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Establishment of Rice Embryonic Callus Cryopreservation System

LI Tian-fei, LIN Tian, TENG Xiao-ying, ZHOU Li, HAN Jing, LIU Hong-yan, LUO Li-jun
( Shanghai Agrobiological Gene Center, Shanghai 201106 )

Abstract: Effective long-term conservation of rice germplasm resources is crucial to world food security,
and cryopreservation is the best way to achieve this goal. In this study, a method with rice embryogenic callus
high sugar preculture and direct liquid nitrogen cryopreservation was established, and the callus proliferation rate
and the differentiation rate of proliferative calli were used to evaluate the cryopreservation efficiency directly.
The results showed that the callus proliferation rates of japonica rice Nipponbare and indica rice Hanhui 3 with
sizes of 1.6-3.0 mm and >3.0 mm was significantly higher than those of <1.6 mm of the same cultivar after
cryopreservation. The callus proliferation rates of Hanhui 3 after preculture with 100 g/L sucrose and 170 g/L
sucrose were significantly higher than those after preculture with 240 g/L sucrose. The callus proliferation rates of
japonica rice WDR48, japonica rice Nipponbare and indica rice Hanhui 3 treated only with high sugar preculture
were significantly higher than those treated with vitrification. There was no significant difference in callus
differentiation rate among treatments and cultivars. Simple Sequence Length Polymorphism ( SSLP ) identification
indicated that seedlings regenerated from calli either with or without cryopreservation were genetically stable. The
study indicated that callus preculture with high sucrose and direct cryopreservation is an easy, high-throughput,
stable and reliable method for long-term preservation of rice germplasm resources.
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IK#E (Oryza sativa L.) /& 2B L IR B
ez — 5 E R4 40412 N D AKK &
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R AR E TR 2,

H A, TS X KR s 17 0 R =X LAIG
AR (RLEE 20 °C R 20% ) FhF RO A 3
FpF B A TR AR TR B R e R
1M HL B & PR AR B A ZE KR T2 06 A AR R
FREEA R M, 5 B2 o v [ B 58 Fh 1 P O
FE 12 4R 23 FVEY) 1.8 J7 4305 b7 R i Wl &%
T, 29 1.1% IR FATE FIA W TR, 2R R
70% VAR o FEERXT K RE DI 7 v AR Tk
REFIERIRETE R I, TE 45 CEALSAET , KA
FHIE AR 2R 5L e S A, I ) 3 (0~360 d)
P 2R 00 T TR G, I 360~450 d J5 K 2F R
B R R TR AR T & PR EORS 4R
KERTEI T 180~270 d € AR 3% R,

bR T AR IR AN PR — BRI A 5,
fI% ¥ P# 77 ( Cryopreservation ) 42 3T 10 4F 2% )1
KK IRAEA Y IR ik AR KA
PIRE SR AEAE TR AL (196 °C) 3R 2575 (2 -165
B 190 C) ' 1E AR IR EE AR AU AL A
PSRRI R AR KIS S L P52 e 1k, R
o R A MR R sl B i [ s 20 3 ) RO
BRA B SASRAER  BHT BAGIR P e B
T LATG BRI o A7 A R i T SR A O X
FHZS AN, SR AE S ARG, B0 T R 5T 28 3, A
YRR R IR RRE R AP L k. B BEA
I 10000 173484 B 1A 5 320 LA ARAF 1 77 5K
P2 A7, Horb 80% LU B TS K%
T REMRFFERNE S E e,

20 22 90 A4 LISk, 8 [ X6F 7K A ) A8 A1 ek £
TERFSEMIS T — BRIV BEE . Balif 2 Dk K R
JVAS 1 B 7 A M 7E 5 LI AL ( Sobitol ) A K FR 56
25 CHHESE 3 d, 4 CARRIEFE 1 d, R ABRATR
K E R 2, 3, 5- E Ak = 2R 5L Iy 2 s
(TTC, 2, 3, 5-triphenyl terrazolium chloride ) 4% (%1%
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4 CFEF] 0 °C, 158 5 min; k2[R S 10 °C 158
15 min; FEFE IR 5] -40 °C, 5 B 60 min, &5 %A
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FEBAGIR A I oA B ORI A it — 25
PEE

ABIFEIE I 3 >4 85 T 7 B0 14 K R b Bl H A
. WDR48 FlI5HK 3 5, ARCRIRTE 15 2 iy i
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F1 HEkER

Table 1 Rice materials in experiment

RS PR AN i
Material Type Note

H 250 Nipponbare HEAE A
WDR48 o TR
54K 3 %7 Hanhui 3 S TORPLRE

1.2 KIBREYERHARNIKE

S HRZER AR ik, Bkt sl Johe B 1Y
IKFEFRT-, B4 227 f5 e 70% WS R R 1 min,
T 2.5% UG FRENIR 4R K B 20 min, K 7K i
VE4~5 . THE A R TR RS A 3 mg/L 2,
4- “FARE LR (2,4-D, 2, 4-dichlorophenoxyacetic
acid ) [ N6 3535 %t ( Chu's N6 medium ) |, 5595 4%
430 °C, 6 12 h/d, S IEGE FE 1000~1200 lux,
PSR 30 d ZE 4 AR W E AL A2, PR B Uk
PIEFR BTG T I ARG TR A 2 mg/L
2,4-D N6 B35 3,28 C PG EF 20 d &£ 4 7]
FRAFR B AL TR U (W IR A 5414 (EC,
embryonic callus ), 21K 1,

<1l.6mm

1.6<.3.0mm

B 1 BABEERHEAR
Fig.1 Embryonic calli of Nipponbare

1.3 SUHALRRE KNG EF S IEmRE I

KRG LG TR R b, S RN ]
IAALLURL / B, N TR G HL I NE R &
s HEAIGIR R A7 50 ABIF GO N B FH 15 5% J5 I R
PR LA 8 H (FL42 3.0 mm ) #1 12 H (4L
1.6 mm ) (1) X 2E A7 0 1 , 43 513K 45 >3.0 mm,
1.6~3.0 mm Al <1.6 mm 3 Fihi 12 1Y G475 4L SUBUR:
AN TFPREAR B B AL GBS I 2 iR o B ik 43
K5 R A LR N 100 g/L FEFEFT 2 mg/L
2,4-D [?) N6 355 5L Ll A7 ol s 55, s 98 4%
44 28 CHEEEFE, BEFRI R 7~9 d.

>3.0mm

B2 HABARHKZKX/NIEERGHRA
Fig.2 Different-sized embryonic calli of Nipponbare

14 RGALNEEFREMRE

FERB W TAE & PR TG 5 ) i 4 218 A
5 mL URAFE, B AT 2/3 (R AR R
WA RETHLE 1 d L, IR R A T
AT, SERIIOA 40 CORUE P 38 B R sh R A4, P
HAFRIR 2~3 min, TERUFS PP A0 A 2R 7R D8 4R
I, SR T# 20~30 min,
1.5 RYSALANHEBAFEMRAE

ZIRAR T4 107 v, e TAE G K

BETRE S5 IR E @ 21 A 2 mL URAFAS, 1998
e B AN T 172 R B A % 20 (LS, loading
solution ) & 1.8 mL, &R k%% 20 min, FHE W%
B LS W, F- 0 A B0 IC 19 3% 355 1k 1057 ( PVS2, plant
vitrification solution 2 ), ¥K7K F19R7% 40 min,
T PVS2, I A i PVS2, Wit s BT, 4%
AR GRAE 1 d DA b R s TR B R A7
B SRV 40 COKTE Y, 18 B RIS, Dk
5k 2~3 min, B WA FEBRARAEE N PVS2, Fim
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22 %

AV % (US, unloading solution ), & i 4% 1% 1% 1B
2 R, B 10 min, 754 5 R @0 2 Z2UEIFE BB AR
T US W
1.6 RERRGHEHANREEERSWEE
P40 VR e ) A A U R B A 2 mg/L 2,
4-D [ N6 ¥iFRdk b AT 5557 IR 1537 45 R
28~30 CHEIGF, 9% 14 d J57E A 40 412240 v 0L
LR A RN RS A8 A BT il 4, &l 3
Jirs o PRIERA K AL HL, FE NS 2.0 mg/L
6- A LIS (6-BA, 6-benzylamino purine ), 2.0 mg/L
W zh 2 (KT, kinetin ), 0.2 mg/L 3- "|W: 2.2 (TAA,
3-indole acetic acid ) fl1 0.2 mg/L ZZ 4R ( NAA,
a-naphthaleneacetic acid ) i MS 1% % % ( Murashige
and Skoog medium ) #1704k 35 5%, 8 72 5514
25 °C, G 12 b/d, SE IR 58 B2 4000~5000 lux, 15 77
20~30 d JE Al oAb kT, AnE 4 P

‘r e L
]

]

B3 rEEFPIEEHENAHAR

Fig.3 Proliferative calli during recovery culture

F2 153F SSRERICSIMFIREAELBE LS H

B4 HEAGARSUBEFRKHES
Fig.4 Green seedlings grown from proliferative calli by
differentiation culture

1.7 SSLP £EMMAGAABRERTFEEES
MR 1

W AR HEAT RS IR K AL 2 R AT IS
BT B A, L R s A R A 5 iR A= A 4H
AT oA TR KRR A . R 28 A ]
TransDirect Plant Tissue PCR Kit, #2& B &% 11 DNA.
BRI I A 7 RIS D S5 = T R Y
15 %I /KA SSR ARic, 2 HUAY DNA #E1755t% 24
PESP AT SSRARIC A PR S HAE G i F 1Y 23 A
K2R

JZ W AR Z& (25 uL ) 41 F: 0.5 uL Phanta Max
Super-Fidelity DNA ploymerase, 1.0 pLL. DNA, 1.0
uL L3519, 1.0 L RFiE5149, 8.5 uL ddH,0. &

Table 2 SSR primer sequences and their distribution on rice chromosomes

pRic 514 (5%-3") B pi 519 (5'-3") VSIS
Marker Forward primer Reverse primer Chromosome
RM 499 TACCAAACACCAACACTGCG ACCTGCAGTATCCAAGTGTACG 1
RM 101 GTGAATGGTCAAGTGACTTAGGTGGC ACACAACATGTTCCCTCCCATGC 2
RM 423 AGCACCCATGCCTTATGTTG CCTTTTTCAGTAGCCCTCCC 2
RM 475 CCTCACGATTTTCCTCCAAC ACGGTGGGATTAGACTGTGC 2
RM 520 AGGAGCAAGAAAAGTTCCCC GCCAATGTGTGACGCAATAG 3
RM 551 AGCCCAGACTAGCATGATTG GAAGGCGAGAAGGATCACAG 4
RM 480 GCTCAAGCATTCTGCAGTTG GCGCTTCTGCTTATTGGAAG 5
RM 204 GTGACTGACTTGGTCATAGGG GCTAGCCATGCTCTCGTACC 6
RM 234 ACAGTATCCAAGGCCCTGG CACGTGAGACAAAGACGGAG 7
RM 264 GTTGCGTCCTACTGCTACTTC GATCCGTGTCGATGATTAGC 8
RM 339 GTAATCGATGCTGTGGGAAG GAGTCATGTGATAGCCGATATG 8
RM 257 CAGTTCCGAGCAAGAGTACTC GGATCGGACGTGGCATATG 9
RM 591 CTAGCTAGCTGGCACCAGTG TGGAGTCCGTGTTGTAGTCG 10
RM167 GATCCAGCGTGAGGAACACGT AGTCCGACCACAAGGTGCGTTGTC 11
RM 235 AGAAGCTAGGGCTAACGAAC TCACCTGGTCAGCCTCTTTC 12
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GeneAmp PCR System 9700 [ 4" 3. 95 °C 3 min;
95 °C 155,56 °C 155,72 °C 305,35 PMEH; 72 C
5 min; 10 °C, H{ 10.0 pL PCR 9§44 /=) F BIO-
RAD PAC 300 %Y H UK AT 3% Byt R W58 12 R Uk
(120 V, 25 min ), BIO-RAD #E i 14 2 %5 rh 411 #8
TRE a8
1.8 BRI

T TR AER S BT K AR A A 2 A AR
TRRAFRCR AW FT 5 A B A A0 A0 A i o
163 2 RPN B A SRR IR PR AR
BARIHEITENT
A 3 = WK G 3R Th BB RS HE A K BT s 41
LU AR A SV (A IRE SR 41 2%
(1) x 100%
AR % = AR g T K SR R A
Bt BVR R (A )/ 40 AR 35 10 3 A A s 4l 2L 800

®3 TREAEEGELNBRERTLE

Table 3 Cryopreservation rate of calli of different sizes

(1) x100%
WA LEIRR AR = AR x A
Pi5r b x 100%

fii FH Excel 2010 3#F 17 £ 4l H 34 F1 4 &, ff
SPSS 21.0 # 1T EHRAL S 1

2 HRESHN

21 AEMEFEKEBRGALANBRERERNEDN
=%

DLKE S H A S FORN RS 524K 3 5 S 48}, 78 TG
VA2 FAASTR) H £ 0 0K 78 10 4 853 R e
1% >3.0 mm, 1.6~3.0 mm il <1.6 mm 3 Fft K /|5, 4k
Je R JEA T R B T % BB R AT IR R S SR AN 4y
fe¥E 3R, B RE R 20 d g i # A &, ik
9% 30~40 d JEgeitHr Ak @t ik 3, BRSO
3,

L REREFETE KBEasin A SRR
. wbigigvere T WERIR (%) AR (%) o
Su il 82 80 P 48 L . . BAFRCR (%)
. (mm ) o ] . Callus proliferation  Differentiation rate of )
Variety . . No. of calliin ~ No. of proliferative . . . Cryopreservation rate
Size of calli . rate proliferative calli .
recovery culture calli of calli
K 345 <1.6 722 160 22.64 +2.39 Bb 6122+745a 13.86 + 1.47 Bc
Hanhui 3 1.6~3.0 382 144 38.04 = 4.64 Aa 66.07 +4.63 a 25.13 +3.06 Aa
>3.0 355 124 34.77 +2.90 Aa 5429+923a 18.88 + 1.57 Bb
ERN <1.6 910 34 3.91+0.37 Dd 55.56 +5.56 a 2.08 £0.21 De
Nipponbare 1.6~3.0 1320 145 10.98 = 0.60 Cc 62.12+5.55a 6.82+0.38 Cd
>3.0 600 62 10.33 = 1.11 CDc 56.06 = 7.87 a 5.79 £ 0.62 Cd

Ja 3 VBRI £ ARiEIR; F—8 PR TR K NG R ROR SN 3 22 Sk (LSD ) Ke S 5 78 P<0.01 F1 P<0.05 /K- 125 5 5

&, T

The cast three colume are shown as mean + standard error, the different capital and lowercase letters in the same column indicate significant

differences at P<0.01 and P<0.05 by LSD test, the same as below

3 AT LLE Y, 3 ok A2 45 4L 2L AR
AT K 3 50 22.649%~38.04% , #5 kB E = T
H A& 05 89 (3.91%~10.98% ), £V 3 5 1.6~3.0 mm
R0 AR A0 420 T AR A0 R RN 38.04%, 5
>3.0 mm RL AR B A A5 4 2010 AR A R 34.77%
WA W35 22 5, AR 3 = T <1.6 mm R AR 1
1 408U A A 2R 22.64%,  H A 1.6~3.0 mm
W7 A5 405 A 230 0B AR A A0 R B = o 10.98%, 5
>3.0 mm K742 1 A5 4 2B A R 10.33% %
A E 2R A E ST <1.6 mm K2R @4
LU AR 3.91% ., HrAmO RT3 5
FUH A 2 A dh A a], DL 6] — SRR AR A2 s

A E) AR T 2 22 e, 43 AL R AE 54.29%~66.07%
SR 35 3 ok AR A A 4L AU B AR IR AR A RO
TE 13.86%~25.13% , &5 1 . 35 T H AR B 1Y) 3 ks
A AL BARIRAARCE (2.08%~6.82% ), X
2 A S AR R 1.6~3.0 mm R Y AT 15 2H 2 Y A
TR e
22 AEREEEREFENKERGHEABRE
RELRHIME
DLEYR 3 514 1.6~3.0 mm A2 R P AL 455 4 41
kR, AE 43 S A 100 g/L (0.3 mol/L ), 170 g/L
(0.5 mol/L ) 1 240 g/L ( 0.7 mol/L ) [ FEEMHAY 3 A
PR R AT ISR SRS AR KO SR
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A = 22 %

FMERE SR . KR35 20 d IR Geit s mtiR, 4
B3R 30~40 d 5 Ge it AR @i o b, BLARZS
W3 4,

M 4 ] DIEH, 5K 3 SR8l &
if 100 g/L F1 170 g/L JE0E 1l 55 % , @8 AR IR R A7 5
AR B R R 40.17% F1 46.69% , W3 TC 1. 3%
2255 2 240 g/L REMETRRE %5 B AL A R e Ik,

x4

R AREREREEEN TSR EHBRERTFRE

22.07% , H 5T 2 A~ ve B e Fl% 5% J5 o8 B @t
RIFEM BIEZE S, 100 g/L, 170 g/L Fl 240 g/L i
R R G  BANR R BT AE B bR =52
[B)JC i 25 5% . 100 g/L Fl 170 g/L EM IS 37 )5 1Y
G LB ARIR PR AF RN 26.39% 1 24.77% , #F
e S = T 240 /L MR R 5 @A A 2R
RIAAFRCR 16.12%,

Table 4 Cryopreservation rate of calli after preculture with different concentrations of sucrose

IWRERSF @S KIEEGNE s

ETaEy e iDL S (C AT RIS

T PRI EE (/L) I - BHEEA (% ) ,
TR e GIE e GE e o (%) AR (%)
Concentration of sucrose in . : . Callus proliferation . o .
No. of calli for No. of proliferative Differentiation rate Cryopreservation
preculture . rate . X . X
recovery culture calli of proliferative calli rate of calli
100 382 144 40.17 £ 4.55A 69.39 +3.73a 26.39 £3.22A
170 628 286 46.69 + 3.49A 53.06 + 12.36a 24.77 £ 1.85A
240 674 148 22.07 + 1.54B 73.02 +5.02a 16.12+1.12B

23 RGALSHE-FEALESSRELENE
RERFHENER
DL HAHE . WDR48 AR 3 5 3 4~y 1.6~
3.0 mm WIRPER LU M ORL, SE1T B IR )
W I A R RIRAT , o) — o B A 4L

T AL AL S AR AR AR AT . 5 d 5 [RIRTEG
R WKE R SR Mo ERE 3% IR 3R 20 d IR 4eit
A R, A 55 30~40 d 5 SEHHE AR A A
bR, BRSE R WK S,

MR 5 FTLIE T, HAG . WDR48 5K 3 57

®5 TEMAEFEREHHFEDGEMFEDGIUE
Table 5 Callus regeneration rate and differentiation rate of regenerated calli with different pretreatments
RSP R KB R (%) B R ﬁiiﬁiégéﬁﬁﬁ‘?ﬂ
g Tk B T7 HYU YK N (%) TRAFEAE (% )
Variety Pretreatment No. of calli in No. of proliferative Callus prr;:feratlon Differentiation rate Cryopreservation
recovery culture calli of proliferative calli rate of calli
H A = 1313 249 18.85 +1.04C 67.86 +4.08a 12.79+0.75 B
Nipponbare skl s it 836 8 0.90 £ 0.29D 71.43 £ 4.76a 0.64+0.20 C
WDR48 it 1024 242 23.33+2.02B 60.26 =3.01a 14.06 = 0.83 B
AL 1103 10 0.81 + 0.40D 58.33+3.73a 0.47+0.16 C
B35 =R 1009 333 3325 £8.28A 66.67=3.11a 2217+ 1.00 A
Hanhui 3 R A 559 6 1.05 = 4.99D 64.48 + 3.64a 0.68+0.32C

A2 H 22 B AL B0, VRAT S BT A2 05 3 530
18.85% .23.33% 1 33.25% , #F e & 3 i T A Fb
25 o B B A A L PR A B AR A5 0.90%
0.81% 1 1.05%. H 2 m WiAL B A8 A A 4 2878 i
Tl 1) 7 A k2 25 5 5 11T 448 1 WH B R A Ak B A A
WOPRAES R BE S . ERGEEAR
YAE S AN E]A EAR [R] AL B A F N #ANAT A i 5 2
S, AL HRAE 58.33%~71.43%, 3 ™ i A AT 45 4 41
N2 i R AL BRI AR PR AT R AT A 0 2 o A
Toh 22t W B B AU A B A R AR TR AR AT R R

24 KEAGHLABRERRFNEEREEEE

DIKEF 5 Bl WDR4S Jy A1 L, i oA Ak 2 iy s
WAL AL AL FRRAE 5 R A s 4L LA
S W B S AR AL B VR AE J 05 A A A 21 ) B sk
o0 ARG 35, ARAF K BRI 4, 43 il bR ic i CKL T,
T2, JEHER T DNA, A G R 89 15 XF KA
SSR #ric, #4171 L 81 BE 22 454 ( SSLP, simple
sequence length polymorphism ) ¥, %852 L) |+ 3 Fb
RIRKAE L st et v (B 5 ),

M L Uk 45 5 AT LA B, AR AR 3 vk i 21
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M RM167 RM423 RM234 RM480 RM235 RM264 RM475 RM551 RM520 RM257 RM101 RM339 RM204 RM591 RM499 M

2000 bp
1000 bp
500 bp
250 bp
100 bp . W=

B 5 SSLP KA REBIKBEALEGRFBHKEYHENIZEIRTEGE
Fig.5 SSLP idetification of the rice seedlings treated by different cryopreservation method

21 (CK). b BEARAE I BB AR 2L (T1) LU
K BB A AL BRI B A AL (T2 ), &
I AL IR 5 AT B K R 4l v oA 7K RS 12 455
@k FRY 15 X7 SSR ARTCATIN, KA Y1y Hh 22 5 2%
A7, UL JCTE R TUAE LA 2 v B B A T AL, i
P2l VBRI AF I AL AT K R A, SR 22
LA PR AT B A AU ARAS B KA 40 v A 3
& bl BEER.

3 iFig

20 22 90 AE AR5 A 4k 3 T DA I AL B
R HERR B IS A - SRS N - B
A AR R A 7k i 3 TR YRR AR 2R W=
OR VST Y S W (1B S R <R (AR R P Sy R e~
I 2L T RORAR 1 A g A
TR B AR DR A o BB Ak BRI DR A
( Vitrification cryopreservation ) J& | FH /5 ¢ B (1) 3%
AR 5] ( VS, vitrification solution ) 20 HEAE #7144
BMEE K, SRR AR R 750 F0 A0 A I 9 7K
I3 KA BIE K i, — [a) 3 A B RS AL RS ( Glassy
state ), TEPLIEAT , K18 KA HHE, A4
SER VAT B A5 Ak, 6 G DAL A0 477 48 B 20 A sl 20
U522 FE AT K R AR IR AR AE 1
WESE P EEARER R T B A7 ik (AR
FE ORI, EhE - BRI B K R A T
FEARIRL ORAT S 8058 A A P 2380 8 AT T fel P b
T K FE A AL LA 2 e b (o FH A B Ak 1R 32
SEALREHRN Z HOIAR, 3 PR AR 0998 32 MR
HRIZIE B R /N TS50, W &) 2 1k 4 M R AE 4
Ma NP, B BA AN RIFEEE (A B, R ZE i o
W Bt 74 DR, LA 3k S % B A 3 358 Ak 365
HIFET . EEMENE T/ V1 RS E M AR O
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