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Preliminary study on Cytology and Physiology of Male Sterility in
Ramie

Abstract

Ramie (Boehmeria nivea (L.) Gaud.), a perennial fiber crop in genus Boehmeria,
family Urticaceae, originated in China, and is called as “China grass”. Ramie is one of
the excellent fabric raw materials and leading export products, playing an important
role Chinese economy. Ramie heterosis has been utilized in production, but the
knowledge on biology of ramie heterosis is poorly documented. In this paper,
cytoplasmic male sterile (CMS) line SS370 and GS14-1 and their corresponding
maintainer lines GS13-X; and GS13-X; were used for observing the developmental
characteristics of microspores and the differences in physiological index. This work
might offer some useful information for understanding of the basic rules in ramie
CMS. The main results were as follows.

I. The developmental characteristics of stamens and microspores in the two maintainer lines
(GS13-X; and GS13-X;) were observed by means of normal paraffin method. The sterile
characteristics of their corresponding CMS lines (SS370 and GS14-1) were slightly different.
The abortion stage of SS370 was complete and earlier than that of GS14-1. Male
abortion could occur at the stage of anthotaxy differentiation in $S370, but in GS14-1
that occurred at the stage of differentiation of stamen and pistil primordia, after perianth
formation. The differentiation of stamen and pistil primordia showed abnormality, e.g.
degeneration or/and malformation of stamen primordium.

2. The malondiadehyde (MDA) contents in leaves of CMS lines at the stage of
bud development were higher than that in their corresponding maintainer lines.
Proline contents of SS370 at all the sampling stages were lower than the
corresponding maintainer line. Proline contents of GS14-1 were slightly higher than
the corresponding maintainer line at the late vegetative growth stage and the early
budding stage, but lower than the corresponding maintainer line thereafter,

3. The activity of superoxide dismutase (SOD) and catalase (CAT) were
consistent in the two groups of materials. SOD activities of the two CMS lines were
higher than their corresponding maintainer lines. CAT activities of the two CMS lines
were lower than their corresponding maintainer lines. But the activity of peroxidase
(POD) in CMS line SS370 was lower than maintainer line GS13-X, and that of
(GS14-1 was higher than maintainer line GS13-X;
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4. The protein content at all sampling stages for the two CMS lines were lower
than their corresponding maintainer lines, and the difference increased along with the
development stages.

These results showed that the cytological characteristics in two CMS lines were
different. The variation of MDA and proline content and the activities of SOD, POD
and CAT as well as the protein metabolism might affect the development of the male
organs in CMS lines, resulting in CMS.

Key words: ramie (Boehmeria nivea (L.) Gaud.); cytoplasmic male sterility; cytology;
physiology; proline; superoxide dismutase; peroxidase; catalase
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Fig. 1 A classification of plant male sterility (Bai Shu-nong, 2003)
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PR, RARBRBUEETENA. EVESEAT RFAB 0T A GEE
YL HEER®E, HWLEHEFERED LECKLKIFERBHAHEEAYT
HFH Y, BEATANRABCELEFBESREYBTRNEEFRNERRGTH.

ZHRE—FRRMGATILVENANEEHOM™R, EERLHFP LS EEH{,
BEHERENSIAGARAELYT K, ZRE—PHSFESV LB EFTRRR. =K
HATHHAROBFATFZSBEEEN, THEFNBHASHTL™. ZHEEST
Eh—FE R AR, HARERBZHMFPENRD, R FHIEFEIERE
FEMIER MR, HARSBERSTRUUE, THRABRERRTALSTRELY
MEANAREFERARE. Hoh, BATRI=RESEAHT REBLEBS RS
V1P, BEREFLEHR—PHEAET. Hit, MEREEAT R ETHARLE
Mt~ P RTHEANEREB A NER ., XFAXAZREEASH R $8370.
GS14-1 BREXMMEFER GS13-X,. GS13-Xp A#HH, BMEXFL/DMEFRENHRE
K, KA EEERER, AZEREEATHEMBERAARRE-IAISE
= kR R 35 R R IR BL IR IR AKIE .
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RN T AR EREBEVIIHR

BE ZHREEATFRNARENR

ZREE T IRRSE, O RIARRSE. REKITENYEKER R
R. . HgEK, BFEFREK., YHEKERBERBTI—EREARBERYK
BRI —EENEE, EEO0REHOEAT, BEEARSRE —RFIIHEHETL.
KREHERBENEKEEINLEZETNEK, RKEFLEK. ENERELERD
H BRI FHREABRREFUIFEREFNEDRE, HEERRIENTRR
H. Bo, WEEASAFEZRAOBELEZE MR FTNREHETR D KEHN2=EEL
MTEEAET R SS370. GS14-1 BREXMMRFFR GS13-X;. GS13-X, BIERE S
HWEHRITHE, WERREERE ST,

1 HES5FE

1.1 M8

SR AR MEEAR T R 8370, GS14-1 REMMNEHE GS13-X;.
GS13-X;, AR KREEERETHY. BREMRIEE.

1.2 HE

MWAEE T ARIEERHA SRR R T 1% 5 R AR R 7 o R
BHEHZEP, A FAA EEHP, MEATRRF. FAA EERE S %: ¥ 100ml FAA
5 70%ZF¥ 86ml, FEE 8ml, KESER 6ml.

W E, RELZHES, KKBEA 50%. 70%. 80%., 90%. 100% £
W E 20 4, HHEA 100% B/ 40 540, SHITHEBEREK: ZEBRAL:
| LB/ B3RS 90 8p, AR ES 90 44k, H_PEFREHR, #HT
B, KAKHEREA1: 1 AE/ZFEX, S8C M 6 i, MARHEF@H6
/MRS, BRI 4 /D, RIEHRIRE S KPR, BTN, Y15 BEE R Tum.

MK HFETIREHRMRERS L, ST ERA—FEPRE, B—K
105 538b, B K 75 480, MG KK 100%.100% .90% .80% . 70% . 50

 30% IR A S B, MARIBKS 28, ZIBRA 0.5% BLLA) 50% FFEA
iﬁﬂﬁkﬁﬂﬁ (8 /hiY); KHBMHARBKERES, HEKBA30%. 50%. 70
%.80%.90% FIEMBRKE S 28, RIEHA 0.5% BEFMK 95% BB HPRE
6%, ¥A100%., 100% BT E S8, BMAZBES S48, 2K, AF, P#
WIRE R, MTHBKAVIE: FEMETREHNRH.

2 RS0

11



EREE S TNARY RERZNIHRR

2.1 ZREESTE REENMEGE
2. 1.1 REER GS13-X, HEE X /PMRT EHHE

AR HEBRRIER . EFEMUN, BIFTUHA KA RNE, REmE, B8
HRFREEE, RELEFRE, EHEMLBEFSNTESIEMS. Z5E
SESEAE, MHEBMDRRR, XENTERRELZOFRERE 2-4). BEEAR
HoE R, ERSEMERREREEH IEHTARGK, BRAEEH—FHRP
i, WAIENE, HHEEE"FE(E 2-B). EHMKARN, EERKE
BYETRTE, PRABERE, ERABHANMPRE, REEZREE 2-C).
MEHER FRGENML, MEREE LMK, ABEERMLYORE, MELNRSE
RE, LEELERIAE RTRTH. FREEZFEMNTE, £T0EKS,
R HEORHEE 2-D). HELREBEFTFEEBTENRTREME, TRE

12



MREN A THAREREBENSHE

2 RER GSB-X BERPMRTRERHE

A BTERENL: B EBREMK; C BEZHENL: DEEREMKCREEER; E R
JE: FERNSEARER: G BEEME: H ERER.

Fig. 2 Development pattern of stamens and microspores in ramie maintainer line Gs13-X;
A. differentiation of primordia of male flower. B. elongation of primordia of perianth. C. differentiation
of primordia of stamen and pistils. D. elongate primordia of stamen with newly formed ovary. E.
formation of anther. F. formation of microspore mother cell. G. thicken of tapetum. H. formation of
potien.

HEEHK. BEREBVEPER, MEHKEHER, S LREHL ML
L, WEEEIIN—BRBOSHBARAK (B2-D). BEERAEEEHE, ML

13



“REETTHARZEREBENIHRR

hkg ks, eHRELE, EH2H 4 4R 2 MEREN, BRUBRTR—4
HHE. HHEABREME, ATARER, RETERXHAK, RERAME
584, SRARKR, hRERER. BPS05NBRRARYRAAK, LUES
RE s Z5R(A 2-E).

EHR— ML, BSMTRREAR, REARBEARTAMN, =4£9E. &
HMEMSHRARK., SRANETINLKFLIBERERTANE. EHHAKRETIH
RWEF, B2A% (B 2-F). 5, U56CEFEK, AR TEESR,
BTN E. LTERBERBTREARY, SBARTRER, BREEHHK.
REEHREHTEKR, DRZIENH 24, NABARALL, KR8 K%M ER
W A(E 2-G). WFEHEELA, R SHROER, TRRAFREY, ER
%, Rk, MERSECY K, ERIE REPBHRRE BE—F R
BHERH#AT— KRR, TR 2 MAREE 2-H).

2.1.2 AH 7 S8370 WHHF1E

AR 2R $8370 MR, EREEFMUBFHRAMT, RADEHH
SHFIREBHNE, BABBRE. 2ECREEORILS, dTHRFESELETH,
TE#T RN,

2. 1.3 RER GSI3-X, BER NPT RAWKE

SRR GS13-X, BER/MRFRAKES GS13-X, MEERMUFREFITN
M. EEMBIFEMUEERRE, EFRESMLBIEFAMI R, 2ZEMLE
HERE. BIEAREK, FEEERE, EREEEMKERRTPEH, EEERE
THEHR (B 3-A). MR, EEREMK, MUOER, RARTE, ETHERD
THE R LR GEE 3-B). BERBREMEK, MOHELNES, EHABRYE

14



EREHATHARERLBEVLIHR

3 RERGSI-X, EEX MITRERYE

ABREREME D REREHKALHER: £ ELGRA: pENBANYR: B AHE
m: FERER.

Fig. 3 Development pattern of stamens and microspores in ramie maintainer line Gs13-X;
A. differentiation of primordia of stamen and pistils. B. elongate primordia of stamen with newly
formed ovary. C. formation of anther. D. formation of microspore mother cell. E. thicken of tapetum.
F. formation of pollen.

A, SERREE, RXTRAEARK, Nhie)RAMARAARE3-C). %
HE—Loth, REARSR=EDPE. BHENERAN, ERARELHIBE
BAEHGAR (B 3-D). FTk, EHFARGRSRERTIME, T EHRES
HE, REEMEWE3E). FA, EHSHRERN, EHRRY, REENHHE

13



HRREE T A R R EEENF R

TSR, B2 MK E 3-F).
2. 1.4 AER GS14-1 WBIFIE

HBEREXMK GS14-1 MRS SS370 B H £ R, & GS14-1 H AL 455 Bk
WFEER, B2 E3REERERHE, W%, B RERI, REEATHE

4 BERHRGSIH- I BERHRHE
A~B BEFREBH: C-D REFRLGE.

Fig.4 Development pattern of stamens in ramie male-sterile line GS14-1

A~B. degenerate primordia of stamen, C~D. abnormal primordia of stamen.

16



ZRESATNARERLBENIAR

B RERRFMENTRBMHEK, EEEREMBEARYE, FRNHRBEER
EiB{L(H 4-A.B), FHNHIHEE R LB (B 4-CD).

3 iwig

X TFHDEET T RMET 14§ 5. Laser 7 Lersten (1972) %5, MBELER
AEEREEHNRENR L, WTFHENEAREHESENMEHRZH, TE
THHYBEHKE S REEEHRNEEHE_BEH. XEXLE (1995) HARH,
D’ MR H NEERUERA T AL BN, REAKTPRAKETHR
FHL. EHEAALE (1989) RIMEX CMS-T 1 CMS-C EFRRANEEE FHH
ARG ERE, TWCMS-S EFFARMEE R LXALBRE BN/ RFRER
METH, KENBEURBEARES* LERESHER, RRERHMEHY
REFEHHE, TUSATERE (ERAMRIEHDBERAKE). AR (B
BHME ). EME (ZEAME). RME (CERKE) A iEnme 2R

(R4EREZB) SHMHMETRE CREE, 2000).

RFHEyHm, XEAREEETTRDMTFHER S9.6%BEERBEANR
S E (EEREE, 1997); KEY MEEFT 7 64A SIMF A0 IR 1B PR
FRIFHREIMEE CERD%E, 1995); SMENETRY ZEMEKE R N5/
FREUNHOREI KW TN (K=E%, 1994); KAXARFEEHFIE R
BRAZETHRRARNER, FRAHE, REERE (BEKS, 1999), HEF
ARAREBMEREEN SR RO BTERE GRRE%, 1993); BER
ANBBUETHRERERTHALETESREME (NELS, 1994), Tk
B A BB EBATRETH R ATA MTIENTHFZLERS (KRN
EXH, 1991). RARHEATRIENELRTEOR EESHAREER M TS
SRS, FREREIRNY (EXES, 1998).

ELEFRESE, FREYEESETHEEEE (MERF) MEREHR RS
AETHR, BERF—HEYHEHOTRABEHFIT ALY, Ko R ettt
F—¥.

REALRONE, BRFMRER GS13-X, A1 GS13-X, BB/ PMEFREE
fEMIRE, BEXRAH R SS370 M1 GS14-1 MM F A E AR, SS370 f
HMEREER, WEEMK, ERELFMIFEHENRE;: GS14-1 KB NE
REH®R, SEBREEACHERREMAEERY, BT ees g
ERENEFHRERRL. ARENTFHHE, 2HEAFETROATHIRAEE
B, HEEMEREyBaRTE—SHA.
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~RREEEAN B R R A

T
Yo

RFVSHAR

= ZHENEASTRMNEERZHA

HYBEREHATHARER BATRERES mRNA 5%, EAKENE, 4
WRN., EAHURNERER. EEETAFERMNREIERP, 8B —RTNYRK
HEEERH, BREFEFMIEARN, SHEDESETTZOEMRS ST
R, BHTTHRESEAFFLHEATEBARENLS, MEATERAEEEERT
FIRABENHAFTEERX.

1 AR

HYARFASH—ERORE, XFHFERAFHGENEDEIE, STHARAE R
fEH. HARARZRMGEBIRN, ARGEWEDEHEZIPHE KK, Laser
F (1972) WHREEYEEASHERERT RS AL A R BEAEEBL, B3
ERZ—HARZHERAT3ER. BEAE (19%a) MAFTRYE, MERFREER
AFREHPHRN_E (malondiadehyde, MDA) S BERE. —BA=ZBHHTFE
BR ZBEHUAAUE. FTENERBEEATRAREMEEZFERHATR_BY
Ei#THEH.

1.1 MRlEhik

1.1.1 8

SAME IR PMEERT ZEMK SS370. GS14-1 BREMNEFR GS13-X,.
GS13-X;,» BTEHEME R KHEFER#ITHE. BRERMAMEH.

HABE: FMEENERER-BREKS B 108, 23 TEHREREK
7 (HB 40 KD B, LW, WEEMBEN (EaEE) HIUEKESE L
MERMIIGEMN F, ETKEFRIZEA, LPRARBKE (-70C) KERE, BF
4B in 8l €.

HBEBNE: HTFRMMATREBERABSIARERERE, TEESHRFRHET
%L, BEMCAKAEFDE,

1.1.2 &
1. 1. 2. 1 B A AR ORI

EE2WAIEH: EREA: 0.2mol/L =RHAEEERRE (42 =R PRAEKH
B TRBKE, EFR 1000mD). &M B: 02mol/L & (KREE 17.1ml K
WE, ARHEEZAEZF 1000ml),

R AECH: K% SOmmol/L Tris-HCl (pH7.0) ik, N 1%E Z g
5t (PVP).250m] ° & A 1 225ml B & B 84, W+ pH £ 7.0, A 10gPVP,
EZ 3 1000ml.

HERARN: KR 1g 0 (BIEMHK), MARTFELNIR, MASEA




=R R NARYEREBEYIHR

FHP R PVP LR 200ul B—HXZ 8, B 10m] REHBHTHE, IKSE 4T
F 10,621g B4 25min, LiRHED AR, HHEINNEBOEPBRABRKE
(-70C) KERE.

1.1.2.2 BACHZRZEMER_ESR

RN RS EHE 0.5%RAEHEZR (TBA) §20%=HZ8 (TCA) ¥
#. AL 200eTCA BE T KB, BAHWN, FEFMBHEN 5¢ TBA T TCA B#+P,
i, FELBREEEH 1000ml ZREPEBFIZE, ETHREART 4CKE
®R.

H oS EOHE:. BIURNHE 2m! F 10m] B0, A 2ml LRI
HEAK, & FEFRES, X 20min, RERFKKFRH, E4CTF 10,621g B
20min, B RIS 0, #EHE 450. 532 ) 600nm FHEREE. AXNADKN
R I AR B R MDA IRE . AR : MDA (pumol/L)=6.45 X (ODs32-ODgoo)
0.56 OD4so, 1BHE MDA BIRERFTIESAERNILSE (XREBNKAR,
1994).

1.2 &R 598
1.2.1 =8 (MDA) SE34L

x1 *EBAFREESRERHAR_EIRMESRE: (B4: amol/g)
Table 1 Malondiadehyde eontent in leaves of ramie male-sterile lines and their corresponding

maintainer lines

A i il

B 5 SS370 (A1)  GS13-X; (B1) GS14-1 (A2) GSI13-X;(B2)
BHREKM 0.0187 0.0145 0.0205 0.0154
REVIW 0.0162 0.0157 0.0183 0.011
H M 0.0249 0.0179 0.0252 0.0093
YHIEH 0.0256 0.0213 0.0218 0.0127
B 0.0281 0.0224 0.0252 0.0132

ALBl I—MABRERER, A2 B2 YR ARBASREA.

ARREBMAFRA—RESE (R 1) WTLUEH, ZRKEEASTR §S370 B
REREEFEKNINEVNME TR, HEHE—HELA, RER GSI13-X, 4
G%EFE LABY: EEARELATFRMAPRA_BREBHEHTRIER, 2R
AH%GS14-1 A_EAREFHHR, HEBNRIEHREG, KRFR GS13- XM HH
ABEEAEFECHANEHUEE TR, NEBEXVERA, ZHNHE
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~RER A EANAREREBZNIHRR

HEHELATRN PR _ESRERTRER. BAEXR, 24HHNR_BSH
HEREAHRBTRER.

1.3 i it

KEBUREN, EYEEHagFEELES, diR a8 XA PEREBNR
mAHTEHEN=SL. 88 HEANERZ RS REmB BT RILER,
EEREHOBETEATY, 5IERMTEEEISEE, EXARKRZMHRG,
FENSSHEPARIET: RX, GHERREE, R2ERB~LRELER,
BRI, BGSHBIN, M4 —RIVEBLAREA, BAFBEYRET (E
Wili, 1988; EMEES, 1996).

s AL REBREABMENRPREN—RINGHERN, HEREZBKR
PR RASE. BRTELNHPETDEHENRE=YRN _8& (MDA)
HETERRGAEYRGSEH. BEIRAESLYRAORG T ERBRFEORNE
ERTBU R P RN ER, RRZIRGE, RizREHhelHEiks,
MEFAREE NN FEIDEARZRE. % MDA SBRKT—EWR/EN, AlAH
RE IR B ARRALR/D, TTHEDEA MDA &R %mEN, &3518
A AR it i R AT EIE, RIANHENABSERN, KHNEIH FSERPTE
PR (ROEMMKEI, 1994).

ALRERKYE, EETLEKRTHE, AMEHKEESTRH AR
(MDA) SREAREEFRLEKBEREVIHER TR, BHLLARFEROHE, Eik
BEMARBEZHRGEA, SIEAMARBRBREBEREN, XERATERIERAS
FHRERZEART, HFREZEEST.

2 HER

BEREBFLENI=Y, REGEEOHRNAEA. HHPEE (1987) IRT
HEEBEATKBREEAAAILEGT, EBARERTRBEHHFREEERNHEL,
RO 17 BEEEERT, SHEARTEUHENHEERIHER. B
BMALHTEERN—MERER, TUETRAERSLGELER. HNMER
SROBE, LRALERIBZEARNEYSR. BEREENTELESSBEED
BKLEWHES, BRAREER. RAERRE. RENENEHKOER. X
RS ERESATREAMNEAFRY A PRERSRETRT.

2.1 55
2.1.1 #¥




SR AT NAREREEENSHR

RIFE=% 1.1.1
2.1.2 F&
2.1.2.t BERMRATEORME (KkER, 1990

B B B W 2 iR RO RO Bl BRI 2.5g B =M, A\ VKBS R S4m] Al 6mol/L BEER 36ml,
SOCHHZE LM, REAH, 4CREFEEH.

AR R HIPE: BERFREN 0.01g LD-BEE AR, A OBEM (25m)) B4, R
JEHEBKERE 100ml, BBIREN 100pg/ml FErHEMEERER. B 11 3% 10m!
FIE, BEFEKREIDA: 0. 0.3, 06, 0.9. 1.2, 1.5, 1.8, 2.1. 24. 2.7, 3.0m}
B HERRA 10. 9.7. 9.4, 9.1, 8.8. 85. 8.2. 7.9. 7.6. 7.3. 7.0ml XK,
B, BEIRESHHA 0. 3. 6. 9. 12, 15. 18, 21. 24, 27. 30ug/ml FIIRHE
REREN. NEREOFRREER. KEBRANEEEANE 2ml, HBKAEE 15min, ¥
HSLE 515nm THMEBCEHE. COCREEERYLER. MERKREENLIEGEER
KR, FREMREIAFRN: yv=26.628x +1.8502 (FERRB LA : pgml, S
¥ 0.9974).

HMERSRHE: ON 0.5g HA, A Sml TKZEFHEESIRK, HA 20ml
HERE, MKZZIEL, T 30°CKkE TN 20min, MAEIHMALL>EANEG
BANFEER, £, BE 10min FITEZ=HAHP. ONENR. KERNEE X
F& 2ml F 10ml RE P, KB PK 1Smin. FA /S S15nm FHE R RIKME.
(B —AEMARBA, KERANMERANE 2ml, RN FHKAPK 15min, #
e ERER).

2.2 GRS

2.2.1 HEREERNHELN
%2 EHREEATREAERFRTABERTEUEESR: (B4: pg/mbD
Table 2 Proline content in leaves of ramie male-sierile lines and corresponding maintainer lines

$S370 (A1)

GS13-X,(B1) GS14-1(A2) GS13-X;(B2)

21

ALBl A—4HABTREREER, A2 B2 W5 —4MAER5EFE

iy 38
BIFEKH 0.2615 0.2734 03172 0.2890
BEYVIH 0.2805 0.3473 0.3342 0.3292
2 3 0.3858 0.4101 0.3559 0.3719
¥ 0.5624 0.5953 0.3908 0.4157
BRI AA 0.5213 0.6120 0.4332 0.4506



R T A WA RS R EBEVSHR

MAREE I B PEBASE (£ 2) TUEH, %HEEFTZ S8370 5
KA NPRFER GS3-X  HAPHEREBREENMMKIRTAEE LAES, 7
BRIBUEHNEH TR, AERTADPHERSBARBRKTRER: ZKREER
HHGS14-1 ERHNMRFRAGII-XoH A FHRERSBEBMEKIBRTE L7
B, IRIMNEAT AN RERSBHERES, ZEVERTRER.

2.3 Tt

FXHERSBESHYBETTEMNXRCET KERR, WRIAEEEASRH
RUAPHEARSEREEBRT, TEhE. KB, TXK. Bh. ¥ b 580EEY
L HBBTHLMER (Kaul, 1988) . AT REMNHEHERT DK BEFRE,
BIHEAARERELTER. FRRTHEHERSTENGREK, LDREGEERG
FEXAXZMHE.

KR EREN, ZHREMETAT R SS370 FRIMERSTE—HE T ERFEFR,
ERENAT R GS14-1 EEFREKMAANABIIALLRFRAE®, EZERFRP
PHERSELA MAFTRBERTENRTRRARIFER, XE0A (ER, 1987;
EVWFERMEKE, 1991; BHERAXLE, 1993; #HH &, 2000; K%, 2002)
FIgRT2—H. KITEF (1985) iAA, PERUEREPHRBERTERZDOH
AEREA, —RUEBEFRGUEHFAMERSNREREERLESR: —_BATAR
BERRESNEIAS. AR, FARTPHHRERSBRTERFER, TREEART
RESGERBEREHREERN, HEHTEFRERNEREER K LMBAE.

3 4 HuRRARITE LB EE

EYERNBLAFHETERIEXNBREEERFERN GEER) KER,
ALY RT T FEEREREEEASEORPEE, eNEEEaST A EFBED R,
MR ERL, FARBETEAES. SEHEFHENLYIILEE (superoxide
dismutase, SOD) . ¥ ALYEE (peroxidase, POD) . TH{LZBF (catalase, CAT)
. HYEHAFEBRATETRAY PR AN (ASA). B R EA PEHE K (GSH).
#EF E. HERALYRSE. EEERT, ARANEBHEN=EESBRLT—M
BiAVE. B, EYEESENAT, EEHTHYEASATHNER (NEH
REXGHBEDRAIDRES I BPVERAT), K& EdE0EER, NXH
B RAERGH.

BEAYELE (SOD) MEERERFREYAABEATER, ®EDHE
A HEEEETIIAAE, SHAYE (POD) MidHAER (CAT) fieik
BRHEDEAFEENFESEAE. EAEYEATENEHEP 98, SOD. POD




“REENHOARZEREBEZNIRA

A i

1 CAT hREFEANFIERRETE, RIFEVESH. BXEDENOFEER
FRER - PEE—HLAR™4ER, SOD. POD M CAT B8k & 743 B )35
.

ZHRESAFREETEKRE AR, ARERETEAEE BERENR
B, ARBRZIBHBK, ARABREASZENE. ZRENFEEEHBHORR
BB, EVHE—EWNE TR,

3.1 HE 5

3.1.1 ¥

FRE=% 1.1.1

3.1.2 F&

3.1.2. 1 SRR RS AR B A A SR X
FAE=%|1.1.2.1

3.1.2.2 NBT XRERZERE SOD i

EEBEH: EEBA: 0.2mol/L =R PEERETIR (24.2g SR HALEAH
e THRBKE, A3 1000ml). & B: 0.2moVL #E (REE 17.1ml K
R, ZEBAEAEEZ 1000ml).

RMNERIECS]: SEBH 50mmol/L Tris-HCI (pH7.8) ZBi: 250mI & A 5
1625mCEZMB RS, W pHE 7.8, 1000ml ZREPMEEKERZHE. B
EH TR 0.0818g FALTHE TIPS (100umol/L NBT). 0.0372g Z — VU ZER —
#4 (0.immol/L EDTA-Na,) #!1.9949g DL- FHEE (13.37mmoVL FBEES).

BRENRH: %£RH SOmmol/L Tris-HCl (pH7.8) ZEM#H. 25mI & A 5
1625mlEEZHBES, MW pHE 78, 1000ml ZREFPNEIBKEEZLE. R
JG X 0.0372g EDTA-Na; (0.1mmol/L) 1 0.0376g % ¥ ¥ (0.1mmolL) BT HE
caliobs R LR

SOD EH#E: BEEDP (B, BBEh) I 3.8m! KM 150u B & EE
B3 ploemx10cm A/MAE PR, WMAEERHEE 0l A£5) BS: ANBEARNEN
ARAEEABRAKKERE. BATERETRAETRP, KPRAERHOMIE PGB
WEBRXKEEE. % 6000x 53R T 15min, WEEYHZE 560nm TBE hFE
FEABE (ODE) (BRMEEZR), MHEEMHLME NBT XIS E bR
FERIREN S0%ER, LLiPH NBT XAER 50%HENSR NI —1 SOD BiEhH
B (w)e HEAK: (ODpx-OD) /7 (ODpax*50%). BSHEERAKEBRR SOD
MEHERI K/ (BRAL: wWmg protein) (Giannopolitis and Ries, 1977).




RN THOAREREEENSHR

L N — mniiniiekinkily e

3.1.2.3 AR E POD EH:

REBAIACH: HarECH] SOmmol/L Tris-HCl (pH7.0)2 s #k 200ml, BE&fIA
B3 112ul, & 70CTHHEZ LB, FIBERAHEMA 30% 3RS 76ul, B
2195, REEKEPEERPRIE.

POD iEH#E: I 3ml RNETFHERP, ABREMARE®E 100p, BE
HABBERENS, MEHRE 470nm KT HEBRB{ERNZHIER, 7 30s R Ss
SE KR (OD) HKX/M, ARNHKIEE, CLE54 OD &% 0.01 % — /5
EHRAL (u), THEARK: (ODjes-ODgs) X2/0.01. BMEREAMSERET POD
BRI R/ (B4I: wmg protein) (XA FOTK A K, 1994),

3. 1.2. 4 BRI Eit LB (CAT)

RMERIBCE: SETECH S0mmol/L Tris-HCI (pH7.8)2 k. X414 10 mmol/L
H,0,.

CAT FBHEHIE: 3ml RSP IIA 10ul BFB, 7€ 240nm T ¥ EH 4R IK/EE
B, — P EEERA (v) HESHREED 0.010D 4 (XL7R%, 1996b), i
HARAK: (ODgs-ODos) /0.01. BFABRARATBRR CAT BEMEAD (AL
wmg protein ),

3.2 &R 54

3.2.1 ©EAYEEE (SOD) FEMERIZELL
K3 ZREEAHRSGHEIER A SOD 7N LR, (Br: wmg protein)
Table 3 Superoxide dismutase (SOD) activity in Jeaves of ramie male-sterile lines and

corresponding maintainer lines

T T -

B 34 SS370 (A1)  GS13-X;(B1) GSi4-1(A2) GS13-X;(B2)
EFAKHH 29.59 30.18 36.86 28.77
R E VI 36.49 32.68 30.34 30.37
H 7 3 30.75 27.52 28.25 26.85
IR 31.45 28.65 30.27 29.35
B 35.72 31.48 29.32 30.11

ALBIL A—AARHFREREFER, A2, B2 HR—EAATRE5BBE

AATE I M ep SOD 4k (R 3) TLLEH, 2BKEHAT & SS370 5H 3
MRRIFR GS13-X, M A SOD iFHETEB MKt B 8 L H-TFTR-_EH a4,
REVIBRMN: AFAM AP SOD FHEMHERTRER. ZHEHAT R GS14-1




ZREEATNARERLBEVIHR

A9 SOD IFEHAEFRLKHT®E, KRR GS13-X; M5 SOD iEHHE FA-TR-
EAMEY, FERM A SOD EHREBENMETRER, HHPHARFRHE
. B4 EE, 28RS H R SOD itk B TR R.
3.2.2 H¥EILY8 (POD) EHEMZELL
X4 ZREVBCATRERFRY A pod IFHEMELSR: (RI: wmg protein)
Table 4 Peroxidase (POD) activity in leaves of ramie male-sterile lines and corresponding
maintainer lines

B 5 SS370 (A1)  GS13-X, (B1) GS14-1(A2) GS13-X,(B2)
HIFELKHA 7.12 10.76 6.14 434
BEYIM 4.34 7.31 4.83 3.66
A% 4 5.85 12.95 8.3 6.25
¥ITE W 10.75 15.37 11.57 52

B 17.3 19.15 15.86 8.38

ALBIL A—BABTRLEREFR, ALB2 IF—HBATRLBEER

MAFET M P POD &% (K 4) WLLEH, ZHREEAH R SS370 54k #F
M GS13-X; R PODEHEEFREKMBREVIHLE TREH, 22 LAKED,
ERIEBRME; FERH AP POD FHNETRIFR. ZHRENHEAHTR GS14-1 1Y
POD iEME LT —4A, BRIFRM P POD EHE L THEs), MEHKE, FHAW
b POD iEHEBm TRAFR.

3.2.3 &AM (CAT) EHAZE

25 ZERUAWRSHFERYH CAT FHMELER: (H6f: wmg protein)
Table 5§ Catalase (CAT) activity in leaves of ramie male-sterile lines and corresponding

maintainer lines
inp: i} SS370 (A1)  GS13-X;(B1) GS14-1(A2) GS13-X2(B2)
BEREKH 68.70 67.24 49.57 57.39
BEYIHA 65.22 66.52 51.62 61.31
gl 76.09 78.26 55.34 70.87
YL 88.26 92.17 70.43 89.13
B8 103.5 106.47 78.26 96.09

ALBI 3 —HAARBEREBER,. A2LBR2AB—4HARERERBER




ERERATHARERERZEY LA

i i

MA BT SHM Froh CAT 4 (R 4) FTLUEH, ™ HHEARHE R SS370 AR
FGSI3-X M CAT EHEEREKPMBEV R TETER TR, 258
Eitas: AERH AP CAT BHETRER. EHREELSHER GS14-1 NRER
GS13-X; 8 CAT R 2R @ LAY, & CAT SHBEATREK TR E.

3.3 ifig

AT AX EHYBEE R E#E SOD. POD fI CAT #EME/E T KBTS, S
X7 SOD ARG WR: FEHEUATRY SOD MiEH L K ERENE (BREEHR
A, 1991; BREF, 1996; LK%, 1996b; ), HHELEHALERRY, BELRT
F 0 SOD FHEHHERFRME GRE RS, 2000; FKE£%, 2001; KB, 2003).
X POD ARG REA—B, FEINNEEAHT RPN POD EHEKEGRANK
(HEA, 1984;: BK=H%, 1997; &ATE%, 2002), HLAHEHEAITEZTHN POD
PR ERF ALK (BRRERRAY, 1991; KBEKE, 1997, HLSA%, 1996b).
X CAT R ERBA—B, WEMESEHRPH CAT EHEBHLEERANE (XL
RSE, 1996b; BK=HF, 1997):; XHEHMHRNELOBEBISN GRk¥B%, 2000;
REESE, 2003).
3.3.1 SOD #FHEZKEHEAETHE

ERRAMNZHRELEIH R SOD FEHPIREE RN, 2/ M ZHBIERTREY E
FH SOD EHRBHUFEA THRMNMERRER, X55HFEFRERF—H,
KUMERNULKEZSE (2001) MKLEE (2003) FRIE. —KikD, BHELRE
REMHLED, SOD FHEEFRRNEK, FREFIMEREATISNELER, §
BARRZRGE, SIERETFT. BR, BLEWAEXYN, SOD R—HESHE. ©
BEAT# O™, MR miatt, Nasfibth O Mt RN T RE > FRTF 4L
A (EmERE, 2001).

EMAFH 2 MEREEAT R FRIRN B RBLEFANN, HER
R EALR™E, #iRASELASTREN, XTHARSATAEF SODE
MmO EERRE. Bit, oTCABEZMRH KB SOD iEtt Sl T A LB,
3.3.2 POD EHG~KEXSEY

TEAYIBE (POD) fEHHEYAMAEENARES, BEESEEEENE
HIge, mS5EHEANEE:; 25ARENARANASR;: 2545 KENRME,
S5 e RNELERE: BRTSHEHYEERBAL KRBT HXKHS KA POD 4,
RAH5 POD MAMR TERRAM, XONARMMELR AR TAELRN
ERBAEPRIEEAEE (BEDBS, 2001). ZHH% (2001) EITHRIESHRE%
VKRR N MRS REGREFEEETREN 0, ENNBREA, 4
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i ki

#h SOD IEH WX RER M, Bt O, AR EZMTENLANES POD rEHRA.

AFAMZREMEAF R POD iSMEHWMELE REY, SHEHTRHT R GS14-1
M AR E POD FEH MR AR 78, XTHEHT2=REN AT RZH A e
ETRLHAEENE, %R PODEHMRE. BR, ZHBEHASH R SS370 1 Hh
81 POD iEME KX MR RIK, X R B T2MBHAET R SS370 B R4
BE, BUERWFRERBRE/RTMANRER, BS54 BH RN ER
ROMB. BRZMM P POD &M S AT XRER 54— 5591,
3.3.3 CAT EHEEX:HESEARTFH

HEHABIEFAETHY SR U YEAS ZBBRERED, ©5H5% M
TNV (AsA-POD) —HHEHRTAMEANTERE, FRZLET: §TEFR
mEERNAAFRENEEER, B IHALEANENIRS, FEEELEMS
BY, FTEAEREREBHENH. CHENHINEE, T2 EBLEC, AT
HRMEERA SR, TWHARC YR ZHERLEN (Willekens %, 1994) .
AR, TEMAEE (CAT) SHYEANKTEILBRBEEX, s daiaxt
EYRH . FHAP 2 M EREER T RH A T8 CAT IS ML M EEER
€, XTEEEIIERFRTEATERN SR, SR ARENGE, A
mERAH.

4 BHEMRA

BARRERREANBATY, BHEWENHER, BTEETTHEYS DNA
F1RNA %4k, BRLSBEAFRTH. BAFIMTFHEETERLIES, TN
HEYR LSRR AL EY RN SRR AT E>ZY, NAARNEES
Sy, AIENESRPESTEMNER. BOFARMBYY, ELXHRAPRF
MEBTSBPAHRERN . EWEHEHRENTITEALERENEORABH
THE, FFEITEMNGEREETRTHENXE.

4.1 PR 5

4.1.1 H¥
FRIR=%1.1.1
4.1.2 i
4.1.2. 1 B RS H1 AU BE R B 3 B
AIE=%1.1.21
4.1.2.2 EOHRH (G-250) MeZAmSE
=B R# e AR A 0.01%% SHEE G-250. 4.7%K Z B 8.5%6
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e i A

B (wiv). RIXE LA 0.1g, B 95% 2B 47ml HIi%EL 85ml, BEGHE T&
BB, BAEZXLER, EBZ 1000ml ZEEFEZHZIE. BE &, XA
EEERETEHRERT, S CTKEPRERE

FrAE 2R B HIFE: #KEY 0.100g tFEnfﬁEEl BT soml A K, 50Cht
WA OB, BERENFOLFEEOEAEA 100m] ZERES, MKEZE,
#SEIE 1mg/ml (Bl 1000pg/ml) R4 MEERH. B 11 BiAE, 9HEEXPBMA
Img/ml M i/EHFEBEX 0. 20. 40. 60. 80, 100, 120. 140. 160. 180. 200ul F
F&18K 200, 180. 160. 140. 120. 100. 80. 60. 40. 20. Onl, FHIIAEDITEK
YEW 10ml, 7€ 595nm T HE & AMEHRSE. DOSREEERALIR. BARIKEE
AL PR BITEPRAE LR . bREMERIIT AR N : y=37.128x-0.1628 (RAFKE H4i.
pg/ml, S RE: 0.9962).

AT BMME: EPREPIANEHFTRIAHEER 200, REMATS
R EiRA 10ml, RERS, 7E 2~60min NEIEHE 595nm FHIFEBBE. HE
BEOREHELTEEARP TR,

4.2 &R 52

4.2.1 FEREEBRHTHL
e “HRBUATREBFRHAFEOASRAUESR: (BH1: yg/ml)

Table 6 Protein content in leaves of ramie male-sterile lines and corresponding maiutainer lines

i HA SS370 (A1)  GS13-X;(B1) GS14-1 (A2) GS13-X;(B2)
B e K i 11.43 11.95 10.10 11.18
BEVIH 11.59 12.16 8.19 9.59
A HA 11.75 12.67 8.90 10.01
VI 12.90 14.13 12.28 13.21
Bt A 15.30 16.37 13.02 15.14

ALBI A—4HAAFTEREREREFR, A2 R A5 4HABREEER

- AARIE A APEAENSE (R 6) qfUEN, ZHBEHATER SS370 5
HXMEIRFER GS13-Xi H A paf it EAMES BB &R FA#EY, FFERHA
FEHARSBRETRER: ZHEEAT R GS14-1 5HIINMERER GSI13-Xo MK
FRUEHEARSEEEFREKBEINEVH TR, Z25XHEDA, F6ER
A AP ERASRIKTRFR.
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4.3 ¥1ig

4.3.1 ERASREZKRBHAN

FRARRERREANBRL> Y, SIEBEATHEEERHE mRNA EEHER
BARAREREER. —Rikk, BUIFRANEOAIERKTOITR. TEHS
(1984) M AXOXBRFEEEATHEMNTEHREBERIANBKSTESR, THEEKD
FERMEHEETATE. KAK 6 MHESAT “RAR” . —1MHEHEARFRY
RIMAAEERBRUTEROEORSRE (FHRESE, 1998) ; TEAY PEEARTH
KPR RFEBERSBHETOIESR (REE, 2001) .

ARRLERLRYE, SHHEEATERPHEARSEBLEIINEFRE,
MEMELEMRE, SHEELEY K&, REHASEORSESEHA
FHEEEXR.
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&

IR ML, BRANMRRER GS13-X; M1 GSI13-X; EEMPRTFEER
fEA R, BREXTNAH R SS370 Ml GS14-1 MM FIFE N E A HE . SS370 (HE
HUFREESR, MEEAR, EREEFHMEMEERKE: GSI14-1 BN E
REHG, BERLBEREHESFERXMUOERENTE, HHEIRYEEE DS
ERENEMARERN. REXENFHHE, ZHEEELITRANATHIRUAE
B, KASEMEHZHBERHE—FHA.

ELELEKEEHE, FERAHATR-_BESEUARRER, BrEamM
ZmGBEX, FIRARAERANKREEM, XUHESERNITREEZENER
B, ¥BRLSFBHEHLELT.

LRRETEANT R SS370 H A MR RS BRESNHT HPHETHMNMRER,
GS14-1 EEFEKMAREYVI OB ERS B NIRFRAKHE, BZEATEM
BRTBHETRER. BINUAD, FHERPNBERSBERTERER THREFR
BRASGARMERBENIBREERN, HEGTEREALESEEHREEEMTH.

' SOD EtEH CAT iEMEE 2 AME PRI — B A ME: 2/MEHRBHFTER
H A PR SOD AL MR F AP H, 2 M H R CAT i S EL X MR R .
BT 2 M EREUAERTAPHN—BSRALERRZNS, BASTEL ™
B, SE{ASERE, XAHERESIAHFRIEYE SOD EHRMNEEEREH. 2 4
ZRREEART RM AP E CAT iE ML NARFRIK, XTHELEMIAT R
FRSELEAERF TR, ATERTARBRNGE, FBTY.

POD FHERMAAK—H: SS370 LEHRFFER GS13-X, B, TAEE BT SS370
MERELRE, WREABBERTFNMERFR, BSR4 8 H XA
FROMH: M GS14-1 LEBRKEFZE GSI3-X, Bl XA RHTFE=RBEFE R
REFETRENTEMLE, #F POD BHENRE.

2TEUATRNEAMSBEANPREAINRFRER, MAMSEEN
KE, RHEBECHEY KOS, REMHATEARSEEBEHATHTRETEE
xR,

EFRHAALRERY, 2P EHEILITREEMNETNARESTETER, FBR
MEREE. HiEiLED SOD. POD 1 CAT HiiE#, UREAFEAEITL, 7
RREHZHMATRENREORE, BASBHEHATH.
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