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Optimization and Establishment of a Protocol for Protoplast Isolation from Barley Leaves

Zhang Xiaoyu, Chen Jingjing., Peng Yiling, Deng Fenglin, Qin Yuan, Zeng Fanrong
(MARA Key Laboratory of Sustainable Crop Production in the Middle Reaches of the Yangtze River(Co-construction by
Ministry and Province) /Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland, College of Agriculture,

Yangtze University, Jingzhou, Hubei 434025, China)

Abstract; To establish an efficient protocol for isolating high-quality protoplasts from barley leaf epi-
dermal tissue, thereby providing technical support for studies on stomatal development, gene func-
tional validation, and molecular breeding for stress resistance, this study used leaves of barley(Hor-
deum wvulgare ‘Golden Promise’) at the three-leaf stage as experimental material. An orthogonal ex-
perimental design was employed to systematically optimize key parameters, including the concentra-
tions of Cellulase R-10 and Macerozyme R-10, digestion time, and osmotic pressure. The results
showed that enzyme concentration and digestion time significantly affected protoplast yield and mor-
phology. The low-concentration enzyme combination(1. 5% Cellulase R-1040. 75% Macerozyme R-
10) failed to effectively release protoplasts. Increased enzyme concentrations(2% Cellulase R-10+1%
Macerozyme R-10) improved yield, but levels remained relatively low. When the Macerozyme R-10
concentration was increased to 1. 5% combined with a 6 h digestion, cell wall degradation was most
complete, leading to significantly enhanced yield and improved morphological integrity. Osmotic pres-
sure optimization revealed that increasing the mannitol concentration from 54.7 g« kg ' t0 98.4 g«

kg ' (resulting in an enzyme solution osmolality slightly higher than the leaf tissue osmotic potential
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of 630 mmol » kg ') increased protoplast yield from 4. 8X10° cells *

mL™! to 5. 8X10° cells « mL™",

Furthermore, protoplast morphology transitioned from irregular shapes with debris to intact, uni-

formly spherical forms. The optimal conditions were determined to be 2% Cellulase R-10, 1. 5% Ma-

cerozyme R-10, a 6 h digestion time, and a mannitol concentration of 98.4 g « kg™

', under which the

protoplast yield was highest and the protoplasts were intact and uniformly spherical. This system is

not only applicable to the lower epidermis of barley leaves but is also highly efficient for mesophyll tis-

sue, providing reliable technical support for related cell biology and molecular biology research.

Keywords: Hordeum vulgare ; Leaf blade; Protoplast; Orthogonal array design; Osmotic pressure op-

timization
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YIAH LG R A2 26 30 Hh 50k i 3R 28 ) 30 ik 52 L g
0% L0 35 O 5 LR R IR S 2 R B SR

AL B A R R 3R B R R Y AR g e
TK O3 75 1 R G B 5 AL R R AR ) YOG A R
SRR MRCRY . £ T RN AT AL
i 3 2 25T A 2 5 5 A ) 00 K Bl P A S AL
FEARAE KR T 2 00 B B, L 7E 4 BROK AR 26 5 Bk
W R AR A I Ak Bl A B0 i A SR
HpE R R AL & B i 5 sh i 4
L A AR A W) AR i 2 —, iR R
B DA T AR 2 I i LA DG I 5% 1Y B S 5 b
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1.1 #EYHRESE

PR 06 1k FH B K 2 (Hordeum wvulgare) i #f
Golden Promise A A4 4}, 3 BUE 36 FF 1 40 K7,
30% H,O, W RN TE 10 min, B 5 LLICH %
BFKEE 5~7 W, KA E T IR K R
12 h, ZJa e AA I IR AR 0 K FR MLy, T R
Tk 48 h, R KM RE2ERS
AR 3: DWIRG L 8d, & T AN TR
TR, HEFR AR 13 h OGRE/11 h
5, fH IR 25 C LR 70%0 . WP KA £ EIE
. FrghiiA K 2 =k — e, BRU5E 4 R IT 1Y)
55 R T R A AR A
1.2 ERfEREH

B 1 2 4 2% 8 KR R R, ik
T H @R A 18,2 ¢ HEEmAM TiEE £
BTk ERZE 100 mL; CaCl, B AH 11,1
g CaCl, G E 24 % 100 mL; MES £} 4%
1.95 ¢ MES W f# JF A pHIEE 5. 7. 2 & &
100 mL; PBS & i & 8 g NaCl,0. 2 g KCI,
1. 44 g Na, HPO, 0. 24 g KH,PO, K 0. 1% (w/
VBSA IR EAE 1 LA pHEZR 7.4,

PIUEAE S A MICEIRR 10 mL. & DRy
1], 2T 24 2 ity F1 5 BT it 1) R B T A T A AT 2B B
et o)« BT e B0 A B = AR RO A 3 mL
PR .1 mL MES £} (pH 5. 7) fil 5. 989
mL KB K. @UEE IS MES BT 70
CHH 2~3 min DIME S M, FE/FMA 0.15 g
21 HE E il R-10 F10. 075 g B AT R-10, IR 2 )5 &
F 55 CAB I 10 min, DL & BG5S 7E
IR DERG AR . FRIR IR A ZEERIG . MA 10
pl CaCl, B A1 0. 01 g 4 1L 3% H 2 H (Bovine
Serum Albumin, BSA), IB&¥ A5G 0. 45
pern Y8 R U0 SR TR T A T A R SR R TR e R, B
F 4 CHAAF & GRS ECELD .
1.3 BEERENEERS AL

28 8 1 F AR T VBT BB JT /N0 R
L = e QI ol N s VAU
AL H BT 2 0.5 em K B & T 1
Wb, XHES Y #E T E A A FE 30 min, DU 2
RS 3 s N D S S A X G I i R 2

fiti % 3~6 h,

it fife 45 RS L I AE AR AT 1) 1 X PBS 2%
IR AL R L BB 5 ming, KR PR 4 40
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TWREE IR A A, PR R R
1.4 ERXXWEIT
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PEEse it 3 AN 2 KoK -4 5k £F 2 25 1l ik
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J5 2550 it (LAAL 3R 5 o A A8 o, J A A4 7 1 2Ry
AR ) o PEAR AN [ Ab B2 4 8] 25 S I G241 X
(a=0.05), 7¢It Al b, X £ kb 38 41 8] i 17
Duncan £ &\ K, R IFRILH G S5 HMAEEGH
ZSWEME, X T8 RS b A B LA
RIS AEAS ¢ K5, BT A 0 3 LT 24 {E £ pr
ZFROR HHTRER 3 IR(n=3),
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TS AS 3 57 A AR (R 1A FTE 1 B, 42 E) . i 24 B i i A 4 K 2 6 h (M6) B, 78 AH [7]
fe e B (M3 M4 Ji L R A R = 8 A B T it e T T A A R ik B i i (4. 8 X107 cells »
{EATE AL F 84 7K 3 (0. 15X 10° ~0. 40 X 10° cells - ”)Eiﬁ%ﬁﬁ%ﬁ~ﬁ H X 58 (]
mL "), H A AR B R 7843 (| 1C filiE 1D) o X WA A v Ml vk R R RE b, 7E 2 1R

10 ] S I TS P AT AN 2 LA oo A0 e 40 i B
ARSI ARG A 1. 500 (MB) S5 . 1E 3
h AR 25 PF R DA AR i 4R i 2 1. 6 X107 cells »

Hﬂ‘lﬂmiﬂéﬁiﬂ@ﬁ%%ﬁj\ﬁ%ﬁ’%‘%%Jﬁiﬁﬁ1ﬂifﬁi
o s vE e, AR AR E SE SR
fiE ,M6(2 % 4F 4 2§ R10 + 1. 5% = 7  R10,

mL ' H R A R S R %, A R (K it 6 h) A SEIG 250 T i e AR AL A A .
1 EXEBEREFH(n=3)
Table 1 Experimental results of the orthogonal array design(n=3)
P ‘ _ ESIES Fa?lf)r 7 ‘ e JF AR Protoplast
Treatment AREWMEE  BEOEUE A il s
code Cellulase Macerozyme Digestion (X105 cells » rr/d -1y Mor /};l(;\lo
concentration/ % concentration/ % time/h h - p gy
M1 1.5 0.75 3 0 L TE S5k T 1A
: : Few to no protoplasts
M2 1.5 0.75 6 0 JLF TR 5L B ik
' ' Few to no protoplasts
[\
M3 2 1 3 15-0. 04 I A i 4 e~
SpdrsL protopldst rdcasc
W B /s
M4 2 1 6 0.440.08  BUERREE gD
Sparse protoplast release
; JRARE B 3D IR AR SE R
M5 2 Lo 3 1.6+0.2 Low yleld, irregular morphology with debris
Tk e 2 JE B AR
M6 Z L5 6 4.8+0.3 ngh yleld, mostly intact with some debris
A - = = : B c | 4
. s e
@ ¥ ~ | - o .
* Q ) @ =
% G b 3
S & -
- 1 #
; ) o T sz : k. AT
Py
D » E - uF L)
‘. # . i # . [
: N L : ; NS v
i Fii3 7 R .
o < 1Y
-. e ) B - 7y . -"":
e . ; b
p— o ’ A
50.am [, sowm 50 gm

AL SO0ETHE R R-10 A1 0. 750 B AT M R-10. AR 3 hs B: 1. 50 2T 4E K R-10 A1 0. 7526 B AT Al R-10. WA 6 b C. 200 27 4 Bl R-
10 Al 1Y B HTRE R-10, FEAR 3 hsD: 2% P 4E R R-10 A1 10 B HTAE R-10, [ 6 hi E: 20 e K R-10 Al 1. 56 B BT R-10, [ 3hs
F:2 %P4 % W R-10 #1 1. 5 X B HTH§ R-10, Bf#% 6 h,

1.5% cellulase R-10 and 0. 75% macerozyme R-10,digested for 3 h; B:1.5% cellulase R-10 and 0. 75% macerozyme R-10, di-
gested for 6 h; C:2% cellulase R-10 and 1% macerozyme R-10, digested for 3 h; D:2% cellulase R-10 and 1% macerozyme R-10, diges-
ted for 6 h; E:2% cellulase R-10 and 1. 5% macerozyme R-10, digested for 3 h; F:2% cellulase R-10 and 1. 5% macerozyme R-10, di-
gested for 6 h.

1 AEBBEETRXEHRRTRERERFHNERURER
Fig. 1 Microscopic observation results of protoplasts isolated from the lower epidermis of barley leaves

under different enzymatic digestion conditions
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2.2 BEEMREERGFEEMESNZIG

I T 2H A5 6 A 1) 0 S L 98 38 e I 52 ) Ji AR
Bk SIS Y — R R, AR,
HOEME T KEM AU B iEHN 630 mmol -
kg ' SR LA MR (M6 4L A, H 8 IR
54.7 g » kg DB IBEHN 410 mmol » kg ', B
FART o 5 218, 0T fig 25 3 305 A iR A Bl S 0ok
T R K T 2. Dy B A A kb T R N
fiff W5 33 oy R & 5 4121452 (630 mmol -
kg ' HEEREWEE 85.6 g - kg ) Mg T AL
(680 mmol « kg™ ', H#EEEHE 98.4 g+ kg DY
AR, LIRS 35 He 0T J AR T A 43 B RO 16 52 )

R2 BEEMBEERGFENES

GERRWIGR 2 B 20, Y H EE W Bl 54.7 g »
kg " B, BRI IR P B2 (4. 8 X 10° cells
mL ™) B 8 Bk — i R B (] 2A),
R HEBEKIER 85.6 ¢+ kg (EBEXMHP R,
JR A A =R T2 5.6 X107 cells « mL 1L ES
TEREEAT T CE W s (B 2B) . Y H R Mk
JERRTEE 98.4 g« kg (W& B B IR BT A
iR 5 (5.8 X 10° cells » mL 1), H 48 Kk 2%k
J AR BRI A5 o8 8, SR B 5RO (B 2C) . Bk
S5 UL B K A TRB OB e R T A O B T
LB B A A IR A BRI S T E M
I b 25 4R S AR A R

IR (n=3)

Table 2 Effect of osmotic pressure on protoplast yield and morphology(n=3)

JE 4 i {k Protoplast

4ib 3 2 HRE B
Treal(llmem M'ann/izol e ) P A
code concentration/(g * kg Yield/(X10° cells » mL~1) Morphology/( X 10° cells * mL~1)
O s C o UL R 25 2 5 4
- : U Moderate yield; morphology mostlyintact but with debris
L - Ceion R R UK B 8 T A5 A7 T B
B v R Moderate yield; morphology mostly intact, slight debris
L 051 Ceto B B £ B A5 K R B
- : o High yield; morphology intact and predominantly spherical
A B (o
g p * .
£ = N & R S N
k2 % - N
A , k. ¢ o £ - R J_"":’_____
3% i o & & & " b ‘,H’,, __—zr;ﬂ_—
o & R v !
3 @, @
, %"
: @ . LN
R . y ¢
® kl; :“ : - i&v N e
! 50 um ; o SOum Q%‘ : N 50 pm
AT BB 64,7 g« kg™ !B BB 85.6 g » kg™ 15 C. H ERBFVRIE 98.4 g - kg™ !,
A Mannitol concentration 54.7 g « kg~ !'; B:Mannitol concentration 85.6 g « kg~ !'; C:Mannitol concentration 98.4 g+ kg~ !.

B2 ARASEETAEMATRERERGHNERUARER

Fig. 2 Microscopic observation results of protoplasts from the lower epidermis of barley leaves under different osmotic pressures
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(L1~L3) X R F - AL 8Lt A7 7 R A AR 4 5
AT T W AROW LI . 4551 (& 3) o, A
LU o B AR T 26 A0 i 22 30 A 4B Y A 4k
G, FE M1 M2 Kb BT, o PR R A R IR R
i€ s T W N 1 R S G S BTN
3B). M3 M4 AR, JE A AR 7 BRSO,

{EL4A i FE 25 45 AN 58 % Ui 25 A 58 0 (& 3C Al A
3D), M5 Ab B AT AR AT B 2 I A A N 58 B Y I AR
Bk ABAT AT B A% 7 (&1 3E) . T 7E M6 b B
ZRAETT S I P AR MR R R e R AR R
AR DB (] 3F), SRR TR
B2 A B i M6 b3, X it R A U AR LA
RO A BT A o3 g RCR . EL I R B2 S S )
4 A2 A8 I TR A AR R T R A S SR B A T
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A1 5% LF4EE R R-10 F1 0. 75 % B Hr e R-10, B 3 hs B 1. 5 % £F 4E E i R-10 F1 0. 75 % B M R-10, B fi# 6 h; C.2 % 21 4 i R-

10 A1 1% B HTHE R-10, B 3 hy D2 Y0 4R 4 3 R-10 A1 120 BIMTGE R-10, W 6 h; E:2 %0 2F 48 %W R-10 A1 1. 5% B AT R-10, B 3 hs
F:2 % 4 F W R-10 #1 1.5 % B M1l R-10, /% 6 h,

A:1.5% cellulase R-10 and 0. 75% macerozyme R-10,digested for 3 h; B:1.5% cellulase R-10 and 0. 75% macerozyme R-10, di-
gested for 6 h; C:2% cellulase R-10 and 1% macerozyme R-10, digested for 3 h; D:2% cellulase R-10 and 1% macerozyme R-10, diges-
ted for 6 h; E:2% cellulase R-10 and 1. 5% macerozyme R-10, digested for 3 h; F:2% cellulase R-10 and 1. 5% macerozyme R-10, di-
gested for 6 h.

B3 AEEBREFTAZEHAREREFHNEMNELER

Fig.3 Microscopic observation results of mesophyll protoplasts isolated from barley leaves under different enzymatic digestion conditions

F 3 FE i B i A AT AR L Y H R
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=8
= 25 - W ds g @ g‘é = 5 % @
Ny Bl 1 - Y S E J FL ) %@% a ot

A HEEREMRIE 54.7 g+ kg B H @RV EE 85.6 g - kg ' C. HERREMRIE 98.4 g+ kg !,
A:Mannitol concentration54. 7 g » kg~ '; B:Mannitol concentration 85.6 g » kg~ !'; C:Mannitol concentration 98.4 g+ kg~ !.
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Fig. 4 Microscopic observation results of mesophyll protoplasts from barley leaves under different osmotic pressures
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W) AR S S T S S A B 2 06 AT HE R
fif R-10 5 1. 52 B #T i R-10 (4L & X K&z AT
BRI S AR B ACR  BLWTIRC LU REA RCF- 1
240 0 BE e i 5 2 M B AR AP Z AT S 2R

BEEM YRR A RIS 5 D2 XE
B, AMMUBERS R IS L LA BOIR AR R 8 TN B
BRI ARE KA T 5 WK MK, 8 2 A
T K G L 3 2 B R R AT
FUiH i P E B B W B R =
W e T AU K b B H #2 B2 98.4 g« kg )
AT 7 24 455 D A R 285 [ o S [] P 3075 B o
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