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Protocol status: Working

We use this protocol and it's working
Created: April 25, 2022

Last Modified: January 26, 2023

Protocol Integer ID: 61381

Keywords: Tardigrades, Eutardigrade, Tardigrada, DNA, DNA Subway, Phylogenetics, BLAST, MEGA, Undergraduate research,
DNA extraction, Lichen, Moss, Multiple Sequence Alignment, Undergraduate, phylogenetic characterizations of tardigrade,
diversity of tardigrade, isolating tardigrade, tardigrades from moss, tardigrade, phylogenetic characterization for undergraduate
student, tardigrade isolation, phylogenetic characterization, phylogenetic analysis, lichens along with simple step, lichen, dna
sequence, pcr amplification of ribosomal gene, ribosomal gene, free bioinformatics software mega, sequenced dna, various
morphological feature, complete guide for the isolation, orthologs from the ncbi database, free online dna subway platform

Abstract

Here we present a complete guide for the isolation and phylogenetic characterizations of tardigrades suitable for
the undergraduate level. The protocol provides guidelines for isolating tardigrades from moss and lichens along
with simple steps for isolating their DNA and performing PCR amplification of ribosomal genes. Sequenced DNA is
first processed with the free online DNA Subway platform. DNA sequences are then used to collect orthologs
from the NCBI database for phylogenetic analysis using the free bioinformatics software MEGA. Following this
simple protocol will allow students to explore the diversity of tardigrade, explore their various morphological
features using microscopy and to characterize tardigrades using DNA sequencing and phylogenetic analysis.

Image Attribution
Martin Alberg, IRSC

Protocol materials

&3 Invitrogen™ UltraPure™ DNase/RNase-Free Distilled Water Thermo Fisher Scientific Catalog #10-977-015
&3 GeneJET Genomic DNA Purification Kit Thermo Fisher Catalog #K0721

Safety warnings

©® Use caution when using cutting utensils during lichen and moss collection.
Use gloves when handling DNA gels stained with SYBR safe or other DNA staining reagents.
Use proper eye protection when viewing DNA gels under UV light.
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I Collecting Lichens and Moss for Tardigrade Isolation

1 Gather materials required to collect Tardigrades from environmental samples.
= Lab notebook
= Petri dish or shallow clear container
= Razor blade or pocket knife
= Pen or marker
= GPS enabled device

2 Find a lichen or moss growing on any substrate, such as trees, mulch beds, decaying
wood, shaded rocks or brick walls. Lichen and moss can grow in a variety of different
habitats, but in general, mosses like areas that are damp and lichens like porous

surfaces. Take pictures of the sample site and record relevant observations like date,
temperature, rain/moisture levels and height of the sample.

3 Holding a petri dish under the moss or lichen you have found, begin scraping the sample
off into the dish. Collect approximately enough sample to cover a quarter to half of a
petri dish. Close the petri dish for storage. Try to leave some moss or lichen behind for it
to regrow.
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4

Record sample data on your petri dish with permanent marker. Write down your name,
create a sample number (Moss 1/Lichen 1, etc.), and the date you collected the sample.
In a lab notebook, record a description of the location, the type of substrate from which
the sample was collected, GPS coordinates of the sample location (drop a pin at your
location using your phone's “maps” app, click on the pin and it should give you GPS
information), local weather, and description of the moss or lichen sample (color, texture,
general appearance). Write down any additional notes that may be relevant. Record all
this information in a lab notebook to keep your labeling consistent and to have a backup
when the paper bag eventually gets thrown out.

Store each sample in a closed petri dish in a refrigerator (4°C) until ready to saturate and
isolate Tardigrades.

Finding Tardigrades in Lichens and Moss

6

Soak your sample in the petri dish with deionized (DI) water. Use enough water to allow
the sample to be submerged, but you do not need to cover the entire plate with water.
We have found that the longer it sits in water, the more Tardigrades start waking up. So,
you may want to soak your sample in the morning to look through in the afternoon. One
strategy is to soak the sample in water, gently stir then incubate for 5-10 min at 37°C.
Observe the petri dish for Tardigrades as described below, then re-incubate for another
10 min at 37°C and look for more Tardigrades. Repeat this process as more Tardigrades
become visible. This may cause a selection bias in which Tardigrades are isolated.
However, it seems to expedite the rehydration process. Another approach is to simply
soak the samples at room temperature and check periodically hourly, or in 24-hour
internals.

When you are ready to look for Tardigrades, use the 4X objective lens (40X total
magnification) on a light microscope to look around the petri dish. Move the dish slowly
as you scan the dish in all directions. If you move too fast, the water will slosh around
making it very difficult. Pay close attention to the areas near the moss or lichen sample,
these are the areas you are most likely to find the Tardigrades. Look for movement and
for motion under fragments of moss or lichens. Switch to the 10X (100X total
magnification) objective and observe closely. Record the types of organisms observed.
Many rotifers, nematodes, moss mites, amoebas, paramecium and other microorganisms
will be visible with patient observation.

In your notebook, write down the sample number for the moss or lichen sample you are
analyzing, all the information you gathered about that sample and how many Tardigrades
you found as you find them.
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8

10

11

As you find Tardigrades, you will want to give them a number (e.g., Moss 1, Tardigrade 1;
Lichen 4, Tardigrade 18). Again, keeping track of information and being able to relate it
back to the sample it came from is extremely important, so try to organize this all in a
way that is consistent.

When you find a Tardigrade, take several pictures so that it can be identified using a
Tardigrade identification key. Even if the Tardigrade cannot be identified by
morphological features, simply recording the total number of Tardigrades per sample is
valuable data.

You now need to collect the single Tardigrade using a Pasture pipette. Collect the
Tardigrades one at a time, taking care to label the microcentrifuge tube they go in to
match your records. Collecting multiple Tardigrades per tube will provide difficulties with
the DNA sequencing steps. To collect the individual Tardigrades, while looking through
the microscope at 40X, bring the pipette into the field of view. Then, slowly move the tip
of the pipette close to the Tardigrade. Slowly pull up water, bring up as little as possible
- less than 100 pl if possible. Be careful not to pull water all the way up into the bulb of
the pipette, which will make it hard to transfer the Tardigrade to the collection
microcentrifuge tube.

Squirt the water and the Tardigrade out of the pipette and into a 1.5 mL microcentrifuge
tube. Label the top of the microcentrifuge tube with whatever number you gave that
individual Tardigrade. The best way to label it is something referring to what number
moss/lichen it came from and which number Tardigrade it is, and the date. Good example
labels would be: M2T4 (moss sample 2, Tardigrade 4) or L3T2 (lichen sample 3,
Tardigrade 2).

The isolated Tardigrades can be safety stored in the refrigeratorat § 4 °C for later

identification and to extract their DNA. Store tubes in a labeled rack at § 4 °C until

ready to proceed. The samples should be stable for an extended period, weeks to
months, or longer.

Isolation of Tardigrade DNA

12

Guidelines: Make sure all materials are sterilized ahead of time.

Materials:
1.5 mL microcentrifuge tubes

50% Ethanol
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13

14

15

Invitrogen™ UltraPure™ DNase/RNase-Free Distilled Water Thermo Fisher
Scientific Catalog #10-977-015

Invitrogen UltraPure DNase/RNase-Free Distilled Water (ThermoFisher)

Equipment

Fisherbrand™ Pellet Pestles™ NAME

Pestles with microcentrifuge tubes TYPE

Thermo Fisher Scientific BRAND

12-141-367 SKU
LINK

https://www.fishersci.com/shop/products

Resuspend protein and DNA pellets or grind soft tissue in SPECIFICATIONS

microcentrifuge tubes

Pestles

&3 GeneJET Genomic DNA Purification Kit Thermo Fisher Catalog #K0721
GeneJET Genomic DNA Purification Kit (ThermoFisher)

Isolate one Tardigrade in a sterile 1.5 mL microcentrifuge tube and grind it up with a
sterile pestle. Make sure there is not too much water in the collection tube, less than 100
Kl is best. If excess water needs to be removed, take care to not accidently remove the
Tardigrade with the excess water.

Add & 180 uL of Digestion Solutionand & 20 uL of Proteinase K Solution. Mix

thoroughly by vortexing or pipetting the volume up and down to obtain a homogeneous
suspension. The sample can be ground in the tube using a microcentrifuge pestle. If a
pestle is used, carefully spin the pestle in the solution to make sure all residual
Tardigrade tissue is removed from the pestle and remains in the solution.

Incubate the sample at § 56 °C until the Tardigrade is completely lysed. Since the

sample is small (< 5 mg) it is recommended to incubate for at least one hour. During
incubation, vortex the centrifuge tube occasionally.
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16

17

18

19

20

21

22

23

Add & 20 puL of RNase A Solution. Mix by vortexing then incubate for Q') 00:10:00 at

room temperature.

Add &4 200 pL of Lysis Solution. Mix thoroughly by vortexing for Q') 00:00:15 untila

homogeneous mixture is obtained.

Add & 400 uL of 50% ethanol and mix by vortexing or pipetting up and down.

Transfer the prepared lysate to a GeneJET Genomic DNA Purification Column inserted in
a collection tube. Centrifuge the column for Q') 00:01:00 at @ 6000 x g . Discard

the collection tube containing the flow-through solution. Place the GeneJET Genomic
DNA Purification Column into a new 2 mL collection tube.

Add 4 500 uL of Wash Buffer | (with ethanol added). Centrifuge for Q') 00:01:00 at

@ 8000 x g . Discard the flow-through and place the purification column back into the

collection tube.

Add & 500 uL of Wash Buffer Il (with ethanol added) to the GeneJET Genomic DNA

Purification Column. Centrifuge for ) 00:03:00 at maximum speed = @ 12000 x g -

(Optional: If residual solution is seen in the purification column, empty the collection tube
and re-spin the column for Q') 00:01:00 at maximum speed. Discard the collection tube

containing the flow-through solution and transfer the GeneJET Genomic DNA Purification
Column to a sterile 1.5 mL microcentrifuge tube.)

Add &4 30 L of sterile Invitrogen UltraPure DNase/RNase-Free Distilled Water to the

center of the GeneJET Genomic DNA Purification Column membrane to elute genomic
DNA. Incubate for ) 00:02:00 at room temperature and centrifuge for @) 00:01:00

at @ 8000xg -

Discard the purification column and use the purified DNA immediately in downstream
applications. Otherwise, store the DNAat § -20°C .
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PCR Amplification and Gel Electrophoresis 45m

24 PCR amplification of the isolated Tardigrade DNA can be completed using a variety of
primers. Primers for the 18S and 28S rRNA genes, ITS2 and COI are available from this
reference (https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0192210)
For our analysis we primarily used the 18S rRNA gene primers.

25 PCR Master Mix: prepare the following master mix for PCR amplification. Multiply the
volume needed of each reagent by the total number of samples to be amplified, plus 2
for pipetting error.

PCR Master Mix:
= Promega Green GoTaq: & 12.5 uL

= Forward primer ( [M1 10 micromolar (uM) ): & 0.5 pL
= Reverse primer ( [M110 micromolar (uM) ): & 0.5 uL

» Sterile water: 4 12.5 uL

26  Setting up PCR reactions 12m

= After preparing enough master mix for all of your samples, dispense &4 24 uL of the
master mix into 0.2 uL PCR tubes.
» Then,add & 1uL of one sample of Tardigrade DNA to only one tube.

= Place tubes in thermocycle and run following these parameters

PCR Program Steps:

1. § 95°c for &) 00:01:00
2. § 95°Cc for ) 00:01:00
3. §60°C for @) 00:01:30
4. § 72°Cc for @ 00:01:30
5. Repeat steps 2-4; 35 times
6. § 72°c for &) 00:07:00
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27 Gel electrophoreses and DNA Sequencing preparation

In a 250 mL Erlenmeyer flask, prepare a 1% agarose gel using 1X TAE (
[M1 40 millimolar (mM) Tris-acetate and (M1 1 millimolar (mM) EDTA at (gu 8.3 ).

Example: & 0.4 g agaroseand & 40 mL of IXTAE. Include a SYBR Safe dye at
the appropriate volume ( & 4 uL SYBRsafefor & 40 mL gel)

Microwave to completely dissolve agarose. Stop periodically to carefully stir to
prevent solution from bubbling over.

Load 10-15 ul of PCR product directly from PCR tube (no loading dye required).
Use appropriate ladder.

Run gel for @) 00:45:00 at 100 volts

View gels under UV light, take images and record notes in lab book. Document the
band intensity and any non-specific amplification (second bands). Also, record if
there is any notable smearing or other indications of degradation. A single bright band
should be visible around 1300 bp. Light or weak amplified products may still be
sequenced.

For DNA sequencing, prepare DNA following guidelines for your DNA sequencing
center. From our work using the 18S rRNA gene primers, PCR products that showed
strong bands on gels were diluted 1:1 with sterile water and PCR products that showed
faint bands were not diluted prior to sending for sequencing. Sequence each sample
with a forward and reverse primer, separately.

Using DNA Subway for DNA Sequence Clean-up

28 Analysis of the sequencing quality and merging forward and reverse sequences can be
completed using the Blue Station: Determine Sequence Relationships.

Overall, DNA subway allows you to:

Trim sequence files: remove any poorly sequenced regions that show up as an "N" or
otherwise ambiguous.

Align the forward and reverse sequences to make a consensus sequence

BLASTnN to search for related sequences at GenBank within DNA Subway, or generate
a FASTA file for BLASTn searches on your own at NCBI.

29 Importing DNA sequences into DNA Subway
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Log in to DNA Subway as a Guest: https://dnasubway.cyverse.org/
Click on the Blue Route (the blue box)

FAST TRACK TO GENE ANNOTATION AND GENOME ANALYSIS

D N A

S U B W AY

LoG out Guest P4b9km

Public
Projects

& Cd
et ewﬁeﬁ 5“”:;&0
= Annotate . i (¢ (o
Sequence . 63:,%63
o)
0% d“e&
Prospect %ﬁh Alignment

;enomes
using TARGeT Tree Viewer

P‘%»’M P"ﬁo&’“‘& e
g::nnmo D:H = = . & Browsers
uence
Relationships & Transfer
-
DNA Subway ties together key bioi ics tools and ¢ to gene models. ir , work with

phylogenetic trees and analyze DNA barcodes. Roll over the "stations” on the subway map to find out more about the analysis
steps. Analyze your own data or sample data provided. To start a project, select one of the “lines” (red, yellow, blue, green,
purple). Register and login to be able te save and share your results.

[t

@

Better with Firefox

Java
Configure Java

DNA Subway Training

DNA Barcoding 101

* About

® Credits ® Resources ® ContactUs

© Background @ Manual @ Tour

& CYVERSE

gcsHd Cold Spring Harbor Laboratory

30  Select the Phylogenetics DNA option

Click on browse to find your two matching AB1 files from your folder. Select both of the
files to be uploaded. These should be the forward and reverse DNA sequences for a

sample.
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FAST TRACK TO GENE ANNOTATION AND GENOME ANALYSIS

LoG ouT Guest P4bShnt

A

0ege o
h‘?ﬁ:\’d& 5 M N‘”‘ﬁ

S U B W A Y

—~ 0 0

Select Project Type*

Public
Projects

Phylogenetics: Barcoding
.2““‘*‘2 @ DNA O rbeL
Sequence O Protein O col
Pros O miDNA QO 165
Genomes Qs
using TARGET e

Select Sequence Source *

Detormine
Sequence
Relationships

@® Upload AB1 trace files or sequences in FASTA format
(max 150kb)

“7 Browse... ”

O Enter sequences in FASTA format (max 150kb):

abar g
Analysis |

Import trace files from DNALC
O select a set of sample sequences:

GAl Genes
ADH Genes

@ Background @ Manual @ Tour

\@ Browsers & Transter

Name Your Project *

Project title:

Description

Total characters (max 140} 0

* Required information

& CYVERSE

31  Click Sequence Viewer
= Scroll left to right along your sequences

Notice the “Ns" these are bases that were not sequenced well. We will remove them in

the next step.
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Guest P4h%hm

ﬁ"fd‘i"c@ .50»""* a"ﬁ:ﬁ‘oﬂg

Poet ?‘51”’ P‘%ﬂ

e
Ar .

m— B
&

S U B W A

\Q Browsers & Transfer
N — ”

SEN

a Gl Sequence Viewer
Sed
Pr
G_g T1_2F-18sF |& TGATAGTACCITACTACT TGGATARCCCTGETAAT TCTAGAGCTAATACATGCTARAARTCCCGACTICGE
using T. =
T1_2R18sR gy NNNNNNRNNNNNCATTTCTITIRGIITCAGCCIIGCGACCATACTCCCCCIGGAGCCCARRCACTTIGATITCICGTRARAGGTIGCCGRRCE
Dot < >
Relatio

32  Click Sequence Trimmer
= Scroll left to right along your sequences
= Notice the “Ns" have been removed
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LoG out Guest P4b%hm

o

~209

Browsers & Transfer

e
“‘%
N
v N

®
] P =

Ly Sequence Trimmer

() “our saquences have been trimmed

TGATAGTACCTTACTACT TGGATAACCGTGETART TCTAGAGCTARTACATGCTAARARTCCCGACTTCGGARGEEATGTATTIATTAG

T1_2F18sF ¢
T1_2R18sR 43 CAITTCIITAGTTICAGCCTIGCGACCATACICCCCCIGEAGCCCARACACTITGATTICTCGTARGGTGCCGAACGAGTCARTIATTIT
< >

33 Click Pair Builder
= \We need to pair the forward and reverse.
= But, we need to reverse compliment the reverse sequence so it aligns.
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LOGOUT Wliesr Faoyam

e . \ '
iflets ) " o™ o
S o=

R  PairBuider ) (® -( BLASTN ) UJ'I.—( MUSCLE )
Sannpat l — I r— .]
Ve Pair Builder @

5
Halat

Browsors & Transfer

)

T1_2F-18sF  TGATAGTACCTTACTACTTGGATAACCGTGGTAATTCTAGAGCTAATACATGCTAMMAATCCCGN F [] Fy Auto Pair
-'l_-"H'M"‘R TTATNGTTATT TGATAGTMNC TEACTAC TTGGATAACCGTGETANT TCTAGAGCTAATRCATGET, R [ T i 5 "

> Try auln pairing

(1) Enable Sell Pairing

Enabig ¥

Click The “F” by the end of the Reverse
C Sequence. It will become a red “R”

34 Pair and Save your sequences. First, mark each box at the end of the forward and
reverse sequences. Choose "Yes" to pair them. Then, click on "Save" to save your pairs.

T1_2F-185F  TGATAGTACCTTACTACTTGGATAACCGTGGTAATTCTAY Would you like to pair these | ) fz Auto Pair

T1_2R-185R  TTATNGTTATTTGATAGTNNCTTACTACTTGGATAACCHY TWO sequences? R [ @
Try auto pairing *
(i) Enable Self Pairing
Enable @
Select both sequences
Choose Yes to Pair
T1_2F-185F  TGATAGTACCTTACTACTTGGATAACCGTGGTAATTCTAGAGCTAATACATGCTAMMAATCCCGA! F fiz Auto Pair
T1 2R-18sR  TTATNGTTATTTGATAGTNNCTTACTACTTGGATAACCGTGGTANTTCTAGAGCTAATNCATGCT: R Reset

(1) Save Your Pairs

Once you have updated your
pairs, you must save them.

Choose Yes to Save » Save

(i) Enable Self Pairing

Enable @
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35 Click Consensus Builder

= Scroll across and see your Forward and Reverse sequences aligned, and the
consensus sequence on the bottom.

= Notice how the consensus uses the two sequences to generate one sequence that is
more complete.

T Browsers & Transfer
s )
—
I
enomic
quence | a1

@ eastv ) ®H_ Muscie )
‘ospect
momes
ARGeT (R Upload Data

] ,:’g{:.( PHYLIP NJ )

Consensus Editor

T1.2 Pair T1_2 [Edit Name]

GATAGTACCTTACTACTTGGATAACCGTGGTAATTCTAGAGC TARTAC,
: PPATHNGTTATTTGATAGT TRCTACTTGGATAACCETGETANTTCTAGAGCTA.

i
i
C; : TTATNGTTATTTGATAGTACCTTACTACTTGGATARCCGTGGTARTTCTAGAGCTARTAC,

[Trim Consensus

36  Click BLASTN

You can then select the consensus sequence in the pop up box and copy and paste it to
use in BLASTN on your own (recommended), or run BLASTN in DNA Subway by clicking
BLASTN. Save your sequence to your electronic records for BLAST searching and
phylogenetic analysis. Save sequence in FASTA format by giving your sequence a name
that relates to the sample the DNA sequence came from.

Example of FASTA format is:

>Tardiagrade_Sample_1
TTATNGTTATTTGATAGTACCTTACTACTTGGATAAC...
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~ Name Sequence Action

iy 55 TAINGIIATTTGATAGTACCTTACTACTIGGATARCCGIGETAATTCTAGAGCTARTACH BLAST

I Using NCBI BLASTN to collect sequences from closely related Tardigrades

37 NCBI BLASTN tool is used to search for close matches to your Tardigrade DNA
sequences. Following the BLASTN search, matches, or "hits" will be displayed. You will
want to collect matches that have high query coverage (>85%). When you collect these
sequences from NCBI, you will want to record the sequence accession humber, the
Tardigrade's scientific name or taxonomic description, the location and year the sample
was collected, if there is any associated journal article and any other information of
interest. Save the sequence for the top matches in your electronic lab book. Make sure to
keep the accession number with each corresponding sequence.

38  Running a BLASTN search.

Go to BLASTN at NCBI. Paste a single DNA sequence into the "Enter Query Sequence
Box". Scroll down and click "BLAST."
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BLAST @ blastn suite

- EER o=r blastx thlastn thlastx
BLASTN programi

Enter Query Sequence

Enter accession number{s), gi(s), or FASTA sequence(s) @ ciear qur&lt!aﬂgeo
>MM_sampie1 S | ,—|
TTATHGTTATTTGATAGTACCTTACTACTTGCATAACCETGGTAATTCTAGA S

GCTAATACATRCTAAAAATCCCBACTTCOGAAGGRATGTATTTATTAGATTA ~

AAAACCAATGCCCTCTGGBCTCTCTGGBTBATTCATGATAACTTICTCGAAT | To 1
Or, upload file Choose File | No file chosen %)
e [MW1_szmpieT

Enter a descriptive title for your BLAST search @

(] Align two or more sequences 2]

Choose Search Set

Database @ Standard databases (nr stc ). rRNAITS databases Genomic + transcript datsb () Belac
| Nuclsotide collection (nr/nt)_ v 1@

Organism —

s [ o Gloors vl e 503 1) excide
Enter orgarism comman nams, bincmial, or tax id. Only 20 fop laxa will be shown 0

Exclude ) Modals (XMXP)[_] Uncultured/anvironmental sample sequences

Opticnal

Limit to __| Sequences fram type material

Optonal -

Entrez Query | Youlll Create custom database

Ogtional

Entaran Entraz quary fo imi search @

Program Selection
Optimize for ® Highly similar sequences (megablast)

| More dissimilar sequences (discontiguous megablast)
.} Somewhat similar sequences (blastn)
Chooss: 3 BLAST algorithm @

- Search database Nucleotide collection (nrint) using Megablast (Optimize for highly similar sequences)

|| show resutts in 3 new window

39 Once the results load, scroll down and view the results listed under the descriptions tab.
You will want to choose 3-5 sequences to collect for phylogenetic analysis.

Here are some guidelines to help you choose which sequences to collect. Look for

matches that:

= Are nearly as long as your sequence. See column labeled Acc. Len (accession
length).

= Have high query coverage

= Have distinct accession numbers. For example sequences with accession numbers
MH66434.1 and MH66433.1 are likely very similar, have same predicted scientific
name and will not likely add to our phylogenetic analysis.

= Have different predicted scientific names. From the image below, it would be good to
choose a representative sample from the Paramacrobiotus sp, Paramacrobiotus
richtersi and Paramacrobiotus fairbanksi.

See next step for directions for collecting the sequence.
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- Graphic Summary Alignments Taxonomy

producing significant al Download ~ Select

&3 selectall 100 sequences sefected GenBank  Graphics

Paramacrodiotus fairbanksi jsolate Par11eggs ATN7 1 small subunit ribosomal RNA gene, partial sequ. . Paramacrobiotus fairbanksi 1129 2090 99% 00 96.56% 1725 MNIG03041

R g
Paramacrobiotus so_strain BR.009 small subunit nbosomal RNA gene. partial sequence Paramacrobiolus sp. 1181 2103 99% 00 97.16% 1018 MHE648341
Paramacrobiotus sp_strain TZ.018 small subunit ribosomal RNA gene, partial sequence Paramacrobiotus sp. 1151 2107 99% 0.0 97.16% 1025 MHG664933.1
Macrobiotus richtersi groun 2 18S ribosomal RNA gene_partial seauence Paramacrobiotus richtersi 1151 2107 99% 0.0 97.16% 1814 EL0380801
Paramacrobiotus sp._strain MG.002 small subunit ribosomal RNA gene. partial sequence Paramacrobiotus sp. 1140 2077 99% 0.0 96.86% 1017 MHG64939 1
richiersi group 3 185 nbosomal RNA gene, partial sequence Paramacrobiotus richtersi 1140 2096 99% 00 9686% 1814 EU0380811
Patamacrobiotus 5p. strain TN.014 small subynit ribosomat RNA gene, parial sequence ‘Patamacrobiotus s 1129 2090 99% 00 96.56% 1024 MHEG48451
sp. sirain PT.048 small subunit ribosomal RNA gene, pariial sequence Paramacrobiotus sp. 1129 2087 99% 00 9656% 1019 MHE54044 1
Patamacrobiotus fairbanksi strain PL.035 small subunit ribosomal RNA ges rtial sequence Paramacrobiotus fairbanksi 1129 2090 99% 00 96.56% 1022 MHG664942.1
Paramacrobiotus faicbanks! strain PL.018 small subunit ribosomal RNA gene, partiai sequence: Paramacrobiolus fairbanksi 1129 2090 99% 0.0 96.56% 1015 MHG64941.1
F 5D. sirain NZ.001 small subunit ribosomal RNA gene, partial sequence Paramacrobiotus sp. 1129 2090 99% 00 96.56% 1026 MHG664940.1
Paramacrobiotus sp. strain NO,336 small subunit ibosomal RNA gene. partial sequence Earamacrobiotus sp. 1129 2090 99% 0.0 96.56% 1016 MHE649391
sp. sirain HU.012 small subunil ribosomal RNA gene, parfial sequence Paramacrobiotus sp. 1129 2085 99% 00 9656% 1015 MHE64935 1
Paramacrobiolus sp. strain FR.077 small subunit ribosomal RNA gene, partial sequence Paramacrobiotus sf, 1129 2090 99% 0.0 96.56% 1024 MHE649351
[/} sp. strain AU 044 small subunit ribosomal RNA gene, parfial sequence Paramacrobiotus sp. 1129 2090 99% 00 96.56% 1030 MHE64932.1
E 5p. TYO gene for 18S nibosomai RNA. partial sequence Paramacrobiotus sp. TYO 1129 2063 99% 00 96.56% 1816 LC6372431
fairbanksi isolate Par10eggs ATN7 1 small subunit ribosomal RNA gene_pariial sequ .. P; Cl fairbanksi 1129 2090 99% 00 9656% 1725 MNOG0302 1
Macrobiotus richtersi group sp. NG-2008 isolate Tar708 188 ribosomal RNA gene_partial sequence Paramacrobiotus richtersi . 1120 2090 09% 0.0 06.56% 1767 FJ4357431
Macrobiotus richlersi group 1 18S nbosomal RNA gene _partial sequence Paramacrobiotus nchtersi 1129 2085 99% 00 9556% 1814 EL0320781

Paramacrobiotus fairbanksi isolate Par10eggs ATN7 2 small subunit ribosomal RNA gene, partial sequ... Paramacrobiotus faifbanksi 1123 2085 99% 0.0 96.41% 1717 MNG60303.1

40 Collect sequences in FASTA format. Once you know which sequences from the blast
results you would like to collect, click on the accession number to access the GenBank
Nucleotide page for that sequence. Record important metadata about the sequence, like
the taxonomic classification, any associated journal articles and information about the
sample (like data and geographic location the sample was collected).

To collect the sequence, click on "FASTA" in the top right of the page. Then, copy and
paste the entire sequence, including the ">sample name" line, as shown highlighted in
yellow below.

Paramacrobiotus filipi strain MY.098 small subunit ribosomal RNA gene, partial

sequence 4
Paramacrobiotus filipi strain MY.098 small subunit ribosomal RNA gene, partial

GenBank: MT261913.1 i e
EASTA.... aplics """ sequence
4 GenBank: MT261913.1

Golo L GonBark _Graphics

JAT261913.1 Paramacrobiotus Filipl strain WY.098 small subunit ribosomal ANA gens, partisl
Locus 261913

1017 bp  ONA  linear TNV 08-JUL-2020 il

DEFINITION Paramacrobiotis.filipi strain MY.098 small subunit ribosomal Ria CGTACEGTTTS i GETAATTETAGAGE TTGETTECTCRCGAN
gene, partial sequince. GCANGCECAGT GAACAAANC CAATCCG6H TGGTGAC TCTGAATAACCEA
ACCESSION ~ MT261913 e, AGCAGHGEGCATGATC TCGTACCEGGECABATC TTTCAMGTGTCTGAL T TATCAGL TTETTGTTAGETT
VERSTON WT261913.1 & ATGTTCCTAACARGGE T AT AACGEGTAACGEEGTATCACGGTCCGATACCGGAGAGGGAGCCTGAGAMAT

KEYWORDS e .
Soumce . Faramscroblotus filipd s Tt AT TTAAATCCTTOM AT
ORGANISM  Pansmacrobiotus filipi ., CCGTTAAMAAGCFEGTAGTTGATCTGCGEAGT TTACGGCGETACTTCTGT
Eukaryota; Metazoa; Ecdysozoa; Tardigrada; Eutdrdigrada; Parachels; CCREGECACAAGECGGCEATETC TTGEATGCCCTTCACTGRTGTEC TTGRCCACCCRACRTITACTT

d - b TGAARAAAT TAG! i =

REFERENCE 1 (hases 1 to 1017) B G TTCTATTTHG T TGaT T TCGRARC TCGAGSTARTGAT TAR AGGAACAGALGGGGGCATTCGTAT
AUTHORS  Stec,D., Dudziak,M. and Michalczyk,L. e caaCeT T

e B et g AT AT A G AT COACCLCA CAGATACCEECE T ETALCEATASAE
(Fardigrads: Eutandigrada: Nacrobistoides) from Fronch Guians and o, | SISCEE T oA

Malaysisn Borneo

JOURNAL  Zool Stud 59, 23 (2020)
REFERENCE 2 (bases 1 to 1017)
AUTHORS  Stec,D.
TITLE  Direct Submission
JOURNAL  Submitted (29-MAR-2020) Department of Entomclogy, Institute of
Zoology and Biomedical Research, Gronostajowa 9, Krakow, Polsks
30-387, Poland

COMENT  ##Assenbly-Data-STARTe®
Sequencing Technology :+ Sanger dideoxy sequencing
#40s senbly-Data-END#
FEATURES Location/Qualifiers
source 11017

/db_xref="taxon:2722727"
feauntry="Halaysia"
rRHA <1..31017

fproduct="snall subunit ribosomal RNA"
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Phylogenetic Analysis using MEGA

41 The free bioinformatics software MEGA can be used to complete the phylogenetic
analysis of the DNA sequences prepared in DNA Subway and the sequences collected
from the BLAST results. We recommend MEGA version 7 to allow easy editing of the tree
in PowerPoint.

The general workflow is to generate a multiple sequence alignment of all of the DNA
sequences and construct a phylogenetic tree.

42 Perform a multiple sequence alignment in MEGA!:

1. Before you start, prepare all of your DNA sequences by copy and pasting each
sequence on a text file in notepad. Make sure each sequence is in FASTA format.

. Start the MEGA software.

. From the home page, click on "Align" found in upper right hand corner.

. Then, select "Edit/Build" from the drop down menu.

. Choose "Create a new alignment" from the dialogue box that opens.

. On the next pop-up box, select "DNA"

. An Alignment Explorer window will open.

. At the top menu, click on "Edit" then "Paste"

. All of your sequences should now be available.

. At the top menu, click "Alignment" then choose either ClustalW or Muscle to align the
DNA sequences. Use default settings.

. Once alignment is completed, scroll left to right and make any observations of a
sequence that appears significantly shorter. If there is one, remove that sequence and
replace with a longer one from that same species if possible.

© 0N O O b~ Wi
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File Analysis Help

= % f LN b
Algn Data Models ' Distance  Diversty MG — o % M Datatype for alignment
£ Edit/Build Alignment Select an Dption
fiifi Edit/View Sequencer Files (Trace)... ® Create a new alignment \:.’/ Are you bulding 2 DNA or Protein sequence alignment?
() Open a saved alignment session
M Open Saved Alignment Session... O Retiieve sequences fiom a fle croceeeey W
@ Show Web Browser X Cancel
& Query Databanks
= Do BLAST Search
W4 M6: Alignment Explorer
Date Edit Search Alignment Web Sequencer Display Help
iD= und % 'L
DNAJ ooy 3 Alignment Web Sequencer Display Help

W Align by ClustalW
“ Qé) Align By Muscle

e e » 7@ Mark/Unmark Site Ctrl+M
B Insert Blank Sequence  CtrlsN

1’} Align Marked Sites
B3 Insert Sequence From File Ctrel : 9

Unmark All Sites

| & Delete Gap-Only Sites
w & Auto-Fill Gaps

werARI AT1

Steps for completing multiple sequence alignment of DNA sequences in MEGA

43 Perform phylogenetic analysis in MEGA:
Construct the Phylogenetic Tree
= After the multiple sequence alignment is completed, click on "Data" then

"Phylogenetic Analysis". On the pop up box, click "No" when asked if the data is for
protein-coding nucleotides (when using 18S rRNA gene or ITS primers).
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m MT: Alignment Explorer
Ogts: Edit Search Alignment Web Sequencer Display Help

[ Create Mew |W%1|.’L
‘@ Open 4 In Sequences
REBPEH ] _\_lErQ,uENamel Rimiein IRCRCRE RE R RE RE B RE BE K R RE B ]

- -EcEREcECEEANEEC IEREEREE
H-HccRMcCEREERTANC I

I Save Session Crrl+5
B Export Alignment & =B E
8] oA Sequences £11098.1) ll ﬂllﬂ’
8 (MHEBG4!
Praotein Sequences 03(1 (MKT E l
{8 Translate/Untranslate jMc-20114 IIHIEIE
55 SelectGenetic CodeTable 7 MH0638 BCECEER
Il Reverse Complement gy
M omal RNA I Ill I ATEECTETEETAA|
overse TUTW 16 “IﬁQIIEMIIIIEIIIIIIIII
Camplement
Exit AlnExplorer

= Next, navigate back to the main MEGA window and select "Phylogeny" then
"Construct/Test Neighbor-Joining Tree..."

= A pop up box will ask if you want to use the currently active data. Choose "Yes"
—

Dats Edit Sescch Algnment Web Sequences Dupley  Help
DSPE PR WY 8l o R EBX ¥

o
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;.-l Minessm pacificum LCS11092 1

‘5 Mebutarmis reboulatus MN262093 1

{8 Wiinesium tardigradum OTM (LCS11098.1)

|7 Paramacrobistus sp. e¥ain T2 018 (MHE64!

8 Macrobiolus noongans strain AULO31 (MKT!

9 Macrosiotus hutelandi group 8p. MC-2011 (1
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= An, "Options Summary" box will appear. Under Test of Phylogeny, choose Bootstrap
method. For "No. of Boostrap Replications" input 1000.

= | eave all other default settings.

= Click on "Compute". The tree will be constructed.

[ M7: Analysis Preferences = O x
Opticns Summary

Option P

Analysis Phylogeny Reconstruction

P | Al Selected Taxa

Statistical Method Neighbor-foining

Phylogeny Test

Test of Phylogeny Bootstrap method

No. of Bootdtrap Replications | 1000
Substitution Model

1
Substiutions Type MNuclectide

Model/Method p-distance

Substitutions to Include d: Transtions + Transversions

Rates and Patterns

Rates amaong Sites Uniform rates

Patt=rn among Linesges Same {Homogeneous)
Data Subset to Use

Gaps/Missing Cata Trestment Fairwise deletion

T | X oo

The tree will be generated and displayed:
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m MT: Tree Explorer: PhyloAnalysis.meg

File

Search Image Subtree View Compute Caption Help

HEm| & 4 [E <Ei0

[z Original Tree  Bootstrap consensus tree

4
vE
9

L

Macrobiotus hufelandi group sp. MC-2011 (HQE04871.1)

Macrobiotus sapiens 185 ricosomal RNA gene DQE33601 .1
Macrobictus papei isolate TZ.027 MH0E3821.1

Macrobictus noongaris strain AU.031 (MKF37085.1)
Macrobiotus shonaicus MGTST132.1

Macrobiotus kamilag strain IN.030 small subunit ribosomal RNA gene MKF37070.1

Paramacrobiotus sp. strain BR.O09 MHE54834.1
100 Laramacrnbiutus sp. strain TZ.018 (MHB84533.1)

Milnesium tardigradum OTM (LC511088.1)

1DD| Milnesium sp. BR.OOT MK484085.1
BE Milnegium pacificum LC511082.1
100 Minesium tardigradum clone NTU TW 16 185 ribosomal RNA gene GAS25595.1

0.mao

Review the Tree. Consider these questions to help you evaluate the quality of the tree
constructed.

Do your samples group with species you would have predicted based on your
BLASTN results of each sample?

Are there any of your samples that are not in a clade (group) with sequences
collected from NCBI? If so, take your sample and re-blast to collect more sequences

to add. You will have to re-run the multiple sequence alignment and make a new tree.

Are several of the NCBI sequences grouped closely together, without any horizontal
lines (connected by vertical line that is basically straight up and down? If so, some of
these sequences are redundant and could be removed to clean up the tree.

Basic Editing of the Phylogenetic Tree

The tree can be edited to change the names and colors in MEGA.

It can be easier to export the image to PowerPoint and convert it to a line drawing to
complete the final edits of the tree to prepare a clean and easy to read version for
presentation.

With the final tree open in MEGA, click on "Image" then "Copy to Clipboard."

protocols.io | https://dx.doi.org/10.17504/protocols.io.81wgb64qglpk/vi January 26, 2023

23/25


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.81wgb64qqlpk/v1

@ protocols.io Part of SPRINGER NATURE
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File = Search ' Imsge Subtree  Yiew Compite Caption Help
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% Save as PNG file
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Save a1 TIFF file £
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= Open PowerPoint and paste the tree onto a blank slide.
= Right click on the tree and choose "Edit Picture." A dialogue box will open confirming
the change to convert the image to a Microsoft Office drawing object. Select "Yes."

: ] Lo a1 (70691) |

Microsft PowerPoint X

- 1 This is an imported picture, not a group. Do you want to convert it to a Microsoft Office drawing object?
e ][ m

T
Minesium tardigradim OTM (LCS11088.1) ‘

o RIGA pena 0525255 1

= The entire tree can now be edited using the PowerPoint edit features. For example,
the names of the taxa on the tree can be changed, the font colors, and the weight of
the lines can be easily edited.
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o[ Macrobiotus hufelandi group sp. MC-2011 (HQE04971.1)

Wacrobiotus sapiens 18S ribosomal RNA gene DQ839601.1
Macrobiotus papei isolate TZ.027 MH063881.1

IMacrobiotus noongaris strain AU.031 (MK737069.1)
Macrobiotus shonaicus MG757132.1

Macrobiotus kamilae strain IN.030 small subunit ribosomal RNA gene MK737070.1

Paramacrobiotus sp. strain BR.009 MHE64934.1
4‘1

00! b aramacrobiotus sp. strain TZ.018 (MHE64933.1)

Milnesium tardigradum OTM (LC511098.1)

101 Milnesium sp. BR.007 MK484086.1
56 Milnesium pacificum LC511092.1
100

Milnesium tardigradum clone NTU TW 16 18S ribosomal RNA gene GQ925695 1

—
0.0100

Tardigrade phylogenetic tree that has been edited. Notice the bottom half of the tree has
had the weight of the lines increased and the font changed to blue. Further editing to the

remainder of the tree could still be completed, left undone for comparison of edited
versus non-edited.
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