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Investigation on seeds characteristics and establishment of aseptic cultural system
for Rheum palmatum
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Shaanxi Qinling Engineering Center of Application Development of Chinese Herbal Medicine, College of Pharmacy, Shaanxi
University of Chinese Medicine, Xi’an 712046, China

Abstract: Objective To study the seeds shapes and germination characteristics, construct aseptic seedlings and callus
cultural system, and provide a basis for the rapid propagation and secondary metabolic regulation of Rheum palmatum.
Methods Ten batches of R. palmatum seeds were subjected to characteristic analyses from the aspects of size, purification,
weights per thousand seeds, seeds vigor, germination rates, and germination energy. The optimum disinfection system for
aseptic seedlings and the optimum hormone ratio for inducing callus were screened by orthogonal test. The content of ten
active components in aseptic seedlings and calli were primarily evaluated by HPLC analysis. Results There was no
significant difference in the appearances of the ten batches of R. palmatum seeds from different regions. The content of
moisture, seeds vigor, germination rates, and germination energy differed apparently. The germination characteristics in
Hezheng and Weiyuan counties were the best. The best disinfection group for aseptic seedlings was the combination of 75%
ethanol for 30 s with 10% hydrogen peroxide for 15 min. The optimum hormones for callus induction were 6-BA (1.0 mg/L) +
KT (2.0 mg/L) + NAA (1.5 mg/L). Seeds treated with different disinfectants had no significant effect on the content of ten
components in germinated aseptic seedlings (P > 0.05). Seven active components were detected in callus, which was
significantly lower than that in aseptic seedlings. And the content of chrysophanol-8-O-glucoside was the highest in the callus.

Conclusion The seed characteristics from Hezheng and Weiyuan counties in Gansu Province were excellent by analyses of

#SBEHEA: 2019-02-06

E&WH: FHRAARFESRIIE (81973430); BRIGPEEZRAS: “F25” SIFVFN L BHEFF K QUHTHIAIUE (2019-QNO1); BRpirhEZy
REEHBEE LR RS0 % (104080001); BRIGAE SR EFEA M AA STIFHRINH ;. BBH T 5 FERHESIZE N A BT H

fEE@EN: BAk, 5, WLRid, Sy RS> 74 45 . E-mail: 1239111734@qq.com

HBEEE kN, 5B, ML, #i, MR AR S 5 F A 4% . Tel/Fax: (029)38185165  E-mail: jay_gumling2003@aliyun.com
KR, L, Wi, JHm, AT AR S 5 F 2% . E-mail: 2051058@sntem.edu.cn



)

Chinese Traditional and Herbal Drugs 2% 50 % 35 18 3§ 201949 A

- 4431 -

weights per thousand seeds, seeds vigor, germination rates, and germination energy. The aseptic seedlings and callus cultural

system of R. palmatum were successfully established, laying a solid foundation for further study.

Key words: Rheum palmatum L.; seeds; germination; aseptic seedlings; callus; chrysophanol-8-O-glucoside
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Table 1 L, (3°) orthogonal test for seeds sterilization and callus induction of R. palmatum

KF W #E BE/(mg L)
T5% L EEANFRISEA] (A) /s WFAR2E (B) WEEFE] (C) /min 6-BA (A) KT (B) NAA (C)
1 10 H,0, 5 1.0 1.0 0.5
2 20 NaClO 10 1.5 1.5 1.0
3 30 HgCl, 15 2.0 2.0 1.5
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F2 EMAERIEMTKE. TEMELR (X £s,n=20)
Table 2 Comparison of length and width of R. palmatum fruits and seeds ( X xs, n =20)

- BS2/mm P T /mm
K e S5 K e B
ZYDHI1 6.83310.087 a 2.64010.068 a 4.404£0.049 a 1.85240.030 a
ZYDH2 6.5794+0.071 a 2.45340.052 b 4.115+0.015¢ 1.738+0.022 b
ZYDH3 6.772+0.086 a 2.656+0.059 a 4.504£0.052 a 1.807£0.033 a
ZYDHA4 6.691+0.061 a 2.689+0.033 a 4.440£0.043 a 1.8224+0.025 a
ZYDH5 6.585+0.082 a 2.65210.050 a 4.5131+0.067 a 1.870+0.024 a
ZYDHG6 6.36410.133 b 2.57240.064 a 4.374£0.072 b 1.683+0.037 b
ZYDH7 6.220£0.120 ¢ 2.55440.044 a 4.34240.067 b 1.660+0.030 b
ZYDHS8 6.271%0.114 ¢ 2.571%+0.058 a 4.2081+0.088 ¢ 1.718£0.032 b
ZYDHO9 6.624£0.072 a 2.451%0.067 b 4.1631+0.068 ¢ 1.8284+0.023 a
ZYDHI10 6.49540.082 b 2.44740.052 b 4.0901+0.035¢ 1.8461+0.028 a

Al — B R AR L E AR NG PR EREE (P<0.05), K8

Different letters represent significant differences among different treatments under the same factor at P < 0.05, same as table 8

RSP E N (6.220+0.120) ~ (6.833+£0.087)
mm, “FETEEN (2451+0.067) ~ (2.689+0.033)
mm, FFPEKER (4.090+0.035) ~ (4513+
0.067) mm, “FHIBEHN (1.66040.030) ~ (1.870+
0.024) mms
3.2 EMXEMFHFHERLEE

10 HEASEFIF RS TRE. S/KE. B
Tn REFFRFIRFH/SHZER (£ 3). ZYDH3 R
7 (98.757+0.052) %, ZYDH7 {#ERIK (92.617+
0.027) %; ZYDH6 T-hiii & HE (11.639+0.058) g,
ZYDHI10 THifi B (8.756+£0.045) g; ZYDH9
EKERE (8.44740.203) %, ZYDHS F/KERIK

—EMISLEL, ZYDH3 F1 ZYDH7 3% 1 5 w43 )
N (54.667+£2.901) %F1 (56.667+3.528) %,
Xof B K 2F 2R R A, o (71.000+
1.527) % (12.000 £1.527) %F1 (71.000 =+
0.847) %. (11.667+0.667) %; ZYDHI10 £i% /s
BARA (19.333+2.156) %, WRIK FRFK EHER
%, 2504 (11.333+0.882) %A1 (2.667+0.333) %.
RS, PARRFRE. TR R, S/KE 437,
REFZFKFHE 6 J48hR, FIH SPSS 24.0 #47 K
VIR Kl FAERDNRATHT, REFH
(27352) >RHFFH (18230) >THifE (16.150) >
AENE S (7.058) >3 (0.708) > /K& (0.509),

(436340.154) %o A1 REFERMEFA I EH

®3 EMREMTHMER (Xxs,n=3)

Table 3 Comparison of seeds characteristics of R. palmatum (X £s, n =3)

KGR RN KR R B R EE TG AR, 10

HEVE 1%

K%

RFERI%

iR /% TRLF /g BIKEY%
ZYDH1 98.037%0.135¢ 9.278+£0.009¢  6.390+0.122 ¢
ZYDH2 98.057%£0.043 ¢ 9.238+£0.064e¢ 5.403%0.131d
ZYDH3 98.757£0.052a 10.221+0.017¢c  5.287%0.096 ¢
ZYDH4 98.39310.027 b 9.349+0.244e¢ 5.6731+0.158d
ZYDHS5 96.590£0.080 ¢ 9.628+0.055d 7.270%+0.128 b
ZYDH6 97.737£0.063d  11.639%0.058a  6.547%0.190 ¢
ZYDH7 92.617£0.027g 10.882+0.061b  5.537%0.113d
ZYDHS 96.137£0.074 f 9.145+£0.051e 4.363+0.154f
ZYDH9 97.610£0.035d 8.89710.047f 8.447X0.203 a
ZYDHI0 97.963+0.035¢ 8.756+0.045f 5.601%+0.091d

28.000t1.154 ¢
30.667+1.764 ¢
54.6671£2.901 a
31.333+2.403 ¢
49.333+4.667 b
43.333%£1.334¢
56.66713.528 a
44.000£2.000 ¢
36.6671£1.764d
19.333£2.156 f

18.333£0.882 f
56.333+2.333 ¢
71.000+1.527 a
32.000x1.155¢
46.000+1.528 d
62.000t1.154 b
71.000£0.847 a
31.6671£2.023 ¢
31.000t1.154 ¢
11.333+0.882 g

3.66710.882 ¢
6.33310.882 b
12.000£1.527 a
4.3331£0.882 ¢
7.000£0.573 b
8.333+1.527b
11.667+0.667 a
5.333+£0.333 b
3.66710.667 ¢
2.667%0.333 ¢
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LM SEF TR 3 2%, 5 1 REE ZYDH3.
ZYDH6 11 ZYDH7 3 #ltfh¥- 5 2 K7 ZYDH2,
ZYDHS 1 ZYDHS 3 #ltff¥- 2 3 K7 ZYDHI.
ZYDH4. ZYDH9 #1 ZYDHI10 4 fitF 7. 7655 1 255
T, HABEIEE (ZYDH6) KM TRZER. K
FHEEMLT R 2 MR (P<0.05). [Hitk, Hil
MEE (ZYDH3) H5iFEE (ZYDH7) KiEFh-14f
PEOLR . 3E$E ZYDH3 KEhh 7T R 22505
3.3 AREIESFIEN AR T A FENFM
ANEIE RN EXT ZYDH3 i1 & 25 R 500
SR 4 BoR, £ 9 MR, RriyEed
iR, ERFREFER, H&HHER LM
TRERBEKZARIEEN ZYDH3 B . K
PP FAEALEE 3 560 TR 2 F B N 76.7%:
AEHE 4 ¥R ZE RN 50%. 7 2 TR (3R
5), WHEEIFIRNMFRFRAFRZELN. 10%

H,0, K2 FR i, YR ERN 68.9%. T 75%
N M AN P N R a8 S = A T
B3, FrLhik H B R SRR AR K, B
A3BCso AN[AIZR AL B 77 20 A 6 Bl 75 Yo R AL
R WA M. 10% H,0, 43 4 i K 3 fp 71
BRBEEA, (LN 63%, TFHREERER
65.7%; 0.1% HgCl, &b B Fft 7 F 35 75 4L K Ry
11.1%, “FHIRE RN 60.5%; 2% NaClO AibHFf
T PRV YRN 14.1%, FHIRE RN 51.8%.
DAL RS R, HErREMFEaHEaEe RN
75%Z. 8% 30 s, 10% H,0, 15 min, 21+ T R
RORTF K E TR LA .
34 FEAGHEARERZENIHE

DL ZYDH3 Joi B AR M, RIS [F]
BRI MS BRI 9% 35 d, Tk @05 S i
EEEAE. HREW R 6), EMKEMHREIX

F4 TRIESFINEMREMFLFRHME (n=3)
Table 4 Effects of different sterilization reagents on seeds germination rate of R. palmatum (n =3)
bR A B C ekl PR
HE 1 HE2 HE3

1 3 3 1 433 56.7 60.0 53.3
2 1 2 3 46.7 60.0 63.3 56.7
3 3 1 3 76.7 83.3 70.0 76.7
4 1 3 2 53.3 50.0 46.7 50.0
5 2 3 3 50.0 56.7 533 533
6 3 2 2 53.3 70.0 46.7 56.7
7 2 2 1 40.0 50.0 60.0 50.0
8 2 1 2 73.3 60.0 56.7 63.3
9 1 1 1 66.7 63.3 70.0 66.7
T, 173.3 206.7 170.0

T, 166.7 163.3 170.0

T; 186.7 156.6 186.7

REHE 3 1 3

x5 EMREMTRFRNFESNT

Table 5 Variance analysis of seeds germination rate of R.

palmatum

TRKWE CFAM ABRE B FE BEKE
A 69.682 2 34841 27.125

B 492.349 2 246.174 191.658 P<0.01
C 61.976 2 30988 24.125

W 2.569 2 1.284

9 MixiIRit EHRe SR HEMGAEN, i FENE
G SEWEER. L3 FSACREL, H5X
81.1%, @iHdZikatta., 8U%; W 9 SR
w7, PPN 32.8%, SMEEIH B EINT,
oy RR A B EGAL R T T EMTER,
6-BA Fll KT i S L X KB i s S % F B &
) (P<<0.05). 4 6-BA 1.0 mg/L. KT 2.0 mg/L
I, MRS 3 i, T E N 60.4% 5 60.6%:
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Table 6 Effects of different exogenous hormones on callus induction of R. palmatum (n = 3)
Ak 2 A B C B PR T %
HE 1 HE 2 HE3

1 1 1 1 41.7 55.0 48.3 48.3
2 1 2 2 55.0 483 51.7 51.7
3 1 3 3 75.0 85.0 833 81.1
4 2 2 3 433 50.0 46.7 46.7
5 2 3 1 56.7 55.0 61.7 57.8
6 2 1 2 20.0 31.7 26.7 26.1
7 3 3 1 58.3 61.7 63.3 61.7
8 3 1 3 433 41.7 433 42.8
9 3 2 2 30.0 31.7 36.7 32.8
T, 181.1 117.2 167.8

T, 130.6 131.2 110.6

T; 137.3 181.7 170.6

REAA 1 3 3

#*7 EMXKBRAGELAESENHES
Table 7 Variance analysis of callus induction of R. palmatum
kIR CEAM BHE ¥WHF O FA BEKE
A 506.539 2 253.268 40.029 P<<0.05

B 810.110 2 405.055 64.019 P<0.05
C 257.870 2 128.935 20.378
mE 12.6540 2 6.327

BT NAA WREX IS SR AEE (P>
0.05), FrLhit H-F3515 5 F i m KR s ik
¥, N AB;sCso

K ABsCs A a w7, AT &
HLPFEFIIE . SR ER, HEHHLSE IR
U, NESGOIENMEEGHL, 5%
N 18.7%; MRFESAREAGEGAYL, £S

-~

Aoow !:sx‘t' e b
o W \i}‘\_

A-ZYDH3 M KRS B-10% H0, W #FF  C-1 MPHLEEN  D-MHWAMER  E-30d @44

A-ZYDH3 R. palmatum fruits B-10% H,O; sterilized seeds

KN 56.2%; THEGHALURIS MO, KEE, 5
FHEH 67.5%.

PR, KB 5 3 @ A 4 20 L R S MEAR
HAE, fEMEAE 6-BA (1.0 mg/L) +KT (2.0
mg/L) +NAA (1.5 mg/L). ZYDH3 J& i i Al i)
HNE 1,

3.5 EEERAGEHEAEYIRSSENE

ZYDH3 T i B H @44 HPLC 4 #rk ¥
(E12), 10 P EC A PR s, HEs
AERE 22 (R 8), 3 Fiyl a3 77 A B 0 1 11 4%k
NEELEEEZESR (P>0.05), PHUHERLE
Tt %o JHL TG T T % 23 R R TG B Y R

ZYDH3 WHRE AL eIkt 7 Fhelesr, &
BRNRIF N REI-8-O-H & i E >&/IEH B> )L

F-50 d 544
C-one month aseptic seedlings D-petiole explants E-calli at 30 d F-calli at 50 d

1 ZYDH3 XEMT. TEmE. HRIMEFREHER
Fig.1 Seeds, aseptic seedlings, petiole explants, and callus of ZYDH3 R. palmatum
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RE>SEETIR> KR > K> K3, 755k
(0.294 0£0.008 5). (0.165 340.002 8). (0.130 6+
0.004 4), (0.041 240.000 6). (0.004 440.000 3).
(0.001 7£0.000 1), (0.000 440.000 1) mg/g, &
BT R B, Bk RER), &R 1/14.
AN K B R -8-O- B P2 R R R R
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Lol.2 ol .6 7800
c
] ) 4 FH Ik o
1 3 s 6 789
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LRRTI]R 2-JLKR 3-BEF B 4-KEM-8-0-HENH
S-RHEES-O-MEMHE 6/ ERER 7-KRAM 8 KER
9-KEEM  10-KH & Pk
I1-gallic acid 2-catechin 3-sennoside B  4-chrysophanol-8-O-

glucoside 5-emodin-8-O-glucoside 6-loe-emodin 7-rhein

8-emodin  9-chrysophanol 10-physcion

2 RAMEMR Q). EMXAXELEE B) MEpHESA
(C) ) HPLC &34

Fig. 2 HPLC analysis of mixed reference substances (A), R.
palmatum aseptic seedlings (B), and callus (C)

4 e

HA 2 A T S R PR 2 R R R R
SR, MR R AR R TR RS, RIEA
T R BT AR AN SE A I, 2 T
M=, SEAMIRES EAT, hAM
EHE L 2 A PRI RO T I AR, A2kt
P TR VERIE 78 BB 7E IR Sk b 337 o 2564 Fh T A,
TR 7R TSR L R R bR B R
AW FUARIE 3 FhIE ST R SRR 7 (1 AW S A7
fE—EES, 2RI RSAFF RN TR &
Bitedk, HMIREEM KR FR, KRR HAD
SRR B m . AR SLIR R 10 HEA FIRIE K

%8 AEIEBFNEEEERICBOPM (X 5,1 =6)

Table 8 Effect of different disinfectants on content of various components of aseptic seedlings (X £s, n = 6)

IR

AT H/(mgg ")

ILFEZE/(mgg ) BIEH B(mgg ) KEM-8-O-HEME (mgg") KREX-S-O-FHERL /(ngg ")

H,0, 0.0528+0.0102a 0.442120.1968a 1.13041+0.096 1 a
0.0252+0.0073a 0.498510.0849a 0.78721+0.2032a
HgCl, 0.05061£0.0146a 0.5801+0.0625a 0.9934+0.1372a

NaClO

04362102224
0.2401£0.1342a
0.19941£0.0593a

1.036 7£0.169 7 a
0.7010£0.2750a
1.077610.128 4 a

HEARE HERER/(mge") KHEM/(mgg )

ﬁﬁ%/(mgg*l)

KHEF/ (mgg ™) KEE TR (mgg ™)

H,0, 0.0183+0.0089a 0.0097+0.0009a 0.022440.0050a
0.0295+0.0009a 0.008 6+0.0014a 0.015840.002 1 a
HgCl, 0.0193+0.0025a 0.011940.0033a 0.022 610.001 1 a

NaClO

0.004 9+0.001 0a
0.004 3+0.001 3 a
0.004 3+0.0002 a

0.0418+0.008 0 a
0.0453+0.0177a
0.0424+0.006 5a

HEIFREMT, WRE. TRE. S/KE. EiF
JIv KEHZ RS 6 Matns 8Fh 1 K R,
6 KIMARE TR K B R R R H T
SR ET ARG, X EXFRT AT EM KSR
Sy SR ARUERIRIT Fe 4 AR A gt e, o
FRAEC R S5 VE R B S G MR R, HE S
HASHEZEYIMIC, MEE 5 E iR K
REPEAS M, ¥R 1 900~4 368 m, PSR 5.0~
6.8 C, WmEIEIE, FNRKEEK. PG FE A
PR LIS BB, WK R R T S5 M

H 24 A W AR A ER PR R AR TG A T
BB R TRk R . BFR PR s AA
75%Z. % . HgCl,. NaClO 1 HyO0, 2%, 3% P P Bk

HH. WS TS 75%CBR 0 A 5
I 2% NaClO 75, 7] 43 2% AR R 715 1 R, 70%
230 s 5 12% H,0, 15 min & 4038 ] 28 Ah 1
FRCR R, HKRI HgCl, M NaClO %1% %
KAME ., BEVR SR, LHEKBUR )G BE
FH ¥ #5770 0] DLBH R BRI B A A R R, 10%
H,0, RENNEF Rl (R (EMAR M, 2 BEAR )
P EE . ARSI ATE K TSGR I Sk 3
B2 24 h, £, FIFIERSRIGIRIG KB R T EcE:
HEHE: 75%4FE 30 s. 10% H,0, 15 min. #FF
BRI 10% Ho0, A1 2% NaClO % 0.1% HgCl, W #1)
FhFPHRE R 2~3 d, ATRER HeCly XRiFafi &
FANHIER, HEE T H0, HEAER a1, A
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6y 16 P T 75 70 AL A B DRAIE B KPR BEAZ TS 4, X
RECRIFIP 715 71, ARG KELHE . 454 HPLC
TR B TR R TR AR S PR A
FREEFEAR, XC B A R AT B3 R
2 AL 3 RE ) 7% 7 R RN
A BRI R ANIRICR R . WETCR B, ORI
W T TR IRARA AR AR R
SMER, THIESR IR, BRI @ H G
FIEE, @A SR 7R3N 6-BA(1.0 mg/L)+2,4-D
(1.0 mg/L) +NAA (1.0 mg/L) ™, B KHAR,
2. MYREAE A S RG4S, 6-BA 2.0mg/L) +
24D 20mgL) +NAA (2.0 mgL) R HAES
Ao ASEIGAHNIESS I AT RO LU iR, EE
BEN6-BA (1.0 mg/L) +KT (2.0 mg/L) +NAA
(1.5 mg/L), FH fHfr. MRS R IR A
EiFES, M ONERESME, SRR
st ZHERA S S OMIER 6-BA. NAA K
A1), SEHR KT T3k 2,4-D, B KT A F THEE
PSRRI AR TR JE4E, HF HPLC 204
L R IR 7 R R0y, S R R R
HIR, KEER-8-O-HI & . 2R KR
MEARASI 2 o AP IR AACEYIF I K & R A
AR EI%, A BB S, SME AL ERR
A BRI LN R AHIE T SR A
10 Ffoef e e R 7 M, S R S
i, T TR SR B R AT L . A
FUAE WIS KBRS PE R, WP AT
T KM IO R B A R IR R IEREAT
AR &RV, RS T AR RS RN
PR, B BT B S KB R AR
TR A S TR T At
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