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Save the Algae, Save the 1
Sequencing Bacteria that Protect Algae from Microscopic Grazers
Mandy Hollman, Carolyn Fisher, Pamela Lane,Todd W. Lane

Biofuel from algae is sustainable, but not yet economical.
In order to achieve usable algal biofuels, we
must overcome the market's barrier to entry.
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Target selling prices for

algae biomass in 2022 is

$494/ton AFDW (ash-free

dry weigh; 2014$) to

achieve $5/GGE (gasoline
gallon equivalent).

- BETO MYPP, 2014

Source Price /lb Price /gal

Gasoline $0.29 $2.49*

Ethanol from Corn $0.35 $2.92*

Current Algae Biofuel $0.85- $3.67* $7.06 - $30.46

Algae Biofuel Target

_ __-./

$0.10 - 0.25 $1.50 - $2.10

*Approximate national average for 2017

*2017 DOE Alternative Fuel Price Report

*Sun et al, Energy, 36 (2011) 5169-51795.

*BETO Multi-Year Program Plan, March 2016

The first step towards biofuel reality is
maintaining a substantial crop production.
Algae is grown in large, open-air ponds which
are unprotected against microscopic
predators, leading to frequent "crashes".

Algal population crashes
cause losses of up to 30% of
annual crop production from
the typical open raceway
system.

Healthy pond Crashed pond
Citation here

Tiny predators eat into profits.

Predators of microalga

Brachionus plicatilis,
marine rotifer

Poterioochromonas,
a golden algae or

chrysophyte

It

Marine planktonic Oxyrrhis marina,

copepod, Calanus dinoflagellate

Numerous parasitic chytrids attack
the filament of a green alga

Citation here
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B. plicatilis from my culture, 7/1 7119

+ Rotifers are considered the smallest
animals on earth.

+ A single rotifer can eat 200 algae cells
per minute.1

+ They can double in population in 24
hours.2

+ Rotifers can
reproduce
sexually or
asexually,
depending on
environmental
conditions.3
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Our lab found a consortium of bacteria that protected the alga M. salina from the rotifer B. plicatilis.
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Consortia Experiment, DATE

Added 10 Rotifers/mL
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Previous Experimental Results, March 2017 and DATE
After rotifers were added (Day 4), the control culture crashed, but cultures
with a mixture of bacteria continued to grow.
Final rotifer counts were lower in the consortia samples than in the control

Consortia screen
Algae survival assay (Rotifer live/dead assay)

+/-

protective

algal-bacterial

consortia

rotifer

+/-

Axenic control

days

consortia-
protected
algae with
rotifers

control algae,
not protected
from rotifer
predation

Nannochloropsis salina: 2 M cells/mL
- Brachionus pi/can/is:14 Rotifers/mL

Daily timepoints, ex/em: 430/685 nm Representative flasks from 2017
experiment, showing differing
concentrations of algae J

I
My Experimental Results, May 2019 and July 2019
l attempted to replicate phenomena observed in multiple experiments in
2017. None of my algae cultures crashed, including the control.This result
was unexpected; algae grazed by rotifers normally crash.
Future experiments: Possible solutions include increasing rotifer density

I or repeating the procedure with a more carefully maintained axenic control.
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We are analyzing the protective bacterial consortia with I 6S RNA sequencing.

Paired-end Multiplex Sequencing
With 111umina MiSeq
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Sample 1 Barcode
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D

A Two rci-ft.lsontative DNA fragments from two triquo samples. each attached to a spocsfic barcode sequence that identtios the sample
from which rt origilated.

B. Ubranes for each sample are pooled and sequenced in paralel. Each new read contans both the fragment sequence and es sample-
identifying barcode.

C. Barcode sequences are used to dernultiplex. or dMerentiate reads from each sample.

, • • • • *he reference sequence.

Source: www.illumina.com

https://web.uri.edu/gsc/illumina-miseq-next-generation-sequencer/

(Multiplex sequencing
reads DNA from
multiple samples at

once, saving time and
reducing cost. It uses
nucleotide sequences

as barcodes to
"demultiplex" (sort)
( the data after

reading. f

10_S10_Lø01_R1_001.fastchgz

1ELS1ELL0øl_R2_001.fastchgz

11_S11_Lø01_R1_1301.fastq.gz

11_S11_LOøl_R2_001.fastchgz

12_512_Lø01_R1_001.fastq.gz

12_S12_L0øl_R2_001.fastchgz

40_540_L00l_R1_001.fastq.gz

40_S40_L001_R2_001.fastcl.gz

41_541_L00l_R1_001.fastq.gz

41_S41_L001_R2_øø1.fastcl.gz

42_542_L001_R1_0131.fastq.gz

42_S42_L001_R2_001.fastq.gz

70_S70_L001_R1_001.fastq.gz

70_S70_L001_R2_001.fastq.gz

71_S71_L001_R1_001.fastq.gz

71_S71_L001_R2_001.fastq.gz

72_S72_L001_R1_001.fastq.gz

72_S72_L001_R2_001.fastq.gz

MiSecrs
output files
must be
processed
to be
useful.
j

@1100609:260:000000000-13F9NK:1:1101:9740:1283 2:N:0:13
ACCAGGGTATCTAATCCTGTTTGCTCCCCACACTTTCGTACCTCAGCGTCAGTCTCCACCCAGTCAGCCGCCTTCGCCACTGCTGTTCCTCCAAATATCTAC
GAATTTCACCTCTACACTTGGACTTCCACTCACCTCTCTCCAACTCAAGCCTTCCAGTATTAAATGCAGTTCCAGGGTTGCGCCCTGCTATTTCACCTCTAA
CTTAACACTCCGCCTACGTACGCTTTACGCCCAGTACTTCCGAACAACGCCTACCCCCTCCCTATTACCGCTGCTGCTTGCCCCGAATTCTCCGGG

-AC@<C,C6BFG<?FFGF9;C@,C<FFG:,9,B@E@<,;CQE=„6+8BF,<,55,„;6 „ ; „„ 6;+@BCCF7:.,8=@,9,<9@?„A„,9,;EE9?
86,:??E@>=DDD=A9ED45  • 9,,DEDD*BA=DEF*2*„41A,:0,906r63F,@;„4,7=,3:F43,6+6@+)88134„,*3;;EEFG@7*,+

(a9C++,7*3=<:=@A):53*9:5/751=)-0/826885@CM*1)*12:*,(/6169(3C*()/.69)-7-((.,45)1))9))(((-)).-((l
(a1100609:260:000000000-BF9NK:1:1101:9203:1295 2:N:0:13
ACCCGGGTATCTAATCCTGTTTGCTCCCCACACTTTCGTACCTCAGCGTCAGTCTCGACCCAGTTAGCCGCCTTCGCCACTGGTGTTCCTCCCAATATCTAC
GAATTTCACCTCTACACTTGGAATTCCACTCACCTCTCTCGCACTOTAGACTTCCAGTTTTAAAGGCCGTTCCAGGGTTGAGCCOTGCGATTTCACCTCTCA
CTTAACACTCCGCCTCCGTACGCTTTACGCCCAGTCATTCCGAACCACTCCTCCCCCCTCCCTCTTACCTCTCCTTCTGTCCCCGATTTAAC

6CCCA:7CFFGG,CFFGFACMAAFGW,8,B<ECA,;C@CF>6<6+8BE,<,;5„+88  • 96@+@@CCC,-.,849,:,:8C(aC;A„,4?;EECD
F„:9@FEDB?FD=A=E<4:,„?F?E8A;=9B=DFEF6=5+46>G,7*,73=D=??F,@•  ' , 01@:>7,,=@D=5=8F<CA,4)08>GCEA5;6,0
BA<7=,3*24>)5>A-»/(25=25>41)25631(/)/60:@05/)2>(8„(/636>(4:2,(.42<:)5)(..-.5)0/0*.)(((-))-
@1100609:260:000000000-BF9NK:1:1101:14473:1309 2:N:0:13
ACCCGGGTATCTAATCCTGTTTGCTCCCCACACTTTCGCACCTCAGCGTCAGTATCGAGCCACTCAGCCGCCTTCGCCACTGGTGTTCCTCCCAATATCTAC
GCATTTCACCTCTACACTCGCAATTCCACTCACCTCTCTCGCACTCTCGACTCACCUTTTOCATGCCGTTCCACGOTTCATCCCTOGGATTTCCCCCCTCA
CTTTCCAGTCCTCCTACTCACGCTTTCCGCCCCGTCATTCCGAACAACGCCTCCCCCCTCCCTATTACCACGGCTACTTGCACCCAGTTCGCCGGG

6BCCC@CF:EFG<,CFGF-;@@,CAFFGB,@MCC<„,7@E@„6+8ff,<  ••  466,9„,9C8@BCEE444,899,:,:8<?==A„,99;=D,C
A+,7:5C,@ADFFAD,E9,:+6+8E?EEEEFBEB=FEF6D*+6@@GC,:,6=+„+313+(a> 3  )1>5(a:,1+@(a***3>@2,*4)3:CF6DE)9)/l
;=(a*:„+42<*8>:5E3).0(3370;(//(.(6,23:<C:(/1)*9(1*,(.4,394,;*(.34).4),((32(4)-***1))3(,6)((--((
@1100609:260:000000000-BF9NK:1:1101:16837:1450 2:N:0:13
ACCCGOGTATCTAATCCTOTTTGCTCCCCACACTTTCOCACCTCAGCOTCAGTATCGACCCAGTCAOCCGCCITCGCCACTGOTCTTCCTCCCAATATCTAC
GAATTTCACCTCTACACTCGGAATTCCCCTCACCTCTCTCGAACTCTAGACTGATAGTTTTACAGGCAGTTCCAGGGTTGAGCCCTGGGCTTTCGCCCCCAA
CTTTCCAGTCCGCCTACGCGCGCTTTACGCCCCGTACTTCCGAACAACGCCTACCCCATCCCTCTTACCGCGGAGTCTGTCCCGGCTTTACCCACG

<CCCCDDFOGGOCFFGGF<ECC,AEFGGC8C,C@EE9,6@:CENENCCEEC,@:,,+8413,C,CE,9>KCEE::??=D=,C,<9C<D9=„:>F;EDEE
G„?=?EFGCFGFGFEF13:A++8=E<?,ADEM8D=DBF?,488D;AD9=9+6,6=FBF9„988=8>DG,B:=A6DF8058>@?C7):883)8*1C)=9
EFG+=>,1:;<)-9(0?()02,.63;EC27V(44;(8«C((*)5>F(2*,(.4(2((,2*)(3-)62((,-(((.5)1*),00(((p-)./I(
@1100609:260:000000000-13F9NK:1:1101:16855:1460 2:N:0:13

I am using Qiime2 to analyze our data.
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Qiime 2: Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet C, Al-Ghalith GA, Alexander H, Alm EJ, Arumugam M, Asnicar F, Bai Y, Bisanz JE, Bittinger K, Brejnrod A, Brislawn
CJ, Brown CT, Callahan BJ, Caraballo-Rodriguez AM, Chase J, Cope E, Da Silva R, Dorrestein PC, Douglas GM, Durall DM, Duvallet C, Edwardson CF, Ernst M, Estaki M, Fouquier
J, Gauglitz JM, Gibson DL, Gonzalez A, Gorlick K, Guo J, Hillmann B, Holmes S, Holste H, Huttenhower C, Huttley G, Janssen S, Jarmusch AK, Jiang L, Kaehler B, Kang KB, Keefe
CR, Keim P, Kelley ST, Knights D, Koester I, Kosciolek T, Kreps J, Langille MG, Lee J, Ley R, Liu Y, Loftfield E, Lozupone C, Maher M, Marotz C, Martin BD, McDonald D, Mclver
LJ, Melnik AV, Metcalf JL, Morgan SC, Morton J, Naimey AT, Navas-Molina JA, Nothias LF, Orchanian SB, Pearson T, Peoples SL, Petras D, Preuss ML, Pruesse E, Rasmussen LB,
Rivers A, Robeson, II MS, Rosenthal P, Segata N, Shaffer M, Shiffer A, Sinha R, Song SJ, Spear JR, Swafford AD, Thompson LR, Torres PJ, Trinh P, Tripathi A, Turnbaugh PJ, Ul-
Hasan S, van der Hooft JJ, Vargas F, Vizquez-Baeza Y, Vogtmann E, von Hippel M, Walters W, Wan Y, Wang M, Warren J, Weber KC, Williamson CH, Willis AD, Xu ZZ,
Zaneveld JR, Zhang Y, Zhu Q, Knight R, Caporaso JG. 2018. QIIME 2: Reproducible, interactive, scalable, and extensible microbiome data science. Peed Preprints 6:e27295v2
https://doi.org/ I 0.7287/peertpreprints.27295v2 

My Qiime Data So Far (in progress!)

/ Feature Table

Feature ID

Od7dad7c1fce38d138457042d016e0298

-;DF.c99b199101 1 44 bc2df a66 7c 1 Ofef9

OfcicD160hc:e2bdEd9-5bd0362c1d387729

067835b2d2d7bd7e26264-3e28c2252713

46ac28a2ee76314748ae54582dd

37424117d620a107322537b79a26de96

Sequence Length

252

252

252

252

252

252

Sequence

CTCCTACCCCACCCACCAC7CCCCAATCTTACACAATCCCCCAAACCC7CATCTACCCATCCCCC _

CTCCTACGCCACCCACCACTGGCGAXIVITACACAATCGCCGCAACCC7CATCTACCCATCCCGCCTCAC7CA7CAA,-

CTCCTACCCCACCCACCAC7CCCCAATVITCCACAATCCGCCCAACCC7CATCCACCCATCCCGCCTCAC7CA7CAACI.

C7CCTka:CCAGGCACCAC7CACCAATITTCMCAATCCCCCAAACCC7CACACACCAATACCGCCTGCCCCA:.-......

CTCCTACCCCACCC_ACCAC7CCCCAATATTCCACAATCGCCCCAACCC7CATCCACCCATCCCGCCTC7C7CA.`,.- -

CTCCTACCCGAGCCACCAC7CCCCAATATTCCACAATCGCGCCAACCC7CATCCACCCATCCCGCCTC7C7CAACAACI:

Frequency Table by Sample
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Metrics
like these
reflect the
quality &
quantity of
the data,
helping us
choose a
suitable
depth of
analysis.

Sequences from the raw
data are mapped to

known DNA sequences
called Operational
Taxonomic Units

(OTUs).
These can be used with
existing databases for

taxonomic
identification.

Quality Table for Forward Reads
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Qiime2 plugins can
generate 3D graphs
of alpha and beta
diversity.
(Sample image, "3D

PCoA with
Emperor," from
Qiime2 website)

Next Steps

l will continue worlcing with this data to run statistical
analyses and generate interpretive visualizations.We will
compare these results with those of previous Consortia

experiments.The main goal is to identify how the
microbiota present in the protected algae cultures differed

from those that were not protective.

Sequence

CTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC Hoeflea sp. strain LW1-19 16S nbosomal RNA gene, partial sequence
Sequence ID: MG818301 1 Length: 1409 Number of Matches:1

CTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC

CTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC

CTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGC

CTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC

MD) U S Nauonal Library of Medicine

BLAST •

NMI National Center for Biotechnology information

Range1:278to715 Ganliank Gnehics

Scars Expect Idantitias

785 bits(870) 0.0 437/438(99%)

Query

Sbjct

Query

Sb3ct

Gaps

0/438(0%)

Strand

Plus/Plus

1 CTWIACGGGAGGCAGCAGTanitaft1TAT7GGACAAIGGGCMrstnrCTWUCCADCCAI 60
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

279 CTCCIACGGUIDDCAGCAGinanaLITATIGGACAAIGGGcarmikaraGATCCAGCCAI 337

61 GCCGCGTGAGIGATGAAGGCCCIAGGGTIGTAAASCTCTTICACCGGTGAAGATAATGAC 120
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

339 GCCGCOGAGTGATGAAGGCCC7AGGS-77GTAAAGCTCTITCACCGTIGAAGATAATGAC 397

Sequences mapped to BLAST genome library (Fisher, Lane, et. al., 2017)
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I , 2: K. Hirayama, S. Ogawa,"Fundamental studies on physiology of rotifer for its mass culture - 1: filter feeding of rotifer," Bul Japan Soc Sci Fish 38 (1 1) ( I 972), pp. 1207- 1214.
3: Denekamp, Nadav & A S Thorne, Michael & Clark, Melody & Kube, Michael & Reinhardt, Richard & Lubzens, Esther (2009),"Discovering genes associated with dormancy in
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