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Germplasm Conservation and Cryopreservation:

Germplasm Conservation:

Germplasm broadly refers to the hereditary material (total content of genes) transmitted to the
offspring through germ cells.

Germplasm provides the raw material for the breeder to develop various crops. Thus, conservation
of germplasm assumes significance in all breeding programmes.

As the primitive man learnt about the utility of plants for food and shelter, he cultivated the habit
of saving selected seeds or vegetative propagules from one season to the next one. In other
words, this may be regarded as primitive but conventional germplasm preservation and
management, which is highly valuable in breeding programmes.

The very objective of germplasm conservation (or storage) is to preserve the genetic diversity of
a particular plant or genetic stock for its use at any time in future. In recent years, many new plant
species with desired and improved characteristics have started replacing the primitive and
conventionally used agricultural plants. It is important to conserve the endangered plants or else
some of the valuable genetic traits present in the primitive plants may be lost.

A global body namely International Board of Plant Genetic Resources (IBPGR) has been
established for germplasm conservation. Its main objective is to provide necessary support for
collection, conservation and utilization of plant genetic resources throughout the world.

There are two approaches for germplasm conservation of plant genetic materials:
1. In-situ conservation
2. Ex-situ conservation

1. In-Situ Conservation:

The conservation of germplasm in their natural environment by establishing biosphere reserves
(or national parks/gene sanctuaries) is regarded as in-situ conservation. This approach is
particularly useful for preservation of land plants in a near natural habitat along with several wild
relatives with genetic diversity. The in-situ conservation is considered as a high priority germplasm
preservation programme.

The major limitations of in-situ conservation are listed below:

i. The risk of losing germplasm due to environmental hazards

ii. The cost of maintenance of a large number of genotypes is very high.

2. Ex-Situ Conservation:

Ex-situ conservation is the chief method for the preservation of germplasm obtained from
cultivated and wild plant materials. The genetic materials in the form of seeds or from in vitro
cultures (plant cells, tissues or organs) can be preserved as gene banks for long term storage
under suitable conditions. For successful establishment of gene banks, adequate knowledge of
genetic structure of plant populations, and the techniques involved in sampling, regeneration,
maintenance of gene pools etc. are essential.

Germplasm conservation in the form of seeds:

Usually, seeds are the most common and convenient materials to conserve plant germplasm. This
is because many plants are propagated through seeds, and seeds occupy relatively small space.
Further, seeds can be easily transported to various places.

There are however, certain limitations in the conservation of seeds:
i. Viability of seeds is reduced or lost with passage of time.

ii. Seeds are susceptible to insect or pathogen attack, often leading to their destruction.
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iii. This approach is exclusively confined to seed propagating plants, and therefore it is of no use
for vegetatively propagated plants e.g. potato, Ipomoea, Dioscorea.

iv. It is difficult to maintain clones through seed conservation.

Certain seeds are heterogeneous and therefore, are not suitable for true genotype maintenance.

In vitro methods for germplasm conservation:

In vitro methods employing shoots, meristems and embryos are ideally suited for the conservation
of germplasm of vegetatively propagated plants. The plants with recalcitrant seeds and genetically
engineered materials can also be preserved by this in vitro approach.

There are several advantages associated with in vitro germplasm conservation:

i. Large quantities of materials can be preserved in small space.

ii. The germplasm preserved can be maintained in an environment, free from pathogens.

iii. It can be protected against the nature’s hazards.

iv. From the germplasm stock, large number of plants can be obtained whenever needed.

v. Obstacles for their transport through national and international borders are minimal (since the
germplasm is maintained under aspectic conditions).

There are mainly three approaches for the in vitro conservation of germplasm:
1. Cryopreservation (freeze-preservation)

2. Cold storage

3. Low-pressure and low-oxygen storage

Cryopreservation:

Cryopreservation (Greek, krayos-frost) literally means preservation in the frozen state. The
principle involved in cryopreservation is to bring the plant cell and tissue cultures to a zero
metabolism or non-dividing state by reducing the temperature in the presence of cryoprotectants.

Cryopreservation broadly means the storage of germplasm at very low temperatures:

i. Over solid carbon dioxide (at -79°C)

ii. Low temperature deep freezers (at -80°C)

iii. In vapour phase nitrogen (at -150°C)

iv. In liquid nitrogen (at -196°C)

Among these, the most commonly used cryopreservation is by employing liquid nitrogen. At the
temperature of liquid nitrogen (-196°C), the cells stay in a completely inactive state and thus can
be conserved for long periods.

In fact, cryopreservation has been successfully applied for germplasm conservation of a wide
range of plant species e.g. rice, wheat, peanut, cassava, sugarcane, strawberry, coconut. Several
plants can be regenerated from cells, meristems and embryos stored in cryopreservation.

Mechanism of Cryopreservation:

The technique of freeze preservation is based on the transfer of water present in the cells from a
liquid to a solid state. Due to the presence of salts and organic molecules in the cells, the cell
water requires much more lower temperature to freeze (even up to -68°C) compared to the
freezing point of pure water (around 0°C). When stored at low temperature, the metabolic
processes and biological deteriorations in the cells/tissues almost come to a standstill.
Precautions/Limitations for Successful Cryopreservation:

Good technical and theoretical knowledge of living plant cells and as well as cryopreservation
technique are essential.
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Other precautions (the limitations that should be overcome) for successful
cryopreservation are listed below:

i. Formation ice crystals inside the cells should be prevented as they cause injury to the organelles
and the cell.

ii. High intracellular concentration of solutes may also damage cells.

iii. Sometimes, certain solutes from the cell may leak out during freezing.

iv. Cryoprotectants also affect the viability of cells.

v. The physiological status of the plant material is also important.

Technique of Cryopreservation:

An outline of the protocol for cryopreservation of shoot tip is depicted in Fig. 48.1. The
cryopreservation of plant cell culture followed by the regeneration of plants broadly involves the
following stages.
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Fig. 48.1 : An outline of the protocol for cryopreservation of shoot tip (DMSO-Dimethyl sulfoxide)

Protocol for Cryopreservation of Shoot Tip

. Development of sterile tissue cultures

. Addition of cryoprotectants and pretreatment

. Freezing

. Storage

. Thawing

. Re-culture

. Measurement of survival/viability

. Plant regeneration.

The salient features of the above stages are briefly described.

coO~NO Ol WNPE

Development of sterile tissue culture:

The selection of plant species and the tissues with particular reference to the morphological and
physiological characters largely influence the ability of the explant to survive in cryopreservation.
Any tissue from a plant can be used for cryopreservation e.g. meristems, embryos, endosperms,
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ovules, seeds, cultured plant cells, protoplasts, calluses. Among these, meristematic cells and
suspension cell cultures, in the late lag phase or log phase are most suitable.

Addition of cryoprotectants and pretreatment:

Cryoprotectants are the compounds that can prevent the damage caused to cells by freezing or
thawing. The freezing point and super-cooling point of water are reduced by the presence of
cryoprotectants. As a result, the ice crystal formation is retarded during the process of
cryopreservation.

There are several cryoprotectants which include dimethyl sulfoxide (DMSO), glycerol, ethylene,
propylene, sucrose, mannose, glucose, proline and acetamide. Among these, DMSO, sucrose
and glycerol are most widely used. Generally, a mixture of cryoprotectants instead of a single one
is used for more effective cryopreservation without damage to cells/tissues.

Freezing:
The sensitivity of the cells to low temperature is variable and largely depends on the plant species.
Four different types of freezing methods are used:

1. Slow-freezing method:

The tissue or the requisite plant material is slowly frozen at a slow cooling rates of 0.5-5°C/min
from 0°C to -100°C, and then transferred to liquid nitrogen. The advantage of slow-freezing
method is that some amount of water flows from the cells to the outside. This promotes
extracellular ice formation rather than intracellular freezing. As a result of this, the plant cells are
partially dehydrated and survive better. The slow-freezing procedure is successfully used for the
cryopreservation of suspension cultures.

2. Rapid freezing method:

This technique is quite simple and involves plunging of the vial containing plant material into liquid
nitrogen. During rapid freezing, a decrease in temperature -300° to -1000°C/min occurs. The
freezing process is carried out so quickly that small ice crystals are formed within the cells. Further,
the growth of intracellular ice crystals is also minimal. Rapid freezing technique is used for the
cryopreservation of shoot tips and somatic embryos.

3. Stepwise freezing method:

This is a combination of slow and rapid freezing procedures (with the advantages of both), and is
carried out in a stepwise manner. The plant material is first cooled to an intermediate temperature
and maintained there for about 30 minutes and then rapidly cooled by plunging it into liquid
nitrogen. Stepwise freezing method has been successfully used for cryopreservation of
suspension cultures, shoot apices and buds.

4. Dry freezing method:

Some workers have reported that the non-germinated dry seeds can survive freezing at very low
temperature in contrast to water-imbibing seeds which are susceptible to cryogenic injuries. In a
similar fashion, dehydrated cells are found to have a better survival rate after cryopreservation.

Storage:

Maintenance of the frozen cultures at the specific temperature is as important as freezing. In
general, the frozen cells/tissues are kept for storage at temperatures in the range of -70 to -196°C.
However, with temperatures above -130°C, ice crystal growth may occur inside the cells which
reduces viability of cells. Storage is ideally done in liquid nitrogen refrigerator — at 1 50°C in the
vapour phase, or at -196°C in the liquid phase.
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The ultimate objective of storage is to stop all the cellular metabolic activities and maintain their
viability. For long term storage, temperature at -196°C in liquid nitrogen is ideal. A regular and
constant supply of liquid nitrogen to the liquid nitrogen refrigerator is essential. It is necessary to
check the viability of the germplasm periodically in some samples. Proper documentation of the
germplasm storage has to be done.

The documented information must be comprehensive with the following particulars:
i. Taxonomic classification of the material

ii. History of culture

iii. Morphogenic potential

iv. Genetic manipulations done

v. Somaclonal variations

vi. Culture medium

vii. Growth kinetics

Thawing:

Thawing is usually carried out by plunging the frozen samples in ampoules into a warm water
(temperature 37-45°C) bath with vigorous swirling. By this approach, rapid thawing (at the rate of
500- 750°C min-1) occurs, and this protects the cells from the damaging effects ice crystal
formation.

As the thawing occurs (ice completely melts) the ampoules are quickly transferred to a water bath
at temperature 20-25°C. This transfer is necessary since the cells get damaged if left for long in
warm (37-45°C) water bath. For the cryopreserved material (cells/tissues) where the water content
has been reduced to an optimal level before freezing, the process of thowing becomes less critical.

Re-culture:

In general, thawed germplasm is washed several times to remove cryoprotectants. This material
is then re-cultured in a fresh medium following standard procedures. Some workers prefer to
directly culture the thawed material without washing. This is because certain vital substances,
released from the cells during freezing, are believed to promote in vitro cultures.

Measurement of survival/viability:

The viability/survival of the frozen cells can be measured at any stage of cryopreservation or after
thawing or re-culture.

The techniques employed to determine viability of cryopreserved cells are the same as used for
cell cultures. Staining techniques using triphenyl tetrazolium chloride (TTC), Evan’s blue and
fluorescein diacetate (FDA) are commonly used.

The best indicator to measure the viability of cryopreserved cells is their entry into cell division and
regrowth in culture. This can be evaluated by the following expression.

Plant regeneration:

The ultimate purpose of cryopreservation of germplasm is to regenerate the desired plant. For
appropriate plant growth and regeneration, the cryopreserved cells/tissues have to be carefully
nursed, and grown. Addition of certain growth promoting substances, besides maintenance of
appropriate environmental conditions is often necessary for successful plant regeneration.

A selected list of plants (in various forms) that have been successfully used for cryopreservation
is given in Table 48.1.
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forms that are successfully cayopreserved

Plant material Plant specics

Cell suspensions Oryza saliva
Giycine max
Lea mays
Nicotiarna Iabacurm
Capsicum annum

Callus Oryza sabva
Capsicum annumn
Saccharum sp

Protoplast Zea mays
Nicotiana tabacum
Meristems Solanum tuberosum
Cicer anelinum
Zygotic embryos Zea mays

Hordeum wvulgare

Mamihot escuienta
Somatic embryos Cilrus sinensis

Daucus carofla

Coffea arabica
Polien embryos Nicotiana tabacum

Citrus sp

Atropa belladona

List of Plants

Cold Storage:

Cold storage basically involves germplasm conservation at a low and non-freezing temperatures
(1-9°C) The growth of the plant material is slowed down in cold storage in contrast to complete
stoppage in cryopreservation. Hence, cold storage is regarded as a slow growth germplasm
conservation method. The major advantage of this approach is that the plant material
(cells/tissues) is not subjected to cryogenic injuries.

Long-term cold storage is simple, cost-effective and yields germplasm with good survival rate.
Many in vitro developed shoots/plants of fruit tree species have been successfully stored by this
approach e.g. grape plants, strawberry plants.

Virus- free strawberry plants could be preserved at 10°C for about 6 years, with the addition of a
few drops of medium periodically (once in 2-3 months). Several grape plants have been stored for
over 15 years by cold storage (at around 9°C) by transferring them yearly to a fresh medium.

Low-Pressure and Low-Oxygen Storage:

As alternatives to cryopreservation and cold storage, low-pressure storage (LPS) and low-oxygen
storage (LOS) have been developed for germplasm conservation. A graphic representation of
tissue culture storage under normal atmospheric pressure, low-pressure and low-oxygen is
depicted in Fig. 48.2.
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Fig. 48.2 : A graphic representation of tissue culture storage under normal altmospheric pressure,
low-pressure, and low-oxygen.

Tissue Culture Storage

Low-Pressure Storage (LPS):

In low-pressure storage, the atmospheric pressure surrounding the plant material is reduced. This
results in a partial decrease of the pressure exerted by the gases around the germplasm. The
lowered partial pressure reduces the in vitro growth of plants (of organized or unorganized
tissues). Low-pressure storage systems are useful for short-term and long-term storage of plant
materials.

The short-term storage is particularly useful to increase the shelf life of many plant materials e.g.
fruits, vegetables, cut flowers, plant cuttings. The germplasm grown in cultures can be stored for
long term under low pressure. Besides germplasm preservation, LPS reduces the activity of
pathogenic organisms and inhibits spore germination in the plant culture systems.

Low-Oxygen Storage (LOS):

In the low-oxygen storage, the oxygen concentration is reduced, but the atmospheric pressure
(260 mm Hg) is maintained by the addition of inert gases (particularly nitrogen). The partial
pressure of oxygen below 50 mm Hg reduces plant tissue growth (organized or unorganized
tissue). This is due to the fact that with reduced availability of O2, the production of CO2 is low.
As a consequence, the photosynthetic activity is reduced, thereby inhibiting the plant tissue growth
and dimension.

Limitations of LOS:

The long-term conservation of plant materials by low-oxygen storage is likely to inhibit the plant
growth after certain dimensions.

Applications of Germplasm Storage:

The germplasm storage has become a boon to plant breeders and biotechnologists.

Some of the applications are briefly described:
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1. Maintenance of stock cultures: Plant materials (cell/tissue cultures) of several species can be
cryopreserved and maintained for several years, and used as and when needed. This is in contrast
to an in vitro cell line maintenance which has to be sub-cultured and transferred periodically to
extend viability. Thus, germplasm storage is an ideal method to avoid sub-culturing, and maintain
cells/ tissues in a viable state for many years.

2. Cryopreservation is an ideal method for long term conservation of cell cultures which produce
secondary metabolites (e.g. medicines).

3. Disease (pathogen)-free plant materials can be frozen, and propagated whenever required.

4. Recalcitrant seeds can be maintained for long.

5. Conservation of somaclonal and gametoclonal variations in cultures.

6. Plant materials from endangered species can be conserved.

7. Conservation of pollen for enhancing longevity.

8. Rare germplasms developed through somatic hybridization and other genetic manipulations
can be stored.

9. Cryopreservation is a good method for the selection of cold resistant mutant cell lines which
could develop into frost resistant plants.

10. Establishment of germplasm banks for exchange of information at the international level.
Limitations of Germplasm Storage:

The major limitations of germplasm storage are the expensive equipment and the trained
personnel. It may, however, be possible in the near future to develop low cost technology for
cryopreservation of plant materials.
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W2lloll Guaol (BB HZ U A3 & B ¥ ARy, Aol AeslU, Al eyet, ofloy,
Aaldd Blsell s\, Weltdey, sley. it Usl, ARRARS s\ Ul UVe2lat A SCUR, A2
AdL 305 AUl AL dusstHl Al ay Ao 8.

sl U252 dell GRRL A YIEleNoe :

slAlYl2seoed Al AAxoll & ¥ sldllal 6§ wacl Ublnaudl Udl sjsiola wesidl a¥ B.
slaldl2seo2oll slog3lell wille] 63 (olg wal YuR-gldol Wee v 8. uReuR, BrRxsdalstsl
ylBau et WRgell 28R se] niel He ud B,

dRll sllll2seeed 8 BUl slARASH USsUBS (DMSO), PAUR, 8@QAet, WUlclot, Y513,
Noll 23, 94519, U Bol WA AA2AHIBSeN AHA Al B. L US|, DMSO, Y50 el PAUJAAA
Wl ay Gullol alad B. AHLe 3d, 51 /3l2Ya ofslat sl (Aol dy AR (BAY1osl2ol
HER2 AsA oeA slRAURS2oRell (BNl GUAIL $RllHL WA B.

6% _

sllal dlurial sIellefl AAeatllcddl UA & wal Waledl Blsell Yot U wUR AW B,

AR ALY ysiell st ugldullall Gulol w 8:

1.l flegenell ugla:

oll uaal Olseoll %33 wHofl 0.5-5°C/AR2l tlxt 655 €2 0°C &l -100°C Yl LR NN RAR
AlA 8, Aal Ul Yaltdl sltssQlogatHi &UAAR A At 8. Ll 655 Ugldall sl2uEl A B ¥ stlluiell
wllell St eel wslRell dRs dd B. l B2AARAR SNl HEA WSR2 ARIAR WR ol
RUollal Ylllsel A B, ol URRUR, Blsall 51N Aills A AScllsd aal & ual ay Al
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Ad A B, Aealet seARel (5AMQLA W2 La{l-5l(Fot ylsauall usadyds Gualol al
8.

2. ¥sUl 6§ scllell ugla:

Ul dsolls AseH RN & Al AHL Olsoll AHA Rt 22l Yauél sttesglatmi gusl HiRellell
el A B, »sUl 85 €(Rallet, dluMletdl -300° &l -1000°C/MleHl LSl a2 B. 6%
scllo{l ylsal Aecll Bsuedl sla vRaAMl WA B ¥ s\lloll vER olloll vlRgoll 2R3 wa B,
aAyul, vt 5Rls sRgoll Rl gle UL oottt B. WS I 25(Asell Gulal g2 St wa
AARs iellAlail (BN 3Tt HIZ AU B,

3. RUUgy oL ugl:

Ul Ll wa 35Ul It Ulsauile] dallogel B (vlaloll SIAERA U, Vol A As UdlclalR Id
slal tRelHl AA 8. lse{l AHA Udcl Hralelcdl dluMlal &5 SRAUHL AUA © Ma AL 30
Mle Yol Al soccunl A & wal Ul Al Yol sieeretnl gullslal Bsuell &y saunl
UA B, AWt 5EAR, 92 AU U s0{lallotl G Blalot U2 Rudsy %1 usldsll
UsAAYds GUAL seH WL B.

4. gt gL ugla:

32cls SIMERIA UdAA URD & ¥ (Aot-2igRc Yst ollos vol o oflAl dlumial dssul 28l A
8, @ WellHl Anddl oflwdl [Qudld B B s1AAB06s sl 2 Adestelld dla B. Al » 3,
Afcllsd s\ (BAYloscatet Ul ay ARl A WAd Bécllall €2 UAA B.

Aolé:

AssA AUl oy o AAl drglAulell sl 655 Becll ¥ Hecelyal 8. UM Aq, RAR
slll /020 -70 &l -196 °C oll 2wAML AUHIA 0Le HIZ RAUAUHl 1A 8. %l &, -130 °C dl
ay cdludlet A&, SRS vieR vlrgoll R0l gle U A3 B B slMlloll stelettcl wald 8.
doLe Al A Yl olleslowet Az UL SUML WA B - B dAolssIHL 150 ° A UR WUl
Yalél dotsstl -196 ° A UR.

Aoleall vilAH GRA dHH AR Nelllds Yygmanlal Ascll wa Axell stlatddl sacl
Aulcllell B. Aol dUoUell Ade H2, Yclldl ollesglosettl -196 ° A clluHlel el B, yaiél
sllesgloset AUl Yalgl sl RaMd wUA Add Yabl %33 B. 32cls otyaliAM
AR s wctlostoll AtuRAl AWl %330 8. eliclosm w@AR%e] Aol £:clA SN 54
usal.

exclld®gct MRl «(lAcll (QotAl WA cauus &lell HASA:

i AHoflof cd(lsaL collsel
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ii. Aesdoll sldsid

iii WSB(As Aeldd

iv ullocl@ls Al At scUHl A B

v. AHsAAA @Al

vi dslde] Hitan

vii g(& auldaut

Yolnd:

Uotng AMle 3 Ayl RAR UActl atyotillal $1220el YHRAA A 21 Wl (AlUHLet
37-45 ° Q) oll WwilotHi goislal el URallHl AU B, L W@ gL, 35Ul Llang (500- 750 °C
A2 -1 olt €2 ) 2 B, Wal L S W ol (250l Utlell ofsUlasRs WAJAL &1L U
8.

B 1 Ybing aa 8 (wRkg Ayelud Yol xa 8) i Ayed »3sudl 20-25° A dAluHial
URlotl ReltotHi ULATAR A Al B, L ULt AR %33 B 510 ¥ 2R (37-45°C) WIR(letl eilatHi
Aol qHa Yl Avail A Al Sl ojslel Al 8. (B30AW3cE AHfl (51l /8l9y) Wi
WRllo] YHIRL 65 Ul UBAL A6 R dalsl ol ey dlat, @l Sscllell ylsal AU ¥R olell
A O,

Yot:is(A:

AHA A, slAURs2oUA £ scll HIZ HAIAAL %A URl clrd TlallHl A B, Al
Al Ul Yo YEARAA UcfAIA ol UituHHl Yotictlol scHl WA B, d2cls
sIHELRL T2l (Aott A Al ALl A ctet s2clle] UdE 53 B. vl W2l HI2 & s1R0L
§ 65 eMaet sRsRAHIA Ysc adl dectts Hocyel ueled, (A3l irglAul Ylelset wUl
lallo] HistalHi a8,

URA/U IR clle] HIUaL:

RAR sIMlell stlattdl/AURACA stAURdotoll SlEURL dotsy wacl Ylowaul ugdl wacl
Yot:ictat Ul 1l asta .

(503 sUAsAAl stlattcl otssl sal W2 GuAdHl Aclcl dsollsl sy gl W
GuAHL Acllcdl Atet & [2¥etssd 2R AU SARISS (TTC), Bellol 6f Bl SARULet slauA2
(FDA) oll Gualol s3lal (Aol dAsellslell Aot A GuloL Ul B.

(50Yloscd SlQs1RAl steleticl Hiucl Hize] A YUs S [Aetsettl Axell YAl ual dzgldul
s3lell gl B. ule] Yeauisat ol Aol @cAGA gl 531 AslA B.

OlSe] Yatflcot ;
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Al Hall sl BT2etoAl vAH 3 BROA BlsA Yotosl(Ad sclloll B. Blsoll o2t ¢l Wa
Yotogotol 2, BAYncE Sl@sRA0/ QA sinyyds Actat ual Gousclloll %3 8. Blsall
AN Yot:ogolol U2 A0 valaRela UWRRAQA stnarl GURid WssU glaal Ylcilset wUl
yeldloll GRR s %331 B.

sl oclalot U2 AsnAlyds Gualol Aaldl elsell (Al @zul) uiedlsl el swes
48.1 HI UMl wdl B,

= e e s ——————

Tni.z S5 .3 A selected ast af plam in varlons
forms that are successfully cayopreserwved

FPlant rmmratcriaf Pifarn?t specics

Cell suspensons Oryza saiva
Giyoine max
ea mays
Nicotizrna Isbacuny
Capsicwsn Innunn

Callus Oy za sabtiva
Capsicurm aInnunes?
Saccharurmnm sp

Protopliast Zea mays
Nicotiana tabacunm
MNeristems Solarnurm tuberoswum
Cicer anelinum
Zygotic embryos Zea mays

Hordewum wvuigare

Afaribhol escuienia
Somatic embryos Cifrus Sinensis

Daucws carofla

Coffea arabica
Polien embryos Nicotiana abacurn

Cilrus sp

Artropa belfadona

olsall auel

sles RN

5les RRAHL Yool A e AeRlell AHA Al § oflUl WA 655 (Qotloll AlUHLA (1-
9° Q) 8lsoll AHAfloll [@Ast sles WUl sttt Yol [@Riuell [@Quild Ll udl
8. wledl, sles wWRwA Ll g wriicosm el usld d3ld awlautl wad 8. il weloHal
yud glaAel W B ¥ dlsell Al (sl /Q2A) slAB(As Sestllal 2uRlet otedl.

AL QUG BlE5 RRY UM, WA-UURSIRS B ol URL URACL €2 U XU AU B,
UL BUELIH G 50l BLsell Aol drll A [AsRA vigR/els UsnAyds AARA scunl
VAL B BH ¥ alelell 91s, WALl 615,

clARU-Y5c RAatl st 10 ($ofl AEAAX dAturial 6 il Yol WAl sl &, BUl AH2A AR
(2-3 UEouMi AsaR) HtauHall st 2lul GRRaUML AUQA B. aleloll 3edls Blsal s et
HULAH ML AL ARA 530 Sles A% (oLl 9° A) bRl 15 adell ay uxaedl Aouldd saumi

ylcAl V.

pg. 15




B.Sc. Sem-6, P-604, U-1-4

A-YAR U Aot RS :

sllQ3clalet Wal 5165 WU [As5E 3%, tcosH el M2 A-YAR RR% (LPS) A
A-AEAx @Ry (LOS) [Aslaattil vical 8. UMl clcdlaRRlla eoyl, ollul-eciyl sl
WeL-U A%t 601 3122 5cUR WRwll AU}s 3l (391 48.2 Ui ealctaunl il B.

Other
gases (2%)

760
3

' |

N
- Other
gades (29%)

|
| 1
; Nz
| 3 78°°
‘ .
02 [ 02
ol E L _10% |

Oz
|

"y [, S—

Atmospheric pressure (mm Hg)
&
=1

Normal atmospheric Low-pressure Low-oxygen
slorage slorage storage

Fig. 48.2 : A graphic representation of tissue culture storage under normal almospheric pressure,
fow-pressure, and low-oxygen.

3oy AR WY
A-Y2AR R (LPS):
WL EWIQotl AUSHL, ONsell WHoll AWl alctiaRRlal oMl dalsSl Ul 8. el
UReUA ¥ tctiosHell BRURe cltgAl gl esiHl wilRls delsl a B, oy wil@ls ewnl
5ol 8ol (AR gle RloUs waal wAdBA Vllllell) uald B, A-YaAR W% R Hlsall
AHLoll 5L Ut M AloAl dUaLell s HE BUAR( B.
sl oualell AoLe v 53l Blsell urll Aol Acs clss crRal M2 GUA( B BU ¥ s,
e, SLUAL $CU, Olsell stucll. gAML GoUScUHL Aleldl WLEABHA B EGLRL 3601
Al auol M2 AUl 53 astal 8. eniwctioH snall GURid, Al AdisRs el
Yga uald 8 ua dlsell Agld yeuellui ollysuletl vigoa vesla 8.
A- A At WA (LOS) :
Wl W EAol AoLeHl, WEAotoll Ulacdl WGl aA 8, URd [Ada aypll (W 53
all82l%eot) ol BRRL gl cllctiaRRllA €Wl (260 mm Hg) taclallHl wLA 8. 50 mm Hg ol «{l2
U Axote] wiAs el Slsoll Nl g (RloUdct waucl wABA V) uald B. 2w A
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e8lscal sRA B 3 0 2 ol WYl Guatsldl WA , CO 2 o Geulest AW B, URLUR,
ysl2R2ANeLell ygui uetsl e 8, Bottell slsetl Vel [@Asid Al URHIR HARD B,
LOS ol salelAl:

o9l W (EA% ot 4216 gL lsell WHIAle] cicdl duoue] Uetel AssA URHIEN Ul Blsail [Asiua
uesld adl asdl 8.

LAl R\R%e{l AABA :

B LALBHAAL A2US BlSall AcSl Wal sl sl HIE cRElet slofl oA B.

s2clls AAFaolle] 25Ul cdlol sRcUML U] B:

1. s scuRell astnall: dgll ystlQullott elsell Al (51/2ley seuR)al el anl Yol
B3 1A stncll $3 asla B Al 2AR %32 US U Aol GUADL $31 ASA BD. L Bot
@2l Ad Aol AoeoloedYl QU B B ULURAL cURal HIZ AHAAR V2L-5CAUR A 2loU§2
scllol Sl 8. WM, WAl RRy A Vel-dtaal alnal Aal SN/ ARAA wel anl Yl
et RAAQHL el uual 1R As wed usl 8.

2. As0s3 Netdlletsed (Elc. ecllRll) Gaurt scl Sl Argldoll cicd duietl A&l HE2
stalYloslalot A As el ugld B.

3. A0L (A& Rot)-Y5cl 5ol AHIMA RAR 531 2AslA & Wal »&UR URL %33 Hlal AR Aol YUR
53 sl B,

4. WA d@RAd oflos ot M Yl sadl asia 8.

5. Ag(AAHL AHsAA Al ANAsAAA (@A Alo] A8

6. iyl yost(AuAuill elsell unHoflof el 53| sl B,

7. ALY dulRall He URLDLe] el

8. AWARS sle(AsIeRAct Wal Wod Blojc@ls ARAAA gl (AR gdat ¥ tcnH Aauldd
53 sl B,

9. 2lld UlAAus 12jece A cltsetoll uleoll 12 st ldatet A AR usld & & Bu yldus
lsul [@Asi 531 Ak B.

10. iR R HUR Aol :u-A HZ 2 ictioH olslell eUetl,

gtclsH welRee(l Halell:

o {ielosu RA0Leell Yuat Halelll Wal Aol Aol YRR s:URA B. A ¥, ol soll ellQraunl
elsoll AHflotl st alot 1R M| ol 250l @siadl s ololl A3 8.
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