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Summary
The identity of a “grasshopper warbler”, discovered on October 4, 2016 at the Maasvlakte, Rotterdam,

The Netherlands, was established by means of sequencing DNA that was isolated from a single small
fecal sample collected in the field. Based on the sequence of short fragments of the mitochondrial
cytochrome B (cytB) gene and three autosomal gene fragments, lactate dehydrogenase (LDH),
myoglobine (MYO) and ornithine decarboxylase (ODC), the identification as a “pure” Lanceolatad
warbler Locustella lanceolata was confirmed.

Lanceolated warbler Locustella lanceolata, Maasvlakte, Rotterdam, The Netherlands October 4, 2016. © Arnold Meijer.
(source: https://www.dutchbirding.nl/gallery/detail/19166?page=0#navbar-collapse)
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Introduction

On October 4, 2016, a very confiding and skulking “grasshopper warbler” was discovered on the
Maasvlakte, Rotterdam, The Netherlands. The bird was suspected to be a Lanceolatad warbler
Locustella lanceolata (hereafter named lanceolata), an extremely rare bird in The Netherlands. If
correct, it would constitute only the third Dutch record, after two birds captured at Bird-observatories
and the first ever to be discovered in the field and “ twitchable”. Via the Dutch Birding alert-system,
the Dutch twitching scene was informed, and the bird was seen by > 100 birdwatchers and extremely
well documented (1,2) the same day. The next day, the bird was no longer present.

Soon after the initial discovery, some birdwatchers started to doubt the initial identification as a
lanceolata and it was suggested that the bird was not a lanceolata but a close and sometimes similar
looking relative, the Grasshopper warbler Locustella naevia (hereafter named naevia). At the Dutch
Birding forum a long and heated debate about the identification in the end died out without a clear
and generally accepted conclusion, although the subcurrent in the Dutch birders scene tended
towards a defeat for those in the lanceolata-camp (3,4).

Thanks to a very sharp-eyed and alert birdwatcher a single fecal sample of the bird was collected for
possible DNA-corroboration of the identification of this bird. | received this sample early December
2016. The initial plan was to use a small mitochondrial barcode to confirm its more-or-less commonly
accepted identification as naevia and present these results at the forthcoming annual Dutch Birding
meeting on February 4, 2017. The remainder of this document describes in some detail the laboratory
approach we used in order to secure its DNA-based identification.

Samples used
In order to place the genetic results from the fecal sample of the 2016 Maasvlakte individual (to which

we refer to as LLO2) in a proper context, we made use of two different sets of reference sequences.
First, by searching GenBank and PubMed, we identified a suitable mitochondrial gene fragment and
three autosomal gene fragments that could discriminate between naevia and lanceolata and of which
reliable reference sequences were present in GenBank. Based on a set of key references (5 — 12) we
decided to focus on the mitochondrial cytochrome B (cytB) gene and three autosomal gene fragments,
lactate dehydrogenase (LDH), myoglobine (MYQ) and ornithine decarboxylase (ODC). Of each of these
four fragments we downloaded all available the sequences from GenBank (table 1).

Second, we assembled, with the help of others, a number of fresh feather samples or DNA-extracts
which we used to produce new sequences of each of the four gene fragments. Similarly, we produced
the sequences of each of these four gene fragments in the fecal sample of LLO2 (table 2).

DNA-isolation
Details will be filled in later.

DNA-sequencing

Sanger sequencing
Details will be filled in later.

Guide-seq
Details will be filled in later.
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Biostatistical analyses

All new sequences were initially aligned with the GenBank sequences using the Clustal W alignment
tool (13) included in Bioedit (14) and fine-tuned by eye. Since all newly generated sequences were
considerable shorter (in order to accommodate the very low DNA quality of the LLO2 fecal sample)
when compared with the sequences from GenBank, the resulting alignments were concatenated to
the shorter new sequences. This resulted in the following four sequence fragment alignments: cytB
350 bp., LDH 249 bp., MYO 234 bp., and ODC 240 bp. Each of the final alignments (in fasta-format)
were converted into R6hl Data Format (rdf) haplotype files by means of DnaSP-6 (15, 16). Each of the
rdf-files was used to build median joining (MJ) networks using NETWORK v10 (17, 18). These MIJ-
networks were further processed by means of Network Publisher (19) and polished using Microsoft
Powerpoint (Figures 1 —4).

Results and Discussion

In each of the four DNA fragments the sequences haplotypes did not overlap between lanceolata and
naevia. This enables a rather straightforward taxon-identification with each of these four fragments.
Already early on, in January 2017, it became clear that, based on the few available cytB reference
sequences, LLO2, could be a lanceolata. This rather surprising results was communicated by me on the
Dutch Birding meeting on February 4, 2017, and came as a shock to those who were present. | also
discussed that, although the brids mtDNA suggested it to be a lanceolata, there were still some
hypotheses to consider. These were (1) the bird is a genuine “ pure” lanceolata, (2) the bird is a naevia
with introgressed lanceolata mtDNA, (3) the bird is a naevia/lanceolata hybrid, and (4) we made a
laboratory error.

It was clear, at that time, that we needed autosomal DNA-information in addition to mtDNA-
information in order to be able to exclude hypotheses 2 — 4 and confirm hypothesis 1.

We could safely exclude hypothesis 4 (contamination / error) as we processed LLO2 completely
independent from other similar samples as at the time we only had a feather sample of the second
Dutch bird, LLO1 (see table 2) which was processed well before we received sample LL02. Obtaining
reliable and reproducible autosomal DNA information from LLO2 turned out to be extremely difficult
because (1) the DNA in the fecal sample of LLO2 was very degraded and (2) the autosomal DNA-
concentration in this sample was very low. In the end, by designing a new and very complex (see DNA-
sequencing) new sequence method that is based on combining two previously published methods (20,
21), GUIDE-seq and massively-parallel-sequencing (MPS) by means of targeted single primer
enrichment sequencing. This new method was first tested on the available fresh reference samples of
both naevia and lanceolata. Once suitably reliable, we used this method to obtain three different
autosomal sequence fragments of LLO2. This enabled us to place the genetic origin of LLO2 in a reliable
context.

As is clear from each of the four DNA-fragment MJ-networks (figures 1 — 4), LLO2 is placed safely into
a group of sequences from unquestionable lanceolata individuals, either obtained via GenBank, or by
means of newly generated sequences. There is no evidence that, at least for the four genetic fragments
analyzed here, LLO2 carries any naevia-specific genetic information. From this we can conclude that
according to all presently available genetic information, LLO2 is a “pure” Lanceolatad warbler
Locustella lanceolata.
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Table 1. Sample information of GenBank reference sequences used in this study.

TAXON GenBank nr [Code |Locus|SamplelD Country |Location |Reference
Locustella lanceolata |DQ119525 |LLOB |CYTB |11A-2 CHINA 6
Locustella lanceolata |DQ119524 |LLOC [CYTB |11A-1 CHINA 6
Locustella lanceolata |HQ608849 |LLOE [CYTB |Y29-102576 CHINA HEBEI 7
Locustella lanceolata |HQ706139 |LLOA [CYTB |U1949 CHINA HEBEI 8
Locustella lanceolata |1X398904 LLOD [CYTB |KU4248 CHINA 12
Locustella naevia HQ706147 |LUOA |CYTB |U1951 SWEDEN 8
Locustella lanceolata |MH089215 |LLOF |LDH |NRM20006473 |SWEDEN 5
Locustella lanceolata |1X236319 LLOG |LDH |B0761 CHINA BEIDAIHE 9
Locustella lanceolata |F)883088 LLOH [LDH CHINA HEBEI 10
Locustella lanceolata |HQ706195 |LLOA [LDH |U1949 CHINA HEBEI 8
Locustella naevia JX236320 LUOB [LDH GERMANY 9
Locustella naevia HQ706202 |LUOA|LDH |U1951 SWEDEN 8
Locustella lanceolata |HQ706235 |LLOA [MYO |U1949 CHINA HEBEI 8
Locustella lanceolata |F)883091 LLOL [MYO CHINA HEBEI 10
Locustella naevia HQ706242 |LUOA |MYO |U1951 SWEDEN 8
Locustella naevia GQ369648 ([LUOE [MYO [E42 FRANCE 11
Locustella lanceolata |HQ706313 |LLOA [ODC |U1949 CHINA HEBEI 8
Locustella lanceolata |F)883160 LLOK [ODC CHINA HEBEI 10
Locustella naevia MH089169 ([LUOC |ODC |DZUG-5184 SWEDEN 5
Locustella naevia MH089168 [LUOD|ODC |DZUG-5183 SWEDEN 5
Locustella naevia HQ706320 [LUOA |ODC |U1951 SWEDEN 8
Table 2. Sample information of individuals that were sequenced in this study.

DNA nr FLDO code [Taxon Location Country |Source material Ring nr |Date
X16-012-049|LLO1 Locustella lanceolata |Ooipolder Nederland |feather 05-10-2013
X16-012-236|LL0O2 Locustella lanceolata |Maasvlakte Nederland |fecal 04-10-2016
X19-004-025|LLO3 Locustella lanceolata |Horn@ya, Spitsbergen [Norway feather (mummyfied) 08-08-2018
X20-004-003 |LLO4 Locustella lanceolata |Fairisle Schotland [feather JTA712 [11-09-2018
X20-004-004 |LLOS Locustella lanceolata |Fairisle Schotland [feather JTA703 [05-09-2018
X20-004-005 |LLO6 Locustella lanceolata |Quendale Schotland [feather CTP920 |11-09-2017
X17-013-016 |LUOL Locustella naevia VRS Awduinen Nederland |feather ? 26-05-2017
X17-013-020|LUO02 Locustella naevia VRS Van Lennep Nederland |feather BF92288 |27-05-2017
X17-013-024|LUO3 Locustella naevia VRS Van Lennep Nederland |feather BF93258 | 03-09-2017
X17-013-025 |LUO4 Locustella naevia VRS Van Lennep Nederland |feather BF93257 | 03-09-2017
X17-013-026 |LUOS Locustella naevia VRS Van Lennep Nederland |feather BF93250 |03-09-2017
X17-013-027 |LUO6 Locustella naevia VRS Van Lennep Nederland |feather BF93248 | 03-09-2017
X18-004-009 |LUO7 Locustella naevia VRS Van Lennep Nederland |feather BG91963 | 09-08-2018
X18-004-010|LUO8 Locustella naevia VRS Van Lennep Nederland |feather BG91626 | 01-08-2018
X18-004-018 |LUO9 Locustella naevia VRS Awduinen Nederland [feather BH50914 [ 04-10-2018
X20-004-012 |LU10 Locustella naevia VRS Van Lennep Nederland |feather BF93536 |24-09-2017
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Table 3. GenBank numbers of new submitted sequences.

Gene (fragment)
CYTB LDH MYO oDC
Code / Taxon / DNA number GenBank nr| |GenBank nr|GenBank nr| |GenBank nr|GenBank nr| | GenBank nr|GenBank nr
FLDO LUO1 Locustella naevia X17-013-016 MW?267954 MW?267970 - MW267992 - MW?268008 | MW268009
FLDO LUO2 Locustella naevia X17-013-020 MW?267955 MW267971 - MW267993 - MW?268010 | MW268011
FLDO LUO3 Locustella naevia X17-013-024 MW267956 MW267972 - MW267994 - MW268012 -
FLDO LUO4 Locustella naevia X17-013-025 MW267957 MW267973 - MW267995 - MW268013 | MW268014
FLDO LUOS Locustella naevia X17-013-026 MW267958 MW267974 - MW267996 | MW267997| | MW268015 -
FLDO LUO6 Locustella naevia X17-013-027 MW267959 MW267975 - MW267998 - - -
FLDO LUO7 Locustella naevia X18-004-009 MW267960 MW?267976 | MW267977| | MW267999 - MW268016 -
FLDO LUO8 Locustella naevia X18-004-010 MW267961 MW267978 - MW268000 - MW268017 -
FLDO LUQ9 Locustella naevia X18-004-018 MW267962 MW?267979 | MW267980| | MW268001 - MW268018 | MW268019
FLDO LU10 Locustella naevia X20-004-012 MW267963 MW267981 - MW268002 - MW268020 -
FLDO LLO1 Locustella lanceolata X16-012-049 | MW267964 MW267982 - MW268003 - MW?268021 | MW268022
FLDO LLO2 Locustella lanceolata X16-012-236 | MW267965 MW267983 - MW?268004 - MW268023 | MW268024
FLDO LLO3 Locustella lanceolata X19-004-025 | MW267966 - - - - - -
FLDO LLO4 Locustella lanceolata X20-004-003 | MW267967 MW267984 - MW268005 - MW268025 -
FLDO LLO5 Locustella lanceolata X20-004-004 | MW267968 MW267985 - MW268006 - MW268026 -
FLDO LLO6 Locustella lanceolata X20-004-005 | MW267969 MW267986 - MW268007 - MW268027 | MW268028

Please note that LDH, MYO, and ODC are autosomal gene fragments. As a consequence, individuals
can — but not must - have two different sequences. With the sequencing method used by us, these
two different sequences can easily be distinguished. If in the table above, for these three fragments
there is only one GenBank number this means that in this individual two identical copies have been
observed.
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Table 4. Haplotype numbers as used in the accompanying MJ-networks.

Gene (fragment)
CYTB LDH MYO oDC
Code Taxon Haplotype Haplotypel|Haplotype2 Haplotypell Haplotype2 Haplotypell Haplotype2
From GenBank
LUOA| Locustella naevia H1 H3 H4 H1 H3 H1 H4
LUOB | Locustella naevia - H1 H2 - - - -
LUOC | Locustella naevia - - - - - H1 H2
LUOD| Locustella naevia - - - - - H3 H3
LUOE | Locustella naevia - - - H1 H1 - -
New
LUO1 | Locustella naevia H2 H5 H5 H1 H1 H1 H5
LUO2 | Locustella naevia H3 H6 H6 H1 H1 H1 H5
LUO3 | Locustella naevia H1 H5 H5 H1 H1 H6 H6
LUO4 | Locustella naevia H3 H5 H5 H2 H2 H7 H8
LUO5 | Locustella naevia H3 H7 H7 H3 H1 H1 H1
LUO6 | Locustella naevia H3 H8 H8 H1 H1 - -
LUO7 | Locustella naevia H3 H9 H10 H1 H1 H9 H9
LUO8 | Locustella naevia H3 H11 H11 H3 H3 H10 H10
LU09 | Locustella naevia H2 H6 H12 H1 H1 H10 H11
LU10 | Locustella naevia H3 H8 H8 H1 H1 H10 H10
From GenBank
LLOA | Locustella lanceolata H4 H14 H14 H4 H4 H12 H13
LLOB | Locustella lanceolata H5 - - - - - -
LLOC | Locustella lanceolata H6 - - - - - -
LLOD | Locustella lanceolata H7 - - - - - -
LLOE | Locustella lanceolata H6 - - - - - -
LLOF | Locustella lanceolata - H13 H13 - - - -
LLOG | Locustella lanceolata - H14 H14 - - - -
LLOH | Locustella lanceolata - H14 H14 - - - -
LLOK | Locustella lanceolata _ _ _ _ _ H14 H15
LLOL | Locustella lanceolata - - - H4 H4 - -
New

LLO1 | Locustella lanceolata H6 H15 H15 H5 H5 H14 H15
LLO2 | Locustella lanceolata H6 H14 H14 H5 H5 H16 H17
LLO3 | Locustella lanceolata H6 - - - - - -
LLO4 | Locustella lanceolata H6 H16 H16 H5 H5 H18 H18
LLO5 | Locustella lanceolata H6 H17 H17 H5 H5 H12 H12
LLO6 | Locustella lanceolata H8 H17 H17 H5 H5 H12 H19

Please note that LDH, MYO, and ODC are autosomal gene fragments. As a consequence, individuals
can — but not must - have two different sequence haplotypes. With the sequencing method used by
us, these two different haplotypes can easily be distinguished. Grey boxes in this table indicate
fragments for which an individual had two identical sequence haplotypes.

Document version 01, 2 December 2020 DOI: 10.5281/zenodo.4301525 Page| 7



DNA-identification of the first Dutch field record of Lanceolated warbler Locustella lanceolata

based on a single fecal sample.

Figure 1. Median Joining Network of the mtDNA cytochrome b (cytB) gene fragment (350 bp.) of
Grasshopper warbler Locustella naevia and Lanceolated warbler Locustella lanceolata.
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The two Dutch birds (Ooijse Graaf and Maasvlakte) are indicated with a green box and black arrow.
Every filled circle represents a unique cytB sequence, of which a fragment of 350 base pairs was
sequenced. Numbers (H1 — H8) adjacent to the circles indicate unique sequences (or haplotypes).
These numbers are also shown in Table 4. The varying diameter of each circle is a rough indication of
its frequency in the total dataset (n=22), and the numbers inside each circle are the number of times
observed. Circles without an inside number represent haplotypes that were only seen once. The small
solid-black circles represent inferred (not observed) haplotypes that are necessary for building this
network. Short lines without an adjacent number connecting two circles indicate a single sequence
difference between two haplotypes. Otherwise, the numbers adjacent to lines indicate the number of
different positions (out of a total of 350) between two haplotypes. L. naevia specific haplotypes are
shown in blue. L. lanceolata haplotypes are shown in orange. These two taxa can easily be
distinguished by means of this short mtDNA fragment. They differ in at least 19 out of 350 positions,
and no haplotypes are shared.
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Figure 2. Median Joining Network of the autosomal lactate dehydrogenase (LDH) gene fragment
(249 bp.) of Grasshopper warbler Locustella naevia and Lanceolated warbler Locustella lanceolata.
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The two Dutch birds (Ooijse Graaf and Maasvlakte) are indicated with a green box and black arrow.
Every filled circle represents a unique LDH sequence, of which a fragment of 249 base pairs was
sequenced. Numbers (H1 — H17) adjacent to the circles indicate unique sequences (or haplotypes).
These numbers are also shown in Table 4. The varying diameter of each circle is a rough indication of
its frequency in the total dataset (n=42), and the numbers inside each circle are the number of times
observed. Circles without an inside number represent haplotypes that were only seen once. The small
solid-black circles represent inferred (not observed) haplotypes that are necessary for building this
network. Short lines without an adjacent number connecting two circles indicate a single sequence
difference between two haplotypes. Otherwise, the numbers adjacent to lines indicate the number of
different positions (out of a total of 249) between two haplotypes. L. naevia specific haplotypes are
shown in blue. L. lanceolata haplotypes are shown in orange. These two taxa can easily be
distinguished by means of this short autosomal DNA fragment. They differ in at least 5 out of 249
positions, and no haplotypes are shared. Note that NetWork, to reduce complexity, sometimes
combines two highly similar sequence haplotes, see HT4 & HT6 and HT8 & HT10. Also note that the
total number of haplotypes (n=42) is twice the number of individuals (n=21) because LDH is an
autosomal gene fragment.
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Figure 3. Median Joining Network of the autosomal myoglobine (MYO) gene fragment (234 bp.) of
Grasshopper warbler Locustella naevia and Lanceolated warbler Locustella lanceolata.
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The two Dutch birds (Ooijse Graaf and Maasvlakte) are indicated with a green box and black arrow.
Every filled circle represents a uniqgue MYO sequence, of which a fragment of 234 base pairs was
sequenced. Numbers (H1 — H5) adjacent to the circles indicate unique sequences (or haplotypes).
These numbers are also shown in Table 4. The varying diameter of each circle is a rough indication of
its frequency in the total dataset (n=38), and the numbers inside each circle are the number of times
observed. Circles without an inside number represent haplotypes that were only seen once. The small
solid-black circles represent inferred (not observed) haplotypes that are necessary for building this
network. Short lines without an adjacent number connecting two circles indicate a single sequence
difference between two haplotypes. Otherwise, the numbers adjacent to lines indicate the number of
different positions (out of a total of 234) between two haplotypes. L. naevia specific haplotypes are
shown in blue. L. lanceolata haplotypes are shown in orange. These two taxa can easily be
distinguished by means of this short autosomal DNA fragment. They differ in at least 2 out of 234
positions, and no haplotypes are shared. Note that the total number of haplotypes (n=38) is twice the
number of individuals (n=19) because MYO is an autosomal gene fragment.
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Figure 4. Median Joining Network of the autosomal ornithine decarboxylase (ODC) gene fragment
(240 bp.) of Grasshopper warbler Locustella naevia and Lanceolated warbler Locustella lanceolata.
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The two Dutch birds (Ooijse Graaf and Maasvlakte) are indicated with a green box and black arrow.
Every filled circle represents a unique ODC sequence, of which a fragment of 240 base pairs was
sequenced. Numbers (H1 — H19) adjacent to the circles indicate unique sequences (or haplotypes).
These numbers are also shown in Table 4. The varying diameter of each circle is a rough indication of
its frequency in the total dataset (n=38), and the numbers inside each circle are the number of times
observed. Circles without an inside number represent haplotypes that were only seen once. The small
solid-black circles represent inferred (not observed) haplotypes that are necessary for building this
network. Short lines without an adjacent number connecting two circles indicate a single sequence
difference between two haplotypes. Otherwise, the numbers adjacent to lines indicate the number of
different positions (out of a total of 240) between two haplotypes. L. naevia specific haplotypes are
shown in blue. L. lanceolata haplotypes are shown in orange. These two taxa can easily be
distinguished by means of this short autosomal DNA fragment. They differ in at least 2 out of 234
positions, and no haplotypes are shared. Note that the total number of haplotypes (n=38) is twice the
number of individuals (n=19) because ODC is an autosomal gene fragment.
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