
FIGURE 2: NMDS showing differences in community composition along the
Everglades (A) and Panama(B) gradients. Community composition was seen to
shift along each gradient, like ly due to differences in nutrient availability.
ADONISwas run for each location, and signif icant dif ferences (p-value=0.001)
wereseen in community composition between sites alongboth gradients.

Wehypothesizethat (1) prokaryotic community composition will shift along thetwo P gradients, (2)
that phylogenetic network density will be enriched at the intermediate and low-P sites, due to
increased diversity of microbial interactions, and that (3) the relative microbial investment in P
acquisition will increaseas P availability decreases alongchangingnutrient gradients.

Soil microbial communities are highly complex networks that are comprised of many diverse
microbial taxa. Conserved genes, such as the 16S rRNA gene, can be used as phylogenetic
markers to determine the composition of prokaryotic (Bacteria and Archaea) members of soil
microbial communities (Klindworth et al., 2013). Putative interactions can be found between
thesetaxaby analyzinghighly correlated microbial groupswithnetwork analyses (Barberan et a l.,
2012), which can provide insights into how these communities may inf luence biogeochemical
cycling. Additionally, thequantif ication of microbial functional genes, such as thoseencoding for
alkaline phosphatase (phoD and phoX) , and dinitrogenase reductase (nifH) can provide
information about potential microbial activity related to phosphorus (P) acquisition and nitrogen
(N) f ixation, respectively.

In this study,we characterize the prokaryotic communities alongnutrient gradients within two
oligotrophic ( low-nutrient) peatlands: the Everglades in South Florida, and San San Pond Sak in
Panama. Both have well characterized phosphorus (P) gradients that have led to documented
changes in vegetation communities and biogeochemical cycling. Triplicate cores were collected
from sites alongeach gradient, and DNA was isolated from each replicate. DNA was sequenced
for 16S rRNA genes and networks were created to determine potential microbial interactions.
Functional genes for alkaline phosphatase (phoD and phoX) and dinitrogenase reductase (nifH) ,
werequantif ied viaquantitativePCR (qPCR) to assess potential microbial investment in P and N
acquisition along theP gradients.

B a c k g r o u n d

To determineif prokaryotic microbial community composition shifts alongeach nutrient gradient.

To create phylogenetic networks for highly correlated microbial taxa and assess how network
connectivity dif fers between sites alongbothgradients.

To evaluatehow functional genes for P and Nacquisition respond to P availability, to determine
relative microbial investment in P acquisitionrelativeto Nacquisition.

O b j e c t i v e s

We found that prokaryotic community composition differed signif icantly between sites,
suggesting that changes in site characteristics are driving differences in microbial
community structure. Further analyses are being conducted to determine what
environmental characteristics ( i.e. P availability, C quality, vegetation community) aredriving
thesedifferences in community structures.

Netwo rks we re dev elo ped f or all s ites al ong b ot h gr adie nts . We f ou nd t hat ne two rk de ns ity ten ded
to b e g reat er in the int ermedi ate and low -P s it es , fo r the Ever glades g ra dien t, a nd was grea test a t
the in terme diate s it e for t he Pana ma gr adie nt. These res ults suggest t hat t he re may be
fund am enta l dif fer ences i n ho w m icro bial co mmuni ties in te ract whe n subj ect to diff ere nt nu trie n t
availabilit ies , and t hat t her e may be dif fer ences in th e nat ure o f micr obial in ter actio ns betw een
the Ev ergla des an d Pa nama gra dien ts . Fu rt he rwo rk is nec essary t o eluci dat e t he m echa nisms t ha t
are d rivin g t he di ffe renc es seen betw een ne two rks alo ng b oth t ransects . It is poss ible tha t g reat e r
micro bial divers i ty at th e in terme diat e s ites may d rive i ncre ased micr obial i nte racti ons . Ad diti ona l
analyses will be cond ucte d to de te rmi ne th e mos t imp or tan t micr obial g rou ps withi n the
phyloge ne tic ne tw orks to bet te r u nde rstan d h ow th eir i nte rac tions may i nfl uence nu tr ien t cycling
along both transects .

The rela tive a bu ndanc e o f func tion al ge nes f or P and N acq uis iti on w as sens itiv e to P availa bility ,
and was g rea test in the l ow- P s ite, suggesti ng g rea ter mic rob ial inves tm ent in P acqu is itio n in l ow-
P enviro nm en ts . Furt her w ork is bein g cond ucte d to assess the abu nda nce of t hese fu ncti ona l
genes a t t he Pana ma g radi en t, t o see if s i mila r t ren ds a re see n. Ad diti onal wo rk is being
conduc ted t o cha ract erize th e micro orga nisms tha t ca rry t hese func tio nal ge nes , to pr ovide
ins ights into the microorganisms that are driving P cycling within oligotrophic peatlands .
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FIGURE3:Phylogenetic networks along theEverglades gradient for high-P (A) ,
intermediate-P (B) , and low-P (C) sites, and along the Panama gradient, for
high-P (D), intermediate-P (E) , and low-P (F) sites. Nodes aremicrobial OTUs
and edges are putative interactions. Only OTUs with signif icant (p < 0.05)
correlations wereretained. N etworkdensitywas assessed to determinehow
putative microbial interactions may shift along the gradient. Greater density
suggests moreputativemicrobial interactions at asite. The Ev erglades high-P
site in had suppressed networkdensity relativeto theintermediateand low-P
sites,whilePanamahad greatest networkdensity in theintermediate-P sites,
suggesting potential dif ferences in microbial interactions along both P
gradients.
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DNA	 isolation
Total	soil	DNA	isolated	from	all	soils	via	MoBioPower	Soil	DNA	Isolation	Kit

Sample	 collection
Triplicate	cores 	collected	from	depths 	from	each	s ite	along	both	gradients

Network	Development
Co rrelate	 OTUs	 and 	create	 n etwo rks

Sequence	Processing
Assign 	operational 	 taxonomic	 un i ts	

(OTUs)	 to 	sequen ces	 via	QIIME	 p ip el in e

16S	rRNA Sequencing
Sequence	 1 6 S	 rRNA genes	 from	 DNA	

via	 I l luminaM iSeq

FIGURE	 1:	Methods	used	to	achieve	the	objectives	of 	this	study
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Factor 1  Factor 2 P v alue R2

EP : EN Tota l  P 0.0214 -0.87

phoX:n i fH Bicarbonate Po 0.049 -0.77

phoD:n i fH Bicarbonate Po 0.043 -0.79

EP = Phos phatase + Phos phodiesterase activi ty

EN = LeucineAminopeptidas eactivi ty

EP/EN = P acquisi tion vs. N acquisi tion

phoX, phoD: alka line phosphatas es

ni fH: din i trogenasereductase

phoX:n i fHand phoD:n ifH = P acquis ition vs . N acquisi tion

D E F

High	 P Low	P

High	 P Low	P

TABLE 1: Quantif ication of functional genes for P acquisition (phoX and phoD) and N
fixation(nifH) was conducted to assess relative investment in P acquisition to Nacquisition
along theEverglades transect. Enzymeassays wereconducted as well, to support theqPCR
data. An inverse rel ationship was seen for all measures, indicating that the relative
abundance of phoD, phoX, and nifH is sensitive to P availability, and the greatest relative
microbial investment in P acquisitionwas seen at thelow-Psite.

Low	 P	Sit e

High	 P	 Sit e

Low	 P	Sit e

High	 P	 Sit e

E V E R G L ADE S

P AN AMA

P AN AMA

E V E R G L ADE S

Netwo rk	d en si ty:	 	1 5 	%	 	 Netwo rk	d en si ty:	 	1 8 	%	 	

Netwo rk	d en si ty:	 	3 	%	 	Netwo rk	d en si ty:	 	1 1 	%	 	Netwo rk	d en si ty:	 	7 	%	 	

Netwo rk	d en si ty:	 	8 	%	 	


