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Abstract; To investigate the germination physiological mechanism of Paris polyphylla seeds, different stages of the
germination process were divided based on the seed embryo morphology and the changing rules in endogenous hormone
content and related enzyme activities were analyzed at different stages. The results were as follows: (1) The germination
process of the seeds could be divided into eight stages based on seed embryo morphology: non-germinating embryo stage
(S1), heart-shaped embryo stage (S2), embryo swelling stage (S3), radicle not breaking through seed coat stage
(S4), cotyledon petiole elongation and radicle breaking through seed coat stages (S5), lower hypocotyl breaking
through seed coat stage (S6), upper hypocotyl elongation stage (S7), and radicle elongation stage (S8). (2) The a-
amylase activity in the seeds was significantly higher than B-amylase activity at all germination stages. (3) Superoxide
dismutase (SOD) activity was the highest at stage S5 and the lowest at stage S1; peroxidase (POD) and catalase
(CAT) activities generally increased with seed germination progress; soluble protein content initially decreased and then
increased with seed germination progress. (4) The contents of hormones such as indoleacetic acid (IAA), gibberellin
(GA,), abscisic acid (ABA) , and salicylic acid (SA) decreased overall, while 1-aminocyclopropane-1-carboxylic acid
(ACC), jasmonic acid (JA), brassinolides ( BRs) increased overall during seed germination. Cytokinins ( CTKs)
content showed no significant change. The ratios of IAA/ABA and GA,/ABA decreased initially and then increased,
while CTKs/ABA continuously increased with seed germination progress. (5) The contents of ABA, TAA, GA, were
negatively correlated with embryo rate, while ACC, JA, BRs, POD, CAT, and B-amylase activity were positively
correlated with embryo rate. In conclusion, the germination process of the seeds can be subdivided into eight stages based
on seed embryo morphology, with varying endogenous hormone content and related enzyme activities at different
stages. The activities of a-amylase and POD may be related to radicle elongation, while GA, may affect the embryo
formation, and ABA may inhibit the growth and development of the embryo.
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FEH 500 mg - L' GA,i2¥f0 24 h) , B 329 0.3
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Dimension FX{F & IR LA 42 IR FLHZE KR
A2 TR R (S5, 2023) , M (%) =
(A2 IEFL AL ) x 100, S7-S8 I i T AR 32
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KA Z 5 WinRHIZO #4470 b IR SL RS 42 IR
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Floating )4 500 V ;2% MRM A #7085 7%t
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KBB4 5 A TR bR R B RIDRE 5 2 B Bt , B ST
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TERNTF 10 o-TE B I 336 1 B & E R AE S4 3 B0
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it 7K fiFE UE K RO D, O B2 ik oK Ak 5 W Fl e i, A
AR AT I &

2.2.2 BB FEW T E-EH—KAER T
KRR B SOD i P B Ak S A bR K, Hep
S1 AN S6 91 AR T HABK (3. A), POD
TWPETE S1 & ST Wy AR b bk shE K IR 7E S8 i
A3 G 2 L 3k 11 388.23 U - ¢! FW + min
(3. B),®H] POD " fie 2 5 Lt —BAERY
PR A0 AR A 4 I 42 0 D B R IR AR, CAT
TEMERE R & R SR R b T I HOHE AR
S7 M S8 M i 2 i T H A A I (& 3. C) , R W
CAT 7l R 2 5 IR I 40 HAZHE T F IRl i K
FIRARAR G TV P B 1 7k o % 0 R 5 T B
JE Tk, ST AZE S5 AR 25 R B L it — A AL T
DAL 14 AR 3 0 38 i, Sk B I PR IR A R R )
JHIRER (& 3:D)

23 EMH—HEMFRERZSSMLHINTH
23.1 AT AR EAETENA ARG AL
—BAE R TSR AR A K, TAA GA, |
ABA I SA & i B W RS IFAE S2 IR
e, 76 S4 W12 S8 R & i W TR (B 4.A-C,
G)o IAA FifE S6 WA R % 5.5 ng - ¢ FW (&
4:A);GA, B iTE S4 WIRF FIEZE 11.06 ng - ' FW
(1 4.B) ;ABA 5 &7E S8 WAL, 1N S2 11y
15.32% (&l 4.C) , /K#HR (salicylic acid, SA) 7 &
FES4 W% S8 WIRT W E TR (K 4.G), 402
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Yimmi; J,K. S5 AT ; L, M. S6 PIF FH U ; En. 7L ; Em. If; PL IRZE; Hy. FIRHH; Ra. IR ; Co. FIF, #r)R.

A=1cm; B-M=500 um,

A. Seed appearance of Paris polyphylla from S1 to S8 stage; B, C. Longitudinal section of S1; D, E. Longitudinal section of S2; F, G.
Longitudinal section of S3; H, I. Longitudinal section of S4; J, K. Longitudinal section of S5; L, M. Longitudinal section of S6; En.
Endosperm; Em. Embryo; Pl. Plumule; Hy. Hypocotyl; Ra. Radicle; Co. Cotyledon. Scale bars; A=1 cm; B-M=500 pwm,

1 EM—REMFARERELEBNERES
Fig. 1 Micro-morphology of Paris polyphylla seed during different germination stages

2 (ceytokinins, CTKs) 7 1 7E A [A] B 1] G &k 2
25 (K 4.D), 1-F AN HER R (1-aminocyclo-
propane-I-carboxylic acid, ACC) J& Z M H0& AT,
1M LT A A TR IR A R . ACC & R Bl £ i —
BAEF 7 A R S I e TR JR BT, JF
16 S4 Wt % (60.59 ng - g FW) , 7E S8 i} #%
B, ik 162.51 ng - g FW (& 4. E), 2§ #i @
(jasmonic acid,JA) ¥ & 1E S2 #] S4 ] S6 Wit o
WHEEZE S, MAE S8 W W ETE, b s4 WK
10.01 £i5 (&l 4. F), 3 E M ( brassinolides,
BRs) 7 it Fl b7~ & A 5 B B T BT,
16 S8 W73k 6 572.19 ng - ¢'FW (& 4.H) .

232 A F AR EH T BE S A A,
IAA/ABA (GA,/ABA AL # AL, B F% 5
T+, 1H TAA/ABA 7 S6 Wik 2 554K, Il GA,/ABA 7
S4 IR 2 AR, W TAA (GA ZERDF il & AE A

EHAWMERY ., CTKs/ABA Bl FT ¥ 1 & 3 T2 A
T
24 tH—HENMFEHEE. NEEZSE5H
FRE R HHE KM

H % 2 Al -t — B AR Rl 7 R ad #E
ABA [TAA | GA, & & 5 IR R 2 W 2 7 A0 ¢, 1
ACC JA \BRs & & 5 IR 2 18 35 A0 ¢, JF A
POD | CAT .B-JE ) i 15 W R 5L A B 3 IE A o6, il
I R o i A G R B A5 R Ry, >

RBRS>RACC>RJA >RIAA >RG,\3>R5A >RC'I‘Ks o
3 W5 &R

3 tH—HKENMEERMR BN FEE
=

TifE 2255 (2017a) $5-E M — B AE Rl 7 1 4 o
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R1 EtH—HRKEMTFARFELHANEEER (n=10)

Table 1  Morphology indexes of Paris polyphylla seed during different germination stages (n=10)
1 fif ] . T AR EFL A Az % E)ﬁli
Stage Time Width of endosperm Length of endosperm Length of embryo Rate of embryo Germination rate
(d) (mm) (mm) (mm) (%) (%)

S1 1 3.69+0.14a 3.76+0.10e — — —

S2 15 3.43+£0.06bc 4.21+0.08d 0.08+0.01¢g 1.78+0.27¢ —

S3 29 3.51+0.10abc 4.99+0.08¢ 0.46+0.02f 9.17+0.25f —

S4 44 3.33+0.14¢ 5.59+0.23b 1.98+0.08e 35.44+1.78e —

S5 58 3.50+0.11abc 5.62+0.08b 4.02+0.05d 71.57+1.63d 61.20+2.96b
S6 72 3.50+0.13abc 5.76+0.06b 5.01+£0.25¢ 87.09+5.07¢ 80.40+2.37a
S7 96 3.58+0.05ab 5.76+0.17b 8.02+0.05b 139.43+4.45h —

S8 110 3.63+£0.07ab 6.07+0.17a 19.35+0.82a 318.53+7.93a —

T B FI e hiife 22 FFIAFRNE TR ZERRE (P<0.05); FSIMRA/NE FRFRZRARE (P>0.05),

Note: Values are x+s deviation; different lowercase letters in the same column indicate significant differences (P<0.05) ; the same

lowercase letter in the same column indicates no significant differences (P>0.05).

(=)

(=3

(=}
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4001

300+

200+

o= MY B Ak

a-amylase activity (ug-g”' FW-min™)

100

(=}

SI S2 S3 S4 S5 S6 S7 S8
B & Bf#] Germination stage

AR/NG FRER R 22 58 B3 (P<0.05) , Tl

- K3 T 3 1t
f-amylase activity (ug-g”' FW-min™)
~

S1 S2 S3 S4 S5 S6 S7 S8
B KW H] Germination stage

Different letters indicate significant differences (P<0.05). The same bellow.

2 EM—REMFAERHELAY - RHEENE (A)FB-EMEBEM (B) WL (HMELREE, n=3)
Fig. 2 Changes of the a-amylase (A) and B-amylase (B) activities in Paris polyphylla

seed during different germination stages (x+s, n=3)

h 3B B, B R B & A i R ORI B B (56— B
B s Wi R G BRSO YA, AT
JRSIPRER B B (55 — BB 5 BIRER I, it R E
ge4r, B BT B (5 = B . AWERE S
I 255 (2017a) BRI 53 J7 I 06 A AN TR, 7658 — By
B B RS RBRBY B, v 4l 4 S ASEEA, B
TERRETHE (S2 1) FpIRRE B A (S3 #) (IEAR oK
GERU N K IF 4] (S4 351) | I AR e R AR 2 il Aol

B (S5 4 T VR Al 5 s A B 3 (s6 9
ABTEAE-E I — B e M T i A R B AR
AR R JYR b i A Ao A A T AR K
FhFAEREA S5 W, Bl IF 4R 5 1, I HCH
T, AT AR LS R AR AR T HEA S6
W), B 7 (0 Rk S T A B, bR S 5 A 5 e
SEAHIE 25 LIS I 4 b | Aok 25 2 1 1 A
Wi, AN 3 BRI AE T
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B3 tH—REMFARBLZNAREUEXBEENATIEERSENTL (HELIREE, n=3)

Fig. 3 Changes of related enzyme activities and soluble protein content in Paris polyphylla

seed during different germination stages (x+s, n=3)
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K2 tH—HRKEMFARNHELANPABEE ARMZSESHFRENEXME(df=10)

Table 2 Correlation among enzymatic activities, endogenous hormone contents and embryo

rate in Paris polyphylla seed during different germination stages (df=10)

kit
Index

ABA TAA GA, CTK, ACC JA

SA BRs SOD POD CAT

ol B W
a-amy- B-amy- Soluble
lase lase protein

gtz

Length of —0.947x% -0.628% -0.625% _0 041 0.843:%:% 0.748:%:%
embryo
Ji
Rate of -0.953%% -0.643% -0.634*% _0 047 0.835%% 0.727:%%
embryo

~0.509 0.914%% _g. 169 0.874%% 0.962%% 0.342

~0.525 0.901:*% _p 198 0.887x% 0.960::* 0.317

0.930%% 0,243

0.929%%  _(.263

e * RRWFEMRL (P<0.05); ** KRR EFML (P<O

Note; * indicates significant correlation ( P<0.05) ; ** indicates extremely significant correlation ( P<0.01).
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