK

GRMZM2G059818_T01 99294 1 50452 56348 0 0 0 0 0 0 4379 4379 OK

GRMZM2G059818_T03 99294 1 52003 52543 0 0 0 0 0 0 540 540 OK

GRMZM2G360269_T01 99295 1 57418 61452 0 0 0 0 0 0 2556 2556 OK

GRMZM2G518629_T01 99296 1 62320 62588 0 0 0 0 0 0 98 98 OK

GRMZM5G811273_T02 99296 1 62501 64014 3.65473 0.943998 0.41328 0 8.63598 0.44571 279 244 OK

GRMZM5G811273_T01 99296 1 62733 64014 3.87154 1 0.58672 0 8.47176 0.472151 362 327 OK

AC177838.2_FGT002 99297 1 70594 71919 0 0 0 0 0 0 633 633 OK

GRMZM2G518627_T01 99298 1 73839 74024 0 0 0 0 0 0 185 185 OK

GRMZM2G059778_T01 99299 1 76119 76752 0 0 0 0 0 0 411 376 OK

GRMZM2G518609_T01 99300 1 90684 90815 0 0 0 0 0 0 131 96 OK

GRMZM2G059745_T01 99301 1 92353 93541 0 0 0 0 0 0 425 390 OK

GRMZM2G093344_T01 99302 1 109518 111769 8.56066 1 1 2.70894 14.4124 1.04401 1012 977 OK

GRMZM2G394757_T01 99302 1 110764 111506 0 0 0 0 0 0 419 419 OK

Cufflinks output



Using script to automate the batch processing 

tophat -p 4 -o s1 /local_data/tair10/tair10 ./001_s2_sequence.txt.gz

tophat -p 4 -o s2 /local_data/tair10/tair10 ./002_s2_sequence.txt.gz

tophat -p 4 -o s3 /local_data/tair10/tair10 ./003_s2_sequence.txt.gz

tophat -p 4 -o s4 /local_data/tair10/tair10 ./004_s2_sequence.txt.gz

mv s1/accepted_hits.bam s1.bam

mv s2/accepted_hits.bam s2.bam

mv s3/accepted_hits.bam s3.bam

mv s4/accepted_hits.bam s4.bam

samtools index s1.bam

samtools index s2.bam

samtools index s3.bam

samtools index s4.bam

cuffdiff -p 4 -o results /local_data/tair10/TAIR10_GFF3_genes.gff s1.bam,s3.bam s2.bam,s4.bam 

1. Make a text file with all the commands. 

2.  Run the script:  sh script_file_name



2. If the script takes long time to finish, start it through a VNC window. Then 

you can safely turn off your own computer without terminating the job.

1. You can create a script on a Windows computer and transfer to the Linux 

workstation. Before using the script, make sure you run “dos2unix <script 

name>” or “mac2unix <script name>”.

Some tips for running scripts

* Instruction for using VNC is in 

the exercise instruction sheet.



Exercise 2: SNP/INDEL detection: 

1. Alignment tool: BWA 

2. Call SNPs using SAMTOOLS 

bwa aln -t 4 /local_data/tair10/tair10 s1_sequence.txt.gz   >   s1.sai

bwa samse -n 10 /local_data/tair10/tair10 s1.sai   s1_sequence.txt.gz  > s1.sam

samtools view -bS -o s1.bam s1.samsamtools view -bS -o s1.bam s1.sam

samtools sort s1.bam s1.sorted

samtools index s1.sorted.bam

samtools mpileup -uf /local_data/tair10/tair10 s1.sorted.bam 

|bcftools view -bvc

g - > s1.raw.bcf

bcftools view s1.raw.bcf | vcfutils.pl varFilter -D100 > s1.vcf



Two pipelines available for SNP/INDEL calling

• GATK

– Optimized for 1k Human Genome project

– Many filtering utilities

• SAMTOOLS

– Not many filtering tools available

– Easy to customize



Category File Extension Reference

Sequence fasta http://en.wikipedia.org/wiki/FASTA_format

Sequence fastq http://en.wikipedia.org/wiki/FASTQ_format

Alignment SAM/BAM http://samtools.sourceforge.net/SAM-1.3.pdf

Sequence variation VCF/BCF http://www.1000genomes.org/node/101

Genome Annotation gff/gff3 http://gmod.org/wiki/GFF3

Genome Annotation gtf http://genome.ucsc.edu/FAQ/FAQformat#format4

Commonly Used File Formats

Most files that you downloaded from a web site are compressed .gz files. 

Use the gunzip command to de-compress the file.  E.g. 

gunzip s_1_sequence.txt.gz



A few other topics



Where to get the reference genome and 

annotation files?

� Using UCSC site to download genome fasta file. 
http://hgdownload.cse.ucsc.edu/goldenPath/hg19/bigZips/

use “cat chr* > allchr.fa” command to concatenate the individual chromsomes

into one file)

� Using the UCSC Table Browser to create the GTF 

file.

http://genome.ucsc.edu/cgi-bin/hgTables?command=start



Troubleshooting 1

Check sequencing quality using fastx toolkit

fastx_quality_stats –Q33  –i s_3_sequence.txt -o stat_report.xls &



FASTX output



Troubleshooting 2

1. Total number of reads. 

2. % Reads that can be aligned to the genome.

samtools flagstat myBAMfile.bam

• The flagstat tool does not give the accurate count with BAM files created by Tophat. 

The reason is that Tophat would report ambiguous alignments in many rows. The 

following command would give the number of reads that are aligned:

samtools view myBAMfile.bam | awk -F"\t" '{print $1}' |sort|uniq|wc



Downstream analysis

• RNA-seq

– DAVID

– Mapman

– GeneSpring/Ingenuity

• SNP/INDEL

– Annotate SNP/INDEL with Annovar

– QTL, GWAS

– CBSU tool for analyzing pooled segregated F2 
population



CBSU Office Hours

Every Monday 2 to 4 PM

Office hour schedule:

http://cbsu.tc.cornell.edu/lab/office.aspx


