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ABSTRACT

Classic taxonomy of animal mainly depends on genetic, morphology, fossil and distribution
studies, so the study aims at developing a method which can rapidly identify to what species
unknown animals are closely related by comparison of genomic sequences, With more complete
sequenced animal genomes available, genomic information will play a key role on classifying
unknown animals. Here, we put forward a method how to rapidly identify unknown animals. The
method includes: (1) selecting a vector which is convenient for cloning and sequencing; (2) digesting
the total genomic DNA from unknewn animals and the vector with the same two enzymes which
have recognition sites on the vector; (3) ligating the digested DNA to the vector; (4) transforming
the ligation products to competent cell; (5) selecting positive clones to sequence and blast with
sequenced animal genomes; (6) then finding out the most close relative species to the unknown
animals, In the paper we took a kind of unknown wild flies which captured in nature, for example,
to display the method. By analysis of data from blast cutput, results showed that eleven query
sequences (1, 2,4, 5,6, 7,9, 10, 12, 13, 14) from unknown flies have the highest similarities
with subject sequences on the 1D, ananassae genome, but only minor parts of No. 2, 4~7, 9, 10 and
12 sequences have similarities with subject sequences on eleven drosophila genomes and the
unknown flies are the most closely related to ). ananassae in evolutionary contexts. it will be a
promising power in rapidly identifying to what species unknown animals is closely related when
more complete sequenced animal genomes are available |
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INTRODUCTION

The species problem is the cldest in biclogy. To taxenomists, species are categories of
classification. Classic taxonomy of animal mainly depends on genetie, morphology, fossil and
distribution studies. Presently much biclogical research depends upon species diagnoses. The
Consortium for the Barcode of Life (CBOL) is an international initiative devoted to developing DINA
barcoding as a global standard for the identification of biological species. The Folmer region at the
5'end of the eytochrome ¢ oxidase subunit 1 mitochondrial region (COI) 15 serving as the standard
barcode region for almost all groups of higher animals (Folmer et al., 1994; Brown et al., 1999;
Bucklin et al., 1999; Hebert et al., 2003a, b). But it is impossible for any DNA barcode to fully
resolve the complexity of life. For example, where species boundaries have been blurred by
hybridization or introgression, supplemental analyses of one or more nuclear genes will be required.
Moreover, it will be more difficult to diagnose young species in groups with slow rates of evolution
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than those with rapid rates of molecular eveolution. So under these circumstances, comparable
genomics (e.g., genome size and sequence similarities) will play a key rele in taxonomy of animal.
The BLAST programs are widely used tools for DINA databases for sequence similarities, but BLAST
hits are depends on the availability of close relatives present in the databases (Koski and Golding,
2001). Twelve sequenced drosophila genomes have been available on http:// www. flybase. org, so
in the paper taking unknown flies, for example, to display the method how to classify unknown
animals found in nature by genomic information.

The genus Drosophila, belonging to the family Drosophilidae and being very diverse in
appearance, behavior and breeding habitat, includes over 2000 described and more undescribed
species in the world (O'Grady and Markow, 2009). Typically taxcnomy of species group of
Drosophila is mainly based on genetic, morphology and distribution studies (O'Grady and Markow,
2009; Coyne, 1993). Nevertheless, Sibling species are distinguished with difficulty in morphology
meanwhile different species can live in the same territory. Genetic crosses can check whether there
are offspring to produce in a cross of two species, but producing no offspring could be involved in
several mechanisms (Coyne, 1993). Moreover, sibling species have contrasting difference in
polymorphism of chromosome (Rohde et al., 2008). At the same time, there exists widely apparently
difference in morphology but ne alterations in chromosome among different species (Bucena and
Stern, 2000). SBo, a growing number of studies from polymorphism of enzymes to variability of DINA
sequence are making Drosophila taxonomists turn to detect difference at genomie level among
different species (Gao ef al., 2007; Bosco et al., 2007; Mcbride and Arguello, 2007; Noor et al., 2007).
In fact Sibhng species have similarity in morphology, but very difference in genetic materials. With
completion of sequenced gencmes of 12 species of Drosophile and their rapidly extending use in
comparative biclogy (Adams ef al., 2000), Drosophila 12 Genomes Consortium (Stark et al., 2007),
comparison of sequence at genome level can provide a promising power to classify the most related
species to unknown flies.

MATERIALS AND METHODS
The project was supported by the National program on key Basic Research projects of China
{Grant No. 2006CB102101). It started on April, 2009, ending on December, 2009,

Procedure of the method: In our laboratory taking unknown flies for example, we forwarded a
method how to identify unknown animals found in nature. The method includes: (1) selecting a
vector suitable for cloning and sequencing; (2) selecting two enzymes which have recognition sites
on the vector and share common reaction buffer to digest the total genomic DNA from unknown
flies and the vector; (3) higating the digested genome to the vector; (4) transforming the ligation to
competent cell; (5) selecting positive clones to sequence and blast with twelve sequenced drosophila
genomes (Fig. 1),

DNA extraction: An unknown wild flies were captured in SBanya, Hainan, People’s Republic of
China. Extraction of genomic DNA from the wild flies was followed by a protecol (Sullivan et al.,
2000) and then purification by phenol-chlaroform extraction, precipitation by absclute ethanol,
resuspended in deionized distilled water, stored at -20°C for latter digestion.

Digestion of genomic DNA and vector: A plasmid, PMDI18T vector was selected from Takara
company (Japan), which 1s usually used for cloning and sequencing (Fig. 2). Based on recognition
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Fig. 1: Scheme of the methed

sites on the vector, Pst 1 and HindIIl were selected (Takara company, Japan) which have
recognition sites on the vector and common reaction buffer to digest the genomiec DNA and the
vector. Reaction system includes: 1 pL Pstl, 1 puL HindIII, 2 uli 10x Buffer, DNA<1 pg, adding
deionized distilled water to 20 pli, incubated at 37°C for 3 h.

Ligation reaction: The digested genomic DNA and vector were purified by TIAN Quick Mim

Purification Kit (TTANGEN, Beijing, China) and then the digested genomic DNA was ligated to the
digested vector. A Ligation procedure was followed by the protocal from a kit (Takara, Japan) and
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Fig. 2. PCR for identifying the positive clones. M-DNA marker, K-negative control, number
:1,2,3,4,5,6,7,9,10,12,12,14 representing the selected clones for sequencing. Primers for
amplification of PCR: RV-M 5 GAGCGGATAACAATTTCACACAGG 3, M13-47 §
CGCCAGGGTTTTCCCAGTCACGAC 3’ (Fig. 2). The PCR reaction was implemented under
the following conditions:denaturing at 94°C for 4 min, 30 cycles of denaturing at 94°C for
45 sec, annealing at 80°C for 45 sec and extension at 72°C for 2 min, followed by at 72°C
for 7 min. The PCR products were electrophoresed on 1.2% agarose gel and stained with

EBr

then 10 pL of the ligation reaction was transformed to 100 pL. DHb5¢ competent cell (TTANGEN,
Beijing, China), followed by 30 min on ice, heated at 42°C for 90 sec, immediately put on ice for
2 min, adding 800 pl. LB liquid, shaking at 37°C for 60 rmn and put the liquid on selid LB medium
with concentration of 100 pg mL ™ Ampicillin, incubation at 37°C for 8~12 h.

RESULTS

Positive clones were selected to sequence and blast with twelve completed dresophila genomes.
The positive clones were determined by PCR with universal primers on PMDI18T vector. Twelve
positive clones with different sizes (No. 1~7, 9, 10, 12, 13, 14). No. 6, 8 and 11clones have the same
length, so only No. 6 was selected to sequence (Fig. 2). Sequencing was completed on ABI3703XL
sequencer at Chinese National Human Genome, Beijing, China. BLOSUMS6GZ scoring matrix was
selected when blasting all sequences by BLAST (Altschul ef al., 1997) on www.Flybase.org/blast.
The scoring matrix, generated by Henikoff and Henikoff (1992}, 1s the most, commonly used matrix

for scoring protein and nuclectide sequence alignments (Mount, 2004),

Total scores showed the unknown flies are the most closely related to D. ananassae in
evolutionary contexts: Similarity between sequences implies evolutionary kinship
(Reich et @l.,1984; Karlint and Altschul, 1990). Search for sequence similarity depends on two
important parameters: the score of the alignment and the expect value (K) of alignment. Alignment
score is computed score based on the number of matches, substitutions. Higher score indicates that
there exists higher similarity between query sequence and subject sequence. Expect value () 1s
the number of unrelated sequence in a similarity search of a sequence database that are expected
to achieve a local alipnment score as high or higher than the one obtained between the query
sequence and the matching database sequence. Contrary to the alignment score, the lower

number of K value is, the higher match between query sequence and subject sequence 1s. K values
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Table 1: A hit summary of scores from blast output

Source of subject sequence and score

Query

sequence Size DmelS DsimS DsecS DyakS DereS DanaS DpseS DperS DwilS DmojS DvirS Deri 3
1 1638 3105

2 347 56 56 56 48 52 688 46 40 40
3 400

4 1446 119 135 135 133 112 2558 115 54 100 72 86 44
5 2619 238 230 238 246 246 2853 149 149 129 115 123 123
6 511 121 121 121 127 135 500 96 88 50 76 54 70
7 212 68 68 76 70 70 413 84 84 40 40 42
9 249 40 40 40 254 40 40 42 40
10 384 42 40 40 52 66 544 44 42

12 192 86 86 86 86 86 326 72 72 42 48 48 48
13 470 648

14 907 1701

Tatal 9339 738 776 792 802 767 13572 600 533 361 3583 433 407

BLOSUMS62 scoring matrix was selected when aligning all sequences on www.Flybase.org/blast. advanced setting: The default value
(1) means that 1 such matches are expected to be found merely by chance, according to the stochastic model of Karlint and Altschul
(1990). Lower EXPECT thresholds are more stringent, leading to fewer chance matches being reported. Restricts the number of short
descriptions of matching sequences reported to the number specified; default limit is 25 descriptions. Restricts database sequences to

the number specified for which high-scoring segment pairs (HSPs) are reported; the default limit is 25

of O indicate that the match 1s to the query sequence itself. So by analysis of BLASTN output, the
results indicated that eleven query sequences (1, 2,4, 5,6, 7,9, 10, 12, 13, 14) from unknown flies
have the highest similarities with subject sequences on the D. ananassae genome, but only minor
parts of No. 2, 4~7, 9, 10 and 12 sequences have similarities with subject sequences on eleven
drosophila genomes (Table 1). In further analysis, three sequences including No. 1, 13 and 14
clones which have E values of 0 showed that they have complete identities with sequences from
Scaffold13258, Scaffold 13034, Scaffold13230 of Dana genome, respectively (Table 3). No
similarities of the three sequences, however, were found in other eleven sequenced drosophila
genomes (Table 1). These Scaffolds are located in intragenic region of Dana genome, showing that
the regions are highly variable in evelutionary process. Moreover, No. 2, 4~7, 9 and 10 clones, all
these sequence have highly identities with subject sequences from seven genes of Dana (Table 3).
Among these sequences, No. 2, 4, 5 sequences with E values of O showed that the three sequences
have complete homologies with sequences from genes GF150564, GF23996 and GF17520 of Dana,
respectively (Table 2). No. 8, 7, 9, 10 sequences having E values of 32272, 22211, 1 5, 1.7e1%
respectively, indicated significant similarity with subject sequences from genes GF11079, GF18158,
18092 and GF12406 of Dana, respectively (Table 2). These results further confirmed that
the unknown flies are the most closely related to . ananassae in evolutionary contexts. In fact,
D. ananassae is a cosmopolitan and circumtropical species. A distribution study also confirmed that

D. ananassae is widely distributed in Hainan, People’s China in which the unknown flies were
captured (Qian ef al., 2006).
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Table 2: A hit summary of K value from blast output

Source of subject sequence and E value

Query

sequence Size  Dmel Dsim Dsec Dyak Dere Dana Dpse Dper Dwil Dmoj Drrir Deri
1 1638 0

2 347 9.8e°® 9.8¢e° 9.8ef 0.002 104 0 0.009 0.58 0.58
3 400

4 1446 3e? fer2® 6e® 2028 8e? 0 5e% 104 3ert® Telt dett 3et?
5 2619  10e™ 2e57 108 4p8? e 0 Te® 310+ Ge? 9e? 8% 3et?
6 511  3e® 3e'%* 3e® He? 2e% 3t 2t 4t 910t 2ett Be’® 10e??
7 212 2e® 2e° Gel? 4e1° 4e10 2e113 et et 0.34 0.34 0.098
9 249 0.4 0.4 0.4 1.4 7e’ 3e® 0.1 0.4
10 384 0.16 0.65 0.65 210 e?® e 162 0.04 0.16

12 192 5.8e1® 5.8 58el" 5.8e1° 5.8elf Ea 8.7ett 8.7ett 0.08 107 107 107
13 470 0

14 907 0

BLOSUMG2 scoring matrix was selected when aligning all sequences on www.Flybase.org/blast. advanced setting: The default value
(1) means that 1 such matches are expected to be found merely by chance, according to the stochastic model of Karlint and Altschul
(1990). Liower EXPECT thresholds are more stringent, leading to fewer chance matches being reported. Restricts the mumber of short
descriptions of matching sequences reported to the number specified; default limit is 25 descriptions. Restricts database sequences to

the number specified for which high-scoring segment pairs (HSPs) are reported; the default limit is 25

Table 3: A summary of identities among sequences from unknown flies with Dana genome

Query sequence Length Subject sequence Species Identities

1 1638 Scaffold13258 D. ana. 1617/1638(98.7%)
2 347 GF15054 D. ana. 347/347(100%)

3 400 Genome Wolbachia 72%

4 1446 GF23995 D. ana. 1420/1446(98.2%)
5 2619 GF17520 D. ana. 2533/2619(96.7%)
6 511 GF11079 D. ana. 456/4511(89.2%)

ki 212 GF18158 D. ana. 211/212(99.5%)

9 249 GF16092 D. ana. 216/249(86.7%)
10 384 GF12405 D. ana. 301/384(78.3%)
12 192 Scaffold13266 D. ana. 183/192(95.3%)
13 470 Scaffold13034 D. ana. 422/470(89.8%)
14 907 Scaffold13230 D. ana. 893/907(98.5%)

BLOSUMG62 scoring matrix was selected when aligning all sequences on www.Flybase.org/blast. advanced setting : The default value
(1) means that 1 such matches are expected to be found merely by chance, according to the stochastic model of Karlint and Altschul
(1990). Liower EXPECT thresholds are more stringent, leading to fewer chance matches being reported. Restricts the mumber of short
descriptions of matching sequences reported to the number specified; default limit is 25 descriptions. Restricts database sequences to

the mumber specified for which high-scoring segment. pairs (HSPs) are reported; the default linit is 25

DISCUSSION

Interestingly similarity of No. 3 sequence is not found in twelve drosophila genomes (T able 1),
but has highly identical with sequence from bacteria, Wolbachia genome, which often lives on
drosophila (Table 3). Endosymbicnts, such as Wolbachia to host transfers were found in three
sequenced insect genomes (Hotopp et al., 2007). This implied that No. 3 sequence transfer from the
Wolbachia genome to the unknown drosophila chromosome. In previous paper instances of gene
transfer have been reported by Lawrence and Ochman (1998), Nelson ef al. (1999) and Eisen
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{2000). So, the caution should be taken when using sequence similarity to infer evolutionary
relationships (Sicheritz-Ponten and Andersen, 2001; Eisen, 1998; Eisen and Hanawalt, 1999},

The BLAST programs are widely used tools for searching protein and DNA databases for
sequence similarities. Similarity between or within sequences suggests evolutionary relationship
{Reich et al., 1984; Karlint and Altschul, 1990; Altschul et al., 1997; Mount, 2004). High sequences
similarity between two species implies a closely relationship in evolutionary context. So, by analysis
of BLAST hits, one can find out to what species unknown animals is closely related when more
complete sequenced animal genomes are available., The method is easy and effective, but its
effectiveness depends on BLAST hit. The more complete the data base the better BLAST will work.
Interestingly, non-coding genomic sequences will play more important roles on identifying
unknown animals found in nature than those of coding sequences in that their character of highly
variation can directly point to the most closely related species (Table 1),

Presently there exist many unknown animals in the world, which requires taxonomsts to
classify them. By classic taxonomy it is a difficult task to rapidly identify unknown animal species
when there exists hybridization, young species and slow molecular evolution, but using genomic
information will overcome the disadvantages to complete classification of unknown animals.

CONCLUSION

The above processes display a powerful method how to identify unknown animals. The method
only needs digestion of genomic DINA by restriction nucleases, ligation of vector, sequence analysis
and blast with sequenced animal genomes. More importantly, most labs meet these requirements
to manipulate the method, sc it will be a very helpful tool for taxonomists to classify unknown
animals when more complete sequenced animal genomes are available.
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