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Abstract [ Objective ] The study aims to explore the changes of morphological, physiological, and bio-
chemical indexes during the development of Notopterygium incisum seeds, and to provide theoretical basis
for the introduction and domestication of N. incisum and the cultivation of high-quality germplasm re-
sources. [ Methods] The morphological, physiological, and biochemical indexes of N. incisum seeds at

different developmental stages were determined by observation samplings and the frozen section method.
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[Results] During the development of N. incisum seeds, seed size and wing thickness were first increased
and then decreased, while wing width was increased. The color of the outer seed coat was changed from
bright blue-green to yellow-brown. The contents of starch, soluble sugar, and soluble protein were in-
creased. Amylase activity was fluctuated in a small range; succinate dehydrogenase activity was increased;
glucose-6-phosphate dehydrogenase activity was increased and decreased alternately; pyruvate kinase activ-
ity showed “M7”-shape changes. POD activity was decreased while SOD activity was decreased. GA,,
IAA, and ZR contents were decreased, while ABA contents were increased. The morphological indexes of
the seeds were negatively correlated with the activity of SOD. The content of the storage materials was
negatively correlated with the seed thickness, but positively correlated with the width of the fruit wings.
[ Conclusion ] When N. incisum embryo is developed to pre-cardioid embryo, the outer seed coat is changed
from blue-green to yellow-brown, the content of storage material is increased, and the activity of key en-

zymes is fluctuated and decreased. The content of growth-promoting hormones is fluctuated and de-

creased, while the content of stress hormones is increased.

Key words

ical indicators; appearance and morphology

23 (Notopterygium incisum Ting ex H. T.
Chang) J& T 4 £ B} (Umbelliferae) 3¢ i J& ( No-
topterygium )W), DIAR B AR ZE A2 PRI, H R
FHNTE AL 1R 280, ERNIERE  KIE IR, B
R SRR . B2 BB S R B I A
AHUI BUB PO HEAR KB AR SR 3
T R B 22 Wl B OB AT B AR TR BT 2
IS Tz B TR R A B 28 ), S b L 2
BE 2 R 20 Y RS 25 08 . (H BTG 4R A KA/ Fh
T ARG BT R K | 2R R ZE R (Y
0. 52 %) FL it R SHL KB 5| R gl 4k , 25 b1 4k
e R AT J SR A G T A R 2 B R,
FUfl B A A IR B AR SR D L N AR T G A
J IR A R ek

W B A R 5 | R A S BN TR S B
A2 77 B Ml L o % B A R RTS8 OF R A
Hogtez—, HHT. T IETE B IY B A
PRI i B L A0 A R 5 B 9 AR LI A 24 B A
FHE O 25 A A2 A A T L G T 98
TG & & R OB A A B A AR RR AR i B 5T AT
I, ABFRNETEF T KT BR P AARIEE N
PR FIE SR T TR R OB T M Y 3
SEMMBAT WL T RE LR TPIE S
oy 1 A B AR AL A AR 08 728 A AR ) B 2% A B A Y
AR AR AR L Ry IV e SO A R BT E R AR 7 AP B A R
W5 $ B3R A4l

IR i

1.1 ##EKE
R MR ETEFFRA BN ARE TS E R

Notopterygium incisum Ting ex H. T. Chang; seed development; physiological and biochem-

AR R (34°6'25"N, 104°11'6"E) , THF L 10
REEM R 20 R K H — B R IE WMk, 2 5
TAdR 1R HEMF R, KRGS
T =7 37 B2 B 25 L FF 45 4% T, 08 D0 G 6§ 5 R Ah S TR
B R B W ATES PIF T —80 CrkA, 5 H.
1.2 MEHRRFZE
1.2.1 #FFHE

HURE IS L BEPLEEHL 5 A6 T 57 025 25, S Fir I fif
R4 E T E N T E KT A BT AR
11 R QP A NS R B VA S i
1.2.2 FhFIMNBRSHIE

HBURE I L BEMLE B 10 K Fh 7 FHRE B4 B 4 0. 01
mm [ IEAR IR RO & AT AR B4R R0 B, SR
JE R R R A TR R €5 22 % (3nh-NH310)
Mg a2, BEMCRH CIELAB(L "a b )&
S5, Z MR G 4 mm D4 025 Fh 778
T T I0L, A B RO R S #E AT, Hod,
L RBEEMHE.L =0 FBMA,L° =100 HH
e HEE AL SR . a (BB A 8 21 €5 L /)N
A % €550 7 S LY R R A L 0 R B R
MNEmER., L a0 MEZEME AL (Aa
Ab " 435 R HARE DN E A S AR AR e 2 25, B
Z(AE DA AX N AE, =[(Aa )P+ (A0 )P+
(ALY, LB ER 3 %, 3 R R
HH TSI #5381
1.2.3 MFEBELIER

FH 2 T3 2 0 U 0 9 0 R T T A A
ik, FH TR B e 3t ) T I B B R A A
FHVER -G (2 0k 0 52 o NS I | BT ) I T B
VE Nl T R R OR W LY (3 I ARk )



10 43 HRAE A8, 55 JBIN A TR 8 3 1 v T 35 T A BHLA: AL 9 4 30 5 78 AL AR 1541

(POD) i . I WST-1 3 il 52 i & 1k ¥ 5 1k i
(SOD) ¥ ¥, FH 48 51 43 S e B I s 1A T 7R 95 ity
(PKOIEEN FH B R A 3 1 S 1oy 3257 I 2 3% 3
i JI UG (SDHD 3 14 53X 10 > 48 b5 ¥4l FH B ot
BUAE W) TR B 5 T 1 590 e 0 o, 37 6t 40l
h 20230315,20230328., 20230315, 20230222, 20230222 .
20230216 1 20230318, FH M B¢ G0 3 7 0 A 4 4
T -6 B2 6 20 (G-6-PDHD i% % . R B R (GA)D &
OB TR (TAA) & & | B R B (ZR) i 7%
2 (ABA) Bt .3 5 D4R AR B 08 T i O 2E Rt
FA A E R ELISA 55 & % ik &t 5 ¥ o8
202302, IF 4 i (GA, +1AA) /ABA b, &4
Ab PR EE A E 3 K BCE A TSt = .
1.3 BBESITSW

F Excel 2019 ¥4 %t fr 45 B8 oE 17 25 21 09 44
F3Hr, JH IBM SPSS Statistics 22. 0 #4347 B A
B Z5r 0. 2 B I E M XM 4B, l Graphpad
8.3 M,

2 ZER 558

2.1 EEMFEEIREPRSEEBMENTL
2.1.1  AhIERR

Bt o JE 1% A S TR AR R AR R 1
JeTt i Ja BEAR, OF TAEJG 55 38 KIik 3 & & » 41 4
S 6.11.4. 83.3. 53 mm. fx &5 B K = 5. 16,
3.34,1. 49 mm; P 5K R BT R b
0.10 mm K& & Z M ZE 0. 85 mm , i 5 ¥ J5E & 7E
MG RR R THREEERGR D, FR,
FEVE R F AL A 2% AL (WG EE) Aa " (L4 5
FE) (AT (B (AE , (a8 22) 28 4635 43 1)
H 43.63~51.90,(—5.58)~6.58.,4. 37~18. 66 Fl
44.82~54. 08, K BT J EH(F 2>, DLW
45 3 55 bl R A B T L R S SR R AR S T
1R B0 PR R T AR Hh DS LR 1 B i
A R IY R EE R EONIESES
ACAHFF (B D,

R1 EBEMTFRSEEIS

Table 1 Morphological changes in N. incisum seeds during development mm
FFAE 5 B 1] Y1z A =953 S T S 5
Time after anthesis/d Vertical diameter Horizontal diameter Thickness Seed wing width Seed wing thickness

17 4.10£0. 27a 2.90+0. 31c 1.9540. 22bc 0.10=+0. 02e 0.11+0.03c
24 4,50-£0. 60a 3.74+0.13b 2.39-0.35b 0.38-0. 10d 0.30+0.12a
31 5.84+0. 33ab 4.53+0. 44a 3.45+0. 25a 0.35+0. 14d 0.29-+0.08a
38 6.11+0.43a 4.837£0. 20a 3.537£0. 39%a 0.497+0. 08cd 0.28=+0.02ab
45 5.44=+0. 33bc 3.12+0. 30c 1.5640. 23¢ 0.58+0. 12bc 0.17-+0. 07abc
52 5.19+0. 33¢ 3.20+0. 27bc 1.60+0. 28c 0.7220.07ab 0.1520. 03be
59 5.16+0. 44c 3.34+0. 16bc 1.4940. 21c 0.85+0.12a 0.20=+0. 07abc

TE SR NG F R RSB TR F WIEALE 0. 05 AKPAF1E R #F2E R,

Note: Different normal letters in the same column indicate significant differences among seed developmental periods at the 0. 05 level.

R2 ZTEMFAEEBEPHEBETADE
Table 2 Difference of seed coat color during seed

development of N. incisum

F 46 J5 B )

Time after AL Aa” AbT AE,,

anthesis/d
17 51.70 —1.10 4,37 51.90
24 50. 45 —5.58 18. 66 54.08
31 45.48 6.58 13.77 47.97
38 43.63 6.01 8.31 44, 82
45 44.56 5. 87 10. 16 46.08
52 51.90 5.13 12.57 53. 64
59 48.71 5.11 11.21 50. 24

17d 244 31d

38d 45d 52d 59d

0 1 2 3 4 5 cm
K1 WM TRESLEIS

Dynamic changes of seed morphology of

Fig. 1
N. incisum during development
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Table 3 Dynamic changes of thousand-seed weight of N. incisum during development

PR A
Time after anthesis/d 17 24 31 38 45 o2 59
#f & Fresh weight/g 8.14+0. 16¢c 8.42+0.54c 11.9740.60a 11.07+0.69a 9.53=+0.63b 5.23+0.39d 4. 63740, 45d
T Dry weight/g 1.06=40.02e 1.4640. 10e 4,80+0. 10a 3.1340.19b  2.21+0.29d 2.70+0. 20c 2.39740. 22cd

T AT A F NG F B R R 7 & & I WIRTE 0. 05 /K TPATE2E 7 B3 .

Note: Different normal letters in the same row indicate significant differences among developmental periods at the 0. 05 level.
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Fig. 2 Dynamics of seed embryo development

in N. incisum
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Dynamic changes of related enzyme activity of N. incisum during seed development
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Table 4 Correlation coefficients among physiological and biochemical indicators and morphological indicators of
N. incisum seeds during development
- B L . L L S A
Indicator vertical horizontal s ced Seed wing Se¢d wing per thousand  per thousand
diameter diameter thickness width thickness seed seed

EM i Starch content —0.009 —0.520" —0.789" 0.817" —0.379 —0.752" —0.151
Al BE & & Soluble sugar content 0.155 —0.431 —0.664" 0.757" —0. 356 —0.615" 0.061
Solﬁffidrzfeaﬁc\o%em 0.231 —0.398 —0.611" 0.722" —0.350 —0.524" 0.069

SOD {ifi t: SOD activity —0.748"  —0.749"  —0.635" 0.098 —0.275 —0.766" —0.815"
POD {if#E POD activity —0. 264 0.292 0.583" —0.899 " 0.152 0.598" —0.124
a-JEM BEIG T a-amylase activity 0.362 0.333 0.230 0.177 0. 300 0.211 0.402
B-VER WG P B-amylase activity —0. 407 —0.595" —0.523" —0.004 —0.619"  —0.564" —0.388
BIEBEEE Amylase activity —0.465 —0. 351 —0.535 —0. 296 —0.604" —0. 366 —0.262
PK %1 PK activity —0.417 —0.138 —0.150 —0.270 —0. 147 —0.432 —0.571
G-6-PDH 7% G-6-PDH activity —0.163 0.175 0.272 —0.272 0.291 0. 082 0.041
SDH i 1 SDH activity 0. 302 —0.097 —0.382 0.731° —0.122 —0.498" 0. 160
ZR % ZR content —0.713"  —0.317 —0. 147 —0.662" —0.048 —0.539" —0.294
ABA % it ABA content 0.395 0.036 —0.007 0. 488 0. 044 —0.054 0. 201
GA, ¥ GA, content —0.221 0. 095 0. 364 —0.358 0.067 —0.077 —0.172
TIAA % TAA content —0.263 —0.087 —0.113 —0.566" —0.262 0.120 —0.118
(GA,+IAA+ZR)/ABA —0.598"  —0.124 0. 065 —0.695" 0.027 —0.418 —0.303

e ox TR B EMEHE(P<C0.05), *x R B EMEPE(P<<0.01),

Note: * means significant correlation (P<C0. 05), while ** mean extremely significant correlation (P<Z0.01).
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A TAE . SOD A POD fE Sk #1414 P9 35 % ROS
1Y BT AL T RT3 o AR ) AE 39 58 A R B T A2 BE
AW LI, EWE M T R B LR, H SOD i M 7E
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FF R BMA T & ORE, 2 REIE TR
VPRI A B X 5k T KRBT AT
SOD 5% P48 fb s $AH — B, 3% 7T /8 A Rl % 7 B iR
JEETH AR AZ B R R T A A 0 A R
SOD i A A Fhite., AR P E)E 31 d
B 6 16 b7 TR0 T 5 I BT R A
Foft - T Ab T 58 AKCDR 285 Ti) Fsf o s Pt 2 2 i 3 0 4
LR G (AOS) 35 [ {5, SOD i ¥ M 2 e A% 4
(97.03 U/g), 1 J& & i 7t 55, X 5 U F Y H
B2 o T R R Ml 4 W R A — B0, AT RE R
ik SOD Z2fif ROS i F e ) A KRR, [FH . POD i
i Bk SOD ik B R 7= A 9 H, O, B Bh 4k R At 4
RN IEH 1 ROS KK, BER AOS it . 7815 1k
J& 31~38 d, Hifl 1 POD iGEmsA T+, B J5 B %
TR AT AESEAETH B ROS i 2 v SOD B 4k 2 i 7=
AR H,O, 3 7T POD 3G X 5 BT AR
RS R F BT POD W& MR L A A — 2%,

PR T R 3t (PR RE 8 1 45 41 MU AC 35 AT ATP A=
B SR N Y S 5 R E 5, IR 2 A b
i 7 £ CEMP) 9 56 H B o B, 3% 30 R I 0
(SDH) K % % #li-6- 1R it &= i (G-6-PDHD 43 5l &
5 =BRRIGH 12 (TCA) Mk IR 1% % 1% 12 (PPP) ,
= H YR AR — R L S I A AR T Ak KR
Filt 7 A AR 32 2 32 W W 3 42 EMIP-TCA CHif % - =
RGO M PPP iR 2087 . BTG AT 24 d, 3
¥ PK 5 G-6-PDH 3% 1 &b F 40 % 55 2, LA
EMP Hl PPP 420 FLNF QI & 12 16 )5 38 d.
JENEF T G-6-PDH ¥ 14 ik 1) M1 X f 5 7K °F- . SDH
55 PR IEHEAT A X A, R 0 Q38 3% 42 5% O DL PPP
WM F LG 59 d, JE0E A SDH 36 M7 2 05
{H(481.85 U/g), PK IHPERE 2 222. 17 U/g, W1
Rtz o PPP &4 b 25 UL TCA i £,
I W 3% A8 1) 7 710 A1 {off SIE 176 80— iE AR BRCIR 245

) 0 25 6 T LA LR ARAE A, AR
I AR 95 38 BT R A B ML IR AS A TR) S B3R
HRGT 5 2t R0 48 X6 £ 5 AN A BE 52 M A PR IR R &
JRAE A T AP A R R PB Y . GA, LABALTAA
JEE R MY RS . REER(GAD FE X
KB EYERET SR T LT HEYEE
Z— ANUS5EEM IR ML LT IREETE Y
R ZEFFIG R ERIFAE S Hoh GA, BT
T I Y 2 — BB i B b IR IR, A2 3R A R
ARG FEESRT.GA, T8A 215

JL R IFAE S 17 d.45 d, A 50 S B I R
W13 BB B BE S GA, R RIS 5 R W) 1 I
W i B R S A K Y AR R TR GA
St ]S AL A R S BRI . ABA R GA, 2
PA A RIR 5 A G R I R B O
GA, fE#EFh 5 & , ABA i S Fl R IR™ 76 98 15
Fi 7% B B, mKFE ABA 156 B Rl B
BT, 32 R R T R R A W B A A B D 7 2
B, ABA & G REARE i, X 5 R AR R
B Bl ABA B A 4 SR A — 2
IR ABA SRR B BHARSRE & F A 2065 0, &
IKF 1) ABA JRIF T 96 16 B 7 AR IR | 4k 5 IR 1
REFPIEF T &, 558 AR, ABA &
TN 5 R RN R 2R R R R A e,
A KRR R R R B R IR B, TAA
JERRHY AR R E BTS2 =
R AL G B, B AR A W R IR K E S IR
AWK EIER TR B R TN TAA &
WTAE 24~31 d B 0RO, [ B R TR0 E L
0.51 g/d M3 &2 Thm . X 02 Koy TR TAA T A &%
BT KNS IR AT B 5T & B AN UR R TAA AT
I TR 40 B i & 7 R A0 M RE S 5 . B ISR T &
B TAA & B REAK, 875 5 98 16 Fp 7 I IR AL 1
I R B S o e S S EE U I o = U i
TAA PP FTEE A —8. FEARERT (ZR)Z
MR —, FERRBE R, BIEFHTFEAE
HREFLZR F R ABATAA Il GA, &A%, H#%
TR R MR A, 5 R 250 20 A B T B0 M G BT 5
GERH, FEFFAEST 24~31 d HEWEM T ZR S8 T+
1o D R A0 A3 2L R B AR G B R R TR T
firf 0 147 4o 25 T v L B B R G I A PR A KL
J Bl P A K R I R AIG L L ZR S R

O

(DFRWEM T AT SRS, M TR TR EY
Je T IE R SR BB R D S B 2k L D B 1
MR KT 2D IR L HOR 58 2 3 A

(2) b3 v 38 Jo % T D R T L BT AR AE
Fit IO VB 5% P 3 A2 A L T 1 R L IR R A
AR R A Ao ARHR

O TR GA,  TAAZR ARFEMEEK
R SRS EAR, L ABA S E M0 R S &
T IR IR I R R e DG I A T i R T R
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