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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 conservation of its germplasm resources. Currently, the droplet-vitrification method is the
most straightforward and widely applied technique for cryopreservation of shoot tips, but systematic
optimization of this method for cassava shoot tips has not been conducted. Therefore, this study first optimized
the key steps in the droplet-vitrification cryopreservation process for cassava shoot tips. This study found that
adding a 4-hour sucrose preculture before treatment with loading solution, combined with ice-cold protection
using PVS2 plant vitrification solution for 50 to 60 minutes, significantly improved the cryopreservation effect.
However, the applicability test results for fifteen cassava varieties were unsatisfactory. Consequently, this study
proceeded to optimize the regeneration medium after cryopreservation of shoot tips and found that removing 1-

naphthaleneacetic acid (NAA) and adding a lower concentration of 6-benzylaminopurine (6-BA) in the
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regeneration medium could prevent the formation of callus from the shoot tips after freezing, thereby improving
the regeneration rate. Ultimately, an optimized regeneration medium, designated as RMB2, was developed:
0.09 umol/L 6-BA + 0.23 umol/L GA, + 4.4 g/L MS + 30 g/L Sucrose + 7 g/L Agar. The regeneration rates of
cassava varieties COL777 and SC8002 after cryopreservation and culture on RMB2 were 86% and 69%,
respectively. Testing of seven varieties on RMB2 revealed that four varieties achieved shoot tip regeneration rates
above 30% after cryopreservation. Overall, 80% of the cassava varieties tested achieved regeneration rates above
30% after cryopreservation using the optimized droplet-vitrification method, making this method more widely
applicable across different genotypes. The cryopreservation system established in this study, based on the droplet-

vitrification method, is simple and efficient, which can effectively promote the cryopreservation of cassava

germplasm resources and better safeguard them.
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Table 1 Composition and concentrations of four different regeneration media

s AR A FAESEFRHEB SR C MS30 #;34k
Composition RMA RMB RMC MS30 medium
Murashige Fl Skoog 15353 (g/L) MS 4.4 4.4 4.4 4.4
MEHE (/L) Suc 30 30 30 30
252 (umol/L) NAA 1.07 1.07 0.05

6-"F 24 HE S (pmol/L) 6-BA 0.66 0.66 0.09

8% (umol/L) GA, 0.23 0.23 0.29

JLEE (mg/L) Inositol 100 100

[T R ER (mg/L) Adenine sulfate 80

RN 2 (umol/L) Thiamine HCI 2.96
Bl (g/L) Agar 7 7 7 7

MS: Murashige and Skoog medium; Suc: Surose; RMA: Regeneration media A; RMB: Regeneration media B; RMC: Regeneration media C;

6-BA: 6-benzylaminopurine; NAA: 1-naphthaleneacetic acid; GA,: Gibberellin A3; The same as below
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A Effect of PVS2 (0°C) exposure duration 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 after cryopreservation; C: Effect of sucrose content in the unloading solution on the survival and

regeneration of shoot tips; D: Effect of unloading solution treatment duration on the survival and regeneration of shoot tips, the sucrose concentration

of the unloading solution is 0.8 mol/L; Different lowercase letters indicate significant differences at the P<0.05 level; The same as below
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Fig. 1 Optimize the key steps in the cryopreservation process of cassava shoot tips
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Table 2 Applicability testing of the vitrification system for
cassava shoot tip droplets across 15 varieties

A4 i () R (%)
Variety name Survival rate Regeneration
rate
ZMH42 822+28 733+24
COL5237(19S) 88.9+22 64.4+22
SM6101 82.2+22 51.1+2.2
GR891 80.0 +2.4 51.1+22
GRI11 733+1.7 489+28
ZMG35 77.8+13 37.8+22
SCl11 622+22 333+1.7
ZM9710 60.0+ 1.7 244422
SC8002 422+28 222+2.38
ZMH588 622+22 15.6+2.8
SC205 %14 SC205 polyploid 55.6+2.8 133+2.4
ZM'50 35.6+2.8 15.6+2.8
FE# 3 5 Guire No.3 578+23 22+14
CMR26-07-15 333+17 0.0+ 0.0
COL1061 11.1+22 0.0+ 0.0
FHE Average 60.3+23 302+25
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JEFE AR AL, MU B 0.36 umol/L i), 2547
PR I FE v 2 7 A A s A 4, P A R R R
JE F RMBI 75 i 0.09 pmol/L ¥ J 1) 6-BA B ,
COL777 . SC8002 Fi Ak 3 fi /& , 77 il ik 86% . 69%
(E3B.C). HHETF RMBI1ZH10.09 pmol/L ¥ 11
6-BA 155 55 34w 44 0 RMB2, 544 1.07 pmol/L
NAAFI0.66 umol/L 6-BA [} RMB S #5114 0.66 pmol/L
6-BA [) RMBI1 #H [t , A 25 AR I PR A7 J5 1) 25 RTE
RMB2 3557 34T PR A AR AR 2R &35, R ik £k
H(E2D)

2.4 RMB2 BAEFEMIERAMENK

TELLMS30 JiFR BB 57 1 15 DARZE A
8 BRI PR A R AR R 30% (F22) o AHFFE I
PEALJE 1 RMB2 XX 8 4~ i Bl A S 2500001 745 —
SO FARIRARAT B03E IR, FIREfR R 3 4L, 255 e
7N, HEEII B0E AN P AR AT MS30 45 77 568
WP TH (R 3) o Horr SRR REATIR PR A PR %
IKF 31.1%~68.9% Z [0) , 45 AR IR DR A 1Y) P
A ZEFRUE 5 T CMR26-07-15.COL1061 F1 ZM'50 =4~
An AR AR R AR T 30% , iX e IR PRAAA 24T
FEAE— B ) AN IE 22 57 T Ak Ll s PR 2%
A R AR BRI PR A A 2R 1 T L



6 75 1 A - AR 2RI/ NS A BRI PRATHAR AL 1197

RMAI: Regeneration media Al; RMB1: Regeneration media B1; RMC1: Regeneration media C1; RMB2: Regeneration media B2;
MS30: Regeneration media MS30; The same as below
B2 KFECOLTTTREEREARBEEFE LHRNER

Fig. 2 Response of cassava COL777 shoot tips after cryopreservation on different regeneration media
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s 801 - 30 o B o 2
£ L b S £ 5 80 : é .
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= - g
R 40 d -40 ﬁ g S 4]
ﬁ o 20 = éﬂ ;'q/_ 20
2 o Lo o]

0
4 6 0.45 0.54 0.66

R OO AN 0.09 0.18 0,2“70.3.
T TF IS ~
RMBI1H6-BAIKJE (umol/L)
TR LR The concentration of 6-BA in the RMBI
Types of regeneration medium

C
COL777 =3 SC8002

HER (%)
Regeneration rate
N
s

0.09 0.18 0.27 0.36 0.45 0.54 0.66
RMC1H16-BARE (umo/L)
The concentration of 6-BA in the RMC1
A AR AR B BRI AR 2 COL 777 254 BiE AP AE 520 5 B: RMB1 HPUAS[R] 6-BA ¥ B X AR S5 250 FAE (1501 5
C:RMC1 HUR[R] 6-BA Y BE XA 25 FA: (520

A': Effects of different regeneration medium types on the survival and regeneration of cassava COL777 shoot tips; B: Effects of different

6-benzylaminopurine (6-BA) concentrations in RMB1 medium on the regeneration of cassava shoot tips; C: Effects of different
6-benzylaminopurine (6-BA) concentrations in RMC1 medium on the regeneration of cassava shoot tips
E3 AREBEFREMAEZRBRERFEHNEMEENZIT

Fig. 3 Effects of different media on the survival and regeneration of cassava shoot tips after cryopreservation

®3 RUBBHRMB23T 84N AKEBFFHITIIL
Table 3 The optimized RMB2 was tested on eight cassava varieties

i TG (%) TR (%)
Variety name Survival rate Regeneration rate
SC8002 82.2+22 68.9+2.8
ZM9710 822428 60.0+1.7

SC205 Z 4514 SC205 polyploid 75.6+2.8 53.3+3.4
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®3 (%)

YL BT (%) AR (%)

Variety name Survival rate Regeneration rate

FE# 345 Guire No.3 68.9+22 40.0+1.7

ZMHS588 689+ 1.4 31.1+22

ZM'50 55.6+2.8 244+22

CMR26-07-15 422+33 17.8+£2.2

COL1061 289+14 44+14

S-H4{Y Average 63.1+2.8 37.5+3.1

25 RUHARZZI/NBEBUELFREFER 1.5~2 mm AYTHZF 2550 (] 4B ) B T 0.3 mol/L B
ABEFEARASG B AR ZEIBARRIRAAAR B MS A FRIE R UG SR AL B] 4 b 58 TN 280
FAE  AE SR 3T ARG i (K 4A) EOTHC XPZERM BT AL BE 30 min (N0 J= , R 22205 76 1)

A: FROIICZEIRMABEL BN B: FITRURINZEDR; C: AR ZERAEVK EHETTPVS2IR VR s D H% PVS2 B/RAL PR 28R LR B R T 4%
I PVS2/NH; E: WURHE  F: WUREL G IRLEMIRAAE s He WRVR IS ZRIMIE R 1 ARG 28R 250G s T2 VRIS 25RO T 21 5
K BARIRL A 5 S R AR AR i
A': The cassava tissue culture plantlets from which the shoot tips will be excised; B: Shoot tips for cryopreservation; C: Treating cassava shoot tips with
PVS2 cryoprotectant on ice; D: Transferring PVS2-dehydrated shoot tips to small droplets of PVS2 on aluminum foil strips; E: Cryovial; F: Cryobox;
G Liquid nitrogen biological storage tank; H: Survival and growth of the shoot tips after thawing; I: Elongation of the shoot tips' stems after thawing;
J: Regeneration of roots from the shoot tips after thawing; K: Regenerated cassava plantlets in test tubes recovered after ultralow temperature preservation
El4 MRUNARENERBUEBRERST

Fig. 4 Optimized vitrification method for cryopreservation of cassava in droplet-vitrification
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PVS2 Hf 9K F (0°C) # 4T 50~60 min FJ¥8 Vk OR 47
(F4C) ;s SR IFHEZR B A BRI 45 1 PVS2 /i
(E14D) , TREBIZ A AT, HR 4R TE 58 2T 1
RE (K 4E) SRIG AR TR &N (K 4F) TR A
WA IIEAE (B 4G) s YT 220 TR
B, R VR TR N A 2R R BT SRR A
0.8 mol/L FEME Y IR P R I TA0 FE 15~30 min, iz
JE W ZEASEEFN T RMB2 3555 3 (MS+30 g/L Suct+0.09
pmol/L 6-BA+0.23 umol/L GA+7 g/L Agar) 4 17
AedETR . AREZEIIRTURIGTERMB2 FEEFRA 34K
S B ZEARGE (1 4H) , 2R HH (B 41 DL AR R A=
(E14) . FRAAERE AT A ke i A 2
(K14K)  JF T ol 52T

3 e

FIFHAE P 9% B ALV W R A T 22 AR AR A7 BT
FEWE T I B B ALV VRV VR IR AP R D 28 A S
AR 55 37 0250 ) 2R IR DR AE J5 PR 1Y O 2D
BB GE A S L Ah X e S AL R R ZRAS T TR
BB AR RSB R AR R

A VR OR3P 2 3 385 A 0 R AT PR A7 P R G S Y
IR KN TR A B0 X PVS2 ¥4 VR A5 3 T 1) T A2 N
[] 220 Rl AU X AS R P R e A Tk . ARG
RIARZEZEIRAE 0°C T PVS2 4B 50~60 min Fif
eI R AR X —45 1 5 R S 2 A 3R
g L 7K SR 25 2 [ Smallanthus sonchifolius (Poepp.
and Endl.) H. Rob. | 7E /)N 8% B A0 12k th UL AL B 1511
0°CF PVS2 B Al ALY . PVS2 4b BRESE] A 2 55
HAANRE N L 22 0 A K TE I 2298 R I A2 T i e
H 2 i A R BCR R VR s 3 | T B R 4 PVS2
Qb P25 20 2 AR RS R R B B A | [RIRE s i
R T B 2R PR . R ] B PRAF D VR F
PVS2 iy 4b BRAS [] 45 fR K25 5% . Charoensub %5
TEARE LR BT B AL (W P b T 5% b &2 B PV S2
TEOCT AL F 4 h AT 2 de iy, 3K 02 FH AL 38 22
T PVS2IBE MR, SECE KRBT A] . AR
PSRRI PRAF P AR RS VK R PVS2 Zb#
WP R B PVS2 78 0°C R AL B AV AR ARAE RN
F25°C, K AT ARE/ INH BB AL AL VK EF T8
G2 xS o PVS2 HR i U SRR EL A
— MR EVK R TRERERE(IR PV S2 7R 4 i
] FR35 3 5, TR0 PVS2 FUEEMERY . ABFFEAL
A5 1 PVS2 K _E AR FRES [E] 24 50~60 min, £ FHiA
JITF 30 min [t b B[] 6120 s nT et SR [R] 2R

KNI A 56 AEAS AR T RN L
PV/'S2 AbFHSFA] f) i 4t (5 [ A B 2

TE PVS2 AR AR AbFE 22 i, $2 i 25 R0 A U R
PR BT 52 ARV R IR AF A R P AL AN R D ) — 2
FERGH VR IR AR Ry oL Ry E 2,
WH ARG S B TR 252008 N =598 1 TR IR, 3ok
FOXH 5252 PV S2 A BRI 5214 , T 0] LASE R 221
TR PTG BO6 J1™ . FEREE TR R rh , 28R
ST AR B BT T VRS I R L B R
I S RN, A R ARV VRIS v AR T 58
PEFNER 15T AR E M, 2R T4 R v R R A 2R R 1Y
AR AN FR VAR A A RS )Xo TR o e
TG A AR R S H Y MBI AR AR
FEBARIARINZAL BRI AL . ARFFERART S
S PR, I ] ) RS R (4 ) A B TR E A
2L Ji5 82 PVS2 I K Ab BRI 321, 1 4 K st [
(16 h DL F) T RESS A AMUAHT R4 35 . Rafique 55 7E
HE (Saccharum officinarum L.) | & B B 11 5%
FERFIAI A 1 d SE K 5 2 d b2 S B0 A R [, 1
0.5 mol/L EEME L 0.3 mol/L SEMIFU: 37 A F) T4
AR AR GE G5 AN SCF 0 FH B v VA 3 1) A
(0.3 mol/L Pk b)) XARZEZERIMF TRl F5 .

i VAR A, 2 5 i AU TR R A7 S 220 T A 1 O
IRAT PO TR B SC I 2520 BB A B 1 PRk
SRR B IR AT AERE AR Y BE 25 Y . FE /NI B
BARTE T R RS 2R T EIEOR T BT R
P, TG0 280 1 TRE W e R 5 ) 2K 42 B2 K 1) R
RO RS ERASR F /N B S AL R VR IR AF BT
7 0.8 mol/L FEMH ) ) 2 Ak 5 30 min 1Y AL 2 15
F45 0.3 mol/L 1 1.2 mol/L BEMF Iy HI R . X &
HF 2E0) 28 T A [ P TR U 3 2 0 A AN TR R A i 1Y
SRARTAEAR . BT AR RN 1.2 mol/L
TR 1) 5 75 T R S 3R, ASHIF 8% E1 2 AR
[] FEE B 5 (0.6.,0.8 . 1.2 mol/L) #EA 7% b & B G
FE2E S DRI A 5% % 2 Hh S R VR B A 2R
i (0.8 mol/L ) FE74 7 11 28k &b BR A ] 1 %oF FL AT A, 485 50
FHATLE 15~60 min NGB E P22 5. X segh R
R ZE S R YA H ) THE A VG R Ak B ST )Xo A VR AR
A= B, 3 0] BB AR [ B A HRE R
VR S AA G, X — 25 Rl A A B RE
i T SR M A TR R AR 4R R R B 2R A IR
TRAEIBRAERR

Yo VR DR AE 5 1 T2 355 35 3 B 43 % R AT L O AT
IV RO A AR B KR, T K H A o o A e
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IR DR AT 5 A 355 5 3L 0 U A 2o R A A i ) A
A AT A0 6-BA NAA FIl GA 5 1) 7 1, ik
oy HEAHRON Y . TR A LU SR
AR RAEFREEGALIRITE R, K AT £
PR TR I NAA, SRR A KRR E
ITAE R TR AL BRI I D @ A L S TR 1, DA T 1
R URIG A% Ashmore 55 7E 75 KR JK (Carica
papaya L.) FAAGE] T AU S5 R  Z 095 00 2R
Ri 723 HUN N 6-BA Fll GA, 3 A FI| F 28R IR AR A7
Ja BIPRAE AN A o 6-BAVE AR AR AR IR PR A B PR
S RG SR N e 2 A 23 43R TS Ik Bt R
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6-BA VSN B 2ok e B 2 S B0 VR S 2R 008
A2 RIS AE 6-BA R EE AL AL X HE AR rh
RIS ZEIRAE VRIS o8 A v 52 HL s i ik 2
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