


Protocol 1: Optimized ddRADseq (setting it up in new species with low number of samples)

1) Quantification of genomic DNA:
· -NanoDrop: Quality of the genomic DNA should be 260/280 > 1.8 and 1.8 < 260/230 <2.0.  
· -Qubit: 	Quantity of the genomic DNA should be estimated with dsDNA-specific assay if possible. We recommend using Qubit dsDNA Broad Range (Thermofisher). For the reaction it is required of 150 ng of DNA per sample, with a concentration of 10 ng/uL  
2) Genomic DNA integrity verification:
-Agarose 0,8% gel (Figure 1). 
-Fragment Analyzer or Bioanalyzer: alternatively, the integrity of a few genomic DNA can be verified using this equipment, especially when doing DNA extraction for the first time (Figure 2).
3) Digestion
· Tip: in order to select the best enzyme pair, if reference genome is available for the selected species (or a closest related one), start with in silico simulations of the digestion SimRAD (Lepais and Weir, 2014). If no reference genome is available, but there is some information about the species related to GC content, it is possible to use the software to predict enzyme pair performance. It is also useful to do in vitro digestion with different enzyme pairs (e.g.  SphI-MboI or PstI-MspI) and check the digestion profile on agarose gel 1.5%, Fragment Analyzer or Bioanalyzer (Figure 3). 
· Template DNA: 15ul - 10 ng/ul (normalized in H2O)
· Prepare the reaction mix (in ice):
· Note: This digestion mix is optimized for the enzyme pair SphI-MboI. For a different enzyme pair check for the best buffer option and the incubation temperatures.  
	Note: vortex well the Cutsmart Buffer.

	 
	x1 Reaction (µl)

	H2O
	11.4

	SphI-HF (20U/µl)
	0.12

	MboI (5U/µl)
	0.48

	Cutsmart Buffer 10X
	3

	Final volume
	15


· Mix and dispense 15 ul of the reaction mix to each sample (in ice) 
· Total reaction volume: 30 uL
· Mix and incubate in thermocycler:
I. 1h30m at 37 °C 
II. 20 min at 65 °C
· Check digestion of few samples on agarose gel (2 uL). A uniform smear distribution should be observed, with largest fragment starting below 3 Kb (Figure 3)  
· Proceed to AmpureXP purification (next step). 
· Tip: Take the AmpureXP beads to room temperature at least 30 minutes before starting the purification.
4) AmpureXP purification (1)
· Add 1.5 vol of AmpureXP Beads (45 ul) to each sample and mix (vortex)
· Incubate at room temperature (RT) for 5 min
· Precipitate beads on magnetic bed (MB) for 5 min
· Remove supernatant
· Wash twice with 80% ethanol (200 ul) – 30 seconds per wash. Then air dry (DO NOT OVER-DRY)
· Add 20 ul of EB Buffer (QIAGEN o 10mM TrisHCl, pH 8.5) 
· Mix and incubate 5 min at RT
· Place the sample on the MB for 2 min
· Transfer 18 uL of purified sample into a new sterile tube.
Note: Protocol can be stopped here and hold samples at 4°C

5) Ligation
· Thaw adapters on ice (for adaptor annealing, dilution and sequences see Appendix section).
· Prepare ligase mix on ice

	 
	x1 reactin (µl)

	T4 DNA ligase Invitrogen (1U/µl)
	2.4

	T4 DNA ligase buffer (5X)
	6

	H2O
	2.1

	SphI Adaptor (1µM)
	2

	MboI Adaptor (2µM)
	2.5

	Final volume
	15



· Mix thoroughly 
· Dispense 15 ul of the ligase mix to each samples at room temperature
· Incubation:
1. 23°C for 1h
2. 20°C for 1h
3. Heat kill at 65°C for 20 min
Note: Protocol can be stopped here and hold samples at 4°C

6) AmpureXP purification (2)
· Add 1.5 vol of AmpureXP Beads (45 ul) to each sample and mix (vortex)
· Incubate at room temperature (RT) for 5 min
· Precipitate beads on magnetic bed (MB) for 5 min
· Remove supernatant
· Wash twice with 80% ethanol (200 ul) – 30 seconds per wash. Then air dry (DO NOT OVER-DRY)
· Add 20 ul of EB Buffer (QIAGEN o 10mM TrisHCl, pH 8,5) 
· Mix and incubate 5 min at RT
· Place the sample on the MB for 2 min
· Transfer 18 uL of purified sample into a new sterile tube.
Note: Protocol can be stopped here and hold samples at 4°C

7) Quantify purified-ligated DNA with Qubit
· Quantify samples with Qubit (dsDNA Broad Range - BR) (2 uL of ligation + 198 ul of dsDNA BR Buffer with Qubit reactive)

8) PCR enrichment of libraries
	 
	x1 reaction (µl)

	HF NEB Buffer (5X)
	10

	dNTPS (10 uM) 
	1

	H2O
	20.5

	Phusion HF DNA polymerase 2U/µl  NEB
	0.5

	Primer F (12,5 µM - with index, Lange et al 2014)
	1

	Primer R (12,5 µM - with index, Lange et al 2014)
	1

	Final Volume
	34



· Dispense 34ul of PCR mix to 16 ul of each purified-digested DNA sample on ice (Final volume= 50 ul).

PCR conditions
* Use slow ramp if possible
	1 cycle
	95 ºC
	3 min

	10 cycles
	95 ºC
	30 seg

	 
	60 ºC
	30 seg

	 
	72 ºC
	45 seq

	1 cicle
	72 ºC
	2 min

	Hold
	8 ºC
	 



9) AmpureXP purification (3)
· Add 1.2 vol of AmpureXP Beads (60 ul) to each sample and mix (vortex)
· Incubate at room temperature (RT) for 5 min
· Precipitate beads on magnetic bed (MB) for 5 min
· Remove supernatant
· Wash twice with 80% ethanol (200 ul) – 30 seconds per wash. Then air dry (DO NOT OVER-DRY)
· Add 20 ul of EB Buffer (QIAGEN o 10mM TrisHCl, pH 8,5) 
· Mix and incubate 5 min at RT
· Place the sample on the MB for 2 min
· Transfer 20 uL of purified sample into a new sterile tube.
Note: Protocol can be stopped here and hold samples at 4°C

10) Quantify purified PCR with Qubit
· Quantify samples with Qubit (dsDNA Broad Range - BR) (2 uL of PCR + 198 ul of dsDNA BR Buffer with Qubit reactive)
· Check for amplification.

11) Pool samples

· Aliquot equimolar quantities of samples in one single tube (tip: use the whole volume of the less concentrated sample as reference and add equimolar quantities of the remaining samples)
· Concentrate to ~10ul using SpeedVac

12) Size selection with manual gel extraction
· Wash electrophoresis cube and parts well before starting. Incubate at UV.
· Prepare 1.5 % agarose gel in 1X autoclaved TAE buffer. 
· Preparing samples: 10 ul pooled Library + 2 ul xylene-cyanol. 
· Use 100 base pair (bp) ladder
· Electrophoresis: 1 hour at 90V.

· Execute size selection in trans UV:
Range 450 - 550bp (310 – 410 bp DNA insert) 
Store the agarose fraction in 2 mL Eppendorf tube 

13) DNA purification from agarose gel
· Perform the DNA purification using the QIAquick Gel Extraction Kit (QIAGEN), following manufacturer instructions.
· Note: Do the final elution in 17 ul EB buffer.
 
Note: Protocol can be stopped here and hold samples at -20ºC per one year.
14) AmpureXP purification (4)
· Add 1 vol of AmpureXP (17 ul) Beads to each sample and mix (vortex)
· Incubate at room temperature (RT) for 5 min
· Precipitate beads on magnetic bed (MB) for 5 min
· Remove supernatant
· Wash twice with 80% ethanol (200 ul) – 30 seconds per wash. Then air dry (DO NOT OVER-DRY)
· Add 20 ul of EB Buffer (QIAGEN or 10mM TrisHCl, pH 8.5) 
· Mix and incubate 5 min at RT
· Place the sample on the MB for 2 min
· Transfer 20 uL of purified sample into a new sterile tube.
Note: Protocol can be stopped here and hold samples at 4°C

15) Preparing libraries for sequencing:
· Quantify the libraries with Qubit (dsDNA Broad Range - BR) (2 uL of library + 198 ul of dsDNA BR Buffer with Qubit reactive) – Around 10ug/ ul are expected when using 8 DNA/ Library.
· Check the library profile (i.e. range of Size selection) and integrity in Fragment Analyzer or Bioanalyzer (Figure 4). 
· Estimate library molarity:



· Dilute the library to 4 nM.
· Prepare 20 pM Library: 
	4 nM Library
	5 µl

	0,2N NaOH
	5 µl

	HT1
	990 µl

	vf (library 20 pM)
	1000 µl


· Dilute library to 15 pM (450µl library 20 pM + 150 µl HT1).
· Final sample for sequencing: 540 µl of the 15 pM library + 60 µl of 20 pM PhiX (PhiX final concentration: 10%).
· Next generation Sequencing
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Figure 1: 0.8% Agarose gel for verification of the genomic DNA integrity. (From left to right) 23 KB ladder, Eucalyptus dunnii genomic DNA1, E. dunnii genomic DNA2.


Figure 2: Fragment Analyzer for verification of the E. dunnii genomic DNA integrity. Molecular weight: 28884bp
[image: ]
[image: ]Figure 3: 1.5% Agarose gel for verification of the performance of the DNA digestion reactions in E. dunnii. (From left to right) 1Kb Ladder, SphI-MboI digestion, PstI-MspI digestion.
Note: All of the fragments generated with the combination SphI-MboI were < 3Kb.

[image: ]Figure 4: Fragment Analyzer for verification of the performance of the DNA digestion using SphI-MboI in E. dunnii. 



[image: ]Figure 5: Fragment Analyzer for verification of the generated library after PCR and Size Selection in the range 450-550 bp.








Adapter annealing
- Single-stranded stock oligos are expected to be at 100 uM
· Prepare Annealing buffer stock (10X) (100 mM Tris HCl, pH 8, 500 mM NaCl, 10 mM EDTA)

- Prepare enzyme 1 and enzyme 2 adapter stocks as following:
	Regent
	Volume (µl)

	H2O
	50

	Adapter plus strand - enzyme 1  (100uM)
	20

	Adapter minus strand – enxyme 2 (100uM)
	20

	Annealing Buffer (10x)
	10

	Final Volume (20 µM)
	100



Note: expected concentration of double-stranded adapters is about 20uM

- In a thermocyler, incubate at 94°C for 2.5 minutes, and then cool at a rate of not greater than 1°C per minute until the solution reaches a temperature of 21°C. Hold at 4°C.
- Working solutions for our ddRADseq protocol are:
· 1.0 uM for barcoded (rare) double-stranded adapter
· 2.0 uM for common (frequent) double-stranded adapter


Used universal adaptor sequences (adapted from Peterson et al. 2014)
[image: ]
PCR with index Primers sequences (Lange et al 2014)
[image: ]


Tested combinations of primers:
[bookmark: _GoBack][image: ]
4

image4.png




image5.png
ulp

vor

—o00t

- 008
ooz

- 005

- ooy

- 00

- o0z

oot

1550

1461




image6.emf
Oligo nameBarcode SequenceOligo sequence 5' ModificationPurification

SphIA

/

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCATG

/ /

SphIB

/

AGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT /5Phos/ HPSF

MboIA

/

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT

/ /

MboIB

/

GATCAGATCGGAAGAGCGAGAACAA /5Phos/ HPSF
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Index2, Forward Index Sequence Outer Primer as Ordered

F1_01 TAGATCGC AATGATACGGCGACCACCGAGATCTACACTAGATCGCACACTCTTTCCCTACACGA

F1_02 CTCTCTAT AATGATACGGCGACCACCGAGATCTACACCTCTCTATACACTCTTTCCCTACACGA

F1_03 TATCCTCT AATGATACGGCGACCACCGAGATCTACACTATCCTCTACACTCTTTCCCTACACGA

F1_04 AGAGTAGA AATGATACGGCGACCACCGAGATCTACACAGAGTAGAACACTCTTTCCCTACACGA

F1_05 GTAAGGAG AATGATACGGCGACCACCGAGATCTACACGTAAGGAGACACTCTTTCCCTACACGA

F1_06 ACTGCATA AATGATACGGCGACCACCGAGATCTACACACTGCATAACACTCTTTCCCTACACGA

F1_07 AAGGAGTA AATGATACGGCGACCACCGAGATCTACACAAGGAGTAACACTCTTTCCCTACACGA

F1_08 CTAAGCCT AATGATACGGCGACCACCGAGATCTACACCTAAGCCTACACTCTTTCCCTACACGA

F1_09 TGAACCTT AATGATACGGCGACCACCGAGATCTACACTGAACCTTACACTCTTTCCCTACACGA

F1_10 TGCTAAGT AATGATACGGCGACCACCGAGATCTACACTGCTAAGTACACTCTTTCCCTACACGA

F1_11 TAAGTTCC AATGATACGGCGACCACCGAGATCTACACTAAGTTCCACACTCTTTCCCTACACGA

F1_12 ATAGAGGC AATGATACGGCGACCACCGAGATCTACACATAGAGGCACACTCTTTCCCTACACGA

F1_13 GGCTCTGA AATGATACGGCGACCACCGAGATCTACACGGCTCTGAACACTCTTTCCCTACACGA

F1_14 AGGCGAAG AATGATACGGCGACCACCGAGATCTACACAGGCGAAGACACTCTTTCCCTACACGA

F1_15 TAATCTTA AATGATACGGCGACCACCGAGATCTACACTAATCTTAACACTCTTTCCCTACACGA

F1_16 CAGGACGT AATGATACGGCGACCACCGAGATCTACACCAGGACGTACACTCTTTCCCTACACGA

Index1, Reverse (some of the 96) Index Sequence Outer Primer as Ordered

R_8 TACTCTAC CAAGCAGAAGACGGCATACGAGATTACTCTACGTGACTGGAGTTCAGACGTG

R_9 ATAAGCTA CAAGCAGAAGACGGCATACGAGATATAAGCTAGTGACTGGAGTTCAGACGTG

R_20 TACCGGTG CAAGCAGAAGACGGCATACGAGATTACCGGTGGTGACTGGAGTTCAGACGTG

R_21 ATCGAAAC CAAGCAGAAGACGGCATACGAGATATCGAAACGTGACTGGAGTTCAGACGTG

R_31 ATAGGAAT CAAGCAGAAGACGGCATACGAGATATAGGAATGTGACTGGAGTTCAGACGTG

R_32 ATTAGTTG CAAGCAGAAGACGGCATACGAGATATTAGTTGGTGACTGGAGTTCAGACGTG

R_43 TAAAGCTA CAAGCAGAAGACGGCATACGAGATTAAAGCTAGTGACTGGAGTTCAGACGTG

R_44 ATCGATTA CAAGCAGAAGACGGCATACGAGATATCGATTAGTGACTGGAGTTCAGACGTG

R_55 ATGGAACT CAAGCAGAAGACGGCATACGAGATATGGAACTGTGACTGGAGTTCAGACGTG

R_56 ATTGACAT CAAGCAGAAGACGGCATACGAGATATTGACATGTGACTGGAGTTCAGACGTG

R_67 ATATTATA CAAGCAGAAGACGGCATACGAGATATATTATAGTGACTGGAGTTCAGACGTG

R_68 ATTCGGGA CAAGCAGAAGACGGCATACGAGATATTCGGGAGTGACTGGAGTTCAGACGTG

R_79 TATGACAT CAAGCAGAAGACGGCATACGAGATTATGACATGTGACTGGAGTTCAGACGTG

R_80 TAGGACGG CAAGCAGAAGACGGCATACGAGATTAGGACGGGTGACTGGAGTTCAGACGTG

R_91 TAGTCGTC CAAGCAGAAGACGGCATACGAGATTAGTCGTCGTGACTGGAGTTCAGACGTG

R_92 TAGCTGTA CAAGCAGAAGACGGCATACGAGATTAGCTGTAGTGACTGGAGTTCAGACGTG


image8.emf
Forward Reverse

F1_01 R1_80

F1_02 R1_92

F1_03 R1_09

F1_04 R1_21

F1_05 R1_31

F1_06 R1_43

F1_07 R1_55

F1_08 R1_67

F1_09 R1_79

F1_10 R1_91

F1_11 R1_08

F1_12 R1_20

F1_13 R1_32

F1_14 R1_44

F1_15 R1_56

F1_16 R1_68
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