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Abstract ; This research was mainly carried out to analyze the mechanism of sugarcane stem tip browning in vitro culture
through investigating the influences factors which relate to phenolic browning and observing stem tip cellular compart-
ments structure changes in the process of browning. Sugarcane variety ROC 22 which provided by sugarcane research in-

stitute of Guangxi Academy of Agricultural Sciences was selected as experiment material. The result showed that different
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axillary buds obtained obviously different induction survival rates, the more fresh buds resulted in the more high survival
rate, the first position bud got the highest survival rate, that is to mean the more fresh bud get the more higher induction
survival rate; the induction survival rate was not effected by different explants collecting seasons; pre-germination time 4
weeks resulted higher induction survival rate, and obtained significant difference compared with other pre-germination
time treatments. Different buds with different pre-germination time treatments had obvious different total phenolic com-
pounds content, the longer pre-germination time resulted in the lower phenolic compounds accumulated in stem tip cells,
pre-germination time for 2 weeks and 3 weeks obtained higher total phenolic compounds in stem tip cells at different posi-
tion buds, while pre-germination for 4 weeks and 5 weeks got low total phenolic compounds content, therefore, sugar-
cane axillary bud was pre-germinated for 4 weeks is a better period for induction tissue culture; stem tip total phenolic
compounds content was not effected by explants collecting season ; polyphenol oxidase acitivity changed significantly in
different axillary buds with different pre-germination time treatments, lower polyphenol oxidase acitivity were obtained in
1-6 position buds with 2 weeks pre-germinated treatment and in 3—6 position buds with 4 weeks pre-germinated treat-
ment; while higher polyphenol oxidase acitivity were obtained in 1-3 position buds with 3 weeks pre-germinated treat-
ment and in 4-6 position buds with 5 weeks pre-germinated treatment. Sugarcane browning stem tips were observed by e-
lectron microscope, the result showed that the nucleus structure deformed, swollen mitochondria stretched, part of the
vacuole membrane started to break down at the early browning stage ; more serious plasmolysis appeared, a large number
of lysosomes appeared in cytoplasm, organelles such as mitochondria completely decomposed, cell membrane, vacuole
membrane , nuclear membrane and mitochondrial membrane broke down, cytoplasm completely dissolved, vacuoles mito-
chondria and other organelles completely decomposed at the later browning stage. This finding inferred that nucleus and
mitochondria structural distortion and cell membrane systems break were the main reasons for sugarcane stem tip brown-
ing to death in the process of tissue culture in vitro.
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Table 1  Experiment treatment factors and levels
H & Factors
wer BT R i
eve Explant collecting Pre-germination Different
season time position buds
1 H#E () 2 1
Spring ( March)
2 H%E (6 1) 3 3
Summer ( June)
3 ®ZE (9A) 4 1 5
Fall ( September)
4 A% (121) 5 7

Winter ( December)

5 mL pH 6.0 MBE IR 22 M, TKIBWHES |4 °C 54T
12 000 r + min” B0 15 min, FIFR MHEFK ., PPO
D 2 HE o] JELSEE 55 (2009 ) B %
1.2.3 BBa2 a2 ZHEECR A F BRI R
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PRES AR BOH H RE R ZE T 30 bk, BUH REZR I 0E 5
0.2 g WFEE AINA 2 mL 40% () R 2, 55 C KB
B4 30 min, REETEH)E,3 000 r - min” B0 10
min, 15 2 B MR, 2 W & 50 R A Folin-Cio-
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ZERIF A4y A A BV AT UE AU VR IR B AR 8 5 YR
[F) 15 % R B ) 2R AR 78 1) 2R M BSR4 T L R 4
5%, ELNEE 30 d, MR AN R L B R B
FeZBIRPEN 2.5% 501 T 4% F TR A 11 VI
FE1~2 hJEH 2% HBAE G E, 0~4 CF [ &
T, e HURE BE PR B 7K 3 R BE MR R D)
A BB LS R
1.3 BB

B Ab B SPSS 19.0 43t #4F Duncan &
W22 AT Z R T 22001, T Excel X417
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Table 2 Influence factors analysis on phenol browning of sugarcane stem tip in the process of tissue culture in vitro
bt [RI AL TIT 245757 F df Yo7 P S
Resourse Dependent variable Type III quadratic sum Mean square &
e IE AR Y 7553 U R 1 910.360 9 212.262 24.533 0.000
Calibration model Induction survival rate
Z B B AL 10 439.833 9 1 159.981 16.529 0.000
Polyphenol oxidase acitivity
sNlE Ly gy 766 828.188 9 85 203.132 9.139 0.000
Total phenolic compounds
R 75 S R 58 639.110 1 58 639.110 6 777.447 0.000
Intercrept Induction survival rate
Z T A AR IS P 551 265.333 1 551 265.333 7 855.040 0.000
Polyphenol oxidase acitivity
sNiiE Ly Irig=uity 9 620 356.688 1 9 620 356.688 1 031.889 0.000
Total phenolic compounds
BT 55 L R 51.152 3 17.051 1.971 0.135
Explants collecting season Induction survival rate
Z I A AT T 1 319.500 3 439.833 6.267 0.001
Polyphenol oxidase acitivity
SR R 50 555.229 3 16 851.743 1.808 0.162
Total phenolic compounds
B ZE I i 5 G R 378.329 3 126.110 14.576 0.000
Pre-germination time Induction survival rate
Z T B AR G P 7 329.167 3 2 443.056 34.811 0.000
Polyphenol oxidase acitivity
S8 iiE LY Irigaiy 439 703.729 3 146 567.910 15.721 0.000
Total phenolic compounds
AL 755 I 1 480.879 3 493.626 57.053 0.000
Different position buds  Induction survival rate
Z I A AT T 1791.167 3 597.056 8.508 0.000
Polyphenol oxidase acitivity
BREY BT 276 569.229 3 92 189.743 9.888 0.000

Total phenolic compounds
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Table 3  Influence factors correlation analysis on the survival rate of sugarcane stem tip in the process of tissue culture in vitro

N . O e S i A W

. HIXAESHT VB S IS i EmRANGE R

WiH Item . . . . Total phenolic Polyphenol oxidase

Correlation analysis Induction survival rate e
compound acitivity
PG R Pearson FH M 1 0.818 0.027
Induction survival rate Pearson dependency

2 P (L) — 0.001 0.857

Significance ( both sides)
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Fig. 1 Survival rate of sugarcane stem tip which were induced in

vitro tissue culture effected by different influence factors
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Fig. 2 Sugarcane stem tip polyphenol oxidase activity changes

effected by different influence factors
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Bl 4 HBE (ROC22) ZEREFF AN MIH AL MM AL EH4E; B. H59% 1 d 4005 C,D. H59%2 d 4005 EF. #3574 d
4l G. 10 d IEWAML; H, L 1555 10 d #8400 ; J. 14 d IEW A0 K. 355% 14 d W848 ; L. 3557 20 d 1B 4. CW. 4HIRAE; N. 44
Mt ; MIT. Zoki{Ak; MB. #FEHA; MW. HE; CYT. m/R3EAk,

Fig. 4 Sugarcane stem tip cell structure changes in the process of in viiro tissue culture  A. Normal cell; B. Cell after 1 d inoculation;
C, D. Cell after 2 d inoculation; E, F. Cell after 4 d inoculation; G. Normal cell after 10 d inoculation; H, I. Browning cell after 10 d inoculation; J.
Normal cell after 14 d inoculation; K. Browning cell after 14 d inoculation; L. Browning cell after 20 d inoculation. CW. Cell wall; N. Nucleus; MIT.

Mitochondria; MB. Lysosome; MW. Vacuole; CYT. Dictyosome.

BT R H BEOME R PR ER IR HREZRRE A AR, 77 3CHEAE (2002) BF 58 B H HE S 4
B G R BA — g, op 5 HAMEY iR AERERIIREAE 6-8 A A ILmH AR K
R R 2P 2L B ARG IR S U R (122 AR TR, A R AMA R A 5 1 72 s 5

-




580 IR - W7

36 &

W, A SE R B T TOURR 2707 (14 R 2F 28 e 2 s =5
I B RS IR LG A, Lz W R N AR B
i R 2 TOUHTS 246 114 22 1 S il 0 M A A1, BT % o
WA, BT LASZ AR AR 52 a5 /N, B0 A5 (2004 ) BF
FER I RESME AR I FBAL AL T REH U R T
FEAE R S R B W BT Bl LL A 2 BT DL H RERY 2
BERE SRR AR B O R T O i U A (%
TFSETF AN 6] H R P2 B AR 85 55 B 48 28 5% M ik 4
GIBT. HRERR ZE A 2] )0 250 B AR B 95175 5 B
REAEBE R, AT &I 3~4 5, i
TTERBEIRRE R 15 S O BB S . DUH REMCE
252 JEJE BV AT AT B AR R AR AT R (TR B,
1997 5 3CHEAE, 20025 BEUMESE, 2004 ) , {H A X}
AN [ A4 2 B [ 24 7 0 2 5 TRT AR AT SR

AT R T R BRI FRE R GRS 2
gy AP it T 22 BRAH G (EAH DG MR B 2 X T g
52 W S AL R e AR AR i A rh sz B 2 R R 1Y
SEMAAT G, Qs SR L pH A O BRER BE 3 97 2 40
AR Z 2K ) TR H O PPO B Bl S VR
ZW A E S pH EZ B A REEMN KR, Ik
WEARMNHN 6.2 M6TF 5.8 & & T 7.0 B E
(Mahmud et al, 2014) ; H 252 B IR ER 35 5514 X H:
PN B 22 T SR A G Pt A B AR e AR R i
B OGRRT IR ER L PPO BTG PR, DT s 1 5%
WAL, HREMR M40 ARG IR 2 500 1x DL LB 2
LA e T 2%t BAR AR, FE 550 T 5y Bk 0 25 N
(Cheong et al, 2012) ; Z21E 52 (1997 ) i 58 F B S A
MRS A LU B T By IR 0 7 A,
TSR PR R I R A R0 22 T AU AL T R AR R VR
ARNEER A5 AN [ 415 77 A= 4 78 72 oA —
FE AR H IR A58 BA + KTT, &% Hh
BA I BA+NAA , FLYe 3 M fIGAB AR fkg%

Yang et al (2010) 5 FH & AH 02 BUR R 5 ik e
TR AR SS &AM ik 5 BTiS I FHEC FHR 2 H 1
ZERZ MY RIS 153 6 Fh 22, 4
A TR PR 04 R A T 5 3- (2- 7 A P LR ) -2, 4-— 1
FEPREE - P R Y, 2, 6- 5 T KE-4-F FE K
iy ;4-4- 36 (2,3,6- = HI LK ) ;4,47 H L
R, AW R I H R RA LT Z AR
SRR BRRE IR T R R R B A O, UL
HREZRR A Y 0T & 1t 5 250048 7 HA H 25
M) 5 B A S (2004 ) W53 K B0 H RELH 2R FRad Ft o
SMER T Z 28 S S H A SRR A

FEMSER , HRBH LU 55 10 S B —
N 26~28 °C, ZWZRY) I AR, AT AL 5 B
I755 (2006 ) X 1y 24 1) ot 5 90 0K =2 48 728 5% 2R I AIE 5
M, R R ABOR LR o R e BT
PR TR FEAE TP R | A R AT B 5 MR 22 4 2 R 5
AR R W 22 4 A AR /N s e R, B
Wy, R RE R, YRR AR (2005)
AR LY 5 RN PAL I 1 B A8 A5 B B Jin
BTG, P R IEARSG

SR L B WL 45 2R K B, H 2R AR B AR 57
162 A0 A S AN A 2t BRAR TR | ORI AT Tl
PRI TT 8 0 M 5 o 0 A e A B AR
| TROBE 738 5 N R R BRI A U
ML — L o, 23 i A 2RI 22 | A0 e, TR
UM AR, 2 (AR Y X2 28 ) 1 BRI, ol 1T
T IEH A T BIZEIR A A0, i REFE A OR 5 240 M A Y
AL AU BRI B, DN, S A H
PR IS ZE QAR I P BB I 45 L, I H 2R AR B R
WA BE TRy J5 PR AT AR5 H AN A RZoR (A 45 44 A2 T
AR EARG R E R R E R RN Z —,

B2 30k
ANDREW MPJ, PRAVEEN KS, 2013. Inhibition of phenylpro-

panoid biosynthesis in Artemisiaannua L.: a novel approach to
reduce oxidative browning in plant tissue culture [ J]. PLoS
ONE, 8(10) : e76802.

CHEN B, LIANG JX, CHEN WD, et al, 2001. The effect of differ-
ent hormones on sugarcane ( Saccharun officinarum) tissue cul-
ture [ J]. J Sci Agric Univ, 2(1) : 60-62. [ BRI%, 2805, B
ik, 4%, 2001, HEEHZUE IR I T TP AN [R) BR800 i T 58
(1] Al R i, 2(1) : 60-62. ]

CHEONG EJ, RAYMOND M, RUHUI L, 2012. Elimination of five
viruses from sugarcane using in vitro culture of axillary buds and
apical meristems [ J]. Plant Cell Tiss Org, 109:439-445.

DENG ZY, LIU HB, FANG FX, et al, 2010. Comparison test of
healthy seedcane on new sugarcane varieties [ J]. Sugar Crops
Chin, (4):19-28. [XFJE =, XK, Jreesr, 4, 2010.
JUASH BT ity ol 1) £t b 8 %8 e 338 [0 ). o DR,
(4):19-28.]

GORINSTEIN S, HARUENKIT R, PRAK YS, et al, 2004. Bioac-
tive compounds and antioxidant potential in fresh and dried Jaffa
sweeties, a new kind of citrus fruit [ J]. J Sci Food Agr, 84
(2): 1459-1 463.

HE SL, LIU HX, ZHOU SHJ, et al, 2009. A study on extraction
and application of polyphenol oxidase sugarcane juice [ J]. Sugar
Cane, 6:35-39. [{i/EFE, XIE&E, FOH, 45, 2009. HEE
Z Wy A ARSI S A (], HEERL, 6:35-39. ]

HUANG CHM, LI YR, YE YP, 2004. Minimizing the detrimental
effect of phenol pollution in stem apical culture of sugarcane

[J]. Plant Physiol Comm, 40(1) ; 39-41. [ #iit, Z=4%%,



53 s . H BRI R ALY

M) PA] 2% 5 4 M X % 45 44 73 A 581

FIHERE , 2004, HEEZRRETR I B E ()] MR R
i, 40(1): 39-41.]

KRISHNA H, SAIRAM RK, SINGH SK, et al, 2008. Mango ex-
plant browning: effect of antigenic age, mycorrhization andpre-
treatments [ J]. Sci Hortic, 118: 132-138.

LEE TSG, BRESSAN EA, 2005. clean cane with nitrogen fixing
bacteria [ J]. Sugar Technol, 7(1) :11-16.

LI S, LIU LM, YU KX, et al, 2010. Study on the factors of survive
and growth of sugarcane bare-root seedlings transplanting in field
[J]. Chin Agric Sci Bull, 26(22) :155-159. [ Z=#, XN,
ARINIG, A5, 2010. TR (R 2H 55 BRAR B K T RS A L T
ARSI E (1], PR ER, 26(22) :155-159. ]

LI WF, HUANG YK, FAN YH, et al, 2009. Study on bacteria -
free test of sugarcane ratoon stunting disease by hot water [J].
SW Chin J Agric Sci, 22(2) :343-347. [ 2230, #MR, 78
Ik, 47, 2000. HEEfEAHREEALR (RSD) /K BERAF5E [T].
PRI 4R, 22(2) :343-347.]

LU WX, WEI XQ, QIN B, 2002. The development of sugarcane
axillary bud tissue culture and rapid propagation[ J]. Guangxi
Sugar Cane, (3):16-18. [ J53CHE, F5/0Nik, Z9¥%, 2002. H
HEMCT A B TR B R AR BT e [J]. T P e,
(3):16-18.]

MAHMUD I, MONICA T, AREZUEB, et al, 2014. NMR-based
metabolomics study of the biochemical relationship between sug-
arcane callus tissues and their respective nutrient culture media
[J]. Anal Bioanal Chem, 406:5 997-6 005.

PASTRANA-BONILLA E, AKOH CC, SELLAPPAN S, et al,
2003. Phenolic content and antioxidant capacity of muscadine
grapes [ J]. J Sci Food Agric, 51(18): 5 497-5 503.

PEISER G, LoPEZ-GaLVEZ G, CANTWELL M, et al, 1998.
Phenylalanine ammonia lyase inhibitors control browning of cut
lettuce [ J]. Posth Biol Technol, 14; 171-177.

QIN YH, 1997. Prelminary studies on browning contamination in

the process of sugarcane tissue culture[ J]. Sugar Cane, (2):

12-14. [ ZBHEZE, 1997 AT HIEHL R TR REE (1], H

(3% 594 U1 Continue from page 594 )

PATTI T, BEMBI B, CRISTIN P et al, 2012. Endosperm-specific
expression of human acid beta-glucosidase in a waxy rice [J].
Rice, 5:34.

ROTHE J, GEHR G, LOETSCHER H, et al, 1992. Tumor necro-
sis factor receptors-structure and function [ J]. Imm Res, 11
(2).:81-90.

SONG FS, NI DH, LI H, et al, 2014. A novel synthetic CrylAb
gene resists rice insect pests [ J]. Genet Mol Res, 13(2): 2 394
-2 408.

STOGER E, FISCHER R, MOLONEY M, et al, 2014. Plant mo-
lecular pharming for the treatment of chronic and infectious dis-
eases [ J]. Ann Rev Plant Biol, 65.743-68.

STUBGEN JP, 2011. Tumor necrosis factor-alpha as a potential

therapeutic target in idiopathic inflammatory myopathies [ J]. J

HE, (2): 12-14.]

SHEN WK, DENG HH, ZHOU GH, et al, 2007. A study on rapid
detection of the pathogen causing sugarcane ratoon stunting dis-
ease with dot blot enzyme immunoassays ( DB-EIA) [J]. Plant
Prot, 33(2):110-113.[ JLJT 58, XBig4e, =S, S5, 2007.
N DB-EIA $AR PG I H e iR R [J]. AR
¥, 33(2):110-113.]

UCHENDU EE, PALIYATH G, BROWN DC, SAXENA PK,
2011. In wvitro propagation of North American ginseng ( Panax-
quinquefolius. p. L.) [J]. In Vitro Cell Dev-pl, 47. 710-718.

XIAN W, WANG LW, WANG TS, 2000. Prelminary studies on
sugarcane stem tip browning [ J]. Guangxi Suga Cane, 12(4) .
3-5. [WER, TARHE, FRIE, 2000. HBEERML AR RIS
W [T]. VR HE, 12(4) . 3-5.]

XU CHJ, LI L, LI H, et al, 2005. Prelminary studies on the ele-
ments of browning and the changes in cellular texture of leaf ex-
plant browning in Phalaenopsis. [J]. Acta Hortic Sin, 32 (6) :
11111 113, [ B4R, ZE8, 240, %5, 2005. 8t > 46748 b
FER ) AR R L L K AR A A 0028 40T [0]. B 22
R, 32 (6): 1 111-1113.]

YAO HJ, LUO XF, TIAN YT, 1999. Development of explants
browning researches [ J]. J Beijing For Univ, 5(3) : 78—84.[ Itk
WA By, MELES, 1999, FEP A1 4UES 35 AME A A8 1
WEFEHERE [1]. dERbRl R4, 5(3) : 78-84.]

YANG L, QIN G, YANG LT, et al, 2011. Optimization of sugar-
cane rapid propagation in temporary immersion bioreactors sys-
tem [J]. J S Chin Agric Univ, 32(3) :37-42.[ #%#ll, 24,
Wi, 55, 2011, ) ] R B0 XA W S % (TIBs ) 3
FTHREAL U IR IR BEAT 5T [J]. M AR R4, 32
(3):37-42.]

YANG L, ZAMBRANO Y, HU CJ,et al, 2010. Sugarcane metabo-
lites produced in CO,-rich Temporary Immersion Bioreactors
(TIBs) induce tomato ( Lycopersicum esculentum) resistance a-

gainst bacterial wilt (Ralstonia solanacearum)[ J]. In Vitro Cell

Dev-Pl, 46(6) :558-568.

Neurol, 258 961-970.

SUZUKI K, KAMINUMA O, YANG L, et al, 2011. Prevention of al-
lergic asthma by vaccination with transgenic rice seed expressing
mite allergen: Induction of allergen-specific oral tolerance without
bystander suppression [ J]. Plant Biotechnol J, 9: 982—990.

XU X, NAGARAJAN H, LEWIS NE, et al, 2011. The genomic se-
quence of the Chinese hamster ovary (CHO)-K1 cell line [ J].
Nat Biotechnol, 29(8) :735-741.

ZHOU ZL, LIN ZM, GENG LL, et al, 2012. Comparison of codon
optimizations of crylAh1 gene in rice [ J]. Chin J Biotechnol, 28
(10) : 11841 194. [ JA5s5% MR BRI AN, 55,2012, 7K Fd
T erylAbl FERE T R R [T]. AW TR,
28(10): 1 184-1 194.]



