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ABSTRACT Cryopreservation of poultry semen has been reported, but preservation of female genetic material has not been
possible because of the unique anatomical and physiological characteristics of the avian egg. Thus an alternative strategy for
conservation of oviparous species of animals must be developed. Recent technological developments for producing germline
chimeras by the transfer of primordial germ cells (PGCs) into recipient embryos has enabled the conservation and retrieval
of chicken genetic resources in their complete form. In the present study, fertilized eggs were incubated for about 5.5 days
to obtain embryos at stage 28. The whole embryo was collected from the germinal gonad using a fine glass micro pipette
under a microscope. The PGCs were then purified using MACS method. Two commercially available cryoprotectants (A and
B) were used to preserve the PGCs, and EG were used as a control. The average recovery rate of PGCs after thawing was
35.5% and 60.5% with the A and B treatments, respectively. There was no significant difference between B treatments and
control, which showed an average recovery rate of 52.8%. However, the recovery rate obtained using A cryoprotectant (35.5%)
was significantly lower than using treatment control and B. The average viability of the PGCs after thawing were 77.9% and
77.4% for cryoprotectants A and B, respectively, and the control were was 81.6%. There was no statistically significant
difference between the two treatments and control. It was concluded that all of the available cryoprotectants examined in this
study could be used for preservation of PGCs from embryos. Further experiments to produce germline chimera from PGCs

preserved using this techniques are strongly recommended.
(Key words : chicken, cryopreservation, PGCs, recovery-rate, viability)
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Fig. 1. Average percentage rate of recovery of PGCs after freezing
and thawing using different cryoprotectant.
Overall averages represent the means + standard error (SE).
Overall averages in the same row without a common su-
perscript differ significantly(P<0.05).
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Fig. 2. Average percentage of viability of PGCs after freezing
and thawing using different Cryoprotectants.
Overall averages represent the means + standard error
(SE).

2 2 g3 Fo| & PGCs WEE°] 73%

>
=
f
re
-
iy, off
)
2
N
e
Q
+
7y
2
i
S
w2
BN
ot
1o
offl
it
&

2R A x2 2 ¥

o o o g

5
A} 2ol EG2 ¥ PGCsE 52 HEsh=d 9o
TARTAYLS I

Naito et al.(1992)2 T3k vjFS 3+ w|5=2] vl 4k (blasto-
derm) A|20] 52 2 Fal Fo| AE BEEF v FS A
B2 TS Az MEAYEE] 42t 62.7% 1813l 66.0%
a1 B3l % gt} Kino(1997) S& T g Wi
o] g-3] DMSOE ©]|&all 2 Fo| ujWtdA L] PE=go]
27y 33~71%2 BEudth ol#dt Hus2RHE, &
PGCs2] AE&o] vinkgA| 2] =R o Eohe S
oF 2= QIt}. HE3) Tagami et al(2007)< 7] Wiz} 2ol
WA Sl A F& £Fstn e H PGCsE T2 2
Tl T HEES gl B vk 2y B A3
wjzE Y 271 AL o 2R A F g B PGCse
FAH oz ol g Qe TARTAE SN E A

g 4= dokeE AL B3, YEEo i JgkS Fx] ¢
3, AAALrd AFHeZ HHE 5 22 AALsl
ATt

AgHow B Ao ALgd FEsAl A= 5 PGCs
o] HES 98l AH8E 4 ok AlsETh a8y B4
B35 AR HE AEHE 9IS 71AA] LA felF
o7 v 3 5g ufiol] AMESHA] e Al T5 o AL
FET H2e BYFE Ve 5 PGCsE 283 Al E
Q9] 7F54E AA =0, ¥ PGCsE o] &3t AAA 79|
gt A7) 7R ol e, EEA ] BAS)E oF
A 27 44 g BE = &8o] 7hesith o]
A71eS 0] 43 & PGCse| HECRRE A f 7
w2l AAES 918 Aol o] &E Ho|th Yoyl E At
A ER1E B4 HE 7]EE 5 PGCsE ©]8-8 A2l 71

S o] g3 AT 27/, A B 7 AU agn
FEN7IA T AE ok 2/ 314 vk BEd
wEA] Hod Ao

5y 2

tge] AN T4 HELS HyE 3 QAT 2 dske] 1
Z T 2L ofE e fHEH] HES B
A7 olth gell glo] FYUAYAHEPGCs)2] B2 BHES



168 AT 5498 FERTAE o] &3

WA T FERo FAELS BEY
oty & AFolA] Ao 2 RE .
(stage 28 : 5.5¢ % (Hamburger and Hamilton, 1951)) &<t
AT R o] 2r|AE AA] st A dzl g
< ol gsto] PAYAA RS Fe)’ T, MACS W
o= AT F e AR AR EE FAESA
(A%} B)2} 10% EG + 15% FBSZ SZAHEIAR 3l= iz
& 747t ¥ PGCs9] B4 2 g3l o] &3ttt T4 3
Gl T2 ¥ PGCs2| 3582 A(35.5%), B(60.5%) L&) 1L
ol A = 52.8%5 22 gRlskith 52.8%2] 5 PGCs
o] I E&S HQl 2o TAEIA| B ATt
oAl zlo]E Holx| gktth ey F ATl g &
ARSA Ax 355% FH o= gtttk sAvt, 54 4
3l T9 o PGCs AEEL 22 A(77.9%), B(77.4%) 1
3 ET(81.6%) o8 BTk 7 AT It A<l
zlol= UATE B A= wiA; B 2719 AA|EA e
ZRE AF S o PGCse FAF LR o] &H 1 e T2
B35 A(A9 B)E A8l B2 = 23
3, AEE Y JFE T4 & o
2 B 5 35 ARkt lth

(ARl : A LEA, FARIA|, UABAAE,

a8, AEE)

Blackburn HD 2006 The national animal germplasm prog-
ram: Challenges and opportunities for poultry genetic re-
sources. Poult Sci 85:210-215.

Bernard A, Fuller BJ 1996 Cryopreservation of human oocytes:
a review of current problems and perspectives. Hum Reprod
Update 2:193-207.

Boutron P 1984 A more accurate determination of the quantity
of ice crystallized at low cooling rates in the glycerol and
1,2-propandiol aqueous solutions: Comparison with equili-
brium. Cryobiology 21:183-191.

Fulton JE, Delany ME 2003 Poultry genetic resources-opera-
tion rescue needed. Science 300:1667-1668.

oA A) YA 2] T2 BE

FAO 2003 World Watch List for Domestic Animal Diversity
3rd edition (Scherf BD ed.) Food and Agriculture Organi-
zation of the United Nation. Rome.

Fahy GM, MacFarlane DR, Angell CA, Meryman HT 1984
Vitrification as an approach to cryopreservation. Cryobiology
21:407-426.

Freshney RI 2005 Culture of animal cells: A manual of basic
technique. 5th Edn Wiley-Liss Inc Hoboken.

Friedler S, Giudice LC, Lamb EJ 1988 Cryopreservation of
embryos and ova. Fertil Steril 49:743-764.

Gardner DK, Lane M 2000 Embryo culture systems In "Hand-
book of in vitro Fertilization". 2nd ed CRC Press, Boca
Raton, FL 205-264.

Hamburger V, Hamilton HL 1951 A series of normal stage in
the development of the chick embryo. Journal of Morpho-
logy 8:49-92.

Hammerstedt RH, Graham JK 1992 Cryopreservation of poul-
try sperm: the enigma of glycerol. Cryobiology 29:26- 38.

Han JY, Park TS, Hong YH, Jeong DK, Kim JN, Kim KD,
Lim JM 2002 Production of germline chimeras by transfer
of chicken gonadal primordial germ cells maintained in
vitro for an extended period. Theriogenology 58:1531-
1539.

Hey JM, MarFarlane DR 1996 Crystallization of ice in aque-
ous solutions of glycerol and dimethly sulphoxide. Cryo-
biology 33:205-216.

Hotamisligil S, Toner M, Powers RD 1996 Changes in mem-
brane intergrity, cytoskeletal structure, and developmental
potential of murine oocytes after vitrification in ethylene
glycol. Biol Reprod 55:161-168.

Kim JT, Lee SH, Lee YJ, Jo DI 2004 Utility of bolus suture
and silicone protector in auricular reconstruction of micro-
tia. J Korean Soc Plast Reconstr Surg 31:9-16.

Kino K, Pain B, Leibo SP, Cochran M, Clark ME, Etches RJ
1997 Production of chicken chimeras from injection of
frozen-thawed blastodermal cells. Poultry Sci 76:753- 760.

Kobayashi T, Takeuchi Y, Yoshizaki G, Takeuchi T 2003
Cryopreservation of trout primordial germ cells. Fish Phy-
siol Biochem 28:479-480.

Lake PE, Stewart JM 1978 Preservation of fowl semen in
liquid nitrogen an improved method. Br Poult Sci
19:187-197.



Cryopreservation of Primordial Germ Cells(PGCs) from Korean Native Chicken(Ogye) Embryos using Commercial Cryoprotectants 169

Lovelock JE, Bishop MWH 1959 Prevention of freezing
damage to living cells by dimethyl sulphoxide. Nature 183
:1394-1395.

Martino A, Songsasen N, Leibo SP 1996 Development into
blastocysts of bovine oocytes cryopreserved by ultra-rapid
cooling. Biol Reprod 54:1059-1069.

Naito M, Nirasawa K, Oishi T 1992 Preservation of quail
blastoderm cells in liquid nitrogen. Br Poult Sci
33:449-453.

Naito M, Tajima A, Yasuda Y, Kuwana T 1994a Production
of germline chimeric chickens, with high transmission rate
of donor-derived gametes, produced by transfer of primor-
dial germ cells. Mol Reprod Dev 39:153-161.

Naito M, Tajima A, Tagami T, Yasuda Y, Kuwana T 1994b
Preservation of chick primordial germ cells in liquid nitro-
gen and subsequent production of viable offspring. J
Reprod Fertil 102:321-325.

Naito M 2003 Cryopreservation of avian germline cells and
subsequent production of viable offspring. J Poult Sci
40:1-12.

Nakagata N 1989 High survival rate of unfertilized mouse
oocytes after vitrification. J Reprod Fertil 87:479-483.
Park TS, Jeong DK, Kim JN, Song GH, Hong YH, Lim JM,
Han JY 2003 Improved germline transmission in chicken
chimeras produced by transplantation of gonadal primor-
dial germ cells into recipient embryos. Biol Reprod 68:

1657-1662.

Rall WF, Wood MJ, Kirby C, Whittimgham DG 1987 Deve-
lopment of mouse embryos cryopreserved by vitrification.
J Reprod Fertil 80:499-504.

Rezazadeh VM, Eftekhari-Yazdi P, Karimian L, Hassani F,
Movaghar B 2009 Vitrification versus slow freezing gives
excellent survival, post warming embryo morphology and
pregnancy outcomes for human cleaved embryos. J Assist
Reprod Genet 26:347-354.

Sommerfeld V, Niemann H 1999 Cryopreservation of bovine
in vitro produced embryos using ethylene glycol in cont-
rolled freezing or vitrification. Cryobiology 38:95-105.

Sutton RL 1991 Critical cooling rate to avoid ice crystalliza-
tion in solutions of cryoprotective agents. J Chem Soc
Faraday Trans 87:101-105.

Tagami T, Kagami H, Matsubara Y, Harumi T, Naito M,
Takeda K, Hanada H, Nirasawa K 2007 Differentiation of
female primordial germ cells in the male testes of chicken
(Gallus gallus domesticus). Mol Reprod Dev 74:68-75.

Tajima A, Naito M, Yasuda Y, Kuwana T 1998 Production
of germ-line chimeras by transfer of cryopreserved gonadal
primordial germ cells (gPGCs) in chicken. J Exp Zool
280:265-267.

Vajta G, Holm P, Kuwayama M 1998 Open pulled straw
(OPS) vitrification : a new way to reduce cryoinjuries of
bovine ova and embryos. Mol Reprod Dev 51:53-58.
(857 2013, 7. 3, 77 2013. 8. 8, A =: 2013. 8. 13)



