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Study on cryopreservation and genetic stability of embryogenic calli induced from
Dioscorea bulbifera microtuber

YIN Ming-hua, HONG Sen-rong
College of Life Sciences, Shangrao Normal University, Shangrao 334001, China

Abstract: Objective To discuss the influence of several factors on the cryopreservation of embryogenic calli induced from
Dioscorea bulbifera microtuber by droplet-vitrification and to test the genetic stability of the regenerated plantlets after freezing from
the aspects of morphology, physiology, DNA content, as well as the photosynthetic characteristics and chlorophyll fluorescence
parameters in this paper. Methods Plant tissue culture (including microtuber induction and embryogenic callus induction), plant
physiology index detection (including total chlorophyll, soluble protein, soluble sugar and superoxide dismutase enzyme and peroxide
enzyme activity), and cell flow cytometry were applied. Results The best cryopreservation conditions of embryogenic callus of D.
bulbifera microtuber were as following: Embryogenic calli were precultured in liquid media of MS + KT 2 mg/L + NAA 0.5 mg/L +
2,4-D 0.5 mg/L + 0.3 mol/L sucrose for 1 d and then treated in loading liquid (MS + 2 mol/L glycerol + 0.4 mol/L sucrose, pH 5.8) for
20 min. In order to dehydrate, embryogenic calli were transferred in 100% PVS2 at 0 ‘C for 40 min. After dehydration, the
embryogenic calli were inoculated to PVS2 small drops in the aluminum foil strips and then dipped in liquid nitrogen (LN). Finally the
aluminum foil strips were quickly transferred to freezing tube that filled with LN and then put into LN tank. After conserving for 1 d in
LN, the aluminum foil strips were removed and the embryogenic calli were immersed into liquid washing media (MS + KT 2 mg/L +
NAA 0.5 mg/L + 2,4-D 0.5 mg/L + 1.2 mol/L sucrose, pH 5.8) preheated in 37 °‘C warm water. After separated from the aluminum foil
strips, the embryogenic calli were washed with fresh liquid washing media at room temperature for there times, 10 min each time. After
washing, the embryogenic calli were transferred onto differentiation medium (MS + KT 2 mg/L + NAA 0.5 mg/L + 30 g/L sucrose + 5
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g/L agar), and cultured in dark for 2 d and then cultured in 12 h/d photoperiod, the cell survival rate reaches above 89%. The

morphological and physiological indexes and the content of DNA of two kinds of plantlets, which regenerated from cryopreserved and

non-cryopreserved embryogenic calli induced from D. bulbifera microtuber by droplet-vitrification, showed no significant difference (P >

0.05). Conclusion Cryopreservation technology system of embryogenic calli induced from D. bulbifera microtuber by droplet-vitrification
is established and the regeneration plants have no genetic variation, which provides the theoretical basis and technical basis for the long-term

preservation of germplasm resources in the plants of Dioscorea L.

Key words: Dioscorea bulbifera L.; microtuber; embryogenic callus; droplet-vitrification; cryopreservation
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R, 2 BRI A Rk 2 B ik AR SR E
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1.21 IWHEEHALRSET Rl B S IR
OB ZE DI IR (1~2 mm J5), 2B |
W b B3R MS+TDZ 2 mg/L+
6-BA 1 mg/L+2,4-D 0.5 mg/L+30 g/L EERE+5 g/L
TiEkr, pH5.8~6.0. #Foe/E B T R T 1
7%, MR (25+1) 'C. 60d J5, BUILWEYEdi4H
LT BRI PR B4R 2 Ik, Bk 30d, RS
Y LRV FH BN B R A2 R AR DR AT S 56
1.2.2 /NEBEEGEBIGR AT E25+DTCF,
29 0.2 g BB PR IR s 2N N TR IR AR
AT R TR R4 2 POy ST b B (D
BIE AN MS+2 mg/L KT+0.5 mg/L
NAA-+0.5 mg/L 2,4-D+0~0.4 mg/L FERE 1A R
A, TGRS ds (2) KRt A4l gl iR N
MS+2 mg/L KT+0.5 mg/L NAA-+0.5 mg/L 2,4-D+
0.3 mg/L BERE AR IR ST, TSR 0~10d. %
TR IR RN T B RNV SR R), DA B 2 Py
207 4R Ty eI ) 12 hid; 't e o &
1000~2 000 Ix; i@ (25+1) C.

Wik R, BRI EHSUE (25+1) C R
AN (MS+2 mol/L Hi#i+0.4 mol/L k%, pH
5.8) ALEE 0~50 min. HEEREN R, BUHAENS,
FHTC A 8 AR 2 R A A P Bk T B 5 P s 28

BT, M2 100% PVS2 [300 g/L H
150 g/L £ —Wi+150 /L —HIEEHH (DMSO) +
0.4 mol/L Ji4E, pH5.8] T 0 CHiizZk 0~50 min.

WK e, BRI 5 i PVS2 (hE
15 ub) R4 L (0.8cmX4cm, 0.03 mm),
SR 5K i K S I i A0 G N BN ER 9B 4% B
PVS2 /N . AMERR NIRRT VKR JE kg 2L
BN 2 mL B A A HE T, RIE RN EE R
Ff 24 ho BURARE TS, HREANA 4.



¥4

Chinese Traditional and Herbal Drugs %5 46 % 25 17 # 201549 A

* 2625«

25, 37. 45 ClEEMAGT MPESRB (MS+KT 2
mg/L+NAA 0.5 mg/L+2,4-D 0.5 mg/L+0~1.6
mol/L RERE A RT 7745, pH 5.8) . ALK
I RPE S R R, I A s IS
PR BEVE VR IAE (25+1) C FUESE 3 WK, FHiX
10 min.

Ve E, BRI A S N R (MSH
KT 2 mg/L+NAA 0.5 mg/L+30 g/L I8 +5 g/L B
fEkn) b, SRIGET 2 P IR P T IR R IR .
(D b e MRt a2 BB T A
BigR, G 12 hid; SEMEEREE 1 000~2 000 Ix; i
JE (25+1) C; (2) Sl a b @ 412 b
9% 2 d, W (5+1) C, FHEIDEE Y H
Hig%, JtM 12 h/d; DL SR AL 1 000~2 000 Ix;
g (25+1) C.
1.2.3  ORHE LR A MAT TG KA A Ja
A S =R PR ML Rk (TTC) 33
S HAEVE 7. 42 Towill 2577350, FREX 100 mg ¥k
BRI @44, i 0.4% TTC ik 741 0.1 mol/L
R ZE PP (pH 7) %25 mL, 7EEEEFT 27 C
JCE 24 h SRR TTC ¥, FHZEM/KVER 3 K. T
TN 95% Z. 8% 5 mL, T 60 ‘CsK¥% 30 min, f 731
R ANEoy Y6 RETHAE 485 nm AT LR SEE (A
o F ARSI TE A5 L E 7 E AT R AT 5 4
WG 7o AHMAEE 2 = B ARIRORAE IS 4l L A i/
R AR DR AE T 40 I A {H
1.2.4 AR RBAAREERN KRG R AT
{1 TV 2 R A e DA R AR 3R A T R AR LR AT AR BT
IRPERGAHZE (CK) [ A MEEEFERE (MSH-
KT 2 mg/L-+NAA 0.5 mg/L+30 g/L ERE+5 g/L
TRk b, 40 d JE RS0 R AR AR T O N G
15775 (MS+KT 2 mg/L+NAA 0.5 mg/L+30
o/L JERE 45 g/L BAIEFY ), 60 d o8 HE A A 5 %)
PLE 2 M A v b AT B2 AEsaE . a4 i
AR DL S A RS Rt g 22 25 s S 40l
E o BRI ALFE IR = B AR B AR S
PR

(L) AEREAIAFE B . I
BRSO DL OB A LR (SOD) il
ALY (POD) WM. S 4R E RN e R H
PR EL (a3 BY, m R R R I 5 SR 2 T
1 G-250 Hetru ik, wry ik s B 1A s SR P
boa B, POD I I 5 SR B AR L,

SOD % P [ S NBT Jigid J ik,

(2) WG PARKI: A ER BRI AE vk Pt
17, PRSI TA o R s o A w8 T
A (0.25 mol/L J8%, 10 mmol/L Tris-HCI pH 8.0, 3
mmol/L MgCl,, 0.1 mmol/L %< FIERmEEL stk )
BURE, HHEE. ] 400 HIEFRRIGSIR M, L2 000X
g B0 CEE D5 madA % 200 10 mine P
YIRTE TV B, £ 0.1% Triton < 100 IV A T,
L2 000X g 5.0 10 min. 75 L3, YIEYIEIT T
C (2.2 mol/L JEE#HE, 10 mmol/L Tris-HCI pH 8.0, 3
mmol/L MgCl,, 0.1 mmol/L PMSF) 1, s 5.0
B, NN 2 mL S C, RSN A% B A
W C FJZ, DL 25000 r/min 2.0 60 min. 7 i,
FHH A BRIR5 YEE B S DT R 2 IR, B0
EEE, PUEAREE T 1 . ) B0V RS R L
WA, FHBR PR RS, ARG AN 1 mL %5 A
FELL 2 000X g B0 20 min, FF L, UUEY A4tk
IAAAZ. I 0.2 mL PIEEAERSAL LA 10 min, SR)5
B 4H A (BD FACSCalibur, 25 BD A7) PRk,

(3) JAFHESEME: H Li-6400 {H4%K
HeE AT 91 00~11 © 00 Wz se 4 IF A 3 Fri
P IdE (P AILTE (Go). 4iiiE] CO,
WEE (Cp. AR (T) %3%8, LUKIAE CO,
WRE (UEs R COp WREE), JFSE S FLRR I
i (Ls)v KOFIHEE (WUE) Fll I R4k E %
(CUBE), AKX N Ls=1—Ci/C,y WUE=P,/T,,
CUE=P,/C;, CUE H]T-15ll RuBPCase (1,5- i/
IR R ST AP BEEE, eET
W EE (PPFD) # &4 1 000 umol/(m-s), CO,
WP (Cy) N 400 pmol/mol.

M2R 29SO e . e B B Bid
Li-6400 {5 45 6 A AU 2 =00 5E 580 2 4.
F ST IEIE N, 20 min J5 3 E RIS E, K
AR LT, 4T I =G B I 175 (Fy),
TR kR IO [8 000 pmol/(m-s)] il 5E ek
K6 (Fn), RGO GASE TG [PPFD =450
umol/(m-s)] Hstmt v, MFasZ (Fo IS,
FETIF— AR kb I Y6 [6 000 umol/(m-s)] I5E
JCIE NG W E K9G (P, dRefia, KRADGHAATE
PR, R e 21 DA R Y N 1R B /N 9%
(Fo')o PSII 55 KA 3% [Fu/Fm=(Fm—Fo)/Fm],
PSII AL AR [FulFo=(Fm—Fo)/Fo], PSII
SE B AL S AR [Pesi = (Fm — Fo)Fm'], FF IR
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PSI J J3 H L4l SRR BERCR [Fy/F' = (Fo/ —
Fo)/Fal W5, Dot TR R E [P = (Fn' —
Fl(Fm' —Fo)], AEGH K R4 [NPQ=1—
(Fv,/Fv) =1— (Fm,_ Fo’)/(Fm - Fo)] *E?EI@WB]UTTE'[SS] o
125 gulJrik LLESCRITES 39k, ALK
AEHEL TR A xes. P SERHE 1] SPSS 19.0
WA HE4T One-Way ANOVA 7341, FF3E47 LSD ¥
L o8
2 HRE5SH
2.1 TRAE 7R A E) RO 5E 5 R AR K X B AR AR
FFRYS00

®1RW], PRI AR s K, AR T
T R B 2 VR e A A 2H SRR DR A S TR G
1M1 d R TS F7 T DA 25 3 s A0 A %, £ 14
R, PR IR R IR AN R Rl s, R
VDR 2 8 2 PR AR A M A7 32 o DAL, B e =
VR P T8 5 2 /1N T 3 e A VS e AT ik R A S A 1) T
R4 MS+HKT 2 mg/L+NAA 0.5 mg/L+
2,4-D 0.5 mg/L~+0.3 mol/L JEH (13 55 77 5 o 1
R 1d,
2.2 ZEEFEENEBRERFHFN

23RN, BN A R B, AR TR
AR PR ZE IR i 4 VB CR AT J5 BTG 1T
20 min [FUET DL R M AT R . L, B
AR P 5 R A AL 23/ N g 35 A vk R AL DR AT
AL A2 MS+2 mol/L H il +-0.4 mol/L
HEHE 20 min.
x1 FEHEREFTIESREE N BB MERZER M A GER
BB EBIURRTFHEM
Table 1 Effect of suerose concentration and preculture time

on cryopreservation of D. bulbifera microtuber embryogenic
callus by droplet-vitrification

FEREREE Al A T 9% 9 A7
(mg-L™h T % I f)/d 2%

0 35.6+ 5.6€E 0 425+114eE
0.056 64.3+ 8.4dD 1 946+ 31aA
0.100 80.5+ 9.7bBC 2 80.2+145bB
0.200 85.2410.1bB 5 834+ 8.6bB
0.300 92.8+ 25aA 7  705+12.6cC
0.400 75.9412.4cC 10  59.8+ 9.5dD

[F—ZHoR, NEFRERIFIRE 0.01 F10.05 KT ERZERE, A
The capital and small letters in the same volume stand for the
signification on 0.01 and 0.05 level, the same as below

F2 REEEXERMERZRERGELNERBLE
BILRRFHFMN

Table 2 Effect of loading time on cryopreservation of D.
bulbifera microtuber embryogenic callus by droplet-vitrification

e 3 [A)/min A A7 /%
0 426+ 85€E
10 724+ 6.4cC
20 89.6+ 4.3aA
30 80.2+12.3bB
40 69.5+ 9.7¢C
50 60.4+10.4 dD

2.3 FKET ()X B IRIRRTF RS2 00

3 RMW], KIS A A EGEC, BAR T
TR HREE I B H VBRI CR A7 S5 BRGS0 40
min KA DU m Al . Ik, Bl
TP 1 8 2 2/ T B A V2R ATt PR A7 A £
I K S5k 100% PVS2 (300 g/L Hl+150 g/l Z
“i#+150 g/L DMSO-0.4 mol/L BEM) JiiizK 40 min.
2.4 KR E X RBIKRIRTFRIF 0D

A RKY], AR AR e AR T
MO P8 R s A0 2RI R A7 5 R B o 1T
37 CIMAL R AT LA 2 5 m il i AA i % . [RLIE,
TP IR B 25 R P S 20 23/ N B A v R L O
AR A R B 37 °Co
F 3 BKETE) X E IR R R AR M A U N IR R
BIKRR TR
Table 3 Effect of dehydration on cryopreservation of D.

bulbifera microtuber embryogenic callus by droplet-
vitrification

JBi 7K B ) /min S IAE TS 2%
0 28.9+15.6 eE
10 46.4+14.3dD
20 61.6+ 9.5cC
30 81.5+ 5.8bB
40 92.8+ 3.2aA
50 80.5+ 9.6 bB

F4 WFRENEMMEIRE TS G AL NI
BIRRTFHRMN

Table 4 Effect of thawing on cryopreservation of D. bulbifera
microtuber embryogenic callus by droplet-vitrification

PR 2 C AMAT IG5 1%
4 50.8+ 8.6cC
25 65.4+13.6 bB
37 88.9+ 8.9aA
45 62.7+ 5.4bB
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25 FUHERPEREKEMNBIREREFNRE

% 5 K], VEERWUH LERE B R
1.2 mol/L, i e v HH R B I AR Bt v, 34
AN T B A Al R B 25 A R 4 U AR PR A
Ja IR o TR, SO GO B ZE R A 4123/
i T 1 A 12l AR I O A B 1R e i b UIE IR
B4 1.2 mol/L.

F5 FEEBPEEREN BB ARG RN
W EBINRRFNZIE

Table 5 Effect of suerose concentration in washing solution
on cryopreservation of D. bulbifera microtuber embryogenic
callus by droplet-vitrification

PRSI R BE/(mol- L7 A LAFIS 1%
0 65.7+14.2 dC
0.4 72.6+10.5cC
0.8 835+ 8.4bB
12 90.8+ 5.2aA
16 81.6+ 8.9bB

26 FREFFHNBIRERFHZMN

X 6K, HEHELIOCEM (12h JuiE
HHRE IR T SO B 2SI @ A U AR R AR
A2 R BGE o TR G SE MG 3G 7% 2 d PR BIDG A (12
h SGmE) s nT DUR R s A i Aras . R,
TR B ZE AR T 405 20 20N B B A VIR AR
AR G R IR S RS % 2 d Je i 6 A3
hEFE (12 h 6.

R6 FREFFENEMBEREREEGHL IS
WERBIRRRFFM

Table 6
cryopreservation of D. bulbifera microtuber embryogenic

Effect of culture condition after freezing on

callus by droplet-vitrification

VR Yt A WUAF 1%
HEDGRIThEZE (120 6/ 82.7+5.4bB
WG 2 d JEH OEEPERSE (120 6/ 93.9+1.9 aA

27 HREMHERERMEAGHEHLABEENE
BE. EEZMMEFEEN

T T e M i AN 2 N B A
IR G AR (B D SRRk AR
b OBk AT 2R g BB AR
br (M2, v SR s, nE P E bR L& SOD
HIPOD W) LLLOGE RS EIM 4r 2 5SS HU
Lo, 7R, XEIRESE LR E N E R
(P>0.05). M B s =R st A1 23/ N a8
VAR O/ AT 5 I AR 1 S R AR T = 4
MOARKT MR, W# 1 DNA SRR AR EAR
b (P>0.05, ¥ 2), [Fitt, FEAGHAIHEEINE @4l
ZUNHBES LR A0 ST UNTERS . AR
JEAF DNA 2 EORUEM R LR e P
3 g

N BB AT B AR IR AR AT 2 E AT R 2 1
— R A T AR AR AR T VRS, LR A R
FEEWRTE Bk oK. WEHA iE.
Y W R,

A-THEIHCER AT B~D- BRI SR R A A R N oF E~F- B ORISR I i A A A
A-embryogenic calli induction of D. bulbifera microtuber B—D-shoots germinated from D. bulbifera embryogenic calli after cryopreservation

E—F- plantlets regenerated from D. bulbifera embryogenic calli after cryopreservation

E1 ENHEREEMEEGHAASSKREBRERFRMAEEBEE
Fig. 1 Embryogenic callus induction of D. bulbifera microtuber and its plantlets regeneration after cryopreservation
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x7 BRREMAGEABLEESFEREMRGEARBEBRRSER. FBERURASHEN RIS HR LR
Table 7 Comparison on morphological indexes, physiological indexes, cytological indexes, photosynthetic characteristics, and
chlorophyll fluorescence characteristics between regeneration plantlets in D. bulbifera microtuber embryogenic calli after
cryopreservation and without cryopreservation

Hrs RIS % WL E A A S AR W JE e A 2 P AR
P34k Rifem 8.20.4 aA 7.940.6 aA
TR A A 5.41+1.2aA 5.1+0.9 aA
TR A AR 4 59+1.3aA 6.2+1.1aA
S-SR A R 6.2+2.1aA 6.81.9aA
B SRR (ugg ) 1.963+0.284 aA 1.87240.329 aA
AR R (mgg ) 0.75310.241 aA 0.82140.216 aA
] gk SR (mg-g ) 0.94640.231 aA 0.885+0.194 aA
POD iit:/(U-g ™) 0.69440.214 aA 0.72840.165 aA
SOD i t/(U-g ) 186.4452.8 aA 191.6+42.7 aA
Po/(umol-m s 6.59+0.43 aA 6.18+0.28 aA
G¢/(umol-m s 0.39+0.04 aA 0.35+0.04 aA
Ci/(umol-mol ™) 214.82+21.34 aA 221.7+32.86 aA
T/(mmol-m™s™) 2.55+0.62 aA 2.4140.49 aA
Ls 0.46310.042 aA 0.446+0.058 aA
WUE/(umol-mmol %) 2.584+0.216 aA 2.56410.154 aA
CUE/(mmol-mts%) 30.68+0.42 aA 27.88+0.16 aA
Fo 69.42+4.29 aA 65.2249.60 aA
Frn 412.62435.21 aA 406.88+25.64 aA
Fu/Fm 0.83240.014 aA 0.840+0.029 aA
F/F, 4.944+0.068 aA 5.23940.024 aA
Dpsyy 0.52840.062 aA 0.53440.019 aA
Fo//Fm’ 0.49840.065 aA 0.51440.048 aA
qP 0.89640.052 aA 0.851+0.022 aA
NPQ 0.78440.056 aA 0.802+0.034 aA

Al AT K NG P RESN IR ZRAE 0.01 A1 0.05 /K1 RIZES

Capital and small letters in same line stand for signification on 0.01 and 0.05 levels, same as below

A 409% — B
4096 -
3072 A
3072 =
2 s T 2048
1024 1024 ‘
0 J o 4+ J
0 1024 2048 3072 4096 0 1024 2048 3072 4096
PN

2 BREMEGEHEABRESE (A) SHFFREMEMHARKBLER (B) HUIRIABAEN

Fig. 2
cryopreservation and without cryopreservation

Cell flow cytometry detection between regeneration plantlets of D. bulbifera microtuber embryogenic calli after
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TOUES % = 2 2 0 I e TR B (1) e B SR A 40 g
E KRR, DUEA Rk S B, w507 58
— AL R0 2 5y o BRI 2RISR H 25 1l
Brge (R 0.3 mol/L FERE TG 7% 15 h F1 0.7 mol/L JiE
BETIUE IR 5 ) RCREBEE, HK 2 MO R A
KPR R IR . 11 o 22 ezl
2B 224024 Byrsonima intermedia
A. Juss. ZEZRUO uhkE 2 IRARUERE SR IN,  ERE IR
JE—fh 0.3~0.6 mol/L, TiksIEI IR —f#h 12~
24 ho X EARSIG S5 —F,

TN T LABE B0 A Sl R L AR A T
L, i HLR IS A R TR TR KR R AT R
P AT S bR B H AR s A
0.4 mol/L FEHE+2 mol/L Hif . (HHAAE I i) DA
TR N EA e NN N I L AR e
Rt 2T J AR £ € BROR A
J 2 2R A Ry, BRI 1]k 20~40 min. 7E
SELCFE PP h, BEBA T B oy 77 R A — L,
AR 22 AR BRI Bk Al A 22 92 00 27 10 2 2ok
3512k 10% DMSO-+0.7 mol/L EERELL A2 0.5 mol/L
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