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spectroscopy of their feces



HEMOLYMPH “BLOOD” TEST: RAMAN DETECTION OF DENSITY-DEPENDENT 
DIFFERENCES IN LOCUSTS
JOSEPH WILSON



OVERVIEW
Raman spectroscopy was tested as a novel method for the identification of 
population conditions in locusts, a type of grasshopper known for its ability 
to form swarms.

 Raman is a non-destructive and non-invasive way to perform chemical 
analysis on a sample

 If found to be accurate implementation could improve the ability to 
study phase polyphenism the phenomenon responsible for swarm 
formation in locusts

 The ability to prevent plagues of locusts and agricultural destruction in 
various areas around the world they cause relies on a deeper 
understanding of this phenomenon



BACKGROUND



LOCUST PHASE POLYPHENISM: PHENOTYPIC PLASTICITY

Solitarious Phase (Isolated) Gregarious phase (Crowded) Physical change due to 
environmental conditions

 Density-dependent in locusts

 Solitary, cryptic coloration  
Gregarious, disruptive coloration 



THE DESERT 
LOCUST:

 Schistocerca Gregaria (Forskål). 

 Located in the Middle East and 
Africa

 Known for biblical plagues

 Best studied species of 
Schistocerca Genus

 Occupies basal position of 
phylogeny

 Phase polyphenism in non-
swarming locusts 



WHY RAMAN?
TRADITIONAL 
TECHNIQUES 
FOR ANALYSIS

• Focus: Determining molecular underpinnings of phase transitions.
• Method: Look for specific chemical differences between phases or 

observe genetic information of locust species.
• Studies may also explore evolutionary connections within the 

genus.
• Downfalls: Expensive and laborious procedures.

Chemical Analysis:

• Originally use a rectangular arena with two opposite chambers.
• One chamber contains a group of gregarious individuals, and the 

other is left empty.
• Specimen's behavior is observed and recorded.
• Downfalls: Lengthy process, requiring active observation from 

researchers.

Behavioral Assays:



MATERIALS AND METHODS



SAMPLE COLLECTION AND ANALYSIS

Collection

1. Grasshoppers raised

Raised in both isolated and crowded rearing conditions on 
a wheat diet

2. Hemolymph harvested 

Marked for sex, conditions, diet, age, and species before 
storage

20 µL of hemolymph taken and was stored at -80 °C

Analysis
1. Scanned using a confocal Raman microscope with a 
488nm laser with a power of 1mW and acquisition 
time of 1 second. 
 25 spectra gathered per sample
 100 samples total, 2500 spectra

2. Spectra were uploaded to PLS_Toolbox in MATLAB 
for analysis and raw spectra were processed.
 Partial least squares discriminant analysis (PLS-DA) 

was used to differentiate between crowded and 
isolated conditions.

 Identified key peaks at specific wavenumbers: 1008, 
1162, 1196, and 1530 cm -1.

 Key peaks analyzed by Kruskal-Wallis One-Way 
ANOVA at a significance threshold of 0.05.



PICTURES!



RESULTS AND DISCUSSION



SPECTRA: CROWDED VS. ISOLATED

Notable peaks
• 1008
• 1162      carotenoids
• 1530
• 1196 phenolic compound

All spectra were:
• Averaged by group
• Baselined-corrected
• Normalized



PLS-DA: PARTIAL LEAST SQUARES DISCRIMINANT ANALYSIS

PLS-DA discriminates based on differences in each spectrum

Reports

 TPR – true positive rate

 F1 – reports the ability of the model to accurately predict a class while minimizing false 
positives

 Matthew’s correlation coefficient – reliability of the model, ranges from -1 to 1



KRUSKAL-WALLIS 

 Nonparametric analysis

 Normal distribution not required

 Mean intensities ranked

Peaks tested:

 (a) 1008 – isolated higher

 (b) 1162 – isolated higher

 (c) 1196 – isolated higher

 (d) 1530 – isolated higher



CONCLUSIONS



SUCCESS AND POTENTIAL FUTURE USE

Raman spectroscopy proves to be an 
effective analytical tool for detecting 
rearing density in locusts.
• Achieved high accuracy rates of 88.2% for crowded 

and 89.4% for isolated conditions.
• Significance observed in peaks at 1008, 1162, 1196, 

and 1530 cm-1 between isolated and crowded 
groups
• This could be due to a difference in dietary 

conditions

Potential for Further Applications:
• Raman spectroscopy can be extended to analyze 

differing conditions relating to rearing density
• Specific subgroup conditions can provide valuable 

data beyond field applications.
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Ou t lin e :

❖ Ba ckg ro u n d

❖ Ob je c t ive s

❖ Cit ru s  g re e n in g  id e n t ifica t io n

❖ Rh izo b iu m -m e d ia t e d  t ra n sfo rm a t io n

❖ Ha iry ro o t  id e n t ifica t io n

❖ Ha iry ro o t  d ia g n o st ic s

❖ Co n c lu sion s  

❖ Ackn o w le d g e m e n t s  

❖ re fe re n ce s



Ba c k g ro u n d :

In  t h e  Un it e d  St a t e s , Flo rid a , Te xa s, Ca lifo rn ia , a n d  Arizo n a  
a re  re sp o n sib le  fo r t h e  e n t ire  c it ru s  in d u st ry w it h  4 2% o f 
c it ru s  cu lt iva t in g  fro m  Flo rid a  a s  o f 20 19-20 . 

Glo b a l c it ru s  c u lt iva t io n

❖ Th e  U.S. is  t h e  3rd  la rg e st  e xp o rt e r o f c it ru s  fo llo w in g  
Bra zil a n d  Ch in a  a s  o f 20 15.

USA c it ru s  c u lt iva t io n

❖ 7.78  m illio n  t o n s o f c it ru s  w a s p ro d u ce d  d u rin g  20 19-
20 .

❖ Do w n  4 % sin ce  20 10 .



Glo b a l a n d  Na t io n a l c it ru s  p ro d u c t io n :

Cit ru s Fru it s  20 20  Su m m a ry (Au g u st  20 20 ) 7
USDA, Na t io n a l Ag ricu lt u ra l St a t is t ic s  Se rvice .Glo b a l sw e e t  o ra n g e  p ro d u c t io n  20 0 0 -20 15 (20 20 ).



Ba c k g ro u n d :
❖ Cit ru s  g re e n in g  d ise a se : le a d in g  ca u se  

o f fa rm in g  p e st ile n ce  in  c it ru s  sp e c ie s  
w o rld w id e  (Hu a n g lo n g b in g ).

❖ Ca n d id a t u s  Lib e rib a c t e r a sia t icu s
(CLa s): p h lo e m  lim it e d  fa st id io u s g ra m -
n e g a t ive  b a c t e riu m  in  t h e  
Rh izo b e a ce a e fa m ily.

❖ Ve c t o re d  b y t h e  a sia n  c it ru s  p syllid , 
Dia p h o rin a  c it ri.

❖ 20 0 4 : in it ia l p re se n ce  in  Flo rid a  
fo rm a lly in t ro d u c in g  t h e  d ise a se  in  t h e  
U.S.

Asia n  c it ru s  p syllid  a n d  n ym p h s, UCIMP  (20 21)

CLa s in  p h lo e m  u n d e r a n  e le c t ro n  
m ic ro sco p e ,  Hilf e t  a l. (20 13).



Ba c k g ro u n d :

❖ P ro fit  lo ss  d u e  t o  CLa s m e a su re d  w it h in  $3.36  b illio n  a s  o f 20 0 6 a cco rd in g  t o  
t h e  Un ive rs it y o f Flo rid a .

Cit ru s  
in d u st ry 
re sp on se s , 
Un ive rsit y o f 
Flo rid a  
(u p d a t e d  
20 23)



Ob je c t ive s :
❖ Use  o f id e n t ifica t ion  a n d  

d ia g n ost ic  m e t h o d s t o  
sc re e n  fo r re sis t a n ce s a n d  
e n h a n ce  p re ve n t ion  a n d  
t re a t m e n t  a g a in st  c it ru s  
g re e n in g  d ise a se .

❖ To  u n d e rst a n d  t h e  
fu n c t io n s o f cu rre n t  t o o ls  
u se d  a g a in st  c it ru s  
g re e n in g  d ise a se .

Cit ru s  g re e n h ou se  co n d it io n s  a t  A&M 
a g rilife  e xt e n sio n  a t  W e sla co  (20 23).



Cit ru s  g re e n in g  id e n t ific a t io n  m e t h o d s :

Co m m o n  vis u a l e xp re s s io n s  o f c it ru s  g re e n in g

❖ Blo cka g e  in  t h e  p h lo e m  t issu e  d u e  t o  
m o ve m e n t  o f b a c t e ria  ca u se s  h in d ra n ce  in  
n u t rie n t  flo w  le a d in g  t o  d isco lo ra t io n  a n d  
le a f lo ss .

❖ Un e ve n  fru it  s ize , lo p sid e d n e ss  a n d  lo ss  o f 
p re fe ra b le  fru it  fla vo r.

❖ Irre g u la r n e w  le a f fo rm a t io n  w it h  a  
ch a ra c t e ris t ic  n o t ch  a lo n g  w it h  le a f t w ist in g  
a n d  cu rlin g .

“Blo t ch y m o t t le ” a p p e a ra n ce  d u e  t o  
HLB, Un ive rs it y o f Flo rid a  (20 23).



Not ch  p re se n ce  d u e  t o  HLB e xp osu re . Se ve re  w a rp a g e  o f n e w  le a f d u e  t o  
lon g  p e rs is t e n t  HLB e xp osu re .



Ha iry Ro o t  in d u c t io n

❖ To  com b a t  t h e  u n cu lt u ra b le  n a t u re  o f CLa s, t h e  
in d u c t ion  o f h a iry roo t s  cou p le d  w it h  a n  in t a c t  xyle m  
a n d  p h loe m  a llow  fo r p rop a g a t ion .

❖ Ha iry roo t s  a re  in d u ce d  b y con t a c t  o f t h e  Rh izob iu m
rh izog e n e s b a c t e riu m  t h a t  in t rod u ce s  it s  roo t -
in d u c in g  t ra n sfe r DNA (Ri T-DNA) in t o  p la n t  ce lls

❖ Mu lt ip le  e n cod e d  roo t  locu s (ROL) g e n e s  in c lu d e d  
con ve rt  sh oo t  ce lls  in t o  roo t  ce lls  t h rou g h  fo rm a t ion  
o f t u m or-like  t issu e .

Rh izo b iu m -m e d ia t e d  t ra n s fo rm a t io n :

Cit ru s  p la n t  w it h  h a iry ro o t  e vid e n ce .

Ca llu s  fo rm a t io n  a s  a  re su lt  o f ROL g e n e  
t ra n sfo rm a t io n



Rh izo b iu m -m e d ia t e d  t ra n s fo rm a t io n :

❖ CLa s p o sit ive  b ra n ch e s fro m  
p re vio u s HLB-g ra ft -in fe c t e d  
t re e s  ca n  b e  t rim m e d  fo r 
in o cu la t io n .

❖ P e t io le s  t h a t  a t t a ch  t h e  le a f t o  
t h e  b ra n ch  ca n  a lso  b e  
in o cu la t e d  a s  p la n t  ce lls  h a ve  
h ig h  ce ll p la s t ic it y.

Me t h o d s  o f in o c u la t io n

CLa s p o sit ive  b ra n ch e s in  ve rm icu lit e  so il in o cu la t e d  w it h  R. 
Rh izo g e n e s.

Rh izo b iu m  in o cu la t e d  p e t io le s in  ve rm icu lit e  so il.



Ha iry ro o t  id e n t ific a t io n :
Gre e n  Flu o re s c e n c e  P ro t e in  o ve re xp re s s io n  a s  a  m a rk e r

GFP  o ve re xp re ssio n  ca n  b e  u se d  t o  co n firm  fo r su b se q u e n t  t ra n sg e n ic  m a t e ria l.

t yp ica l t ra n sg e n e  o ve re xp re ssio n  co n st ru c t  w it h  a  g e n e  a n d  a  GFP  
m a rke r ca sse t t e , Irig o ye n  e t  a l. (20 20 )

No n -t ra n sg e n ic  ro o t  fo rm a t io n  visu a lize d  
u sin g  flu o re sce n ce  m ic ro sco p y.

GFP  e xp re ssio n  o f t ra n sg e n ic  h a iry 
ro o t  fo rm a t io n  u sin g  flu o re sce n ce  
m ic ro sco p y.



Ha iry ro o t  d ia g n o s t ic s
P CR-b a s e d  d ia g n o s t ic  t o o ls

❖ P CR a m p lifica t io n  o f e it h e r t h e  GFP  o r ro lB/ro lC 
g e n e s e n co d e d  o n  t h e  b in a ry a n d  Ri T-DNA 
p la sm id s a re  u se d  t o  co n firm  h a iry ro o t  g e n e  
e xp re ssio n .

❖ Th e  P CR co n t ro l g e n e s u se d  fo r c it ru s  p la n t s  is  
GAP C2 e n d o g e n o u s g e n e s.

❖ CLa s e st im a t io n  is  co n d u c t e d  u sin g  sp e c ific  
m a rke rs  fo r rib o so m a l p ro t e in  a n d  rib o n u c le o t id e  
re d u c t a se  β-su b u n it  g e n e s.

q P CR q u a n t ifica t io n  b e t w e e n  h e a lt h y a n d  
CLa s in fe c t e d  sa m p le s  e xa m p le , Irig o ye n  
e t  a l., (20 20 ).



Co n c lu s io n s :
Sig n ific a n c e  o f h a iry ro o t  g e n e  e xp re s s io n

❖ R. rh izo g e n e s-m e d ia t e d  h a iry ro o t  in d u c t io n  
b e n e fic ia l t o w a rd s b io -e n g in e e rin g  a n d  g e n e  
e d it in g  a p p lica t io n s a g a in st  CLa s.

❖ Id e n t ifica t io n  a n d  q u a n t ifica t io n  m e a su re s  
u sin g  visu a l e xp re ssio n s a n d  m o le cu la r 
d ia g n o st ic s  is  b e n e fic ia l w h e n  co m p a rin g  
d iffe re n t  p la n t  co n st ru c t s .

❖ P o t e n t ia l a n t im ic ro b ia l a g e n t s  a n d  g e n e  
e xp re ssio n s re sis t a n t  t o  CLa s in fe c t io n  u sin g  
q u a n t ifia b le  d a t a  ca n  p a ve  t h e  w a y fo r so lvin g  
d ifficu lt ie s  w it h  o t h e r in cu ra b le  p a t h o g e n s.



Ac k n o w le d g e m e n t s :
Th is  m a t e ria l is  b a se d  u p o n  w o rk 
su p p o rt e d  b y t h e  U.S. De p a rt m e n t  o f 
Ho m e la n d  Se cu rit y u n d e r Gra n t  Aw a rd  
Nu m b e r 18 STCBT0 0 0 0 1. I w o u ld  Like  t o  
t h a n k Dr. Kra n t h i Ma n d a d i, Ra jit h a  
Ka vu ri, Ad it ya  Ku lsh re sh t h a  a n d  Vic t o ria  
Mo ra  fo r t h e ir a ss is t a n ce  t h ro u g h o u t  t h is  
p ro je c t .



Re fe re n c e s :
Asia n  Cit ru s  P syllid  a n d  Hu a n g lo n g b in g  Dise a se  Ma n a g e m e n t  Gu id e lin e s--UC IP M. (20 21). UC IP M. 
h t t p s ://ip m .u ca n r.e d u /P MG/P ESTNOTES/p n 74 155.h tm l

FE98 3/FE98 3: Im p a c t  o f Cit ru s  Gre e n in g  o n  Cit ru s  Op e ra t io n s in  Flo rid a . (u p d a t e d  20 23). Ask IFAS. 
h t t p s ://e d is .ifa s .u fl.e d u /p u b lica t io n /FE98 3

Hilf, M. E., Sim s, K. R., Fo lim o n o va , S. Y., & Ach o r, D. S. (20 13). Visu a liza t io n  o f 'Ca n d id a tu s  Lib e rib a c t e r a s ia t icu s ' ce lls  in  t h e  
va scu la r b u n d le  o f c it ru s  se e d  co a t s  w it h  flu o re sce n ce  in  s it u  h yb rid iza t io n  a n d  t ra n sm issio n  e le c t ro n  m ic ro sco p y. 
P h ytop a th o lo g y, 10 3(6), 54 5–554 . h t t p s://d o i.o rg /10 .10 94 /P HYTO-0 9-12-0 226-R

Irig o ye n , Ra m a sa m y, M., P a n t , S., Nira u la , P ., Be d re , R., Gu ru n g , M., Ro ssi, D., La u g h lin , C., Go rm a n , Z., Ach o r, D., Le vy, A., 
Ko lo m ie t s , M. V., Sé t a m o u , M., Ba d illo -Va rg a s, I. E., Avila , C. A., Ire y, M. S., & Ma n d a d i, K. K. (20 20 ). P la n t  h a iry ro o t s  e n a b le  
h ig h  t h ro u g h p u t  id e n t ifica t io n  o f a n t im ic ro b ia ls  a g a in st  Ca n d id a t u s  Lib e rib a c t e r sp p . Na t u re  Co m m u n ica t io n s , 11(1), 
58 0 2–58 0 2. h t t p s://d o i.o rg /10 .10 38 /s4 14 67-0 20 -19631-x

Ta lo n , Ca ru so , M., & Gm it t e r jr., F. G. (20 20 ). Glo b a l e co n om ics  a n d  m a rke t in g  o f c it ru s  p ro d u c t s . In  Th e  Ge n u s Cit ru s . 
Else vie r Sc ie n ce  & Te ch n o lo g y. h t t p s://d o i.o rg /10 .10 16/B978 -0 -12-8 12163-4 .0 0 0 23-1

https://ipm.ucanr.edu/PMG/PESTNOTES/pn74155.html
https://edis.ifas.ufl.edu/publication/FE983
https://doi.org/10.1094/PHYTO-09-12-0226-R
https://doi.org/10.1038/s41467-020-19631-x
https://doi.org/10.1016/B978-0-12-812163-4.00023-1


Utilization of Atomic Force 
Microscopy-Infrared Spectroscopy to 

Access Secondary Structure and 
Stability of Proteins

Axell Rodriguez
Kurouski Lab

CBTS-DHS



Proteins as sensors of pathogens

AuNP

Monoclonal antibodies

Virus

Virus



Transthyretin (TTR) as a model protein system

Thomson, P. (2019). Transthyretin (TTR) In Amyloid Diseases, Scientific Review.

• Transports thyroxine (T4) & Retinol-binding protein (RBP)

• Model protein to characterize changes to structure and stability



Nano-IR

• Direct detection for pathogens

• Idea to create antibodies using nanoparticles 
to target pathogen

• Allows characterization of secondary 
structure 



Data Acquisition
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Data Results
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Raman Spectroscopy

• Indirect detection of pathogens using 
Raman Spectroscopy

• Rice stress through different levels of 
arsenic

• Alteration to the project: grow 
hydroponically



 Learned two methods that can be used to detect 
pathogens, both direct (Nano-IR) & indirect (Raman 
Spectroscopy).

 Improved working with peers, writing, & presentation.

Conclusion



Temporal infection analysis of 
TMV in Nicotiana 
benthamiana

Joce lyn Gutie rre z

Cross-Bord e r Threat Scre e ning  and  Sup p ly Chain De fe nse

Summe r 2023



Outline

• Introd uction
• TMV and  N. b enthamiana

• O b je ctive s

• Mate rials and  Me thod s
• Plant Mate rials

• Rub -Inoculation of N. b enthamiana

• RNA Extraction

• cDNA Synthe sis

• RT-PCR

• Re sults
• Id e ntification of TMV in N. Benthamiana

• Mole cular analysis of TMV in N. b enthamiana

• Conclusions



Introd uction



Tobacco Mosaic Virus 
(TMV)

• TMV – p ositive  ssRNA virus

• Common viral d isease  that has a wid e  

host rang e .

• Hig hly infe ctious virus that can cause  

sig nificant d amag e  to  p lants.

• Symp toms includ e  d isco loration 

(mosaic), wilting , and  ne crosis.

Sche matic of TMV g e nome

TMV symp toms in Nicotiana b enthamiana



Nicotiana benthamiana
• Tob acco  sp e cie s known to  b e  a mod e l p lant for its 
e fficie ncy for succe ssful exp e rime nts.

• Ke y p lant sp e cie s for scie ntific re search b e cause  of 
its e ase  of use .

• Using  N. b enthamiana to  stud y TMV is that the  p lant 
is ve ry susce p tib le  to  infe ction



Objectives

1. O b se rve  p hysio log ical symp toms of TMV in N. b enthamiana at d iffe re nt 
time  p oints.

2. Mole cular characte rization of TMV in N. b enthamiana.



Mate rials and  Me thod s



Plant Material

Se e d s and  so il use d  for g e rmination Ge rmination afte r 1 we e k N. b enthamiana at 4 we e ks



Rub-Inoculation of N. benthamiana

250 µL of the  infe cte d  
tissue  b uffe r

Rub -inoculation of le ave sPre viously infe cte d  
tissue  at 7 DPI mixe d  

with inoculation b uffe r



RNA Extraction
Ground ing  of tissue

RNA extraction Kit Trizo l reag e nt O ng oing  extraction

RNA Quantification

RNA Ge l



cDNA Synthesis

• RNA will b e  anneale d  using  a 
rand om hexame r

• Give s rand om cove rag e  to  all 
re g ions of the  RNA

• RNA is the n re ve rse  transcrib e d  to  
cDNA p ool b y re ve rse  transcrip tase  
(RT), g e ne rating  various le ng ths of 
cDNA.



Polymerase Chain Reaction

94-95°C

50-56°C

72°C



Re sults



Identification of TMV in N. benthamiana

N. b enthamiana at 24 hours N. b enthamiana at 48 hours



Identification of TMV in N. benthamiana

N. b enthamiana at 72 hours N. b enthamiana at 7 DPI



Molecular Analysis of TMV in N. benthamiana

792b p
TMV re p licase  
p rime rs

RT-PCR o f TMV in fe cte d  N. b e n tham iana  sam p le s a t  d iffe re nt  t im e  p o ints

113b p
Be ntha 18s 
rRNA  p rime rs
(house ke e p ing
g e ne )



Conclusions

• Various te mp oral p atte rns e me rg e , influe ncing  the  se ve rity and  
d uration of symp toms.

• Und e rstand ing  the se  te mp oral d ynamics is crucial for d e ve lop ing  
e ffe ctive  strate g ie s to  contro l viral d isease s in crop s and  p ro te ct 
ag ricultural yie ld s.

• N. b enthamiana p rovid e s a valuab le  mod e l syste m for stud ying  
o the r p lant viruse s and  the ir inte ractions with host p lants.
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BACKGROUND



Background
• Tick surveillance is crucial for controlling tick-borne diseases in cattle 

production.
• The US Cattle Fever Tick Eradication Program inspects cattle for tick 

presence.
• Tick sizes can be too small to feel (Palmer et al. 1976).

• Tick-borne diseases, such as Babesiosis (Cattle Fever), pose a significant 
threat to cattle health and production.
• Cattle Fever tick outbreak predicted to cost over $1.2 billion dollars within a year of surfacing 

(Anderson et al. 2010).
• Raman spectroscopy (RS) shows promise in identifying tick species and 

their feces.
• RS is the photometric measurement of inelastically scattered photons from specimens 

under visible light.



METHODS



Methods
• We scanned 57 samples of ticks from multiple genera (Amblyomma, 

Rhipicephalus, Dermacentor, Haemaphysalis, and Ixodes) and 12 species 
and 2 samples of horn flies.

• PLS-DA is a discriminant analysis used to test the feasibility of a model to 
accurately identify individual spectra of the correct class.

• Tick frass was collected from the skin of cattle and sheep from institutions in 
OK, WA, and several more in TX.

• Utilized a confocal Raman microscope with a 750nm laser and acquired 20-
25 spectra from each fecal sample between 10-25 second acquisitions.

Actual Oranges (n=25) Actual Apples (n=25)

Predicted as Oranges 20 2

Predicted as Apples 5 23

TPR 80% 92%



RESULTS



Results

Red bands = Blood
Black bands = Guanine

Heme group

Genus-level comparison:
Amblyomma spp.
Rhipicephalus spp.
Dermacentor spp.
Haemaphysalis longicornis
Ixodes scapularis
Haematobia irritans



Amblyomma
(n=471)

Rhipicephalus
(n=59)

Dermacentor
(n=339)

Haemaphysalis
(n=80)

Ixodes
(n=20)

Predicted as 
Amblyomma 

471 0 2 0 0

Predicted as 
Rhipicephalus

0 58 19 0 1

Predicted as 
Dermacentor

0 0 317 0 0

Predicted as 
Haemaphysalis

0 0 0 80 0

Predicted as 
Ixodes

0 1 1 0 19

TPR% 100 98.35 93.5 100 95



Results
R. annulatus

(n=18)
R. microplus

(n=21)
R. sanguineus

(n=20)

Predicted as R. annulatus 18 0 0

Predicted as R. microplus 0 20 0

Predicted as R. sanguineus 0 1 20

TPR% 100 95.23 100

D. albipictus
(n=180)

D. andersoni
(n=184)

D. variabilis
(n=20)

Predicted as D. albipictus 180 1 0

Predicted as D. andersoni 0 183 0

Predicted as D. variabilis 0 0 20

TPR% 100 99.28 100



Tick
(n=969)

Fly
(n=40)

Predicted 
as tick frass

954 0

Predicted 
as fly frass

15 40

TPR% 98.45 100

Results



DISCUSSION/CONCLUSION



Discussion/Conclusions
• Raman enabled accurate identification of multiple genera (>93%) 

and species (>95%).
• Raman enabled accurate differentiation between ticks and horn 

flies (>98%)
• Horny fly feces were not similar to blood-like tick feces

• Possible Explanation: A female D. andersoni tick can engorge up to 4,000 
mg of blood in one sitting while a female horn fly will imbibe 1.71 mg per 
feeding event (Annand 1941, Kaufman and Phillips 1973).

• Additionally, their digestive processes are different, e.g. insects primary 
waste product is uric acid and ticks primary waste product is guanine 
(Sonenshine and Roe 2014).



Future Directions

• Use GC-MS to more accurately evaluate the compositions 
and quantitative comparisons within and across all 12 tick 
species’ frass samples.

• Check for in-species genetic flow variations in Raman 
spectra

• Expand our life stages from nymph-adult to larvae-adult
• Check for variation between male and female fecal 

spectra from the same species.
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