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Comparison on progeny regeneration capacity among different mating patterns
and optimization of cultivation condition in Swertia mileensis
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Abstract: Objective To establish and optimize the technique of tissue culture and rapid propagation, and compare the progeny
regeneration capacity among different mating patterns in Swertia mileensis, meanwhile, to explore the reproductive assurance of the
fragment populations. Methods Sterilized seeds from different mating patterns were cultured on MS media for germination, which
included self-breed, inbreeding, outbreeding, and nature pollinating, and counted the germination rate 60 d later. The study used the
different source explants maintained on MS medium supplemented with different types and concentration of plant growth regulator
combinations to explore its capacity of callus induction and adventitious shoots differentiation with orthogonal design. Results There
is no significant difference in the germination rates among all kinds of seed as touched above. The optimal medium for callus induction
is MS +ZT 0.5 mg/L + 2,4-D 0.05 mg/L, the callus induction rates were 100%, 96.67%, 96.55%, and 96.29%; The optimal medium for
adventitious shoots differentiation was MS + BA 2.0 mg/L + KT 0.1 mg/L + NAA 1.0 mg/L, and the differentiation rates all reached up
to 100%; The optimal medium for rooting was 1/2 MS + NAA 1.0 mg/L, the rooting rate both were as high as 100% and there was no
significant difference in the growth of plantlets. Conclusion This study optimizes the cultivation conditions and provides an effective
solution for protecting the wild resources and sprouts multiplication of S. mileensis. Meanwhile, from the plant physiological basis, it
could be preliminarily predicted that the advantage of inbreeding would make up the fitness cost associated with it and the progeny
regeneration capacity shows no significant difference between inbreeding and outbreeding.

Key words: Swertia mileensis T. N. Ho et W. L. Shi; callus; adventitious shoots; inbreeding; fitness

FSBHEA: 2015-09-16
BEETH: BEERAKRFEILEEBIE (31260077); mMAHTTEMIE (2012Z005); A mALH & IS0 E (11K053)
EZE RN i (1969—), Y5, ik, FHNFLFMYR G BB BN LAE. E-mail: hhyhhy96@163.com



¢ %% Chinese Traditional and Herbal Drugs 38 47 % 25 3 3 201642 A +481 -

HMH Swertia mileensis T. N. Ho & W. L. Shi
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Table 1 L;4(4°) orthogonal design for callus induction of

explants from different origins

(e

K

A Bf(mgL™")  C/mgL') D/mgL™")
1 Bx 0.1 0.01 0.1
2 IER 0.5 0.05 0.5
3 mAR 1.0 0.10 1.0
4 AR 2.0 0.50 2.0
222 MEPERAERFRER ERGANEFERN

JERt B, R Lig(4) IEASIRE % SO A IR @i
M (A KAFJRERE BA (B). KT (C) Fl
NAA (D) &5 EHHHNZERAER N, W& 2,
30d Jageit A ZER AR, 40 d ARARKT TR e TH 1 b
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Table 2 L,(4°) orthogonal design for callus adventitious
shoots from different origins

K - A= - —
A B/(mgL™") C/(mgL™") D/mgL™")
1 EE 0.5 0.05 0.1
2 bl 1.0 0.10 0.5
3 AT 2.0 0.50 1.0
4 EES 3.0 1.00 2.0

23 EFEMG
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A-AACHTH B-IEZMTH C-RACMTH D-ARLGLMTHE E-AMTYE F-RAH
A-seedlings of self-breeding B-seedlings of inbreeding C-seedlings of cross-breeding D-seedlings of nature seeds ~ E-plantlet of self-breeding F-mature seedings
E1 TERKEMFHELZRNEEREFR

Fig.1 Germination and seedling of seeds from different origins
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ZT, HGE 24-D. NAA, St/ ME &M AR R
ZT 1 2,4-D {8220 33.569 F19.823, Y KF%f I
8.655; NAA FSMEMAAIER 245371 7.422 F11 3.608,
BI/INTX I 8.655, FLrh AME AR 218 /N T4)
TEI0, KU ZT F1 2,4-D 6HES @A 80N 2 ]
FEMT, NAA PIRONAOTEE, T ZME ARSI AN ]
SE. M ZESNT (R4 WH, ZT NEARETA
WERm (P<0.05), 1MHAh 3 Wik 5 m

(P>0.05). &itthz=5T7 20 as R, WUAKEE
NAA FIAMERASEX @A S 1. i
BIEAT 5, IS A R S R G
40 ByCo, Bt /7RI MS+ZT 0.5 mg/L+2,4-D 0.05
mg/L. HEHED, SRIET HAS, T4, weAsH 3RS
SRR P A M A T I s D R85 50 W Y
Wiy, 32 B A 22 S R U AN [T Fh 8 S L i ik
FERIRCEE, T 5 AME AR TE R

¥ 4 PASFEERIERSMEAS N MS+ZT 0.5
mg/L+2,4-D 0.05 mg/L 1, #5377 20d f551EA 45 Rk
A, AR TR WA ARG SRR ) =
BRI 100%. 96.67%- 96.55%F1 96.29%.
DLEAZH 1522 BO ], b 10 d J5, RlAE 1 EARHREE
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Table 3 Results of callus induction of explants from different origins by L,4(4°) orthogonal test
i A B/(mg-L™) C/(mg-L™) D/(mg'L ™" E RT3 5/%
1 FAZ 0.1 0.01 0.1 1 53.65
2 FAZ 0.5 0.05 0.5 2 96.38
3 HAZ 1.0 0.10 1.0 3 72.33
4 HAZ 2.0 0.50 2.0 4 67.23
5 AL 0.1 0.05 1.0 4 81.35
6 AL 0.5 0.01 2.0 3 95.33
7 AL 1.0 0.50 0.1 2 66.67
8 AL 2.0 0.10 0.5 1 58.28
9 AT 0.1 0.10 2.0 2 60.25
10 Ay 0.5 0.50 1.0 1 95.67
11 AT 1.0 0.01 0.5 4 76.36
12 AT 2.0 0.05 0.1 3 65.25
13 EES 0.1 0.50 0.5 3 52.50
14 EES 0.5 0.10 0.1 4 94.65
15 EES 1.0 0.05 2.0 1 78.38
16 EES 2.0 0.01 1.0 2 61.67
K 72.398 61.938 71.753 70.055 71.495
K 75.408 95.508 80.340 70.880 71.243
K; 74.383 73.435 71.378 77.755 71.353
Ky 71.800 63.108 70.518 75.298 79.898
R, 3.608 33.570 9.822 7.700 8.655
R4 TRFFIMEFBGAHRRFESHAEEFRERESNTER
Table 4 Variance analysis on callus induction of explants from different origins
K T 285 A1 R %5 F {H BEE
A 34.091 3 11.364 0.156 P>0.05
B 2904.119 3 968.040 13.284 P<0.05
C 252.959 3 84.320 1.157 P>0.05
D 160.274 3 53.425 0.733 P>0.05
E 218.924 3 72.875

A

AR 10d 5, MEHILEG4IZ B-15d )5, AfAgVEKIRE C. D-3EIF 20 d A @&fi4ien

A-explant generates callus after cultured 10 d  B-callus growth rapidly after 15d C, D-callus after 20 d

& 2

EXMFEGENE

BEmGERNES

Fig.2 Callus induction of stems from inbreeded seedlings
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(A) FANFRFERE BA (B). KT (C). NAA (D)
Mg ZE (B) MM ZERAFRM W, 480K Ss,
TiZE5y BT L3 6. IEAS S IR 20 2R A AR ZE (Ry)D
KKK B>C>D>A, BN & A 5 mi ik
(152 BA, HUOE KT FINAA, S0/ NG Bk
¥ BA. KT I NAA 253728 40.400. 12.172
19127, YRFXFHEIN 9.010; 1 @20 SURIE ML
74 9.010, SEFXTHEIN 9.010, UiHH @G LUK

X —RIZR A SER AR A 5, Hifth 3 AN
RSN e PTRER) . T 22500 (GR 6) Wl 4H, BA
SR A BRI (P<<0.05), HiAth 3 AMRIZEN
TN (P>0.05). itz 57720 ds ),

A LA FE i 4SS A 2 S I 5 o
BIEA AT AN, E IR S s R AL A
B;CyDs, B MS+BA 2.0 mg/L+KT 0.1 mg/L+NAA
1.0 mg/L. HHIERIA, KIETHAR A8, WA H
SR A SR R BT P A B A AL SO0 T I IH A ZE
ETCE T, 3RO TR AR ZE R AR AN RN R
PR LR FE IR L, 15 A S URIE TG

x5 TRFKBEGEAMFEEERE L(¢°) EXREER
Table 5 Adventitious shoots induction of callus from different origins by L,¢(4°) orthogonal test
' A B/(mgL™") C/(mg-L™") D/(mg-L™") E MEFER A1,
1 HAE 0.5 0.05 0.1 1 78.58
2 HAL 1.0 0.10 0.5 2 80.46
3 HAL 2.0 0.50 1.0 3 97.67
4 H2E 3.0 1.00 2.0 4 40.86
5 EAL 0.5 0.10 1.0 4 72.33
6 EAL 1.0 0.05 2.0 3 82.52
7 AL 2.0 1.00 0.1 2 91.65
8 AL 3.0 0.50 0.5 1 46.68
9 AT 0.5 0.50 2.0 2 59.33
10 A 1.0 1.00 1.0 1 86.56
11 AL 2.0 0.05 0.5 4 92.37
12 AL 3.0 0.10 0.1 3 71.26
13 EEN 0.5 1.00 0.5 3 56.50
14 EES 1.0 0.50 0.1 4 66.35
15 EES 2.0 0.10 2.0 1 94.67
16 =R 3.0 0.05 1.0 2 55.96
K, 74.393 66.685 77.358 76.960 76.623
K, 73.295 78.973 79.680 69.003 71.850
K 77.380 94.090 67.508 78.130 76.988
K, 68.370 53.690 68.893 69.345 67.978
R, 9.010 40.400 12.172 9.127 9.010

F6 ARKFEEMBLANFLERFEFTESNER

Table 6 Variance analysis on adventitious shoots induction of callus from different origins

KU 1 25 A H i F i W
A 168.523 3 56.174 0.765 P>0.05
B 3570.790 3 1190.263 16.215 P<0.05
C 440.531 3 146.844 2.000 P>0.05
D 283.284 3 94.428 1.286 P>0.05
D 220.216 3 73.405
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AW EAZRIRFEA [, TR0 A 2R A S
BEAT TESL . A 4 FIASRIRUR B @ 212370 il N
MS+BA 2.0 mg/L+KT 0.1 mg/L+NAA 1.0 mg/L
Bigedk b, Ri9R 30 d JE SR IEASIREGFEA 5L,
4 FOANTRIARYR B B 2L 23 2R R B2 855 100% LA
IEARIFATA LU H], ¥ T R E AN
BRI 5 d ERIA A AL (18 3-A); 10d 5
AL AN E 2ZF (] 3-B); 15 d Ja e Ziidizk
K (& 3-CO5 BEAT BRI R O, 80T

B, WEEAWIRAESEK, 2 30d 0, fEEZFEH
KA, IR KR A ZE (B 3-D); 40
d I, BRI R AER, GRARI B R EOTIX 6.0
PLE (B 3-E)o 4RARY ZmPRAE 1 B 4471 40 BLY)
RN FRIE R (K 3-F), 10d J& o] WA ZERA
g, HILHIF G LG AL (K 3-G); 15d Ja i
PRSI ZE (B 3-HD; 30d Ji ml ILIEE K
RN ZE IR TN I R A RN 2
(Kl 3-D, ZHHAREIRL 6.0 LU L.

AR S dJEINEAL. B-10d FAEF M C-15d JFAEHEK  D-30 d R R A, Bt @A AR B E-40 d I H53R
YRR, AT RIS PRI IRZE  G-REIR 10 d RTEMCEBASN IR N SE 3L A 4 H-15 d RIEIR @ 41 U ah o1k

INZE 130 d R BRI, ZEM L G M

A-callus for 5 d B-adventitious shoots generated after 10 d C-adventitious shoots growth after 15 d D-abundant adventitious shoots were

differentiated from the bases after 30 d and new callus generating E-cluster cultures could be cut for proliferation after 40 d F-single bud for

proliferation G-sprouting axillary bud and differentiating callus from the bases after 10 d H-callus differentiated

3 IERRIEEGHAMMF SN

Fig. 3 Adventitious shoots induction of callus from inbreeded seedlings
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T AR E 5 AR BTERRE NAA (0.1,
0.5 1.0mg/L) MIsERdlAse, 45 FRIFHHARIK
EITERR S, SRV R eSS bk
A, BMELRIN NAA (84 EREIRE
70%LL E, Jh#E NAA 1.0 mg/L h &4 AR
HIIE 100%, WK 7. MFHIHRAEAREEFRE R
1/2 MS+NAA 1.0 mg/L, 7ERFFRE 1 55E 10 d Bl
SOAENRFE (K 4-A), 30d GiREEEK R,
R, TEad g (K 4-B. C).
4 itig
4.1 SMEKRFI G EEERLR I FMHBALER
B9

EH M@ AZUSE FERE T, AL
XS R RN E AR, A
LAAERTIARETT A, 2 0 SR e G B e s 9 25
IRAN B 2 BhAMEAA R 2R R8RS S

*7 FRFKFBEREBERER
Table 7 Rooting tests on test-tube plantlets from different origins
G5 MEDKI NAA/(mgL) BEREC  ERE%

RO1 [H% 0 20 75.00 b
RO2 HA 0.1 27 85.19 ab
R03 HA 0.5 30 9333 a
RO4 HX 1.0 27 100.00 a
RO5 EAY 0 27 77.78 b
RO6 T4 0.1 30 86.67 ab
RO7 IEA 0.5 30 90.00 a
RO§ 1A 1.0 24 100.00 a
R0O9 AL 0 27 74.07 b
RI10 EAT 0.1 30 83.33 ab
RI1 A 0.5 24 91.67a
R12 &AL 1.0 24 100.00 a
RI3 HREK 0 30 7333 b
R14 B4 0.1 30 86.67 ab
R15 HREsK 0.5 30 9333 a
R16 HAREEsK 1.0 30 100.00 a

"BRIIGYS S ML, FIFIARY NG PR ER B (P<0.05)
) Excepting numbers of pollution, different lowercase letters in same

column indicated significant difference at P < 0.05
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AR R
A-green adventitious roots generated after 10 d B-rooting plant
lets after 30 d  C-bottom roots of rooting plant

4 ERKFREHER
Fig. 4 Rooting of test-tube plantlets from inbreeding
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R, BHAET . R 2K T Sk A &,
PITAE s 1220 T HoA BRI
S/ 0N RSP (2 111 I s w7 N 1 T P
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Ao MR Z2BG AR 345, Mo HAE
B R BEAE LY _EARIRZF A3, JEART Ak
1510 d Wit & (o, Bt S i @i g0k L, B
77 20 d Ja WA H it 5 . AL AR AN K
AEREIRIET 10 d R A I ER O HETE N EE, 4k
MG MRCRA = TR MERR: 72 Eid
rerf, OGN T I AN oAk, R AT
DI N2 - BT EA- N ZF 7, HIPTIR R “ P EE
R BAN, HARURE A F WS R B T
Pararuellia delavayana (Baill.) E. Hossain Z8L( ) 3
KAL), T IH A 2 B D) D A A A SV AE Y
FWCEFRE R 3~5 d L, R 2R BoE i 414
i 5 LR WA RS, AT
JE AT LA BRSSO 2 2 A R S A
PoJsc, s N ZE IR BAT 5 IX I ) e
iy HAH i “Oush” P T B S AR &
JRHZ P, SECER B AS TR
FEMERE ST AT AR A T ZE B AL A LR,
eI AR R BT & Ja ks g%, Rl 41 2]
RN N, MA@ gy, i
RE KR T . AP UESE T 5 I 1 K B )
ALRE D I B AL GUR A 5 TR W e B B T AR

(T RIS SR, A () SR AR P &
R, AR5 RIRRHN, BOREAT TR AT A
PERRAERL N AERR G FRIE AR, K F N oy

2K BEAE by BRI v T B Ak A4k S B O\ B 8 7R O
o, IXRERESE T BRI ZE a3, SO LI
BT, BRI AZE; TR AR
SRR, P A AR AT T . 2R
M /NFEAR ARG R, B RETTIL 6.65, SEHLT
M PEETAM E M. eAh, SACEEN. %4
SRR ABL, T LA 7 e LA 8 3 o R
AT IR MG HHMTY T, i F A
MRS S A AU RE, IR RS A B ReR
42 SMEMEX B ABIRALREFRIZ N

ANIEER IR R IR A T IRER
RN ZE R AL BT T e o i S A
FWR R, EAR AN 2R MS 5557
5 BRI AGAL, U EM B IRIR ZF 8
Zll; ZT 1 2,4-D Bi& &4 7%, BA FIKT
WANE BAR N @I T AN IRER s IAE A 2E
FSITSEI N R I BA [BCREFT ZT. 0
ZT {6 S M L@ 41207 TS I 4 BA &, 1M
FEGEIE N ZE 53 Ak J7 TS T T BA.

IEATRIG S5 R, @t ALUE S, ZT
HBERN, SRR 2,4-D iLAMH, @figie
AR KRR S, R ZT F 2,4-D Z Al Rk
PR K T B E R . sege kW], 5 F
H A AR H S IR R0 7 MSHZT
0.5 mg/L+2,4-D 0.05 mg/L. fEMZERATTH, BA
H M, B NAA Al A T8k 5
MROR, HERFFLSREPanAS B L. R
BN, AZERAEBIERD; ARSI 455 i
1 Solanum pseudocapsicum L. TRIBFFT4 51, k4t
KT 150 M ZE R A IR R IR A 10 55 — AN E K
T B S0 45 AR IR 2R A B S5 1) i
EREFRIEL T MS+BA 2.0 mg/L-+KT 0.1 mg/L+
NAA 1.0 mg/L.

43 FRISREM#IE M ABALRE TR

I IH R SR e R B R, I — R
FUNUHIRAARIE L AL SN, AR R E R I 124
VIR h SeAe ks, AR Wik )S, Ttk
e IR (S I NI 1 £ R Pl 1B i N & B 1]
M. ERCFRaYIT, SRR ) B AL A
SR BEARAIF T (10— A i e ), R i 77
eI AZ B A IR, AHIEAZ 8 A AS AR A T 201
RBE. PRk, T SMRE CEIEAES R W) &
JSCR Z AR AR L RO R AR, e R
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BELRE ) IR SRR R ) SE R R I PRI AT B A8
EH RGO R (f 7 AR 5 Y i
EHARGRN, ARSLURIHE I AAS . LAk
RABMGF RS AR R E Z5, HIEAAT
BFEIET (P<0.05), IXFFEE R 7 e R A A 45
FERAE B I A B A AR R I — . AH
FUNEOT LG R AR v AR g T
T EAZ A AN F RS S IC I 1 1 (1
PHERE AT T LTS, 45 RAR W] 4 FlokiEAN ]
MFPFAERA R ARG A K E R RFE R, Bk
SR ARG TS AN EMR R AT TR TE
ZESt. PRk, WP HEIN T AR AT B F AL Kk as W]
DAAMa2 55 Z AHPE S S BESR R, R AURIRRAE AT
TR AR 7 A AE IR R B

SE Ak

(1] hEEER D EEY EmEE LS. PEEDE (62
) M), dbnt: BRAE AL, 1988.

[2] A3, Bl 7 IR (0T 1 4 o B R
NHAIERI458 (0], = rafEPIT SR, 1980, 6(3): 325-328.

[3]1 RAEHE. BrEARNE (55 2 0 M]. dbat: BRethh
#E, 1991.

[4] e, ZREVR. BRI 2R SR AT 4 422 47
BOWER (1] mrhEAE, 1981(3): 35-37.

[5] FEE, JTrE. HHIRIRTEGT Bk 4 120 flHk

(6]

(7]

(8]

[10]

(1]

[12]

[13]

[14]

[7]. 2544, 1990, 13(8): 37.

MiKEL, Wbk, 36 4, 4. MR RS AI H Seng
WEAT [J]. I R R A Bs 25 24 &, 2003, 61: 107-109.
Young A G, Brown A H D. Comparison population
structure of the rare woodland shrub Daviesia suaveolens
and its common congener D. mimosoides [J]. Conser
Biol, 1996, 10: 1220-1228.

Frankham R, Ballou J D, Briscoe D A. Introduction to
Conservation Genetics [M]. Cambridge: Cambridge
University Press, 2002: 121-136.

VO A A SR SR (0]
2005, 36(2): 261-265.

IR, BRALAL, WRER, L KRR ABRIREAR R
@y [7]. ThE 2, 2011, 42(3): 585-588.

T, ERE EESMENALE TS T EKR
HIEEST [J]. P52, 2014, 45(9): 1313-1318.

gy,

2O, B MmO, SR INEREAZE RIS Sk
AR MM E AV [J. T EZY, 2015 46(9):
1360-1367

Fausto J J A, Eckhart V M, Geber M A. Reproductive
assurance and the evolutionary ecology of self-pollination
in Clarkia xartiana (Onagraceae) [J]. Am J Bot, 2001, 88:
1794-1800.

Wyatt R. Ecology and evolution of self-pollination in
Arenaria uniflora (Caryophyllaceae) [J]. J Ecol, 1986, 74:
403-418.





