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Germination Ability of Somatic Embryos in Larix leptolepis
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Abstract ; [ Objective | Germination ability of somatic embryos in Larix leptolepis was investigated to provide theoreti-
cal basis for large-scale breeding. [ Method ] The study was conducted by using mature somatic embryos ( SEs)
from embryonic cell line S287 of L. leptolepis as the material. Four cotyledon shapes were distinguished and ana-
lyzed with resin sections method and microscopic observation. The rooting ability of the four types of SEs was calcu-
lated and the important factors that affect seedlings regeneration were identified with exogenous application of hor-
mones. [ Result] Four types of mature SEs in L. leptolepis were found in the investigation, i. e. the normal one
with cotyledon number (NC) = 4, the poorly separated-cotyledon one with 2 <NC <4, the cup shape one with NC
=1 and the deformed one. Microscopic observation revealed that the first three SEs could develop complete SAM
and RAM, with germination rates of 17.2% , 12.4% and 5.7% respectively. However, the abnormal embryos did
not have full SAM and RAM, and could not take root and soon died in germination medium. Exogenous application
with GA, and IAA of different concentration showed that 2 mg - L' IAA obviously promote the germination ability
with 56% germination rate of SEs in L. leptolepis and later maintain a higher survival rate. [ Conclusion ] TAA plays
a vital role in modulating germination ability of somatic embryos in L. [leptolepis.
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Fig. 1  Microstructure of Different Morphology of somatic embryos in Larix leptolepis

2.3 BESEARBEMERER

e AN R R 2 0 L 5 R B 5 d A Ay
ARSI (A 48,10 d 24 TR, 20 d BT
AR . Jr = HKBEHLERCE 300 4 BEVA IR
(BFIK 100 4>) FEAT B K 3555, 0 & T 28 9% R R iR
ARCRI TG, S5 R, V& P IE - iR
MR R 17. 2% 34T IR AR 12, 4% , F
RIERR R LN 5. 7% , Wi I TE i & 5595 3 AN
REZEAR  JFRPRIET- (R 1)
2.4 AEAKER TAA X% Mk 40 B AR 4 4R Y (8 i
€A

AT BRI 95 AR IR PR AR I R AR S B K,
25 W R AR T, SRR AR FH A [R) W BE 1)
R GA, AAERKZR TAA 3R T RAIF17% i
VAR (F22) . 555720 d JFxF 100 MRES St
R ,60 d JGGITAEE R GR A, 5K
FACHAALE,0.5 mg - L' GA, AbHR AR AR AE F
R R AR T A B SEREFA AR
FAERAUON 13% 53 ES AR, R E
TAA ZLFRRIRRE, L 2 mg - L1 TAA Ab3RE5 R,
HW R RIKEN T 56% %k BE T AR5 WIA7 3% A0
REAR IR B K o TELIERN I, SR GA, HI TAA B
FEMRFEAL A AR B, e BRAE AR SR AN 16 SR I AR B, e
HIE 60 d J5 7775 M 4 S50 100 A 1A ik 2 2]

A PR B A A KA RR (I 1C) o =F IR
Ui A4 (RAM) 34 B B 25 5 0 B IR U AS g
KA HSEEER SAM Il RAM(E 1D)

ORI W TR
Cup-like Deformed

1 BR(F£2),
K2 ARHFSEFMH AL RMEFEFR
Table 2 Embryonic germination and survival rate of

different hormone treatments

‘ MR BiRE AR
el - o .
Hormone concentration Germination Survival
Hormones 1
/ (mg-L7") rate/ % rate/ %

- - 11 7
0.2 19 11

0.5 32 13

GA, 1 24 13

2 13 5

5 15 7
0.2 26 22
0.5 23 18
1 45 38
2 56 47

T1AA

3 41 29
4 28 12
5 20 14
10 22 14

GA; + TAA 0.5+2 27 11

3 ik
A A R AR R B 7 AL 9
AP AT A O SR B PR U, R

HE A A O G R v R bR R DR 55 LN TR T
UMM EE RS, BT FRY S287 i &



1002 Mook B

530 &

NGy AN AR o HF T 0 AR IR DL DO -
TESAAAE, Hoh IR AR 2R i IR FIARIR R B
AW ARRES] HIE T AR IR B AR L J5 P A AL RE T i
S 5 2 IS AR — 5K A M g 4
BRI TSR & B T B S ) SAM, 2K, 3¢
A TR FIRRAR R 1 SAM 2 2 3 b e vl o8 4 &
Bt PR, 3R] B 2 i P A 3 A v S i AR IR i
EEER R . 7 SAM Hu X, 40 53 537 A
PRI AN, — PR S IR AR R JFOR AL B, PR
T4 J5 35 ( Progeny of stem cells) , 55 —3543 W] i 5
S RTINS S e e R A M P O T R 1 )
(daughter cells) ", 5 1E % JRAH 42, J5 BT 3 10
SAM HrCy DX 2 A [o] FN A5 A8 A i s (BT 1), it —
AU 2 M A O i 5 A B2 2 4 B L Y % 28
SMIREN RIS 5 > TR A 1

=) RAM R WA 25 5 Wi ke ) AR
/NS (R R AR AR AR T s o AT AN K
RIJ7 B BN, BB 2 mg + L' IAA A JHS f
IRAERRBE ST 11% 383 T 56% (£2) . KR
X ARSI A B A E . FE B, AR K
2R [ Tty o3 A 2H 20 i , 78 v AR R VR B IXEUE i
P FIE KNOX 3 R 223K 4 A K Z Wbz
By, PR, — B e AR T 20 M B A R A — Y AL
ERFR . ERF RGO EAL M EZFE 55
TR U T, B K K OE 17 8 # PLETHORA
(PLT) JeDA, 5 0 A st 1k rpoc (QC) FT-4H g ik
PR e BAT EAF ™ o SHORT-ROOT (SHR)
F1 SCARECROW ( SCR) J PR+ 41 i 73 Ak R A %2
P AE o Homeobox ( HB) R jiti i) WUSCHEL
(WUS) Y5 CLAVATA ( CLV) JE [N it S 458 3 19 B4 4
FrranpcemfEe ™ > Wik, 5 LEH ST
A2 B0 52 0 DU AR 25 VR AR AR B T i IR 1Al
— T

F5 bR A R A R R AR 2, G —
FONNIEFSMEA R . 75 AN i — P42
ABIFFERTAN [] 5 T 285 1) 7 A28 A 240 AV ) 7
JIHEAT T geit, IF R AN PR 10 5 2 K LA
K FK TAA B PARIRTRAE B HL BB AR A0S 1
BUEW T, TEHELE b OSSR AR R A R e
AR SE N DD REMT 7T BE0E 1 R i BE A, [) Py 7 S5
B, SV RS T N FH 5 T PR Ak B i it i R
A

4 2

AWFTE A, V5 MR 1 550 H AN [ A s A 2
AR FL A RE 1 45 AT, il Bt T 00 2R ZH A0
KBEWZEE M . W AR R R LML T R
U A& RS TR, R B 2 mg + L1 TAA S0 AS
PRI LA W A (8 AR T, DA TAA A 73 A
PRA IR e rp 4 2 S PR AR

Sk

(1] FFAIRE. Adby&mHAa R ARG % A 5 L e A R G S i iF
FE[D], 2000, b E M BFABFTEBL.

[2] Jain SM , Gupta P K. Protocol for Somatic Embryogenesis in Woody
Plants[ J]. Forestry Sciences, 2005 (77): 11 -24.

[3] LiS, Li W, Han S, et al. Stage — specific regulation of four HD —
ZIP 1T transcription factors during polar pattern formation in Larix
leptolepis somatic embryos[ J]. Gene, 2013, 522(2) . 177 —183.

[4] FFE, wh— L, #iR3, % L0 NAA J¢ ABA XPHEL & i

FARAA I LA S A AR i [T ] ARl BE2%, 2004, 40(1)

52 -57.

FUSFDT, BRI, SEOTNE, S E AL R AN VR I A S

. Mol BRERFEL]. 2004,17(3) ; 392 -398.

[6] Aderkas PV, Klimaszewska K, Bonga J] M. Diploid and haploid em-

(5]

bryogenesis in Larix leptolepis, L. decidua, and their reciprocal hy-
brids[ J]. Canadian Journal of Forest Research, 1990, 1 (20):9 -
14.

[7] Teyssier C, Grondin C, Bonhomme L, et al. Increased gelling agent
concentration promotes somatic embryo maturation in hybrid larch
(Larix x eurolepsis) : a 2-DE proteomic analysis[ J]. Physiol Plant,
2011, 141(2) . 152 -65.

[8] Belousova A C, TretTakova I N. Patterns of somatic embryo forma-
tion in Siberian larch: embryological aspects[ J]. Ontogenez, 2008,
39(2). 106 - 115.

[9] Li W, Zhang S, Han S, et al. Regulation of LaMYB33 by miR159
during maintenance of embryogenic potential and somatic embryo
maturation in Larix kaempferi( Lamb. ) Carr[ J]. Plant Cell, Tissue
and Organ Culture, 2013, 113 (1) . 131 -136.

[10]Zhang Y, Zhang S, Han S, et al. Transcriptome profiling and in sil-
ico analysis of somatic embryos in Japanese larch ( Larix leptolepis)
[J]. Plant Cell Rep, 2012, 31(9): 1637 - 1657.

[11] Zhang S, Zhou J, Han S, et al. Four abiotic stress-induced miRNA
families differentially regulated in the embryogenic and non-embryo-
genic callus tissues of Larix leptolepis [ J]. Biochem Biophys Res
Commun, 2010, 398(3) . 355 -60.

[12] Zhang L, Li W, Xu H, et al. Cloning and characterization of four
differentially expressed cDNAs encoding NFYA homologs involved in
responses to ABA during somatic embryogenesis in Japanese larch
(Larix leptolepis ) [ J]. Plant Cell, Tissue and Organ Culture,
2014, 117(2) : 293 -304.

[13] Cairney J, Xu N, Pullman G S. Natural and somatic embryo devel-



56 1

YR SF VR AL RN R B K RE I FE 1003

opment in loblolly pine[ J]. Applied Biochemistry and Biotechnolo-
gy, 1999. 77(1-3).5-17.

[14] Yong W K, Yang Y, Noh E R, et al. Somatic embryogenesis and
plant regeneration from immature zygotic embryos of Japanese larch
(Larix leptolepis ) [ J]. Plant Cell, Tissue and Organ Culture,
1998. 55(2) .95 -101.

[15] Yong W K, Moon H K. Enhancement of somatic embryogenesis and
plant regeneration in Japanese larch ( Larix leptolepis) [ J]. Plant
Cell, Tissue and Organ Culture, 2007. 88(3) . 241 —245.

[16] Klimaszewska K, Hargreaves C, Lelu-Walter M A, et al. Advances
in Conifer Somatic Embryogenesis Since Year 2000 [ J ]. Methods
Mol Biol, 2016. 1359 131 -66.

[17] Oh E, Yamaguchi S, Kamiya Y, et al. Light activates the degrada-
tion of PILS protein to promote seed germination through gibberellin
in Arabidopsis[ J]. Plant J, 2006. 47(1): 124 -39.

[ 18] Tsavkelova E A, Cherdyntseva T A, Klimova S Y, et al. Orchid-
associated bacteria produce indole-3-acetic acid, promote seed ger-
mination, and increase their microbial yield in response to exogenous
auxin[ J]. Arch Microbiol, 2007. 188(6) : 655 —64.

[19] Li L, Qu R. In vitro somatic embryogenesis in turf-type bermuda-
grass: roles of abscisic acid and gibberellic acid, and occurrence of
secondary somatic embryogenesis[ J |. Plant Breeding, 2002. 121
(2): 155 -158.

[20] Lépez-Pérez A J, Carrefio J, Dabauza M. Somatic embryo germina-

tion and plant regeneration of three grapevine cvs: Effect of IAA,
GA; and embryo morphology [ J]. VITIS-Journal of Grapevine Re-
search, 2015. 45(3): 141 —143.

[21] fhzmi, F B AHY T 40N B H WUS 9B FE ot st
WHAB S 2T AW (], 2005(05) : 461 -468.

[22] Vernoux T, Benfey P N. Signals that regulate stem cell activity dur-
ing plant development[ J]. Curr Opin Genet Dev, 2005. 15(4):
388 -394.

[23] Byrne M E, Kidner C A, Martienssen R A. Plant stem cells: diver-
gent pathways and common themes in shoots and roots [ J]. Curr
Opin Genet Dev, 2003. 13(5): 551 -557.

[24] Shani E, Yanai O, Ori N. The role of hormones in shoot apical
meristem function[ J]. Curr Opin Plant Biol, 2006. 9 (5): 484
—-489.

[25] Liu B, Wang L, Zhang J, et al. WUSCHEL-related Homeobox
genes in Populus tomentosa: diversified expression patterns and a
functional similarity in adventitious root formation[ J]. BMC Genom-
ics, 2014. 15 (1) .1 -14.

[26] Aida M, Beis D, Heidstra R, et al. The PLETHORA genes medi-
ate patterning of the Arabidopsis root stem cell niche[J]. Cell,
2004. 119(1): 109 - 120.

(St{LAMH 5k )



