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Construction and Practice of a Literature-Driven Blended Teaching Model

LI Ping, CHEN lJiarui, JIN Wenjie, HE Tao*
(School of Ecology and Environmental Engineering, Qinghai University, Xining 810016, China)

Abstract This paper focuses on the reform of the “Cell Engineering” course and experimental teaching
within the Bioengineering and Biotechnology programs at Qinghai University. In response to such issues in tradi-
tional teaching as the updating of knowledge lagging behind advances in science and technology, the monotonous
teaching model failing to stimulate student initiative, and the inadequacy of integration between experimental in-
struction and regional characteristic industries, this study adopts a “knowledge-ability-literacy” integrated approach.
It specifically incorporates the unique biological resources and ecological environment of the Qinghai-Tibet Pla-
teau, a diversified reform system has been established. The reforms encompass updating teaching philosophies and
models, optimizing course content, enriching teaching resources, innovating experimental teaching, and improving
assessment mechanisms. Specific measures include introducing blended online and offline teaching, scientific paper
reading and discussion, group competitions, and combining virtual simulation with hands-on practical operations.
Regional elements such as Tibetan sheep cloning and the cultivation of plateau-specific species are also integrated.
The effectiveness of the reforms was evaluated through diversified assessments and questionnaire surveys. The re-
sults show that student approval rates for various reform measures exceeded 86%, with overall satisfaction reaching

94.55%. Significant improvements were observed in knowledge acquisition, practical skills, innovative thinking,
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and awareness of serving local development. This reform provides a reference for similar course teaching reforms.
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Table 1 Instructional design framework of the Cell Engineering curriculum
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Table 2 Resources integrated into Cell Engineering instruction and their corresponding ideological and political elements

e
P

Chapter

AR T
Knowledge point

EEIPN el

Teaching introduction resources

FINHIF RS
Purposes of introduce and corresponding ideo-
logical and political education

Sope — =r

o
ML
AE IR

AR 8 s Pk
E Yl

I

Ji iR A2

T4

Peta iR TR

R IR AW S

(o

i TR

0 A e A e

tl\

A0 AL

TR A 75X

WERE

20244 4= F WAL T 0 T0 5 AR EHOR QIR

=

(11]

202442 F125 H, 1 SIS W W A7 3 77
ik

CANZEHBN AR B AR T IPEN2001)FIC N e Bh A
FAFARFIELN(2004)

D024 R T4 5 A B B o
[12]

[13]

[14-17]

BUFTRTT . L H SR, BT R A Rl
Pe——86% ke di ¥ i e L i Fridk
FIRARE AR ATURTE. & R Umss
mhJi T B MEe S

[18]

[19]

[20-22]

[23-24]

[25]

SIS E SRR L2 TR 5 R B ] P9 2
W, BALEAERHAR . B AAE PR K
JEERIN [ 2 5 2 AR K5 1)

AT BRI E R, BRSO,
PRIE BRI QURT 5 SR

PR IR R, IR IR S R A K &
2T T o AT ) SR SRR, X PRy AR
PR & S A BT AR X

515 2R BB 1 (AT T RSB AT
o FEIRPENRAGER R 67 AT A
I, PR BT AR SO BE AT, il e e B A 3L
7 o
GRS I T AR AR A AR 2, 57
JEH BT ST 15

I RE A R OR DL AT B OC AT ) A
T, 70 W FLEN AR B AR SR
B R, A TR R R
INFE AR AE TN G (O R TRE U A 71485 71,
PARCRS 2 GO0 R BT B IR BT SMRE R ) 5%
o LR R 7 TH I
SIS D A 007 T E U, 22 A 42
ZUE ) BT T B U s ——
AR IR AT AL IR, i ) R B 3 A
R Atk &

I [ PR K TR 2R T A SR K
Rl 1R E R A ARSI E L A
BT b R S5 T T TR 85 70

SR TR A e N A )T
J M EBEER . SINZES B RER LA
PIBAR AT IS0, FTh R 2 &R R
28 LB BUA

2091 T30 O 200 A R A 3 R O B 4 I % B B
RS 55, N RE AP A S i DN T AR P L i
il

IR “bZIPS9-LBDE A 4% oL ra I+ i AE il # v
AR RF S EHAL R R
FWRKY23FIbHLHO4 1 45 45 28 27 41 o 7.
AL “AMPIBIIPLTISfA 1 s A ) 2% B R 4B
A5 FEAE R 07, U IE T4 3 D R A=
R H& (KR S E Y FF AR FE 38 T 2
LI, 3% A B JS 2 R R A T 5
0]

SCRRZS A ) 40 0 28 3oL F o0 AU A o B A A
1975506 SINHTHLHI AT B 2, R
BN THRZ . RS AL ATHT IR RS
FA A B A LR EA R RS T
AN IR B, T8 A T R B A AT X R
AE 17 o E FAE A0 M 2 A, BNIR R
AR SRR R A




1128

OB -

S e

o]
Chapter

HIH A
Knowledge point

- C PNl

Teaching introduction resources

SINH 1 SRR I
Purposes of introduce and corresponding ideo-
logical and political education

FE )
i Thi=E YL
I AA
L/

PR LR R 5

TS AR 255

bR AR S R
F L i 8L 950
s fit it

TR N B 57 1
KA
Rl

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

SCERFIE S B R A ke rh i R AL i
WA e —BEL I =K R R @
RS r EBOR, BB 55 K A
B R RREEA] E AR GRS
SCHRESIECI . R W IERRAE S B R At iR
TIRIFER . ELEMR ORI EA R, f
NIRRT R 5 FI AR 2 FErE LS
SCHRASIEHE A T RE A R ) R A i TR (3
FREA) ERFEB S MR . L RAE b
WAL R, BRANBORISE . SRS IHIF
WERE 5 77 M 555

I 2 RCROR I I SRR AR E
At FALFRIBHYIBAL AR R, Vil
MBS FAR PSR, B IR A3
JIR 25 25 S A v B

I A AR R TT SRR AR A
YR =R NI =R 2a b ol VA =RITL e
R R AR, BN E R, DR
O3 A AL AR 2 B AR IR

I T R A A RIE R AR I, iR il
SRR INE R AR . H L3 R A I
AR R TF AT LRI LA, BN DR 61
SR AR SR I ST AR

SCHRZEUE I o 41 B 7 15 97 1 A 4 R i R AE
AR, ESIHR AR R A AR R, B
AR IR OB 140077 b A S ) A i
GG MR A BB R R P A 0
R A R AR B L R C bE S B0 ¥ i 257
TR IR A R R 2R, AT ERE AL, B
B G RE A BRIk SRR R 2 &
HAEARNFIFEFE R, BT, PR (A) L A
PR IR PUas LIS i R A 4L S
S BARKR AL R R0 . R 2 B RV EIR
B, FE R BRI R IR S eSS
NAiEEE]

Sl B LR IE W A S5
PRI AN ) B ES A B A 22 570 A
S R PR A B R B TR AR AL OB
HEAUEAZ A A R T 22 K] 2R A T A )
WO ——PSKHIR B LA HIFLH] . 52 5 20
TFTEMLREMRL BT B2 4

T S LT GAS SRR B R AR AR,
NBRUEM TR B B RS T
e i JRK

FEENT 2L SAZ R RN AR 7R AL B 5 SR L, 324
FRFE RIS M GEIRAT IE -5 A AT A A ik
HEBTUE

SINAE W) AT e T ERAZ B2 5 SR i
Fg, AN FR . SOGUH IR R
W




2R AR SCIRIR N (7R 5 ECA R A 5 SRR

1129

e
B

Chapter

IR L
Knowledge point

HEAFINGER

Teaching introduction resources

FINH 1 R B
Purposes of introduce and corresponding ideo-
logical and political education

B RE
J A B 9

ENE HEY
AN AL

BIE F
RHA 5
G

FILE AR
T

JEU AR AR 5 77
H I

JEU AR AR 5 77 Y
FALITESE

5 A A
Tk

ISR TR

JVR R V40 VR (RAE B
WA SZHERA

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

AL — NS R AR E RS, 5
NG e J2E LRI 22 LR e 32 T P25 245 R A B FA i
WK, BN B EAUHT . AR S R R
I

G EA LU R AL TR B, VAR
PR BAZ I A+ A 1 DRI 40 5 Ao 452 )
FOO A R LRI L Py J A o R 5
PRSI o ST AT SR AR A R R TR AR, A
ILEARBCR R e 55 FA7H5 Alk K S 1)
i

HEIEIE P R0 J A S AR 5 5 RSN . ST I
FRE A AR B A 1 R, SCEEL SR R D T
e, RN CLEEREWF7E AR 95 S 4 A2 0% O B2 36 1R
HEAUEAN [ AR S A o A 1 5 2 S R A ok
FHAEFRBSER . AR AL U AR A A
AR, ABARGHT S AR AL 7 7, ARBLRHTR
I 4 55 5 4H 4

ST 2 2 7 P B 1o R A B A A A
F, LGRS QR SCHE S 7T R, AR A
PSR

SCHRR 2 3t — 20 B4 AR R AR B 97 10 U5 0 M
TR, FREET SCHRAEAT d U g, BTN
R A R AL A 2R, LSV B KB R
T, 82 5 R A ) 55 SRS

Gl A LB I EIAE SR A AR
BRI FLAR AR ) 4 . RELAR T AL R BRI
SRR HEE AT TR o B T
— LA S CMS FB BOR, AR BT i 27
BT e B R SR LN 8= e TP RR /R £
i

G125 E Sy FTPEGAR BRI R IRZ. IRE. 2
35 s SO A A £ RIS, S S S e
(R . BPRAN A R & SRR A T i, B
Fr PSR SR 25 5 R U S R
WEEST, RS B A B AR

SIS LA RS TR ST EIR
Jikfa s L T8 S Ikt U B S i AR R
T IR o ST ANGEER S B A A B
BOR, BN TERIE MR W55 B r= b G
HIRHIEE 24

Gl 2 S B B U IO %5 07 1 il
A B R R AL, VR 2 e (%
O TH, IR RS w24, PRIR IR AR
3R (145 i

JE R ORAFH A Je S8 Beit Lz e
VR BOR, SCBLR BRI K RAE, RHEIR
5 B BAHORL B T2 TR A
PREPSZREBAR I NI 1 Je S8 8L PRZR MR
ik & BT LA, BB R A XA IR S%
IR 20N 2 R S T B A8 i




1130 HEART T

%KR2

T HIH A G| PNl FIN H IR R R

Chapter Knowledge point ~ Teaching introduction resources Purposes of introduce and corresponding ideo-
logical and political education

BAE a RRFaestaT (52 SE R SR AR A A0 2 e

i Tt PEBS IR SRE A A E A, i
PRI TE 40 -5 A 8 TR A 1 S ) S, Ak
T 5 BT v R R o

Bt—m 3 ALBEIZMEE  =ERILEEREOR IF ARV K 1 TR A AT e 1) A, Yhk 55

WA E M. PR = RHRELEE R EOR, 82 T1K™

v TR R A, I CARE BT 3R ) R AT RSk

JEMI DU

AN TRNYH B FR SE R TE EEACR LR, A
B0 AS B9 #5575 (110.1% HgClaw 10% NaClO)
T A BB K 9 B R IR 5 TE G R
GIN I A S TG W R TR TR AL — 3, F
SEABER AT R AR S R AR
SRR SEINHOR I IR B 3T e L B, 4G
“CLLACMME M @ H R H S SRR EL, T
A= BB G IR S BRI SR A T R R 2= . B
BT ' L L 2% A 5o £ A R B A A 2 23T B )
ZE A TR T, SN R E A
SR BalN A CER = ERI B S iR S S}
R KA IR ARG 7R s b . I8
T RG GBS, ARSI BCESLIL T LA His:
Pa T8 AR LAY | fd 2 AR A A B R e . DR S
MrEERTIT NG, TIRFRER RNk, 588 MR R
SRACEHF R IR, TE SO S IR S e R, Bk E
(32 5 e St v B gE; BUR R EER, 5] 354
BL TR IR RN, WA N ERHF TR
Fefitho TR SR R RN SE IS A AR, A
IERTE T A ) SE S0 AR S AR VG 1 | o s
IR T Rl Y 50T
33 REXAXLBRHARARYEE

TR | +4 T i BUF . i B R
SIS 6 F MOOCHE YR B4, A Wl 78 kg #8558
FCCL R IR R0 BRI R v L) A AR R A
S 5 <24 PR A A0 B A 43 8 3% 1 S 4 Wit
PR, R ER LR S CEERFI;
W I B BY-240 B (1355 37 S M L BY-24H o J5 A= I
AT 2% S I I S A " RAI, 40 4 i 355 77 % Ji A I
VA 4% RO I 5 A0 TR S50 R EE L B DL R &4 M %%
Jiike BRI V6, SRS LS

TR 55 I 1] 1 7 AR5 m o3 B 8 S 06 1 R T 3 3
(ISR, AT B B S S A6 Hh A A ; e i
TSR, 2 NG HE AR SLIR D OR, IX A ARt
AT JE SR SR I RE R 2 AR R AR IR R 2
T4k, FOMIENE AR 2 A S SR iR S0
R, TR SREE . DR, 4R IeE
IR GOL, (ELT S50 2 BT BEAT A F10 1k 1 U A
AERE, Bt — PRSI H R .

FEZRI TRE SRS A2 T e 3h s, R <2
ST UMEASEHE . S AL ) S 4 41
B, BARZHHN TR (R3). (1) MBS 24,
FELE T SEIGTT RER, ¥~ 287 o+ KA, vt
AFHISEIG N, SEIL— PR B, AR AR Y RE
RANZ HRENT . (2) SRR 5 LIS, AL
IR B, 22 R A A AR AR AR R IR A
SKEIILR, KIS R 2 18] SR 7 S SL et g, e
HMEZRER K. 3) &G #RE 5EETHT, Lk
W LN AL B AR e . BRALT RHNER S
AN SRS N A IR RS, (e A A B A 55 5T AL
BEZRLAIR, HAETR PR S5 R AN
B B . A UEE RS E R . TR
e IR FLL, SRl 1A BB TR LR
Bl o th Ma VRS8R ae 2y . @ w0 5 &
MITNI SR, SAEAELR TR SE e h R DL B8 ) 45 1 R
WIENVEST SE O, SEIL T B AIR . BRI
HSLSRIR A HL B, BT 1 AR LR A SR RE
VARSTLIC (30

28T SR IE I A SE R FEA I T AR S
AT, R A o B VR SRR, BRI
PAEFERE R AN SE 4 R, M ER A BT R e
TP TEAE SR . SCIG T H R IR o 4 I R AU



ZEPEAE: SCIRIR SN (R & AR A 5 St B

1131

®3 W TIESLIURHFAREMATIEIEL

Table 3 Comparison of instructional content in Cell Engineering laboratory before and after revision

S AL TR AT S P A U SR
Experiment title Experimental content arrangement and

requirements before the reform

DA S P A U SR
Experimental content arrangement and requirements after the
reform

SR ARG IR AR LRI VR S T B U R B
MR S
SI02 ASME R R B S R MSESREMACE

LR T 7 OV T AL B

S0 3 HDAE B K AR AR S S R TR N5 5

S04 AN AR IR K TE A R AF
A MM TE R ROR
S E LA G A

YIRS TR LT AR R M Rk
FLSS

LIG6 Z AN H LG TR RN R
SR BT AU SR

ST MOOCH 2] HHEBY-24  RZeHF

Ji B 55 5% BN BB Y- 2400 i J5 A )5 Ak )
1) 2% L Wk I e 1k

B ML TR S S T U

RE 5 342 e i Ve S B

BEM5 IR £ T 25571

RERE X DL b T HEAT VR 7 5 4

RE R0 BRI 74T 1 78 15 el

& 8 00 R BT HEAT I R S A

B0 X S A A AT S

&4 TR T i 1 i 3 AR A S 2

A5 AR B R i35 5 A A E 2

S BERS ASL LT I 58 BN T I B R S 8
Ly

S BERS I SL BT I e BOB R A A2 S SR
S B AN SLBET I 5 R T AR Y = S

SRR REME AN ST BT I e R B S A B T R AR AR S
SRS AN . VM T8 R B S T T K AR SRR
iz

SRR SR IR AT S AL SN e HURE S AT A
5 REMGRIAT IR B AL SR . 2 % sl e i
BRI R R R COE IR A . il
WLEEAN [ 2 SR B 0 L ) 22 S AT LB O i

HARZ WA ML TE A R A BOR

B ng 5 2 a R A AR

2k BAR R RE HO, B SRR AR SR TR LR B ) 4%, 4
LAk

2 BARTRLE HOE, o SRR R A LR 7R ) B T
%, BEIR

28 LR R G 2E, AEMOOC S >) 45 J/NA B S 52

Bofhe

PN
H
PN
H
PN
H
PN
H

LTI, NTCHE R BERAEEH] . AR R,
TR &N LR A IS T2 FLR AR A SR IR 4 RE , 72
HLE I 8] A 58 SR B0 AT 55« FESE AR T, BN/
HIFEHZ 5 I it #RAERIEE o i i 4l
P2, FRPEACE M SE B I S I o SRR 5 A S
BH. FEL PR, SREN. RSN,
SR X S 06 R AN HE PR IS %, DL S5 R 1
AT 8. BUTRYE e i i i 3R AR E
g R VE UL O NL AR 2 AR, XA/ N L
PRI AT 73

A TEFREAXIIT I, AR08 7 A3 H
TR SRMANE . e SE R PSR L RS, AR
EEHER TR, I MRAMIR SRR, RS 5556
BAEIFA o SEIR B, A AR T H ST
T EME SN XM TR T AR B SRR

MRS RN DA GEERES, 240 TR,
FHEL U, FEIRIAA R s e oh 3 21 (0 T, $2 s 17 A
PMERE I RVEERE 7). TR, SRR MR T %4
SRR, RAEEAWS . BREM, 1 T
B ERTAES T,

4 R TIERIES LWHFRERIOT
i

BT, F S R S U A
SR, iR S IR T, E R
WA BRI, A& TAZIATE (f) OBEEE
MBS A SRR R (LB, (5L T OBEREA,
ATHNER AL RE DR TR . O R 40 T AR
WSS HCE A R DR, SR £ et
RRPER SR AN TT A, FARHI R T B2 i



1132

OB -

T 2 (40%) FTEAAR 4K (60%) I [FI R Bl o~ B
G5y N5 E1(3%, ~FH415r N99) IR (10%, ~F
Y150 N 80). /NI (6%, “F1443 M 90) BRIE 1L
(6%, P35 7983) HIHZEK(15%, P35 N77); #
REARFIE 530 84%) o« AR R AR T DA S
SRR R 1) B — PR, AR TR AR A )
SRR RFSE TR . YN TRESLIR #J 1H, B
ARGV TG T ST (65%) RIS 861 2 (35%). I
B & DA P 44, BLEE SE IS BT (30%, 1A
91)FISZEG RN (35%, V¥4 M 86); SLIGHR 15 1E NI
KEZI I, BRI LI HR  SME AR N )
TSN TEFRZE NN 53, 355 9053 o % WTHRAE T
DAAAN LASRER R 5 9 PEAN A B, S 224k
FESERTFE A M MR R IR GG T R 7%

WRRSCE A WG , X2 540 TR S & Sl
AR AT R R & A, RS 1104, 43
B RETU o 7] s P 2510 5 2 A 6o e it ) 3 T
5 )RR B VP AR R P 2 S 0 R
55 o A% T S0 it P 50 R R T 2 A TR,
FINEHTE SCH, IR15 91.82% 154 S0 FF; “2k b
MOOCHEL & 58 "RA A, ST B4 93.64%;
CRERUNT ELALR T SEER B, 86.36% 25 E U RE UL
U7 BN B R SEIR B E B ARAER ; NS5
KiK94.54%. LA, ZEAESHEFE AR R R, &
VT 75 P N94.55%; TR 45 R, ARUCHRFE 5505
B E S X2 Y P VNI 5 S G E

TEGI N SCBFE T, 1046 A 25 R an ]
2BHTR, RN PR 71, 51.82% 224N A2
JMPHRAR R RN, ReA 200 58 ATRALET; 37.27%[12%
AN UFR N 25T, e AR SO DT, &
1 89.09% 1) 5 A X PHAFRF AR PPAN o 75257 ) M4
RITH, 43.64% 1) A RN AR H B, 45.45% LR
SRR, AT 89.09% [ 2 AR X R B AR B
B TEBCEMANFR T, 51.82% 81542 1A
RAEBCE G NBHIE AR DG R0 BRSBTS
A, 40% N N EEA R, SIAA]EIX 91.82%.
TEHUEARZR 2 HE T, 49.09% ) 24 N A HE AR
e BT, 40% NN HEEIE, A1199.09% 2542 1A
AU ET . SRR, SRR SR
ROBUR 750G Ha R T AR, JF 235 1R
T R AU AR S ER I R

TEXT “Zk E MOOC+Ek T2 58 "R A N BUE i

IVEAN H, 54.55% 15 A2 DR BBt IREAE S B B,
39.09% I\ LU B, AT JE1£93.64%, K%
BEAE S A B 2 2] B S BRIR 7 TSR
W R E AT S8 T T (B12C), 86.36%
(R 2 AN R R 0L ) AR S 36 45 A LA A AR A
(48.18% I\ NAEH A i, 38.18% N A ELE A # ).
[FIH, 98.18% %% A F I AE 4R T SLie Hh A b B i
BAEANTTUHAR, SR SEHR IR R RZIFTR R . 1
S MERE T T, 64.55% 2V HMEREH, 7.27%
NN, BT 71.82%, RIHSLIGHEE B E A B .
BEAL, 94.55% 12 RN g iZfs sont B 408 S i 7 e
W8 (54.55% N NAEFE A B, 40% NN LA #5
e Z5 b, RIRBUCEAER S E MEFERLEEA 22 )
SCRRFSE T TH 8 BRAT 2 AE AR R i, 2RI “MOOC+4;
T RSB AR G R ACE A A T A
AR IR T 5 2 SR B AR A o

TE/NABHE T T (K 2D), ARG T - £
5T, 56.36% 1AL H 2 5iT18, 38.18%
N5 Y, 85 5%1K94.54%. X2 SIHH BT
[, 57.27%H 5 E N RIEE IR, 36.36% I\ 9t
BB, A1193.63%. TEXT2E 8 1 H52 5T,
49.09% 1) 2 AR N el A it B E SR T T A 21 B g,
T 49.09% U BT, L g RR, AN
W2 A o3 1 S SR SO AR T A T ME
em T S5 5BEE T,

A PR 8 T T ) Rt [ AR B U S5
B (82.73%), H G KK NP EEFL IR (65.45%) /)
HITIR (62.73%) TELF 2] (50%) S B mR 3o #ir
(49.09%)1(&13), 785 Wb A0 s et . EL Bl
R R TR VR . ENCEE WO, 2E
() ZEERUALHE: BN SEIR N2 (75.45%) IN5E S A1
M (67.27%) FIANTEZHTIEEIA (63.64%) LA K 3
SRITA: T 5)(47.27%). S5 RK M, AN S50
WA B A B m R . TR Ja S o 3 in sk
e A NI o oM T 7 A A O T 72 7 = S 3
Z R B B, DASE O 0 2 B AR I ) 7R
REWIFE

TE HRAE A fl N 7 s i R B 9 P 25 T 1,
SR ARG R T B S0 A AR IR
FKHESRIP RN, WO T MRS 7 K& e (1) 54T 2%
g, FAERBUER, MHRA BRI S S IE 7
RS EMZ LR T fF, A8 R AR SR AR AH 5G4



2R AR SCIRIR N (7R 5 ECA R A 5 SRR

(A) 120
I 16 (%)
100 99 )
90
80 ) & 7
& ) 2
ﬁ 60
604
=
=
£ 401
ﬂlﬁ
10
0 3 6 6
2l RN NS SRR R AR

Az Y0 TR B: 4 TRE L .
A: Cell Engineering; B: Cell Engineering experiment.

1133
(B) 120
I Lt f51(%)
100 W)
91 %6 90
% 80
ﬂ
B 60
>
b=t
T 40
= 30
=20
0_ 3 Sy
SEEG LT SRR

Bl A TAEe MSCI R F TN R R

Fig.1 Teaching evaluation system of theoretical and experimental courses of Cell Engineering

M FE B AR RIS W R

5 GRESRY

ARG T HEFNE . Feal &
b dsf R (0 Fi A S T, 6 4RI AR URAEREAT T RS
SCE, BAREEE: AT 2 n BN SINEH®R
W PR /R TFIREGHE . MR
6 AR, IR ML N T R e R S 2
)45 R A o, SOE IR A AT, 5 T i S RE
RIS 86%, MRFEHEAEZH 1L 94.55%. A
ROBOR T AR 2 2] 00, Bk T SR e 1 501
WEYE ) ENA R IR RS T 7 TH R
SAEMUERIR BB 5 RR REE T 2K
J& , MRS G B T NG R RE T T
BRI . AR, WA T — b iR A i ]
W EE R I . 5l RN S 5%
2 HEShIRFE N A ST PR R B 4 &, AT
AR T 5L 7 R, T AT R T H 45 A se i
CEAESE N SR

SEHK (References)
AT A TREYE2R)MI. Jba: mAEEE L, 2019.
K5, WAL, BRif [, 4 QU R Se BN A B R AE (T
Fe) SCEkHAh Bl S M) BT Sk 5 #A 0T (LIu
F, TANG Y H, CHEN Z G. Design and application of innova-

tive practical talent cultivation in the practical teaching of Cell

(1
(2]

Engineering [J]. Contemporary Education Practice and Teaching
Research), 2016(10): 26-7.

KT, BER, B, 4 G TREEORI A A B R 3y
] LHRURER(LIU Z, CULY D, DONG D D, et al.

B3]

(4]

[3]

(6]

(7]

(8]

9]

[10]

[11]

Reforming the teaching model for skill-based talent cultivation in
Cell Engineering [J]. Anhui Agricultural Science Bulletin), 2014,
20(Z1): 152-3.

SR, BN, %5 PR SR AR - e = —
PRI 40 M TR R e A ], R #0E (GUO Y, ZHOU
L P, WU H. Construction of a “Knowledge-Case-Ideology and
Politics™ trinity classroom teaching model for Cell Engineering
within the context of traditional chinese medicine [J]. Chinese
Medicine Education), 2025, 44(1): 102-6.

WRot, XINEKE, TECE. SOIHCAE S RN DA IR i R
FH[I]. E:REEE 2 #0E (CHEN F, LIU Q G, WANG M J. Applica-
tion of case-based teaching in Cell Engineering courses in higher
education [J]. Basic Medical Education), 2023, 25(3): 179-82.
TR, R0t S AR Y URAR 2 B R R R[], 2L
B A F I (HUANG L B, YAN X H. Exploration on improving
the teaching quality of “Cell Engineering” [J]. Education Teach-
ing Forum), 2018(30): 120-1.

SRIe4, WK, WL . A5 TPBLAHT 7T A 20 T AR UR R
HEEMOE AR R[], AR E(LEY J, CAOY J, CUIG Z, et
al. Exploration of PBL-based teaching reform in the postgradu-
ate Cell Engineering course [J]. Basic Medical Education), 2025,
27(9): 818-23.

R, AR VT, BEZE, A TRl ST SR T H TIK Sh Y
Hb 7 e RS AR 2 RE R 5T N A B SR M AL o B AR
(LTIANG J, WU X J, HUANG H. Cultivating applied innova-
tive talents of biology in local universities based on the “subject
competition+research project” mode [J]. Journal of Huaihua Uni-
versity), 2020, 39(5): 136-9.

Vi 75 5. AR ORI AL S 56 URAR B B R R (). S0
EWFF SR ZE (LU T J. Exploration on teaching reform of high-
quality experimental courses for biotechnology major [J]. Re-
search and Exploration in Laboratory), 2021, 40(1): 176-9.

TR, AATHE, UM . BT OBEHE & (¥40 i T F2 P F2 VR & =
A i), 2 BOR A (YOU M, HE M, LIU H T.
Research on blended teaching mode of Cell Engineering course
based on OBE concept [J]. Journal of Anhui Agricultural Sci-
ences), 2022, 50(20): 274-6.

TRHE, ZNT, WEES, & T BRI AR B R I L



1134 BB

(A) 0. (B)
601
i 51.82 51.82
1009 4,60 93.64 94,54 9455
86.36 141545
801 : 40 40
. . 407 37.27
X X
R SN
601 ¥
401 201
20
0 Y . T T 0 ; . e .y
BHGes WAEE NI NMIhe WRUE B EaeEpis i FFROR YR
100 98.18 B R %) 1004 R A (%)
ol JHEH
XN Hetet (%) XN e (%)
80 801
64.55
- -
< 60 54.55 = 607 5636 12T
¥ oles B B B 0| R
0 10.20 KKK 7 EERELELLK] KRR RRRRA
a0 Basas s 40 W o404 B SR
S SN s NN I L]
BN (05050554 KRBRRRIIE RIILLLKL
B R RS SRRRERRRN)
ogodee%e! Se%esotes! KRRERRIELA CRRIILLLLRY
[93085558% possececed SRS ]
[RRRRRA logegeseted SRRILLLLLRY RRLRRRRIIE
93002070 POOEKL KKK RKKKKKA X KKK KKK
20 B854 g3 201 ERIRR88) |
[ossaseses RS LR
[REXXRY (ofotototet Boasesseeseseeds!
95059699% 727 B TR e et
95969595% < BR3335355% e te e e
(R ogegesesed RIILLLLRRY
s RSN 0 N 3%
REMUITEL L L SERRERL HRESR % TR ST R HE B

A BT S P R AR SR R B: SIARHOR B E; C: 2 EMOOCHE T &SR & RAARK; D: M.
A: satisfaction with various reform measures and overall course satisfaction; B: introduction of scientific paper teaching; C: the “online MOOC + offline
Q&A” blended teaching model; D: group discussion.

E2 TRMERREIBSERR

Fig.2 Reform effects of different reform measures

(A) 100- (B) 100-
82.73
801 801 7545
6545 () s 67.27 63.64
= 60 2 007
3 50 49.09 5
*;L‘g ¥ 4727
i 5404
1 40 iy
20 204
. . : . . 0 . o Vi :
K PRI NG ) RSO B LS IREGIS EEAREA R T2

Az RFESGE T 1); B: IR BCE AR
A: directions for course improvement; B: suggestions for course reform.
E3 FEMNRBHFREFRIERL

Fig.3 Students’ views on the direction of curriculum teaching reform

[0, [® 5 75 3 B (HUANG X Y, MENG X Y, FENG J W, et [13] A, B2, AR, 46, P E/NEIm G A 5 gtk TR G R

al. Establishment of in vitro rapid propagation system for Malus FEIR 5 ST ER[J]. % (ZHENG Q, ZHAO L, LI B, et al. Wheat

hupehensis [J]. South China Fruits), 2024, 53(4): 175-81. wide hybridization and chromosome engineering breeding in
[12] QIN T, ZHANG G, ZHENG Y, et al. A population of stem cells China [J]. Hereditas), 2025, 47(3): 289-99.

with strong regenerative potential discovered in deer antlers [J]. [14] CODY J P, MAHER M F, NASTI R A, et al. Direct delivery

Science, 2023, 379(6634): 840-7. and fast-treated Agrobacterium co-culture (Fast-TrACC) plant



ZEPEAE: SCIRIR SN (R & AR A 5 St B

e

1135

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

transformation methods for Nicotiana benthamiana [J]. Nat
Protoc, 2023, 18(1): 81-107.

CAO X, XIE H, SONG M, et al. Cut-dip-budding delivery system
enables genetic modifications in plants without tissue culture [J].
Innovation, 2023, 4(1): 100345.

CAO X S, XIE HT, SONG M L, et al. Simple method for
transformation and gene editing in medicinal plants [J]. J Integr
Plant Biol, 2024, 66(1): 17-9.

MEI G G, CHEN A, WANG Y R, et al. A simple and efficient in
planta transformation method based on the active regeneration
capacity of plants [J]. Plant Commun, 2024, 5(4): 100822.
FAUSTHER-BOVENDO H, KOBINGER G. Plant-made vaccines
and therapeutics [J]. Science, 2021, 373(6556): 740-1.

SRR, VAR, PRI, S R A0 A A R e R
& R RIE FE[D]. A 24 4R(YU D Q, HONG W L, CHEN M
C, et al. Ultrastructural study of mesophyll cells during their
dedifferentiation in Stevia rebaudiana [J]. Acta Botanica Sinica),
1993, 35(7): 499-505.

XU CY, CAO HF, ZHANG Q Q, et al. Control of auxin-induced
callus formation by bZIP59-LBD complex in Arabidopsis
regeneration [J]. Nat Plants, 2018, 4(2): 108-15.

XU CY, CHANG PJ, GUO S Q, et al. Transcriptional activation by
WRKY23 and derepression by removal of bHLH041 coordinately
establish callus pluripotency in Arabidopsis regeneration [J]. Plant
Cell, 2024, 36(1): 158-73.

LEE H G, JANG S Y, JIE E Y, et al. Adenosine monophosphate
enhances callus regeneration competence for de novo plant
organogenesis [J]. Mol Plant, 2023, 16(12): 1867-70.

LONG Y, YANG Y, PAN G T, et al. New insights into tissue
culture plant-regeneration mechanisms [J]. Front Plant Sci,
2022, 13: 926752.

WANG J, ZHOU P H, LI C H, et al. Progress on medicinal plant
regeneration and the road ahead [J]. Med Plant Biol, 2024, 3:
€030.

ZHAI'N, XU L. Pluripotency acquisition in the middle cell layer
of callus is required for organ regeneration [J]. Nat Plants, 2021,
7(11): 1453-60.

KIM Y D, MIN J Y, KIM W J, et al. High frequency plant
regeneration and accumulation of tropane alkaloids in regenerated
plants of Scopolia parviflora [J]. In Vitro Cell Dev-Pl, 2008, 44(3):
203-8.

YU R P, LI F, WANG G X, et al. In vitro regeneration of the
colorful fern Pteris aspericaulis var. tricolor via green globular
bodies system [J]. In Vitro Cell Dev-Pl, 2021, 57(2): 225-34.

YI X F, WANG C C, YUAN X Q, et al. Exploring an economic
and highly efficient genetic transformation and genome-editing
system for radish through developmental regulators and visible
reporter [J]. Plant J, 2024, 120(4): 1682-92.

LIU H, ZHAO H X, WU L H, et al. A genetic transformation
method for cadmium hyperaccumulator Sedum plumbizincicola
and non-hyperaccumulating ecotype of Sedum alfiedii [J]. Front
Plant Sci, 2017, 8: 1047.

LAN T H, HONG P I, HUANG C C, et al. High- frequency direct
somatic embryogenesis from leaf tissues of Drimiopsis kirkii
Baker (giant squill) [J]. In Vitro Cell Dev-Pl, 2009, 45(1): 44-7.
QIN Y Q, ZHANG B, WANG S Q, et al. Establishment of somatic
embryogenesis regeneration system and transcriptome analysis

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[40]

[47]

of early somatic embryogenesis in litchi [J]. Hortic Plant J, 2025,
11(2): 535-47.

KONG E Y Y, BIDDLE J, FOALE M, et al. Cell suspension
culture: a potential in vitro culture method for clonal propagation
of coconut plantlets via somatic embryogenesis [J]. Ind Crops
Prod, 2020, 147: 112125.

DUAN M G, LIU J, ZHAO Y N, et al. Somatic embryogenesis
from the leaf-derived calli of in vitro shoot-regenerated plantlets
of Rosa hybrida ‘Carola’ [J]. Plants, 2024, 13(24): 3553.

A, WRAL. AL s 41205 3 i At ).
A= (LI T T, CHEN H. Study on callus induction and anti-
browning of Rosa roxburghii tratt leaves [J]. Chinese Agricultural
Science Bulletin), 2022, 38(32): 12-21.

LIU C, FAN H R, ZHANG J Q, et al. Combating browning:
mechanisms and management strategies in in vitro culture of
economic woody plants [J]. For Res, 2024, 4: ¢032.

HAO Z D, WU H, ZHENG R H, et al. The plant peptide hormone
phytosulfokine promotes somatic embryogenesis by maintaining
redox homeostasis in Cunninghamia lanceolate [J]. Plant J, 2023,
113(4): 716-33.

CHENG J, WANG X, LIU X N, et al. Chromosome-level genome
of Himalayan yew provides insights into the origin and evolution
of the paclitaxel biosynthetic pathway [J]. Mol Plant, 2021,
14(7): 1199-209.

XIONG X Y, GOU J B, LIAO Q G, et al. The Taxus genome
provides insights into paclitaxel biosynthesis [J]. Nat Plants,
2021, 7(8): 1026-36.

CAO X Y, XU L X, WANG J Y, et al. Endophytic fungus
Pseudodidymocyrtis lobariellae KL27 promotes taxol biosynthesis
and accumulation in Taxus chinensis [J]. BMC Plant Biology,
2022, 22(1): 12.

HSU C T, CHIU C C, HSIAO P Y, et al. Transgene-free
CRISPR/Cas9-mediated gene editing through protoplast-to-plant
regeneration enhances active compounds in Salvia miltiorrhiza
[J]. Plant Biotechnol J, 2024, 22(6): 1549-51.

GUO Q H, WANG Y N, ZOU J X, et al. Efficient isolation and
transformation of protoplasts in coconut endosperm and leaves
for gene function studies [J]. Trop Plants, 2023, 2(1): 16.
MEYER L, SEREK M, WINKELMANN T. Protoplast isolation
and plant regeneration of different genotypes of Petunia and
Calibrachoa [J]. Plant Cell Tiss Org, 2009, 99(1): 27-34.

SUNY Q, ZHANG X L, HUANG C, et al. Plant regeneration via
somatic embryogenesis from protoplasts of six explants in Coker
201 (Gossypium hirsutum) [J]. Plant Cell Tiss Org, 2005, 82(3):
309-15.

STELMACH-WITYK K, SZYMONIK K, GRZEBE- LUS E, et
al. Development of an optimized protocol for protoplast-to-plant
regeneration of selected varieties of Brassica oleracea L [J].
BMC Plant Biol, 2024, 24(1): 1279.
ZHAO X Y, SONG H F, LIU J L, et al. Efficient protoplast
isolation and PEG-mediated transformation protocols for
blueberry Vaccinium corymbosum [J]. Sci Hortic, 2025, 340:
113916.

HAN F Q, ZHANG X L, LIU Y X, et al. One-step creation of
CMS lines using a BOCENH3-based haploid induction system in
Brassica crop [J]. Nat Plants, 2024, 10(4): 581-6.

T, M)k, iRan s, . R 2 VR S 00 R AR R A



1136

OB -

(48]

[49]

[50]

[51]

B IR WOk A PR (NIE Q, YANG C L, XU
R H, et al. The optimized conditions for polyethylene glycol-
induced fusion of Tobacco protoplast [J]. Journal of Mountain
Agriculture and Biology), 2012, 31(4): 288-92.

BB, EAHE, R, S TR B AR B R SRR A
ZEER SR BT A R[], [ Z2#HRHOU X L, CAO S C, YU I
M, et al. Synthesis of cytoplasm hybrid of non-heading Chinese
cabbage through asymmetric electric fusion of protoplast cell [J].
Acta Horticulturae Sinica), 2001, 28(6): 532-7.

A5, SR, MIWeF, 4. NS B R AR S B I CEL T
BEPUAR ] 4 5 52 ], Wi Aol #4R/ (L1 J, BI D L, YANG X
L, et al. Preparation and identification of monoclonal antibodies
against non-structural protein C of Peste des petits ruminants
virus [J], Acta Agriculturae Zhejiangensis), 2024, 36(5): 1047-54.
B, EHE, B0, A5 RN IRIG &R IR AF BORT]. 5t
PANMYRLZ(LT T H, WANG X Z, HU W J, et al. Qinchuan cattle
embryo cryopreservation [J], Guizhou Agricultural Sciences),
2017, 45(9): 72-5.

WM, R, DR, S ALER AR AR TP L RE A RS

[52]

[53]

[54]

SRS R LA AR G b D RE AT F[T]. B B R A AR (R
iR )(HUANG X M, FAN J, MA R N, et al. Functional study of
protein arginine methyltransferase in invitro-fertilized human
embryos with developmental arrest [J]. Journal of Nanchang
University, Medical Sciences), 2022, 62(6): 6-10.

TENAC, sRXUE. 5w WG T 40 i ik & e AR N
Al % #R(FENG L F, ZHANG S H. World’s first embryonic
stem-cell “Chimeric Monkey” born [N]. China Science Daily),
2023-11-10(001).

YU T, ZHANG C T, SONG W J, et al. Single-cell RNA-seq
and single-cell bisulfate-sequencing reveal insights into yak
preimplantation embryogenesis [J]. J Biol Chem, 2024, 300(1):
105562.

SRR, BnEE, RO, REAT LSR5 B AR AR Tl
AR R[] KFEIMTE R 4R JIN T C, YANG
L P,ZHAO Y B. Application of the virtual simulation experiment
platform in undergraduate practical teaching for the biotechnol-
ogy major [J]. Journal of Changchun Normal University), 2019,
38(2): 139-40.



