T ¥2#4% Chinese Bulletin of Botany 2021, 56 (5): 573-583, www.chinbullbotany.com
doi: 10.11983/CBB21096

- R -

AfeEYE LALEMTLAEHERERES

A KW, wHw, WE R, B, HER®
PRANSR?, Mpthamt?, EHS, AR
LK Al R S R, BN 310088 2HFT S - 1l R 50 £ 48 P X
BRI AL, $K76 323800; BUMIII A% & fr SERBERV L2, Bl 311121

®WE 1 LHR 2 (Abies beshanzuensis)Fl 1 H & FAK, KB RAE M A BB, BOHIRSE] T FEEAE R A SR B R TE B . 1%
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naceae)® 12 J& (Abies), & 3% [E e A (132 M it f B AE
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(International Union for Conservation of Natu-
re-Species Survival Commission, IUCN-SSC)%1| Ky
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MEEGE, PR T E RN AR B
I S U R R B OB 0 B AT AR RO A
iR, BE— B WA TR B SR ) H AT
NS M AR ACRRAE o ) FH R v Z8CHUAH €9 BB K o
(ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS) & 4; 5 Ik FL
A A I ST AR A I BEAT DN E 5 20 B, B S i i
FUR B KBV AL SR 7 5 8 W HIAR R . B
J&, TR R BRRIIREE TR BT T, AL (AR AL IR
BFRHEAR, RGN BEARSR R E L
ARZWSENUHRI TR AL 7 EERETORE, X E LLHA A2 IR
MEE TAERA —E RIS kR L.
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IS B E AR K T W A8 K T PR o6 L RKUBH L -
WA E R g E SRR X (27°42'N, 119°11°E, gk
1775 m)iJHE L4 42 (Abies beshanzuensis M.H.
WuU)R A (1978 EH).
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1.21 (EREEREREE

23 F202045 A 15 H A5 H 25 H % 7 L tH A 12 MEER
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FREAT, HEUK/N—BHI3ANMEBR R (FI1). BEHLIEER
FEAERE ()R BE10 B, AR L1 Fh 1,
TEABRF2000 507, 3 AW E L KR R
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5i(SZ61, Olympus) ™ MEEFFic g7 I BRALIT
VG Gl ek B DA K Ak B
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FVEE o BUORE 7R WA 2175 o SR BBk R rp 358 f o1
Irauit, AR R T, SIREMHF EE . M+
SR8 G, SCAVRE, KBRS, o5 ERTE
FL, 3 FRE; R A 3] B2 8 (Primovert, Cari
Zeisss) IR A B 7 3EAT RHI W EE, Guit

The site of female;
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The site of seed
collection (1/4-3/4)

Bl 7 LARAZERR AT B R E

Figure 1 Diagram of the sampling of the cones and seeds
of Abies beshanzuensis

T IR (WA IR 7 B A5 50 x100%) A1
B IR (LUK ILH A7 B 1 250 x100%).

1.2.3 HMEIAHESERE
KAE20194F120204:6-9 H 125 HBR AL, B L% HY
FEANBRIR A ER (122 Mk ) i A 510 Fr, BORP 6% 11
Fhr, RBRFRE, B AT A SR, ]
SRR B R 5 IR AL TR AS G MRRAE o R 1 5B Ah
W, BT FAAVE R F E E 24 /NeF, AU A (1A 4R
FIZELAE, 2012), B4 E LG t, R s H Gk
1T AR EE

1.24 BIAMERGEYNUESZEFREYFE
EIH WLHA 26 H25H K & I IR FL(6_NE)M7
H25H KB E®KMMA(T_NE) S K& 7% kA
(7_AE)BAT YA g, REARE 3R ¥
5. 2% Chen%5(2013) 1 J7 VAT A i il & R HR I
R EE 5, ST O A E . R REE
Metabo Analyst RtLOPLSR.Anal & % it 4T 1F 52 1 £t
/N3 H) 51 43 #r (orthogonal partial least squares
discrimination analysis, OPLS-DA). 1% 4% 5 fik 8¢ kK (1
Ar s, BIVIP (variable importance in projection) 21,
# 5+ HHEFC (fold change) 22, fifiif A [ SRR FL
1) 22 AR o
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KAE6-11H 1 LA A A2 EE R MERR R (B H 25 H K4k
1K), BEMLIEIER 521000 R & E# R, 3K
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i, 5% TAE S ERT70% O AL FE30FE, ToH K
BE3-51K . FEH0.1 wt%FE AR EE1050 81, Tk
B35k, WTFhTRMIK 5> FIHUE J H R IF 4%
Fh 2 B2 3£ (ADCR (Gupta and Durzan medium)Ay
SEARREFRIE), PBANRIBERE(20 g L), KR E A
(500 mg-L"YFIEENE(8 g-L™"), pHIti A5.8. HFh5 5%
T(20£2)°CREIE N #R3 KR, BT 56 THFR10K,
SRk R (A R 2= (A AN BRI AN EL) x100%)

1.26 HESRITS5HH
FIFIBM SPSS 20.0% 4 Xt sz 56 ¥ ds 3k 47 ge i, K
LSDAI: i1 77 2243 #7171 (P<0.05)#E 47 % H L .
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£33 14

NI A AR A R, BA TR AL B gt
MERR AT A Lg%, 4R B R5 H 15 HERFLIKIT
HIELZ R G A (ER=FRER) (K2A), &K
BARATT79.59 um, BL ERFLJE FE TR B AR
(K12B), FUIH LA B T B . Fiitas
KW, 63.33%MMERERALANAT ALK KL . 5H25
FO 5 R MR ALILE T (EI2C), ek A\ fiti i = HL
PRz, (RIS K(KI2D), KUk BrBLAT R, It

B2 \LHA AR B ERIUE S A ATER e
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W AR AZ AL T 2AE AT B ST IR, 46.67 %1
JRERERFL N HEN T HENRL, “FEIAERILN G 4.2
1K, RUPSH T E AR & TAERTRE, K
o IR B R BT ). SR ZHE T
FHEE, R R 0040 W 5 100 B A Kl B AR L 4%
18 o Y12 B R AR KD T 46 22 52 0 7 24 H (B AREE,
1990; 4B 55, 2013). K2 H0A 12 W FiAL Ky RR 20
15 18-30 K (Politi et al., 2011). Hitk#iE6H25H
A AR AZ Bl K B R LS BRI G I A o
PR E RS, IR E 2h4& B R
KB (Linkies et al., 2010; XIZEERMX|E, 2012; 2=
P4 2016; Yuan et al., 2018). %481k 2L IR AR
LK BINSREERIN . A5 7% 20194412020
FE6-11 7 B MEBR S o R R0 R L 0 B AR AT T ¢
i, RILE AR AZER B & IR FL 3 (I BA) AT & ik %
(KI3B)TE & B Ik Rt vk S 3 e 35 . 20194 (1767
H, &AL ZEMNT6.11%I0E T 4515.00%, M7-11
H R P R B, 20204E IR FL B E A LIRS
20194F AHEL, {H20204F & H 1) & A F W 8w T
20194 . ML ILAHAAZER R R IR B E A1, RN
20196-8 H I A WA A2 & MM T B3 >, &
IR 2 ) 33.33% 4 %53.89%, 8—11 1 NI & #4814k .
20204F6-11 H &% H H ILHA KRR h & IR Y & T
20194F. DL B4 R, 6-7 1, W ILMEA KRR &
IV 2815 U P 3 I ) T B AT, I S 39 [
THRAERERE R EIR.

(A) BRMER B TR RGN S HIRERTL(ETSK); (B) 18R (Wi Sk)IHE T 2RILILE:; (C) BRI R, BRILIIA (Hi3k); (D) LM (k) HENfE AR
%, MF: JF2PIRERIL; Po: 1681 Poc: fi#=. (A)—(C) Bars=100 um; (D) Bar=500 uym

Figure 2 Morphological changes of the micropylar funnel and pollen transfer during the pollination stage of Abies beshan-

zuensis

(A) The integument develops a stigmatic micropylar funnel (arrow); (B) The pollen (arrow) attaches to the edge of micropylar
funnel; (C) The integument folds inward and the micropylar funnel is closed (arrow); (D) The pollen (arrow) enters the pollen
chamber. MF: Micropylar funnel; Po: Pollen; Poc: Pollen chamber. (A)—-(C) Bars=100 um; (D) Bar=500 pm
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Figure 3 The endosperm rate and embryo rate of Abies
beshanzuensis cones at different developmental stages in
2019 and 2020

(A) Changes of endosperm rate of A. beshanzuensis seeds
with time; (B) Changes of embryo rate of A. beshanzuensis
seeds with time. Different lowercase letters indicate signifi-
cant differences at 0.05 level.

22 EMEAFRABHPMTREAKSHKHIES
T

My kadES, AR A . AR5
AW, B B AR . WX 20194F

F120204F & 1AL A 2611 A W7, IEAIE AL E &
HEATISE, RIN6-8 M ¥ If-F- 1 B &3 N T 14.34—
20.14 mg, 8-9H MU RE, ZFEHFIK(E4A).
20194F6-7 H H LA M IR AL B &L R E TN, 7-
8 I H18.70 mgidif |- F+%224.83 mg, 9HIAF|H K
fE(32.07 mg), Z & T Fe(K4B); IR E &G K
FEEFTET-8H (E4B). 2020 H L HA 2 AA
JVR 2 (S AR AR L 34 5 20194 A L. 20204 IR L
HE M6 H UK (K4C); 7-8 H iR K, 8-9H
KRR (K4C). FIRLE RER, 6-7 H AMEAM
PO AE KB 7-9H, B WAL 5 U [R5
K. SEERANSIRES TIRARE,, RIEALE
P AR B, BRI AIE L SR R, 2P
YLIA7 H 2 E WA R 7 R B B OCHERT .

23 MFEEBKMNHRKSEANESEHTHL
29 B B L A A S B A R K B 1 P 4
B, AP TFRERENBERGHAERE R EIN
R, TATN6-9H & ILAHAAZ AR AL AT T W00
%2, RISH TN, et Nt =, RIATEAE,
PR Sk ot (EBA); MERD T 1A w6 a5 DX 0% RCZER
ghif, WAL O R, B b OO o i 2 (1A
5D).

6] TH), ZFEEH N, EREIEERM T h,
MERC TR (MR FL) 2 0% B B R (R15B); Bk AL v
] 1.457.60 pm x 160.01 um (K:x58)[1% R (EI5E);
W AERWE 3K B RGN S AR R (EIBE), ARl 4y i,
AhPP R R . RAZKERIIEER P ERL TR GR SR,
5 OS2k AR R AR S A AL(BISC, F). KB 7
R e T i W R N I B E L S RN N
SMETIE, SR E IER IR FAHEZER.

7TH A, MaET i, sk R A3k
BA1. KM, KEIER, RERE: KAEAA
t; MR BREHRTM, FHKELARKER1/4, 2
wuEt, SE5RASE;, MRRESHBRSE, 2
FPYERETS N MM gRER R T, N R TG E
ARG, G5 MA ST, SN R A 5 AR B 1
AN R R T B DX IS JE RS S A o Bz e oy B R
SR, K& A RKER S EFRAE(ESG, J). KA,
WAL R E . RERMBAE R, £ ERE: T
SRR AG, BRflmS A S 2 EE R, a4

© 0000 Chinese Bulletin of Botany



A 80 - B
80 02019
— ab = 2020
g 60 1 bc 2 ]a:a S
(o]
8 bc |b c E
n 4 C C et
2 40 cd £
-— o
5 =
© 20 -
=
0 L
6 7 8 9 10 11

Time (month)

KR WG E \LHR 2R T R BRI L REE R 577
—o— Endosperm
40 - —e—Embryo C 40 :Enmdt:);germ
30
=)
E
20 =
2
(]
=
10 H

c

T I

6 7 8 9 10 11 6 7
Time (month) Time (month)

B4 20194520204 11 ILARAAZ A FUR 7 I 9T 7 S LR A IR 7L 2 i A8 4
(A) 20194 520204 Fh -7 E R BT A AE1L; (B) 20194 1 55 MR FL F BRI 17] 19384k, (C) 20204F i 55 I 3L B R (] A48 4k o AN [

NEFRERIRIE0.05/K P E R 3.

Figure 4 Changes in seed, embryo and endosperm weight of Abies beshanzuensis seeds at different developmental stages in

2019 and 2020

(A) Changes in the weight of seed with time in 2019 and 2020; (B) Changes in the weight of embryo and endosperm with time in
2019; (C) Changes in the weight of embryo and endosperm with time in 2020. Different lowercase letters indicate significant

differences at 0.05 level.
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FHK . SEARARBMITE R B IEH IR ZL A AR & & T
M7 H R E 5 ML A & & B T7
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E5 HILHA AT RER SRR G SRR SEH

(A) 5H25H 1R Ek; (B) 625 H MR FHIIE 5IEL; (C) 625 HKMNFFHINERL; (D) 5425 B IEBRKIA B, L aITHEN S
TR (L) 5308 (R ); (E) 6 325 H R AUF T A Y B, 406 7HEP NAE; (F) 6 A 25 H 28BIF T 1A & U Fr; (G) 7 A 25 H 288 1F
TSR, (H) 78 25 H 8RR 7 HREAL; (1) 7.8 25 H 25BUNF6-F P 3546 (0 IR FLERAIE; (3) 7 B 25 H 2R BM PR IED) A, a6
JIHEA R (K) 7525 0 ZRAFR 7 a4 (L) 7925 HZRBNIFT 1A 5800 Fr; (M) 8 H 25 H 8RR IIE S IESL; (N) 825
H 2817 (0) 9H 25 H KM IR T HIIE 51EF,. Bars=1000 um. MF: B&FL; In: Bk#; Em: JiE; Es: IE3L; Po: 168 FG: MRS T
f&; Re: MIETE; Ext: 4NFlRZ; Ent: PWFPE; Cy: T Hy: FIRHE Su: B R4 ST: 4464148, ER: IEAR; CC: JE s

Figure 5 Morphology of Abies beshanzuensis seed and its embryo and endosperm during development

(A) The ovule on May 25th; (B) The embryo and endosperm of type | seeds on June 25th; (C) The endosperm of type Il seeds on
June 25th; (D) The paraffin section of the ovule on May 25th, the pollen (top) and archegonium (bottom) are in the red box; (E)
The paraffin section of type | seeds on June 25th, the embryo in the red box; (F) The paraffin section of type Il seeds on June
25th; (G) The embryo and endosperm of type | seeds on July 25th; (H) The endosperm of type Il seeds on July 25th; (1) The
shriveled tissue of endosperm or/and embryo within type Il seeds on July 25th; (J) The paraffin section of type | seeds on July
25th, the embryo in the red box; (K) The paraffin section of type Il seeds on July 25th; (L) The paraffin section of type |1l seeds on
July 25th; (M) The embryo and endosperm of type | seeds on August 25th; (N) Type Ill seeds on August 25th; (O) The embryo
and endosperm of type | seeds on September 25th. Bars=1 000 um. MF: Micropylar funnel; In: Integument; Em: Embryo; Es:
Endosperm; Po: Pollen; FG: Female gametophyte; Re: Resinocyst; Ext: Exotesta; Ent: Endotesta; Cy: Cotyledon; Hy: Hypocotyl;
Su: Suspensor system; ST: Shriveled tissue; ER: Embryo root; CC: Corrosion cavity

dylcholine, LPC)2s¥J5, F b K B AR W 5 &
o BT BN b [ SR AR ) S H ) 52.94% (K
6B); FHSARBIA IR (7_NEF & & BE
= T6_NE, H7_AEH &8 EFHLT6_NE) VIXHE
R S AT AN B R S AT A R I g 1k £ 1
Jt% (lysopnosphatidylethanolamine, LPE)Z& 4 i (&
6B). LRSS ELY], ALK H KRB Il fe 7%
AR N R iR b pe R, HAR 18

Al B MR TR YR AR R AT Re AR T IR ALK B -

I FH KE G GHi 4 e %o AR = H 1 O B AR i A e
T ERBA 4424 7 (Kanehisa and Goto, 2000),
RIK B 7= SRS 5ok e &R &R,
ELFEFUREACH L BERE S5 ek AR J C5- — Jo IR AR -
25Kk EYREHEE b e E RIS E
HEAT T, RILT _NE A ) E O R R -6 - IR
(trehalose 6-phosphate, T6P) % & Hi6_NEE 2 1

© 0000 Chinese Bulletin of Botany



HIRTEE: WGP E IR TR B IE R IR R 579

A 1.10 B 24 SubClass 1 2 - Sub Class 4 2. Sub Class 5
o
S 14 14 14
1.08
é o -:4‘ !:-,zu.- - 0. 04 o
[%) 4 .o
Q :
o) . .t -1 -1 -1 4
5 1.06 T 1 1 1
£ S
8 . 2T 2 2T
€ 1.04 - 3 6_NE 7.NE 6 AE 6 NE 7 NE 6AE 6 NE 7 NE 6AE
5
3 ‘ g
s 102 - « Up: 84 60% 1 60%7 3 g 60%-]
5 | <Down: 42 50% - o, B[ 8 o -
2 . 7« Insignificant: 130 oo 50% A S 50%
< 1.00 ——tr———— 0% 40% 8 40%7¢ &
-15 -10 -5 0 5 10 15 30% - 30% "i\; < 30%48% & 8
—log,FC . 583 | = 238 %
20% - 20% 55| 3 20% IS e s
C 3000000 3 . 2l e o gl le2l 282
£ oMelibiose 10% 10% l‘:|'|§ 8855 10% 8| [5 °°|_|§|
2000000 - o Trehalose 0% o Hﬁ o
. @ phosphate Trggs ggesess sEEe s
% 1000000 4 a B Citraconic acid @ § s oo § £ a5 = 2! £ 2 05 §
§ [] b 5 22 ¢ 88 z ¢ 2% 8
© = o ® 5 O @ © G O G O
2 g &5 2 28 £ 8¢ 33 o
= b =0 =2 G o 2 o @ - T ©
© a 0 20¢g v & £ £& == 0
£ 100000 b w g% b O© o g
s 0 ° ® T =
80000 | T D o B o ©
L = © E=2 ] £L
60000 8 3 o 3 o 8
- ] £ ° £ o
40000 w 5 £ S E 0
20000 4 z < Z <
,_% b [ The proportion of metabolites in 1 The proportion of metabolites in
0 1 all metabolites of the same type all samples is determined in the
6_NE 7_NE 7_AE of change pattern same metabolites
Endosperm type

E6 6AM7A E LAY AL
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HRBIEHRMA; 7_NE: THREIEW A, 7_AE: THRERHHEAL. RE/NSFHRERE005K T EREE. FC: ZERY
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Figure 6 Changes of primary metabolites in endosperm of Abies beshanzuensis in June and July

(A) Differential metabolites of normal endosperm in June and July; (B) The proportion of key difference metabolites in the first,
fourth, and fifth models in the same change pattern in all metabolites and the proportion of the same metabolites tested in all
samples; (C) Relative content of melibiose, trehalose-6-phosphate and methylmaleic acid in endosperm of A. beshanzuensis
seeds in June and July. 6_NE: Normal endosperm in June; 7_NE: Normal endosperm in July; 7_AE: Abnormal endosperm in
July. Different lowercase letters indicate significant differences at 0.05 level. FC: Fold change; LPC: Lysophosphatidylcholine;
LPE: Lysopnosphatidylethanolamine; PC: Phosphatidylcholine

(EI6C), i Dok &t B2 (C(EI6C): 57 NE LA WIfCutOma i) s, S S a0k 7k & 5.
AHEE, 7_AEH (1) 50 -6- 8 7 2 2 2 R (E6C).

O G R, W -6 B e R fe g 2.5 RAUBEERRREREENRS

733k 4% Fh 7 & B (Fichtner and Lunn, 2021). A T W AH A A P 1 5B A0 6-8 ) A 1 K (B14A), RS
BECRIL, LA SR TR G @I, AL hs By UIRE B (6B). 4RI, 7 A FFE, Kt
AL AP BIHE B8, A FCHeH A AR T AR, R TR I P 0 VS V-6 BRI S A R A R, R A
T 2 o B B R & B RA (S, AR SRR BOK IE R HOR T AR IR (BI3). Jo vk T LA AR T B
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SRS TR R SR F 7R E 8, AR
TR R 55 75 AR 6 B L AH A A2 (10 JE AT 25 M4 hs 77
(E7A, B). Jfid b B (LA AL AN [F] Rk & I A7 o
WREE TR B R 2, IR R 2 611 H B I
THE FREf#ass . Heb, 8 HMOH s & R, 7o
5l H86.67%F193.65% (KI7C), =T 7H MM KR
(54.17%). 6 H IR T KB FIN, AR e B
Mo BUAE, 10 H FFUR, IRMTHAE 3 IEHT FRAR, ARYE X P
T RAOEE, BRE IR O AT BT, BT Rk,
JVR A % ZR A I Ji BT T B b R NARIROIR S, K&
01 JU A 5400 IO 1 32 T AR R

26 itig

HUAHA R RRA B HEY, 5 K2 B mNEy)
(BT IERE)ARABL, 6 P BRI, A [ ke (252 7E BRI B
4L, 2009), {Eky WHERD 114 77 48 ) i N BRFLIA TR
ZEFFACHS (] HOERAT B AR A 2 R 5
W, AR e IR IR R B B B R A
AWFTCRI, B LA AL 5 R0 Ve A2 JB A ) A
i 18] (5 3 H ) )#H4LL(Singh and Owens, 1982; Owens
and Morris, 1998; #4:#%, 2007; Politi et al., 2011).
Ry 5 R 5 (5 A T H)), 46.67% M ARER A 3E L8,
HA& T 5241k 6 H A, 73.00% M MERL TR (IR FL)
GEERE, OREARSZEMR 71k, 8] TH), UH
46. 1% MR BR A IEH KB RTL, K38 12k
JUPERKE I, SEURE T8RRI

B7 T AR A R T YR RS IR R AR Ae A

A2 JBE DO ALK 0 BUAR K T A W ERALAR R HH, FER
HENERFL RN 7K 1 7E B (Owens et al., 1998), &
WIS RE AR R b 52 B S 2, DR, 3 A7 R AL K
MFEARIBLE (Politi et al., 2011). iRAF LA (A
amabilis) i ft 40 & K AEAE2N I B (1) e RS i
HHEE BB (2) BB E R G, KR40 A MERC
THRAME . H, 20O RETH )R
VA MERC TR CE 1) - 22 . IR EHEA SR 24
i AR N G S R RO S Ey AT NSRRI RS 72 S
RUNR 43 b1~ 5 A ABL,  BIVA -~ P4 5 B 4 4 1R 2H 24,
ERUE AN M5, Fh A2 (Owens and Morris, 1998).
ERARHEY E G iR, FIHN LHBhER v A 20
JIR RS A58 25 A1 R 1) 2 S0 e A A 0 DR Y, 2 s b v )
ARG 2=, BEMTSG AR . Iwaizumifll
Takahashi (2012)i# i X} #2 - F. %t #4 (Pinus - monti-
cola) BEAT AN A 77 M N L8k, K ILAE KD (1) H & A0
RS R F RS KB A BE . Fik, A
WORE LA M TINIERE K E, Bk R IRER T
KGR, FIAES H e ) B R AT #EAT N LA B .
HHA ARG, PP EEREEK, EEK
BRI FECEH 2T B PTR, 75
B R FL I B KA A VAR E 2%, 02 2 AN BB AR
B HTEABRRE S EH REMMT(302-38441),
DRI, ol 2 Dok R 2K 45 R 40 I 110 5 5+ T g 3 B0
SFIRFLKE S, BETE RN 587
YIAHEE, HATA RERFHEMTIE 58 R LR
C 100
90 T
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Figure 7 Changes in germination rate of embryo of Abies beshanzuensis seeds at different developmental stages
(A) Embryo germination (bar=200 um); (B) Seedlings obtained by embryo culture (bar=2 cm); (C) Changes in germination rate of
embryo of A. beshanzuensis seeds at different developmental stages. Different lowercase letters indicate significant differences

at 0.05 level.
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Seed Development and Embryo Culture of Endangered
Abies beshanzuensis

Ke Liu", Bin Liu', Lu Yuan', Hui Shuai’, Yang Yang', Tingjin Wang', Deliang Chen®
Xiaorong Chen?, Kaibin Yang?, Xiaofeng Jin®, Liping Chen"
"Horticulture Department, College of Agriculture and Biotechnology, Zhejiang University, Hangzhou 310058, China

Fengyangshan-Baishanzu National Nature Reserve, Qingyuan 323800, China; *College of Life and
Environmental Sciences, Hangzhou Normal University, Hangzhou 311121, China

Abstract The seed germination rate of Abies beshanzuensis is low, and the characteristics of seed development are
elusive, which severely limit the natural regeneration of the population in situ. To illustrate the developmental characteris-
tics of seeds and identify the main factors affecting seed development, this article aimed to study the number, weight, and
microstructural characteristics of the embryo and endosperm of the seed in the female cones at different development
stages, as well as the primary metabolites of the endosperm in the critical period of seed development. The results
showed that July was a critical period for seed development of A. beshanzuensis. During this period, the endosperm
weight increased rapidly and the carbohydrate metabolism in the endosperm was active. Anatomical and morphological
analysis of the female cones showed that a large number of abnormally developed seeds appeared in cones in late July.
Analysis of the primary metabolites of endosperm during the critical period showed that the content of trehalose-6-phosp-
hate in the endosperm of abnormally developed seeds was significantly decreased. It was speculated that during the
critical period of seed development, the decrease of trehalose-6-phosphate in the endosperm may be an important cause
of abnormal seed development. Based on the characteristics of A. beshanzuensis seed development, we established the
embryo culture technology for A. beshanzuensis, and generated test-tube plantlet.

Key words Abies beshanzuensis, seed, embryo, endosperm, endangered mechanism, embryo culture
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