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F DCR 15373t + 1.0 mg-L™" 2,4-D + 0.5 mg-L™" 6-
BA + 1.0 mg-L™" NAA + 5.0 mg-L™" ABA; A [A] %t
ARBEFEIALR HIA S + 1.0 mg-L™" 2,4-D +
0.5mg-L"6-BA+1.0mg-L""NAA+5.0mg-L~' ABA;
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Ho VA EBFRILFRR N -5 2 Wik 450 mg-L™",
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Wi E (20, 30, 40 g-L™") 3HZE 3KFMIFESR
PR, RGN 450 mg- L 'L-A 2Bt . 500
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mg-L7"2-nuk 2 B iR . 30 gL' ZZEHE . 7.5 gL
KR, 8 RS AIRR SR
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V20 B R #R52 B R0 B iR B P T &
R 5L GO A1 G1 ( GO=WPM + JLEE 500 mg-L™" +
L-# 2 WL 450 mg-L™" + /K ik 1 500 mg-L™ +
2-Nh ik 7 fifi i 250 mg-L™" + Z 254 30.0 gL' + &5
10 gL', G1=G0 + 3.5 g-L7" if % ) ik
ik, SemERigR 7d, SRIGEDLIB R IR, HEUG
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Notes: a. Cones and seeds of loblolly pine; b. Immature zygotic
embryo with seed coat removed; c. Mature differentiation of
embryogenic callus; d. Embryogenic callus subcultured once; e.
Maturation culture of T somatic embryos; f. Mature somatic embryos;
g. Germination test; h. Strong seedling culture; i. Seedling refining
and transplanting.
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Fig.1 Somatic embryogenesis system of loblolly pine
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Effect of different genotypes of immature

Table 1

zygotic embryos on embryogenic callus induction
rate at different sampling stages

F R REERTHT CH-FD FHEE
Genotype Sampling time (Month-Day) Induction rate/%
7-07 CJRIRAIE B D 3.33t5.77 b
7-14 (JRIRFIREHD 27.33+13.01b
7-20 CRAZEHD 62.67+28.31a
oR1li52 7-28 (FHLIEH) 36.00£16.37 ab
Rongshan 52
8-03 C(-FHEFHD 16.0027.21 b
8-11 (FHERAMND 6.67£5.77 b
8-19 (Il 26.67+30.55 b
7-07 CJRRROIFES 2D Oc
7-14 (EIRIIEIAD 6.0045.29 ab
7-20 (HAEZIE) 32.00+15.10 a
16 7-28 (FHLIEH) 16.67+11.54 ab
Wulin 16
8-03 (FHEFHD 6.67+5.77 ab
8-11 (FH I Oc
8-19 (P 2.0043.46 ab
7-07 SRR D 1.33t2.31¢
7-14 (JFERRRIRESH)D 32.00+£19.70 ab
7-20 CEAZ D 36.67+23.18 a
2 7-28 (FHKIEHD 12.00£7.21 be
Wulin 2
8-03 (FHEFHD 21.3347.02 abc
8-11 (FH I 5.33+4.62 c
8-19 (P Oc

W MFEERER R E B AR E (P>0.05), ANHTRRREREE

(P<0.05). F[A.

Notes: Same letter indicate no significant difference (P>0.05),

difference letter indicates significant difference (P<0.05). The same
below.

312 ARA 7 H 20 HREM 6 PNAEIENA
D QAR /A NI A Y R L L s e 1 S R Y o
AHAES, KIEEEGAHZUE SR 22000
(% 2), Hr, 1L 52 SR MAS FIRr IR
WS TR e, 15 63.33%; M 395
W2, MHLIESHIA 60.00%; Rk 150
WAL FRRIR, (U 10%.
313 AARARAEAR URMK25RKEAET
Hm (7 H 20 H) J#PEHIT AR FEA B 373 1k
M 205 R0 (£ 3), &3 DCR K3t
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Table 2 Effects of different genotype on embryonic
callus introduction

Ttk £

Cell line

HEE

Induction rate/%

511152 Rongshan 52
16 Wulin 16

63.334£28.87 a
50.00+10.00 ab

E A1 Wulin 1 10.00¢17.32 ¢
W39 Hu'nan 39 60.00+£10.00 a
K3 Wulin 3 20.00+ 17.32bc
A2 Wulin 2 40.00+26.46 ab

*4 7F[FPGRABGKKEXRIL 52 Fitk
RGARF SRR
Table 4 Effects of different PGR combinations and
concentrations on embryogenic callus
induction rate of Rongshan 52

R AR S R e, 153 40.00%, H
HHAR: SRR R 225 02 HIk WPM fil MLP 153%
3, PR SNAE SRS 20.00% 1 13.33%;
M MLV, WV5 F1 B5 §% 52 315 S R 4E81K

%3 AEEAEFEMEMERGALESHEN

Table 3 Effects of different basic media on
embryogenic callus induction

AR KT
'S plant growth regulator levels/(mg-L™") FHIRE
Number Induction rate/%
6-BA 2,4-D NAA ABA

1 0.50 0.00 0.00 0.00 13.33+5.77 b

2 0.50 0.50 1.00 3.00 16.67+5.77 b

3 0.50 1.00 2.00 5.00 50.00+20.88 a

4 1.00 0.00 1.00 5.00 16.67+11.55 b

5 1.00 0.50 2.00 0.00 10.00£0.00 b

6 1.00 1.00 0.00 3.00 0.00+0.00 b

7 1.50 0.00 2.00 3.00 18.33+£16.07 b

8 1.50 0.50 1.00 5.00 13.33£11.55 b

9 1.50 1.00 0.00 0.00 10.00+£10.00 b

(£5. [K2), 43 5 %F#R52 -tk fr 5 41 24Uk
AR FRCRIRAF, THRITE 411 497" BEIE, IR
FiT3k 448 A>-g7 AR HUGRAREE 3, I
BORFH1A 257 497, IREITIA 327 g7

R5 EFEEAESVHRS2 KRR DL EEFFREIN
Table 5 Effect of medium combination on somatic
embryo mature differentiation of #R52

F AR R LKA Medium type % $%Induction rate/%
MLV 10.00£10.00 b
WPM 20.00+17.32 b
MLP 13.33£5.77 b
DCR 40.00£17.32 a
WV5 3.33t5.77 b
B5 10.00£10.00 b
314 FRF PGRAGAILNKE 71l 52 (A

A T IR TR BE R 6-BA. 2,4-D. NAA
Al ABA BYIEAC AL HAY O Rl SL, BE 3Rt
fic)rh DCR+PGR 45, 454 (5£4) A3: 4313
IPE R 205 S R e, 1k 50.00%; Hk 2
hER T, IR AU S R G 18.33%; AbHE
6 MIEPER AU R m . MIES T Jr
ZoHrnl4s, 6-BAKEE . NAA MK DL ABA ¥
JEABXT APE B AL AL LU 50 T
3.2 {KEEREHSIEF

VEPEALER | ROk, HEA A ESM 254
I#R52 IR A a1 4l (I 1d) #EA7 rfhik
55 . #R52 W 1475 4 2 7E o Ak B R L 8 3R
1JAG, PR A SR BT WSR3 5, IS
JREARW A KAk, FHIFEIERR, 2 4 H 261K
ARG A KT A (K 1e. ). RIRALZ
a3 AL K 37 149 B A 3 b AR R S 5 R 22 0 B i

, , . A R
ABAVKEE  PEG 8000 Ak &Jufﬂfff
Ab ABA c PEG8000 Maltose .
. . . mature somatic
Treat oncentration/ concentration/ concentration/
1 1 1 embryos/
(mg-L™) (gL™ (gL™) gl
(g™
1 6.0 120.0 20.0 8118.1 de
2 6.0 140.0 30.0 107£10.5d
3 6.0 160.0 40.0 257+62.4 b
4 8.0 120.0 30.0 51+11.9e
5 8.0 140.0 40.0 411+32.4 a
6 8.0 160.0 20.0 1724335 ¢
7 10.0 120.0 40.0 166+39.0 ¢
8 10.0 140.0 20.0 113+20.0 d
9 10.0 160.0 30.0 3946.1 e

XL ARG IR S5 R AT O 220 b, W AR
ABA ¥ i . PEG 8000 ¥ i L) J2 27 25 Wik B 35 %)
BEAALERFR AR, H 3 AN ZE AR
FWN: FEAHH>PEG 8000>ABA.,

3.3 HESKEBH
W KBRS R (P AF) BT R B3k i
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H:oa AbEE 1 R b, 2R 2 AYIRIR; c. bl 3 AYIAE; d. &b
A WIRRE; e Ab¥E 5 MRRE; f ACHH 6 RUMKRE; g. Ab3E 7 AUARAE
h. ZbFH 8 FARRE; i 4bFE O AUIARE

Notes: a. the somatic embryos treated with 1; b. the somatic
embryos treated with 2; c. the somatic embryos treated with 3; d. the
somatic embryos treated with 4; e. the somatic embryos treated with
5; f. the somatic embryos treated with 6; g. the somatic embryos
treated with 7; h. the somatic embryos treated with 8; i. the somatic
embryos treated with 9.

2 BAMERERRER RS
Fig. 2 The mature state of the body embryos

&, #R52 AL RTEVRIN 3.5 g-L7" im M G1 B
FrEEPRICET K A0l 15 93.33% (£ 6), L TA
s Ve A GO K gR 2k . R RET & (18] 1g)
Ja, TR A IR AL 4k i 3R ([ 1h) 4~
6 JilJi, MR EARHERE . MR R IR BRI R
BRI, MR B, BB AR ATk
86.30% (% 6. K 1i),

® 6 #R52 KRRMYHE R S5
Table 6 Germination and transplanting on somatic
embryos of #R52

&2

1@@ in?%%/%ﬁ%ﬁ Germination rate/Transplanting
reat Medium )
survival rate/%
0.3 GO 57.78+8.3
Germination G1 03.33+3.3
7
Transplant ERLBIHE (31D 86.3046.2

4  ITip
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TR, FEURIR A A R LR B A AR AR 3 ) 5t 1 SRR

AR FIBRARAEON, , AR BORA s e A 1R 35 PR R X A

JR T T 2 O FE 0O R[] 3 (R R 2 ] P

S SRR R & 25, Tang ' F MacKay
LEU X KAERAA TR K R AE AR ) B 5 25 1 T A7 IR
WA LE S, W RAHMAZE . Pullman
SEPVXT 10 A TFRCEE R 9 JCHERA T R AT TR AR
RAMTE, MR L 205 T R i i Jo & T
ik 33%, #Bor Tt RFEFENME, AHEE R I
WL, AR, KA 6 D IEF RS SR
PR ALRCE L WAATEH R 25, Hrh, %1l
52 MG 39 iAotk 2 FP 195 S R T
50%, ZRll 52 RTEHERFTHITE A1k 63.33%,
T U A, A S A R B
& B ¥ ( Pinus massoniana Lamb.) " 1 =
BitA ( Pinus yunnanensis Franch. ) ", K[EFEH
RUZ AR PE AU TR S 2 25 5, BT
PRI 2 5 i A 78 45 2 40055 3 A DGR R 1

SR, FIHARBEAG F IR B F) T
WS GA LA R AR R, MG
FIRE B A T2A Z IR R E @l 205 5%
3 T AL R BB, [ AR SRR BR R
KAWL, HEARENAE 7 ArhNa), i
AT EBBRZ T4 Z IR 8, o ik
HRAHLUE SR . AR E RS DA 5T 45
R—3,

R332 3 oy 5 SRR R D) i SR R 1 22—,
AFEHARE IR | PGR Mok . FEAR: IR 5L A At
ey (JEHORR M —LE @ B 1 ) B il ek
DREA IR A A 2T 54 K, Pullman
SR R I CHERA A AR TR B R Y 1/2 P6 A
W LIl SUA S R, ME, BEEER
FHTESLARIE TR 1/2 P6 Ll L ININ—a kR MES |
YRR, WU E R S I A 2 R
RMARGE N, ARAFFR A, DCR KiFRELZ1H
FERA AL R AL SR 5L, DCR Hi: 5
HNH, " IS 2T MLP 5 MLV {5382 08, NO3™
(& B AKT MLP 55 MLV, DCR }53R3Er NH, " -
NO3 %)% 0.38, MLP Z3% 0.17, MLV Z1% 0.44,
X 18 B YRR AR & = LA AT NH, ™ 5 NOs ™1
L&A A OGN 2R . TERG I G 5
SRR, AR, KB R
HAUEATE MLP hiI%FE, XA ReRIFEFA R M &
i 5 A %, 7E Pullman 550 Tang %13 iy ff
FHRWA LI A, PGR & FREH 175 IR IR
PIPEENZR, JOEMIEE A LUE ST, H
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®Z 0 PGR 4442 2,4-D + 6-BA, 2,4-D+6-BA+
KT, NAA + 6-BA + KT 282221 H AT R 58 W 7]
KRS Im ABA,  JERAEYE AL 2055 SR
FHE5R >, Pullman 5854 (58, ZEER N 1.1
mg-L™"2,4-D + 0.45mg-L™" 6-BA + 0.43 mg-L™" KT
SRS, KIEME S R R T ik 30.1%, IR
i1 mg-LABA 1] DL E R R A TR, 32 AN KUE
P R ML 3R AP35 3 6] 5k 17.90% 0, AH
X 4 F PGR (2,4-D. 6-BA. NAA fi ABA)
A B EARTE T IIEMIRE B H LA SRR, i
SR E ik 50%, BT LA A aT A R .
4 7 PGR ' 6-BA. NAA. ABA X} IRk A 455 41 41
PR B, BABAIX 3 Ff PGR 7E K AE
M@ A 20UE b R A HEAEH, e
2,4-D &S EIREE G AL RAL, PR m)
B, I DTESR S g N St g, AL 2,4-
D MV FE S NAA B Rtk R IR &
P 25 R P = 2 R 2 PGR MRS
RO, JuHJE 6-BA. NAA, ABA, &EijF—iiR
FER A A)IE SR, T4 3 i PGR Mk
LR IR ATFRIALS, {0 3 Ff PGR X1
AU T RS RN FIHLE] AN BIR , AT B
RARIBFFE
4.2 (KRR S EESE

PRI B 35 5 R AR S A AR5 Hh A v
Mz, W PR AR B A A 7 I A E
W, EERRESSR T, RAEERIE SR A
52 4 P 55 I AR IR (R i A R PO, AR 2 g R
B, ABA. PEG 8000 LA K Z ZE i A4t B Fh A i
B e SR T R AR U2,

T Y BE Y ABA R 1A 200 1R i 1) B,
B A A e ABA VR B AR IR B 43 R 8 3R 10 AR
SR ES BE . DRI A A 37 3L b ism
2 mg-L7 ABA, X4 L FR 1A IR 1 B RO B AT
20 mg-L™" JR 4 ¢ =42 ( Picea koraiensis Nakai )
20 it R AR Y ABA B AR, REFRAS 4R 1)
BCAARIRECRRY ) I BIRERAAC, FEXT JOERMA
RRGRE G, AR 2E A X ABA 78 HAAR R 24 1)
YEFRRIE THIFY . Kapik 2502 X K AEFA A TR &
B A ABA M BEAF ST, & B AIERS A TR
ABA e ) WA 1 BLAE & T IR IG A & 10 5451
BRI . R 0% FE X JCHE P B VR AN 1 T B A 7
s, TIN5 mg-LT'ABA, figfs WEE| %A LR

PR P LY 434K . Pullman 2500 78 JCHERA 4
IR R A A B R I AF 9T A Sk, ABAR JEh
9.0 mg-L™" i}, FRIGHRBRIRBERERZ ; Ak
I, KA LR 3 75 1 B il ABA Y
£k 8.0 mg-L™", MLT Pullman HIBFFE45 5, ¥t
B KRR A AN [] 35 PR 76 2 AN ) 40 it 2R 22 TR R i s
AR e ABA Yk BE T BERR A 25 5
PEG 7£ 15 77 5 8 & 71 VR FH T g 515
KA . BTS2 A — S R 5 O R B AT
K, TEEFIHRIFR A PR AN IR G & A B 7 -t Bl
TFAEHEARRRRRE, 7E HASEYS (Pinus thunbergii
Parl. ) B9 {4 i Bl 25 3% 19 85 35 3 v 3 Jin 0~ 150
g-L”" PEG 8000, 3~4 J&)5nl WLFnfir, Kig%
8 Jil Ao A PR R BE A 3 o 2% I AT A POV FE X b A
( Pinus tabuliformis Carr. ) &I 8 B335 75 R
R, WEBVIE R B % PEG4000 #k i ( 25~
100 g-L™") A3 i 34 n . Pullman 2£© 4 iff 5%
W FEREAOMERE RSN 130 g-L ™ PEG 8000,
DG RN N Y S T = 5
150 4~-g7". ABFFEFEER N 140 g-L™' PEG 8000 [1)
WRMEEFRHEE R, RS 411 4>-g7 BRIl
AR FRACRAS B B R T PEG XA AR iR
RAEMVER, RUABLE PEG Fh2k Kok 5 (122 7
b, HERYJE PEG FRE IR0 HAD AR 550 X5 (4 e
KA AR, X R IR st i A
BEA A0S B LA ML SRR A 2% o
WEI W) TR AR e A 2 A AN BT /D B S 741
Z—, NMUARAMMEIEREfF A B RVE SR, &
REVAR S SR IL AR B HEN, BRI Rl s 7
s BRI 22 R 22 SERER NS, WA T B th X i
R oA B, Xia 507 R B, T RAME
FHZZ ZEWRIEA TR IR RIS R8O A, ELI Nz 2
BRI S = T =R RR I RE 1, (EAE vk
J¥ (30.0~40.0g-L™") XA 2R, Peng 45
WA Jy, FEMEA F) T 204 ( Pinus koraiensis
Sieb. et Zucc. ) (R EUAIGE TR, I H R I B X
CIAMAR IR B B 5200, 68.5 g-L™" REME 1T
PAFANE 134 A~-g7" FESAERR R, 22205 O
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Optimization of Somatic Embryogenesis for Pinus taeda

HU Shan'?, YANG Chun-xia', GU Zhen-jun', DU Qiang', XIAO Ping-jiang®, LI Huo-gen®

(1. Jiangxi Academy of Forestry, Nanchang 330013, Jiangxi, China; 2. Nanjing Forestry University, Co-Innovation Center for
Sustainable Forestry in Southern China, Nanjing 210037, Jiangsu, China; 3. Wugongshan Forest Farm of
Anfu County, Ji'an 343200, Jiangxi, China)

Abstract: [Objective] To provide technical support for the establishment of somatic embryogenesis muilti-
plication and genetic transformation of Pinus taeda, the somatic embryogenesis technology system of P.
taeda were established and optimized. [Methods] The immature zygotic embryos with superior genotypes
of P. taeda were used. The induction conditions of embryogenic callus were optimized based on the geno-
type, cone collection period, basic medium, plant hormone combination, and concentration, etc. The em-
bryogenic callus with good proliferation and embryo suspensor mass were selected to carry out the ortho-
gonal test of somatic embryo maturation. In addition, the cotyledon embryos with normal development
were selected for germinating. And after 8 weeks, transplanting was carried out. [Results] There were sig-
nificant effects of genotype, development stage of zygote embryo, basic medium, plant growth regulator
combinations, and concentrations on embryogenic callus induction. Among the six genotypes of P. faeda,
the induction rate of Rongshan 52 genotype was the highest, 63.33%. The best sampling time for explants
was the zygotic embryo in the split polyembryonic stage (around July 20). The embryogenic callus induc-
tion rate on DCR medium was the highest, 34.00%. The induction rate in the PGR combinations and con-
centrations with 2,4-D 1.0 mg-L™", 6-BA 0.5 mg-L™", NAA 2.0 mg-L™" and ABA 5.0 mg-L™" was the highest,
50.00%. Embryogenic calli were cultured on MLP for 14 days, and then transferred to somatic embryo in-
duction medium containing ABA 8.0 mg-L™", maltose 40.0 g-L™" and PEG 8000 140 g-L™". The average
number of somatic embryos was 411-g™', the somatic embryo germination rate was 93.33%, and the sur-
vival rate of somatic embryo seedling transplantation was more than 80%. [Conclusion] Somatic embryo-
genesis of P. taeda was optimized, and the induction rate of somatic embryos was significantly improved.
This study provides a preliminary technique for the establishment of large-scale embryogenic transforma-
tion of P. taeda.

Keywords: Pinus taeda L.; immature zygotic embryo; embryogenic callus; somatic embryogenesis;
somatic embryo germination
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