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ABSTRACT

To full fill the demand of domestic market, breeders make selection and mating just based on
variations in phenotype. However so far, no molecular genetic studies with relation to feather colours in local
Indonesian Canary. The molecular genetic will inform the variations of genetics in genes relating with feather
colours in birds, but there has been no attempt to local canary. One of the genes related to feather colour in
locus C chicken (albino or non-pigmented) is tyrosinase. The benefits of this research were expected to
contribute to the conservation and exploitation of natural resources in Indonesia, especially on genetic
variation and candidate genes associated with the colour of canary feathers. Total DNA was extracted from
blood canaries polymerase chain reaction amplified DNA product was sequenced. The results showed that
the amplification of canary genomes with tyrosinase gene were 200 bp fragment length while the results of
the sequence had a length between 578-158 bp fragments. The genetic variation of gene tyrosinase in local
Indonesian canary was shown in genetic similarity of 87-100 % and haplotype diversity of 0,9951 with 20
types.
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INTRODUCTION

Canary birds are the most species of birds in the family Fringillidae. One of the
species has small body characteristics, with varying feather colour and birds chirping are
Serinus Canaria. The original habitat of this bird is Canaria Island in Spain Europe. The
natural habitat of this bird is in the open nature, non-migratory and monogamy [1-3]. Total
amount of canary bird populations in the world and in Indonesia have been no reports
however these birds went into the Least concern [4] because it is including in the category
of birds with declining populations of the IUCN Red List (that is declining more than 30% in
ten years or three generations).

Local Indonesian Canary is one of commodity that is able to drive the lower middle
economic level. Recently, the demand of local canary with vyellow, white, orange and
mosaic colour were higher than the dark hair colour like as starblue and green. To fill market
demands, breeders make selection and mating just based on variations in phenotype [5,6].

Selection and mating with phenotype variation should be supported by the study of
genetic variation in relation with feather colour genes of local Indonesian canary. One of the
genes related with feather colour in locus C of chicken (albino or non-pigmented) is
Tyrosinase (TYR) [7-10]. In addition, the TYR gene is also related to skin colour in variety of
animal species that synthesis of tyrosine kinase and protein tyrosine phospatase [11-17].
However, there is no report about the tyrosin gene in local canary.

It is necessary to observe the genetic diversity of various local canary feather colours
as the basis for selection. It is expected to contribute to the conservation and exploitation of
natural resources in Indonesia, especially on DNA variation and candidate of genes
associated with feather colour canaries. The purpose of this study was to observe the
genetic variation of different colours canary feathers by TYR gene.

MATERIALS AND METHODS
Blood sample

Blood samples were obtained from 28 samples of the local canary from Malang, East
Java, Indonesia. Samples were derived from various types of canaries with different colours.
They were starblue, green, yellow, white, green, yellow mosaic, mosaic starblue white,
yellow and white mosaic. Of 0.1 cc blood samples taken at the right wing through the vena
axillaris using a syringe that has been coated with 1 ml heparin (anti-coagulant). After blood
sampling immediately be isolated or stored at 2-8 .

DNA Isolation

Canary Blood (0.1 ml) was added with RBC (Red Blood Cell) lysis with a ratio of 1:3,
incubated for 10 min at 25 ° C and then centrifuged (Hettich) at 3000 rpm for 10 minutes.
Pellet was processed sequentially by added with 750 pl cell lysis solution, homogenized,
divided into two microtube and then incubated for 15 min at 58°C in a water bath (Yamato
BT 100). This solution was added with PCI solution (1 x vol), homogenized (Heraeus) for 1
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min and centrifuged using cold micro centrifuge (refrigerated centrifuge Micro22R) at 13000
rom for 10 min at 4 oC. The supernatant was transferred into a new microtube, added with
Cl (1 x vol ), homogenized and centrifuged using micro centrifuge at 13000 rpm for 10 min
at 4 ° C . The supernatant from this step was transferred to a new microtube, added with
absolute ethanol ( MERCK ) as 2.5 times of supernatant volume, shaked and incubated in -
20 ° C for 1 hour, then centrifuged at 13,000 rpm for 10 min at 4 ° C. Pellet was added with
500 ul of 70% ethanol, shaked gently and centrifuged at 13,000 rpm temperature of 4°C for
10 minutes. Then pellet was dried at 55°C using the oven (Heraeus). This dried pellets,
added with 70-100 ul TE buffet, heated 15 minutes using oven, and stored at -20 ° C for
further testing. The quality of DNA was confirmed using 1.5 % Agarose Gel Electrophoresis .

Experimental
TYR Gene Amplification

The optimized PCR (Polymerase Chain Reaction) thermal cycles for the primer pair
NS1 and GCfung was as follows: initial denaturation at 95°C for 4 min and 35 cycles of 95°C
for 1 min, annealing at 50°C for 1 min and 10 sec, extension at 72°C for 2 min, then followed
by a last extension at 72°C for 8 min. Each PCR reaction contained 5 ul of 10 x PCR buffer, 2
ul of MgClI2 (25 mM), 4 pl of dNTP (2.5 uM) mixture, 1 pl of BSA (1 pg/ul), 0.3 uM of each
primer, 0.8 units Tag Polymerase, and 10 ng template DNA.

Before the amplification, primary design TYR gene with primary reference to the
research results [18] with the sequence Forward 5’-TGC CAG GGG CTG GAC ATC CCC-3’
Reverse 5’-GGG CCC CCA GCA GAT GAA GAA-3’. The next step was made the composition of
the PCR with a volume of 20 ul per tube consisted of 7.4 ul ddH20, 10 ul PCR kit (Go Taq
Green master mix @) (10x tag polymerase buffer, dNTPs, MgCl2, primers, Taq DNA
polymerase, ddH20), 12:35 ul forward primer, reverse primer and 2 ul ul 0:35 genomic DNA
canaries. The PCR program (Master Cycler Gradient Eppendorf) was used to amplify the TYR
gene shown in Table 1.

Table 1: Program for PCR amplification of the TYR gene

The step of PCR Temperature (°C) Time Cycle
Predenaturasi 94 5 minute 1time
Denaturasi 94 1 minute
Annealing 62 45 second 35 cycle
Ekstensi 72 45 second
The last extention 72 5 minute 1 time

Gel Band Purification and amplicon sequencing TYR gene

Before the sequencing, amplicon TYR gene performed gel band purification using the
QIA quick gel extraction kit. Therefore, the results of gel band purification at + 200 bp
sequencing performed using the Qiagen Master Mix. This fragment was sent for sequencing
to Macrogene Korean Company.
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In this study, they used some software which were (1) to read the results of the
sequence with sequence scanner software from macro gene korean company; (2) to
determine the genetic distances using MEGA software version 5 [19], (3) to conduct a DNA
sequence alignment with BioEdit [20], that was described the haplotype network with
Network 4.6.0.0 software [21].

RESULTS AND DISCUSSION

Genome Isolation results

The isolation result of the genome in the various colours of canary that have been
identified in accordance with Table 2.

Table 2: The Isolation Result of Genom Sample in Various Colour of Canaries

Number Canary Feather Colour Number Canary Feather Colour
1 Starblue White Mosaic-3 (SWM3) 15 Yellow-4 (Y4)
2 Yellow-2 (Y2) 16 Yellow White Mosaic-3’ (YWM3')
3 Starblue-1 (S1) 17 Green-2 (G2)
4 Yellow White Mosaic-2 (YWM2) 18 Yellow White Mosaic-2 (YWM2")
5 White-4 (W4) 19 White Starblue White Mosaic-2 (SWM-2)
6 Yellow-6 (Y6) 20 Yellow-1 (Y1)
7 Green-5 (G5) 21 Green-154 (G154)
8 Green-1 (G1) 22 White-1 (W1)
9 Yellow-3 (Y3) 23 White-5 (W5)
10 Green Yellow Mosaic-3 (GYM3) 24 Starblue-3 (S3)
11 White-3 (W3) 25 Yellow-5 (Y5)
12 Starblue-1 (51”) 26 Starblue White Mosaic-3 (SWM1)
13 White Starblue White Mosaic-4 (SWM-4) 27 Starblue2 (S2)
14 Yellow-7 (Y7) 28 Green-4 (G4)

Amplification results of PCR genes TYR

Figure 1: Amplification results of PCR with the TYR gene on agarose gel 1%

M: Marker; 1: Green-2 (G-2); 2: Green-155 (G-154); 3: Yellow-2 (Y-2) 4: starblue-1 (S-1); 5: White Mosaic starblue-2 (SWM-2); 6: Mosaic
White Yellow-2 (YWM-2)
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Identifying indonesian local canary of genetic molecular based on TYR gene has been
chosen because it has specific sequence varies in chicken feathers colour, so it can be used
in this study [7-9, 23, 24]. The length of the TYR gene was successfully amplified at £200 bp
on white star blue mosaic, yellow green mosaic, white mosaic of yellow, green, yellow,
white and star blue of canary feather colour. One of the PCR succeed can be seen in
Figurel.

The next step was sequencing to confirm the Amplification results of PCR gene TYR
on various feather- colours of canary. These Sequencing results read scanner sequence
software from Macrogene Korean Company.

Sequencing results of amplification PCR using gene TYR

From 28 canaries samples were successfully did by PCR from TYR gene obtained 25
samples, which successfully did by sequence from various feather colour of local canary with
the scanner sequence software (Table 3). Table 3 shows that the length of DNA fragments
that result sequencing lowest is 160 bp and the highest is 578 bp. Furthermore, the
sequencing results, the bases were selected in order to obtain high purification of the base
amount that can be further analyzed for type and haplotype networks as well as similarity.

Table 3: Fragment length DNA sequences results from TYR gene on Various canary feathers colour.

No. Feather colour codes Fragm.en length Of. DNA (bp) Y Basa analyzed
sequencing result with TYR gene
1 SWM3 276 118
2 Y2 244 115
3 S1 192 125
4 YWM2' 223 136
5 w4 169 116
6 Y5 162 116
7 G5 444 116
8 Gl 239 118
9 Y3 239 116
10 GYM2 243 113
11 W3 158 114
12 s1" 162 116
13 SWM?2 160 111
14 Y7 158 118
15 Y4 301 119
16 YWM3' 234 115
17 G2 571 115
18 YWM2" 401 115
19 SWM?2 573 115
20 Y1 571 112
21 G154 399 118
22 w1 578 135
23 W5 237 115
24 S3 288 118
25 Y5 485 115
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Genetic Variations of Tyrosinase (TYR) gene in Various Canary Feathers Colour

Based on DNA sequence alignment with BioEdit [20], there was only 21 samples out
of 25 samples were successfully carried out sequentially. Based on haplotype network
analysis results with network software 4.6.0.0, the value of haplotype diversity as big as
0.9952, divided into 20 haplotypes with the details as Table 4 and Figure 2.

Table 4: Haplotype type of Various Canary Feathers Colour

No Haplotype type

1 Hap_1:1 [Y4]

2 Hap_2:1 [YWM3]
3 Hap_3:1 [G154]
4 Hap_4:1 [SWMA4]
5 Hap_5:1 [G1]
6 Hap_6:1 [SWM3]
7 Hap_7:1 [GYM2]
8 Hap_8:2 [Y3Y2]
9 Hap_9:1 [G5]
10 Hap_10: 1 [G2]
11 Hap_11:1 [Y6]
12 Hap_12:1 [W5]
13 Hap_13:1 [Y5]
14 Hap_14:1 [S3]
15 Hap_15:1 [Y4]
16 Hap_16:1 [SWM2]
17 Hap_17:1 [W4]
18 Hap_18:1 [Y7]
19 Hap_19:1 [W3]
20 Hap_20:1 [Y1]

H90

Figure 2: Results of Network Haplotype in various canary feathers colour
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Based on the analysis based on haplotypes (Table 4) show that the composition of
the DNA of various coat color canaries are very varied. This means that the results of
amplification with gene TYR are able to describe the variation of various coat color canaries.
Supported the research that each canary feathers in different colors have different

haplotypes (90%).

Based on Figure 2, the highest homology appears in G1-YWM3 walnuts (H5-H2) and
Y4-Y3, Y2 (H15-H8) and the lowest homology G1-W14 (H5-H17). This suggests that the color
green feather (G) or dark colors tend to have much relationship with bright colors (W),
otherwise the color green (G) tend to have a close relationship with a mosaic of light and

dark (YWM).

Nucleotide sequence of the Amplification Results with TYR gene on various canary

feathers colour

20 40 50

B I NI e D PN DI e e e
T4 T GAGATACTGEAGET CT TT AR AR TCA CCAGGE TRGCC AGGCCCT TRAC CAARC TEC
T TTEAEATACTEERAGET CT TT REA AR TEA GEAGGETRGCC ARGCCCT TRC CRARCRC

&0
R R .
ACGAAATT GGG
ACGAAATT GARA

G154 TTEAATACTGEAGETCT TT AGA AR TEAGEARE TRGCC AGGCCCT TRACCAARC TGO - GTAATT GG

STHM4 TTGEREATRCTGEAGET CT TT AGA AR TEAGGRGETRGCC AEEOCCT TRCCRARAR_ TGC

GOGAAATT GERA

Gl  TTEAATACTGEAGETCT TT AGA AR TEA G ARG TRGCC AGGCCCT TRC CAARC AGC - ACGARATT GG
STH3 TTEREATRACTEEAGET CT TT AGA AR TERAGERREETRGCC ARGCCCT TRCCAARC ARG ACGARATTCT Th
GTMZ T GREATACTGEAGETCT TT AGA AR TEAGERRE TRGCC AGECCCT TRACCAARC TG ACTTRAATTCT TG
T3  TTRAEATACTEERGET CT TT A=A AR TEA GERRETRGOC ARGCCCT TRCCAARCAEC - ACEARATT G - Rlx
GE T GRAEATACTGEAGETCT TT AGA AR TEAGERARE TRGCC AGECCCT TRACCARTC TG ACGARATTCTTH
Tz  TTRAEATACTEEFRGET CT TT A=A AR TEA GERGG TRGOC ARGCCCT TRCCAARCAEC - ACEARATT GETH
GZ TTGRATACTGEAGET CT TT AGA AR TEAGERRE TRGCC AGECCCT TRACCAARC TG ACGARATT GETHR
TE  TTRAEATACTEEFRGET CT TT A=A AR GEA GERRETRGCC ARGCCCT TRCCAARC AEOER - GRARTT G Rlx
WME TTGRAGATACTGEAGET CT TT AR AR TCAGCRGE TRECC AGGCCCT TAC CAARC TR0 - GRAARCT GGG
TS5  TTRAEATACTEEFRGET CT TT A=A AR TEA GERGETRGCC ARGCCCT TRCCAARCAEC ACT TRATTCT Th

TIHME TTGRAGATACTGEAGET CT TT AR AR TCAGCAGE TRGCC AGGCCCT TRAC CAARCAGC
31  TTEAATRACTEEAGETCT TT AR AR TEAGEREETRGOC AE0OCCT TRC CRAR M-C
STMZ TTGREATRACTGEAGET CT TT AR AR TEAGCRGE TRGCC AEECCCT TRC CARRC IGT

ACGAAATTGE TG
GOGAAATT GETH
ACTTRATTCT TG

LIE TTERGEATRACTERGET CT TT A=A AR TR GEAGEAGEC AMEGCCCT TRCCARMC TEOER  GARRTT GETE
T TTGAGATACTGERGET CT TT ACA AR TEA GGRGE TRAGCC AMGGCCCT TRC CARAC TGC - GOGARRTT GGHR
QULBC] TTGAGATACTEERGET CT TT AR AR TEA GGAGE TAGOC AGGCCCT TRACCARTC AGC - ACGARRTT GG - fitx
T1 TTGAGATACTGERGET CT TT AGA IR TEA GGRGE TAGCC AGGCCCT TRC CARAC AGC - ACT TARTTCT Th
&0 20 100 110 120 130
SR (R D [ D ) D e R e D . |
T AAATTAT A C- TTCACCT - CTGR - AG TCTTT TOGC ATT TCC- GIT TAC AT
T ARATTAT - -A- A ATCACCT - CTGA- - AE- TCTTT-ACTC-ATT -TCC- TTT - TAC- AT
Gl54 ARATTAT -A C ATCACCT  CTGAR 0O TCTTT TCTC ATT TCC- TTT CAC- AT
STM4 ARATTAG -A-A TICACCT - GAGA - Az -TCTTT-ACTC-ATT - TCC- TTT -THAC- AT
Gl AAATTAT A A ATCACCT - GTGR - AE TCTTTTA TC-ATT -TCC-TTT - TAC- AT
STM2 ARATTAT- -A- C-TICACCT - CTGA - OG- TCTTT-TCTC-ATT -TCC- TTT -THAC- AT
GTHZ RAATTAT A C TICACCT  CTGA - A TCTTT TCTC TTT TCC- TIT THC AT
T3 AAATTAT A C-TTCACCT - CTGR - O TCTTT TCTC TTT TCC- TTT THAC AT
GS AAATTAT A C TICACCT  CTGAR CT TCTIT TCIC TTT TCC TIT THAC AT
TE AAATTAT A C-TTCACCT - CTGR - O TCTTT TCTC TTT TCC- TTT THAC AT
G2 AAATTATG A TICACCT - CTGA - CT TCTIT TCIC TTT TCC TIT CRC AT
TE AAATTAT A C-TTCACCT - GTGR - AG TCTTT TCTC ATE TCC- TTT THAC AT
LU AAATTAT & C- TICACART  CTGRA 0O TCTIT ACTC ATT TCC GIT CRCTAT
TEL AAATTAT A C-TTCACCT - CTGR - CT TCTTT TCTC - TTGICC TTT - THAC AT
TIHE ARATTAT A C TICRCCT - GGGA O TCTIT TOGD TTe TCC TIT THRC AT
51 AAATTAT A C-TTCACCT - CTGR - O TCTTT TCTC TTT TCC- TTT THAC AT
STHZ ARATTAT A C TICACCT  CTGA - CT ICTIT TCTC - TITICC TIT THC AT
T4 GRAATTATGTR AGAT-R MEAGGAGGTGTTT - - TRAGAMG TCGGTTTGTR T
T AAATTTT A A TTC - GTAAMGAGR - Ak TCTTTTAR TC - TT TTC TIT T C AT
QUBE] ARATTR AGC-TTICACCT - GRAGA - O TCTTT ACTC TTT TCC- TTT TAC AT
T1 AAATTAT A C-TICACCT  CTGR O TCTTT TCTC - TTTICC TIT THAC AT

Figure 3: Nucleotide sequence of various canary feathers colour
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From the results of these sequences (Figure 3) with Local BLASTn on the TYR gene
obtained similarity values as shown in Table 5. Figure 3 showed that sequence various
between canary was in the second order, That was senyawa basa-N tirosin, sequences 55-
70, 80-130. In another hand, there was only individual W4 (white 4) which shown a very
different sequence while compared with other canaries in sequence 80-130. It was
estimated that there was high mutation in individual W4 (white colour) that related with
TYR gene. [22] TYR gene related with plumage colour white geese.

Table 5: Similarity value with Local BLASTn at MC1R Canary

Sample

Hpt Y4 YWM3’ G154 SWM4 G1 SWM3 GYM2 Y3 G5 Y2 G2 Y6 W5 Y5 YWM2 512 SWM2 w4 Y7 W3 Y1
Y4 0

YWM3' 94 0

G154 94 92 0

SWM4 92 94 90 0
G1 94 96 92 92 0

SWM3 93 93 91 80 92 0

GYM?2 94 90 91 88 90 94 0
Y3 97 94 93 91 94 95 93 0
G5 92 90 89 88 88 96 94 93 0
Y2 92 94 92 91 92 97 93 98 95 0
G2 93 92 91 90 90 92 91 93 94 95 0
Y6 94 92 92 92 93 91 89 94 87 92 87 0
W5 92 90 93 90 94 89 100 92 87 90 90 92 0
Y5 90 89 88 100 100 95 95 92 95 94 92 88 100 0

YWM2 94 90 91 89 92 92 91 95 91 95 91 92 90 92 0
s1° 94 93 92 92 92 96 92 97 94 99 94 92 91 93 94 0

SWM2 91 89 90 100 89 95 97 94 95 94 92 88 100 98 92 93 0
W4 90 96 92 93 96 96 94 96 94 96 90 90 92 96 90 92 96 0
Y7 97 97 95 100 95 96 100 95 96 95 97 94 95 100 96 97 100 93
W3 95 91 88 92 91 90 88 94 90 92 90 90 90 87 92 92 89 96 94 0
Y1 91 91 90 87 89 97 97 94 95 96 92 88 100 98 92 95 98 96 100 89 0

Table 5 showed that Y5 has the same similarity with SWM-4, Y7, and G1 as well as
W5, Y7 has the same similarity with SWM-4, Y5 and SWM-2 as well as Y1, W5 has the same
similarity with Y5, SWM-2 and Y1, GYM-2 has the same similarity SWM-2 with W5 and Y7, Y1
has the same similarity with W5 and Y7.

From the results of research using TYR gene (non-pigment gene) showed a tendency
variety or individual polymorphism of various canary feathers colour, it can be seen from:
the tendency variety sequence results amplification TYR gene with the length between 158-
573 bp, haplotype variety was 0.9951 which was divided into 20 haplotypes, the tendency
variety based on the similarities value with Local BLASTn values was ranging between 87% -
100%.

In addition, the varieties value of sequence results from amplification TYR gene with
a length was between 158-573 bp. The length of the fragments from this research, it was
still accordance with the results of Real Time PCR gene TYR in Korean quail feathers colour
with fragments length 158 and 213 bp [17] and PCR gene TYR in exon 2 of silver fox. These
results of the research was rather different from [11] which amplification TYR in albino mice
with fragments length between 366-433 bp.

Haplotype variety was 0.9951, which was divided into 20 haplotypes. This statement
was supported with the result of the research by [10] that DNA microsatellite analysis
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results with gene TYR in chickens Japanese games (coloured plumage) with a white chicken
recessive was obtained 28 linkage groups.

This Variety was based on the similarities value with Local BLAST with values ranging
between 87% -100%. The Results of this research supported by [10] and [24] similarities
values gene TYR on chicken feathers colour was 90%, while the silver fox has the closest
genetic relationship (homologous) was 100% [24].

CONCLUSIONS AND RECOMMENDATIONS

It can be concluded that TYR gene (non-pigment genes) can be used to detect
identifier molecular genetic through variety or individuals polymorphism from various
canary feathers colour, it can be seen from the band length variety amplification result
between 158-573 bp, haplotype variety was 0.9951 which was divided into 20 haplotypes,
the variety of similarities value between 87% -100%.
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