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Development of cryopreservation system in peony(Paeonia
lactiflora) and yam(Dioscorea opposita) germplasm
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SUMMARY

I . Development of cryopreservation system in peony(Paeonia lactifolra Pall.)

This study was carried out to establish a suitable cryopreservation method using the

zygotic, somatic embryos and shoot-apices of winter buds in herbaceous peony (Paeonia

lactiflora Pall).

1. Establishment of tissue culture method of peony

To develop an efficient tissue culture protocol for several peony tissues, such as
cotyledons, roots, leaves, and anthers etc., various plant growth regulators were applied
on tissue culture medium. Effect of pretreatment for somatic embryogenesis from tissues
and callus was also checked on peony.

The experiments were carried out to determine the optimum conditions for the direct
embryogenesis from the cotyledon culture of Paeonia lactiflora Pall. Different peony tissues
derived from zygotic embryos were cultured on MS medium with and without 2,4-D.
Somatic embryos were formed from cotyledons cultured on the medium without 2,4-D. The
maximum frequency (61%) of embryo formation was obtained from the cotyledons cultured
on MS medium containing 1.0 mg/L of ABA. Shoot and roots of somatic embryos were
elongated by the supplement of 0.3 mg/lL. GA; in the medium or the pretreatment for 8
weeks at 4°C. The anthers of a herbaceous peony were cultured on MS medium with PAA,
IAA, TDZ, BA, AC. The MS medium with or without 2 mg/l. PAA was superior to a
medium containing IAA, TDZ, BA, and AC in enhancing of direct embryogenesis and
producing of normal embryo with two cotyledons from the cultured anthers.

The polyembryonic rate was approximately 4% among 4,114 seeds harvested at peony

field. Most of polyembryony were twin-embryo seeds, while three or four-embryo seeds
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appeared at low frequency (0.2%). About 94% of twin embryos were normal embryos
with two cotyledons, but 6% of those were abnormal embryos with one or three
cotyledons. The germination rate of polyembryos was 90% in MS medium containing
0.3mg/L GA;, whereas that of normal embryos was 97%. Almost all of polyembryonic
seedlings had a diploid chromosome complement (2n=10), but aneuploid (2n=8) and/or

2n-3n-4n triplet were observed by karyotype determination using root-tip staining.

2. Cryopreservation of zygotic embryos in peony

A simplified technique which cryoprotects zygotic embryos was developed for the
germplasm conservation of herbaceous peony (Paeonia lactiflora Pall.). Cryopreservation
efficiency was higher in mature embryos than that of immature embryos. The highest
survival rate (85%) was obtained from the embryos treated by encapsulation-dehydration,
followed by desiccation (71%), and then vitrification (65%). The plant recovery from
encapsulated embryos after cryopreservation was enhanced by desiccation for 5h in a
laminar air-flow system. Cryopreservation methods did not affect survival - whether they
were rapid or slow cryopreservation. The thawing in a water bath at 40C for 5 min
produced much higher survival of cryopreserved embryos than thawing in a water bath
at 55°C. The cryostorage durations in liquid nitrogen did not affect the survival of

embryos cryopreserved in the range from 1 h to 30 days.

3. Cryopreservation of somatic embryos in peony

Somatic embryos induced from cotyledon tissues and anthers were tested for their
ability to survive cryopreservation. The rate of somatic embryogenesis was a maximum
(61%) from the cotyledons culture on a MS medium [15] supplemented with 1.0 mg/L
of abscisic acid (ABA). Embryos were also obtained from anthers directly on a MS
medium with and without 2.0 mg/L of phenylacetic acid (PAA). Embryos were dried

under a stream of air and frozen by immersion in liquid nitrogen. Thawed axes were
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grown in vitro on a medium containing 0.3 mg/L of gibberellic acid (GAsz). The
survival rate of the cryopreserved somatic embryos changed according to their size and
desiccation time which ranged from O h to 2 h. When the somatic embryos were
desiccated for 1h, the survival rate was above 66%. The survival rate of the
cryopreserved somatic embryos from anthers and cotyledon tissues was generally high
when they were 2~3 mm in size. Desiccation may be a suitable method for the

cryopreservation of somatic embryos in a herbaceous peony.

4. Cryopreservation of winter buds in peony

A simplified technique which cryoprotects dormant shoot tips was developped for the
germplasm conservation of herbaceous peony (Paeonia lactiflora Pall.). Cryopreservation
efficiency was higher in air-dried dormant shoot tips than that of silica gel. No
differences in survival to cooling were obtained between the cold-acclimated (79%) and
non-acclimated (77%) plant dormant shoot tips of herbaceous peony. The survival of P.
lactiflora. vr. 'Mikang' was the highest (74.9 %) among five genotypes tested.

The highest survival rate (88.1 %) was obtained from the dormant shoot tips treated by
encapsulation-dehydration, followed by desiccation (79%), and then vitrification (60%). The
highest survival rate (88.1%) was recorded with 28.6% water content after 5 h of
dehydration, any further dehydration reduced survival rate. The survival rate (80%) of
cryopreserved shoot tips in 1, 2, 5 ml of cryovials produced much higher than that (59%) of
15 ml of cryovial. The survival rate of the cryopreserved dormant shoot tips excised from
November to February was attained about 70%. The survival rate of the cryopreserved
dormant shoot tips excised from March, however, was 0%. Frequency of shoot formation
and subsequent shoot growth in cryopreserved dormant shoot tips culture were promoted in
the MS medium containing 1 mg/L of GAs, 0.5 mg/L BAP. The elongated shoot were
rooted on the 1/4 MS medium containing 0.1 mg/L of NAA. This cryopreservation method

appears to be a promising technique for germplasm cryopreservation of a herbaceous peony.
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II. Development of cryopreservation system in yam(Daioscorea spp.)

1. Factors affecting cryopreservation using shoot apices in Dioscorea spp.

Plantlet initiation from shoot-apices : The effects of plant growth regulators and

inorganic salt strength of a culture medium on bud induction and shoot growth from
shoot-apices were examined. The combinations of 0.2 mg/L of BAP + 0.2 mg/L of
kinetin, 0.01 mg/L of NAA + 0.2 mg/L of kinetin and a single treatment of 0.2 mg/L
of BAP were equally effective for bud and shoot formation from the apices in the three
cultivars. Auxin (2,4-D, NAA) treatment enhanced callus formation.

Cryopreservation using shoot-apices : /[n vitro grown shoot-apices of the Dioscorea

batatas were successfully cryopreserved by encapsulation-dehydration. Encapsulated apices
were precultured in a MS medium supplemented with 0.3M of sucrose for one day. Following
preculturing, encapsulated apices were dehydrated prior to direct immersion in liquid nitrogen
for 1 h. After thawing, the cryopreserved shoot-apices were post-cultured on a post-culture
medium (MS medium containing 0.2 mg/L of BAP plus 0.2 mg/L of kinetin) for survival.
When cryopreserved apices were post-cultured on the post-culture medium (MS),
supplemented with 0.2 mg/L. of BAP and 0.2 mg/L of kinetin, they showed direct shooting
without callusing. Optimal survival of cryopreserved shoot-apices was achieved when
encapsulated apices were dehydrated to 40% water content. The thawing method markedly
affected the survival of cryopreserved apices, and thawing at 40°C for 3 min was determined as
providing the best results. With these optimized parameters, survival rates of 29 and 40% for
cryopreserved apices were obtained for the 'Mal' and 'Db037', respectively. Virus-free
plantlets were obtained from the cryopreserved apices of D. batatas cv. 'Db037' at high

frequency of up to 90%. At this temperature, all cellular divisions and metabolic processes
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are stopped. The plant material can thus be stored without alteration or genetical

modification for an unlimited period of time.

2. Development of cryopreservation system using zygotic embryos in wild yam species.

The maximum survival of a zygotic embryo (96.6%) could be achieved when the
embryos  were  cryoprserved by the  desiccation  method,  whereas, the
encapsulation-dehydration method showed poor results with a low frequency (below
62%) on regrowth from control (LN-) and cryopreserved (LN+) embryos. The survival
frequencies of the cryopreserved zygotic embryos was above 90% for the two wild

species of Dioscorea (D. batatas wild type and D. nipponica).

3. Production of yam masaic virus(YMV-K) free plants from the cryopreserved yam

apices.

In this study, we were able to produce virus-free plant form cryopreserved apices derived
from a virus infected plant. The frequency of the virus infected plantlet was reduced to 60%
when they were grown from the excised apex and that further reduced to 10% in recovered
apices after cryopreserving. Virus-free plantlets were obtained from the cryopreserved
shoot-apices of D. batatas cv. 'Db037" at a high frequency of up to 90% for the total number

of indexed plants.

4. In vitro propagation and micro tuber formation by the tissue culturing

In vitro propagation through nodal segment culture of yam : The medium with 0.1
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mg/L of NAA, 0.5 mg/L of BAP, 0.5 mg/L of kinetin and without using a growth
regulator were suitable for shoot production from the nodal segment of two yam
cultivars 'Mal' and 'Db037'. 0.5 mg/L of 2,4-D also provided good results for shoot
formation in 'Db037'. Plant growth regulators also affected shoot elongation. The node
numbers of shoots varied with the plant growth regulators used especially in 'Db037'.
The addition of 0.2 mg/L of kinetin provided good results in shoot elongation. The
shoots of 'Db037' grown on a medium containing 0.5 mg/L of kinetin had average 7.5
nodes. The addition of GA; to the culture medium suppressed shoot induction and
growth, while it increased microtuber formation.

In virto microtuber induction and their sprouting : Microtubers were either directly

formed at the axil of the explant or at the leaf axils of the developed plantlet. The in vitro
microtubers that were chilled (4C) for three months could be successfully sprouted with in in
vivo conditions. The best results in the tuber-sprouting were obtained from incubating the
chilled microtuber at 30°C. There was no significance difference in terms of an genotypic
microtuber sprouting.

Yam in vitro culturing contributes to the safe guarding of the biodiversity of the genus
Dioscorea. An application of the results obtained showed that cryopreservation to more species
should allow a transfer of technology. The use of current techniques, on the one hand, for
pathogene eradication, in addition to the existent ones, and in the other hand, for plants resistant
to some viruses (transformation), should guarantee the yam a virus-free plant state and allow for
international exchanges. In the long term, the cultivars that are distributed to the farmer will be
free of viruses. We should not forget, however, as previously said by Hanson (1986), that, for
better security of germplasm conservation, different conservation methods have to be combined

(in situ -field genebanks , ex situ - seed genebanks, in vitro genebanks).
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A 1 A ZreK(Paeonia lactiflora Pall.)?] A< 4RI W g5
1. Zope] 2Py 39
7. AL e

1) A Wy AFZFOZRE AAEH FE : 2ok AsFTAlelA wiE 2
sto] MSHiA o] A 3ehS 2641 CE A 5= T2 HolA 3047F wjeksto] sk Adx4 &
7hE, AE 05em¥ =% 2t AAE v 55 2 Wi A5E o] &3l i %ji%al
o wE AAE FHLEE AbstZ] flall FE AAT AokEAE 1294 % pH
buffer solution (YAKURI pure chemicalrl #l33)ell A A 2] 3Fal 70% o €22 2% NaOCIe]

A5 T o0 AFs] Ms J)EuHe] 3027 Wk W BY FES zAeglon, o
A olxl A4S ABAZE LomgL H7HE MsHiAlel A4skel 9023k ek el A
e ¥ ol ERE AAE WIAPEES 2ASY Aok T u) ek 3P Fo) W
AE Tl WY A WEG fAH Fo] F& A gistel, & A9 B4 A
oo g, e FEl Aolsl AAA 5, Wel P & 2L

2) Fere #e, o, AdzAudE
g A}, st Hel 243 5ol
2.0mg/L)-& 52 2,4-D(1.0mg/L)$k BAP(0.5mg/L)E &8¢t MSul A of] 604 7+ vl ket 5 Ae) A~
et P ES BT 7 2o AT A as BFEA T A7

MSHiA]of] v Fato] B g =8 AT

3 A A WA S5 ek ANngRE 43
p 2

P AGLERE AT AH2AL

3) o RtxF oz RE A 9 AAEH FE

& A wiF B9 genotype It APl E FAFSH] flste], AEE =
(Aol BEFS ZokAlES 1dAbol= P064, P079, P1233} oA ZFoke] 33
oli= o #teke] 17715 s#E AF ] 70% owhEE EHAHshal oF&
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2}o} SHdEfell A 5~1597 AA s o
wl kS A A8k Zﬂiﬂﬂ 71708 WG a &S v Rkl I PAAYL AlEE

o] vpAo] uxE= S FAFSFIAF 2mg/Le] PAATE H7FE MSHjA| o 1A zFeks
el £ 64159 oFS skl @R Hrtavs ZAbstaar gz EA e 24
o] H7te wiA|el 1o Zrope] okg mjekataitt.

At xR o 2 RE A A W QA EN F5 4T 5~15U7 AL g gk oA zkek 9] 12hd
T 3AE T 22hA =9 17415 2 ShE| Z5-E A A e A4S 2mg/L 9] 2,4-D7}F H 7HE MSH)
Aol wjekst ¥ A A FAES AL, A A A= ABAZF 0~2mg/L H7HE MSHIA]
off wijeFsto] A A EulE F 3Tt

A
)

rSIL kel

Y. a3 A
1) FA] v JFH= e AAMEA
7h FA] wej ek
zoke]l FARRE HlE HFH3Y GAyZF 03 mgL FH7FE MS HjA| ol wiekEte]l GAs7t
v dbolol] m X JEFS FARSE A 1), Wi B HKS AHHE 2o]ES ek

SOt 0.3 mg/Le GA; H7F-olA Al 52 Aol 64% = =okA = 3ot

Table 1. Effect of GA3 on zygotic embryo germination in P. lactiflora Pall.

L)
No. of cultured Rate (%) of

GA; (mg/L)
embryos Rooting (%) Epicotyl elongation (%)
0.0 70 95.0 72
0.3 100 97.0 64.0
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pH 4.0, 7.0 ,10.09] ¢+Z-& N (YAKURI pure chemicalAh)oll £3]7} A AE FAS 24~484]
AR A & s dF kel MS 7] 2 Aol A Tolr ]l A FRSGel| HEE FAbel
Hisf gtef Aoyt Ax wggo] AA srobRlth(E 2). 1eu eFeel HEE A ok vl
MM A 9 g Aol kARl vkl pH 7.0 hF Mol 48417 Al wle A= B

2 A HAH ek ARSIt A hE = vEAdAQ] AES YERISITHCLE 1.

Table 2. Effect of buffer solution (pH 4.0, 7.0, 10.0) on zygotic embryo germination in P.
lactiflora Pall

Buffer sol. Soaking No. of cultured Rooting Epicotyl elongation
(pH) duration (h) embryos (%) (%)
Control(D.W) 24 70 95.0 7.2
4.0 24 75 373 5.3
48 85 8.2 0.0
7.0 24 69 62.3 4.3
48 76 10.5 0.0
10.0 24 76 30.3 6.6

Fig. 1. Germinated seedlings from zygotic embryos non-treated(A) and treated with pH buffer
solution (B)
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ABAZ}F 371w Aol A #tere] A2 S g A AYATAE AAA 4 A
dzA ol AR AA L7 BAAsHA H=H AG2A g wiA|el ABAE 0, 1.0, 2.0 mg/L
A7kl ABAE L AAZa) LSS AR vHCLE 2, 3), ABAZF | mg/L H7He MS x|
A 61.0%2] 352 AAEE TAES HERSIH.

100 20

o

£

§ EEEE Somatic embryogenesis (%) —
Lo 807 1 No. of induced somatic embryos 15 3 3
q) O\D I~ E\v
> < n
[ 3 Q o
i o e >
= 2 60~ o @
25 o2
o £ F10 § <
309 £
= .8 40 A S Qo
-— w

Q ®© - 2
= S Q
= O . O
o o 5 o E
-

c 20 A pzd

S o
O

—

o)

o

0 T T T 0
0 1 2

ABA concentration (mg I'1)

Fig. 2. Effects of ABA concentration on somatic embryogenesis from cotyledon tissue of P.
lactiflora Pall. In each ABA concentration, more than 100 cotyledon tissues were cultured with

three replicates per treatments. Bars represent standard error (mean + SE).

STEHNA HA A ZokEAte] HijE HolrA dojxl A{IFAS ABAZE 1.0
mg/L A7 MSHiA| o] wjokate] AAE] WA ES FASE AINE 3), pH 4.07 7.0 9
F&AollA 48A17F HAA G el A AAE %

Aol 747t 84, 85%E wA UrERE L
ekl ZA 10070 Lol = AAEML =% 232709 2807012 7 Wk}
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Table 3. Effects of pH buffer solution on somatic embryogenesis from cotyledon tissue of P.

lactiflora Pall.

Buffer sol. Soaking Cotyledons forming  No. of somatic embryos per 100
(pH) duration (h) somatic embryos (%) cotyledons

Control(D.W) 24 65 148
4 24 60 185
48 84 232
7 24 70 190
48 85 280
10 24 65 140

* Zygotic embryo culture medium : MS + 30g/L sucrose + 2g/L gelrite
* Cotyledon culture medium(somatic embryo inducing medium) : MS + 30g/L sucrose + 2g/L

gelrite + Img/L ABA

Fig. 3. Direct somatic embryogenesis from cotyledon tissue of P. lactiflora Pall.

oh Thel g BT

Aok Tl thil el MAE S 2R A 411419 FAFAA GAuE R
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FAE MARNUY (E 4). A AQANA SEA Dol Ao AR Fol}
Fgol mhebqm 2 MANES} 20 ohE Row delA g, Mol A AwERe o
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AH)Eo] 0.01%2H= X (Choi & Chung 1961)7F a1, Hol A= FujEate] wA£o)
0.03%% . ®a1® ¥l At} (Wilson & Ross 1961). & Aol A ZALE 2FekEx1o] thull5
A AR 4%E e A=l HEiA AEE] m2 NEE ek e Y
o= e SIAE Kol A Al el FAE wi7E IS =Tl £ (1H. 4-A)
9 A97F oIl on Tk kel Zhzk iR e wib S1AE A dSl=t, ol
e FAEL ] WSAEeLe] Aol o FAE FME HojA Ll ko F oo s

£ o] 9 AT} qlofol | ZoE YzELh

Table 4. Polyembryonic rate in seeds of P. lactiflora Pall.

No. of investigated Variance of embryo numbers in a seed (%)
seed one(normal) twin triplet quadruplet
4,114 3,938(95.72) 169(4.11) 6(0.15) 1(0.02)

FAs A7ER ol thjEde BEE vl 2 F24 clomm)elAdE NS 7R
TAZE 94570 = 97% 5 AAA S GlaL, w7k 27091 el E A 2270 % 2.2%, w7t 370RL A
AT 04%% FAE QT vhd A7)7F A Ao R Ae EA (<smmyel s FAEE 7}

ﬂil
;

rir

2

FA7E 37TMR 95% s AHA AL, ElEAR= 4870 (5.0%), 370 WS T FA= 470
(0.4%) % ZAFE o] vhufEabe] dAu & Fabe] Hlato] o wA vEhsto, 4 A

Ao vERe] TR BhsE A0 FHHAG (E 5).

Table 5. Rate of polyembryonic seeds according to seed size in P. lactiflora Pall.

Seed size(mm) Normal seeds(%) Polyembryonic seeds(%)
Large(>10mm) 97 3
Small(<5mm) 95 5

A ZokFA 5 thilldAde] TP W i nES A Sk Al (1" 4-A)9] FEA



/N 545 ZAFeh7] fleke] wl vk AASHTh wiFE Al e47iT ol iR wl
(94%)7F 2708 Ade 7HAE AAAER FHe vl &2 (I 4B)E EAOH, %

6%= F/He Wl FolA o= st 1] 2 3709 Ade THHE AR e, F
wlo] wjFo] 22 Aol FHO vl (I 4-0% FEECE ool FdE uleA
L othuiERbel A | A 2ol v 3708 A S 7= wivE s o, o] Al
Hrol-go] vty FAAEA R weets nlEo] 10%olate #As] "otk ®Bid wl
T} (Sohn er al. 1995). vl HjkellA Al F+ /1o APs 7kl MA=L 4T HdH el
A 8T ARAEE sto] A AAE AZAED 7 AU

Fig. 4. Germination of twin embryos in P. lactiflora Pall.
A: Twin embryos in a seed, B: Germination of twin embryos cultured on MS medium

containing 0.3mg/L. GAs, C: Abnormal seedling derived from twin embryos. Bar marks Smm.

vy

WS sty Bfsks A Fakeh thlddS Hols Fx1 wlE 0.3mg/l GAE H

7k MSHi Al o] wiFskar 26°C 2] WAzl Stell Al el delgg FAMS ulk FAEAS] wohs
o] 97%% THHEAL (90%)°1A Kk =gtk (F 6). FAFA R vl thujo] wopgo] tha whe
AL thllERtell A Akl 17] 52 37091 ugAdA Rl vzt EghE o] Il Wl Aow F74
wof Zct.
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Table 6. Comparison of germination ratio between normal embryos and polyembryos in P.

lactiflora Pall.

Embryos No. of embryos cultured” Germination rate(%)
Normal embryos 100 97
Polyembryos 157 90

“MS basal medium containing 0.3mg/L GAj, 30g/L sucrose and 2g/L gelrite.

b A el 2stE gl wlAd S AR Ao, g FAF 4570 FelA w3 S
Qe mE Ayt 1H9 A A 2=1002 FAEQ I, 3 O] FbolA] 2n=82l
o7 A wiE Al AAA 7 thal F2F 97 <, 870 FAbelA 37He] wiE B
T 2n=100% FAFE oW 170 EAbel A 3709 wi7E Z+Z; 2n=10, 15, 20 o2 ERRTH
(¥ 5). o=l Agolx AR KRS Hol thil5H g f35el root tip2]
e 2004l @2n=16)°]1, $hAFES Aol o)A @n-1=15% VEEUTT B @ ok ok
(Martinez-Gomez & Gradziel 2003).

Fig. 5. Root tip cells from polyembryonic seedlings showing a diploid chromosome complement [2n=1

0] (A) and a double-diploid chromosome complement [2n=20] (B) in P. lactiflora Pall.
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Table 7. Effect of plant growth regulators and their concentration on callus and somatic embryo

formation from different tissues of P. lactiflora Pall.

Conc. of plant Callus formation Somatic embryogenesis
growth regulators
Tissues (mg/L) No. of Forming Growth No. of Forming
cultured rate degree calli rate
tissues (%) (+~++)° cultured (%)
Cotyledon  control 116 0 - - 6.9
2,4-D 0.5 120 36 + 50 -
2,4-D 1 122 50 ++ 50 -
2,4-D 2 98 71 4+ 50 -
24D 1 + BA 0.5 65 88 +++ 50 -
Hypocotyl  control 45 2 + - -
24-D 1 26 100 ++ 50 -
24-D 2 27 100 +++ 50 -
Root control 62 0 - - -
2,4-D 0.5 39 95 + 50 -
2,4-D 1 63 100 ++ 50 -
2,4-D 2 40 73 + 50 -
24-D 1 + BA 0.5 66 20 + 50 -
Leaf control 100 0 - - -
2,4-D 0.5 100 0 - - -
24-D 1 100 0 - - -
2,4-D 2 100 0 - - -
24-D 1 + BA 0.5 100 0 - - -

* % Degree : - none, + rare, ++ moderate, +++ good

Fig. 6. Callus (A ) and somatic embryo(A) formed from cotyledon tissues of P. lactiflora Pall..
A: Callus forming on MS medium containing 1mg/L of 2,4-D
B: Direct somatic embryogenesis on hormone-free MS medium
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Table 8. Variated difference of embryogenesis in anther cultured of 21 cultivars of P.

lactiflora Pall.

No. of cultured  Rate of ruptured Embryo forming rate (%)

Cultivars

anthers anthers (%) 2004(Ycar) 2003(Year)
PO13 160 0.7 0.0 i
PO15 120 0.8 0.0 i
PO16 336 35 0.0 :
P024 200 45 0.0 i
P036 40 25 12.5 i
PO40 140 78 0.0 i
PO41 300 0.0 0.0 i
P046 340 0.9 0.0 i
PO64 200 6.5 - 25
P079 180 3.0 ; 0.0
P110 137 0.0 0.0 i
P112 240 0.0 0.0 i
P119 360 8.0 8.3 i
P120 360 1.9 0.0 i
P123 170 54 - 3.0
P128 320 54 0.0 i
P136 120 0.4 0.0 i
P143 180 17.8 0.0 i
92-1-1 320 1.6 0.0 i
94-6-1 280 32 0.0 i
Uisung zakyak 380 77.2 31.2 20.0

* Anther culture medium : MS medium containing 30g/L of sucrose and 2 g/L of gelrite

Table 9. Effect of low temperature treatment on embryogenesis from anther cultures of P. lactiflora Pall.

Low temperature treatment Embryo forming rate (%)
4°7C, day) 2004(Year) 2003(Year)
5 31.2 3.0
10 12.7 5.0
15 5.0 20.0

* Variety : Uisungzakyak

* Anther culture medium: MS medium containing 30g/L sucrose and 2 g/L gelrite
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apere] opujopol A PAAT /LA Lobny] 915o] amg/L el PAAZE H7HEl MsHl Al o] 1) 2}
°9] 57152] ok wlakek ATHIE 10), PAAZ H7HEL iAol A Ao kel vl go] AR EA} ¢
= MSElA o ek v o0 hekskont, W34S Mol PAATE B7bEIA) e M eIA Tk

7l HrERstTE

Table 10. Effect of PAA on embryogenesis from anther cultures of P. lactiflora Pall.

Cultivars Conc. of PAA No. of Rate of ruptured  Embryo forming

(mg/L) cultured anthers anthers (%) rate (%)
PO16 0 126 11.9 0.0

2 130 19.2 0.0
P046 0 124 1.6 0.0

2 180 18.8 0.0
P119 0 120 10.0 83

2 100 11.0 0.0
P120 0 220 0.9 0.0

2 170 0.0 0.0
92-1-1 0 160 1.3 0.0

2 140 29 0.0
Uisungzakyak 0 380 77.2 31.2

2 360 88.7 18.8

IAA, BA, TDZ 5°] @8 & £8 5 A & wko] H7Ee vl ol A& X gd ok njofst 4
YR 11), 0.3 mg/Le] IAAS} 0.4 mg/Le] BAP7} 8- v x| el A F A7 E0] 33.1%%E tha =74
Yebon, i E A S Holl A= 0.3 mg/Le TAA, 0.4 mg/Le] TDZS} 3 mg/Le] B eko] H7}e uj=]oj
A w8 A o] 18% = 71 A ekt
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Table 11. Effect of plant growth regulators on embryogenesis from anther cultures of P. lactiflora Pall.

Conc. of plant growth regulators and activated

charcoal(AC) No. of Rate of Embryo
IAA BA TDZ AC cultured ruptured forming rate
(mg/L) (mg/L) (mg/L) (mg/L) anthers anthers (%) (%)
0.3 0.2 3 220 16.4 4.5

0.3 0.2 260 20.0 0.0

0.3 0.4 3 220 19.1 13.0
0.3 0.4 160 33.1 0.0

0.3 0.2 3 240 15.0 0.0

0.3 0.2 220 15.0 0.0

0.3 0.4 3 200 12.5 18.0
0.3 0.4 240 11.3 0.0

0.6 0.2 3 220 4.1 0.0

0.6 0.2 220 10.5 7.3

0.6 0.4 3 240 20.8 0.0

0.6 0.4 220 25.9 0.0

0.6 0.2 3 300 4.0 0.0

0.6 0.2 360 8.3 0.0

0.6 0.4 3 260 13.8 0.0

0.6 0.4 180 15.0 2.3

24-D7} Atz A 0 2 HE A FAo) n X P TS A AR 12), 1 mg/Le] 24-D7}
A7 iAol A el HA Bl 51.5%% Al L) 8Al 2
~2mg/L2] ABA7} F7FE MSHj#| o] wijekate] miPA S e AI(E 13, 1¥ 7), 1.5mg/L
ABAZ} H 718 v Ao A v A Eo] 6%= 7HA =9k}

,43,



Table 12. Effect of 2,4-D on callus formation from anther filament tissues of P. lactiflora Pall.

Conc. of 2,4-D (mg/L) No. of cultured filaments Callus forming rate (%)
0 270 0.0
1 480 51.5
2 310 37.4

* Variety : Uisungzakyak

Table 13. Effect of ABA on somatic embryogenesis form filament callus of P. lactiflora Pall.

Conc. of ABA (mg/L) No. of calli transferred Embryo forming rate (%)
Control 534 43
1.5 200 6.0
2.0 192 2.0

C omiral Do/ L 2. 4=0)

(A) (B)
Fig. 7. Callus formed from anther filaments on callus induction medium containing different 2,4-D

concentration(A) and somatic embryo formed from filament callus
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AoF genotype M4} i &S Wl mahy] 915te] 4T el A 52Uk AR YAk 9] 13
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Table 14. Genotypic difference in callus formation from anther filament tissues of 21 cultivars in P.

lactiflora Pall.

. No. of cultured Callus forming rate (%)

Cultivars
filaments 2004(Year) 2003(Year)

PO13 300 0.0 -
PO15 280 0.0 -
PO16 160 0.0 -
P024 210 0.0 -
P036 120 33 -
P040 140 0.0 -
P041 320 0.0 -
P046 280 0.0 -
P064 190 - 15.3
P079 180 - 19.6
P110 330 0.0 -
P112 240 0.0 -
P119 360 24.4 -
P120 360 0.0 -
P123 170 - 13.2
P128 320 10.0 -
P143 180 0.0 -
P1312 80 35
92-1-1 320 19.3 -
94-6-1 280 9.6 -
Uisungzakyak 380 51.2 51.5

* Filament tissue culture medium : MS medium containing 30g/L of sucrose, 2g/L of gelrite and 1mg/L of

2,4-D.
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Table 15. Effect of low temperature treatment duration on callus formation from filament tissues

of P. lactiflora Pall.

Storage duration of flower buds Callus forming rate
(4°C, days) (%)
5 63.3
10 28.3
15 38.6
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Fig. 8. Effect of desiccation times on cryopreservation of zygotic embryos from mature (A) and

immature seeds (B) of P. lactiflora Pall. Bars represent standard error.
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Fig. 9. Changes in the water content of the zygotic embryos excised from mature (—@—) and

immature (——O—) seeds during desiccation by air drying. Bars represent standard error.
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Table 16. Effect of preculture, desiccation time on cryopreservation of zygotic embryos of P.

lactiflora Pall

Preculture Desiccation LN Survival  |Preculture Desiccation LN Survival
(GA; 0.3mg/L, days) (h) (-, +) rate (%) [(GAs 0.3mg/L, days) (h) (-, +) rate (%)
0 0 - 97.0 3 0 - 97.0
+ 15.2 + 64.7
1 - 82.0 1 - 75.2
+ 79.3 + 74.9
2 - 67.3 2 - 724
+ 67.0 + 71.5
1 0 - 97.0 5 0 - 97.0
+ 533 + 39.2
1 - 97.0 1 - 60.0
+ 80.0 + 433
2 - 73.3 2 - 56.7
+ 73.3 + 40.0
A A AR 28E A0 SRk ATAN Y FARE vAE TS 2ALE
A3, sucrose EE7F 03M H7FE wfH o vk dolox FAF AEEO] tUAah A o

EFATHCI™ 10).
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Fig. 10. Effect of sucrose concentration contained in preculture medium on cryopreservation of

zygotic embryos of P. lactiflora Pall.
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Fig. 11. Effect of desiccation, vitrification, and encapsulation-dehydration on survival of non-

cryopreserved (-LN) and cryopreserved (+LN) zygotic embryos of P. lactiflora Pall.
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Fig. 12. Germination of cryopreserved embryos by desiccation (A), vitrification (B), and

encapsulation-dehydration (C) on MS medium containing 0.3 mg/L GA;,

Encapsulation-desiccation™] ol €] gt &4 K. Eof] Lok desiceation A {H& 78 3F3LAF 3%2] sodium
alginate = bead 3}t Wi & 3t ol A 0~7AIZF &<t XA 7] 3L o] 55 T2 U AEES 1
W HHLE 13), A E2sHA] 98 A0 T F AAEES 2.0%1Hl HlSl 5A17F A %3 bead @] AE
E266.7%%E = dEbs v e A a A ES vwst v 17), S A s ¢

s el FAA QL e o] QI E A 3k

=i

100
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Survival rate (%)

40

20

Desiccation time (h)

Fig. 13. Effect of desiccation on survival of encapsulated embryos of P. lactiflora Pall. Bars

represent standard error.
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Table 17. Effect of cryopreservation methods on survival of cryopreserved embryos of P. lactiflora Pall

No. of embryos Survival rate
Cryopreservation methods

cultured (%)°
Rapid cryopreservation LN(+) 50 58.8+6.5
Slow cryopreservarion 4 C—LN(+) 50 57.1£10.7
4C—-20C—LN(+) 50 61.1£7.3
4C—-20C—-80 C—LN(+) 50 51.4+£8.9

‘MS + 0.3 mg/L GA;,

®Mean + standard error.

2ol & A 3rApu] o] AEES A AFHE 18), 20T 2 40Tl A Y E A1) =8
o] 77} 67.2%, 68.4%= | L} et SRl SSTOlA sy we] A=
E0] 40%= A Hols o)

E
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o
=
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o
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Table 18. Effect of thawing temperature on survival of cryopreserved zygotic embryos of P.

lactiflora Pall

Thawing temperature No. of embryos Survival rate
(C) cultured® (%)"
20 90 67.2+5.5
40 90 68.4+3.2
55 90 40.0£7.0

‘MS + 0.3 mg/L GA;,
®Mean + standard error.

2ok A o] FARE 7171 ~30D)0l I AEES v AT 14), ARE
717be) Aol whE A Fo| AEEL 76— 78%= FUF Ao,
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Fig. 14. Changes in survival rate of cryopreserved embryos according to the periods of

cryopreservation in LN. Bars represent standard error.
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Fig. 15. Plants recovered from cryopreserved embryos at 50 days after culture (A), transplanted

in potting soil (B) and grown for 1 year after transplanting(C).
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Zygotic embryo in seed of
herbaceous peony

Germination from the
encapsulated embryos after
cryopreservation

Plant recovered from

cryopreserved embryos

Dissect out of zygotic embryo from matured seeds

!

Preculture for 24h on MS medium containing 0.3
mg/L GA3;

l

Encapsulation of embryo in 3% sodium-alginate

solution

!

Suspending for lh in MS medium containing 2M
glycerol and 0.5M sucrose

!

Desiccation for 5h by drying in laminar air-flow

cabinet

l

Cryopreservation in LN using 2 ml cryovial

l

Thawing in a water bath at 40°C for 5min

!

Recultrure on MS medium containing 0.3 mg/L GA;

l

Cold pretreatment (8 weeks at 4C) of in vitro

plants recovered from cryopreserved embryos

l

Transplanting of regenerated plants into pot with

vermiculite

Fig. 16. Cryopreservation procedure of herbaceous peony using zygotic embryos.
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Fig. 17. Survival rate of cryopreserved callus formed from cotyledon, root, hypocotyl tissues (A), anther

filament(B) and anther(C)
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Fig. 18. Somatic embryos formed from cotyledon tissue (A) and anthers (B) of P. lactiflora Pall.

Scale bar = 10 mm.
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Fig. 19. Effect of embryo size derived from cotyledon tissue and anthers on the cryopreservation
of somatic embryos of P. lactiflora Pall. In each size of embryos, 30 embryos were

tested with three replicates. Bars represent standard error (mean + SE).
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Fig. 20. Changes in the water content and survival rate of cryopreserved somatic embryos of
Paeonia lactiflora Pall. during desiccation. The somatic embryos (3~5mm) derived form
cotyledon tissues were used for cryopreservation. In each treatment, 60 embryos were

tested with three replicates. Bars represent standard error (mean + SE).
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Fig. 21. Effect of desiccation, vitrification, encapsulation-dehydration on survival of

non-cryopreserved (-LN) and cryopreserved (+LN) somatic embryos of P. lactiflora Pall.

Fig. 22. Plant regeneration from the cryopreserved somatic embryos of P. lactiflora Pall. A:
Somatic embryos in cryovial, B: Plant regeneration from the non-cryopreserved (B-1) and
cryopreserved (B-2) somatic embryos 30 d after transfer to MS medium with 0.3 mg/L of GAs;,

C: A well developed peony plant 2 months after transplanting into pot. Scale bars =10 mm.
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)

Somatic embryogenesis from cotyledon tissues and anthers

l

Desiccation for 1h by air drying in laminar air-flow cabinet

(embryo size : 2~3 mm)

l

Cryopreservation in LN using cryovial (2 ml)

l

Thawing in a water bath at 40°C for 5min

l

Culture on MS medium containing 0.3 mg/L GAj3

Fig. 23. Cryopreservation procedure of herbaceous peony using somatic embryos.
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Fig. 24. Crown root(A), winter buds(B) and axillary buds(c) in bracts of winter bud of P. lactiflora
Pall.
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Fig. 25 The survival rate (%) of shoot apices dissected from winter bud by desiccation time with

different desiccation methods ; silicagel- drying(A) and air- drying(B).

Fig. 26. Growth of cryopreserved shoot-apices by desiccation time(A) and their shoot growth(B)
A: Recoverd shoot from air-dried apices during 0(a), 3(b), 5 h(c) and silica gel-dried apice during2
(d),4h(e).

B: Shoot growing from non-cryoperserved(a) and cryopreserved apices (b).
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Fig. 27. Seasonal variation of survival rate (%) of cryopreserved shoot-apices in P. lactiflora

Pall. with different collection periods.

Fig. 28. Comparison of regrowth after cryopreservation of shoot apices excised from

November(A) and March(B).
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Fig. 29. Effect of desiccation, vitrification, encapsulation-dehydration on survival of

non-cryopreserved (-LN) and cryopreserved (+LN) shoot-apices in P. lactiflora Pall.

Fig. 30. Shoot growth after cryopreservation of shoot apices pretreated by desiccation(A),

vitrification(B), encapsulation-dehydration(C)
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Fig. 31. Effect of desiccation time on survival of encapsulated shoot-apices in P. lactiflora Pall.

Bars represent standard error.
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Fig. 32. Changes in water content of the encapsulated shoot-apices from winter buds during

desiccation by air drying. Bars represent standard error.
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Fig. 33. Shoot growth from cryopreserved apices at 0(A), 5(B), 10(C), D(15), E(20) and 30(F)
days after thawing.
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Fig. 34. Effect of cryovial size on survival of cryopreserved shoot-apices of in P. lactiflora Pall.
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AREH7IEd AEAAT2G9)Y 2ZAA BEHD Qe |, w4, AR, 94, A
T Aoks AFSte] sAIRF A F FAAT S| genotypet FARE EES
AR 19), genotypeoll wet AT AEEC] fFALSIYI O, w7Fzeke] e thE #F
Bt thad 52 749%8 AEES UEATHIE 36).

Table 19. Genotypic difference of survival rate of shoot apices cryopreserved at -196°C by

desiccation

Survival rate(%)

Oenotype LN(-) LN(+)
Taebaek 81.8+4.5 53.7+2.6
Mikang 88.1+£5.0 74.9+4.7
Sagok 91.9+3.3 55.7+8.4
Uisuong 74.4+6.5 64.242.5
Geopung 94.0+7.3 62.4+6.0
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Fig. 36 Comparison of survival of cryopreserved shoot-apices in five cultivars of P. lactiflora

Pall. (A:Taebaek, B:Mikang, C:Sagok, D:Uisung, E:Geopung-zacyak)

4% Fol= FWAA GAy(1.0mg/L)9 BAP0.5mg/L)7} &% wj=|of mjkaSw shoot
57h gol atglem, BEistE A theke v NAAE H7ReE wile] A€ 4l
Z= wiekslith. 1 A3 0.1 mg/Le NAAZF H7HE 1/4MS v Aol A 20%2] e B35S
YER A THEE 20, 17 37).

Table 20. Effect of NAA concentration on root formation from cryopreseved shoot-apices of in

P. lactiflora Pall.

NAA concentration(mg/L) Root formation(%)
1/4 MS+NAA 0.01 0
1/4 MS+NAA 0.1 20
1/4 MS+NAA 0.2 0
MS+NAA 0.1 0
MS+NAA 0.2 0

* Root forming medium : 1/4MS medium containing 30g/L of sucrose, 2g/L. of gelrite
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Fig. 37. Root formation from the cryopreserved apices(A) and peony plant(B) developed after

transplanting into pots.
FANAL B9 AR A2A9 WMol 2AE 2NN B Ao Boll A @
XY 4 F AolE RAPD A4S o] &35te] 4

16, 17, 195 o] &3}o] Hlwdt AI(1H 38), H= 2] major band E°] AX|3}A}. o]e} &
o] ¥4 * AE MAE 4 Ay LTS & F Uk

3t} Primer= OPB 13, 14, 15,

Primer : OPBI13 OPB14 OPB15 OPBI16 OPB17 OPBI19

‘-a'.BL_aT_—ET-:b'-E‘b'C'Q:'bnﬁ-.#':.

Fig 38. Analyze of genetic variation between non-cryopreserved(a) and cryopreserved shoot-

apices(b) of peony using RAPD marker.
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Winter bud excised from crown root of peony

Peony root(A) and winter bud(B)

!

Surface sterizing of winter bud for Imin in 70% ethanol and for Smin in 1% sodium
hypochlorite solution

Desiccation of sterized or encapsulated winter bud for 5h by drying in laminar air-flow cabinet

!

Cryopreservation in LN using cryovial(2ml)

l

Thawing in a water bath at 40C for 5min

l

Shooting from cryopreserved buds on MS medium containing

1.0mg/L. GA; + 0.5mg/L. BAP

Rooting from cryopreserved dormant shoot tips on 1/4 Ms medium containing

0.1lmg/L. of NAA

Fig. 39. Cryopreservation procedure of herbaceous peony using apices of winter buds.
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Table 1, Effect of growth regulators on organ formation from shoot apices on three yam

genotypes
Callus formation Bud formation Shoot growth
N Growth regulators shoot
Cenonpe (mg/L) A o
(cm)
Db004 Control - - - - - -
(Jang-ma)
BAP 0.2 - - 94 + 55 0.5
kinetin 0.2 - - 20 + 30 1.4
BAP 0.2, kinetin 0.2 16 + 88 ++ 50 0.4
24-D 0.2, BAP 0.2 50 +++ 85 ++ 45 0.5
24-D 0.5, BAP 0.5 66 ++ 68 + - -
2,4-D 0.2, kinetin 0.2 92 +++(NE) 45 + 20 1.2
2,4-D 0.5, kinetin 0.5 70 ++ - - - -
NAAO.01, kinetin 0.2 56 ++ 78 ++ 52 0.9
NAA 0.05, kinetin 0.5 100 + 55 + -
NAA 0.05, BAP 0.5 74 + 24 + -
NAA 0.05, BAP 1 34 + 20 + -
NAA 0.1, BAP 0.5 89 + 13 + 5 0.4
NAA 0.1, BAP 1 64 + 4 + -
NAAOQ.05, BAPO.5, kinetin0.5 92 + 3 + 4 1.2
2,4-D0.5, BAP 0.5, kinetin 0.5 86 + 15 +
Mal
(Dan-ma) Control - - - - - -
BAP 0.2 - - 98 + 60 0.5
kinetin 0.2 - - 22 + 28 14
BAP 0.2, kinetin 0.2 18 + 96 ++ 40 0.3
2,4-D 0.2, BAP 0.2 66 +H 84 ++ 40 0.3
2,4-D 0.5, BAP 0.5 70 + 73 + - -
2,4-D 0.2, kinetin 0.2 90 ++H(NE) 54 + 14 1.1
2,4-D 0.5, kinetin 0.5 70 ++ - - - -
NAAO.01, kinetin 0.2 50 + 71 ++ 50 0.9
NAA 0.05, kinetin 0.5 100 + 50 + -
NAAO0.05, BAP 0.5 77 + 24 + -
NAA 0.05, BAP 1 40 + 15 + -
NAA 0.1, BAP 0.5 93 + 10 + 3 0.4
NAA 0.1, BAP 1 68 + 5 + -
NAAO0.05, BAPO.5, kinetin0.5 90 + 3 + 3 1.0
2,4-D0.5, BAP 0.5, kinetin 0.5 80 + 20 +
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continued table 1.

Callus formation Bud formation Shoot growth
Growth regulators shoot
Genotype 0 degree 0 degree 0
(mg/L) % (+~444) % (F~++1) % length
(cm)
Db037 Control - - 90 - - -
(Dunggun- BAP 0.2 2.6 + 100 + 80 0.5
ma) Kinetin 0.2 . . 100 - - .
BAP 0.2, kinetin 0.2 0 - 90 + 85 0.6
2,4-D 0.2, BAP 0.2 73 + 87 ++ 10 0.7
2,4-D 0.5, BAP 0.5 70 ++ 56 +H - -
2,4-D 0.2, kinetin 0.2 98 +H+ 18 + 0
2,4-D 0.5, kinetin 0.5 100 +H - - - -
NAA 0.01, kinetin 0.2 50 + 98 + 5 1.3
NAA 0.05, kinetin 0.5 100 ++ 70 +
NAA 0.05, BAP 0.5 73 + 60 +H+ -
NAA 0.05, BAP 1 46 + 77 +++ -
NAA 0.1, BAP 0.5 77 + 47 + 23 1.2
NAA 0.1, BAP 1 77 + 33 +H+
NAAO0.05, BAPO.5, kinetin0.5 80 + 65 +++ - -
2,4-D0.5, BAP 0.5, kinetin 0.5 77 + 53 +
** Degree : - none, + rare, ++ moderate, +++ good
ko] e BAEAS SA AblErlde] TR WA Wk 402 F Az, FHo
=& AHAE FAASA=E(ZE 1) 0.2 mg/Le kinetin 7} ol A= Al Z7H1-A), 0.5 mg/L
9] 24-D = 0.05 mg/Le] NAA 5 SAlo] H7td iAoMA= Aes &2 Ayiast Az
7b EAlel @73 ¥ ATH(1-B). %EUHDbOW)A d-F- mlaLa vk T SA413 Alo]ETbold
o= 2 MANA el RPols NEER THE WAAS FYFATH1-C). BI=
HowRel vhre] RAkE fEstE VI M PHS oHD. bataag® FLI N

g5)o] A% gzl vhlAe z2uepEe Fd7 FAH
Feom AgHolA for Wy Ak AAweE ALY nEY FALAY A
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Fig. 1. Shoot (A), callus and shoot (B) and multi-propagules (C) formed 40 days after the

shoot-apex culture of a yam cultivar 'Db037".

7ol A e a8 iAW HrtE e A EY Aol W dFe AN
& A, v 3 o dF £F A devh TIvh WG R viHERY A7)

7F Immo]3tE = dolel 1~3mm 7] dolz o] HFH wiekst AIy(1¥ 2), B Hl
FA A 100%2] AxHEe B, MEEEs wiFAe ar1sh AF -+l vt v
Aol S BT A% A SR wlkAY AFHF-S Bu wik AR A7l wE Abol
7F FEHAT sHARE o5 AlRE sHEE T 7 -9(by encapsulation-dehydration method)
Im °]}e & AR FHARIE afo] vlud A2 A7 Az vlg F43] oA =

B HATHLH 3).

40

—O—<1mm (Top)
——< 1 mm (Middle)

30 [ ~~- < 1mm (Bottom)
—@—1-3 mm (Top)
—A&—1-3 mm (Middle)

Shoot elongation (cm)

20 ——-- & 1-3 mm (Bottom) - - - - - - - - -"-">—=® - - - < - ———————————
10 |
. M
5 10 15 20

Days after culturing

Fig. 2. Effect of apex size and location on shoot elongation of D. batatas cv. 'Db037'.
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Fig. 3. Effect of shoot-apex sizes on the survival of the control (-LN) and cryopreserved (+LN) apices of
D. batatas by encapsulation-dehydration. Encapsulated shoot-apices preconditioned with 0.3M of
sucrose were encapsulated with 3% Na-alginate. The precultured beads were dehydrated by air drying in a

laminar flow cabinet for 4 h at room temperature.
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AE 4), WEs AxHoRE Ae A5l 20%2 HEES HQoHw THAREER
Q1 PVS28-NS AHEsHT oA 0.5%2] w2 AEES HAW UmH] AHgdres 545 A&

AZA 5 o] &3t ul Folo] FZAHF(Desiccation techniques) : A7 2] FZA N3t YA A=
9] genotype, 85$H3, AT vl -1, Wi FF-212] 7] T vhkst Rl &8l 2fo| & Kol=t|
nhe] FREE 71U el 7199 MR thE A olA dAT AR X § A ES AR A3
H5), ZIdelA Apet A xzA]o] 7]g]elA] dH e Ao vl X & AdEC] w4 ekt

*
A AFE Hote] Ax AFHE At AEFAVIEY AEALAT LY v F

=
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AAAEAA §4 - 0 9 vh §RAA4D 3 vk, wvh, Sanke] ARG ARl

A% F oolobpglg sl oo} ¥AxAS Sein W Ao xS AASL Axd F A
=

o,
=

4 A AR o] &3kgleh ol AxARE Ao whe YEEF kS A A
PRz 40, 9] A= 50 AxelA 24z AjEC] 0%l o) wb, Tuke] ojoh= 50
B AZIME 30%2] BlaA & AEES Btk Zu) vikd Helx AFR dote] Az
AR 24 Agel Bep Az Aol wE Aol A vebgedl wete] ol 90
= Azl ABE] 8% 7HA wopxlom, vkl A= 90w3te] Axel® 23%9
AEES YRtk ZIu AR 719 AR R s FUS 2 ARE SR glonw
A7) FAEE T HolA AW AEe ARE dFER 5 Qlvke S VPR SHARE
] g Aget Ao R ddk wof itk

100

Survival rate (%)

Desiccation Preculture- Vitrification Encapsulation-
dehydration dehydration

Fig. 4. Survival rate (%) of apices of D. batatas cv. 'Db037' cryopreserved at -196C by four different
cryopreservation techniques.

Desiccation techniques: Shoot apices excised from in vitro grown plantlets were dried in the air

stream of a laminar flow cabinet for 40 min before being plunged into LN.

Preculture-dehydration techniques: Shoot apices precultured in a MS medium containing 0.3M of

sucrose for one day before being plunged into LN.

Vitrification techniques: Precultured apices were treated in PVS2 for 30 min before being

plunged into LN.

Encapsulation-dehydration techniques: Shoot apices were precultured on a solidified MS medium

with 0.3M of sucrose for one day. The encapsulated shoot-apices were dehydrated by air drying in a

laminar flow cabinet at room temperature for 4 h before being plunged into LN.
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Desiacation (min.)
Fig. 5. Survival rate of dried apices excised from in vitro or in vivo grown plantlets in three

different genotypes of yam.

A71e Az AR NobE AAALNA B, AE F AYHA WFF B genotype
M A ARl AEAAE e ekt BAN) o AR S SARE
& Az o]9gl At At & Ao YrhEck

AEZZEER HYE 53 vl AL TZAHEE(Preculture-dehydration technique) : Sucrose] &

E7F 0.6MSQ! MS 7] a2 el A 0~48A]17F HuleF ¥ 0.2mg/Le] kinetin®} 0.2 mg/Le] BAP7} 3
7kl MSHIA ol weFete] 30 F /AR AROIRE AR A 2~4A1F A& Al dnfeket
Ase] BEEC] AuFatA] AU 6A1ZE o Huleket doke] AEFEC] nlEl A UEbdTh
# 6-A). A AL A% doli= 6AIRE 7HA] Al AlRto] HolHaE Frobgl o 244171 o]
b Ajekst ¢ thA] dolR)E= Aol o, 24417 Aujekst dloo|x] A xFAFO] 80%E 7}
| YERSTHLH 6 -B).
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Fig. 6. Effect of preculture duration on 0.6 M of sucrose for survival(A), organ formation and

shoot growth (B) of shoot apices of D. batatas Db037

AeEAge] Axdel 238 o s sAREANN EAFdE g5l slolA
negative 2910 2 2§t 2 T o B AE ] sl o AlEAY A4S

7] 918 A Z(desiceation)H AHFSF A=A A 2] 52 19141 A 2] 7} & 8 8tk (Meryman
et al., 1977; Mazur, 1984).. ZujeF wiA| Y sucroses =} ujeF 7]3ko] w} "—'.JO]-Z\_Z‘,."J 3
o sd2 F AT MAE dFE AE] fste] swkel ke 7y Hopx
0.3M¥} 0.6M] sucrose”t F7Fe MS wi Al 1~3 zF Aujefstal FARE HA59]
S AR AR 2), Arte] HolxA S 0.6M2 sucrose”} 7R miAof ujekdt
Aglgt e ATelA 90% ol w2 AEES YERdT 2ev o=

o
M o

o,
o Ho rfy _l
it

o
rn
)

=
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A sARE F AZE MAE g5 7 AHEE A, o] A3 AIelA 91 dx
2] (desiccation)| A 2} U3 preculture-dehydration #]2] THO 2= wle] AL FARITO] &
7hset Ao waE ek

Table 2. Effect of sucrose concentration in a preculture medium on the growth of yam apices

Genotype Sucrose Preculture duration Survival rate
concentration (M) (days) (%)
Db037 0.3 1 90
2 94
3 95
0.6 | 100
2 100
3 95
Db004 0.3 1 100
2 91
3 100
0.6 1 60
55
3 71

TZAHSA AHYE 5% vl9 AL FZ B E(Vitrification technique) : 213 7|
(vitrification technique)> T}t 2 EF9 AL FAHEHOZ FE¥ 11 9l v (Sakai,
1995), 19901 Sakai ol olal @ gt Axdde] HAFHA FomA® A&l
glyceral& 7|20 =gt PVS2 &9 Hist & {23 7]H(vitrification tecninque)> Ul Tk
G A=A sARI| ALEH = ABES UepdtE Bt ojojxa Qi &k
gk ke o] g8 A A= 0.3M2 sucrose’t H7HE MS miA e 1U7F dujkE Als
£ FARIZEAPVSL, 2, 3, 4°ll 303 A2olA Aejate] 54 & AEES A A3
(3£ 3, 1™ 7), PVS2 30 AZTelA 05%0] LS B BE ALt BE AT
oA T4 & AEMAE 4 T e, PVS3 Ao e sHstA] &2 AFels
BEEO] 534%%2 StolA = AF= Btk
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Table 3. Effect of the cryoprotectant solutions (PVS1, 2, 3 and 4) on the survival of

cryopreserved shoot-apex of D. batatas cv. 'Db037

Cryoprotectant solution Survival rate (%)

LN(-) LN(+)
Control 90.0 a 0.0
PVS1 89.2 a 0.0
PVS2 85.6 a 0.5
PVS3 534 b 0.0
PVS4 87.4 a 0.0

Mean separation within columns by Duncan's multiple range test, P<0.05.

A-1 A-2 B

fig. 7. Shoot growth form encapsulated(A-1) and vitrified apices (B)

(A-2 : Encapsulated apices with 3% Sodium - alginate)

&3t AZF7)H(Encapsulation-dehydration technique)S ©] 83l 1l AL FZZHHE : Jdoli{
$1E 3% sodium alginate® capsulation 3} 7AFA| 7o wWE A=

g AITE 8), 4rZE Ax F ulgE dotelA 20%°] THE E2 AL wHeS YER ST

el
_V\L
off
i
X
o,
I
il
o
BN
>
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Bead desiccation time

Fig. 8. Effect of bead desiccation on the survival of control (-LN) and cryopreserved (+LN) apices of
D.batatas.

73 <-2 3% (Encapsulation-vitrification technique)s ©]8-% vlo] A2 FHARE . npo] o

olxA S ARZ3 FAKREY T encapsulation-vitrificationF <> encapsulation- dehydration&] ©]
Hl3] FARE @a8o] WA encapsulation- vitrification * 2] A] capsule®] AR T G

(PVS)E AHZ3t71d 35AIME AxE Ae FAHES AEE0] 20%=E FobHth(1d
9).

80

L I

40

Survival rate (%

0 3.5
Bead desication time (h)

Fig. 9. Effect of bead desiccation on survival rate of cryopreserved yam apices by encapsulation-

vitrification
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3) Encapsulation-dehydration H< ©]4% TZRE 33 5 4 FY dAE =4 79
o]4o] oA XAty F 4R EW (encapsulation-desiccation method)= 7] 02 FAFZ

o] AEES Fol7] fste] AujeF dAloA wix A 2dEAS F5F, 5% (Sucrose,

sorbitol 0.3, 0.6M) % AZZFZA(16hr, 24hr)°] FAHEC] v = TS A O

o] HAFAIZY, FAWH(rapid, slow freezing) ¥ dFHHQ25~40T)ol WE FAHE F A=

B AT

ANF TS 95 vk (Lol dold AL FARE G8of vA= TS FAF
13F AgelA Ast AEAZYE AT dotg AR FHARE T

3 AEA] Wxhold wifE ARelM EHT <fopel] wE] FARE Fof BEEO]

100,

Survival rate (%)

16hr 24hr
Photoperiod of growing condition

Fig. 10. Survival rate (%) of control (-LN) and cryopreserved (+LN) yam shoot-apices excised from
plantlets grown under 16~24 h photoperiod conditions. Encapsulated shoot-apices preconditioned with
0.3M of sucrose were encapsulated with 3% Na-alginate. The precultured beads were dehydrated by

air drying in a laminar flow cabinet for 4 h at room temperature.
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tpoksl A ExpoA My AL TARE A3 oA sucroser= I AFANOE FH3)
F4 3 AYES FHTY F JEFE JF= 9T = A2 HuwHi Yl Sucrose”f

0.3M, 0.6M FH7F# MS HjA|e] dotE 1~3U3t Aul3dta 3% sodium-alginate® 7+ 3}3f

2
N
>
=~
)
PN

AZ1 - kinetin (0.2mg/L)¥} BAP (0.2 mg/L)7} 3 7F¥ MS iAol wjorst &

=55 A A3 ™ 11), 03M = 0.6M2] sucrose’} H7FHE wiAl A FHFE AR %

Rs

-

Hj st HolE capsulation $ Aol 7MY =2 AEES YERY ST

3L

100

80 |

60 |- -—"-—"-"-"-""-"-"-"-"-"-"-----"- NN\
—— 0.3M sucrose

—O - 0.6M sucrose
40 |

Survival rate (%)

20 |

0 1 2 3
Days after preculturing

Fig. 11. Survival rate (%) of encapsulated, desiccated apices that were precultured with 0.3 and

0.6M of sucrose for different duration times.

Soritol 0.3M°¢] H7Fe AuleF v U] wjF7]7to] capsules) ¥ Holo] FAT YEE

MR dEFS AR (™ 12) 143 Ak Al MY w2 BEES UEY

=
W AueE 71zke] 29 o] Aol AP BAT YEE] Rl FFS mlch
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Fig. 12. Effect of preculture duration on 0.3M sorbitol for survival of cryopreserved yam apices

AujF wAy AR 2dEde] Fet 27 AestE dofe] sAREE vA=

S FASE A3 1™ 13), sucrosel} sorbitol®] 0.3M FH7FE wjx]o] wjorE Molor FAF
o] AEE] =4 YEREO ™, sorbitold} sucrose?toll EA ARl FojAdo] A1 E A ok}

100

80

60

40

Survival rate (%)

20

1]
Control 0.3M 0.6M 0.3M 0.6M
Sucrose Sorbitol

Fig. 13. Effect of sucrose and sorbitol amounts in a precultured medium for the survival of the control
(-LN) and cryopreserved (+LN) yam apices. Encapsulated apices precultured with 0, 0.3, 0.6M of
sucrose and sorbitol were placed on sterilized filter paper in 9-cm petri-dishes and dehydrated by air
drying in a laminar flow cabinet for 4 h at room temperature and then directly immersed in LN for 1
h. Shoot-apices immersed in LN were thawed in 40C water-bath for 3 min. Control and
cryopreserved apices were post-cultured on a solidified MS medium containing 30 g/L of sucrose,

0.2 mg/L of BAP and 0.2 mg/L of kinetin, under light conditions for survival assessment.
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Fig. 14. Changes in the water content of precultured beads during desiccation. Encapsulated shoot-apices
were loaded on to a liquid MS medium containing 2M of glycerol and 0.5 M of sucrose for 1 h. The
precultured beads were then placed on sterilized filter paper in 9-cm petri-dishes and dehydrated by

air-drying in a laminar flow cabinet at room temperature.
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0.3M sucrose’} F7FE wjA| oA 143t Aujerst HolE 3% sodium alginate™= capsulation

shal AxARte] mE A Fo AEE
dofell A 40%2] 7HE =S AE W
7F vFERA] edok

ZAVeE AyWaE 15), 3.54% Ax T oujekst
o, 3~4A17F AP rell= f{olsk ol

olo
o
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&
=
%Z

100 —
OLN(-) ELN(+)
~  80F Bl — T
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]
> 40 b ab <
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Bead desiccation (hr)

Fig. 15. Effect of bead desiccation on the survival of control (-LN) and cryopreserved (+LN) apices of
D.batatas. Encapsulated apices, precultured with 0.3M of sucrose were placed on sterilized filter
paper in 9-cm petri-dishes and dehydrated by air-drying in a laminar flow cabinet for 0~4 h at room
temperature and then directly immersed in LN for 1 h. Shoot-apices immersed in LN were thawed in
40°C water-bath for 3 min. Control and cryopreserved apices were post-cultured on a solidified MS
medium containing 30 g/L of sucrose, 0.2 mg/L of BAP and 0.2 mg/L of kinetin under light

conditions for survival assessment.

of  AAEARS AHPste] w4 XPEOH ﬁﬂf& ydes =d 5

encapsulation-dehydration H] ¢ 2 FZARE Y. sHARE & AYEES AEYA T2ES

HA7bekA] k2 Ao vlsiA aEee] We AAEAF (200 ppm) ¥ Hl WA A E =

A K50 ppm) AE]TOlA S AEES Bom ABA A A$ 50, 100ppm A 2] T
Eoll A 70%8] 7HE =2 AEES UERUTHIE 16).

I 1'H

o
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Fig. 16. Survival rate (%) of control (-LN) and cryopreserved (+LN) yam shoot apices excised from

plantlets grown on 0 ~200 ppm of methyl-jasmonate, Jasmonate and 0 ~ 100 ppm of ABA.

FAYHol AEEF vA = TS A $5H0] encapsulation- desiccation® U o}E
AA Aol FE TS 4T, 20Tl 22 3024 A2E ¥ ts AAALe] FEE
© HFor o] A AAGEE 4), AAAJ] sEAES AANA okl A Hsof wiE

=
w5 AT AT e T AEEC] 40%E 7P =A dErs

Table 4. Effect of freezing methods on survival of cryopreserved shoot-apices of D. batatas

Freezing Procedure Survival rate (%)
method LN(-) LN(+)
Rapid Control (-196T, LN; ) 75 40
Slow 4T—LN, (-1967) 56 4
4C—-20C—LN; (-1967) 20 0

* sample remained for 30 min for each step.

Encapsulated apices, precultured with 0.3M of sucrose, were dehydrated by air- drying in a laminar flow
cabinet for 3.5 h at room temperature and then slowly frozen or directly immersed in LN.
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Ag)E Az AEEC] 42%%2 T43] WOl Niino?l Sakai (1992), Bhojwani®} Razdan
(1996)= 37~40C A 1~37F w2 A a5 HF =2 A e uf Tyt Axd 24
oR Ast I&E L4 Ak B sk vk ¢l 0w AoulQl white poplar (Populus alba L.)E
T2 AAE FAF8E Ao A % Lambadi 5(2000)-2 bRk & ¥ 1. TE 30 ~50C ol A w2 A &1
sk Zo] frElstrbar Barshul gl o] B s} = 2] ¢k 8] D. batatsE A ZE A IS o] ¥
AAAIE= 50CHES] 12 23]y ado] 9 ekt oA xo]E Kolw Plessis &
(1991, 1991)0] Vitis vinifera ©. % A5 A& B o 2 2o 158G % s e 7 $ 3540
5o A8 2ol & Holx] gkow AEof o 2= 20l dlY 27t ofd et S A
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Table 5. Effect of thawing methods on the survival of cryopreserved shoot- apices of D. batatas

Thawing method Survival rate (%)

Slow thawing
room temp., 9 min 17.8

30C, 3 min 26.5

Rapid thawing
40C, 3 min 39.0

50C, 3 min 4.2

Encapsulated apices, precultured with 0.3M of sucrose, were dehydrated by air- drying in a laminar flow
cabinet for 3.5 h at room temperature and then directly immersed in LN for 1 h. Shoot-apices immersed in

LN thawed at room temperature for 9 min or in a water bath at 30, 40 or 50°C for 3 min.
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Fig. 16. Effect of 0.3M of sorbitol on post culture medium and dark condition for survival of

cryopreserved yam apices.

Encapsulation-dehydration ' .2 FZAXEH A5 ANYAEES An|AstelA Bz 4
I A5 A dAo] A JhAL] Bl FFE wA= FeE YEEtIad" 17
). AAAoR EAE AR2HEE AEA S35 dEEs gl 17-AB), A4

40
$91% & WAL A £ F ASE GAH wde] BabsaAL el A

5 AR (2E 17-C,D), A= &40 ALY EGFSe sste] EAF w2 H ol
JdA AEA R wdo] 7hssA (¥ 17-E,F, Fig. 18)
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Fig. 17. Morphological patterns of thawed apices. Damaged (A), partially damaged (B-E) and

non-damaged apices (F) of D. batatas cv. Db037 after cooling and thawing.

Harding@} Benson(1994), Mabdal 5(1996)2] 7r#1e] A %E Amz2d APd Ao AejAd
e AR Az Bal= Nast A9 wix|e] HrbE AFzAA 0] dke] 7]

SHAIRE wiFA o] el whet A AE FAeIE drhar Baskal gl wie] sAR

QE Aol

PN
T U= 2

tlo

Fets Zo] BARES ATl T2

(B)

©)

Fig. 18. Shoot growth from cryopreserved apices at 5(A), 30(B) and 40(C) days after thawing.
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Fig. 19. Effect of storage duration on the survival rate (%) of shoot-apices of D. batatas cv. 'Db037',
cryopreserved at -196C by encapsulation- dehydration. Encapsulated apices, precultured with 0.3M
of sucrose, were dehydrated by air-drying in a laminar flow cabinet for 3.5 h at room temperature and
then directly immersed in LN for a period between 1 h and 3 months. Shoot-apices immersed in LN

were thawed in 40 C water-bath for 3 min.
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Fig. 20. Tuber shape of yam germplasms
(A: Db004, B: Mal, C: Db037, D: wild type)

Table 6. Survival rate (%) of apices of three yam genotypes cryopreserved at - 196 by

encapsulation-dehydration

Survival rate (%)

Genotype Desiccation (h)
LN(-) LN(+)

Db037 0 91 0

3.5 75 40
Mal 0 90 0

3.5 86 29
wild type 0 87 0

35 16 0

Encapsulated apices, precultured with 0.3M of sucrose, were dehydrated by air-drying in a laminar flow
cabinet for 3.5 h at room temperature and then directly immersed in LN. Shoot-apices immersed in LN were

thawed in 40 ‘C water-bath for 3 min.
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=l AWkl D. batatas 121l D. japonica(QFvHe] o} A% FA-S Encapsulation-
dehydration & o]§3sto] A2 FAHRE FSUTE bead X AFte] WE FAF AEE
S ZARS A9 21), D. batatasE A FBZE 3 Aol o] 3AZF AZoAM 13.9%=
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Al YERRE
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Fig. 21. Effect of bead desiccation on the survival of cryopreserved apices of D.japonica.

nke] Mot Al g AEE P&t NS o) &3 AL sAREAAE
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3% Na-alginate £ © 2 &3} 5laL 3.5~47 A & T A oA A x5t A F 4 beadE -19
6C 2 AA AL F5F 43 40T 29 water bathol| A 3~5% &< 3l & 0.2 mg/L 2] BAPS}
0.2 mg/L 9] kinetin®] 7+l A Bl #] o] v Fsto] THE A5 2FE FAL-E APAIZIT o]
W A F = 164 L ol A AeE Bl A A FH sh= Aol fEleb A= A3 d 50~100 ppm 7

Y
=
_,

52 ABAY AA FEE AAEANS AA7IZE AP & 7= Aol Aot dlwd 5=
0.3M 9] sorbitol®] 3 7Hel WAl A 1~3DQ = Wi 5 AAWA 2 FAF= Fo] AR 4=
=0 T4 BE 588 Y5 ATk shARE o] H 5k WL A vl f-AAL S A &) sk vhekdt
genotype®ll Aol 2§37 o= vk FHeAlo] Qlomw AU A TARE AAE g

FB27}qu.
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Shoot-apices excised
from in vitro grown

plantlets

Preculturing for 16~24 h on a MS medium
containing 0.3M of sucrose

l

Encapsulation of apices with a 3% sodium-alginate
solution

l

Suspending for 1 h in MS liquid medium containing Encapsulated shoot-apices with
2M glycerol and 0.5M sucrose 3% Na-alginate solution

l

Desiccation for 3.5~4 h by drying in laminar air-flow
cabinet

J
Cryopreservation in LN using cryovial (2 ml)

!

Thawing in 40°C water-bath for 3~5 min

l

Shoots growth from cryopreserved apices on MS .
medium containing 0.2 mg/L of kinetin + 0.2 mg/L cryopreserved apices
of BAP

Shoot recovery from

Fig. 22. Cryopreservation of shoot apices in Dioscorea batatas by encapsulation-dehydration.
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Fig. 23. Analyze of genetic variation between non-cryopreserved(a) and cryopreserved apices(b) of
D. batatas cv. Db037 by RAPD using SRILS UniPrimer kit II-#2(A), SRILS UniPrimer kit II-#3(B) ,
SRILS UniPrimer kit II-#4(C). lane 1 : Marker, lane 2 : non-cryopreserved mother plant, lane 3-5
: cryopreserved plant(R1-R3)

2. ARAME o] &8 opYnl FAADY AL FHEE

7k AFNETd Ug

Sk o] AbX| oA ofAAEl EASH= D. batatas (wild type, slender tuber)®} D. nipponica
o wAds 52 AsEAke s dFHsko] 30g/LE sucrose, 2 g/LO gelrite2} 0.3 mg/L of
GA7F H7Fe MSul Ao 147F Aulk$ 9cm AFzloll AFAIE 30712 wlE o] FH4o
air-stream ©. %2 0~30 w1 XA stk AXAME s4HE T AYEFY H] Tots
= ARl e, ol FA - SEF wiult wiA= AwiduiA e} U 59 GAsTt
A7ra wjA o wjeksto] MEES AMSEA T A @AY 2AL FARIH AdE 9
3l W& 733} A U(desiccation technique), &3} ¢ 7 3 2](encapsulation-dehydration
technique), WX XA glo] AFdxdEZo] H7bd wixe] dA7ZF HAue

“
(Preculture-dehydration)*] 2] 3} &4 - sl = A 52 AZES AR T

ol
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% 71 x*] €] (encapsulation-dehydration technique), 'H =2 XA flo] HFUAFEAE
o] H7t# wjAeol] AA7|ZF Al F(preculture-dehydration)dte] 4 - W F Az A
S A AN 24), 3029 weAxA YA 96.6%S] 7MY =S AEFS UE
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Survival rate (%)
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Desiccation Preculture Encapsulation-
dehydration

Fig. 24. Survival (%) of wild yam zygotic embryos (D. batatas) cryopreserved at -196C by three different
techniques. Desiccation techniques: Embryos excised from seeds were dried in the air stream of a laminar
flow cabinet for 30 min. Preculture techniques: Zygotic embryos precultured on MS medium
containing 0.3 mg/L of GA; for a a day. Encapsulation-dehydration techniques: Encapsulated embryos
were dehydrated by air-drying in a laminar flow cabinet at room temperature for 4 h.

TA ] FARE] EIAQD desiccation WS o] &8 A9 Aol AHEgst F TR/ of
AuH(D. batatas wild type and D. nipponica) E-oN14 90% o]4e] AEES 7|UEF U S
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Azt wHo Xty D. batatas ©FEEE] v SETAONES 359 BAETAH} T AHE0Y
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A4 T4 F AEES 80% oo R £ ¢ AU 2H 27). §4A 30239 dx
A= E FFE v, 551 visSAe] A A2 wjo dotE

Survival rate (%)

D. batatas D.nipponica

Fig. 25. Survival rate (%) of zygotic embryos of two wild yam species cryopreserved at - 196C
by desiccation method. Embryos that were excised from the seeds matured for 50 DAF (days after
flowering), were dried in the air stream of a laminar flow cabinet for 30 min at room temperature and

then directly immersed in LN. Zygotic embryos immersed in LN were thawed in 40C water-bath for 3 min.
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80 |-~ S ey -
ELN(-) ELN(+)
60 [ —— -~
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Survival rate (%)

20 F----1 [ - - - - - - - - -

35 DAF 50 DAF

Fig. 26. Survival rate (%) of mature and immature zygotic embryos of D. batatas (wild type)
cryopreserved at - 196°C. Excised embryos were directly immersed in LN. Zygotic embryos
immersed in LN were thawed in 40 °C water-bath for 3 min. Embryos were dissected from the seed
matured for 50 DAF (days after flowering) and 35 DAF seeds.
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Fig. 27. Survival rate (%) of mature and immature zygotic embryos of D. batatas (wild type)
cryopreserved at -196°C by desiccation method. Excised embryos were dried in the air stream
of a laminar flow cabinet for 0 and 30 min at room temperature and then directly immersed in
LN. Zygotic embryos immersed in LN were thawed in 40 C water-bath for 3 min. Embryos were

dissected from the seed matured for 50 DAF (days after flowering) and 35 DAF seeds.
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Fig. 28. Germination rate (%) of mature and immature zygotic embryos of D. batatas (wild type)
cryopreserved at - 196C by desiccation method. Embryos were dissected from the seed matured

for 50 DAF (days after flowering) and 35 DAF seeds.
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|

Desiccation for 30 min by drying in laminar

air-flow cabinet
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a wild yam (left: D. nipponica,
right: D. batatas)

Cryopreservation in LN using a 2 ml cryovial

Thawing in 40°C water-bath for 3~5min

Seo res::lr(:/relt d ent;rl;)mos aitt}:; Reculturing on MS medium containing 0.3
ryp &4 mg/L of GA;
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Fig. 29. Cryopreservation of zygotic embryos in Dioscorea spp. by desiccation method.
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Fig. 30. Symptoms of Dioscorea batatas cv. Db037 infected with YMV-K (A) and YMV-K

particles (B) purified from yam leaves.
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Fig. 31. Virus (YMV-K) detection from plantlets derived from control
(-LN) and cryopreserved (+LN) apices of D.batatas cv. 'Db037'.

Control (1~3 lane) and cryopreserved apices (4~5 lane) were

derived from a single plantlet.
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Fig. 32. Vrius (YMV-K) detection from leaf tissue of yam plantlets

derived from cryopreserved shoot-apices.
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Fig. 33. Effect of plant growth regulators on the shoot formation (A) and the average node numbers per
shoots (B) induced from nodal segment of D. batatas.



Fig. 34. Shoot elongation from nodal pieces of two cultivars 'Db037" (A) and 'Mal' (B) of D.

batatas.

2) 71W &FBFHAD 9 o}
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g 7]17ro] 7R L= #E A oyt =oAL A2 AGSHA AV IEA = A A7 9
A 95 1002 7 23k Al ol A = 10% Wl 9] o] B wobE 1ol

ZIWell A &8 23AE 4TolA 302 A= A7g38tke] 26-30C el A Wol A1 Z-¢ ob&2
genotype Ot 23] 7 o] F 7] TAGlo] 90%0]73 <] " ot-&-& YEFN A THEE 7, 1 36).

Table 7. Genotypic difference of in vitro microtuber sprouting of D. batatas

Sprouting Days required for

Cultivar
(%) First sprouting Sprouting by 80%
Db004 97 10 45
Mal 94 10 45
Db037 93 12 42
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Fig. 36. Sprouting with regard to different sizes of in vitro microtubers of D. batatas.
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In vitro propagation through nodal-piece
culturing with sequential sub-culturing at
6-week intervals on 0.5 mg/L of kinetin

l

In vitro microtuber formation

(MS+30 g/LL sucrosetl g/L gelrite + 1.0 mg/L
GAs)

chilled at 4C | for 3 months

Tuber sprouting at 30T

Microtuber formation from
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Fig. 37. The procedure of in vitro propagation and microtuber formation by the tissue culturing

of D. batatas.
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encapsulation-desiccation H-& &5 3181
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FotE AEES AL TAHOE desiccation I} encapsulation-dehydration™] & £+
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o] Ak (Method for Producing YMV-K Free Yam Plants Using the Cryopreserving:
Regenerating of Cultivated Yam and Wild Yam)

=]

1 S E3F YMV-K Hpolg| A

e

T,
o,
flo
3
=
B}
We,
K3
ox
h)
1o
P
2
fo
offl
iih)
o
rh

T WA g olgete] AEHoR FARE U AL, 0% o] g3 YMVK vlo]
Aow Aabehs whlel Bt Zlolth B wde] HE 2AL
Fakol At @ opntE FAAA Wol glo] AEHOE Y] A

o
A 5 Qa, 2ALED A HY F AN ABAE YMVK Held st AAR =
E =

- 112 -



2. dF WAE ol &% Ve TR 1A

Al

X .
= .

EFYE AR EE e A5, Aok vk A AR sARE Y 7

(AELHE, 2004 11€ 2290 €29)

ESAE RHRR B=E M

S5O, =20 Mot =X 2 EH s e

EE Mge| wr 2Ea]
TR ERas D gl 2R
EE HEHAA EhEe| SRRk
HEG] ZaciH] 2lE N
5] mbAn] FhlE S0l

AR =g Heest &
Ema L Rl ek
A=y mol LHRE] oLl
o EE AEhE At 2
T HtH] AR
wap HjEE s #els 3
A g Al REE S SlE
FlEs 71N olpE AulE 8
ZieE] BE T

= ASEE 2HE BEEE
W olF, S4 sk op o
&) s ArE SR TiE
of] B il Ak

Fx= maEEoE =i
A0 2E0l —196 & THE M

ElofH AlETllE
H@&sh= 3 ol g
EolMiE BE o
AREIRID) M
o] B3] a2y
HELEL FhEer
B0 Spsaich =
HE mEHEHS
e S e
o SdiEe ol
7] Alste =2
fhas, Jrl 25
S ZEN us
o EEeh &) 6| Rof] &
2 plnLd a5 GRoi) 3
LHofiAe o450 ik alE
EhAlo) o ek
e e e s B
O] JEE|E Al HREER T
o HEEA] S
ot o AEER EETs
YT B SHUTE =S
ol B 2l o
ajejEl o e e A
AL
e P D ke R
g sa) AAmo)] FjEs @
FEE B = qlofof HEE
Ag sggh & QrPo RHE
A A BENE Wl
s mEaE0] sl
Ao ge =Eol 8 A%
ziof] o] Bl BE FEE
[ TE L il HIT)

- 113 -

=



=22E 4 AA

7F =E2AA - 54

1) 2-%K(Paeonia lactiflora Pall)& A2 Tl @A}, $h=5-338k3] =] (2004. 367 55 7HA))

2) Cryopreservation of zagotic embryos of herbaceous peony (Paeonia lactiflora Pall.) by
Encapsulation-Dehydration, $t= 2383 %] (2004. 499 23%)

3) Factors affecting the production of in vitro plants from the nodal pieces of a Chinese
yam (Dioscorea opposita Thunb.), $t=721 =24 3 3t3]=] (2004. 67 23)

4) The effects of growth regulators and medium strength on the shoot and bud formation
from the shoot apex of a Chinese yam (Dioscorea opposita Thunb), $+= 2= v -k

34 (2004. 67 23)

5) Cryopreservation of somatic embryos of herbaceous peony (Paeonia lactiflora Pall.) by

Air Drying, (2005) Cryobiology (in press)

1) Cryopreservation using somatic embryos of herbaceous peony (Paeonia lactiflora Pall.),

2004 FA ohr A=A s Wi

2) Cryopreservation of winter buds of herbaceous peony (Paeonia lactiflora Pall.) by

desiccation, 200411 F=A| St=r2 &4 3 8ks] Wk

3) Effect of encapsulation-dehydration on eryopreservation of zagotic embryos of herbaceous

peony (Paeonia lactiflora Pall.) 20043 FA| $t=r23=-8h3] Wk

4) Cryopreservation of zygotic embryos of herbaceous peony (Paeonia lactiflora Pall.) by air

desiccation 20043 7 $t=r2lE38s] WH

114



5) The factors affecting the production of in vitro plants from the nodal pieces of a

Chinese yam (Dioscorea opposita Thunb.), 20043 =7 $t=2 EAH &3] W

6) The effects of medium strength and growth regulators on the shoot and bud formation
from the shoot apex of a Chinese yam (Dioscorea opposita Thunb), 20043 =4 =2

=48 ees dx

7) Establishment of cryopreservation method using somatic embryos in herbaceous peony

(Paeonia lactiflora Pall.) 2004 FA] st= 2 & ¥8k3] 3

8) Cryopreservation of winter buds of herbaceous peony (Paeonia lactiflora Pall.) by

encapsulation-dehydration 20051 7| $t=#&38+3] Wi

9) Cryopreservation of shoot-apice on Dioscorea spp. by encapsulation-dehydration. 20051 %=

A A=A =AY T TR

10) Cryopreservation of in vitro grown shoot-apices of yam (Doscorea batatas) by

encapsulation-dehydration. 20051 57| gt=2 =47 3-8 3] Wi

31919 Bk 217} R AR

uh A} A1 3 2005. 22 | o Development of Cryopreservation System using Shoot
Apex in Dioscorea spp.

Al AL Adm] " O Cryopreservation of herbaceous peony(Paeonia
lactiflora Pall.) using Zygotic Embryos and Somatic
Embryos

A mxl 2006. 28 |o  Cryopreservation of Herbaceous Peony (Paeonia
lactiflora  Pall.) by Encapsulation- dehydration of]
dormant shoot tips
Al 378

115



Al

2 A AqNddste] &8 AE

1. 37k 479 Bey

7}

Aok FAAY 24 FAREY 7PE oAl ARl Fotd] Af w4 - dE
S AR AxzRE g @ ojelgol S191(0.11 mg/L NAAZH z47}5 1/4MS
Ao A 20%) FF Sobe] Az zAoRE ¥ WA FyA AT

a7

o

el A 2 Aol ARgE A 9o Abdel tid A 209 TER
15 T a7t 9 O‘ﬂ YMV-K(Yammosaic virus -K)E A|¢]gt n}AS-of

=
Aelg Fi oueles T BA F HAYEES 4G ATk,

2. & A7 S8

7}

oAl A e Aok vt AR sARE WS FAAAY BREV|EEA
field genebank®] TiA|WH o= &&= Flojrh

et SRR AE AR 2AL BARES @ /EAREAY o] ST uS
=

[e)
= N

L

T

(e}

Aol dofx vie] virus-free JHAE oG8kl FHF hFEAI Bl &8 7

116



Ao & dAFMEndoMd sae sieitsr|sd 2

L 7R F3713, F BES AT 2AL FEAEE 7YY =4

AL THARE JleMEe 7Y A BEAAI HA = g
ARE d& F AoAA FHLdst A7 A =53 Qlth(Helliot er al., 2003). -196C ¢
FAZAE BE AX E93% giadgo] saEER ojEgForE dTAoE F4
Al Wol glo] AdE bdaA BETF Ut o7 Hsto] AEH= A5 FI

7 AaL hE ed e RZRY by, AR g o] A Ex AHE 9l th(Hirai

[¢]

& Sakai, 1998; Wang et al, 2000, Wang et al, 2002). 248 EH YL ZFS N

shiul AbEE S Qe W ofUel, BHEAS REFORA AU FAL T4 A

7= 7ls % 3t7] witel A& B9 ofuegt F&, nAE o2 74 o % Ad
o AL TAREY AFAEZE a3 Qth(Helliot er al, 2002).

2. A AAERE o] 83 2AL2 THRE JleN

AgAm e ehdst AEAzE ddd ¢ e e &2 7HezE HFAMWE o] &3
FAL FARE Yo e BREYE A9 ol g a&Fdolv AETNE L It
< (floricultural industry) S oA w9 Q3 °|nE 7} th(Ishikawa et al, 1997). AT
AHE AEES 2AL FAREIHY M & dAHS, BN = A AV F
FTAHE FAHEE JFANE BEA HH EFE SN o8 Ade BES
Al dhs Aotk AAEZwE ol &3t A AdA w7l 7HA= olHd dHESs S5
g4 Qv a8y AAEwE ol &8yl fEiME nas&e A GAATE FRE o
Aofatm wjk oA WA stE A AMEROIE A E ook Tl Touchell 5 ( 2002)
o] A &gt up Qlth. vl E o] &3 HFAA AL sHARIT U3 =wEo] HE W
2 2 Eo|A HaEal =, Ishikawa 5 (1997) japanese terrestrial orchid®] 7 g}l

o A1 60%, Abdelnour-Esquivel 5(1992) = AT A&5FTAME o=, Jekkel &

117



(1998)< horse-chestnut A A Z 8] E A 52 46%, Tremblay (2000)i= F+3 2] Picea species.
of AAEuA 66.7%] AEMNAE DUt Bask nvp Q.

3. 78] AL FARE 7&/E

Mandal 5(1996) ¥} Malaurie 5(1998)> ddivl £ 7| ANxx
HEo] ol Qs st Agstul Qs o] F KR EE T4 &
ARE & AE Ao EA4Ysty 53] Ui Alsrt AHA

A

Az ABE = FAE] ATk mel A =AM EE T3 IHF A tg A5 B

N
tlo
o
ofo
ol
o,
2
offl
iih)

=

+ Uduebo ( 1971), Grewal & (1977), Mantell 5(1978) Chaturvedi® Sinha (1979),
Ammirato(1984) Sylvia & (1995 <& Rigw Qle=dl ols Hie 9std
Dioscorea %5 2 &2 152 wWloFAl|, genotypeol| whel wjdAl HILEH = AESAAGZAA
of THE Mg melthn 3

7 237 34 3 FAAE g 9 AdeAM e T4

1989 o] & w} -2 o] Fg A Q1 1w 3E 9] $F FAO/IBPGR technical guidelines ©. % 7]
Uiul kAl Jel 2 S ket Austes 2e FA8a Ak oy gk WA 7y A A
2 vk A wE ko R

gl

&3t o] &5 o] A 9o (Alizadeh et al., 1998) 7%
= HolM o Fg3 A Lo g FE th(Ng, 1988; John et

antell, 1993; Ng and Mantell, 1997).

o
—Q:{o

oA vtE AEAE E3kd F 3

al., 1993; Malaurie et al.,1993;

<

118



A7 & HiIE®

1

1

11.

1

. Abdelnour-Esquivel A, Villalobos V, Engelmann F (1992) Cryopreservation of zygotic embryos
of Coffea spp, Cryo-Letters 13 : 297 - 302.

. Akira K, Watanabe K, Ueno S, Mitsuda H (1989) Inhibitory effect of ammonium ion on
recovery of cryopreserved rice cells, Plant Science, 64 : 231-235.

. Alizadeh S, Mantell SH, Mariaviana A (1998) In vitro shoot culture and microtuber induction in the

steroid yam Dioscorea composita Hemsl. Plant Cell, Tissue and Organ Culture 53: 2. 107-112.

Ammirato PV (1984) Yams. /n: Evans DA, Sharp WR, Ammirato PV, Yamada Y (eds.),

Handbook of Plant Cell Culture, Macmillan, New York, Vol 3: 337-354

Amirato PV (1989) Recent progress in somatic embryogenesis, Newsletter, International

Association for Plant Tissue Culture 57 : 2 - 16.

Asemoto HN, Wellington M, Odutuga AA, Ahmad MH (1992) Effect of short-term storage on

phenolic content, o-diphenolase and peroxidase activities of cut yam tubers (Dioscorea sp). J

Sci Food Agric 60: 309-312.

Asiedu RS., Ng YC, Terauchi R, Hahn SK, Thottapilly G, Monti LM (1992) Analysis of the

need for biotechnology research on cassava, yam and plantain, Biotechnology : enhancing

research on tropical crops in Africa : 27-32.

Assy-Bah B, Engelmann F (1992) Cryopreservation of mature embryos of coconut (Cocus

nucifera L.) and subsequent regeneration of plantlets. Cryo Lett 13: 117-126

. Bachiri Y, Gazeau C, Hansz J, Morisset C, Dereuddre J (1995) Successful cryopreservation of
suspension cells by encapsulation-dehydration. Plant Cell, Tissue and Organ Culture 43: 241-248.

0. Bagniol S, Engelmann F (1991) Effects of pregrowth and freezing conditions on the
resistance of meristems of date palm (Phoenix dactylifera L var. Bou sthammi Noir) to

freezing in liquid nitrogen. Cryo lett 12: 279-286.

—

Bajaj YSP (1995) Cryopreservation of plant germplasm I, Biotechnology in Agriculture and
Forestry No.32.

2. Bomal C, Tremblay FM (2000) Dried cryopreserved somatic embryos of two Picea species
provide suitable material for direct plantlet regeneration and germplasm storage, Annals of

Botany 86 : 177 - 183.

119



13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

. Bouafia S, Jelti N, Lairy G, Blanc A, Bonnel E, Dereuddre J (1996) Cryopreservation of potato
shoot tips by encapsulation-dehydration, Potato research 39 : 69 - 78.
Brent Loy J (1977) Hormonal regulation of cell division in the primary elongation meristems of
shoots, In: Rost TL, Gifford Jr EM (eds.), Mechanisms and control of cell division. Dowden,
Hutchinson and Ross Inc, Stroudsburg, pp. 92-110.
Chang KJ, Shiwachi H, Hayashi M (1995) Ecophysiological studies on growth and enlargement of
tubers in yam (Dioscorea spp.). Il Detection of effect of plant growth regulators on growth and
enlargement of microtubers of yam. Japanese Journal of Tropical Agriculture 39: 2,69-75.

Chaturvedi HC, Sinha M (1979) Mass propagation of Dioscorea floribunda by tissue culture.
Extn, Bull, NBRI, Lucknow.

Chaturvedi HC, Sinha M, Sharma AK (1997) Clonal propagation of Dioscorea deltoidea
Wall. through in vitro culture of shoot-apices and single-node leafy cutting. [n: Atal CK,
Kapur BM (eds.), Cultivation and Utilization of Medicinal and Aromatic Plants. Regional
Research Laboratory, Jammu-Tawi, India, pp 500-505.

Cho EG (2001) Factors affecting cryopreservation in genetic resources of Citrus madurensis.
Doctoral Thesis of the Kyungpook National University, Department of Agronomy, Korea.

HIA, F4, FalAd (20000 Ax F A Ao o Fuy TR AVRE,
Korean J Seric. Sci 42(1) : 1-5.

Chung JD, Harn JS, Sohn JK (1995) Somatic embryogenesis from filament-derived callus of
Paeonia lactiflora Pall. Korean J Plant Tissue Culture 22 : 47-51.

Chung JD, Harn JS, Jee SO (1995) In vitropropagation of Paeonia lactiflora Pall. Through
shoot-tip culture of winter buds, Korean J. Plant Tissue Culture 22 : 101 - 104.

Dereuddre J, Scottez C, Arnaud Y, Duron M (1990) Resistance of algintate coated axillary
shoot tips of pear tree (Pyrus communis L. cv. Beurre Hardy) in vitro plantlets to
dehydration and subsequent freezing in liquid nitrogen: effects of previous cold hardening.
Comptes Rendus de 1' Academie des Sciences Paris, 310 Ser 111: 317-323.

Dumet D, Engelmann F, Chabrillange N, Duval Y (1992) Cryopreservation of oil palm
(Elaeis guineensis Jacq.) somatic embryos involving a desiccation step, Plant Cell Rep 12:
352-355.
. Dumet D, Engelmann F, Chabrillange N, Dussert S, Duval Y (2000) Cryopreservation of oil

120



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

palm polyembryonic cultures. /n: Engelmann F, Takagi H (eds.), Cryopreservation of tropical
plant germplasm. current research progress and application, Japan International Research
Center for Agricultural Tsukuba, Japan/International Plant Genetic resources Institute, Rome,
Italy, pp 172-177.

Dumet D, Engelmann F, Chabrillange N, Richaug F, Beale T, Durand-Gassellin T, Dural Y
(1993) Development of cryopreservation for oil palm somatic embryos using an improved
process. Oleagineuy 48: 273-278.

Dussert S, Chabrillange N, Engelmann F, Anthony F, Vasqouez N, Hamon S (2002)
Cryopreservation of Coffea (Coffee). In : Cryopreservation of Plant Germplasm II, L. E.
Towill and Y. P. S. Bajaj (eds), Biotechnology in Agriculture and Forestry, Vol. 50,
Springer-Verlag, Berlin, Heidelberg, pp. 220 -233.

Engelmann F (1997) Importance of desiccation for cryopreservation of recalcitrant seed and
vegetatively propagated apices. Plant Genetic Resources Newsletter 112: 9-18

Engelmann F (1997) In vitro conservation methods. /n: Callow JA, Ford-Lloyd, Newbury HJ (eds.),
Biotechnology and Plant Genetic Resources. CAB International, Oxford pp. 119-161.

Escobar R, Mafla G, Roca WM (1997) A methodology for recovering cassava plant from
shoot tips maintained in liquid nitrogen. Plant Cell Rep 16: 474-478.

Ewing EE (1987) The role of hormones in potato (Solanum tuberosum L.) tuberization. In:
Davies PJ (ed.), Plant hormones and their role in plant growth and development. Martinus
Nijhoff Publishers, Boston, pp 515-538.

Fabre J, Dereiddre J (1990) Encapsulation-dehydration: a new approach to cryopreservation of
Solanum shoot-tips. Cryo-Lett 11: 413-426.

FAO/IBPGR (1989) Technical guidelines for the safe movement of yam germplasm. Brunt
AA, Jackson GVH, Frison EA (eds.), Rome, pp. 1-20.

Fedorovskii DN, Popov AS (1992) Plasmalemma injuries in different strains of Dioscorea
deltoidea during cryopreservation, Soviet Plant Physiology, 39(3) : 381-385.

Fedorovskii DN and Popov AS (1992) Injuries to the plasmalemma in different strains of
Dioscorea deltoidea following cryopreservation, Fiziologiya Rastenii 39(3) : 592-598.

Find JI, Kristensen MMH, Norgaard JV, Krogstrup P (1998) Effect of culture period and cell

density on regrowth following cryopreservation of embryogenic suspension cultures of Norway

121



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

sprue and Sitka spruce, Plant Cell, Tissue and Organ Culture 53 : 27-33.

Florin B, Tessereau H, Lecouteux C, Didier C, Pétiard V (1993) Long-term preservation of
somatic embryos. In : K. Redenbaugh (ed), Synseeds. Application of synthetic seeds to crop
improvement, London, CRC Press, pp. 131 - 161.

Ford CS, Jones NB, Staden Jv (2000) Cryopreservation and plant regeneration from somatic
embryos of Pinus patula, Plant Cell Report 19 : 610 - 615.

Forsline PL, Towill LE, Waddell W, Stushnoff C, Lamboy WF, McFerson JR (1998)
Recovery and longevity of cryopreserved dormant apple buds, J Am Soc Hortic Sci 123 :
365 - 370.

Gonzalez Arnao MT, Engelmann F, Huet F, Urra C (1993) Cryopreservation of encapsulated apices
of sugarcane: effect of freezing procedure and histology. Cryo-lett 14: 303-308.

Grewal S, Kaul S, Sachdeva U, Atal CK (1977) Regeneration of plants of Dioscorea
deltoidea Wall. by apical meristem culture. Indian J Exp Biol 15: 201-203.

Harding K, Benson EE (1994) A study of growth, flowering and tuberization in plants
derived from cryopreserved potato shoot-tips: Implications for in vitro germplasm collections.
Cryo-Lett 15: 59-66.

Helliot B, Panis B, Poumay Y, Swennen R, Lepoivre P, Frison E (2002) Cryopreservation for the
elimination of cucumber mosaic and banana streak viruses from banana(Musa spp.), Plant Cell Rep
20:1117-1122.

Helliot B, Swennen R, Poumay Y, Frison E, Lepoivre P, Panis B (2003) Ultrastructural
changes associated with cryopreservation of banana (Musa spp.) highly proliferation meristems,
Plant Cell Report 21 : 690 - 698.

Hirai D, Sakai A (1998) Cryopreservation of in vitro-grown meristems of strawberry
(Fragaria * ananassa Duch.) by encapsulation-vitrification, Plant Cell Report 19 : 150 - 155.
Hirai D, Shirai K, Shirai S, Sakai A (1998) Cryopreservation of in vitro-grown meristems of
strawberry (Fragaria * ananassa Duch.) by encapsulation-vitrification. Euphytica 101:
109-115.

Hirata K, Mukai M, Goda S, Kinugasa MI, Yoshida K, Sakai A, Miyamoto K (2002)
Cryopreservation of hairy root cultures of Vinca minor(L.) by encapsulation-dehydration,

Biotechnology Letters 24 : 371-376.

122



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Hitmi A, Barthomeuf C, Sallanon H (1999) Cryopreservation of Chrysanthemum cinerariaefolium
shoot-tips: Effects of pretreatment conditions and retention of biosynthetic capacity. Cryo-Lett 20:
109-120.

Hoekstra FA. Golovina EA, Tetteroo FAA, Wolkers WF (2001) Induction of desiccation
tolerance in plant somatic embryos: How exclusive is the protective role of
sugars?,Cryobiology 43 : 140 - 150.

Hosoki T, Ando M, Kubara T, Hamada M, Itami M (1989) In vitro propagation of
herbaceous peony (Paeonia lactiflora Pall) by a longitudinal shoot-split method. Plant Cell
Rep. 8 : 243 - 246.

Ishikawa K, Harata K, Mii M, Sakai M, Yoshimatsu K, Shimomura K (1997)
Cryopreservation of zygotic embryos of a japanese terrestrial orchid (Bletilla striata) by
vitrification, Plant Cell Report 16 : 754 - 757.

Jean M, Cappadocia M (1992) Effects of some growth regulators on in vitro tuberization in
Dioscorea alata L. 'Brazo fuerte' and D. abyssinica Hoch. Plant Cell Rep. 11: 34-38.

Jekkel Zs, Gyulai G, Kiss J, Kiss E, Heszky LE (1998) Cryopreservation of horse-chestnut
(Aesculus hippocastanum L.) somatic embryos using three different freezing methods, Plant
Cell, Tiss. Org. Culture 52 : 193 - 197.

John JL, Courtney WH, Decoteau DR (1993) The influence of plant growth regulators and
light on microtuber induction and formation in Dioscorea alata L. culture Plnat Cell, Tissue
and Organ Culture 34: 245-252.

Joshi A, Teng WL (2000) Cryopreservation of Panax ginseng cell, Plant Cell Reports 19 :
971-977.

Kameya-Iwaki M, Yamaguchi K, Hara T, Ito S, Fuji S, Kajihara H, Tanaka S (1999)
Detection of japanese yam mosaic virus from chinese yam(Dioscorea opposita Thunb. cv
ichoimo) by immunocapture PCR and differentiation of virulent and attenuated isolates by
PCR-RFLP analysis, Ann. Phytopathol. Soc. Jpn. 65 : 494-497.

Kartha KK, Engelmann F (1994) Cryopreservation and germplasm storage [n: Vasil IK,
Thorpe TA (eds.), Plant cell and tissue culture, Kluwer, Dordrecht, pp. 195-230.

144, Adz, AT, A, FFE (1995) S ¥ FF wpdAd dehujek Alxe) =

A& REY AEA AE3}, Korean J Plant Tissue Culture 22(2) : 115-119.

123



58

59.
60.

61

62.

63.

64.

65.

66.

67.

68.

69.

70

. Koda Y, Okazawa Y (1983) Influence of environmental, hormonal and nutritional factors on potato
tuberisation in vitro. Japanese Journal of Crop Science 52: 582-591.

Koster KL (1991) Glass formation and desiccation tolerance in seeds. Plant Physiol 96 : 302-304.

Kyesmu PM, Takagi H, Yashima S (1997) Cryopreservation of white yam (Dioscorea
rotundata) shoot-apices by vitrification. In: Proceedings of Annual Meeting of Japan
Molecular Biology, 20-12 July 1997, Kumamoto, Japan p. 162.

. Lambardi M, Fabbri A, Caccavale A (2000) Cryopreservation of white poplar (Populus alba L.) by

vitrification of in vitro grown shoot-tips. Plant Cell Rep 19: 213-218.

Latta R (1971) Preservation of suspension cultures of plant cells by freezing. Canadian Journal of
Botany 49: 1253-1254.

Linsmaier EM, Skoog F (1965) Organic growth factor requirements of tabacco tissue cultures.
Physiol. Plant. 18 : 100 - 127.

Lynch PT, Harris WC, Chartier-Hollis JM (1996) The cryopreservation of shoot-tips of Rosa
multiflora. Plant Growth Reg. 20: 43-45
Malaurie B, Pungu O, Dumont R , Trouslot MF (1993) The creation of an in vitro germplasm
collection of yam (Dioscorea spp.) for genetic resources preservation. Euphytica 65: 113-122.
Corrigendum, 66: 243.

Malaurie B, Trouslot MF, Engelmann F, Chabrillange N (1998) Effect of pretreatment
conditions on the cryopreservation of in vitro culture of yam (Dioscorea alata 'Brazo Fuerte'
and D. bulbifera 'Noumea Imboro') shoot-apices by encapsulation- dehydration. Cryo-Lett. 19:
15-26.

Mallet F, Oriol G, Mary C, Verrier B, Mandrand B (1995) Continuous RT-PCR usig
AMV-RT and Taq DNA polymerase: characterization and comparison to uncoupled procedure.
Biotechniques 18: 678-687.

Mandal BB, Chandel KPS, Diwvedi S (1996) Cryopreservation of yam (Dioscorea spp)
shoot-apices by encapsulation-dehydration. Cryo-Lett. 17: 165-174.

Mandal BB, Dixit S (2000) Cryopreservation of shoot-tips of Dioscorea deltoidea Wall, an
endangered medicinal plant, IPGRI Newsletter for Asia, the Pacific and Oceania, 33, 23.

. Mandal BB, Malik SK, Chandel KPS (1996) Cryopreservation of encapsulated apices of yams

(Dioscorea spp.) ultra structural studies on recovery growth. SLTB Annua; Meeting, Dundee,

124



71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Scotland. Selected Abstracts, Cryo-Lett. 18: 73.

Mantell SH (1993) Integrated use of micropropagation and conventional propagation
techniques for production of certified seed tubers of tropical yams (Dioscorea spp.). Adapted
propagation techniques for commercial crops of the tropics, IFS, Vietnam, 02/1993. In:
Proceedings of the Southeast Asian Regional Workshop on Propagation Techniques for
Commercial Crops of the Tropics pp. 66-93.

Mantell SH, Haque SQ, Whitehall AP (1978) Clonal multiplication of Dioscorea alata L.
and Diosorea rotundata Poir. yams by tissue culture. J Hortic Sci 53: 95-98.

Mantell SH, Hugo SA (1989) Effect of photopreiod, mineral medium strength, inorganic
ammonium, sucrose and cytokinin on root, shoot and microtuber development in shoot cultures
of Dioscorea alata L. and Dioscorea bulbiferia L. yams. Plant Cell, Tissue and Organ Culture
16: 23-27.

Matsumoto T, Mochida K, Itamura H, Sakai A (2001) Cryopreservation of persimmon
(Diospyros kaki Thunb.) by vitrification of dormant shoot tips, Plant Cell Reports 20
398-402.

Matsumoto T, Sakai A, Takahashi C, Yamada K (1995) Cryopreservation of in vitro grown
apical meristems of wasabi (Wasabia japonica) by encapsulation-vitrification method.
Cryo-Lett. 16: 189-196.

Matsumoto T, Sakai A (1995) An approach to enhance dehydration tolerance of
alginate-coated dried meristems cooled to -196C. Cryo-Letters 16: 299-306.

Martinez MT, Ballester A, Vieitez AM (2003) Cryopreservation of embryogenic cultures of
Quercus roburusing desiccation and vitrification procedures. Cryobiology 46 : 182 - 189.
Mazur P (1984) Freezing of living cells: mechanisms and applications. American Journal of
physiology 247. Cell Physiology 16: 125-142.

Meryman HT, Williams RJ, Douglas MSJ (1977) Freezing injury from solution effects and
its prevention by natural or artificial cryoprotection. Cryobiology 14: 287-302.

Meyer MM (1976) Culture of Paeonia embryos by in vitro techniques. Am. Peony Soc. Bull.
217 : 32 - 35.

Mitchell SA, Asnani V, Coke L (1989) The role of tissue culture and minitubers in yam

propagation: Experience with Yampie (Dioscorea trifida) and Yellow Yam (D. cayenensis). In:

125



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Proceedings of Third Annual National conference on Science and Technology : Agricultural
Development for the 21st Century. Scientific Research Council, Hope Road Jamaica pp.
79-92.

Mitchell SA, McLaughlin W (1992) The use of tissue culture as a rapid multiplication
method for Jamaican cultivars of D. cayenensis and D. trifida In: Proceedings of Second
Biotechnology Network Conference, Jamaica UNDP/UNESCO/RLA/87/024, pp 27-37.

Mitchell SA, Redway F (1991) Yam, Dioscorea cayenensis cv. RLYY - The tissue culture
approach to improved production of planting material. In: Proceedings of OAC/SRC
Biotechnology Conference: Tissue culture technology for improved farm production. Scientific
Research Council, Hope Road, Jamaica pp 16-24.

Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassay with tobacco
tissue culture. Physiol Plant 15: 473-497.

Muzac-Tucker I, Asemota HM, Ahmad MH (1993) Biochemical composition and storage of
Jamaican yams (Doscorea sp). J Sci Food Agric 62(3): 219-224.

Nagasawa, Finer JJ (1989) Plant regeneration from embryogenic suspension culture of
Chinese yam (Dioscorea opposita Thunb.) Plant Sci 60: 263-271.

Ng SYC (1988) In vitro tuberization in white yam (Dioscorea rotundata Poir.). Plant Cell,
Tissue and Organ Culture 14: 121-128.

Ng SYC (1992) Micropropagation of white yam (Dioscorea rotundata Poir.) In: Bajaj YPS
(ed.), Biotechnology in agriculture and forestry, vol 19: 135-159 Springer Berlin Heidelberg,
New York .

Ng SYC, Mantell SH (1997) Technologies for germplasm conservation and distribution of
pathogene-free Dioscorea yams to National Root Crop Research Programmes. ODA Project
R4886 (H) Final Report. Wye College University of London, UK, 12p.

Niino T, Sakai A (1992) Cryopreservation of alginate coated in vitro grown shoot tips of apple, pear
and mulberry. Plant Sci 87: 199-206.

Niino T, Tashiro K, Suzuki M, Ohuchi S, Magoshi J, Akihama T (1997) Cryopreservation of in vitro
grown shoot tips of cherry and sweet cherry by one-step vitrification. Sci Hortic 70: 155-163.
Okazawa Y (1960) Studies on the relation between the tuber formation of potato plant and

natural gibberellin content. Proceedings of Crop Science Society of Japan 29: 121-124.

126



93. Panis, B (1995) Cryopreservation of banana germplasm. Ph. D. thesis. No.207. Catholic
University, Leuven, Belgium.

94. Park WD (1990) Molecular approaches to tuberization in potato. /n: Vayda ME, Park WD
(eds.), The Morecular and Cellular Biology of the Potato. C.A.B. International, Wallingford
CT, pp. 43-56.

95. Paul H, Daigny G, Sangwan-Norreel BS (2000) Cryopreservation of apple (Malus > domestica
Borkh.) shoot tips following encapsulation-dehydration or encapsulation-vitrification, Plant Cell
Report 19 : 768 - 774.

96. Paulet F, Engelmann F, Glaszmann JC (1993) Cropreservation of apices of in vitro plantlets of
sugarcane (Saccharum sp. hybrids) using encapsulation-dehydration. Cryo-lett 12: 525-529.

97. Pence VC (1990) Cryostorage of embryo axes of several large-seeded temperate tree species,
Cryobiology 27 : 212 - 218.

98. Pence VC (1992) Desiccation and the survival of Aesculus, Castanea, and Quercus embryo
axes through cryopreservation, Cryobiology 29 : 391 - 399.

99. Pence VC (1995) Cryopreservation of recalcitrant seeds, /n: Bajaj YPS (ed.), Biotechnology
in Agriculture and Forestry, vol. 32. Cryopreservation of Plant Germplasm I, Springer, Berlin,
Heidelberg, pp. 29-50.

100. Plessis P, Leddet C, Dereuddre J (1991) Resistance to dehydration and to freezing in liquid nitrogen
of alginate coated shoot tips of grapevine (Vitis vinifera L. cv. Chardonnay). C. R. Acad. Sci. Paris.
Serie I11. 313: 373-380.

101. Plessis P, Leddet C, Collas A, Dereuddre J (1993) Cryopreservation of Vitis vinifera L. cv.
Chardonnay shoot tips by encapsulation-dehydration: effect of pretreatment, cooling and postculture
conditions. Cryo-lett 14: 309-320.

102. Popov AS, Fedorovskii DN (1992) Damage to the plasmalemma of in vitro cultured cells of
Dioscorea during cryopreservation, Fiziologiya Rastenii 39(2) : 335-343.

103. Qiaochun W, Edna T, Amir A, Ron G (2000) Cryopreservation of in vitro-grown shoot tips of
grapevine by encapsulation-dehydration. Plant Cell, Tissue and Organ Culture 63: 41-46.

104. Rajora OP, Mosseler A (2001) Challenges and opportunities for conservation of forest
genetic resources, Euphytica 118 : 197-212.

105. Reed BM, Chang Y (1997) Medium and long-term storage of in vitro cultures of temperate

127



fruit and nut crops. In: Razdan MK, Cocking EC (eds.), Conservation of plant genetic
resources in vitro. Vol 1. science Publishers, Enfield.

106. Reed B, Dumet D, Denoma JM, Benson EE (2001) Validation of cryopreservation protocols for
plant germplasm conservation ; a pilot study using Ribes L., Biodiversity and Conservation 10
: 939-949.

107. Rida AS, Smith MAL, Shatnawi MA (1999) Pigment recovery from encapsulated-
dehydrated Vaccinium pahalae(ohelo) cryopreserved cells, Plant Cell, Tissue and Organ
Culture 55 : 119-123.

108. Ryyninen LA, Higgman HM (2001) Recovery of cryopreserved silver brich shoot tips is
affected by the pre-freezing age of the cultures and ammonium substitution, Plant Cell
Reports 20 : 354-360.

109. Sakai A (1956) Survival of plant tissue of super-low temperature. Contrib. Inst. Low Temp.
Sci. Hokkaido Univ. Ser. B: 14-17.

110. Sakai A (1985) Cryopreservation of shoot tips of fruit trees and herbaceous plants. In:
Kartha KK (ed.), Cryopreservation of Plant cells and Organs. CRC Press, Boca Raton,
Florida, pp. 135-158.

111. Sakai A (1997) Potentially valuable cryogenic procedures for cryopreservation of cultured
plant meristems. /n: Razan MK, Cocking EC (eds.), Conservation of Plant Genetic Resources
In Vitro. Volume 1: General Aspects. Science Publishers Inc. Enfield. USA. pp. 53-66.

112. Sakai A, Kobayashi S, Oiyama I (1990) Cryopreservation of mucellar cells of navel orange
(Citrus sinensis Osb. var. 'brasiliensis Tanaka') by vitrification. Plant Cell Reports 9 : 30-33.
113. Sakai A, Kobayashi S, Oiyama I (1991) Survival by vitrification of nucellar cells of navel
orange (Citrus sinensis Obs. var. brasiliensis Tanaka) cooled to -196C. Journal of Plant

Physiology 137: 465-470.

114. Sakai A, Matsumoto T, Hirai D, Niino T (2000) Newly developed encapsulation- dehydration
protocol for plant cryopreservation. Cryo-lett 21: 53-62.

115. Saleil V, Degras L, Jonard R (1990) Obtention de plantes indemnes du virus de la mosaique de
l'igname (YMYV) par culture in vitro des apex chez l'igname americaine Dioscorea trifida L Agronome
10: 605-615.

116. Sanz MJ, Mingo-Castel A, van Lammmeren AAM, Vreugdenhil D (1996) Changes in the

128



microtubular cytoskeleton precede in vitro tuber formation in potato. Protoplasma 191: 46-54.

117. Sawada E, Yakuwa T, Imakawa S (1958) Studies on the formation of aerial tubers in
Chinese yam. (II) on the aerial tuber formation in sterile culture of vine segments. J Hort
Assoc Jap 27: 241-244.

118. Schafer-Menuhr A (1996) Refinement of cryopreservation techniques for potato, Final Report
for the Period Sept 1991-1993 Aug 1996. International Plant Genetic Resources Institute.
Rome.

119. Shannon J, Kamp (1959) Trials of various possible propagation methods of herbaceous
peonies. III. State Florists. Assoc. Bull. 197 : 4 - 7.

120. Shibaoka H (1993) Regulation by gibberellins of the orientation of cortical microtubules in plant
cells. Aust J Plant Physiol 20:461-470

121. Shibli RA, Haagenson DM, Cunningham SM, Berg WA, Volence JJ (2001) Cryopreservation
of alfalfa (Medicago sativa L.) cells by encapsulation-dehydration, Plant Cell Report 20 : 445
- 450.

122. Shin JH, Sohn JK, Kim JC, Park SD (1996) Effect of GAs on seed germination of peony
(Paeonia latiflora Pall.). Korean J Plant Tissue Culture 23 : 231-234.

123. Shin JH, Shon JK, Kim KM, Kim KJ, Kim JC (1998) Effect of plant growth regulators on
somatic embryogenesis from cotyledon of herbaceous Peony(Paeonia lactiflora Pall.), Korean
J. Plant Tissue Culture 25(2) : 115-118.

124. Shin JH, Sohn JK, Park SD, Kim KM (1997) Plant regeneration through somatic
embryogenesis from cotyledon of herbaceous peony (Paeonia lactiflora Pall). Korean J Plant
Tissue Culture 24 : 291-294.

125. Sohn JK, Kim KS, Kim KM (1994) Development pollen-derived embryos and ploidy level
of their regenerated plants in Paeonia lactiflorn Pall. Korean J Plant Tissue Culture 21
215-219.

126. Sohn JK, Kwon YS, Kim KM (1995) Effect of embryo morphology on plant development
in anther cultures of Paeonia lactiflora Pall. Korean J Plant Tissue Culture 22 : 165-168.
127. Sohn JK, Kwon YS, Shin YA (2002) Effect of phenylacetic acid (PAA) on formation in

anther and microspore culture of Paeonia lactiflora, Korean J. Plant Biotechnology 29 : 193 -

198.

129



128. Sohn JK, Kim YH (1993) Effect of plant growth regulators on callus and embryoformation
in anther culture of Paeonia lactiflora Pall.,, Korean J. Plant Tissue Culture 20 : 255 - 259.
129. Steponkus PL, Langis R, Fujikawa S (1992) Cryopreservation of plant tissues by
vitrification /n: Steponkus PL (ed.), Advances in low temperature biology. JAI Press, London,

pp 1-61.

130. A4, 9od, v, o), v (1996) wh(Dioscorea batatas Decne.) $-HF5H A
ARS $18 AR vl W =3l Korean J. Breed 28(2) : 134-141.

131. Sylvia AM, Helen NA, Mohammad HA (1995) Factors affecting the in vitro establishment
of Jamaican yams (Dioscorea spp) from nodal pieces. J Sci Food Agric 67: 541-550.

132. Takagi H, Thinh MT, Islam OM, Senboku T, Sakai A (1997) Crypreservation of in vitro
grown shoot tips of taro (Colocasia esculenta (L.) Schott) by vitrification. 1. Investigation of
basic conditions of the vitrification procedure. Plant Cell Reports 16 : 594-599.

133. Tannoury M, Ralambosoa J, Kaminski M, Dereuddre J (1991) Cryopreservation by vitrification of
alginate coated carnation (Dianthus caryophyllus L.) shoot tips of in vitro plantlets. C R Acad Sci
Paris, t. 313, III: 633-638.

134. Tessereau H, Florin B, Meschine C, Thierry C, Petiard V (1994) Cryopreservation of
somatic embryos: a tool for germplasm storage and commercial delivery of selected plants.
Ann Bot 74: 547-555.

135. Tizio RM (1971) Action et role probable de certaines gibberellines (Al, A3, A4, AS, A7,
A9 et A 13) sur la croissnce de stolons et la tuberisation de la pomme de terre (Solanum
tuberosum L.) Potato Research 14: 193-204.

136. Touchell DH (1995) Principles of cryobiology for conservation of threatened Australian
plants. Doctoral Thesis of the University of Western Australia, Botany Division, Australia.

137. Touchell DH, Dixon KW (1996) Cryopreservation for conservation of Australian endangered
plants. /n: Normah MN, Narimah MK, Clyde MM (eds.), In Vitro Conservation of Plant
Genetic Resources. Plant Biotechnology Laboratory, Faculty of Life Sciences, University
Kebansaan, Malaysia, pp. 169-180.

138. Touchell DH, Chiang VL, Tsai CJ (2002) Cryopreservation of embryogenic cultures of
Picea mariana (black spruce) using vitrification, Plant Cell Report 21 : 118 - 224.

139. Towill LE (2002) Cryopreservation of plant germplasm: introduction and some observations.

130



In : Cryopreservation of Plant Germplasm II, Towill LE and YPS Bajaj (eds),
Biotechnology in Agriculture and Forestry, Vol. 50, Springer-Verlag, Berlin, Heidelberg, pp. 3
- 21

140. Towill LE (2002) Cryopreservation of Mentha (Mint). In : Cryopreservation of Plant
Germplasm II, Towill LE and YPS. Bajaj (eds), Biotechnology in Agriculture and Forestry,
Vol. 50, Springer-Verlag, Berlin, Heidelberg, pp. 151 - 163.

141. Twyford CD, Mantell SH (1996) Production of somatic embryos and plantlets from root
cells of the greater yam. Plant Cell, Tissue and Organ Culture 46: 17-26.

142. Uragami A, Sakai A, Nagai M (1990) Cryopreservation of dried axillary buds from plantlets
of Asparagus officinalis L. in vitro. Plant Cell Reports 9: 328-331.

143. Vandenbussche B, Weyens G, Proft MD (2000) Cryopreservation of in vitro sugar bet(Beta
vulgaris L.) shoot tips by a vitrification technique, Plant Cell Reports 19 : 1064-1068.

144. Vreugdenhil D, Struik PC (1989) An integrated view of the hormonal regulation of tuber
formation in potato (Solanum tuberosum). Physiol Plant 75: 525-531.

145. Wang JH, Ge JG, Liu F, Bian HW, Huang CN (1998) Cryopreservation of seeds and
protocorms of Dendrobium candidum. Cryo-Lett 19: 123-128.

146. Wang JH, Huang CN (2002) Cryopreservation of Hordeum(Barley). In: Towill, L. E., and Y. P. S
Bjai(eds) Biotechnology in Agricuture and Forestry 50: Cryopreservation of Plant Germplasm I (119
~135), Springer, Berlin..

147. Wang QC, Bathman O, Li P, Joseph MB, Gafny R (2002) Cryopreservation of
invitro-grown shoot tips of 'Troyer' citrange[Poncirus trifoliata(L.) Raf. x Citrus sinensis(L.)
Osbeck] by encapsulation-dehydration, Plant Cell Reports 20 : 901-906.

148. Wang Q, Tanne E, Arav A, Gafny R (2000) Cryopreservation of in vitro-grown shoot tip
of grapevine by encapsulation-dehydration, Plant Cell, Tiss. Org. Culture 63 : 41 - 46.

149. Wang Q, Gafny R, Sahar N, Ilan Sela, Nawassi M, Tanne E, Perl A (2002)
Cryopreservation of grapevine (Vitis vinifera L.) embryogenic cell suspensions by
encapsulation-dehydration and subsequent plant regeneration, Plant Science 162 : 551 - 558.

150. Wellington MA, Ahmad MH (1993) Glutathione and [i-amylase, peroxidase and
o-diphenolase activities during sprouting of minisett yams (Dioscorea sp). J Sci Food Agric

62: 225-228 .

131



151. Withers LA, Engelmann F (1997) In vitro conservation of plant genetic resources. In:
Altman A (ed.), Boiotechnology in Agriculture. Marcel Dekker, New York.

152. Withers LA, Engelmann F (1998) In vitro conservation of plant genetic resources. /n: Altman A (ed.),
Agricultural Biotechnology, Marcel Dekker, New York, pp. 57-88.

153. Wu Y, Engelmann F, Zhao Y, Zhou M, Chen S (1999) Cryopreservation of apple shoot tips:
importance of cryopreservation technique and of conditioning of donor plants. Cryo-lett 20: 121-130.

154. Zhao Y, Wu Y, Engelmann F, Zhou M, Zhang D, Chen S (1999) Cryopreservation of apple shoot
tips by encapsulation-dehydration: effect of preculture, dehydration and freezing procedure on shoot

regeneration. Cryo-lett 20: 103-108.

132



N

TH7IENEAd S AR YT

i3

HA-ol A A8

Me F

1. o] B

EE AR

3. w7k rE 71E A ol

QREEIEICH




	표지

	요 약 문
	Ⅰ.작약(Paeonia lactiflora)과 마(Dioscorea spp.) 유전자원의 초저온동결보존방법 확립
	Ⅱ. 연구개발의 목적 및 필요성
	Ⅲ. 연구개발 내용 및 범위
	Ⅳ. 연구개발 결과 및 활용에 대한 건의
	제 1 절. 연구개발 결과
	1. 세부과제 : 작약 (Paeonia lactiflora Pall.)의 초저온 동결보존법 확립
	2. 협동과제 : 마(Dioscorea spp.)의 초저온 동결보존법 개발

	제 2 절. 활용에 대한 건의

	목 차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 목적 및 필요성
	제 2 절 연구개발의 내용 및 범위

	제 2 장 국내외 기술개발 현황
	제 1 절 국내․외 기술 개발의 현황
	1. 국내․외 관련분야의 환경변화
	2. 국외 기술개발 현황
	3. 국내 기술개발 현황
	4. 문제점

	제 2 절 앞으로의 전망과 기술도입의 타당성
	1. 앞으로의 전망
	2. 기술도입의 타당성


	제 3 장 연구개발수행 내용 및 결과
	제 1 절 작약(Paeonia lactiflora Pall.)의 초저온 동결보존 방법 확립
	1. 작약의 조직배양법 확립
	2. 접합자 배를 이용한 작약의 초저온 동결보존
	3. 체세포배를 이용한 작약의 초저온 동결보존
	4. 동아(winter buds)를 이용한 작약의 초저온 동결보존

	제 2 절 마(Dioscorea spp.)의 초저온 동결보존 방법 확립
	1. 마 액아조직을 이용한 초저온 동결보존
	가. 연구개발수행 내용
	나. 연구개발 결과

	2. 접합자배를 이용한 야생마 유전자원의 초저온 동결보존
	가. 연구개발수행 내용
	나. 연구개발 결과

	3. 초저온 동결 처리를 통한 Yam mosaic virus(YMV-K) 무병 마 생산
	가. 연구개발수행 내용
	나. 연구개발 결과

	4. 조직배양기술을 이용한 동결보존 식물체의 증식법 개발
	가. 연구개발수행 내용
	나. 연구개발 결과



	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1 절 총괄 추진 계획표
	제 2 절 연구개발 목표의 달성도
	1. 세부과제 : 작약 (Paeonia lactiflora Pall.)의 초저온 동결보존 방법 확립
	2. 협동과제 : 마(Dioscorea spp.)의 초저온 동결보존법 확립

	제 3 절 관련분야의 발전에의 기여도

	제 5 장 연구개발결과의 활용계획
	제 1 절 연구개발 성과
	1. 특허출원 : 1건 (출원번호 : 10-2005-0057611)
	2. 대중 매체를 이용한 기술 홍보 : 1건
	3. 논문발표 및 게재
	4. 인 력 양 성

	제 2 절 연구개발결과의 활용 계획
	1. 추가 연구의 필요성
	2. 타 연구에의 응용방안


	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	1. 유전자원의 중장기적, 안정적 보존을 위한 초저온 동결보존 기법의 도입
	2. 접합자배와 체세포배를 이용한 초저온 동결보존 기술개발
	3. 마의 초저온 동결보존 기술개발
	4. 기내 소괴경 형성 과 유전자원 교환 및 전파에서의 중요성

	제 7 장 참고문헌

