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Hummingbird Amazing Facts

« Can fly at 25 mph

 Heartrate to 1260 bpm
when flying

Hummingbirds can
enter torpor

 Body temperature
change up to 20C

e  95% metabolism
reduction

e 20 min to recover
upon waking




Migration
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« Despite its high metabolic demands, the hummingbird migrates over 500 mi
(800 km); in some cases cutting across the Gulf of Mexico (20 hr flight)
« To fuel this flight, the hummingbird can gain up to 50% of it's pre-migration
-~ body mass




Hummingbird Fuel

127 (b) Labelled solution 50 O Fasted
' Unlabelled solution [ . Fed
1-0 0 ; — -
0 . £2 (:lucn.\c E 40
A Q A E -
0-8 I 0 ¢ ¢ i A Fructose —
jal ¢ : 30T
oe O Sucrose eb} }
5 06 8
4 =
. o 20
0-4 A (_g X
O v
| » 10}
0- : 4
$
0-00 o o % € 6.« 0 ' 1
0 50 100 150 200 250 300 Anna S COSta S HUbY‘throated
I'me Since First Feeding (min)
Chen and Welch (2014) Functional Ecology Beuchatand Chong, 1998

Fuel (nectar) is typically around 50% sucrose, 25% glucose 25%
fructose.

Sugar is rapidly turned over — average sugar molecule half-life ~20
min. Similar in humans, but we have insulin!

Any sugar not immediately used is shifted to fat storage

Human fasted glucose 4-5mM, fed <10mM, compared with ~20 mM
fasted with hummingbird. Human DKA at 13-33 mM



IsoSeq Library Prep
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1st and 2nd strand synthesis with Clontech SMARTer - SMRTbell adapter ligation

« Total RNA extracted from ruby-throated hummingbird livers (important for
controlling metabolism)

 RNA s converted to full-length cDNA using Clontech SMARTer kit — primed
against polyA tail

 Fragments are size selected into 4 pools

« PCR amplification, then ligation of PacBio “SMRTbell” adapters

« Each size fraction is run on 10 SMRTcells on a PacBio RSII (JHU), 40 cells total
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IsoSeq SMRT analysis

Circular consensus
(CCS) reads generated
by the sequencer
processing repeatedly
through single molecule
These long reads are
then used to generate a
read of insert (ROI)

Full length = poly-Atail
+ F and R Clontech
primers

Custom AMI on AWS
for large dataset
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QC Stats

Size Fraction 1-2kb 2-3kb 3-6kb 5-10kb Total
# of cells 10 10 10 10 40
Reads of Insert (ROI) 688,069 591,050 735,670 625,194 2,639,983
Avg length ROI (bp) 1533 2464 3650 5444

ROl Yield (Mbp) 1055 1457 2685 3404 8601
Filtered Reads (FLNC) 430,381 306,841 272,781 193,906 1,203,909
# Consensus Isoforms 101,792 101,035 126,911 123,696 453,434
Consensus Yield (Mbp) 143 250 502 806 1701
# HQ consensus 52,538 48,282 49,390 20,021 170,231
isoforms

% HQ 51.61% 47.79% 38.92% 16.19% 37.54%
Avg HQ length 1315 2329 3629 5491

HQ Yield (Mbp) 69 112 179 110 470
#LQ consensus 49,254 52,753 77,521 103,675 283,203
isoforms

% LQ 48.39% 52.21% 61.08% 83.81% 62.46%
Avg LQ length 1503 2621 4170 6718

LQ Yield (Mbp) 74 138 323 696 1231

« ~1M reads after filtering our 40 flowcells, for ~9Gb of data

 Number of “LQ" clusters increases as the clusters get longer,
less transits of polymerase around SMRTbell



Initial analysis

ICE/Quiver:
Full-length HQ clustered transcript isoforms

BUSCO: Benchmarking ANGEL: Dumb ORF

prediction
Simao, Waterhouse, et al. 2015 https://github.com/PacificBioscie
nces/ANGEL
STAR: Alignmentto Calypte anna draft v
genome (49% aligned, in progress)

TransDecoder: ORF-picker
& peptide translation
http://transdecoder.github.io/

Dobin et al 2013. Bioinformatics

Individual gene BLASTn and BLASTp:
pathway analysis (in progress) 8




BUSCO results

Archilochis colubris
C:62%[D:36%],F:9.6%,M:27%,n:3023

1885 Complete BUSCOs

782 Complete and single-copy BUSCOs
1103 Complete and duplicated BUSCOs
293 Fragmented BUSCOs

845 Missing BUSCOs

3023 Total BUSCO groups searched

« Of 3023 ortholog groups “common” to all vertebrates, 62% were found in our
assembly.

« For comparison, we ran BUSCO on chicken (Gallus gallus) mRNA from NCBI.
Found 68% missing BUSCOs shared.

Gallus gallus
C:41%[D:8.6%],F:8.0%,M:50%,n:3023

1267 Complete BUSCOs
1007 Complete and single-copy BUSCOs
260 Complete and duplicated BUSCOs
242 Fragmented BUSCOs

1514 Missing BUSCOs

3023 Total BUSCO groups searched




Metabolic Pathway

* Whole-transcriptome analysis
In progress
« Some snapshots of key
metabolic genes:
« GLUT2 (sugar transporter)
* Pyruvate Carboxylase
(Part of Krebs Cycle)
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GLUT2 (SLC2A2)
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. GLUT2 is a glucose transporter primarily expressed in liver; principle transporter

between liver and blood

of our proteins. Each line= a cluster with X number supporting reads

. Highlighted (colored) parts of translated IsoSeq ORFs match, grey is mismatch
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We BLASTed the chicken (Gallus gallus) form of GLUT2 against translated ORFs
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GLUTZ2
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GLUTZ2 Glycosylation

40 S0 €0 70 80 90

40 S0 €0 /0 78 a5

Ruby-throated [ 2 P QK WIEAHY GRVEBGCTAP PDRFPT SA S GTMPWMiTHP - ---wHMsTHATHA
ae®  INAPQKWIEEAHYGRVEGEHAR PDRFP T SASHE GTMPWTHR - - - -wHSTHATEHA
M INAPOKMENARYGRVEE~. IPMVREATNTSRDNATIITHMTIPGTEAWG S SHlG THA
House INAPOENEI SEYREMME Y PLDBRKAAINY DV TDTP----LTVTPEYTT
uman INArPQCNE: SEYRMlE P LOBRKAINNYVINS DELP----TISYSMNPK

« We noticed in that low identity region a N(S)T motif whichis a
glycosylation motif, but absentin both hummingbird sequences.

« This may alter the transport of the protein and hence its trafficking.
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Pyruvate carboxylase (PC)
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Conclusions

We were able to generate full-length mRNA
transcripts using the Iso-seq protocol

 Longest ID’d transcript award (so far): ACC1, >7kb
nucleotides with 2323 amino acids!

More careful clustering parameters needed to reduce
# of isoforms with one read only

Cursory results show some essential genes to be
quite different from avian relatives, need whole-
transcriptome analysis to see pattern universality
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Future work

« Extensive BLAST studies to examine orthologous and
non-orthologous genes in key metabolic pathways

« dS/dN to explore gene conservation in coding regions

e As part of Human Frontiers Grant:
* Iso-seq of different tissue types

« Cloning of interesting genes and/or splice variants to examine
protein product

 Cryo-EM to probe protein shape and function
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