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Protocols of Protoplast Isolation and Cell Fusion in Dendrobium nobile

Xu Delin'*, Chu Shirun'*, Pan Yinchi', Zheng Minghui', Qian Gang', Chen Fang?, Li Lin'*
(‘Department of Cell Biology, Zunyi Medical University, Zunyi 563000, China; *Department of Clinical Laboratory,
The Second People's Hospital of Jiangyou City, Mianyang 621701, China)

Abstract To construct the protocols of protoplast isolation and cell fusion in Dendrobium nobile, the tender
leaves of tissue cultured seedling were used as the material. The survival rate was applied for evaluating the qual-
ity of newly harvested protoplast, four significant factors of the cellulase concentration, pectinase concentration,
macerozyme concentration and enzymolysis time were screened for their optimum levels during protoplast isolation
through orthogonal experiment design. It found that the survival rate could reach the highest value of 94.42%
with 9.5 mg/mL, 5.0 mg/mL, 6.0 mg/mL and 3.0 h, respectively. Then the PEG 4000 was applied for inducing the
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cell fusion with the method of high pH and high calcium. The heterokaryon fusion rate was selected as the assess-
ment criteria, the main four factors of the PEG concentration, CaCl, concentration, pH value and fusion time were
screened for their optimum levels by using the experimental design of response surface method (RSM). Through
this method, the fusion rate could reach the highest value of 0.924% with four factors of 38.41%, 0.44 mol/L, 9.26
and 28.87 min respectively. Meanwhile, the RSM detected that the synergistic effects reached to the significant lev-
el of 0.05 between the PEG concentration and the CaCl, concentration, PEG concentration and pH, CaCl, concen-
tration and fusion time. Furthermore, RSM also identified that the heterokaryon fusion rate was maintained around
0.94% when the pH value was 9.26 and the PEG concentration, CaCl, concentration, fusion time were varied within
narrow ranges. This study improved the protocols of protoplast isolation and cell fusion in D. nobile, which is

meaningful for germplasms’ protection and development, and it also supplied a solid bases in experimental material

for breeding.
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Table 1 The levels of different factors in single factor test

FNES K-

Factor Level

Cellulase (mg/mL) 0 1 3 5 7 9 11 13 15
Pectinase (mg/mL) 0 1 2 3 4 5 6 7 8
Macerozyme (mg/mL) 0 1 2 3 4 5 6 7 8
Enzymolysis time (h) 0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
PEG concentration (%) 0 10 20 30 40 50 60 70 80
CaCl, concentration (mol/L) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
pH 5.5 6.0 7.0 8.0 8.5 9.0 10.0 11.0 11.5
Fusion time (min) 0 5 10 15 20 25 30 35 40
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Table 2 The values of factors in the experiments of orthogonal design and RSM
e . . BT W) 1 [ CaCl, # A I
ERR  ATYERA YR (mg/mL) N s T ’ o
. ) (mg/mL) TRt ) () VRt PEGIKJ¥(%) [ (mol/L) 1) (min)
Wil (mg/mL) Pectinase ) )
. Macerozyme  Enzymolysis Response PEG concen- CaCl,con-  pH Fusion
Orthogo- Cellulase concen-  concentration . . . . X
. . concentration  time (h) surface tration (%) centration time
nal design  tration (mg/mL) (mg/mL) .
(mg/mL) method (%) (min)
1 8.0 2.0 3.0 1.0 -1 30 0.4 8.5 25
2 9.5 35 4.5 3.0 0 40 0.5 9.5 30
3 11.0 5.0 6.0 5.0 1 50 0.6 105 35

DRI 25 14 85 7K1 T A 16 B A 5 R 2 Sl SR, SR FH X
O ARIIE T B AR, T e ARG

R T 30 S0 5 L, i A A ) % S 0 45 2
AT 25 0T PR AR 20 ) 4 21 4 3 198.0 mg/mL S il
3.0 mg/mL. ZEHE3.0 mg/mL. BEAE 3.0 hi A
FHUH AT S5, TR E25 °Cy #3450 r/min
() PEL U BE IR 1 7% 3 WA, A FHFDA B (0,75 v 5005 1)
J A AR, v SRR ARSI A AR Rl
SIL U %5 B DR 2060 HE R AL 43 0l 3 PEGIKR 2 R30%
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G, RO I IO 5L, TR %
(NI
1.2.4  EKEAeen 2 &R0t ARE R MRS
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REZ KA REAT 43 BT, AR AR SRS 77 3 d5 K A A,
AT S0 b s A A T £ S A B AR 2 5 1 S0
PR DL LRl 7V 1R o0 B &5 R, 0 &5 A4
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EOCIE S
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2R 20 B, I ) 23 351 Bt 25 DAL 32 7K P 1 38 i 32 5
A WK e AR A2 A 51 A) . o, Cely
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Cel refers to cellulase, Pec refers to pectinase, Mac refers to macerozyme, Time refers to enzymolysis time.
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Fig.1 The factors impact on the protoplast survival rate (A) and heterosynkaryon fusion rate (B) in the single factor test
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23 EEREMEHENEEIRERS SN

R 4 000 7 T 26 A P S 6 TR T 15 L TR S G 4 R

W4, F R4 F s Al H Design-Expert 8.0.6% £
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R (1) Rk 22 TR ) 7 F: Y=-11.950 9+0.074 6S,—
1.328 0S,+1.740 8S:4+0.254 6S4+0.036 0S,S,+0.003 4
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X (AR I AT 5 22 43 T, EHERS R A, Bk
M 5 3 7K SF-(P<0.000 1), AH ¢ 2 £R*=0.965 0, it ]
ARy R REAS S W AR, HL R B I5P=0.139 6>
0.05 K A3, AT LU 12455 280 J7 R 0] Jit A6 o 4k il
B 10 26 AF HEAT TR0 20 A7 R0 AR KB R ST
F(S1)=5.94. F(S))=5.04. F(S;)=28.74. F(S4)=9.38,
R DAL 380 S A AR Rl 5 28 5% M 1R K /MR IR Ay pH>
fill 5 N I >PEGIKR JE>CaC Lk, HPEGIKE. CaCl,
WP pH. A T TR 0T e U fipk D A A4 1) i 5
RELIH L B2 0, SorbpH. flA I ) IA AR B 25
(PIE 53 5 40.028 8. 0.041 4. 0.000 1. 0.008 4, ¥
/NT0.05, X B K o, JEASPIE /N T0.01,
B B 2 KT o BEAL, W RS AT 45 T LUR IR,
PEGK J% F1ICaCL#K J¥ . PEGIK J& FpH. CaCl,if J¥
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Table 3 Orthogonal test scheme and the result in protoplast isolation

[t oas) TYERMEAR R K BTG PRt 7R 1 [R] 7K S W13 (%)
No. Cellulose level ~ Pectinase level Macerozyme level Enzymolysis time level ~ Survival rate (%)
1 1 1 1 1 85.28
2 1 2 2 2 89.48
3 1 3 3 3 91.96
4 2 1 2 3 92.48
5 2 2 3 1 89.60
6 2 3 1 2 94.42
7 3 1 3 2 91.27
8 3 2 1 3 90.45
9 3 3 2 1 90.72
K, 266.72 269.72 270.15 265.60
K 276.50 269.53 272.68 275.17
K 271.44 277.10 272.83 274.89
Survival  k, 88.90 89.68 90.05 88.53
rate (%) 97.17 89.84 90.89 91.72
ks 90.81 92.37 90.94 91.63
Optimum level Cel, Pec; Macs Time,
R 8.07 2.69 0.89 3.19

Ranking Cel, Time, Pec, Mac
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Table 4 Response surface test and experimental results in protoplast fusion

WREEREL PEGIKJZKT(S1)(%) CaCLi#k & 7KF(S2)(mol/L) il A 1] [17) (S4)(min) SEBREY (%)
No. PEG concentration (S;) (%) CaCl, concentration (S,) (mol/L) PH(S:) Fusion time (S,) (min) Actual value Y (%)
1 40 0.6 9.5 25 0.733+0.054
2 40 0.5 8.5 35 0.732+0.074
3 50 0.5 9.5 35 0.556+0.044
4 40 0.5 9.5 30 0.897+0.094
5 40 0.4 9.5 35 0.637+0.064
6 50 0.6 9.5 30 0.726+0.064
7 50 0.4 9.5 30 0.695+0.070
8 30 0.5 10.5 30 0.585+0.072
9 40 0.4 9.5 25 0.859+0.078
10 40 0.5 9.5 30 0.924+0.108
11 40 0.6 8.5 30 0.803+0.080
12 30 0.5 9.5 25 0.678+0.074
13 40 0.5 10.5 25 0.622+0.046
14 40 0.5 9.5 30 0.893+0.092
15 50 0.5 9.5 25 0.595+0.084
16 40 0.5 9.5 30 0.920+0.107
17 50 0.5 10.5 30 0.603+0.040
18 40 0.4 8.5 30 0.847+0.086
19 30 0.5 9.5 35 0.594+0.074
20 40 0.6 9.5 35 0.727+0.040
21 30 0.6 9.5 30 0.671+0.046
22 40 0.5 8.5 25 0.718+0.064
23 30 0.4 9.5 30 0.785+0.076
24 40 0.4 10.5 30 0.764+0.084
25 40 0.5 9.5 30 0.897+0.094
26 30 0.5 8.5 30 0.739+0.070
27 50 0.5 8.5 30 0.626+0.066
28 40 0.5 10.5 35 0.643+0.054
29 40 0.6 10.5 30 0.696+0.076

WA B S W(PE > 57 490.029 7. 0.044 9, 0.002 8,
¥)/NT0.05, 1A B W E K.

P = U R ) 2 A5 TR SR 611 43 B &5
FAF BT B0 R AR AR ) & s A A S A
41 PEG4000% /% 4 38.41%. CaCl, 4 0.44 mol/L.
pH9.26. il i 17]28.87 min, 1A f K 7 K% A4 il
B ZERET P 4 0.462%

Y NAE R 7E0%~1.5% HUE I, FAFEES FHEN
AT /SHI T ST LU b & A0k Bl KA, HZERA R
FH(FO6)o TN 7 FE MW IIE S0 A I, 1593 1) Az Ak
Rl R 722 T EAR T, #7E0.94% 20 47, HHIL Rl %0, 52
Wi S A2 AR Rl 5 28 () 25 AN DR R KA — 8 VB LAY

A G, AT DM A% A4 SRR Rl A 260k B 5 K E -
24 FMAEREIEREERS S

X IEAS SR LA H 125 R 2R AR K P, B dse i
S A, BEAT TLRPAT SIS I BIE, R HI I AR A
(R3S SR h92.67%, i35 e TR T Ze 45
1) J5L AR JBTAR90.05% [ 17 07 #-F- 1 (P=0.015 6, [#]
2B).

X I S TR DA A 380 1) JU A A il e AL
FAFRATIAIE, 15930 1) A% PR AL & RT3 25 0.94%,
550.92% 1 TR 2 7 AN 2 2, ELX B 6 TR 6
RlEr 1R e A% S 0H IR A TR il G 3 i, ST 3E A
0.68%, A M . 3 72 5 (P=0.000 1). 44 LA g5k,
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Table 5 ANOVA results of response surface test

T3 ZEAUS REiL FI H1 B2 By FfH PlH

Source Sum of squares df Mean square F value P value
Model 0.340 000 14 0.024 000 27.44 <0.000 1**
A-S,PEG 0.005 250 1 0.005 250 5.94 0.028 8*
B-S, CaCl 0.004 462 1 0.004 462 5.04 0.041 4*
C-S; pH 0.025 000 1 0.025 000 28.74 0.000 1**
D-S, time 0.008 295 1 0.008 295 9.38 0.008 4**
AB 0.005 184 1 0.005 184 5.86 0.029 7*
AC 0.004 290 1 0.004 290 4.85 0.044 9%
AD 0.000 502 1 0.000 502 0.57 0.463 8

BC 0.000 148 1 0.000 148 0.17 0.689 1

BD 0.012 000 1 0.012 000 13.10 0.002 8**
CD 0.000 013 1 0.000 013 0.02 0.905 4

A? 0.180 000 1 0.180 000 201.10 <0.000 1**
B? 0.005 672 1 0.005 672 6.41 0.023 9%

c? 0.065 000 1 0.065 000 73.20 <0.000 1**
D’ 0.120 000 1 0.120 000 135.36 <0.000 1**
Residual 0.012 000 14 0.000 885

Lack of fit 0.011 000 10 0.001 099 3.16 0.1396
Pure error 0.001 392 4 0.000 348

Cor total 0.350 000 28

R 0.965 0

*P<0.05, **P<0.01.
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Table 6 The optimism values of each factor, theoretical response value and actual fusion rates inferred by the software

. i _— . X . i) BB R SRR (%
gi's  PEGIKEEKT(S)(%) CaCL i /K T(S2)(mol/L) F 25 I 7] (S4)(min) ‘ PR ETECR)
. . pH (S3) o . Response Actual fusion
No. PEG concentration (S;) (%)  CaCl, concentration (S,) (mol/L) Fusion time (S4) (min)
value 1 rate (%)

1* 38.41 0.44 9.26 28.87 0.92¢ 0.94+0.06*

2 38.39 0.44 9.26 28.90 0.92¢ 0.94+0.07*

3 38.40 0.48 9.26 28.88 0.92* 0.94+0.03*

4 39.24 0.52 9.26 28.90 0.92¢ 0.94+0.05*

5 39.23 0.51 9.26 28.70 0.92* 0.94+0.07*

6 39.34 0.50 9.26 28.70 0.92° 0.94+0.08"

QR W IS T A IR 1) B S8 56

HIRLNG TR 2 AR .

* shows the optimism values of each factor selected by the software. The same superscripts denoted no significant difference at 0.05 levels.

T2 AT LA Y, i S iy DA SR A R S 36 5 56, %
5 5 R A IRAS I (B2~ E2H), TR AT

3 iTie

JsU 2B A A M

TEIR N AR A

0 1B RNEE DR Th RE 70 W S5 0T 9 R ) R i, the 2 A

YA TR BN F] 138 4% R K 2R R
JRAR R H AR AR FR [ 2 S HE R R AT S AT 7 oK
(K1 A% AAH HPR AR R B S 4 . Tl R K S8 0 e
T, SENLRSE S S A A ) A AR AR,
W75 SR T RE S BE I U Rt U AR, R
15 2 EAT P Bl DI o B34 7 1 10 40 R, o) fre it
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20 um

20 pm

20 pm

A 200 R TR, B: FDABE (R J 22 iR C: FDASS (5 P il &5 7K; D: RITCHL (4 i PRl 5 74 E: FDARIRITCS3 3l 4 (4 HO XU Rl 75 7
AAB=RIG A Gr ABB= Rl 44; H: Z ARG 1A . at Bt MR 7K A0 UL LA, bRy 27 Ji < 450U iRkt 2B Ak
A: the purified protoplasts; B: FDA-stained protoplasts; C: FDA-stained double fusion protoplast; D: RITC-stained double fusion protoplast; E: FDA-

RITC-stained double fusion protoplast; F: the tri-nucleus protoplast fused by AAB; G: the tri-nucleus protoplast fused by ABB; H: coenocyte protoplast.

a is protoplast of landrace Chishui and b is protoplast of landrace Ruili.

E2 RERGEEMMAMEME
Fig.2 The protoplast stained by FDA and RITC during the processes of protoplast isolation and cell fusion

B FRHR T 5 Y P e RN Q1) AT R SORTY
W, B 2R A BT 800 SHIT I IR A=
(R FFEE R R o AT FULE B R 38 S (R kAt F R
IEAREG WA IS 21 T B0 kB A o AA 2y 25
A A, B19.5 mg/mLATF4E . 5.0 mg/mL
R 6.0 mg/mLE AT 53 hllg fig ] (], JFAE it
AT 1 B T BRI = ) SR A AR, S g
JIIK94.42% o FER 249 20 ) v i ) i p
iy B BUF ik S AR AR A S A R, SR e = pH A
45 G PEG400015 3 PR B Ji A B A4 i, 1) B R 2%
Sy T IVATTRP S fiipv s &l WP A LN S S A Ea TG
4, HI7E38.41% PEG. 0.44 mol/L CaCl,. pH9.26.
Rl IS 18] 28.87 minZ&fF T w] LAY e i A4 il 5 2 05 )
LY

145U IR A TR BT 5T, R I AR
SURIE 2R e 2= B L . FRBEIRFE . BT
Pty e 2 R It At 1) DY A BRL 2R FR) K ST AS [R], 52 52 i

FEREBA A (I 1A) . 27 4 35 Bk B2 0T gt AR A
RS AR/ N3 N TN N 74 27 95 S/
AT AR 2 S R de /D, W RE VAR T AR SR A i
BE g 1 S AR AL RPN A D Py, ST YRR
WS 0 B B 1= 2T 2 3% 10 B AR A1 P T 2 1 40 DR dERe
TR BAT i ) A R A A SEEG a5 R,
figp E TR 6T Js 242 AR 7 4 1) 5 Wi R = 1§ 1) 52 )
T DUAS—FE, T 22 JTTA PR3 ) 23 it 5 il A ) £ S
K, AOE G K 2 5 K AE84.34%, AR5 H 4 /N2
54.35%. XTI A 5] A B A MEAPE S 1) (R 889, 42
W T AR T st A ik, Bt I TR R SE G, 328
1 ) d T AR I ), 0 8 H 0 D A A ) R IL 2
I KAE . AR B I (8] PR HERS , — 7 T ) Ji A2 i
AR R0 T A TGO, 53— T 40 AU A I kX )
(RISEN, S S ARV AR AT 2 0 R A E N,
T AR I TS Ji A2 ST A 0 A AN o AT
RIS R SE, AN (R 2A K 34 5 e L 10 il A B AR T3] 114
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Tt i T [ oF ol 6 P A AR ) A7 Y 35w i, i HL
VN TR (1% A P8 ek vy e AR DA B AR 1] Jo A 2 3
S5 A A (1) ) 22 B P (R 43 3 RAE T, 3 i AR
JEARIG ) Bee AT AN, G H e A 1 B 4 K
JC b, S 8T A U R AR AR A B AR R
TAER R —

AT TR I AZ R 56 18 T 7 3 52 1w i A o A
£ TR DY AN BRI 22 () e FE KT, 3R T etk TE
Y16, b e 2T AU b U A TR 25 T B AR
BT SR SRS R 2% . WnE2BIR, IE
AR BT LA IR S A A 1 % % A T SR A 1 i 2R
JEARAAL AN LR B />y TEA 53, i H R AR Fp g
D115, BEMEAE A JUA J A fi A5 S 56 PRI AR T 4t LA

T A T o TR 2 0] e A% AR ik 2 5 ) ) A AR
SN eI S 1 R S 9 ol ARV SV S s RPN I e
fHo AWFFCRIN, 18 J5 A T AR fl-E BIF 9 1 B IR 25 512
B, £ DRI ZE A1 — g YO T P 0T D AR AR e A A
HEVE R, I X AN S X Bh e 4 At &5 k55 B 2
AR R A R A AR IR RS VR T . S0 &5 AR A,
RIS INPEGHT, JeUA= FUATE mipHERBE DA A s 45 725
TIER T RS, A S A TE R, {8 INPEGS,
PEGIN 7 i A= A il 75 380 %, B A5 PEGIV K 5 %
W IA B B AR, ARG RS B s K {EH . Bl
Ji PEGR B R 1ok e AR B2, 148 ¥ I8 1) e KB BE AR 2,
PEGX Ji A8 Jo 4 1) 2 55 FH 28 3 14 i), — Jy [f it
BT B AR RSO, [k T A% AR R 2, 5 —
J5 T, PEGMR Bt vy S i AR o AR AR w4z i 21, B A1
TR AR R G R, HERN T AR A R A
b A RS INCaCLIN, Ji A4 A EPEG/ F T &
AT R, VNN — 8 W 1) CaClyJm, CaCLAERE i Ak
WARRLA AR 2 B, AR T kxRl o
K, HBNCaCLIKR FE A B ALK V-1, b Ak iyl
RWIE R B KA. BEJS, CaCLyk B8 I B ik
BRI IE B 5 KR FEMR BE 5, CaCl At it JeU A Ak il &
(A FH 22303 O B 22 5% T 9 BRI T D A T Ak i £,
A T A AR LA RN . R 2 pHA Rl G i )
X SRz AR Rl B 2 () s AR AR, e A% A e A A2 A
DR 38 7K YA IA 1 e AR T RO 4 K 3 g KA, S5 B
R Z KV A, A R kN B — 2 1
fHo

AHIFFUR P W S TV A - 7 52 1) J A= o4
R DY DR 35 ) e K PAE, 3R AR T e 4L

G, R B AR N AU R AR ST R B R A R A
BT IEREEEE KBRS % . WIEBC~EIBHTR, Wi
N T2 DA () 4 A i Dt A ST Rl 4 A1 BT 3R 11
SERGARRL AR, HA i FDA-RITCRUA 52 Yehrid i
(PRSI 25 5 I, I ERAS T Bt M AR K R0 2 vl B R 42
BUA SR A M RR(EI3E). AWTST RN, pHY e
I IE) . PEGIKR . CaCloif & 5t 42 8047 fifh 5 4% 1Ak il
B R MR R RINGS o T2 T I e PR 20 57
K2 ARGl & 2 P RE W RE RE, ] DL KRR BE . e 1tk
& v 25 DR 0T B A AR Rl G 1R ) e, ek R i AR o A4
R 2 PR IR T 228 JA 1, BRI DB A AR R 25 BSOAR,, 3X00)
SRR TR Bl B AR AR R A i B A s 2
TEH.

ARSI K, PEGHK JE FICaCLiK 2 [8]. PEG
W PE FIpHZ 8] CaCly¥ J5 A gl 75 1o 1) 199 A [R] 38 3
)56 S A A Rl AT SR I RS (R S) . X RN,
REWA 2B AR Rl AR AR BRI 35, 38 N % L8
DR 25 [R) A8 AR FH IR 52 ), 3 4 IR 28 TR) 4 FH B R A7
FEXT SRR AR IR il I RS A G B . A
WEITIE K, 4pH 49.26, TIPEGIKE . CaCLiK [ .
R ] R — 52 Y L P I, 15 2000 A% R A R
ZER AT, H8E0.94% /5 45 (6). HILL L4k
PATTAT LA, 52w g A A A 1 25 RS AN
B AE AR S AR A AR AL A, T HAX L PR 22K T 1
HAFLIE N R — A DX R)

ATFFAE T N FNA B AL 5T ) S5 AL, A4k
TRA ARS8 7, AR T AR R
PEFAR FEE P T AR P2 0 Tt i s T D9 A DR 35 P e £ 5%
PRAA, FERCENERTG T it ) R AR Ak . 7E e
fili b, AR S0 FEIRIE TS B TR m e AR A R )
JE A AR R 772 L X PEGIK EE . CaCLIK . pH.
Rl T R) S R A AR A B, FEA) A0 S H P R s R Y
(1) A2 AR G B0 frb Al Mk 2R AR, T OLA k1)
AR G A5, BN R A R L R AN DR 3 RN 25 DR 3R
ZTE) R PN A 53 M O R RO L RO i A oA e e A%
IR R AL, BT B R R 5T .
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