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High Efficient Somatic Embryogenesis on Leaf Explants of Blueberry
in vitro Culture and Histological Observations.

CUI Guang-rong, LU Feng, CAO Hua-long, LIU Miao-cai, DING Wei-qun, ZHANG Zi-xue
(The School of Plant Science, Anhui Science and Technology University, Fengyang 233100, Anhui, China )

Abstract ; The tube plantlet leaves of blueberry were used as explants to culture in the modified WPM basal medium
which contained different kinds of plant hormones, different concentrations of sucrose and organic matter. The effects of
different concentrations of two kinds of plant hormones TDZ ( thidiazuron, ) ZT ( zeatin) and their combinations on so-
matic embryogenesis and crowd shoots growth were studied in vitro culture. Meanwhile, the influences of the concentra-
tions of sucrose { w/v), coconut water ( v/v) and casein hydrolysate on somatic embryogenesis and crowd shoots forma-
tion were also studied. The results showed that different concentrations of cytokinins TDZ and ZT played an important
role in the somatic embryogenesis and crowd shoots growth. The concentration of sucrose had a marked effect on embry-
oid formation and crowd shoots growth. However, adding organic matter of coconut water and casein hydrolysate had no
evident effect on embryoid formation and crowd shoots growth. The optimum medium for somatic embryogenesis is WPM
+TDZ 0. 04 mg/L +ZT 0. 25 ~2. 0 mg/L + sucrose 20 ~40 g/L while the medium WPM + ZT 0.5 ~ 1. 0 mg/L + su-
crose 20 g/L was suitable for crowd shoots growth. The results of histological observations indicated that somatic embryos
originated from upper epidermis cells and mesophyll cells. The course of somatic embryos development, which included

the phases of multicellular proembryo, pear-shaped embryo, globular embryo, heart-shaped embryo and cotyledon-
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shaped embryo etc.

, was similar to other plants. Finally, the somatic embryos became crowd shoots and plantlets.

Key words : blueberry; plant tissue culture; embryoid; histological observation

%5 (blueberry) X 4 84 , 4 #t 85 £ F ( Ericace-
ae) BAE & (Vaccinium ) 164, J) 254 T M K
ARLERRB . 5 # A (highbush blueberry) 5= 3 [,
HEAKRESSMEERNMECR, BANEA
b B BB 2R AR, NI A 2R
IR T — B SR B & TR EE R, iR
ok, RE LB WA R X B HET T 5 # &R
B0 R R B 3 R R S B e A
T HEHWEZRRKT . EHINTFRESE AL
F#TRE B AAHAN R, CaX 216
HYBAIE SR HEAT T 2B 5 LR E TR
X7 E R TAE kg PR Y HE RN E
KEEREM AR REE TR ks
A B2 IREE M R LGB o IR AR 14 ( embryoid )
N 44K 40 i R B ( somatic embryo, SE) |, 24 4y 4H 48
RS RITEAEANERERZZ -0 Eidik
MR SR A BTN, /TR &
P 2R U SR B AR R AR T 7 AR R AR A R AR RS R
W ot R AR R, JF T3 2 A 4 R A S8 B R LA Y
EIERA TR TR . AT I AN R
PR TR VR B A R T AR AL R B, A T
B R A A M RS R A R R AR AR R I A
LRk, BRI IG K A K B N H N 55
i, g3k — 25 ) P 05 5 0 A v 8 9 3 17 2 PR BT
I A AR R R R R R R A R iR R R R F AL
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1 M5 FH*

1.1 ##l

AP b R O o ZE B R AR IR
SR ¥ F (bluecrop) ", FEAFEFIE AU R M
WPM ( Lloyd & McCown,1980) , £ & # % & TDZ( thidi-
azuron) \ZT (zeatin) , 4 F F iR ER 2 A& A F
L2 A&
1.2.1 #HHEAA%LT HaREEFE 2 AR
BRI AT, WA B RE ar, AL
MTEAEARIKEREHAS MR E WPM( Lloyd &
McCown, 1980) 55 RE A (B AL MR E L EH S W
T 1) FEBE A R M R b, R IR T RE A
JERTRINA HLBR (& Ab BHAY W 47 Bl L3R 2 .3) I 3%

SR, HRE pHESEERKEAMA 1.0
mol/L ) KOH % £ 5.4, HAbH 10 ¥5, SR
S AR R ERERN(25 £1)C, 30 d Gt
AMF(RRER TR K4 %45 d G REsR
MZE R, 40855 25 d e EA M B AR TE
E B >0.5 em AP A) . STEERD
YeHBEI B A 12/12 h, 36 B8 BF & 1 500 Lx ~ 2 000
Lx, $088 50 2k B IR 5625 ( Duncan” Test) ,
1.2.2 G ARHEAHE L1111 PHEm
A FESITERKES  ERMEERS d e
YR RIE, DLt F WA A 4 sh &5 A L W EE
AU R HIES RS % SCIR[18 ] Tk IF R B kL,
VIR R R 8 umol/L, 3 21 | [ 4 Y 5, OLYMPUS
(M54 U-CMAD3, H A ) & 53 55 W22 F S 40 1R
B0 e IR BS AR AL R

2 HBRESH

2.1 SMNEBEEIM A BERERERKERNT N
1R B R, AL AR B R /b3
[-1 TR & AR B = A, T i 1
RN 2 B RS S B R, R BR AR
#E TDZ f 2T = s ot b sk ik i & 4B
YrREEEER. BMEH TDZ &, S (A3 1
— 2 ~5) R R EERBE, WRIEREFEL
B3k 90 % ; HUOM(H T ZT i, AR 1A % A4 2Bk T 4b
HMlI-6511REBEERN, SAHELEHET 6,
11816 21) MWL FEREESR , HESTERELN
38 % , MM 45 d B E KRB K F, TDZ WK E &
0.02 % ~0.04 %t , RN FHE M Z (B T-A
B) Wi ZT 26 FT AT B MR BE T, A ZERE XS 7 20, TE MR 2
i B AR DB AR T T E A T . BAATENE
AR & A B ok 72 o, TDZ 19 7B B AR 1L 2T 5845
%, BORBE R ZT B R A ZE D BONE A
25 BTV R0 VA A et A A T e bR T -
11,16 Joohze, s HF sk A KEFREM, £2
MM RASEAE T, Z L8RP R R
R ELREE 2 PR WOE B3R, IR AR R AR R
B s g, (H7E TDZ ¥k E 55 0. 04 % i,
B A B, BME ZT BRE R 0.25 %, IRRIE K
HERWREIRF] 96 % I RMEFH K EHERD
KES, NI ENLBEREASHRGET R4
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AR A EFCEMEER(ERT- B),
i FHEEMAFTREFHELUREH—TEE.
Bk ERE EARBEG T, RS A AR
FIERBFEFEAES , mEEFH A5 100 %, 35F
AR IR R B B (BRI 13 d ~14 d),

(1 SMERBEMNERAERERGOHA
Tab. 1

TERABE B WPM ik 0. 04 mg/L TDZ #1 0. 25
~2.0 mg/L ZT {544 F , 300 & 3055 % th AR 1 5F
B, RAEK 20 4, B AN FYERNRT
0.5 cm AYH MBR BB R T 3k 22. 8, A4 FEFTA M
LB R AR

Effects of hormones on embryoid formation and plantlets regeneration

FERIATERER (% )

ZF RIGHIER

¥ L
BB oo ol womones RS o soppicn, LR
No. of Ratio of embryoid Beginning time State of crowd Shoots number of
treatments formation and of shoots shoots growth .
TDZ Zr differences formation single leaf segment
I—1 0. 000 0. 000 o'
1—2 0. 005 0. 000 26° 14 N 3.3¢
[—3 0.010 0. 000 60° 13 N 7.8°
I—4 0. 020 0. 000 74% 13 BE & 7.7°
I—5 0. 040 0. 000 90 13 L 13. 4"
I—6 0. 000 0. 250 4f 15 T 1.9¢
1—7 0. 005 0. 250 38¢ 13 i 3.9¢
I—8 0. 010 0.250 62¢ 13 B % 13.5°
I—9 0. 020 0. 250 82" 13 A 17. 0%
I—10 0. 040 0.250 96" 13 bl 2 22. 8"
1—11 0. 000 0. 500 18 13 TN 2.4°
[—12 0. 005 0. 500 40 13 i 3.8
I—13 0.010 0. 500 72% 13 BnE. £ 5.1
I —14 0. 020 0. 500 78" 13 & 14.4*
[—15 0. 040 0. 500 98* 13 A 22.6°
I—16 0. 000 1. 000 20° 13 INH 3.5¢
I—17 0. 005 1. 000 38¢ 13 W 7.6°
I—18 0.010 1. 000 72% 13 Bl & 12.9°
[—19 0. 020 1. 000 82" 13 * & 19.9*
1—20 0. 040 1. 000 98* 13 A 20. 8*
I —21 0. 000 2. 000 38¢ 13 M 4.0°
[—22 0. 005 2. 000 58¢ 13 B L 8.0°
1—23 0.010 2.000 80" 13 ¥ & 14.3"
I —24 0.020 2. 000 90 13 N2 20.1°
I —25 0. 040 2. 000 100° 13 4 22.5°

EAARBREA WPM + EHE20 g/L; abede AFAES B ARFLEFZF, EoFAHA

A(R23F),

Bt R b 6ot R

B

Note; Basal medium is WPM + sucrose 20 g/L; a, b, ¢, d, e represent significant differences at 5 % level. Death leaves didn’t

calculate in number of leaves forming shoots ( same as table 2, 3).

2.2 EERENLHEREEERRIE

F 2 W R R, FERE X I R R AR IR
5B . TOWE IR 2 h 3 R M9 I JC R
PERIZERIE R, B W B AL, AR 4 Ab B b 2 RE T 10
JEARG A ZE  H A ZF B B0 AR ORES A R

HEMERRK, EMRKELET -2 %, HHH
R BLE N 8, R X BB D s e m R AL
I—6m ERKEFEmE SRS, AR EF
LAY B[R] o A X BB FEAL B T — 4.5 T2 R
FEME, HE O IE® S0, 4R e K
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%o AR B IEABE N m R IR R FEIRBIBEMEWR B 20 ~ 40 ¢/L, K AbHEM i R A
PE BT 20T, FEAS ) 9% J5E T T 1A AN [ 18 328 T o R KOARBLILARE 1 -A ~ F,
FHAERET W™ EEREW, E S EEH T &A

B2 BB IERAR AR 4R

Tab. 2 Effects of sucrose concentrations on embryoid formation and plantlets regeneration

WIS FERRRE (/L) ERWERE(%)  FREREK AR L Y )
No. of Concentrations kER A RF (] State of crowd shoots R 5
treatments of sucrose Ratio of embryoid Beginning time growth Shoots number of

formation and of shoots formation single leaf segment
differences
n—t 0.0 0
= </l s 4 i )
02 5.0 88. 0" 13 %ﬁﬁ/ﬁwﬁfﬁﬁw 6.3"
e 22 3R 2
ey 570 s 2. ﬂ_zlm-» s
n—3 10.0 98.0°* 13 %ﬁ%/5§5 E 7.3
wa
g % T Al
I1—4 20.0 100° 13 %ﬁgmgf?ﬂfa’ 23.7"
LR
o Py [, Az
1—5 40.0 98.0° 13 %ﬁszJ%Fm%, 24.1°
B F
g i L ’ D (el 7 ’
I—6 80.0 90.0* 17 %ﬁﬁgfm%Fﬁﬁ 9.4"
E ik

ERAZEFEA WPM+TDZ 0.04 mg/L+ZT0.25 mg/L; a b ATES AR FLEFRE,
Note: Basal medium is WPM + TDZ 0. 04 mg/L + ZT 0. 25 mg/L; a, b, represent significant difference at 5 % level.

A 1 (Plate 1)

BIKR [ $EEH: A BABRAEA O o/L oot i 2 KMRML; B, BABRA A S /Lot R ARKN; C FHRAA 10 g/L o=t i A K
WL D B A 20 /L Bheb B A KR E BARREA 40 /L ot A A RIROL; T EARR A 80 /L B ot i A KR,

Explanation of plate | ;: A. Leaves growth in the medium containing 0 g/L sucrose; B. Leaves growth in the medium containing 5
g/L sucrose; C. Leaves growth in the medium containing 10 g/L sucrose; D. Leaves growth in the medium containing 20 g/L su-

crose; E. Leaves growth in the medium containing 40 g/L sucrose; F. Leaves growth in the medium containing 80 g/L sucrose.
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2.3 EMEHEMHFEREZENRR
MAFE 3 Al W, U8 0 A HL R K % B 2 FRT AR

T ISR B R R & A R 2F A K BB

FHREBORA BER W, RDRE RN EFE

£33 HAUR AR RAKRTY BB 8 R

BB (o AR I, 75 BH 5 2 o B 4 3 g ket R A L
FREUR, 13X 5 300022 Mg 22 gy 22 US 2 i BB iR i
SRREEERANES, BABRRAFTH—F

B,

Tab. 3 Effects of organic matter on embryoid formation and plantlets regeneration

A LR

Organic matter

FRAR AT AR %
i e W (%) REF
No.of /KEBSEE BRI (V/V) Ratio of embryoid

treatments (g/L) formation and

#F R R
{4 it 8]

Beginning time

Al b AR
Shoots number of
single leaf segment

MEEARARDL
Condition of crowd
shoots growth

. Coconut ;
Casein N differences of shoots formation
hydrolysate
HRE,ERKIEE,
m—1 1.0 100 13 s 3 23.0°
HHE AEKIEF,
m—2 2.0 98 13 o3 22.7°
HFHE AKIER,
-3 4.0 100 13 i 3 23.4°
FHE AKIEY,
m—4 1.0 5 % 98 13 L . 23.5°
REFEIF
FRE AKER,
m—>s 2.0 10 % 98 13 %ﬁ‘ﬁéﬁ@% i 22.9°
AL ¥
HERE AKIER,
nm—6 4.0 20 % 96 13 E‘ﬁ&ﬁ?@% fo 24.5°
¥ #H

E. R ARIEA LA WPM + TDZ 0. 04 mg/L + ZT 0. 25 mg/L + sucrose 20 g/L; a A FTES K F ELEZFRFE,
Note : Basal medium is WPM + TDZ 0. 04 mg/L + ZT 0. 25 mg/L + sucrose 20 g/L; a represent significant difference at 5 % level.

2.4 BEBEAHAFEREZEZENABMAR
FHFE

B I-E ~ VA 18] 30, R AR A 25 d
WEASERHEZE KEMERFN 2T RE. 1A
BRI S dit, i R OB R AT R K,
AR (EMI-EGKR);HhERrE10d
B0 AR E A B (BRI -F &k PR ) X
TR 2 R 2 MO TR A 2 4 LU, T R A Bk (A
I -T) Je BT LAYE 28 R 2, G 9 22 40 BRI 2
25 5 B A S B B B R, A A K A Bk
JE AR X B/, 5 B AR R, A A
AR AR AR O R o SE PR b b A 4 S AE B A 3R
95 ~10 d WARAEFR AR I, H— PR R AR
BER I -PQ 854 (H5 3% 10 d 8991 1) AT LALVE 28
M X — o MR B BT K& AR 4 4
(BREFKTR) , R RN P HR A1 — S H
T VR 400 M P A B R M (LB Sk )
3 158 B S A R I 1 TR R R R T LU I R 3

Fe 400 B T LS O Y 4 D, T LS 7 A D A
WA AR R (AR 1 -Q) . 1EJR B B 41404 A
B RR R LI B MR R R S E T
51 22 5 0 1 I P 4 0k R AR VR O 3, 7 P 4 4
PRI /> o B g B S A IR 1 5 g ( PELRR 11 -KC 5
S B 7R 0 A 40 M AR VB BT R ) o A R R AR K
He B K8, A R S A R (AR T -Q) , BE
Ao A (TR LR ) XA A (B A
SR ) ABTE AN Hh 330 5 40 2 ey A 4 B 43 24 T T
9 42 TTRIELE , e O T DA , A B A I B A
MUBRIA 00 K L AT RE R B AR R . WA E 15
d BRI A EE MG R, R T AR SH%
i 3, R 1L -G a9 AR S5 B IR R i i B 2
BRI IR TG IR 7= 25 L BRSO B LA M( B
i3k TR ) T2 Ho B R BRIE SR ALO B IR (454, 3%
T VR 5 2 450 0 45 4 SR R O 0 B B, A I A B
FH0 00 00 LT 40 M A T 20 4 5 R B, 0 T R P
T A B IR Y 0 R A VA (JERR T -MLLO 41
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B I (Plate 1)
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BRI A 3525 dMAF; B.IERASAdMANF; CAAFHBRAK; D BB TrrABAY o LW RO RHIE
KR BEBOX); E~LIRAHIEF 510152025 d et K n h #4k B (50 x )5 J. %m0 RAE (4 3k A 73200 x ) 5 K.
SRR (SR AR 100 x ) 3 L S HE(FF % AT 7,100 x )5 M. o F 5 (45 3% AT 75100 x )5 N. F=FBE (100 x ) 5 O. K % &
(ZEHIFEAFT)REAT Y HORTAREH (L ENLITF;100 x )5 Porb B A AR w00 (2 E 5 k47 K A7
) Foet ) 404 0 30 0 B fm L TR A — b AE 64 REE Al L (4 4T K A Sk BT T 5200 x ) 5 Q. R A M A Ae vt A dm SR Bl Y AR
#) 30 % m AR AE(200 x ),

Explannation of plate II. A. Crowd shoots formed on the surface of leaf segments cultured in vitro for 25 days; B. Crowd shoots
formed on the surface of leaf segments cultured in vitro for 45 days; C. Crowd shoots subcultured and growth; D. Mature embryoid or
shoot bud formed on the surface of leaf segments under dissecting microscope(30 x ) ; E ~ L. Complete section photos of leaf seg-
ments inoculated for 5, 10, 15, 20 and 25 days (50 x ) ; J. Multicellular proembryo (arrow, 200 x ) ; K. Pear-shaped embryo( ar-
row, 100 x ) ; L. Globular embryo (arrow, 100 x ) ; M. Heart-shaped embryo ( arrow, 100 x ) ; N. Cotyledon-shaped embryo ( ar-
row, 100 x ) ; O. Secondz{ry embryo(black arrow) and “Y” shaped microtubule tissue (red arrow, 100 x ) ; P. Embryogenic cells
or tissue of leaf upper epidermal layers( black arrow) and‘mesophyll( red arrow, 100 x ) ; Q. Multicellular proembryo formed by leaf

upper epidermal layer cells( black arrow) and mesophyll cells( red arrow, 100 x ).

AFLETR) o BRI -HAD N (K TR ) 414145 4
R, 0B ORHE3R 20 d B, FHBEE 200 M, M
REERELZWAEFRER., HHEFHFZE25d
o, o A A B (ER D), e
MR AR B FB A 45 3R AL (AR T-D) o s, 18
— KM E R TSRS, RPN RE
ALY U B (AR -0 Bk R . MIKRE,
EEM A TER B REEFR AT, i 2 £ R EE  BR
R BUUNE DIEIE TR 5 B B, RZE R
P B AT UL #9927 ¢ (BB T -D) , R B4 R (T8 A
I-B), X5— MY ER&ELRESBML, A
Hgk FEME T SRR, ERE AP, T
Wik R i E R B, 70t i F RE R K
A AR TY B, 3% 51 2 40 38 0 M 22 i - 35 £
BRERE L EETTEMAL . NARB S
LAY A AR b, B T LU e 1 7 S fA s SR et
i 240 LR Y 4% B W B B R Bt ] < R 4 1 ~
5 o5 JEAt 240 I 0 25 L JEETR 6 ~ 10 5 BRTE R L1

B GOTBER 11 ~ 15 d; FAFAR 16 ~20 d,
3 #igbitie

3.1 &g

AFEESAFEEETZANZIT N ESHRFNE
EEFRREEEREMAEFOREZWHRK,
TR ER R R R R BN FERS R L
B E SR 3 WPM +0. 04 mg/L + ZT 0.25 ~2.0
mg/1 + FEHE 20 ~40 g¢/L,pH 5.4, NHHREHRTF
WPM +ZT 0.5 ~1.0 mg/L + JEBE 20 g/L #5553
AATEK G BB E X IR R & 4 B 2
AR R BRI, S IR T | K R I B S U B
AR, EHH R EAREREAREIES — B
YR, T EEE T LR AR I ER ER R
AIFR AT A, PTRE M Z AR I, & 2 4 IR
BRI BB LR FHRELEE B, &
LIL WA E TG H o
3.2 itig
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BWATREGI, BRI AR R A& B
HYHRAEFYIES R K & =Y A 150
FLLE, I3 A T 40 ZA4R, R a8 7Y JLF
BAEEMNMNM -2 FEY, X XU ERE XA
ERSHYPR-DMEROBE ™, BEr A
AERMERHRSERANFAEREESHER
HERBHITHEONOS KRB R Ay, SHEE
MR R AR A R AR R M R B R
BREZH, ITHLA WEEREERE R T
ERE R R F B AR, HXMRRXRTHE
B EEEEEKESSRE REEROE R
REFFER GMEER WG AR B
BEN-TRMAET THE MEHSERMATE
BSMIHEXHEECEAEENSEME. S
AR VR i & A RAB B T AR R R W ST, N AT
HRERDR EBIMNERERE R E RL F BEE
AR R AT R A B R LY R R BT 9 4
MM EREEEINENBE RS & THENS
. XKEMESRASHLBHNBEAFERER
)\([15-]7,20] o

FEEASERARTEREEATHEER
R HFIMNERR R EETERNR TR,
EEEERER , KEBOHIER, AR E
S5ERENGEGHEREMNTHRAKRK R, 25
0 P40 Mo 34 2% I A KL 7 A RO AR X
ERATHIAE P A8 B T B E , X °T RE A 9 19 b
EARRMAR . TDZ %t 25 7546 ) 41 4 35 57 1 A 33K
MEHRCHARSREERNATZ, FERTHES
A B FRAR AR S U0 AR S R R AR
EWTDZ EFEET I RENZRITE T LT,
TR AU SIME P B B U5 R0 BB R, A 2 50 ) 35 3% Sk
hBREENEERE, AR A RS E S
KR B SR AP TE— 225 57 . Caol™ BT
SEIR U ORNAURE MR 5 T UK R E RS L AN TRDBE Y
PRt R SRR S M TG B M O T WA 2
BikEFAESHRE E AW A TEEm H
TSR SRR R A & T R 1 R R AR A
RERBWHEE R KA 594 B H 5 )
R Tk —PMR,

i

BB FTRLRXFEZFREARHBLALE
BBy R WE R T4 T a5
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