
GENOME-enab led  METABOLIC 

PREDICTIONS to  in te rrogate   

the  STRUCTURE and FUNCTION o f  

microb ia l  communit ies  



TITLE FOR TALK  

H o w  m e t a - o m i c s  c a n  p r o v i d e  n e w  m e c h a n i s t i c  i n s i g h t s  i n  a n  

e n g i n e e r e d  e c o s y s t e m  

 
 

 
 

 

 

 

 

 

 
 

 
 
 

C a s e  s t u d y  f r o m  m y  g r o u p :  S u r v i v o r  F r a c t u r e d  S h a l e  



Acknowledgments  

Mikayla Borton 
grad student 

Mike Wilkins 

PI 

Rebecca Daly 
Research scientist 

Anne Booker 
grad student, alumni 

 

Robert Danczak 
grad student, alumni 

 

Kaela Amundson 
grad student 

 



 

 

Coun t r ies  w i th  commerc ia l  sha le  energy  



Hy dr aul i ca l l y  f r ac tu red s ha les  and  US ene r gy  po r t f o l io  

Marcellus

/Utica 

Permian 

16 States in the US 

 

Marcellus contributes 30% of gas 

for the eastern seaboard 

 
 

Permian contributes 35% of U.S. 

crude production and 17% of the 

natural gas supply 

 
 

First time in US history natural gas 

replaces coal as main source for 

electricity 

 



The deep terrestrial subsurface:  

The microbial frontier 

 

1/3 earths biomass 

is below soil layer, 

but remains poorly 

characterized 



Pristine Appalachian shales  

do not appear a conducive habitat for life 
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Low permeability 
 

Nanopores (<0.2 um sized) 
 

Limited meteoric water exchange 
 



N e g a t i v e  I m p a c t s   

Booker et al, 2016, AEM  & Booker et al, 2019, Msphere  



N e g a t i v e  I m p a c t s   
Booker, Borton, et al.  (Msphere 2017) 

P o s i t i v e  I m p a c t s  

Booker et al, 2016, AEM  & Booker et al, 2019, 

Msphere  

2 Õm

Borton et al, 2018 Env Micro & Park et al ,2013 



 

 

What the  f rack?  
 

 

 

 

 
 

 
 

 
 

 

 

 
 

Pr io r  t o  ene r gy  ex t r ac t ion ,  
 

mos t  deep  s ha les  lac k  

r equ i r emen ts  f o r  l i f e  

 

 

 

 
 

 

 
 

 

 

 

 

 
 



F r ac k ing c r ea tes  an  ec os ys tem 

2 ,500  me te r s  be low  the  s u r face  

 

 

 

 
 

 
 

 

 

 

 

 

 
 

 

 

One take away po in t  fo r  today  
 

 
 

Daly, 2016, Nature Micro;  Hanssen et al, in prep  



Genes that 

support 

persistence 

Dev e lopment  o f  a  mu l t i - om ic  s pa t ia l ,  t empor a l da tabas e  

identify 

persisting 

taxa 

Define chemical  

niche 

Validate field  

hypotheses 



Computational pipeline used in this case study 



What is the shale environment like? 

What type of microorganisms persist in this system? 
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16S rRNA analyses of persisting microbial communities 
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Microbial 16S rRNA studies across U.S. shales

 

Cell counts increased by ~2 log fold 

in late samples 

Data from Borton, reviewed in part in Mouser et al 2016, FEMS Microbiology 



F r ac tur ed  s ha le  c ommun it ies  mus t   

Adap t  t o  inc r eas ing  s a l in i t y  

Unpublished data  

(Wilkins and Wrighton)  



Mouser, FEMS 2016 


