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Figure 1 Changes of fruit shape index of different deve-

lopment stages in Ningqi 1 and Ningqi 5
(A) Diameter and length; (B) Single fruit weight
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Figure 2 Changes of endogenous hormone contents in Ningqgi 1 and Ningqi 5
(A) Zeatin (ZT); (B) Gibberellic acid (GAs); (C) Indole acetic acid (IAA); (D) Abscisic acid (ABA)
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Table 1 The relational analysis between endogenous hormones and fruit shape index in Ninggi 1 and Ningqi 5

Endogenous hormone

Correlation coefficient

Diameter Length Single fruit weight
Ninggi 1 Ninggi 5 Ninggi 1 Ninggi 5 Ninggi 1 Ninggi 5
Pericarp ZT —0.246 0.680° —0.558 0.474 —0.056 0.720°
GAs —0.446 -0.674" —-0.096 -0.521 -0.638" -0.788"
IAA 0.302 0.136 0.013 0.084 0.430 0.093
ABA -0.216 -0.794" 0.109 -0.606 -0.425 -0.822"
Seed zZT -0.648" -0.286 -0.870" -0.619° -0.470 -0.119
GAs 0.120 0.200 0.429 0.325 -0.057 0.148
IAA 0.923" 0.724 0.836" 0.528 0.884" 0.753"
ABA 0.224 0.300 0.500 0.437 0.041 0.258

ZT. GAs. IAAFIABAAIK2, * FoRHIIEIA0.05 35 /K ** RoR A 6Ei£0.01 8 2 /K F
ZT, GAs, IAA and ABA see Figure 2. * Correlation is significant at the 0.05 level; ** Correlation is significant at the 0.01 level
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Figure 3 Changes of polygalacturonase (PG) (A), pectines-
terase (PE) (B), cellulase (Cx) (C) activities in Ninggi 1 and
Ningqi 5
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Figure 4 Changes of pectin (A), cellulose (B), hemicellu-
loses (C) contents in Ninggi 1 and Ningqi 5
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Table 2 The relational analysis between cell wall components and degrading enzyme activity in Ningqi 1 and Ningqgi 5

Cell wall Correlation coefficient
components PG PE Cx

Ninggi 1 Ningqi 5 Ninggi 1 Ninggi 5 Ninggi 1 Ningqi 5
Pectin 0.821 0.418 0.183 0.885" —0.610* —0.154
Cellulose -0.028 —-0.534 -0.145 -0.120 -0.065 —0.550
Hemicellulose 0.145 —-0.633 -0.287 -0.282 0.571 -0.507

PG. PEFICXIFAIKIZ, * FonAloetkik0.05 83K, ** Krmxrik0.01 5 % /KF
PG, PE and Cx see Figure 3. * Correlation is significant at the 0.05 level; ** Correlation is significant at the 0.01 level

F3 TR SR TACE S RS E WA BRIRR T b SR 1 5 AN P BE Ry A AR SRR O 2y A
Table 3 The relational analysis between endogenous hormone content and cell wall components and degrading enzyme activ-
ity in pericarp and seed during the development of Ninggi 1 and Ninggi 5

Lycium barbarum Endogenous Correlation coefficient
different varieties hormone Pectin Cellulose  Hemicellulose PG PE Cx
Ningqi 1 Pericarp  ZT —0.184 —0.681 0.602" —0.139 —0.283 0.323
GA3 0.268 0.081 —-0.536 0.257 0.512 -0.637"
1AA —-0.543 -0.839" 0.563 -0.204 -0.264 0.582
ABA 0.196 -0.063 —-0.473 0.424 0.673" -0.544
Seed ZT —0.088 0.045 —-0.474 -0.579 -0.201 -0.234
GA3 0.330 0.238 -0.316 0.561 0.128 -0.133
1AA 0.045 -0.207 0.800" 0.455 —0.253 0.578
ABA 0.083 -0.149 -0.236 0.490 0.290 -0.078
Ningqi 5 Pericarp  ZT -0.599 -0.243 -0.168 —-0.228 —-0.722" 0.776"
GA3 0.086 —0.058 —0.140 -0.143 0.143 -0.518
IAA -0.602 0.512 0.621" -0.973"  —0.806" -0.327
ABA 0.258 0.109 0.018 0.044 0.482 -0.847"
Seed zZT -0.830° -0.247 -0.054 —0.459 -0.750" -0.070
GA3 0.315 0.253 0.267 -0.362 0.104 -0.193
1AA -0.390 —0.259 -0.215 -0.194 -0.560 0.800"
ABA 0.055 0.435 0.324 -0.311 —0.006 -0.146

ZT. GAs. IAATIABAFFE2; PG, PERICX[F &3, * F/RAHRMEIE0.05 /KT * RIS EIR0.01 B KT
ZT, GAs, IAA and ABA see Figure 2; PG, PE and Cx see Figure 3. * Correlation is significant at the 0.05 level; ** Correlation is
significant at the 0.01 level

55 WS 5 5 AR b AR I B I E W, RS A KN, RS s RS K/ E
BHNTTRLS . B EKE, THSSHIREN BRI,

o SO AR B I BOR T Al LS, i TACS T AR T TR F S P SRR kL
HLRPGEA KR 20 AE K, RS S IE EINEEEIEMOE, BER S S R SRR ok &
W A AR E T B AT AL WEREEEAMHG MR ERESES RN ARE
o AR, TRS T RLEHE G BGARE BTG, ARKESE S ISR R R R
SEORLEE EE ) RO T T AR LS BARTACS S S IEARDC . SRS K 3 T4 H
R KT T AL (KIAB), (HAES LA InFIAH M ARRR RSO, 1T 40 A H 0P 4 i 2 284 2 4 e
AR, TACS S AL G i R R S R i TG AR B 4 2 BL il (Coffinet et al., 1984).
EN NS0 3 P N e (o = S £ s A 51 S 5 = 1 Cowan?5(2001) A Ay 75 2k E AR SR/ 2, 4l i
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Table 4 The regression analysis between endogenous hormone content and degrading enzyme activity in pericarp and seed

during the development of Ningqi 1 and Ningqi 5

Different Degrading Pericarp Seed
varieties enzyme
Ningqi 1 PG Y1=597.646 7+641.202 7X, Y1=1 907.725 6-209.936 3X;
F=1.096 8 F=2.525 8
PE Y,=0.004 9+0.001 4X, Y»=0.009 1-0.000 4X;—0.000 5X3
F=4.4527 F=1.504 7
Cx Y3=—3.455 7-10.546 8X;+14.950 5X3—22.444 6X4 Y3=—4.011 4+3.000 2X3
F=16.195 6 F=2.506 5
Ningqi 5 PG Y1=5 446.398 4-1 314.149 0X; Y1=5 299.585 5-358.288 2X;—46.858 9X;
F=89.824 4 F=1.524 0
PE Y,=0.008 1-0.001 0X3 Y,=0.007 2—0.000 4X;
F=10.1328 F=6.821 6
Cx Y3=11.117 0+12.096 8X1-13.344 8X3 Y3=—21.959 2+9.625 3X3
F=46.156 2 F=8.895 0
Y1 ZILFURHREIREY; Yo RURTRRY; Ya: ZP4ERME; Xo BOKEE, X R, Xat EKE,; X &R

Y1: Polygalacturonase (PG); Y2: Pectinesterase (PE); Ys: Cellulase (Cx); Xi: Zeatin (ZT); Xz: Gibberellic acid (GAs); Xs: Indole

acetic acid (IAA); X4: Abscisic acid (ABA)

B AR E A, A S R ok &
MVER, Al 55 MR P A2 Fl R F 3 K F e Ad 1
5o HE2D A, g KN, TACS S AR B R A
T BE RS R BN T rAdLS . FRERY,
JI5E i W A Ay A AR A0 ) RS 3 LA o A e 4
(Y, 2000), H 248 4K IHE 755 A8/
RV A B 0 O EE I, T AR AR A M R
IR FECTACS S RS R A T Ad LS R
(SRR Z

FSCUN U BE RSy HHO0% 2 2 B, LLLF4ESR . FEF
YEFZAPIR N F o FER SRR, B R 18
BT 5L A 41 i R SR 5 R 2 2T 4 2% P A A T ) Sk
SR, 5 SN R RS AR, A 11 A AR S R S R
BRI B U (R 25 30, 2003) 0 B A AR SRCPR B
(2004) i F 5T 2 B, MBI BE(Prunus persica) ¥ il &
SRS eh g i B R RE A SR SR A BRI T R BE, TT
WHERB S HLH 216 H W B30, iy 5 oo ffi 5
N, 1955 (2012) ERFFU A AT SR S R B I AR
0 R RE AL 53 JAH OGBS P (AR A I AR, FAC SR s
bR AT B R g BT AT RE S B TR R
B fife, T 1) 2 AU RD 35 I SR EE T NI, TTRE
S TR A 43 T SR B A Ay SRR TR IR L, 41 303
PSsE A AL, I S E T AR
(1) TR 22 A0 SR B B A AR DG A R R A A, e

RS T TR R 20, X T8 3
AR R B TE R N . AT 4G R (B 4) BoR,
TR I AL G 29 K ) pl 2 I o 5 R B A
TALS S MTFAE 5 25K B L 5 f A B T B
e, X5 (2012) MR ST 45 A — 8. K 4R
R, THRETHYERE SR HE LBRKRE, 2k
IR E G TR LS AT YRS RIS 148
REKAE, MR R, fE/F 19K 2 v A 12
Fo WLJA29R BB, TR SRS EAM
N, FREERT RSP RN SR, E
FSERE, PR Rh g I BE (R A L SRR A R A
ANTRIFR B BRE, b 1T 5 SR S ik AL

0 PR A 0 A A 4 ) T SR B R AR Ak, B
Tl 00 P R ) IS 2 A 22 2R Y LB 1 TR Il (P G) (X
BRI (PE) AN LT 4k 25 5 (CX) 25 (X 2 1625
2006). 44 #HE5F(2006)F 70NN, PE. PGFICXTEIH
FERAR A E A K R Bl i — H A7, BEPGH
PEVG LM R, ST, FCRIRE PR, 655
[ 45 (2006) /EMF 7 E I R I R IR, PE S AR Ak /s L3
P R B PG, AT B U W SRR 1 /K A A2 PE
AN . AUFREUR(ER) Wor, AL T PEIGME
FEAE ST 19K e, T AC5 5 PEE PR 7646 i 14 K
we X FPGREE, TS AL 529K, 45
SHIAEACTE 19K o UL B IR KA, 4 o5 A 40 A
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HEEAL, B S PGIGPEIE N, P4 b b 1) SR S i bl 2
IR BEIMESE(2006)BFITIA N, BEE H4E(Fragaria
ananassa) F 92 [, CxIE AW TF . AHEGT 45
R 3, BIP EF A 0 Cxis M AR 5 29 K 21 R
BRI SO T 5, N Cxig P33k B 5 K AH . HH
B3N] %1, PGAER LR G FErpiG B, 78 Ui
T PG AT HE S R A B B R .
I T AC L R AC ST B S A R BE oy 5 A i e AR
A GBI AR DS A A GR2) T A, T AL LS PG AE
ISR AR T AT R A A L (PGS T 5 IR
R W IEAR); MIPGHIPELE T A5 5 S se ik
TSR N EE A (PG T SRR SRR
BEGAR, PEEMES R &= 2T #E EAR).
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Changes in Endogenous Hormone Contents and Cell Wall
Component, Degrading Enzyme Activity and Their
Relation in Lycium barbarum

Xiaowan Yang', Guogi Zheng®’, Juan Yang? Xing Xu*, Di Lu*, Le Yang"

College of Agriculture, Ningxia University, Yinchuan 750021, China; “College of Life Science, Ningxia University,
Yinchuan 750021, China

Abstract Using high-performance liquid chromatography, we examined the relationship between the content of en-
dogenous hormones (zeatin [ZT], gibberellic acid [GAs], indole acetic acid [IAA], abscisic acid [ABA]) during fruit growth
and development in Lycium barbarum Ninggi 1 and Ningqi 5. The diameter, length, and single-fruit weight were greater in
Ninggi 5 than Ningqi 1; the early stage of fruit development, especially in the slow growth period, was a critical period for
Ninggi 5 and could increase fruit size and weight. In Ninggi 1, IAA content in seeds was positively correlated with diameter
and single-fruit weight and length. In Ningqgi 5, ZT content in pericarp and IAA content in seeds was positively correlated
with diameter and single-fruit weight. ZT can promote cell division, and in fruit growth, the cell number is more important
than the cell size. In the slow-growth period (8-25 d), the content of ABA in the pericarp and seed was lower in Ningqi 5
than Ninggi 1, which explains the greater diameter, length and single-fruit weight of Ningqi 5 than Ningqi 1. The changes
in GA3z and cellulase (Cx) were opposite, which indicated that Cx activity was inhibited by the high content of the pericarp
GA; in prophase and metaphase in Ningqi 1, thus showing fruit swelling. The changes of I1AA in pericarp and polygalac-
turonase (PG), pectinesterase (PE), ZT and PE, ABA and Cx, ZT in seeds and PE were opposite. As well, in prophase
and metaphase of Ninggi 5, the high content of IAA, ZT and ABA in the pericarp and ZT in seeds could promote fruit ex-
pansion, which explains the larger fruit size in Ningqgi 5 than Ningqgi 1. In Ninggi 5, ZT content in the pericarp and 1AA
content in seeds could enhance the activity of Cx. In Ninggi 1, ABA content in the pericarp could enhance the activity of
PE, then promote the maturation of fruit.

Key words  Lycium barbarum cv. Ninggi No.1, Lycium barbarum cv. Ninggi No.5, endogenous hormone, fruit shape
index, cell wall components, degrading enzyme activity

Yang XW, Zheng GQ, Yang J, Xu X, Lu D, Yang L (2014). Changes in endogenous hormone contents and cell wall
component, degrading enzyme activity and their relation in Lycium barbarum. Chin Bull Bot 49, 30—40.
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