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Two species in our redwood genome
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Giant sequoia —
Sequoiadendron giganteum il!,'
Cupressaceae
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Coast redwood —
Sequoia sempervirens iuy
Cupressaceae

2n = 6x =60
30 gigabase genome

Restricted to
coastal fog belt
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Deamer et al 2016, Nature Biotech

Oxford Nanopore Google Hangout March 2016

No theoretical upper limit to sequencing read length, practical limit only in preparing long fragment libraries and
delivering DNA to the pore intact

Typical user-reported sequencing output 5-15Gb (as of R9.4.1, March 2018)

Disclosure: Timp has two patents (US 2011/0226623 A1; US2012/0040343 A1) licensed to ONT



Sample requirements for sequencing

HMW Yield Quality Reproducibility Sequencing Yield

100kb+ >10ug gDNA Nanodrop, gel Want no Wizards

average From 1g tissue migration in range

Absorbance
w

220 240 260 280 300 320 340

Wavelength (nm)

>5Gb per run
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Sample realities before optimization

LMW Low Yield
<10kb <lug gDNA
average From 1g tissue

10kb

DNeasy PowerPlant kit

| |
Grape Pine
Leaf Needles

Poor Quality Inconsistent Low Seq Yield
Residual polyphenolics Results varied largely <1Gb per run
And polysaccharides By sample

DNA concentrations (ng/ul) ~



Trials: DNA extraction T

KIT CTAB

Lysis
KIT CTAB SDS SLS Triton 2{?

Phenol Chloroform? Nanobind
Agarose embedding?

Alcohol precipitation
Phenol Chloroform? NaCl NaC2H302  NH4C2H302 None

ﬁﬁ’ Alcohol precipitation
A

Alcohol precipitation SCODA (Boreal genomics)
NadCl NaC2H302 NH4C2H302 None
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Top 3 extraction protocols
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NANOBIN




Top 3 extraction protocols: Zhang }}[
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Nuclei: Cell wall lysis -> filtration -> differential centrifugation

acetate

Zhang et al, Nature Protocols (2012)

DNA: Overnight SLS lysis, phenol chloroform, alcohol precipitation + sodium FFZ//




Top 3 extraction protocols: Healey
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Preferred plant protocol: Skips the differential nuclei extraction
CTAB (cetyl trimethylammonium bromide) — cationic detergent

CTAB extraction, chloroform, alcohol precipitation + NaCl, elute

Healey et al, Plant Methods

(2014)




Top 3 extraction protocols: Nanobind

Nuclei 2
Nuclei+Lysis Ge.rn.tle 2X Washes Flute with
Buffer Mixing /\ water .
Add
6 mm Nanobind : :
+ isopropanol
291
194
Step 1 Step 2 Step 3 Step 4 489g
Lyse Bind Wash Elute '
Nanobind: Nuclei isolation as previously described '
Nanobind extraction with modified CTAB, EtOH washes, elute ‘
45 minutes total time (after nuclei extract) °?ocircu lomics

Zhang et al. Adv Mat. (2016)




Nanobind: How does it work ety

Evaporate Evaporate Heat shrink at Punch 6

100 nm SiO, 100 nm SiO; 300 °F for 3 mm disk 2nm
on side 1 on side 2 min Si“ca
\
Evaporate 20 nm
SiO,on side 2
S50nm
Evaporate 30 nm ‘ Evaporate Heat shrink at Punch 6 silica
irononside2 20nm SiOz on 300 °F for 3 mm disk
side 2 min /
ﬁ
Iron Iron Iron
150nm
silica

Nanostructured silica (SiO,), essentially.

With or without Iron layer for magnetism

Zhang et al. Adv Mat. (2016)




Tentacle Binding Mechanism U

Enhances binding capacity and protects DNA from shear forces

el

Low Input (10 pg) Medium Input (50 pg) High Input (200 pg)

* Three material properties needed: low shear, non-porous, high surface area
* DNA tentacles form and extend from substrate to get high binding capacity
* Low shear unlike beads and columns

Zhang et al. Adv Mat. (2016)




Top 3 extraction protocols: gDNA YieId/QuaI

&

Yield (ug)
260/280
260/230

1.68 1.76
0.76 1.51

Modified CTAB protocols (Nanobind and Healey) produce highest yield and Nanobind extraction produces the
best quality extract with long fragment length.

Nanodrop spectra not full picture of quality — plant samples sometimes retain visible color
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Extraction Comparison - Yield

Though same input
concentration, nanobind
showed much higher pore
occupancy, and resulting
higher yield than Zhang or
Healey

avgoccup
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Nanopore sequencing chemistry: LSK108, R9.4



Extraction Comparison: Read length

1e+05 -

— healey
— nanobind
— zhang

T ahang ealey | Nanobing

Reads 201k 195k 500k
) Yield 0.51Gb 1.08Gb 4.72Gb
E 161031 N50 7.1kb 8.6kb 12.3kb
5 Median 929 5.1kb 9.8kb
E

Nanobind and Healey seemed to give reasonable read lengths,
but doesn’t match with PFGE profile size

1e+01 -

Nanobind sequencing yield increased by 10-fold over Zhang, 5-
fold over Healey

0 25000 50000 75000 100000

Read Length
e

Nanopore sequencing chemistry: LSK108, R9.4



Improving read lengths: Shear Comparison

1e+05 - — 10kb_1
— 10kb_2
w S 0 10w |25k [sokb
\ Reads 500k 299k  93.7k  94.7k
) \\ Yield  4.72Gb 2.47Gb  0.82 0.66
E“M N50 12.3kb  113kb  19.8 24
3 Median 9.8kb  85kb 4.1 1.7
E

1e+01 -

D Currently a trade-off between long reads and high yield

O Read length limitations a function of library prep? DNA

0 25000 50000 75000 100000 delivery to pore?
Read Length

Nanopore sequencing chemistry: LSK108, R9.4



Improving Read Lengths: Size selection

—no size selection

—sheared (8kb)

—nanobind size select (>4kb)

— bluepippin size selection (>20kb)

Sheared | Nanobind SS | Blue Pippin SS
(4kb) (20kb)

D\ Reads 353k 2060k 400k 435k
1000 - ‘\ Yield 1.71Gb  10.1Gb 3.57Gb 3.65Gb
a N50 17.3kb  6.6kb 15.7kb 19.0kb

Median 1.2kb 5.1kb 6.8kb 4.3kb

Nanobind as a size selection alternative improves median
read length but has lower N50 than Blue pippin size select

Number of reads

10+
Sheared gDNA gives lower N50, but more reads >5kb.

Sequencing approach then depends on your study

Vil h
T

J question.

i |||"|\ LN l | l " l llil‘ll]l | l‘ | 1 ‘I l‘l M . . .

0 25000 50000 75000 100000 Is N50 best metric of sequencing success when selecting
Read Length for long reads?

Nanopore sequencing chemistry: LSK108, R9.4



Improving Read 150000 Norar . QY
Lengths :EEEE ﬁggg%
Shear * FFPE Repair

100000

75kb sheared

‘:E, — No repair
Q — FFPE repair 1
© — FFPE repair 2
50000 .
FFPE repair increases yield slightly for
samples sheared larger, but has no impact
on 15kb sheared input — for this specific -0

sample

1e+03 1e+05

Read Iength

Nanopore sequencing chemistry: LSK108, R9.4.1



Improving Read Lengths: Rapid kit RAD00O4

15 minute protocol

120001 Transposome Unsheared gDNA
Yield:
3Gb from 150K reads +
0.89Gb from >50kb reads 9000 l
‘% runtype l
o
S0kb FABS: =
45MB
Transposase cuts,
p B adds adapters
Uﬁf‘l 35MB 30001 ) -
B .
E e Sequencing adapters
E 25MB . \/ ' added /
5 2omB 100 10000 N
Read length
15MB il
|| Sequence
10MB
5MB
|III IIIIIIIIlllllll.II-II----_--_____-______ -

=3 T T
0B 81008 16.2KB  24.3KB 324kB  405KE  486KEB | 56.7TKE G4BKB 2 T29KB  B1.OKB 89.1KB  97.2ZKBE 105.3KE 1134KEB 171.5KB

Estimated Read Length

Nanopore sequencing chemistry: RAD0O03/R9.4; RAD004/R9.4.1



Methodology extensible to other plants U

Maize (MSU) SESE104
Tewmlnl =
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Q sample
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2 050
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n
% — Maize
194kb ]
Maize courtesy of B.
97kb Vaillancourt and Krystle
48.5kb 0.001 Wiegert-Rininger of the
240 280 320 C. Robin Buell Lab at
wavelength Michigan State University




Conclusions
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