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The establishment of protoplasts isolation and transient expression system of

sorghum cultivar BTx623
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(Key Laboratory of Three Gorges Regional Plant Genetics & Germplasm Enhancement/Biotechnology Research Center, Three
Gorges University, Yichang 443002, Hubei, China)

Abstract: Sorghum is one of the important crops next to wheat, rice, maize and barley in the world, although the
sorghum genome has been sequenced, the lack of genetic transformation methods for the sorghum sequenced cultivar
BTx623 has limited the development of sorghum genetic breeding and functional genome research. Because of the effi-
ciency and rapidity, the protoplast transient expression technology plays an important role in the research of functional ge-
nome. In order to establish the protoplast transient expression system in BTx623, in this study BTx623 seedlings were
used as materials to research the osmotic pressure, composition of enzyme solution and the time of digestion in the process
of protoplast isolation. The results showed that in the process of protoplast isolation in BTx623 seedlings, the optimal
composition of the enzyme solution is 1% cellulase, 0.25% mecerozyme, 0.6 mol/L mannitol, 10 mmol/L. MES, 1

mmol/L CaCl,, 0.1% BSA and 5 mmol/L. #-mercaptoethanol, then 1>X10"/mL protoplasts with high vitality were ob-
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tained and the protoplast activity was higher than 90%. After that, the plasmids containing 35S: : eg/p was introduced in-

to the protoplasts by PEG mediated transformation, from the observation under fluorescence microscope, the genetic

transformation rate was (61.31£3.91) % . In this study, by optimizing the conditions of protoplast preparation and tran-

sient transformation in BTx623, the protoplast transient expression system was successfully established, which laid a

foundation for further study on functional genomics in sorghum cultivar BTx623.

Key words: sorghum; BTx623; protoplast isolation; transient expression
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1 3 (Sorghum bicolor) J& # 2 (/AR & VE Y M RE
TEAEY), BAT )2 (3 P A R A Y Bk e | 7E 4 it
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BTx623 7 — Rl 3z flE A 1 22 & Al , H 4 R 2
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M 388 % e A H R By e =, BRI T 3R i A BT x623
14 388 12 A0 R R ) i 6 D] A AR 9 ) R R

) D A JB A A ) L 2 53 4 L BE S R 1Y
YA, B A T 3R UM IR A% IR v By REE )Tz
TR R AR R A A 2 32 AE W A0 A A o
M)A AW 5E " % . A 1960 4F Cocking %' 1
YR ) 21 24 25 it AL 11 590, DN 3 58 ( Solanum Lycopersi-
cum ) FE AR 43 85t Ko i JE A B AR Dok BHIF A B E
2 16 P IF (Arabidopsis thaliana)'™ . K F& (Oryza
sativa 1. )™ | E K (Zea mays 1) M B (Nicotiana
tabacum L. )" BEASE A AE Y) rh N7 T IR AR BR S E
ARG . AR AR DB E (Solanum papita) i B h
VAN Ve N R N I D R {1 i 2 VAN
Wy isi A A S PR AR R 38 A S 3 TE R B v
ST AR ARG AR R L O DL gfp i R RS T
AR 84 1% M R A TR BRI Ak RGN . TR
B3 5 POTCHETSTRM H, JUA: i & 2 46 bk
K UE B SbSTOPL & 1147 F 4l ML #% i, IF 4% Sb G-
lul R SBSTAR2b [ F 15 , 1T 2 15 T w5 3 & ol
POTCHETSTRM XJ 815 3 B9 S L™ o 76 5 3 dh
fl BTx623 v, A BiF 5% DL B A0 1 BokE , R il A
23 DU A PR T HEAT T R A E R R AR RCRAT)
SR R BRI T S i T R L PRI R kst AL
AL AR B IF & 3T BTx623 H 56 i 38 L ik AF 52 1)
R SR R AR AR R ) [

HH W) I I 3 58 2 — ol B bs Bk DR ACHE 4
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AR AR T R AP S0 RS . FEAE Y AR i A
rh HEAT I I 3R 3K T A I [A) AN 5 S A Y TR
G B O AN M L P A, Tz T AR A A0 i
FEAL EE AR ik R A B EAE RS TR

e Py B D D REAF 55 v o AT R 9 2 3 R R 400 R 7 i
A AR R B AR R R L R S SOCAH T L AT T
740 B8 5 A, & IR SHC4H 1 JE A 5 7 T 40 i 5 vp ),
A W5 1o Bk B R IR R K Cas9 2 1R sgRNA
Bl NS0 RN 2 1) D A A e X A MLO-7 5& K]
HISE S 49 DIPM-1.DIPM-2 Fl DIPM-4 3£ K #4717
S, IR I A E TSGR B A R AT, Wl
A WG R Ik i 22 35 B R FE KRR R AR AR T iE AT
T e L UTTE A0 A A B S AR R T2
JEARIC S, I8 T BV OsGLK 1 3 Rk BF 58 7K F
SR AR AR B R BTx623 1, i FRRE
WAL AR R A= BRI Rk R R AR 2
B9 ISE ), DR I S s 53 5 ol BT x623 1) ik B 36 3k A 2
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FEAE M IR A PEG A B A& 55 A0 R, #E 57
TR E WY JE A A R B R AR IR R 6 e R A
BTx623 (it f& & AT ge 5L AR A EZE L.
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L1 FBEHHANE

3 S il Al BT x623 2k I T = e K~ A= ) 1 AR BE
FE L, L 96 E B PCR X A5 3 Bio-RAD
CFX96,

21 4k 2 iff (Cellulase R-10) F1 &5 7 fiff (Maceco-
zyme R-10) ¥4 H AR Yakult #F 174325  2-N-1& g 2,
%t it iR (2 - Morpholinoethanesulfonic Acid, MES,
Aladdin) .3 & ¥ (Polyethylene Glycol, PEG, av-
erage Mn 4000, Macklin) , . Z, g %¢ 6 & (Fluores-
cence Diacetate, FDA, Macklin) . RNA &L & B
()R 3C) & eV £ 1R (Ethylene Diamine Tet-
raacetic Acid, EDTA, Biofroxx) | ii 2F IfiL i ( Foetal
Bovine Serum, FBS, Biological Industries) . /N 2 Ifil
i & 1 (Bovine serum albumin, BSA, BioFroxx) .
M-MLV (H ) Reverse Transcriptase (Vazyme) .
ChamQ SYBR qPCR Master Mix( Vazyme) .

oAb 32 57 4 H 8% B (D-Mannitol) . CaCl, KCl,
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T e A TTEE G TAEG 752 WAEIH % 1~2
min, Jo R K IEBE 2R, H 0. 1% B TR (% 0. 1% it
1 -20) 12 W8 5 20 min, AJ 3E Y e B, JC K
W UE 5~6 K, K 1~2 min. AR B R TR
B B E VR TV R AT A 1/2 MS EE SRR 3
B, R %E .26 CH AL 16 hiE 57
12~15d % H.

1.3 JrAedhig

A SO R A R IB HAK pLS10 kA
T e K A W R R WE S L B AR SR AR
# (cauliflower mosaic virus, CaMV ) 35S g 8 F , &%
{t, % Jt #5 H (enhanced green fluorescent protein,
egfp) B R K i B & 1 26 1E F (nopaline synthase
terminator, NOS)ZE 014 .

A WF 5% i 11 B BE DNA ¥ 3% ] Qiagen Plasmid
Midi Kit(25) Bk R 42 12851 & $1 e, HLAAR 7 1 45 1511
& P PR AL AR
1.4 S RRERKE 5 B AL

Pl 3R 12~15 d i JCTH BTx623 2 i , BRI =5
1g, AR 0. 5~1. 0 mm B A i T2 A
0.6 mol/L H & B iAW /Y 50 mL = fAi b, ot E
20 min, ¥ H & B R J5MA 10 mL B (£ 1),
RGO A 3 E % T 47 30~40 r/min
IR 5 3, il E 25 1 h )5 4R SR % 2~8 ho W25
Ji VB % PR A = 80 r/min ZE £ 10 min, il A % A
FLE) W5 % ¥ (2 mmol/L MES . 154 mmol/L NaCl,
5 mmol/L. KCI,125 mmol/1. CaCl,, #%& pH %1 5. 7)
Yk 22 2% 10 min, H 200 H 19 Je Je ™ 3 38 2] 50 mL 9
B0, 100X g B0 3 min, 75 175, A 0. 5~1
ml W5 &, & Tk E&H .

x1 EHEBRAR
Table 1 The composition of enzyme solution

Stock Make 10 mL Final conc
MES (0.2 mol/L, pH 5.7) 0.5mL 10 mmol/L
Mannitol (0.8 mol/L.) 7.5mL 0.6 mol/L
CaCl, (1 mol/L) 0.01 mL 1 mmol/L
Beta-ME 0.003 mL 5 mmol/L
BSA (10%, m/V) 0.1 mL 0.1%
Cellulase R10 0.1g 1%
Macerozyme R10 0.025 g 0.25%
H,0 1.89 mL —

1.5 RARKGFERLEE NN

O F AHH 0. 1 mm IfiL BR 0 B 48 3 57 4 R
PR%, B B Al A e 0 R A TR BV R 10 pl, T 7E
I3k B b 7RSO B R B . BTt
JE A= AR (A ) =80 /N PN 41 i A4~ %5/ (80 X 400 X
10" X Wi BEAE 500 o

@& 3K BL 100 pll JE A M4 in A FDA #
W (5mg FDABE T 1 mL N2 pLiR &A=l
## 1k 5 mine TEDEO0 W T KA, I g A e
A AR AE S AR T e & Bt T B AR TR
FEN R TR FRRTE 1 (%) =& H 986 i JR AR i 14
B/ TR A BB < 100 %
1.6 PEGA-F8 R A Rtk#1L

H MMG % # (4 mmol/L. MES. 0.6 mol/L H
W 15 mmol/L MgCl,, 14 % pH £ 5. 7) % J& 4= Jfi
A Ve B I e B 45 22 T 2 X 10°A , 7E 100 pl J54E i ik
A 10 pg R AT 110 pl. PEG-Ca ¥ # (20 % ~
50% PEG4000.,0. 6 mol/L H & % . 0.1 mol/L Ca-
CL) TR 2) J5 = i 6 #f B 5~15 min, 7RIS
A 440 pl. W5 W28 1k ), 4 °C 100X g B85 .0 3
min 5 25 % B3, B 500 pl. WI# (4 mmol/L
MES 0. 6 mol/L H # % .4 mmol/L KCI, %% pH |
5.7) 568 2 IR 4 1 v (FBS) £ /i Ve ¥ i 19 24 4L
Br et b o AR S 0 D A A 200 1 A 5 L R R T
HeHE 3% 16~20 h, F 28 6 i G0 B8 W 5% egfp 36 ik 45
BT AR A A RO, 2 R AR T iR
AR (V0 ) = K S5 0 0 i A B AR B H / i
A A BT AR <100 % .
1.7 JRAE AR RNA 8932 B

B 1X10°4 Ph B iy R A AR % & RNase-Free [
EOE T ,4°C 100X g B0 3 min £ Bk BE AWK
SRR R AT A P F B D R, I 2~ 3 IR
Ja A 1 mL RNA 242 B0, 7K 1§ 2 5 min, T A
200 pl S 05, B B3R % 30 s J5 oK b8 & 5 min, 4 °C
12 000 r/min 5.0 15 min, 70 W B 2 /K A 2035 58
OEFIF A 500 pL F N EE, —20 CHEE 1 h)5 4 °C
12 000 r/min & .0» 15 min, 3 F3& , ITA 1 mL Bl 1
75% B (DEPC /K EL ) J& 4 °C 12 000 r/min & 0>
5 min, 3¢ FE , 8 & TAE A B KT 10~20 min, it A
20~40 pl. RNase-Free water, 60 ‘C4: J& & 10 min &
fi#f RNA .,
1.8 R KA EA %K T T HH

7t RNase-Free & 08 il A 1~5 pg RNA |1
uL DNasel f1 1 ul. DNasel Buffer, 37 ‘C7K ¥ 15 min,
A1 pL EDTA (25mmol/L) J& 65 ‘C/K # 10 min,
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45 m A 1 p. M-MLV Reverse Transcriptase
(200 U/pL) .4 pl. 5XRT Buffer.1 ul. Oligo(dT)
A1 pL ANTP Mix, 42 C/K# 45 min J5 85 C4& &
5 min, #i B 10545 H -

ALV B PEE BE5IWh , egfpF :5-GA-
CAACCACTACCTGAGCAC-3';egfp-R:5-CAG-
GACCATGTGATCGCG-3', ffi F§ SYBR Green ff
R CHR AL, %O E B PCR Y IR K R - 2%
ChamQ SYBR ¢PCR Master Mix 10 pL, I F 5]
WXy oA 0.4 pl,cDNA N 2 pl., i J5 il RNase-Free
Water #h £ & 20 plL, VL actin & (Gene 1ID:
LOC110436378 S ¥ : NCBI) Ry N 5, I A 1124 -
95 °C 30 min, 95 °C 105,60 °C 30 s,40 M .
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X s R £ 2 2R i R B AT VR LR A A D g
R UEAT T, S TS A R R BTX623 1)
JE AR AR AT B IR R
2.1.1 9B U X A AR 43 1 B 5 i)

BB R 1 OG A B IR AR A 5 R, A B 5T ok
$0.3.0.4.0.5.0.6F10.7 mol/L Tk FF 1y H &
B, Tt AR i 4 S ARG W00 AR A 0 . H #E 0. 3
mol/L 45 FF T 153 2 i I 2B it 4R S ¥ ik B ok B =2 Tt
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10°4~, 0.6 mol/L 2 & 2 J+ (19.84£5.1) X10°4>,
0.7 mol/L & Z T M (5.62+3.75)) X10° 4, H
0. 3 mol/L i it A= it & 7 & 5 K, 0. 6 mol/L i = &
i, 0.3 mol/L B i A= B AR 7= & g 345 LA |, i
b i Ve A B & B, H 88 Mk B2 S 0.6 mol/L i AN
HAb e E T A= ENA B E 25 (K 1), fr i H

FEWE0. 6 mol/L g F iy vE 30 .
2.1.2 K[ il e R b D A IR 4 ) B i)

R T R 2T 2R S M Y 3 CEOVR L 2R
Y 3 AR EE 1% 1. 5% 2% FES AT i 3 Fh ok
0.25%.0.5%.0.75% AT i 4l &, 15 5] 9 Fh 4
B B e R I R A AR S B e s (R 2) , o
1.5% £F 4 & i F1 0. 25 % &5 A i (0 J5 A= I M 7=
B, NEZTF(19.545.3) X104, 2% 47 4k K i
F10.75% 5 b7 B 1Y 77 R AR, A B2 T (9. 25+
2.75) X10°A~ A0 22 29 1A% o 3l B8 40, & SE 4k
B 7 ARG 4 2 8 H BN 5 AN A Y T 2 ]
WA EEER . Z 50T 4 R KR A
O T AR BT R 7 Sk B 52 R, R IR B S R R A Y
T AR AR R R I Z R R (B 1b, 1e) o £R
LTER PR A R 100 R ES TG 0. 25% 1 N i
4.

2.1.3 [ B[] 6T Ji A= JB A4 43 85 14 5 i)

SRR A A A ) 2 0 AR AR 2.3.4.5.
6.7.8 hJF HEATHRE R I J5 AR o A Y e . Hoh g
fi# 2 h - 34 7 g AR, O B T (2. 5320, 3) X 107
A EEAR 5 hORT 6 h S35 i A Y T S e, B
Z I} (17.3343.05) X 10°4 M1 (17.3344.51) X 10°
A 38 1 KR A3 BT 4,567 b JEL AR R A R 1O
FEEER(E 1) 25 RME TRWE, KM 5h
Ui 125 A A AR R BB AR 1 40 2 2T LR 3 22 i LU
TEFE 5 WA Ry 3d A 0 il Ak B 1) o
2.1, 4 JEUAE AR 3 B K T R 45 AR

HRAE DL 145 5 43 B, 5 5 i Fh Bix623 Ji A= T 4
NEERIER N SH 1Y% T4 RZBEMO0.25% 5
T T 17 Tl A Y L 38 B B B T 0. 6 mol H 27 B, &
25 1 hJa Z RN 4k 22l A B 1] 4 b ) RS0 R R
A AR R AR IS N WS U T T R AT Bk N 2 Tt
(1.24+0.07) X 10" 1) 18 3 A A .

O J5 0 TR A AR T FDA 2 46 i AR I 1
FR TG g, A 80 B O T SR (1R 2) , 0 T AR TR
BN K S 1 J5AE 0 R0y S T B, TR R AR

R2AFBREFGTHRERERGESE

Table 2 Protoplast yield in different enzyme concentrations

JE A PR = 4k /10° 4 - mL !

ATt 1.0% £F 4 2 i 1.5%% £F 4 2 iy 2.0% LF 4 £ i
0.25 18.2543.30 19.50+5.30 14.00+3.16"
0.50 18.75+3.50 16.50+3.87" 14.00+2.16°
0.75 17.50=+3.00" 10.50+3.69" 9.254+2.75*

AN E/ NG PR R R 3 25 5 (P<0. 05)

Note: different lowercases show significant difference (P<0. 05)
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Fig. 1 The average concentration of protoplasts under different conditions(P<0. 05)
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Note: a, effect of mannitol on protoplast isolation; b, effect of cellulase on protoplasts isolation; ¢, effect of macerozyme on pro-

toplasts isolation; d, effect of digestion time on protoplast isolation
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Fig. 2 Viability detection of sorghum protoplasts
AR, 75 um
Note: red scale bars, 75 pm
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2.2 BTx623 R & 4k Bk By A 4K & 6944
AWFFELL 2.1 #E 7  fE 5 BTx623 Jit AF T 4 43
BIR R LA, R PEG A 3806 541 35St :egfp 1
Jo b i B e B D AR AR R, R AR R AE 20960 ~30%
Z ], Ry it — 4R S AR, 2 BIHR 5T T PEG4000
A VA TR A T ] 9 A4 PR 28 % 2 AR R i s ), ST
TG R A BTX623 By BRI Fak A & |
2.2.1 PEG¥WERLIL
g VPR A IE 1 PEG4000 Mk B, 75 52 56 1% & 4 Fh
PEG4000 [ & B , 43 514 20% .30% .40% A1 50% ,
13 3] 5 D AR BT AR (Y 7 38 B Ak 2 43 i R (34,6
17.55)% . (61.31+£3.91) % . (39.5340.43) % 1
(25.3944.12) % , 7] LA & th 7€ 30% /9 PEG4000 i
JE AR A, 7 50 % MR B R e A R K, W
FHEE L 3020 19 PEG4000 ¥ B2 T ¥4 46 3 [0 5026 ¥k B2

TE IEL B R EEE R (BI3A), B,
PEG4000 ¥ £y 30 % B & e A e 4
2.2.2 FAbntE 1L

hy 3 FE A Al 1 e AL B R AR 6T R 3 BT X623 i
A AR A 5 Ak v, 4d B PEG4000 ¢ BE 30% (8 PEG-
Cal& ¥, 73 B4k 5 min . 10 min F1 15 min, B & 16~
20 h, JH 9 6 b 9 BE 40 R AR TR 1Y) 7 Y B AR R gy
R (31.584:3.26) % . (61.3143.91) % M (36. 81+
2.77) % o Hr 10 min 19 5% 03 05 5, O FLUREE 1k 5
min., 15 min /7% {6340 L AA 8 M 25 55 (&1 3B),
JIT LA 10 min & A5 38 1 % AL a]
2.2.3  JREBUKBEE Ik 5L A

i FH PEG4000 #¢ & & 30% ) PEG-Ca ¥ ¥ %t
1 5 BTx623 Jit A BT AR 47 5% 4k, % Ak B ] 10 min,
B 16~20 h 5 #EAT 2 A, 78 5] B 28O0 B
AL, SE T A 5 A R (61, 313, 91) Vo IR #EAT
BE (K 3C,3D) .
2.2.4  SEWFYEOGE B PCRAG I IE

R T HE 2B B R A B B AR A R egfp
FE P R IR Y S ARSI B N egfp SR PRI R 3R
JE A A A A 2 I VR 3 TR e 37 D A R A 4 ) 4
R RNA 3 1 [z 5% 5 kA5 cDNA, FI F 52 B 2 )
it PCRIEAT X E 8 43 # , AV e A AT A A1 5 3
D] (1 v 3 it A AR O BRI P ot B, LB a8 ol 1, AR A0 4K
I o3 b K BREE A 35S+« egfp B 5 5 AR TRAK P egfp
B 5% 35 2 B M X IR Y 7 200 247 (1 3C) , Ui W %%
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Fig.3 Optimization of transformation conditions and transformation results

T - A, PEGA000 ¥ Ji 36T J5U A J5 3% A0 A B2 ) 5 B, 296 A I 8] o J5E A Jo (A e A B 32 1 5 €, 52 956 72 B PCR X 6 AL 25 2R 1Y 4

HE; D, 5200 OB T BB SE 2R 2L G HE R, 75 pm

Note: A, effect of PEG4000 concentration on protoplast transformation; B, effect of transformation time on protoplast transforma-

tion; C, verification of transformation results with quantitative real-time PCR; D, transformation results under fluorescence mi-

croscope; red scale bars, 75 pm
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BB = B 22 1 e VAN = = D N (=51 = iR R
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ST DA AR I e e A R R Ol SRR E T R R A
AR Z P (938 35 e Bk B L A B TE] . PEG4000
W BE RN AT ), HE 7 T e BT A A o B Fl BT x623
4 T A BT A ik B e R R R, LB AR R A 31 60 %6 LA
R M GE A B R

HHE A S AR TR 43 B R R KR R 2007 4R
FE AU R I v ST TR A AR Ay B AR R T, 2L
I TR A ) FH £ 4 35 i RN B T i 5 D A AR
it L 25 2 B N 18 T iR 3 45 T 1k ke n P i A ot AR
it FH B 0 ik B A T Ok Al Ak B AR IR TR . Ay
W52 R 7K RS 403 1 19 25 R 8 Sk b4 RE IR AR T KA
Jo DA SR LA SR T T ) R AR AR T
&)y 25 R 0 T A OR B s T A AR
FEAE o S rp A ZE Ao B O AR IR T oK R
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