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Table 1 Free proline contents of calius cultures of Hyp-resistant variants and their wild

types
geREEAR wWEAHHSA

BHARE Callus clones subcultured ' Secondary cultures
Cailus S

clones wE KR TR

Free proline levels(ug/g F.W,)
Cw 45,5%4,2 78.,0%17,8
Cr-2 212,8+9.,5 l 291,5%23,3
o Xw ) 53,3%£3,9 l §9,0+5,7 -

Xe 230,0%10,6 108,8+19.4

2 ANHypRBERERABERDGESAANNHEEY (PRO-N) S5pEMREe
(TFA-N) HxR
Table ? Relation between free proline'—nitrogen(PRO—N) angd total f{ree &mino-nitrogen

(TFA-N) of the Hyp-resistant verianis and their wild types

BHEABE ; PRO-N # k& TFA-N & & PRO-N/TFA-N
Callus ' PRO-N contents TFA-N contents
clones (ug/g F,W.» (ng/ge F, W) e

Cw 5.5410,.51 335 +21 1.65

Ce-2 25,90+1,16 482 + 40 5,37

Xw 6,49 0,47 187110 3.47

X 27,99%£1.,29 605 % 81 4,63

HEC -2mX -1 @ GAL R, PRO-N
EE S EERE, A& EFEN
3.251%#11,331%. HIt, EHypHELER
RO -2 BGEFEN, WEMEREYN
BANBERY, THEEHANEDLHEH
yri

(Z) HypERAABREER
NEREKRE=WEEY S

B ERSIFEM; ELE&HET,
Hyphift ER R BHAFARRREW
HEEER. 4.7 RS, H A
HREBRETHOEHR ANEERES
HREPHEAR SR ET HLERES K,
X FIEEFF YK _ LRI S TR P R

© A ERF R R TIR S SHEED

M, REGEAEFELEEERKELBRHEEY X
g, M EFASNEEINERARAI=
AW Hyp HERC - 22 BENZE
HRR M AR RN R ARCT, 48
SR THESEBRRARKEE., AN,

WRT ZE R GARREREERRER
RKBEHNEARR SR,

Wk 3 Fixr, BT REEEE (Asp),

2 FER (Ser) . BHEBE (Glu) MHEEE
(Pro) #b, FEC -2@{FHHAN, Hit i
ERERNSEHRTFCOGEAE AN
. EEREMEERT, RE Aspf
ProfeC'-2 RGHASRNEREZHET
C, 4RI ErA R {4 B9 14,11 1% f4.64
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Table 3 Comparison of free-amino-acid pools and alcohol-indissoluble-protein amino

acids levels in the cillus cultures #nd leaves of regenerated plants between

Hyp-resistant variant Cr-2 and its wild type C¥

EEEERIL i
. (mg/100 g F, W.) %Icoholl-md:ssoh.}ble-protem
amino acids levels in the callus

Amino BREHHAR AAEEESTH cultures

scids Callus clones subeul- Leaves of regenerated (e/200g F, W.)

tured plants i
Cr-2 Cw Croz cw | ciz | Cr
Asp 94.684 6,710 95,404 53.360 0,221 | 0,133
Thr " " % 2 0.094 | 0.080
Ser 29,343 29,003 128,170 108,960 $.100 0,062
Glu 47,880 31,718 200,037 167.334 0,232 0.145
Pro 27,979 6.032 40,635 9,424 0,102 | 0,086
Gly 1,212 4,005 1.987 1.381 0,099 | 0,063
Ala 5,929 7,101 12,212 3,726 0,107 ! 0,085
Cys e 4 7 " f 0,002 0,002
Val 1,755 1,991 10,992 . 6,030 0,135 0,080
Met 4 i3 0,231 0,799 0,007 0,004
Heu 0.406 1,867 2.664 2,377 0,102 0,056
Len 1,748 5,497 3,732 2,543 0.170 0,098
Tyt 0,411 2,296 1,655 1,527 0.066 0,044
Phe 0,360 1,094 2,598 3.131 0,095 0,054
Lys 1,190 1,860 4,725 3,738 0,175 0,110
His 0,666 1.148 11,668 7.892 0.048 0,032
Arg ® 1,226 11,414 7.621 0,117 0.073
Total 213,563 49,348 528,124 379,852 1.872 1,167
T, EEHAHEKMMNAHN, B EPro § Met S x B BERRE. REHEE

FRASER S B HHSUKT F R —

ProZ BEZRANFEHRET,

)

B, C'-2 FBAEEKNFANKE Pro &
BHCH 4311, o, R THE®R
(Ala) FIERE Met) 4, Ht F 3
BB SRET RN TN
WM A2 AEER K. BRAERGASK
FEE, C-2 HMHEAsPEREC 4,11
1, {HEMEKE LERBEHRL.TMG, B
Bl S Asp S B T4 REE,
EFERGHSKE _LCT -2 B Asp R
W IMEEE, MREE, HEE, Ala,
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AT, X—IRTEES KRBT &L
Hy pi ik 52 1 e 3 2 B 3l 25

MNE 3 ETEH, BRC -2RGHS
AELRERTH R E BB AN &8
(0.102g/100gBE &) BEETC™ (0.086g/
100gBE) , HEMMLLY) (5.45%) &
EFC* (7,37%) Bk, HyphiltER &
IR 28 T 0 B R B I i R
WAL, TR AN PHRENERRE
HER SR LR, Bi%HE M~

EORARPHEERETRANERR
HREBRE. RN, C -2 KRBT
BRCHWI.6%, ZFHTRARGA AR
EORSBERES. XSFAEMR I
R EAHypARIERBE ML B
FANC 2R FERERPHCR G 4L
ARNMEHEANESRNER(ER4IER
—K, FiEFEREC -2fX 155 4 &1
HHBEEEARSESAR R HF 4R
CYf X M1, 695 /1. 77(5. HEEf =

%® 4 HypHBERREABEANGRAARIRTCSRAAER

Teble § Alkali-dissoluble protein contents of callus cultures of Hyp-resistant variants

and their wild types

AHBRER EngE ERE/MER M ERBEME*
Callus Protein contents Variant/wild type Test of significance*
clones (% of F,.W.» value
Cw L7008 N
1,69 S
. Cr-z 2.94£0,20 |
Xw 1,32+0.01
1,77 Vs
Xra : 2,34 £0,11

* Mo t-test, S BF Significant (P<0,05)

VS m@x Very significant (P<{g,01)

HERBEES AT BEMREHE
7K,

(Z) Hyplili R AC 25HEF %
BC™ = (B WYE 1B LE B

RPHAEFEDRER R IE R E
. EEREEN%E, EEHyDKRER
HFHyp HiE TR RS FERGHAAR
FEEEIEHEES Y, BHit, 25
HEARWE L., ERAEBEERSR
BEAA. b, SELEHEEEDLTE
EHHBER, BAEpasddEbgn
EhS MRS RE R I —E
MR, Ak, BELEREENFGTH
RERHHy PTG TR RC 2R MRS #
RIBHFHFLEMCHRISBRDENSE

0.5mM Hypiy¥szdE . #3510 K K,
MEC -2RC™HHAANXEEBE T &
HEMBEER k) . R KRB,
Hyptil:E R RC -2 (HALR A Bk L
[Fl, #ABURIREEEEES MY
RHEFFAE RG22 —31%, HE, XRHE
REEFT RERNEE R T, 39 E
HypHH#E 44T, ER RN EFERHBR
R RENABE AP R aE I W B
e THREER,
() BESXER T Hyp il & E B0 ik

£ H

ERATARRENSTR. BEE,
P EE., HEBMRSEBRRURENR
BN BB SR B, 710.2.,0,6F11,0mM
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Tahle 5 Comparison of enzyme fetivities between Hyp-resistant variant C*-2 and
jts wild type C¥
a AR 5 I R [ %40 NG 1 ,[ EEALMEYE
RERAR NO /e B/ | (AREmgEER/L | BHHH,0, mg/gHR/min)
Callus Mitrate reductase acti- | Invertase activity Katalase aclivity .
clones vity (NO, pe/g i {reducing sugar (resoived H,0O, mg/g
FW./0) | mg/e FW./D F.W, /min)
Ccr L mazas P 4.01920,088 5.394 50,094
Craz 55,03 4,0 % 12,319 £ 0,087 10.225+9,217
Crug/Cw 2,02* 3,07+ 1,00%*

t ®mgwg t-tea't,‘ * RBx Sigeificant (P<0,08):

* + MBY Very significast (¥<0.01)

BEMRM
F.W.increase(% of Ck)

0. i i A 1 k) 1 1
002 94 08 48 10 L2
FHMHIL

Concentration of aming acidsim Af}

M1 AERSHypdifxatEER R

W ER

Fig. 1 Growth inhibilion on callns cultures
of haploid tobucco by Hyp end ifs relief
br other amino acids

4; Hyp o.2mM; B, Hyp o,5mM, C, Hyp

1,0 mM
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AP ET BEDR A K. ERRAET, B
FEa X Hy pi 4l B % F R MNAR
T E U SR R MR .
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SELECTION OF HYDROXY-L-PROLINE-RESISTANT
VARIANTS OF TOBACCO FROM CULTURED HAPLOID
CALLUS AND STUDIES ON THEIR PHSIOLOGICAL
AND BIOCHEMICAL CHARACTERISTICS

I, FREE PROLINE ACCUMULATION OF Hyp-RESISTANT VARIANTS

Xu Yao

{Depurtmtent of Biology, Lanzhou University, Lanzhonr)

Zhu Qinglin

{Laboratory of Plont Tissue Cuiture, Northwestern University of Agriculture, Xianvang)

Three variant lines resistant to hydroxy-L-proline(Hyp) of tobacco (Ni-
cetigna tabgeum L, cv, CC77046, Hybrid (35) and Xuwu Xisove), denoted
as C*-2, H'-4 and X*-1, have been selectad from haploid callus cultures,
which were submitted to °°Co y-ray irradiations before selecting for revistan-
ce to Hyp, by the multi-step direct selection system, and the cbr‘responding
non-irradiated callus cultures of these cultivars, which were subcultured on
the normal medium, referred to as wild types, were designated respectively
as C7, H* and X~,

The Hyp-resistant variants showed a apparent and specific incréase in
the level of free proline, Under normal conditions the callus cultures of va-
riants contained more than foye times as much free proline as did the wild
types, and :h‘e proline overproduction trait could be expressed not only in the
whole plants regenerated from the callus clomes of variant but alse in the se-
condary cultures induced from the regenerated plants through the transmission
of regeneration, In addition, the percentage of free proline-nitrogen in total
free amino-nitrogen was also evidently raised in the variant cultures, and the
levels of several other amino acids were altered at the same time, Because
the inhibition of haploid callus growth by Hyp could be partially reversed
by proline, but not by other amino acids tested, the proline accumulation
might be one of the important reasons why the variants were resistant to Hyp,
The variant cultures contained elevated levels of protein,but the proline content
of the total protein in the variant was not significantly and specificaly increa-
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sed,
The activites of nitrate reductase, invertase as well as katalase in the

callus cultures of Cr-2 were significantly higher than those of C™ in the pre-
sence of 0,5 mM Hyp, It follows that the abilities of variant to utilize the
carbon and nitrogen sources in the medivm were much stronger than those of

wild type in the presence of Hyp,

Key words

Hydroxy-L-proline resistance;proline accumulation;somatic mutant selec-

tion; tissue culture; haploid tobacco
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