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A. Personal Statement 
 
My training and educational background is in biopsychology and behavioral and systems neuroscience. I am 
interested in the neurobiology of learning and motivation, particularly as they relate to addiction and affective 
disorders. I employ neuroscience tools for circuit dissection and manipulation, coupled with sophisticated 
rodent behavior models. As a graduate student at the University of Michigan, I investigated trait variation in 
rodents as predictive indicators of drug seeking and relapse vulnerability in response to cues, using a variety of 
drug-seeking models. I also investigated the neurochemical mechanisms of these processes using intracranial 
pharmacology and fast scan cyclic voltammetry. In my work as a postdoctoral fellow at the University of 
California, San Francisco and Johns Hopkins University, I have employed in vivo optogenetics methods to 
investigate functional and anatomical heterogeneity in dopamine circuits in Pavlovian reward processes. In my 
current work, I use calcium=imaging methods to measure the activity of genetically-defined neuronal 
ensembles in the midbrain and prefrontal cortex during drug-related behaviors. As an Assistant Professor, the 
goal of my research program is to understand how brain circuits orchestrate adaptive and maladaptive reward 
seeking, with the hope of identifying targets at the psychological, cellular, and neural circuit levels for 
intervention in addiction.  
 
• Saunders BT & Robinson TE. (2012). The role of dopamine in the accumbens core in the performance of 

Pavlovian-conditioned responses. European Journal of Neuroscience, 36, 2521-2532. PMCID: 
PMC3424374 

• Saunders BT, Yager LM, & Robinson TE. (2013). Cue-evoked cocaine “craving”: role of dopamine in the 
accumbens core. Journal of Neuroscience, 33, 13989-14000. PMCID: PMC3756749 

• Saunders BT & Robinson TE. (2013). Individual variation in resisting temptation: Implications for addiction. 
Neuroscience and Biobehavioral Reviews, 37, 1955-1975. PMCID: PMC3732519 

• Saunders BT, Richard JM, Margolis EB, & Janak PH. (2017). Instantiation of incentive value and 
movement invigoration by distinct midbrain dopamine circuits. bioRxiv 186502: doi.org/10.1101/186502 

 
B. Positions and Honors 
 
Positions and Employment 
 
2018   Assistant Professor, Department of Neuroscience, University of Minnesota 



 

2015-   Postdoctoral Fellow in Patricia Janak’s laboratory, Johns Hopkins University 
2013-2014  Postdoctoral Scholar in Patricia Janak’s laboratory, University of California-San Franscisco 
2013   Postdoctoral Scholar in Patricia Janak’s laboratory, Ernest Gallo Clinic and Research Center 
2007-2013  Graduate Student in Terry Robinson’s laboratory, University of Michigan 
2005-2007  Undergraduate Research, West Virginia University 
 
Honors and Awards 
 
2017 NIDA Pathway to Independence Award (K99 DA042895) 
2015 NARSAD Young Investigator Award 
2015 American College of Neuropsychopharmacology (ACNP) Travel Award 
2014 NIDA National Research Service Award Postdoctoral Fellowship (F32 DA036996) 
2013 Winter Conference on Brain Research Travel Award 
2013 Wyvell Award for Outstanding Dissertation in Biopsychology, University of Michigan 
2011 NIDA National Research Service Predoctoral Fellowship (F31 DA030801) 
2011 Rackham Graduate School Research Grant, University of Michigan: 2011-2012 
2010  Pat Gurin Distinguished Lecture Award, University of Michigan 
2009  NIDA Early Career Investigators Travel Award 
2008 NSF Graduate Research Fellowship Program Honorable Mention 
2007 NIDA Predoctoral Training Grant (T31 DA007281) 
2007  Phi Beta Kappa 
2005 Howard Hughes Medical Institute Summer Research Fellowship 
 
Talks 
 
2017 Gordon Research Conference on Catecholamines, Newry, ME 
2017 University of Connecticut, Department of Psychology 
2017 University of Minnesota, Department of Neuroscience 
2015 National Institute on Drug Abuse, Baltimore, MD 
2015 Professional Development Workshop, Society for Neuroscience, Chicago, IL 
2015 Catecholamines Gordon Research Seminar, Newry, ME 
2015 Winter Conference on Brain Research, Big Sky, MO 
2014 Professional Development Workshop, Society for Neuroscience, Washington, DC 
2014 Winter Conference on Brain Research, Steamboat Springs, CO 
2012 University of Michigan, Ann Arbor, MI 
2011 University of California-San Francisco, Gallo Center 
 
C. Contributions to Science 
 
1. Establishing individual vulnerability to drug “craving” and relapse in animal models 
 
Addiction is characterized by a persistent threat of relapse, which is often spurred by drug-associated cues. As 
a graduate student working with Terry Robinson, I explored individual variability in relapse vulnerability using a 
variety of rodent drug seeking models. Faced with a behavioral context where a Pavlovian conditioned stimulus 
(i.e., a lever) is physically separated from the location of the reward (i.e., sucrose) it predicts, different 
individuals will learn different conditioned responses in response to the stimulus. Some individuals (sign 
trackers) develop robust approach and interaction with the Pavlovian cue, while others (goal trackers) 
approach the location of reward delivery. I found that this variation in the extent to which individuals find food 
cues attractive predicts relapse vulnerability in a number of settings. For instance, sign trackers are more likely 
to reinstate drug seeking when given the opportunity to work for presentations of a discrete cocaine-associated 
cue, compared to goal trackers (Saunders & Robinson, 2010). Moreover, sign trackers work harder to receive 
injections of cocaine, and a priming injection of cocaine reinstates drug seeking to a greater degree in these 
individuals, compared to goal trackers (Saunders & Robinson, 2011). I also found, using a novel behavioral 
model of relapse, that presentations of a discrete cocaine-associated cue will spur relapse behavior in sign 
trackers, despite the fact that negative consequences (i.e., footshock) much be endured to make a drug-
seeking action (Saunders, Yager, & Robinson, 2013). These studies illustrate the powerful motivational 



 

control drug cues can acquire over behavior, and suggest that there is considerable individual variation in the 
extent to which they do so. Interestingly, when contextual information, rather than discrete stimuli, governs 
drug seeking, I discovered that goal trackers exhibit greater relapse, compared to sign trackers (Saunders et 
al., 2014). This final result suggests that there are multiple types of relapse vulnerability, and therefore 
consideration of the specific predisposing factors different individuals have is an important component of 
treatment for addiction and related disorders. Together, my research in this area was among the first to 
establish a trait (attributing motivational value to reward cues) that predicts drug seeking and relapse 
behavior prior to any drug use. These studies have since been extended by a number of laboratories, and 
behavioral correlates of sign and goal tracking are now being investigated in the context of human addiction, 
demonstrating the translational potential of these findings. 
• Saunders BT & Robinson TE. (2010). A cocaine cue acts as an incentive stimulus in some but not others: 

Implications for addiction. Biological Psychiatry, 67, 730-736. PMCID: PMC2849872 
• Saunders BT & Robinson TE. (2011). Individual variation in the motivational properties of cocaine. 

Neuropsychopharmacology, 36, 1668-1676. PMCID: PMC3138662  
• Saunders BT, Yager LM, & Robinson TE. (2013). Cue-evoked cocaine “craving”: role of dopamine in the 

accumbens core. Journal of Neuroscience, 33, 13989-14000. PMCID: PMC3756749 
• Saunders BT, O’Donnell EG, Aurbach EL & Robinson TE. (2014). A cocaine context renews drug seeking 

preferentially in a subset of individuals. Neuropsychopharmacology, 39, 2816-2823. PMCID: PMC4200491 
 
2. Nucleus accumbens dopamine in adaptive and maladaptive cue-triggered motivation 
 
Dopamine systems have long been studied for their role in reward, but the specific contribution of dopamine to 
Pavlovian learning, motivation, and reinforcement remains a matter of ongoing debate. The question of 
dopamine’s role in these processes is fundamental to understanding both adaptive and, in disorders like 
addiction, maladaptive reward seeking. As such, while a graduate student, in parallel with the research I 
described in (1), I investigated the role of nucleus accumbens dopamine in Pavlovian motivation and cue-
evoked drug seeking, by exploiting the behavioral variation seen in sign and goal trackers. I found that 
attraction and approach to Pavlovian food cues (sign tracking) is dependent on dopamine signaling in the 
nucleus accumbens core, while conditioned approach to the location of food delivery predicted by a Pavlovian 
cue (goal tracking) is expressed independent of core dopamine signaling (Saunders & Robinson, 2012). In a 
complementary finding, I discovered that dopamine signaling in the accumbens core was both necessary for 
the expression, and sufficient for the enhancement of cue-evoked motivation to relapse in the face of negative 
consequences (Saunders, Yager, & Robinson, 2013). Together, these results point to a critical role for 
nucleus accumbens dopamine in Pavlovian incentive motivation and drug “craving”; in particular, for 
the attribution and maintenance of incentive motivational value to reward-associated cues, and 
suggest that individual variation in cue-spurred reward seeking is related to divergent dopamine 
function across individuals. My work in this area has generated a number of investigations into the 
dopamine system dynamics of Pavlovian learning and motivation. In the context of human drug addiction, my 
results suggest that dynamic fluctuations in dopamine signaling may drive powerful “craving”-like states that 
spur relapse. 
 
• Saunders BT & Robinson TE. (2012). The role of dopamine in the accumbens core in the performance of 

Pavlovian-conditioned responses. European Journal of Neuroscience, 36, 2521-2532. PMCID: 
PMC3424374 

• Saunders BT, Yager LM, & Robinson TE. (2013). Cue-evoked cocaine “craving”: role of dopamine in the 
accumbens core. Journal of Neuroscience, 33, 13989-14000. PMCID: PMC3756749 

 
3. Optogenetic dissection of mesocorticolimbic circuits in Pavlovian reward and reinforcement 
 
As discussed in (2), dopamine systems play a complex role in reward. This is due in part to the anatomical, 
genetic, and physiological heterogeneity of dopamine neurons. Until recently, there was no feasible way to 
target manipulations to specific neuronal populations to isolate function. Joining Patricia Janak’s laboratory as 
a postdoctoral fellow, my goal was to investigate functional heterogeneity in these systems in distinct reward 
processes. To this end, I employed state-of-the-art tools for circuit manipulation that allow for control of 
discrete populations of genetically identified neurons in behaving animals (reviewed in Saunders et al., 2015). 
In one experiment conducted with my colleagues in the Janak laboratory, using optogenetics in transgenic Th-



 

cre rats to selectively excite dopamine neurons at temporally precise intervals, we found that optogenetic 
stimulation of dopamine terminals specifically in the nucleus accumbens was sufficient to reinforce 
instrumental behavior (Steinberg et al., 2014). We also found that this reinforcement mechanism was 
dependent on coincident dopamine signaling from both D1- and D2-receptor expressing neurons in the 
nucleus accumbens. This finding built on classic literature that identified reinforcement circuitry using electrical 
stimulation of unidentified neuronal populations. Moving past this finding, and building on my interest in 
Pavlovian conditioned motivation described in (1) and (2), I have conducted a number of studies (Saunders et 
al., 2017) to parse apart the specific role of distinct dopamine projections. Optogenetic stimulation of dopamine 
neurons projecting to the nucleus accumbens core, but not the not nucleus accumbens shell or dorsal striatum, 
promote attraction and approach to associated cues, while stimulation of dorsal striatal projecting dopamine 
neurons promotes cue-evoked psychomotor activation. In contrast to these diverse cue-related effects, I found 
that the ability of optogenetic stimulation of dopamine neurons to reinforce actions is similar regardless of the 
specific projection targeted. Together, these studies are among the first to point to circuit-level “rules” by 
which distinct Pavlovian reward processes are orchestrated.  
• Steinberg EE, Boivin JR, Saunders BT, Witten IB, Deisseroth K, & Janak PH. (2014). Positive 

reinforcement mediated by midbrain dopamine neurons requires D1 and D2 receptor activation in the 
nucleus accumbens. PLoS One. 9(4): e94771. PMCID: PMC3986242 

• Saunders BT, Richard JM, & Janak PH. (2015). Contemporary approaches to neural circuit manipulation 
and mapping: focus on reward and addiction. Proc Roy Soc Phil Trans B. doi: 10.1098/rstb.2014.0210. 
PMCID: PMC4528822 [Available on 2016-09-19] 

• Saunders BT, Richard JM, Margolis EB, & Janak PH. (2017). Instantiation of incentive value and 
movement invigoration by distinct midbrain dopamine circuits. bioRxiv 186502: doi.org/10.1101/186502 

 
Complete list of published work (18 total works as of 01/2016) 
http://www.ncbi.nlm.nih.gov/sites/myncbi/1lofw_hg3zLki/bibliography/48934308/public/?sort=date&direction=de
scending (MyBibliography) https://scholar.google.com/citations?user=JudkIMUAAAAJ&hl=en (Google Scholar) 
 
D. Research Support 
 
Ongoing Research Support 
 
K99 DA042895 (Saunders)         05/01/2017 – 04/30/2022 
Title: Midbrain cellular and circuit dynamics of cocaine seeking 
 
NARSAD Young Investigator Award (Saunders)   01/01/2016 – 12/31/2017 
Title: Midbrain circuit dynamics of compulsive drug seeking and relapse 
 
Completed 
 
F32 DA036996 (Saunders)        05/01/2014 – 04/30/2017 
Title: Ventral tegmental area dopamine in cocaine self administration and relapse 
 
F31DA030801 (Saunders)        09/01/2011 – 12/31/2012 
Title: Variation in the ability of drug cues to reinstate drug seeking 


