PYALAL 24 3] . 2015.35(5) : 0906 — 0914
Acta Bot. Boreal. -Occident . Sin.

X EHS :1000-4025(2015)05-0906-09 doi:10. 7606/j. issn. 1000-4025. 2015. 05. 0906

ik B F R TR X A BE 20 1 A R A
7 F 7K 1Y 55 R

Ao, EE R

(12 R A BRE 22  25 M 73000052 oft [ BFSE e I (U BRBF 57 . 22 M 730000)

O LU AE RSN T AR U [ ) i 0 B B (2 C°F ) A7 % IR AL 2 CRR IR 4 43 391 ) 30Gy L60Gy 990Gy
120Gy » 447" C° A IR X T A 7 B9 2 4 T A K T2 B2 T 00 5 e B L (R B 11 0 2 25 1 Al B s i D i
R R R A3 AR 2 R T B L B AR AR . IR R (D CO e R B R ) B R
AR i 0 49 i A R G T 32 25 8 S AR L L 30 Gy b FH X A AR AR O T R B ) L AELAE BRUS RS AR P 2 2
BSR4 4 (3D Ws WA i 1 5 £ A9 5 k98 Jon i 52 e R EL i - 0 Sl D M AR LA 2. 2 A AN 2.3 1 . (2)SRAP 7 FHrid
G AT 2 U L IR PR 2L A 7 S R A R R R A S T O T 30Gy AR BHLAY 88 A 5 B AR LA LU AT 33. 59001
Z B, (3)SDS-PAGE % & i 5 i G (0 AWk AR L 3¢ 0 70 7 32 W1 . 45 8 10 8 28 A B IR Ak 3 1 3R 8 UK 3 Bl
5 TR ) A o BT A [ R R A S (B S O R R R A O 5 B R ) 7 9 A O T A T A A T R
BL . BT R B .30Gy By C° 4 R i 1 175 728 i I (R0 L RE A8 W 3 R m oA RURAT I 8 B O IR AN I AR R

FhEEE T A .
K HER AN 5 R T 4R IR SRAP; Pro-Q Y {4 s #hEE HIL I
hESES.Q47.9 XE RS A

Impact of Carbon Ion Irradiation on Potency and

Molecular Level Variation of Isatis indigotica
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Abstract : In this study,the wide type seeds of Isatis indigotica were used as research materials,and carbon
ions (irradiation doses:30Gy,60Gy,90Gy and 120Gy) were used to irradiate the seeds. The impact of dif-
ferent irradiation dosages on seed germination,seeding growth, main effective ingredients, genome and total
protein polymorphism of I. indigotica were also comprehensively evaluated, which can provide a reference
for I.indigotica breeding,molecular biology researching and the application of heavy ion irradiation muta-
genesis. The results showed that: (1) the seedling surviving rate and root fresh weight of I. indigotica grad-
ually decreased with enhanced irradiation intensity. Compared to other dosages, 30Gy exhibited the mini-
mum inhibition of growth and maximum increase of main effective ingredients 4(3H) quinoxalinol and in-
dirubin in roots,by 2. 2 and 2. 3 fold compared to wide type,respectively. (2) SRAP analysis results indica-

ted that the degree of genome variation was increased with enhanced irradiation intensity. Compared to
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wide type, mutants after using 30Gy had recovered 33. 59% polymorphic variations for DNA. (3) SDS-
PAGE gels stained by CBB and Pro-Q showed that total protein and phosphoprotein had been changed,but

they were not positively correlated with the irradiation intensity, which indicates that plants may have a

compensatory mechanism for the damage caused by heavy ion irradiation. After all,for I. indigotica muta-

genesis,30Gy is the best carbon ion irradiation dosage which can induce a high content of active ingredi-

ents,and these results also laid a basis for mutation breeding of high quality I. indigotica.
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S AR bR 0 (HE RAPD W9 45 R &
AL R 5 2 A5 R R 520 s AFLP X B bz
ZEFN DNA 2 B2 25K 5 i 5 ISSR a] e 78 45 % & A
24 DNA A Bexf X, SRAP J&— Fiogr 24 114 5k
T PCR 43 Fhric» A BAEFRIC . &t 38 i JH K
1) Quiros 551 2001 AETE X BB EY h IR R
HEOR Y o bR T X e PR A 1] B AE 17 A S DXl

P0G 2 A AP IR . H AT C S
T st A% B 0 A A% 2RV BT L B SRR A G
FE R Y 5 [ 55 5 T . B 0 0 VD %8 (Nereis
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BAEY K R H:rTag(takara) 0. 3 ML,MgZ’ 1.5
pLdNTP(2. 5 mmol/L) 1.5 pL,DNA(20 ng/uL)
2.5 pL, 51 ¥ (10 pmol/L) 1. 5 pL, 10 X buffer 2. 5
pL dH,O 13,7 pL, ¥ 3 45894 C AZ M 4
min; 94 C 30 s,35 C 1 min,72 C 2 min, ¥ 5
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Table 1 Nucleotide sequences of primers for

I. indigotica SRAP-PCR

514 ol
Primer Sequence(5-3")
Mel TGAGTCCAAACCGGATA
Me2 TGAGTCCAAACCGGAGC
Me3 TGAGTCCAAACCGGAAT
Me4 TGAGTCCAAACCGGACC
Me5 TGAGTCCAAACCGGAAG
Me6 TGAGTCCAAACCGGACT
Me7 TGAGTCCAAACCGGAGG
Me8 TGAGTCCAAACCGGAGA
Eml GACTGCGTACGAATTAAT
Em2 GACTGCGTACGAATTTGC
Em3 GACTGCGTACGAATTGAC
Em4 GACTGCGTACGAATTTGA
Em5 GACTGCGTACGAATTAAC
Em6 GACTGCGTACGAATTGCA
Em7 GACTGCGTACGAATTCAG
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Fig. 1 The seedling surviving rate(A) and average
root fresh weight(B) of I. indigotica under
different carbon ion irradiation doses
WT is wild type,while 30Gy,60Gy,90Gy and 120Gy are
materials treated by different carbon ion irradiation doses;
Different letters meant significant differences among

treatments at 0. 05 level;the same as blow
KACTHEJa T B, H I TE 30Gy f BT 3435 8] T iy
FAH s US40 1) bGP A 70 % R G 2 TR T 2. 3 5 A
2.2 A% s [a) I, PRI PR B3 B AR 60Gy i BRI
B TR AL AR 120Gy F& Bk 4p 2 2% T 8
AT, DL b 2 B Rk B A R RIS T RS AR
A & & H 58 B R 2 R (30 F 60Gy)
fiE I 2 P o LA v 32 2 R0 43 B T 21 R v s
R 2 .
2.3 BBTHEREMAEEFRANZ N
Y 53 B e RS RS R R 0 A8 AR O A IS

{8 Bl SRAP 4381 T FEARTE DNA KR ZFEME. R
FHT 15 4 SRAP @ A5 (F D AGEE T 56
XEASTR] 5 1 0 5 % B2 A 280 R0 AN [m] 551 4 BRS04
DNA Z3 A9 1 . ik geit, B A= B 548 (A v
— ALy HA T 387 AR, K 309 N H A 2R
ﬁ BEX G| 4 A R DR R et g R L SR

o HoH TR G 5 A ) 22 25 P DR R
4 /l\@J 13 A I A G MelEmd ¥ 38 i 23K 3|
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Fig. 2 The contents of alcohol extracts(A) ,indirubin(B)
and quinoxalinol(C) in the root of I. indigotica
under different carbon ion irradiation doses
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Me3Em6 ix 3 Xf SRAP 51941 Z&4f . Hy 4
Wy 4671 B R /INTE 200~2 000 bp Z ],

25 AR DR e o R R B R Y LR R 23S
PEREDR A L, 5 B A 0 IR L3, FE 387 ANk IR s
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A1 W A ) ) o g 5

T8 1 56 X5 My 2H G4 3G Y B A 2 A0 4R AR
ZEARARAT BN 0 45 B R i Nei-Li”s B g 45 5k
Horp e Y BE B 48 B0 0. 727 3L ILTE 30Gy 5
120Gy % B pF 2 [a], T B AR 1Y BE B 4R 3k 2
0.409 3, M AE 30Gy 5 60Gy & A1 K 30Gy &
RECRORE 55 5 A R BRZH 22 ) 5 7 A R i 22 (6] P 34 R
B 0.518 4(F 1),

#E— H T SRAP 43 FHric i 1) UPGMA
4 E AR S A TR 58 AR AR 43 Ol T WA — N R
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Table 2 Statistics for SRAP data of I. indigotica 330Gy (B XA FE M EWRERIE T A
o BENER  SHMENER  ShELE - . . -
ol 3l ks Total Polymorphic Polymorphism - D2000RE VTS 16 S RE0G AR 0G NI 16

No. Primer pair locus locus /% 2000 bp —»,

1 Meleml 9 7 77.78 1000 bp —»
2 Melem?2 9 7 77.78 750 bp —»
3 Melems3 7 7 100 500 bp —,
4 Melemd 13 12 92.31 250 bp
5 Melem5 6 4 66.67 100b
6 Melem6 8 6 75 p
T Melent ! 5 66.67 B D2000 WT 30Gy 60Gy 90Gy 120Gy
8 Me2eml 5 4 80 2000b
9 Me2em?2 7 7 100 p
10 Me2em3 7 5 71.43 1000 bp —p (=
1 MeZemd 4 2 50 750 bp—»
12 Me2em5 6 4 66.67
13 Me2em6 8 5 62.50
14 Me2em?7 5 5 100
15 Me3eml 5 4 80
16 Me3em2 6 5 83.33 30Gy 60Gy 90Gy 120Gy
17 Me3em3 5 5 100
18 Me3emd 5 4 66.67
19 Me3em5 7 3 42. 86
20 Me3em6 8 7 87.50
21 Me3em?7 8 5 62. 50
22 Medeml 8 8 100
23 Medem?2 8 5 62.5
24 Me4em3 8 6 75
25 Me4emd 8 7 87.5
26 Me4em5 5 3 60 . o ey
&3 A [ 51 5 B Bl B - IR AR B 1 SRAP 43 b 45
27 Me4em6 7 5 71.43
28 Medem? 4 4 100 A~C AR5 A Me2Em] \Mel Em2 . Me3Em6 ) PCR J" 1 45
29 Mebeml 9 7 77.78 Fig. 3 SRAP analysis of I. indigotica under
30 Mesem? 7 2 2897 different carbon ion irradiation doses
31 Me5em3 4 2 50
39 Me5emd 7 ) 28.57 A—C are PCR results amplified by primer pair Me2EmI,
33 Me5em5 9 9 100 MelEm2 and Me3Em6, respectively
34 Me5em6 8 5 62.50 — -
- ®3 AEAFERBTFERTAENSSEEFEELLE
35 Me5em?7 5 2 40
36 Me6eml 9 7 77.78 Table 3 Polymorphic locus ratio of I. indigotica
37 Mefem? 7 7 100 under different carbon ion irradiation doses
38 Me6em3 6 6 100
39 Me6emd 6 6 100 R LML FE EZY e
10 Me6em5 7 7 100 Material Polymorphic locus Polymorphic ratio/ %
41 Mebem6 7 4 57. 14 WT 0 0
42 Me6em?7 6 4 66.67 30Gy 130 33.59
43 Me7eml 6 6 100 )
14 Me7em?2 10 9 90 60Gy 146 373
45 Me7em3 8 8 100 90Gy 156 40. 31
46 Me7emd 5 4 80 120Gy 168 43,41
47 Me7em5 5 4 80
48 Me7em6 9 7 77.78 _ - R
4 AEAFERBFERTAIERN Nei-Li’s BEEIEH
49 Me7em? 6 6 100
50 Me8eml 7 5 71.43 Table 4 The Nei and Li’s distance index of I. indigotica
51 Me8em? 8 8 100 under different carbon ion irradiation doses
52 Me8em3 6 6 100 TR M | Wt 106 606 090G
53 MeSemt 8 8 100 e ’ ’ ’
50 MeSems 5 5 100 30Gy 0.409 3 - - -
55 Me8em6 6 6 100 60Gy 0.473 6 0.409 3 - -
56 Me8em?7 5 5 100 90Gy 0.516 0 0.551 3 0.5785 —
41t Total 387 309 79. 84 120Gy 0.569 4 0.727 3 0.516 0 0.433 0
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SRBUE KA. A8 R & K CE AR 1R
(Gl 1 3 i 5 6k 28O 7T DL SDS-PAGE J7 ¥ i
T, A9 v B AR AR S A RE RS B R A
Fk K F-fdi ] SDS-PAGE #EA7 T K L 745 2% 1 4
W G-250 Yo )5 (& 5) . i@ 33 # 4 Quantity One
FIHEE ) Maker {558 7 T A 450 09 43 1 &t 9F 40 0
TRl =4y P A ST B . AR B B A AL
RABIE D — LB BT 19 N &A . HP 9 £ R
A2 BRGEHE R R 5 SR AR 48
5P AR AR H BT R I B0E 2R 1 45 . 30Gy L 60Gy
90Gy Fl 120Gy % FRFS #5192 Pk b 2 73 0
42.11% .36.84% ,36. 84 % 1 42. 11 % (F 6) . X i)
B 25 711) et itk 29 7 BEOGT R 1) 1 BT e A KT 3
TN [ B A I T R R R AR R B R PR R IA K
V-5 RE A B A AR IR R B IE A R .
2.5 BETRERENMESRBUEARIEKEZmN
BRI E—FEARMEEEHELS. 25
P T AR 2 A ok B DR A N AR 1 B ) W R kAR
AT DU R B s BT A B AR KR E S

] WT
30Gy
60Gy

90Gy
120Gy

4 AL R R A R R I Sk T
Nei-Li”s i 5 45 00 Bk AL A
Fig. 4 The phylogenetic tree of carbon ion (different
doses) irradiated I. indigotica based

on Nei and Li’s distance index

M WT 330Gy 60Gy 90Gy 120Gy
250kD—»/ = N I B T
-

130 kD —P s - —*'

100 kD —» s
70 kD —>
55 kD — > ——
5 AN [R50 A A e 5 3 IR S Y
% i se i gt 5, SDS-PAGE it &
Fig. 5 SDS-PAGE gel of carbon ion irradiated
(different doses) I.indigotica stained by CBB

35 kD —>-——

25 kD —>- .

Pro-Q & —FiRe 53 1 il B2 A 25 1 2 S YL kL B ml X
AR Al A e e PR b 2 (. R AR AR % 0 o o RS
#5119 SDS-PAGE 84 Pro-Q %o )5 (& 6) , 38 1 3k
F Quantity One 43 #7 , B A= B FI 528 fA v — 34 10
MNRAHOE (0, b 8 SR B 28 ARG T 45 R
Wk 7. 5B A AL L, & 5 & (30,60, 90 F
120Gy) i BEFS WE R AZ R S5 i Z2 L 4 5
60% .60% .70 %A1 50% (% 8). HUILA WL, W& T
i BEOOE A R 2R IR AL K P AR T S A R R
5 AEAFENHKBFERTRAEDN
REASTSHIT
Table 5 Statistics for total protein bands of I. indigotica

under different carbon ion irradiation doses

s
Molecular WT 30Gy 60Gy 90Gy 120Gy
weight/kD

+ + + +

104.72
101. 16
90. 03
81.50
77.75
63.53
55.87
49.82
46.92
41.98
39.05
36.58
33.99
31.77
28.26
26. 85
22,12
21.05
19.57 - + +

+ +

+
+

|
|
I+ +
|

+ o+ + o+ +
+ o+ + + o+ +

I+ + + + ++ + + + + + + + + + + +
+ !
+ 4+

+ 4+ 4+

+ 4+ 4+

= PR E A RME R A A - REA &
Note: At the same molecular weight, + represents bands exist. — repre-
sents no bands.
x6 AEFENHEFERTRAEN
EEMEBETHIE
Table 6 Polymorphic protein bands ratio of I. indigotica

under different carbon ion irradiation doses

B i¥ 3ite EZoYe AL R
Material Total Polymorphic Polymorphic
band band ratio/ %
WT 19 0 0
30Gy 19 8 42.11
60Gy 19 7 36. 84
90Gy 19 7 36. 84
120Gy 19 8 42.11
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M  WT 30Gy 60Gy 90Gy 120Gy

250 kD —»
130kD —»
100 kD —»
70 kD —> D

55kD —»

35kD —» -

25 kD—». :

FIRA

o

P 6 ASTR) R0 0tk v A B RS R Y
Pro-Q #t {4, SDS-PAGE K&l
Fig. 6 SDS-PAGE gel of carbon ion irradiated
(different doses) I.indigotica stained by Pro-Q
®7T TEFENKREFERTRED
BRUEAETSRIT
Table 7 Statistics for total phosphoprotein bands of

I. indigotica under different carbon ion irradiation doses

EQaTya

Molecular WT 30Gy 60Gy 90Gy 120Gy

weight/kD
121. 68 + - - - -
95. 08 + + + + -
66.78 - + - + -
59.95 - + + + -
50. 20 + + + + +
42.70 - - + + +
35.00 + + + + +
29.45 + - - -
26.07 - + + + +
23.40 + - - - +

= TR A RME T R A, — R B &

Note: At the same molecular weight, + represents bands exist, — repre-

sents no bands.
*x8 AEFENBEFERTAEN
EEUMBLEALFILE
Table 8 Polymorphic phosphoprotein bands ratio of

I. indigotica under different carbon ion irradiation doses

o B LB K ZEMLR
Mate;ial Total Polymorphic Polymorphic
band band ratio/ %
WT 10 0 0
30Gy 10 6 60
60Gy 10 6 60
90Gy 10 7 70
120Gy 10 5 50

BB R RO R PR AR R R I L R AR
TR T X Ao A BROHG S SRR K — R S
FENAH BRI AR IEACER .

3T

W PR A 2 3 1 o B O S e P AR A — b
B TR A6 M 2 A0 2 1 JB 9 36 e 5 A 1 DR
VT A5 TR V5 25 22 IR) 1) B 7 dn i Jy R 2 AR AR
i HATAAES R s KR F & R E
WAL A E M 25 MRS REMY
PR SR N ER 19 32 M BRI 58 i — R 51 8 R
PO MK A5 D20 L S0 5 2 A B o s DT 9
) 1) A AR DGR 2SR B A O A AR
AL R AT L B TR R A IR S ET D %
WL 42 7K A RO B W E AR K R B RS R 2
B, O AR E T 8RR L Yk Pro-Q Xt
b B 50 ek ) ik B T A PR AR AR R AT T A0 IXTE
BT R R R R R e R AR TE . ARk
IR Bk B 7 RN R W 1 ARG DA M B R R 1k
TRV 23 BT AR Y A L 3 S M R RE S PR A A
HE T P ik D] 5 A8 B R WL 35t A% 2 Bl . [l AR
58 30 ¢ Bk DR 2 5% 73 30 4 5 e TR o B 22 T AH 5K
BEE BB B 2 SR it WA )
TEHR BT 25 1 B 01 s 7 A A A 1 1 X
BL 3 H 1 43 HLA 1 i — 2D AT .

I I e 15 - RS B AR DR AR Iz 1
B St . AHE— AR £ BE 2k %5 B2 0% 4 AR o X
2 AN SR AR A L T e R R AL RE A AR
A2 RO REAR A AR 22 G A 35 74 U5 ME LA R A 1 %
AU R GE T B E A Ak O A AR 1 Oy
KT 3100 ZRE I AR MR IE R
SR AEAE S LB M R A B L b aa A VR
B Al T 5 AR AR R Bk B e
1125 JUAE Y75 722 B R B S8 H R A XS B b . AT
FEH B 1 14 B0 2 IR D W AT T8 . B
e 0T B A 4 e RO B R AT T e R kR N il Ak
AR S . EaMIERN. &l
N 5t 2% 2 S 80 H i (Saccharum sinense) & R
GEAR A LR [l B H R A BT R R T AR
B ILALES H R LR R Z M RER. A
58 K B R R BT 3R 3 S 1 IR Y AR G
A7 it i 25— PR e o i Y S A 5 R X Al 7R
AL B, 30Gy Xf A R AR KA B/, SEBR R AR R
b T AT e — AR A i AR R . 53 Ab
HE T Z1 R v I I o W Vb e T Y 24 L8 i
HAGUR & 5 # BA R myum st .
HPLC (#0 %& B 30Gy 5 B 5 15 SO 5 AR b
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PRic )2 SRAP [ i 51 W 5 45 6 4 i 1 X3
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FIAMA N & G 3 7 5 R b XK AR 7 A4 2
Ak L SRAP 20 3 PR T g e 152 4E 1) 47 1% 5 B
i 3 ok 35t 4% AR [T A RUOE AL 30 A R PR 1 3 R0
P 25 i 003 3 1 A8 S 56 g T R TR W R AT
SRAP 43 H7 1) Fe A 5% 1 » 5 b % B9 AR AR HE AT 9 16
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SE 3k
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120Gy 5 5t 7 [l P i 5 2 FE 7)o 174 348 i i 388 5 3
A, 5 by T - R ) TR AR A AR A
H.45 B f 2P . Ui W] SRAP J& — AR 5 1 BF 5%
WA LR .

g5 Bk AR R TS [\ 50 & (30 ~ 120Gy)
i 15 - RO A% 6 vh 24 64 R R R AT 5 A8 AL B R R
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FATEAR M 7= B i de /. [ SRAP 43 F 45 id 4
Brad R3] L B 25 7 4% BUS 978 5 78 DNA K7 5
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27 M H g R HASE 1 T B At R Al % Al 24 P A
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