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Overview
• GCAT GCAT-SEEK History, Workshops
• NextGen Sequencing Technologies
• Filtering and Assembly of Raw Data
• Automated Annotation with RAST
• Phenotypic Predictions
• Comparative Genomics
• Phylogenomic Analysis
• Use in the Classroom/Lab
• What’s Next?
• Take Home Message – Microbial Genome sequencing is 

surprisingly accessible, fast, easy, inexpensive and 
powerful.



GCAT GCAT-SEEK

• Genome Consortium for Active Teaching (GCAT) founded by 
Malcolm Campbell (Davidson) in 2000 to bring Genomics 
(Microarrays) to the undergraduate curriculum. 
Multiple HHMI & NSF funded workshops

• ~2010 – Malcolm shifted to Synthetic Biology 
 GCAT-SynBio

• Mike Boyle (Juniata) received NSF RCN-UBE 
pilot funding for UG NextGen seq network 
– Goal is to facilitate NextGen sequencing of UG faculty 

samples – students conduct course-based research.
– Penn State Genomics Core facility. 
– Malcolm presented & approved use of 

GCAT “brand”  GCAT-SEEK
• Vince Buonaccorsi (Juniata) is PI of full 

NSF RCN-UBE  for GCAT-SEEK. 
Also part of Juniata’s HHMI Genomics Leadership Initiative



GCAT-SEEK Workshops
http://www.gcat-seek.org/ 

Summer Faculty Development Workshops – Designed for Beginners
• 2013 – Juniata College (Huntingdon, PA)
• 2014 – Lycoming College (Williamsport, PA) (June 2-6)
• 2015 – Juniata & Morgan State University (Baltimore, MD)
• 2016 – Juniata & California State Univ., Los Angeles
• 2017 – Hampton University (Hampton, VA)

Workshop Features  Application-specific “Breakout Sessions” for sample prep 
& data analysis. Pedagogy & assessment sessions are combined. 

• Pedagogy - Nancy Trun (Duquesne  Univ.)
• Assessment – Tammy Tobin (Susquehanna Univ.)
• Prokaryotic Genomics – Jeff Newman (Lycoming)
• Metagenomics – Gina Lamendella (Juniata)
• Eukaryotic Genomics – Vince Buonaccorsi (Juniata)
• RNASeq – Mark Peterson (Juniata) & 

Arthur Hunt (Univ. of  Kentucky)



How do we know microbes exist?

• What allowed them to 
be discovered?

Far Side - Gary Larson



Who first observed Microbes?
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1. Louis Pasteur

2. Galileo

3. Anton Von Leeuwenhoek

4. Robert Koch

5. Alexander Fleming



The 21st Century Microscope



Wetterstrand KA. DNA Sequencing 
Costs: Data from the NHGRI Large-
Scale Genome Sequencing Program 
Accessed [9-9-13].

Date Cost per Mb Cost per Genome 

Sep-01 $5,292.39 $95,263,072
Sep-02 $3,413.80 $61,448,422
Oct-03 $2,230.98 $40,157,554
Oct-04 $1,028.85 $18,519,312
Oct-05 $766.73 $13,801,124
Oct-06 $581.92 $10,474,556
Oct-07 $397.09 $7,147,571
Oct-08 $3.81 $342,502
Oct-09 $0.78 $70,333
Oct-10 $0.32 $29,092
Oct-11 $0.09 $7,743
Oct-12 $0.07 $6,618
Jan-13 $0.06 $5,671

NextGen Sequencing Cost

From Spring 2001 
 Spring 2013, 
cost/Mb decreased 
by factor of 88,000

Revolutionary!



Shared MiSeq Runs
Sample Reads est. Bases est.

GSF665-1-E_coli-C06b 217,320 130,391,966
GSF665-2-Chryseobacterium-LO 1,317,872 790,723,170
GSF665-3-Linfield-KH 809,893 485,935,870
GSF665-4-Linfield-NH 301,171 180,702,758
GSF665-5-Exiguobacterium 794,482 476,689,384
GSF665-6-Plesiomonas_shigelloides 656,143 393,685,659
GSF665-7-Halosimplex_carlsbadense 595,655 357,393,201
GSF665-8-Phage_Eapen 573,447 344,068,354
GSF665-9-Phage_Aspire 170,895 102,536,927
GSF665-10-strain_3572 593,179 355,907,159
GSF665-11-Gracilibacillus_dipsosauri 986,925 592,154,880
GSF665-12-Serratia_S12 827,533 496,519,794
GSF665-13-Rhodococcus_T1Sofl-14 297,153 178,292,067
GSF665-14-Janthinobacterium-BJB1 823,488 494,092,592
GSF665-15-Janthinobacterium-BJB349 883,287 529,972,260
GSF665-16-Janthinobacterium-BJB304 1,098,516 659,109,346
GSF665-17-Janthinobacterium-BJB317 549,616 329,769,324
GSF665-18-Iodobacter-BJB302 206,973 124,183,611
GSF665-19-Asaia_bogorensis 1,096,204 657,722,373
GSF665-20-Asaia_siamensis 820,818 492,490,968
GSF665-21-Asaia_astilbes 783,447 470,068,239
GSF665-22-Asaia_platycodi 808,325 484,994,710
GSF665-23-Asaia_krungthepensis 1,152,811 691,686,698
GSF665-24-Asaia_prunellae 1,035,414 621,248,288
GSF665-27-Serratia -DL 129,258 77,554,903
GSF665-28-Phage-KitKat 53,773 32,263,632
GSF665-29-Cyanobacterium-RC610 909,265 545,559,194
GSF665-30-Serratia_marcescens-RH 307,886 184,731,584
GSF665-31-Bacillus_cibi 693,101 415,860,714
GSF665-32-Pedobacter-BMA 1,200,365 720,218,713
GSF665-33-Flavobacterium-KMS 185,975 111,585,274
GSF665-34-Flavobacterium_hibernum 1,432,517 859,510,422
GSF665-36-Flavobacterium_hydatis 744,893 446,935,512
GSF665-39-Kaistella_koreensis 1,238,892 743,334,928
GSF665-40-Kaistella_haifense 1,067,969 640,781,490

Total 25,364,460 15,218,675,963
Average 724,699 434,819,313

• NextGen Instruments generate 
more data than most UG 
faculty can use or afford.

• November 2013 – 27 bacteria 
@$200 each

• April, 2014 – Opened to 
Microedu Listserv 
35 Bacteria and Phage from 
16 institutions @$190/sample

• One run planned each 
semester and summer for the 
foreseeable future.



tube Genomes to sequence
[DNA] 

(ng/uL) gel
[DNA] (ng/uL) 

Qubit
volume 
(uL)

1 Flavobacterium aquatile 200 104 100
2 Flavobacterium sp AED (franzi) 125 41.4 100
3 Flavobacterium reichenbachii 40 17.6 100
5 Flavobacterium sp. ABG (douthatii) 20 17.9 100
6 Flavobacterium chungangense 60 18.6 100
7 Flavobacterium chiliense 60 17 100
8 Flavobacterium sp KJJ 60 20.2 100
11 Bacillus indicus 15 13 100
12 Bacillus sp SJS (colbertis) 30 18.4 100
13 Pedobacter novum sp 20‐19 15 18.6 100
14 Pedobacter borealis 40 22.4 100
15 Meiothermus 60 57.3 100
16 Chryseobacterium hispalense 5 3.2 200
18 Chryseobacterium sp FH2 40 20.4 100
19 Chryseobacterium antarcticum 10 11.9 100
22 Epilithonimonas Lactis 10 11.9 100
23 Epilithonimonas diehli FH1 20 6.75 150
24 Chryseobacterium piperi 25 15.5 100
25 Chryseobacterium angstadtii 40 9.76 150
26 Assia sp. 30 27.9 50
28 Flavobacterium succinicans 10 47.9 100
29 Chryseobacterium sp. JM1 40 59.5 70
31 Flavobacterium sp R30‐53 10 9.15 125
34 Chryseobacterium sp BLS98 30 34.2 100
30 Chryseobacterium vrystaatense 20 16.8 100
36 Chryseobacterium luteum 75 74.7 100
17 Chryseobacterium formosense 50 24.3 100

gDNA from workshop or FedEx

• QC via gel and Qubit to prep for 
shared run. Sequencing center 
requests 1 g in 100 L.



Download data from web to your own 
computer or Juniata GCAT-SEEK server



Quality Filter Data

http://en.wikipedia.org/wiki/Phred_quality_score

Phred quality scores are logarithmically linked to 
error probabilities

Phred Quality 
Score

Probability of 
incorrect base call

Base call 
accuracy

10 1 in 10 90%
20 1 in 100 99%
30 1 in 1000 99.9%
40 1 in 10000 99.99%
50 1 in 100000 99.999%



Assembly statistics

[SoftGenetics Assembler: Assembly Results Statistics Report]
• Total Reads Number: 2056329
• Matched Reads Number: 1983986
• Unmatched Reads Number: 72343
• Assembled Sequences Number: 61
• Average Sequence Length: 57497
• Minimum Sequence Length: 158
• Maximum Sequence Length: 641985
• N50 Length: 366076
[Final Contig Merge Results Statistics Report]
• Final Contig Merge Sequences Number: 13
• Final Contig Merge Average Sequence Length: 269063
• Final Contig Merge Minimum Sequence Length: 173
• Final Contig Merge Maximum Sequence Length: 856388
• Final Contig Merge N50 Length: 586767
• Matched Reads Count: 1977550
• Number of Matched Bases: 562514128
• Average Read Length: 285
• Average Coverage: 161
• Reference Length: 3507364



Annotation 
with RAST

• http://rast.nmpdr.org/

• Login: newmanlab
• Pw: 16srrna1

• Upload genome as a .fasta file,
• input NCBI taxon ID,
• Select highest figfam#

• Get GC mol% composition
• 1-24 hrs later…



RAST Screens



RAST – Many genes assigned to expandable 
subsystems



Micro Course Assignment: 
Predict Phenotypes for 

Known Organism





Phenotype Comparisons



RAST – Many genes assigned to expandable 
subsystems



Sequence-Based Comparison



Dot Plots to Examine Synteny … 
possibly improve assembly



Explain phenotypic differences 
– e.g. Pigment “Landscapes”

C.populense CF314

C.hispalense  carotenoid

 flexirubin

 Flexirubins
only



C.populense lacks 
carotenoid biosynthetic genes

C.hispalense C.populense



Sequence-Based Comparison



Sequence-based comparison tables 
can be exported, opened in excel, sorted.



Sequence Based Comparison can ID 
unique and shared genes…..











Venn Diagrams



Identify Core, Genus or Family-Specific Genes



Determine Phylogenomic Metrics - GGDC



Determine Phylogenomic Metrics –
Kostas Lab ANI Calculator



Determine Phylogenomic Metrics –
Chun Lab EzGenome ANI Calculator



Determine Phylogenomic Metrics 

Average Nucleotide Identity (ANI) and Estimated DNA‐DNA 
Hybridization

• Threshold for same vs different species is 
– 70% DDH (http://ggdc.dsmz.de/)
– 95% ANI (http://enve-omics.ce.gatech.edu/ani/ )
– 95% AAI (http://lycofs01.lycoming.edu/~newman/ROSA/OrthologyScore.htm) 
– 65 ROSA (http://lycofs01.lycoming.edu/~newman/ROSA/index.htm) 



Determine Phylogenomic Metrics –
NewmanLab AAI, %BBH, OS, ROSA Calculator



Average Amino Acid Identity (AAI) & 
Reciprocal Orthology Score Average (ROSA)



Average Amino Acid Identity (AAI) & 
Reciprocal Orthology Score Average (ROSA)



Average Amino Acid Identity (AAI) & 
Reciprocal Orthology Score Average (ROSA)



Come see our posters at the 
ASM General Meeting!

Sunday May 18, 2014 10:45 AM - 12:00 PM
• #436 Andrew Gale, Jordan Krebs, Eileen Peluso, Jeff Newman  - Integration of Average 

Amino Acid Identity (AAI) and Percentage of Orthologous Genes in a Single 
Phylogenomic Metric, the Reciprocal Orthology Score Average (ROSA). 

Tuesday May 20, 2014 12:30 PM - 1:45 PM
• #2850  Samantha Stropko & Jeff Newman,  Identification and Characterization of 

Lycobacillus colbertis SJS gen. nov, sp. nov.
• #2852 Tori Bortniak & Jeff Newman,  Characterization of Chryseobacterium populense

sp. nov.
• #2853 Tom Sontag & Jeff Newman, Chryseobacterium haifense: A Genomic Report
• #2854 Ashley Gimbel & Jeff Newman, Classification and Identification of Flavobacterium

douthatii ABG sp. nov.
• #2855 Kyle Swovick & Jeff Newman, Flavobacterium succinicans: A Genomic Report.

Friday & Saturday, November 7 & 8, 2014
• Allegheny Branch of the ASM meeting at Lycoming



Thank You!


