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# #&: KZ(Manihot esculenta Crantz)f A T £ MR R 5 EHF 4, AN AT RRAET TN IETHEF R
RRAFEELETR, ZREBREBRADTATARAABAN, bRAAIRETHEZFTFNE, ERAEFALHEEM
U RTREPRENEZTFHR, DAFBLEROA S 2 AN ERBKEBRARK, 2izEF R4 RE L
R#BTHENA, BREZEEREN AT RRKPRAGETRTEZ AT TR, ARAFTFRARFETHEENG MSEHREH
RABAKL, FTRELZRDAABLIRKRERGILZTHOXE S FRETMHL. ARRKALEWBGZLEEANE2 0.3
mol/L E#4& MS 3 5 K 347 4 h 7138 Jc 5 B2 PV S2 ML 40 0 35 4L 78 ik vk L4 & R 47 50-60 min At 2 F R A4 AR F & R,
®ARE COLTTT £ K BAIKIRK A /G IR AT 85.6%4) i & F 4= 63.3%49 A £ 5, 15 K F A B B & ALK+ A 84
ARR2BIKBRASEBHLEERLD 33.3%-73.3%. Am, A THERAGLEAREXRAEL, BRAFTHE
BAERBIKBRGEHBEAEFASITHRL, RABLEEALP A% A KE(ETH NAA, 1-Naphthaleneacetic
acid)fe s Ao B AK K B 69 6-F A A 725 (6-BA, 6-benzylaminopurine) 2 LA A B X R R B G AR m RS H L E,
KA KT EF AR KL B2(RMB2, regeneration media B2): 0.09 umol/L 6-BA + 0.23 pumol/L +# & % (GA3,
Gibberellin A3) + 4.4 g/LMS + 30 g/L % #& +7 g/L /%, A% COL777°. ‘SC8002° % 4 A4k % & £ RMB2 L3z %A 7
£ E 5 1A 86%A 69%. RMB2 &9 7 AP A B AN X K AA 4 AR B LA AKABERALFLE 30%A L. 4246
kL, 80%49 R F & BRAG AR BAR G HRARRAEBFRT 30% A Loy FAF, & —2 R840l IHB K
AR 2 ARAERNRE, ARAFLAHEG NARBLEIRIKEREAREZRRSK, ANEDIRENRTR
ARACER G TG TR, RFREF REF AT R,
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Optimization on Cryopreservation Technique of Cassava Shoot Tips

Using Droplet-vitrification
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Abstract: Cassava (Manihot esculenta Crantz), as an important food and economic crop, has significant implications
for the sustainable development of breeding work and food security through the preservation of its germplasm resources.
Cryopreservation of shoot tips, which saves space and labor, and reduces the risk of genetic variation during storage, is
an important method for the long-term preservation of germplasm resources of vegetatively propagated crops like

cassava. The droplet-vitrification method is currently a widely used technique for shoot tip cryopreservation, but it has
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not been optimized for cassava shoot tips, limiting its application for cassava long-term conservation. Therefore, this
study used hormone-free MS medium as the recovery medium to optimize key steps in the droplet-vitrification
cryopreservation process for cassava shoot tips. The study found that a 4-hour preculture in 0.3 mol/L sucrose MS
medium before loading solution treatment, combined with 50-60 minutes of cryoprotection on ice using PVS2 plant
vitrification solution, significantly enhanced the cryopreservation effect, resulting in an 85.6% survival rate and a 63.3%
regeneration rate for cassava 'COL777' shoot tips after ultra-low temperature preservation. In a genotype applicability
test involving 15 cassava genotypes, 8 of them achieved regeneration rates ranging from 33.3% to 73.3% after ultra-low
temperature preservation. However, the cryopreservation effects were unsatisfactory for 7 genotypes. Consequently, the
study subsequently optimized the regeneration medium following shoot tip cryopreservation. It was discovered that
removing auxin (NAA ,1-Naphthaleneacetic acid) and adding a lower concentration of 6-benzylaminopurine (6-BA) to
the regeneration medium prevented the formation of callus tissue from the cryopreserved shoot tips, thereby improving
the regeneration rate. Ultimately, an optimized regeneration medium, RMB2, was developed: 0.09 pmol/L 6-BA + 0.23
umol/L gibberellic acid (GA3, Gibberellin A3) + 4.4 g/L MS + 30 g/L sucrose + 7 g/L agar. When cassava 'COL777'
and 'SC8002' were cultivated on regeneration media B2 after cryopreservation, their regeneration rates were 86% and
69%, respectively. In a test involving 7 genotypes using RMB2, 4 of them achieved shoot tip regeneration rates above
30% after cryopreservation. Overall, 80% of the cassava genotypes tested achieved regeneration rates above 30% after
cryopreservation using the optimized ultra-low temperature preservation technique. This result also enhances the
genotype applicability of the droplet-vitrification method. Therefore, the droplet-vitrification ultra-low temperature
preservation system established in this study is simple and efficient, significantly promoting the development of cassava

germplasm cryopreservation work and better protecting cassava germplasm resources.
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FAERFRE . 2B H AT AR IERAFX 500 i fh, W& G T 54 % (Solanum tuberosum L.) . HZ%
(Dioscorea esculenta (Lour.) Burkil) 25t fR 22 5 AE W i 78 5 B 33t J 1280,

WAk, IR RN B A BIRIR IR AT S I PR AR B R R BB, s i A 2-3 M ands, Hix
W 3 %R M B2y 15 D B AR 15 20221 o4, Dumet S5O AR S U 1 2R AR 48 /N BRI AL IR A VR B BUAL B
S B TR R 77 3 (102.6 g/L FEHE+ 5.6 pmol/L HTIA 1ML AR (ascorbic acid) + FHYIELRL 2.5 g/L) b B KGR 5 24
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R, AR 78 AR 2280 iR A RE, o /NI B 38 A VR B IR L LR A7 P 1 S b R AT Ak, IR B
A A S 2L R ICIE R AT 5 FAE R R AT X LU R AL . ASHIF 7 8 7 ST — 2 ] (8 A R0 1) B IR PR A7
AR ZR, IS A Z R FE 05K 1 2 AR A7 TAE, AR E & FORUR 20 7040 436 7T 52 0 B B % 54
HFE.
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FERTHIT T, AT T %5 T 2 BRI A 7848 F LA /N B AGVE R AR R IR B, 4245
B, KRECOLTTT 2K PRI N, T ‘SC8002° Je M4t % . Kk LA Z fhFh COLT77 MM KL,
FE /N BB AL AR R AP R T AR AL T PVS2 AL TN [ L 88 W T35 57 &b T AN 1A L 5B 28k v v 7 A A
AEEREF ] FETEAVRORAT IS RN L T AR B R B AR 4 . IR BACOLT77 R SC8002° 44 BHE AL,
T 6-BA TEF A B FRHE P MR VR BE . 53 AN BEATLEBOCR B A FRIHBIX 1 15 FoR EHE R A, (135 ZMH42 .
‘COL523-7(19S)°. ‘SM610-1°. ‘GR891°. ‘GRI11’. ‘ZMG35’. ‘SC11’. ‘ZM9710’. ‘SC8002’. ‘ZMHS588".
‘SC205 L&k . ZM'50°. “kE# 3 5. ‘CMR26-07-15". ‘COL1061”, FI AL J5 /)N 35 B AL (R AE R
FREAT BE DR L TE BRI, o 1T S e 0 i 5 RRAE 1) R S P o o VR (R DR A LA . T RS BE IR
TP [ R AP T U PO R A7 PSR A . VR AT 22 R33N H I A KA R S A B 1 T .
TC VA 1 R IR LB W BB S ILI AR 48, & 3 A AT — IR BRI 3%, ARG 97568 MS + 30g/L
RERE + 79/l RHfE, pH=5.8, 121°C N KB 20 min, R592%4F N 24°C, Je# N 40 umol m? ' (14 A
BROEE N, JGE M 12 h 612 h B .

1.2 REHE
121 RAKRE COLTTT’ ZEAR/NR LI B ARIR (R A7 PR A B IR AT OGS D IR DDENZESR: I3 A
HES BT EUIHCE 3-4 AR 2R, ZERA/MN1.572.0 mm.

hn#k (LS, loading solution ) b HH: #4229 I (2 mol/L Hh+0.4 mol/L JERE) , FHEL 7%
AREZRMEHBAZINEAH, FHLE 2h.

Y BFEAL 7T (PVS2, plant vitrification solution 2) 4bBE: RS E B2 2 Ingk, 7685 9% M i A\ 4%
R TRV E) 0 °CHY PVS2 Y, 1Z AW B R WPM %k 78 30% H i (wiv) « 15% 2 % (w/v) . 15%DMSO (w/v)
H10.4 mol/L BEREZ . BE )G A8 7 AR E 2R HTE NS PVS2 Wi, 0°C HALHE 10~60 min.

A (LN, liquid nitrogen) % % : R 2258 2145 {6 2% (£ 2.5cm <0.9 cm) E1¥) PVS2 /hiH, HEE T
TARE LA HL e A AR /NI, B A 2RO/ AR A Ak ELBER N LN T4, B SR AR 6 AR BON LN
THA A HE T, A HE BN LN TA A&, BUE N RE L7

I (ULS, unloading solution) &b 3 : #4717 2592 145 96 25 A LN FR B, 57 BPAON B3 (5 1.2 mol/L
FERER MS RRE R 5E) v, I AR 1A 8 250 4 IR N SED S PP o S AR v S 3, = U B Y b 30 miin



ARG ZREEE T HREIEA LR L 2 REVEIR, #eFT MS30 Br 95 BT 3d Wi RE R A 4
d 552 (10 pmol m? ') ¥ 7% J5 #% & IE W OUHE 7, 2ERBRE— A H BRI 6 15 97 45 o 15978 3 N il
R AR,

W Jext e 6 N[ PVS2 AR FER [ (10, 20, 30, 40, 50, 60 min) EL A o 258 S R AN AE R, K
FE LS InEAb 3 2 f A0 TS 35 0 B8, A 0.3 mol/L 1 MS Y4 1 7R 0] EE 5 AN AL BRI ] (0, 4, 16, 24,
48 h), MARALIEH) PVS2 UK b ACBRIN [B) BEAT ¥ R DRAT o B J5 K FH B R RE U SR INF 1) . PV/S2 DK B AR 2
ISF 1%, S b S0 A A R R VR (0.6, 0.8, 1.2 mol/L) » 7 AR Ak (1 Atk b 308 47 580 388 Ak 252 B I 9 X6 L (15,
30, 45, 60 min) . H LK EEUG I 22 IAE MS30 [l AR 7Rk EREFR, Rl FZER MBS R A AR,
1.2.2 /NI BEE AR ARIR DR AT 5 T AR 3 5 3008 s AP AR R s %o B 70 P A 15 97 45 A (RVA,
Regeneration media A) ™", F/ER% 7% B(RMB, Regeneration mediaB) ™. P48 % C (RMC,
Regeneration media C) " 54 % 264 NAA f 2R R 95 5 AL (RMAL, Regeneration media Al). FZEREF:
% B1(RMB1, Regeneration mediaBl). FAER;#3E C1 (RMC1, Regeneration media Cl) X A% ‘COL777’
AURIG 2RI B AERRREI, JEBCE XS IE2H MS30 KBy 974 (3R 1) . FfJ5 2% T RMBL A1 RMC1 {4 6-BA 7 0
W, WE 7K (0.09, 0.18, 0.27, 0.36, 0.45, 0.54, 0.66 umol/L). i HAR;FEHd pH i
E 5.8, HEFE 3 AN H LIS A A IR A L L.
#F 1 MMAEBEEFENR S RRE

Table 1 Composition and concentrations of four different regeneration media

AR A FUEHIFIE B RUEHFRIE C PR MSS0

D% . . . Regeneration medium
RMA (Regeneration RMB (Regeneration RMC (Regeneration
Composition MS30
media A) mediaB) media C)
MS 4.4g/L 449/ 449/ 449/
suc 30 g/L 30 g/l 30 g/lL 30 g/iL
NAA 1.07 umol/L 1.07 umol/L 0.05 pmol/L
6-BA 0.66 umol/L 0.66 pumol/L 0.09 pumol/L
GA3 0.23 umol/L 0.23 umol/L 0.29 umol/L
LR
0.56 mol/L 0.56 mol/L
(Inositol)
ESERTvEN
0.22 mol/L
(Adenine sulfate)
NS
2.96 pmol/L
(Thiamine HCL)
B
79/lL 79/l 79/l 79/L

(Agar)

123 HdElkES ot AU SRR R R R, BN =AER, BAEERM 10 - 154
RV AL B 5 MRS R S HAER, HEEMREHER MK KRR, AUEREK
NbRE: BAEZRRUZEMK 1 en DLEHP A BR AR E . BIE A 3 5E SONGE A A 5/ At
BZERBHCC W, pAlfER IR 3 A HALR . XU S /N 3R A IR IR R A7 7 58 S P A B IR 2k ik
ITARZE R REHIVEN B, A AR K 60-100 S22, [FIREFIA 3 A H J5 i R 238 K 1 A2 R AT 1F
ot P alie 2 LLF 394 £ ik iR 22 (SE) oo 18 SPSS 26. 0 BRI Fodle #EAT 1L S R 36



(Shapiro-Wilk K3) & 75 2 5 VAT (Levene s Test), P=0.05, B IR IEZ 2046 J 07 2 5% 1k,
Bh 5 HEAT HLER 35 U7 22 43 AT (One—way ANOVA) , JET- /B4 R, & 1 A1 3 (%, DLEH £ HiE ke
% (Duncan’ s Multiple-Range Test) AT 25 2 Z M7 # (/X0.05) , FFHARFRR R BEMLER.

2 RS5O

2.1 MUARZECOLTTTER/NEHIBWEZBRBEREFHEEFINXRSR

TS AR N AR VAR IR AR AR b (R OGS D BREAT AL, 7EVRINE 30 g/L BERE, (HASIR T AT
1 MS R E 15775 (MS30) b4 AR PR AE 5 AR B 22 R AT P A B 9% o B T B0 /K 6 2 52 ) (R £
FIRZERBANREILE, AR HT 0°CF PVS2 AEER A i k. 45 K2 PVS2 b FHH H]
10 min I} EIE R A A R RAL, 25108 13.3%481 10.0% (& 1A); M 10 min ZEK Z 50 min i, ZEI3R00E
RMPAERE E TR, 50-60 min F#TA5E, 60 min i8S R M E AR, X5 58.3%H1 42.8% (K
1A) o Bl JEAHF 705 2528 0.3 mol/L JERE FUkE FR I A1 AT Ak, 45 SRR B AN AT BERE TURE 7RI, B
FFFAEZ 1 66.1%1 42.8%; FHETHERETEF: Ah B 0 h 5 48 h L, BEfs B 4R w0 5N HIIR AR AF
JEM R R S AR, 1ZAHE T E R SRR EA R, 55108 80%A1 65.6% (K 1B); 4bHE 16 h
524 h ISR R A AR LR EEZE R,

I8 5 AT 5 X g 1 20 AT AT P S O PR R P AT AR, A /N B B A v D R Y 1.2
mol/L FEFEAE 5 0.8 mol/L A1 0.6 mol/L ARG R E MR, BUGHR TN 78.9%, HAERIN
64.4% (K 1C) » AW I8 1 YOG EN BRI K AT Ak, 45 R WILE 15-60 min Z [HIZRA IS R 5 H A %L
vz (B 1D).



A: PVS2 AEBRIN [1(0°C) X A 2RV TR OR A G AN FFAE RSN, B: R TUE 77 0 AR 2R VR R A i JT A T AE SR, C: S0 SR VR R &5 &)
ZERBEANFRAE 2R D: E0 AL FR N A1 2590 G A AR I RE R, a-d AN A 7 REROR BIE AL P<0.05 /KF LA RENZR, METRFRRTEZENE
FE5E, w-z AR F R R AR P<0.05 K LA BEMEESR, MEFRRRLREENER
A: Effect of PVS2 exposure time (0<C) on the survival and regeneration of cassava shoot tips after cryopreservation; B: Effect of sucrose preculture on the
survival and regeneration of cassava shoot tips; C: Effect of sucrose content in the unloading solution on the survival and regeneration of shoot tips; D: The effect
of unloading treatment time on the survival and regeneration of shoot tips; Different letters a-d indicate significant differences in survival rates at the P<0.05 level,
while the same letters indicate no significant differences; different letters w-z indicate significant differences in regeneration rates at the P<0.05 level, while the

same letters indicate no significant differences; the same as below
B 1 U ARZE COLTTT E 5/ NEIBILUE BNER TR HEIERN R LR

Fig.1 Optimization of key steps prior to regeneration culture for Dr-vi cryopreservation of cassava ‘COL777' shoot tips

2.2 fALERYNERIBCEEEZLE R MR

AW FTRENL PR 15 Fh oA L P A, M AR AR 5 /0N BB AR BEAT SEB IR AF, BNV VR E fRAF 10-15
ANZER, BEPIERIR R A 60~100 D22 AR TR SR WG — A KRR 1A A R BEAT B A 5
Ir CARMBIRIZRREWBGRERLE, WIHE— LD AR MAZRERBRE T2 PIRE), 53]
ARE ZRBIRIR R G B RGE R EAER G 2) o ZERERRAA 7 Mk KR 42 A B 22 4 R A7
bRt (425 >30%) , R BIZAK RIE TR GRS 01L



2 15 MASEFEE N/ NERIBUBRERT

Table 2 Cryopreservation of 15 cassava genotypes using droplet-vitrification

P AR 7R3 MS30

FEPR Regeneration medium MS30
Genotypes BRI H (%) =+ briEZE FA 2 (%) + hrdEE
Survival (%) £SE Regeneration (%) +SE
ZMH42 82228 73324
COL5237(19S) 88.942.2 64.4 +2.2
SM6101 82222 51.1 2.2
GR891 80.0+2.4 51.1+22
GR911 73.3%1.7 489 +2.8
ZMG35 77.8x1.3 37822
SC11 62.2 2.2 33.3 1.7
ZM9710 60.0 1.7 24422
SC8002 422 +28 222 +2.8
ZMH588 62.2 2.2 15.6 +2.8
SC205 % f 1k 55.6 +2.8 133 2.4
(SC205 polyploid)
ZM'50 35.6 +2.8 15.6 £2.8
A3 B 57.8 +2.3 2214
(GuiRe No.3)
CMR260715 33317 0.0+0.0
COL1061 111422 0.0 +£0.0
SPEEE 60.3 2.3 30.2+25
Average

2.3 MNEEBUEBRERRGFEBEEFRENRENBENZI

ik — 25 B R 2R RN T B A VR BRI R A IS I T AR B, AR A N RN R T ) = s R
(RMA. RMB 5 RMC, W3 1) 5458 AT F (1) MS30 55 72 5 T X L. Z5 SRR W NAA 1) = Fhss
Fr ik R RE G SRAFE i I BT 26 (i T 60%) , (HERIMAKES AR EREE. K RMA fl RMB
EREEE TR ZERAERKES 8 RIS A4 0 B i A B AR (B 2A, B), FAERY
79 0( 3A): 1 RMC #1 MS30 35775 K G5 FR I 2B AL, BN B BBl 4= 4, #5r 2R
A EERARERGE B (B 2C, D), HARS 5N 44%F 66%.

NTBERERKE IR EHESARER, A RERT ER=FEFRESR NAA, JFH
RMAL. RMB1. RMC1 73 HIRAETE NAA NI =M otk . 45 R L REEFRE T NAA B350
T RMAL 1 RMBL [ 22 @ R AEZ, 5 MOs 2290 PR A &R IR T8 e B r ik (6] 2A, B) . UE %43
I E 62981 86%, AR HIIEFE 21%F 62% (K 3A) ; RMC1 _ERIZEREGE RIEFH 91%, H
AL F 86%, xR MS30 [E AR 7R 5 ER AR (K 3A) .

B S AW EET RMBL Al RMCL {46 6-BA TR I EE o 07T 50 7 9 M P A2 28 AN (7] 16 R S R K] 1Y
‘COL777°, ‘SC8002" HJfJE. W 7K BES 6-BA WM, AKZE COL777° . ‘SC8002° [ 2L i AE %
7 0.09-0.27 umol/L 5l AR A2 58, 4K 5T 0.36 pmol/L I, ZERAEVR S fE b &= A i 441,
FEA R B RIBEAG; 25T RMBL ¥ )0 0.09 umol/L 1) 6-BA I, ‘COL777° ‘SC8002° FA: K i, 437l



1k 86%. 69% (¥ 3B, C). AWFFilEHET RMBL %30 0.09 umol/L ¥ FE [ 6-BA 3 77 2 i %4 8 RMB2,
KEZERARIRORAT J5 1 ZERTE RMB2 EEE 7R 3 AN H I FAEFEARAR Rk, fEAREEH: (] 2D) .

AfE RMA Tl RMAL 5577153 2 1 22 9ORE; B:AE RMB 1l RMB1 55 7713 B 220K E; C:AE RMC Rl RMCL 53R A3 R A 2R 0IR T, D:2EARAE MS30 Bk
AL ERE A3 2IH) RMB2 B S
A: shoot tip status obtained from cultures in RMA and RMAL; B:shoot tip status obtained from cultures in RMB and RMBL1; C: shoot tip status obtained from
cultures in RMC and RMCL1; D: Responses of shoot tips on MS30 medium and the optimized and selected RMB2 medium

2 RECOLTT7TERNMNEFHIBUWABREREREFRNBEEFRE LIEFR 3 NANRNER

Fig. 2 Response of cassava 'COL777" shoot tips after droplet-vitrification cryopreservation on different regeneration media

ASEFREERNIE KRR TN NAA XS AR ZE | COLTT7 2R s AT AR IS ; B A RMBL X ELA N 6-BA < S0 A 2290 i AN - AE R R, C:F Y RMCL
Xf EETR N 6-BA W LRI ACE 2R BIE A AL AR, B A acb AR FRERIR IR HAE P<0.05 /KF LA BEIEER. w-z TR T RS A RAE
P<0.05 /K~ EFBFEVEZSR; K B ME C hab AFFERR COLTTT H/ERIE P<0.05 AF EH BEFEZER, v-z ANE T 51K 7R ‘SC8002° FF A #AE
P<0.05 7KV HAH REMEZER:

A: Effects of different media types and the addition of NAA on the survival and regeneration of cassava 'COL777' shoot tips; B: Comparison of the effects of
different 6-BA concentrations on the survival and regeneration of cassava shoot tips using RMB1; C: Comparison of the effects of different 6-BA concentrations
on the survival and regeneration of cassava shoot tips using RMC1, in Fig. A, different letters a-b indicate significant differences in survival rates at the P<0.05
level; different letters w-z indicate significant differences in regeneration rates at the P<0.05 level; in Figs B and C, different letters a-b indicate significant
differences in the regeneration rate of 'COL777" at the P<0.05 level; different letters v-z indicate significant differences in the regeneration rate of 'SC8002' at the
P<0.05 level.

Pl 3 AN [ 77 JE R A 22N B AL 10: OR AT S 0 F I R P 22 R 5 7
Fig. 3 Effects of different media on the survival and regeneration of cassava shoot tips after droplet vitrification cryopreservation

2.4 RMB2 BAEFREMNERFEEE A MR

FELL MS30 Br #2515 35 1) 15 AR BRI AR vh, A 8 il A 20 (1 1 A %6 R0k 30% (3% 2) o AW AL
JFARAR G 1) RMB2 %X 8 Fift ik [R] A f A 5 2R AR idE AT 58 8 MARIR ORAZ 1R ) i PRI, RIREARR 3 4.
ZEREIR, HZER I RGE R AN R AT MS30 BRI B E IR T (R 3) . M 5 R A AKIE
TRAF T AERIA B 30%-68% . [7], & i IR 1 IO/ A7 1 F AR & FR ks 1 ‘CMR26-07-15. ‘COL1061° Al
ZM'50° =l 3[R B f) F A AR T 30%, B RIE MR 7R R AT — 54k



= 3 MEEIN RMB2 3t 8 FIAREEE B HITIIR
Table 3 Testing of the optimized RMB2 on 8 cassava genotypes

B[R R RMB2
Genotypes Regeneration medium B2

S (%) £ bREZE BAR %) + tifEE

Survival (%) *=SE Regeneration (%) +=SE

SC8002 82222 68.9 +2.8
ZM9710 82.2+28 60.0 £1.7
SC205 £ 5k 75.6 +2.8 53.3+3.4
(SC205 polyploid)
H# 35 68.9 2.2 40.0 +1.7
(GuiRe No.3)
ZMH588 68.9 +1.4 31122
ZM'50 55.6 +2.8 24.4 +2.2
CMR26-07-15 42.2+3.3 178 +2.2
COL1061 28.9+14 44+14
“FHEIME 63.1+2.8 37.5+3.1
Average

2.5 MUBBWAREZRNERIBULELSFREFER

AW FEARA A AR B 22 R ARIR IR AE R RN R . AIEFR 3 N H MR E (B 4A) EYIH 1.5 mm-2
mm [T 2E 2528 (B 4B) B T4 0.3 mol/L FEREI MS 3R RE 77 56 R LR 7R A0 B8 4 hy B35 LS X220
FALFE 30 min (hn#R) Ja, HZERER R PVS2 HHF ik b (0°C) #E4T 50-60 min FIA %Y (K 4C) s K5
R NER A 2% LI PVS2 /il rp (B 4D), PR NRE TS, KR 18 48 2 1A 1A RS (B
4E) , SRIEMNAHEN (B 4F), FRNRAHES KWtEF (B 4G) s MR BT Z2RIME AR, Tk
W Vo VR RGBT 2R ORI AR TE 2R N 0.8 mol/L JEERE ) MS B B ¥k Hh A v R AR B2 15-30 min, e 22
RAEEMT RMB2 55955 (MS + 30 g/L Suc + 0.09 pmol/L 6-BA + 0.23 umol/L GAs + 7 g/L Agar) HF 47 4
Br gt . RBERABIRGIE RMB2 EXRFFRE T 3 AN SCHEPTBL: BIZEAR g (B 4H) , 22 (B 41 BL &
WA A (B 40) o FRAERE MR AT N k22315 7 A5 B (B 4K) , IR T RIEILE 5 52610



AV ZEIUE S FIAR B AL 1, B TR Cl AR B ZRARAEVK AT PVS2 W RIS, Dot PVS2 Il /K AL HIL R 2R A8 BRI 2% 1O PVS2 /)
T E-GH AT M ZRER B EE (), RFEBNRIERF), BURBNRELDELHRE(G) AT IGER A, H-K: — 2RI RIS
JEDLH ZER AR (H), 2R ()RR A AR Q); KO ARIRORAT J5 2 M AR S P AR i
A:Tissue-cultured cassava plantlets prepared for shoot tip excision; B:Shoot tips ready for freezing; C:Treatment of cassava shoot tips with PVS2 cryoprotectant
on ice; D:Transfer of PVS2-dehydrated shoot tips to small droplets of PVS2 on aluminum foil strips; E-G:Transfer of liquid nitrogen-precooled shoot tips to
cryotubes (E), then into a freezing box (F), and finally into a liquid nitrogen biological storage tank (G) for cryopreservation; H-K: A shoot tip exhibiting bud
growth (H), stem elongation (1), and root regeneration (J) after cryopreservation; K:Regenerated cassava plantlets in test tubes recovered after cryopreservation

4 MUHAZ NERBICEBREREFRR

Fig. 4 Optimized protocol for cryopreservation of cassava using the vitrification method in droplet vitrification

3 wig

52 A D BB A T BE AT ZE B AR IRL DR A I, BERE TR 97« BORALIRBUA TR ORI AR S 38 DA S
AR R 2RI R AE 5 AR R IR, AW Ul A X S OGP IR, I RAT T ] AT L
AR 2 22 R PR AR &R

PR DR B A 0 R G IR R A7 P B R B 2B IR, NIRRT PVS2 VA VR R AP VR I T 32 JEE AN [7] 129901,
DR LHE 6 B0 St AN RN A EAT DAL o ASHIE ORI B 250 4E O°C R ] PVS2 AR 50~60 min I BE 3RS AL
MR AE X — S5 R 5 R A B SN #ai = 1L 7K 2.2 2 [Smallanthus sonchifolius (Poepp. and Endl.) H. Rob.]
FE/NH B A E P RAL T 0°C R PVS2 I [ AR AR, PVS2 Ab B A AS 2 5 B 440 A it £ ¥ E e



IKTE G SRR RIS FEvh 4 i, A RIE KIA VRS, T KRS () (Y PVS2 b 2345 2H 2340 it iy Sk i oK
MIBIE e, [ RE S AR IR AR 17 5 I 25 R AR B, R RAT 7 iR T PVS2 B AL BRI (] th 5 1R K 2
5. Charoensub 2R A 5 2820 A0 3 3 55 40 vk (0 BF 78 R AR AL T 753 PVS2 76 0°C N AREE 4 h I 7795 2 85 15
KR TS T PVS2 MBEHE, SEEKLIN M, AEZRBMRERRA P AESERSK L
PiFR PVS2 AL 775, BFFEE I PVS2 £E 0°C FALBE ¥ R ORAF R T 25°C, DR ML IAT A 35 /)N 538
WIHEVK LT AR RP 2, xR PVS2 i) —HIEEEHR (DMSO) BA — & ik =8 1%, 1Evk b
HEAT BE PR PVS2 TE4H IR (32 & I &, TI/D PVS2 (R PR, At 50 AR 40 BT 45 1 PVS20 K I A
FLLE A] (50~60 min) , T /T A BT 30 min {4 22 ] 161821 SR Bt 5 AN [ Y 224 KNI 77 30
5%, AEEARRIF IR AT . PVS2 AbFH a] ) ZE Kt A T [F i 45 VE 5 2 RE

TE PVS2 W VRARIFAEEL 2 1, B i 2R AN VR AR I AT 52 1 2 4 VR R A I R vh i AN T 2D () — 2,
TE R VBV IR CRAT MR R L oy B B2, JE MU0 97 A B TR 250G B =B B IR 3R, st
SR PVS2 A FRIAIN 3214, AT AT LASR i 2 7E BRI CR AT I IR 0330, FEpE M s o epr, 2500046
FIVAMEER AR RRTVAERE . TR DA R AR & B R I, A R T A R T B 4 R ) e R
AR E Y, T B A VR ORAT 2RO I T A 2 B340, b A 91 58 7 AR 11 A B ) % 7% v i ity A
AR R E G E R i LA R AR IR AR IR Z P BRI AT R . A T AR ALK BEJS R
R W T F) JRE R TS 77 (4 h) 7 B T4 s R 250050t 5 45 PVS2 i /K b BRI 52 14, T 88 K 1) (16 h DA 1)
T e x4 4 Sk 45 . Rafique 2508178 H ¥ (Saccharum officinarum L.) b %% B B 95 752 5 1) A\ 1 R 4E
K& 2 KIS SHUEAER TR, 1 0.5 mol/L BERELL 0.3 mol/L BB FE: 7 3 4 A T4 s AR R . (HAH
e 28 SRR S FH R v vk EE 0 JRE R (0.3 mol/L LA B MR B ZE AR HEAT TR 9%

AR A A B T R I DR AT 5 2R A 1 SR BT, MR T UL A S I 25 20 A B A B I DU 6 T
B 1K 4 FEAE A AN i Py 2 45 S P4, A /N B ARITE T, AR IO ZER T B BT R, T S R
YR ERD TR R A FEE R 2R R K I AR 7] T % 3 2R R /N BB AL VR A VR IR AE IS, % 0.8 mol/L EERE 11
EIERAL R 30 430 B 2 1 T2 0.3 mol/L T 1.2 mol/L JE i F) S5 26k i 1981 . 33 3 B S0 A0V v AN () )
WS 2 0B AR IR ORAT J5 10 220 T A A SR B2 . A S 8 AN N 1.2 mol/L JRERE 1 35 9= B VE N BN, A
HFF 0 50 S8 26K ¥+ P FRE VR B (0.6, 0.8, 1.2 mol/L) AT % b R BTG 18 3 1 2 S o DRV TTG AR F 7 0 5 o 256 E R
JE£ A EI LR (0.8 mol/L) 3 AT SE) 28 Adb LIS U] 0 6F L ARRAK, 45 SRR WIAE 15~60 min R FME2E R, X sk
SRR W A S S A P R A R ALk BT TR0 AR AR R PR AR ORI, X W] RE R B I A B
SOEIARZ RFE 6. X — 45 AR N SRR B I RGEHEAT MR R, IR R 2RI R
FERIBRAE R

VAR ORAT I 1) T A 5 77 5 B 00 o B A UL R AT (R A VR SR B A TE SO A, 5 AR A AL W e P A %
FIT R F (A VR D7 VR AT LSRR AL o ASHIF TS LU AR B F DU Ah AR RS 2R B 5 R I TR IR 43 B 22 1
RMA E 285 BOE I8 TV a0 B0 1) RMB FHAE S R, X AT RE S RMA Hidin 1 0.22 mol/L iR
HR IR A . ZERBIRIRORAF 5 AR 15 97 2= R A R AT AT 75 R A A AR KT R i A i 4y R
6-BA. EKFE NAA FIFRE R CGAs & &, BG4 fUm SR8, i TIEMYH L IR nA K



R G T ), AT R T R R AR NAA, S5 RRIA T A KRR E LR AR 5
REms Il /b 7 G I TR, MR i v % I HI A2 %6 . Ashmore 25135176 3% A I (Carica papaya L.) 8
BE TGS R ZTF R EA IR LRI 6-BA 1 GAz A FI T 25 R #1759k E A A K
6-BA 1 N AE W R DR AT 1 P 52 1 5% v 80 FH e 22 I A0 P 70 24 3R VAR DA 2 0 ER A VR R A7 5 VR S5 ) P D 5%
i I BOR ZE 28, 2 6-BA VR VR BET It 22 3 BUA R 5 22 B i 4L 2127281, R U LE 6-BA
IR LA 50 R A B 2R AV R IR i R 2 JLE R 2 2 0.09 pmol/L N @i Ik i, 1%k
FERHIARZE COLT777° . ‘SCR002°1E RMB2 I Ff A= Z43j ik 31| 86%F1 69%; 4k E it 0.36 umol/L i,
TR G I ZERFIFE ST A . X RIAAR B VR JG I 227 AR A A AANUZ NAA [R5E,
5% 6-BA W E RIS . 3X 5 7E K% AR #S [Poncirus trifoliata (L.) Raf. x Citrus sinensis {L.} Osbeck.]28l,
%) LN33 Z 2 Ff (Vitis L.) Z7281f1 Superior & Ff (Vitis vinifera L.) P79 U0 82 (1 45 FAR L. e AN ASHE 7215
FH) RMB2 — 35 B A 55 57 88 MS30 K 3 72 B 5t 1 R E R R IR A7 J5 1 P AR 230 SR R R I, el
NOFFEHE A 2-3 B F AR IR 7 0y OB IR, SORARTE 1B KR ORAF BOR R R . AR T ASHIE 72 b
H HTEA b i (1) R 2 5 DR AR AR R A 5 1 AR BRI, B 0 L AR 0 R B 00 1) 2k B AR AL AT SR T e —
AP PR v A e TR R M ) R R AR

g LRk, AREECEE R R AL A TR 2R IR R A 1 0E RS PR IR T L R IR AL B
I 18] S SRR 738, RIS 8 1 B AR 3R JE h NAA K 6-BA St MG IR (R A7 Jo AR FAE 1 B B 5 . AR 7L
AL JE AR E FAE R IR B Wi B, ARSI i UM TE R, SR E AR, RS T /ME
BIBAIEAEARE R B & I o X — B 8 R AE AR B 2 B AR T TR A7 SO B A L E R S8 )y, 7
R TR IR, R RO R RO R R B E FOMRL R AR R P2 A R A 1) S B
ok, 0] e B VR W (R DR AP 1R R A i A 2R H .
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