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In October 2008, a pair of Crested ibis Nipponia nippon, an endangered avian species in the world, was
donated to Korea from China. They have since been the subject of a successful program to incubate
chicks for the first time in South Korea. This study was carried out to determine the sex of chicks
from the Crested ibis through polymerase chain reaction (PCR) using the sex-related gene and the
chromodomain helicase DNA binding protein (CHD) gene. The result of the CHD gene, which was
used with a single set of primers and a restriction enzyme treatment after the PCR process, was more
accurate in identifying the gender of the Crested ibis. In addition, we compared the CHD gene se-
quences with the previously reported sequences and found 1~2 different bases between females (CI2,
CI4, CI5, and CI6) than in studies previously reporting female sequences.
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Introduction

The population of the Crested ibis Nipponia nippon, which

is a native species inhabiting Northeast Asian countries such

as Korea, Japan, China, and Far Eastern Russia [14,15] has

drastically decreased since 1930s due to the abuse of

pesticides, poaching, and wetland decrease resulting in

habitat loss [11]. Thus, the International Union for

Conservation of Nature [13] has protected this bird as an

endangered species and has been protected as a National

Treasure (No. 198) since 1968 in South Korea. Despite all

previous efforts, the three individuals of this species were

last observed in the wild at Panmunjom, in the Demilitarized

Zone (DMZ) during the early 1980s [1]. Fortunately, a pair

of Crested ibis was introduced from China in October 2008,

and following a successful program of artificial incubation

of the species for the first time in South Korea. Given the

necessity for conservation of endangered birds such as

Crested ibis, it is crucial to identify the gender of the

individuals with similar external morphs between female

(ZW) and male (ZZ) to establish a self-sustainable

population [8,12] for restoration of the species [3,4], for

genetic diversity [5,8] and for lineage analysis [9]. Moreover,

raising the young chicks during the juvenile period based

on sex determination encourages their familiarity, which

might increase mating success rates [6].

The aim of current study was to determine the gender

of each young progeny from the parents mentioned above

by detecting the sex-related gene and chromodomain

helicase DNA binding protein (CHD) gene, and by

analyzing the sequences of the amplicons via polymerase

chain reaction (PCR) of the Crested ibis for the restoration

of the species in South Korea. In addition, this study

recommend which is the more accurate and efficient method

to identifying the gender of Crested ibis.

Materials and Methods

Sampling and DNA extraction

The bird materials for the present study included a pair

of parent Crested ibis (CI1: adult male, CI2: adult female)

introduced from China and their four chicks (CI3, CI4, CI5,

and CI6, respectively) domestically born in South Korea, all

of which were bred at the Upo Crested ibis Restoration

Center in captivity. Tissue specimens were collected from

the feathers of the parent and chicks. DNAs were extracted

from the tissues of the calamus tips using the DNeasy Blood

& Tissue Kit (Qiagen GmbH, Hilden, Germany).
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Amplification of sex-related DNA

To amplify the W chromosome-specific DNA sequence,

the primer sequences of 5‘-CACCCTGGATTGGACAACCT

ATTTC-3‘ (forward) and 5‘-CACTCTTTCCAGGA AATC

AA-3‘ (reverse) were used [6,9]. In addition, we designed

a pair of primer set from the W chromosome-specific DNA

sequence that was amplified from Crested ibis. The new

primer sequences are 5‘-ATTGACAATTTGTCT GTCTC-3‘

(forward) and 5‘-TCTAATACTTCTTTGAATGA-3‘ (reverse).

For PCR, 35 cycles of denaturation (95℃ for 80 sec),

annealing (59℃ for 90 sec) and extension (72℃° for 60 sec)

were performed under Ex Taq polymerase (TaKaRa, Shiga,

Japan) in a DNA Thermal Cycler (TaKaRa TP650, Shiga,

Japan) [9]. After the PCR, the products electrophorese in 2

% agarose gel.

CHD genes amplification and restriction enzyme

analysis

To amplify the CHD genes, the P1 and P2 primer

sequences of 5‘-ATATTCTGGA TCTGATAGTGAYTC-3‘ (P1,

forward) and 5‘-TCTGCATCGCTAAATCCTTT-3‘ (P2,

reverse) were used with the procedures of previous studies

[3]. For PCR, 40 cycles of denaturation (94℃ for 30 sec),

annealing (56℃ for 15 sec), and extension (72℃ for 15 sec)

were performed using Ex Taq polymerase (TaKaRa, Shiga,

Japan) in a DNA Thermal Cycler (Applied Biosystems, PCR

system 2700, Foster City, CA, U.S.A.). After the PCR, each

amplicons of the PCR products was purified (Qiagen GmbH,

Hilden, Germany) and then each of them were concentrated.

After the purification and concentration, each of reaction

mixtures was subjected to three restriction enzyme (DdeⅠ:

New England BioLabs, Beverly, MA, U.S.A.; MboⅡ and Hae

Ⅲ: TaKaRa, Shiga, Japan) and incubated for 2 hr at 37℃

[7]. In addition, these reactants electrophorese in 2 % agarose

gel.

To amplify the other CHD genes, the P2 and P8 primer

sequences of 5‘-CTCCCAAGGATGA GRAAYTG-3‘ (P8,

forward) and 5‘-TCTGCATCGCTAAATC CTTT-3‘ (P2,

reverse) were used with the procedures of previous studies

[4]. For PCR, 38 cycles of denaturation (94℃ for 30 sec),

annealing (59℃ for 45 sec), and extension (72℃ for 45 sec)

were performed using Ex Taq polymerase (TaKaRa, Shiga,

Japan). A final run of 59℃ for 1 min and, 72℃ for 5 min

completed the program in a DNA Thermal Cycler (Applied

Biosystems, PCR system 2700, Foster City, CA, U.S.A.). And

then the amplicons were electrophoresised in 3% agarose

gel.

DNA sequencing and alignment

The amplicons derived from PCR were subjected to a

cycle sequencing (Applied Biosystems, ABI 3730xl, Foster

City, CA, U.S.A.). The final DNA sequences were aligned

using the ClustalW program (http://www.genome.jp). And

the sex-related gene sequences were compared with the

Crested ibis registered at BLAST (Accession No. AB045309,

http://blast.ncbi. nlm.nih.gov/Blast.cgi) [10].

Results

W chromosome-specific DNA fragments were amplified

using PCR, the sizes of which were about 307 bp and was

not detected in the male (Fig. 1A). By the result, the W chro-

mosome-specific DNA band did not occur in the mature

male Crested ibis (CI1), while the mature female (CI2) was

showed the band. The first chick (CI3) was equal to the pa-

ternal parent CI1, hence the second (CI4), third (CI5) and

fourth chick (CI6) were as same as the maternal parent CI2.

Therefore, it was considered that CI3 is male progeny, while

CI4, CI5, and CI6, implicate CI2, were considered to be

females. Moreover, the PCR was performed with the new

single set of primers, designed from the W chromosome-spe-

cific DNA sequences of Crested ibis, but it was amplified

from both the male and female (Fig. 1B). And the sequence

of sex-related genes for the female chicks born in

Fig. 1. Image of PCR products in which the W chromosome-

specific DNA sequence was amplified (A) and in which

was amplified with a new designed set of primers (B).

A: CI2, CI4, CI5, and CI6, which showed a band at about

307 bp, were considered female, and CI1 and CI3, which

did not show a band, were considered male. B: The band

at about 262 bp was amplified from both the male and

female. PCR products contain two primers. Marker (M):

100 bp DNA Ladder.
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Fig. 2. Image of PCR products of adult Crested ibises (A) and the chicks (B) treatments of three restriction enzymes (DdeI, MboII

and HaeIII). Adult male (CI1) and adult female (CI2), the first (CI3), second (CI4), third (CI5) and forth chick (CI6) from

left. Marker (M) is 100 bp DNA Ladder. The (-) means only PCR product and absence of restriction enzyme. The band

size is about 107 bp (including the two primers and 64 bp excluding the primers).

Fig. 3. PCR amplified CHD gene sequences with P1 and P2 of adult Crested ibis and the chicks. CI1 is adult male and CI2 is

adult female. Moreover, the first (CI3), second (CI4), third (CI5) and forth chick (CI6), were from upstream. Dashes indicate

that the sequence is equal to that of CI1. PCR primer sequences are not included. The restriction sites of enzyme DdeI,

MboII, and HaeIII are shown.

South Korea matched with that of the sample registered at

BLAST (No. AB045309) [10].

The PCR products, amplified with P1 and P2 primers,

from the male and female were digested with DdeⅠ. In case

of digestions with MboⅡ and HaeⅢ, the product of male

was almost entirely digested with two enzymes, but a slight

amount of undigested products remained. On the other

hand, the product of female was partially digested with two

restriction enzymes, but a large amount of undigested

products remained. Because of these differences, it was

possible to distinguish male from female (Fig. 2A). All PCR

products of chicks were digested with each of the three

enzymes, respectively. The sample from the first chick (CI3)

was almost completely digested by the addition of three

enzymes. However, the others (CI4, CI5, and CI6) were

digested by DdeⅠ, and only partially digested by MboⅡ and

HaeⅢ. The enzyme treatment of CI3 was similar to that of

the male, and treatments of CI4, CI5, and CI6 were similar

to that of female. Therefore, it is considered that CI3 was

male, and CI4, CI5, and CI6 were female (Fig. 2B).

The sequences from the PCR products, amplified with P1

and P2 primers, are shown Fig. 3. The sequence of mature

male (CI1) and the first chick (CI3) are as same as M1

(Japanese male) [7]. On the other hand, the sequences of
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Fig. 4. Image of PCR amplified CHD gene sequences with P2

and P8 of Crested ibis in South Korea. CI1 (adult male)

is one band and CI2 (adult female) is two bands. So,

CI3 with one band is male and those with two bands,

CI4, CI5 and CI6, are female. Marker (M) is 100 bp DNA

Ladder. CI1: adult male and CI2: adult female. CI3: the

first chick. CI4: the second chick. CI5: the third chick.

CI6: the forth chick. The upper band size is about 400

bp and the lower band is about 380 bp.

mature female (CI2) and three chicks (CI4, CI5 and CI6) are

different from CI1, M1, and the Japanese females (F1, F2,

and F3) [10]. The restricted site of DdeⅠ from CI2 was in

accord with that of CI1, but the sites of MboⅡ and HaeⅢ

were distinct from CI1. Because of this reason, the PCR

product of CI2 was only partially digested with the two

restriction enzymes of MboⅡ and HaeⅢ. Moreover, CI4, CI5,

and CI6 were as same as CI2 (Fig. 3).

The PCR products from the male and female were

amplified with P2 and P8. The sex identification is able to

known the number of fragments 1 or 2. In case of male,

it showed one band of PCR product and in case of female,

it showed two bands of PCR products. So it was considered

that CI1 and CI3 were males, and CI2, CI4, CI5 and CI6

were females. And the difference in size between Z- and

W- specific fragments amplified with the primers P2 and

P8 ranges about 10 to 80 bp [2]. So the fragments could be

distinguished on 3% agarose gel (Fig. 4).

Discussion

The Crested ibis Nipponia nippon is an endangered avian

species surviving from the edge of the extinction in the

world, which had disappeared since 1981 in the Korean

peninsula. In October 2008, a pair of Crested ibis donated

from China had successfully incubated chicks for the first

time in South Korea. This study used the Sex-related gene

[9] and CHD gene [7] in order to identify the gender of

Crested ibis, which were the first incubated chicks in South

Korea. The first method, a one-off PCR was able to identify

the gender of Crested ibis, was very simple, but in this study

the results did not always have an expected outcome.

Therefore, the new primer set were designed from the 262

bp PCR product sequences that were amplified from the W

chromosome-specific DNA sequence of the Crested ibis.

Then PCR, using the new designed primers, was carried out

again. Nevertheless, samples were amplified from both the

male and female. It was considered that these sequences of

from the PCR products, amplifying a portion of the W

chromosome, were in accordance with a large part of the

sequences from the Z chromosome [6]. The second method,

which used the CHD gene with P1 and P2 and then

restriction enzymes, was a little inconvenient, because it

used the restriction enzyme treatment after the PCR process.

It was compared with the sequences of CHD gene of from

CI1 to CI6 and those of the previously reported sequences

[7]. The DNA sequences of males (CI1 and CI3) and M1

consisted with each other, however the sequences of females

(CI2, CI4, CI5, and CI6) and F1 were different in 1~2 bases.

It is believed that this study will provide the basic data for

the genetic diversity of the Korean population of the Crested

ibis and for establishing an effective species restoration

strategy. The third method, which used the CHD gene with

P2 and P8, was quite a bit inconvenient too. The amplified

fragments of difference in size were about 20 bp, so the

amplicons were barely possible to be distinguished on 3%

gel. However, the results of second and third methods were

always constant. Therefore, it was recommended that the

second and third method were more accurate in identifying

the gender of Crested ibis.
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식에 성공하였다. 본 연구는 따오기의 sex-related gene과 Chromodomain Helicase DNA Binding Protein gene
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