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4.0  RESULTS 

 

4.1 Establishment Of Shoot Tip Culture 

 

Using shoot-tip isolation and established surface-sterilisation protocol, cultures 

were successfully established from 60% of the starting explants. Three to four subcultures 

were carried out every three weeks to establish stable cultures that would be used as source 

of explants for subsequent experiments. Culture stabilisation in this case is defined as 

cultures producing uniform shoot multiplication numbers (Kane, 1999). This is important 

to ensure that there were enough explants for the following experiments and also to 

standardize the physiological age of the explants. 

 

4.2  Determination Of Optimal PGR For Shoot Multiplication 

 

Determination of optimum PGR for shoot proliferation of the single shoot tips 

explant was tested using forty-nine PGR combinations (refer to Appendix 3.2.2) for forty 

days in culture and the results on the number of shoots produced is shown in Appendix 

4.2.1. 

For each combination, 10 replicates were used. Observations were made after forty 

days in culture and the number of shoots perexplant was recorded (Appendix 4.2.1).  

Results from the experiment showed that explant cultured in MS media in the 

absence of PGR (0µM BA, 0µM NAA) (Appendix 4.2.1) produced very low numbers of 

shoots, with 2.5±1.0 shoots per explant.  Rooted shoot tips were occasionally established. 
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Figure 4.21. Bar chart showing the effects of different BA and NAA concentrations on 
shoot multiplication from single-shoot explants after forty days of culture. Each bar 
represents the mean (± SD) response from two experiments, each with five replicates per 
treatment. 
 

For concentrations of BA at 0.5, 5.0, 10.0, 20.0 µM (all in the absence of NAA), 

explants produced low number of shoots, about 4.3±1.4 shoots per explants, 3.7±0.9 shoots 

per explant, 2.9±2.3 shoots per explant, and 4.3±1.8 shoots per explant respectively. 

However at 1.0 and 40.0 µM BA without NAA, the number of shoots produced was 

highest at 6.8±1.8 shoots per explant and 6.4±3.2 shoots per explant respectively (Table 

4.21). At concentrations of BA, 5.0, 10.0, 20.0 and 40.0 µM no rooting were observed. At 

high concentrations of BA, stunted shoots appeared (Plate 4.22). 

  In MS media, in the absence of BA and NAA at less than 1µM, the number of 

shoots produced was 3.9±0.9 shoots per explant and rooting was established in some 
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plantlets. No axillaries shoots were established for NAA more than1µM, however apical 

shoots were formed on these media. Rooting was established at 0.5 µM NAA.   

At 0.5 µM NAA, all plantlets (100%) were rooted simultaneously. When same 

concentrations of BA and NAA at 0.5, 1.0, 5.0, 10.0, 20.0, and 40.0 were added to MS 

media the number of shoots ranged from 1.5 to 4.5 shoots per explant (Table 4.21). At 

concentrations of BA and NAA at ≥ 5 µM shoots abnormality were appeared where plants 

appeared swollen especially at the petiole area (Plate 4.21). 

Table 4.21. Table below showed the effect of different number of shoots at different level 
of BA concentrations and all concentrations of NAA (0, 0.5, 1.0, 5.0, 10.0, 20.0 and 40.0 
µM) 
BA (µM) NAA (µM) Numbers of shoots per explants 

0.0 All concentrations 1.0-3.9 

0.5 All concentrations 1.9-3.1 

1.0 All concentrations 1.7-3.2 

5.0 All concentrations 1.5-4.6 

10.0 All concentrations 3.5-5.4 

20.0 All concentrations 2.1-4.6 

40.0 All concentrations 2.7-3.8 

 

For the combinations of all concentrations of NAA and 0 µM BA, range of number 

of shoots per explant were 1.0 to 3.9; at 0.5 µM BA, range of number of shoots per explant 

were 1.9 to 3.1; at 1.0 µM BA, range of number of shoots per explant were 1.7 to 3.2; at 

5.0 µM BA, range of number of shoots per explant were 1.5 to 4.6; at 10.0 µM BA, range 

of number of shoots per explant were 3.5 to 5.4; at 20.0 µM BA, range of number of 

shoots per explant were 2.1 to 4.6; and at 40.0 µM BA, range of number of shoots per 

explant were 2.7 to 3.8 respectively (Table 4.21). Plate 4.23 showed the developmental 

pathway for C. xwillisii. 



Plate	  4.21.	  Abnormal	  	  Cryptocoryne	  
xwillisii	  with	  large	  petiole	  and	  more	  
round	  leaves. 	   	  

	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  
	   	  

Plate	  4.22.	  	  Stunted	  shoots	  were	  
produced	  when	  cultured	  in	  high	  
concentration	  of	  BA.	  	  

Plate	  4.23.	  Developmental	  pathway	  for	  C.	  xwillisii.	  A.	  Shoot	  tip	  for	  culture	  in	  
the	  MS	  media.	  B.	  Plant	  regenerates	  after	  20	  days	  culture.	  C.	  Plantlets	  
developed	  after	  40	  days	  culture.	  D.	  Rooted	  plantlets	  of	  C.	  xwillisii. 

A B

DC 1 cm 

1 cm 

1 cm 

1 mm 
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Plate	  4.4.2.1.	  Shoots	  of	  Cryptocoryne	  
xwillisii	  to	  used	  in	  tissue	  culture	  

Plate	  4.4.2.2.	  Variant	  showing	  
albino	  morphology,	  20	  Gy	  M1	   

Plate	  4.4.2.3.	  Variant	  show	  
deformation	  of	  leaves,	  25	  Gy	  M1	  	  

Plate	  4.4.2.4.	  Variant	  showing	  abnormal	  
leaves,	  wide	  with	  light	  green	  color	  
leaves	  (30	  Gy	  M1)	  	  

Plate	  4.4.2.5.	  Normal	  plants	  of	  
Cryptocoryne	  xwillisii	  in	  30	  ml	  
universal	  container,	  60	  days	  culture.	  	  

Plate	  4.4.2.6.	  Variant	  showing	  
necrosis	  symptom	  when	  subjected	  
to	  high	  dosage	  of	  gamma	  ray	  	  	   42 



Plate	  4.4.2.7.	  Irradiated	  culture	  explants	  
transferred	  singly	  into	  new	  30	  ml	  
universal	  containers	  	   Plate	  4.4.2.8.	  Variant	  showing	  

small	  leaves	  size	  -‐	  with	  dark	  
green	  color,	  the	  plant	  length	  ∼	  4	  
cm,	  15	  Gy,	  	  M1	  	  

Plate	  4.4.2.9.	  Variant	  showing	  small	  
and	  spiral	  leaves	  -‐	  with	  dark	  green	  
color,	  the	  plant	  length	  ∼	  4	  cm,	  20	  Gy	  
M1	  	  

Plate	  4.4.2.10.	  Variant	  showing	  
small	  leaves	  size	  -‐	  with	  light	  
green	  color	  and	  chocolate	  color	  
at	  the	  tips,	  the	  plant	  length	  ∼	  2.5	  
cm,	  30	  Gy,	  	  M1	  	  

Plate	  4.4.2.11.	  Variant	  showing	  long	  
leaves	  size	  -‐	  with	  light	  green	  color,	  
the	  plant	  length	  ∼	  6	  cm,	  20	  Gy,	  	  M1	  	  
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Plate	  4.4.2.12.	  Variant	  showing	  small	  
leaves	  size	  -‐	  with	  light	  green	  color,	  the	  
plant	  length	  ∼	  3.5	  cm,	  25	  Gy	  M1	  	  

Plate	  4.4.2.13.	  Variant	  showing	  
small	  leaves	  size	  -‐	  with	  dark	  green	  
color,	  the	  plant	  length	  ∼	  5	  cm,	  25	  
Gy	  M1	  	  

Plate	  4.4.2.14.	  Variant	  showing	  two	  
types	  of	  leaves:	  normal	  and	  spiral	  
leaves	  -‐	  with	  dark	  green	  color,	  the	  
plant	  length	  ∼	  4	  cm,	  20	  Gy	  M1	  	  

Plate	  4.4.2.15.	  Variant	  showing	  
spiral	  leaves	  -‐	  with	  dark	  green	  
color,	  the	  plant	  length	  ∼	  4	  cm,	  20	  
Gy	  M1	  	  

Plate	  4.4.2.16.	  Variant	  showing	  normal	  leaves	  
size	  -‐	  with	  pinkish	  color	  petiole,	  the	  plant	  
length	  ∼	  5	  cm,	  25	  Gy	  M1	  	  

Plate	  4.4.2.17.	  Variant	  showing	  skinny	  
and	  spiral	  leaves	  size	  -‐	  with	  white	  color,	  
the	  plant	  length	  ∼	  7	  cm,	  20	  Gy	  M1	  	  
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Plate	  4.4.2.18.	  Another	  variant	  
showing	  skinny	  and	  spiral	  leaves	  size	  
-‐	  with	  white	  color,	  the	  plant	  length	  ∼	  
7	  cm,	  20	  Gy	  M1	  	  

Plate	  4.4.2.19.	  Variant	  showing	  
small	  leaves	  sizes	  -‐	  with	  light	  
green	  color,	  the	  plant	  length	  ∼	  4	  
cm,	  20	  Gy	  M1	  	  

Plate	  4.4.2.20.	  Variant	  showing	  thin	  
leaves	  sizes	  -‐	  with	  brown	  and	  green	  
color,	  the	  plant	  length	  ∼	  7	  cm,	  20	  Gy	  M2	  	  

Plate	  4.4.2.21.Variant	  showing	  
the	  leaves	  with	  brown	  veins	  and	  
tips,	  the	  plant	  length	  ∼	  7	  cm,	  20	  
Gy	  M1	  	  

Plate	  4.4.2.22.	  Variant	  showing	  the	  
leaves	  with	  brownish	  color	  and	  brown	  
veins,	  the	  plant	  length	  ∼	  10	  cm,	  20	  Gy	  
M4	  	  

Plate	  4.4.2.23.	  Variant	  showing	  the	  
small	  leaves	  with	  light	  green	  color,	  
the	  plant	  length	  ∼	  4	  cm,	  30	  Gy,	  M4	  	  
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Plate	  4.4.2.24.	  Cryptocoryne	  xwillisii	  
(normal	  plants),	  mean	  sizes	  5.18	  ±	  
1.57	  cm,	  M4	  generation. 

Plate	  4.4.2.25.	  Mutant	  D1,	  plants	  color	  
are	  darker	  green	  and	  smaller	  than	  
normal	  plants,	  mean	  sizes	  3.53	  ±	  0.89	  
cm,	  M4	  generation. 

Plate 4.4.2.26. Mutants G1, plants color 
are brownish and taller than normal 
plants and the mean sizes 6.92 ± 1.79 
cm, M4 generation. 

46 
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4.3  Phylogenetic Study Of Selected Cryptocoryne sp. (Malaysia and Sri Lanka)  

Using IRAP Analysis 

 

 All 8 PCR universal primer combinations (Table 4.31) generated multiple 

fragments of defined sizes from the genomic DNA of all Cryptocoryne (Table 4.32). On 

average, all combinations primers yielded 20 to 22 bands. There were 130 polymorphic 

bands generated for the Cryptocoryne samples tested; with shorter fragments amplified 

from all samples.  This suggests that there is some conservation of the retroelement 

sequences within the genus and suggests the transferable nature of the retrotransposon-

based marker system.  

 Analysis of the Cryptocoryne samples showed grouping in accordance with known 

relationships based on phenotypic characteristics. Phylogenetics analyses of IRAP 

polymorphism divided the Cryptocorynes into three groups (Figure 4.31). Group I 

consists of C. auriculata, C. nuri, C. nuri (Raub) and C.sp. (1).  Cryptocoryne in Group II 

were divided into three subgroups, subgroup I included C. uenoi and C. ferruginea, 

subgroup II consisted of C. xwillisii, C. xwillisii (tissue culture) and C. parva, and 

subgroup III contained C. wenthi, C. wenthi Brown and C. wenthi Green. The last group 

consist of two subgroups:  subgroup I and subgroup II, C.shulzei, C. keei and C. affinis. C, 

striolata, C. purpurea and C. pallidinervia were in subgroup I while Group II contained 

the  C.cordata and C.lingua. 
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Table 4.3.1 IRAP primer combinations and the respective annealing temperatures. Ø 
indicates unsuccessful primer combinations for amplification screening of designated 
varieties. 
 
Primer A 

Primer B 

LTR6149 LTR6150 5’LTR1 5’LTR2 3’LTR Sukkula Nikita Reverse 

TY1 

Reverse 

TY2 

LTR6149 36.3°C Ø Ø Ø Ø Ø Ø Ø Ø 

LTR6150  Ø Ø 36.3°C Ø Ø Ø Ø Ø 

5’LTR1   Ø Ø Ø Ø  Ø Ø Ø 

5’LTR2    36.3°C 36.3°C Ø Ø Ø Ø 

3’LTR     Ø Ø Ø Ø Ø 

Sukkula      36.3°C 36.3°C Ø Ø 

Nikita       36.3°C Ø Ø 

Reverse 

TY1 

       Ø Ø 

Reverse 

TY2 

        Ø 
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Table 4.3.2.  The degree of polymorphism of the IRAP products within the Cryptocoryne 
accessions, *indicates primer combinations that were used in the experiments. 
 
Primer combination Total bands Polymorphic bands Degree of polymorphism (%) 

SukulaLTR + SukulaLTR 20 20 100 

Nikita LTR + Nikita LTR 21 19 90.5 

5’LTR2 + 5’LTR2 22 17 77.3 

3’LTR + 5’LTR2 21 19 90.5 

LTR6149 + LTR6149 22 16 72.7 

LTR6150 + 5’LTR2 21 21 100 

SukulaLTR + Nikita LTR 21 18 85.7 

TOTAL 148 130 87.8 
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Figure 4.3.1. Neighbour Joining (NJ) bootstrap consensus tree (replicates = 100) and the 
tree was unrooted. 
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4.4 MUTATION INDUCTION  

 

4.4.1 Determination Of Lethal Dose LD50 

 

Gamma irradiation 

a) LD50 experiment 

The results of gamma irradiation for the LD50 experiments are shown in Figure 

4.4.1. At high dosage, more than 50% of the irradiated plants still survive after 30 days of 

irradiation. Only explants irradiated at 600, 700 and 800 Gy showed less than 50% 

survival.  

After 40 days of culture, the 0, 100, 150, and 200 Gy irradiated explants still had 

explants survival rates of more than 50%. The 250 and 300 Gy irradiated explants showed 

less than 50% survived. Survival rates of culture explants were dead when exposed to 

dosage higher than 400 Gy.  

After 60 days cultured, all explants were dead when exposed to high dosage of 

gamma irradiation at or more than 100 Gy. The results showing that the LD50 can only be 

achieved if the explants were exposed to lower dosage than 100 Gy. 

 At low dosage, only 80% explants survived, due to this condition LD50 was 

calculated at 40% survival. From the different low dosage of Gamma ray plotted in a chart, 

the best linear line was plotted and the results showed that the LD50 for C. xwillisii was 32 

Gray (Figure 4.4.2 and Figure 4.4.3). 
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Figure 4.4.1. Percentage survival of in vitro shoot tips C. xwillisii on different high dosage 
of Gamma ray after 30, 40, and 60 days of irradiations. 
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Figure 4.4.2. Percentage survival of C. xwillisii on different low dosage of Gamma ray 
after 60 days irradiations. 
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Figure 4.4.3. LD50 for C. xwillisii was 32 Gray, best linear line plotted from the different 
low dosage of Gamma ray after irradiations. 
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 4.4.2 Evaluation Of Gamma Irradiated Plants 

 

Mutagenesis experiment 

The shoots were subcultured repeatedly until the 4th generation (M4) to ensure 

stability of mutants. Although initially many variants were produced, only two mutants 

were shown to remain stable. The significant value of the F test in the ANOVA table is 

0.000. Reject the hypothesis that means lengths are equal across different groups (Table 

4.4.2.1).  

The mean lengths were significantly different between the groups. Mean length of 

normal plants  (Plate 4.4.2.24) was 5.18 ± 1.57 cm (Appendix Table 4.4.2.1), mean length 

for Mutant D1 plants (Plate 4.4.2.25) (Appendix Table 4.4.2.2) was 3.53 ± 0.89 cm and 

mean length for Mutant G1 plants (Plate 4.4.2.26) was 6.92 ± 1.79 cm (Appendix Table 

4.4.2.3). 

 

Table 4.4.2.1. Analysis of variant (ANOVA) table for mean length (cm) of normal and 
mutants C. xwillisii. 
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4.4.3 IRAP ANALYSIS OF MUTANT AND WILD TYPE PLANTS 

A total of 36 primers combinations were screened in the present study. Of these, two 

combinations of primers were able to differentiate the D1 mutant and the G1 mutant from 

the control plants.  

The analysis revealed two unique bands (225 bp and 320 bp) using Nikita primer for 

the D1 mutant (Plate 4.4.3.19). Further analysis showed two further unique bands (240 bp 

and 300 bp) using a combination of 3’LTR primer and LTR 6149 primer for the G1 mutant 

(Plate 4.4.3.20).   



L D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.1. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne xwillisii 
obtained with primer LTR1 showing monomorphic 
bands. L: 100 bp plus DNA ladder.  

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.2. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 6150 showing 
monomorphic bands. L: 100 bp plus DNA ladder.  

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.3. IRAP profile of the D1 mutant, G1 mutants 
and C (control) plant of  Cryptocoryne xwillisii obtained 
with primer LTR 6149 showing monomorphic bands. L: 
100 bp plus DNA ladder.  

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.4. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR2 showing 
monomorphic bands. L: 100 bp plus DNA 
ladder.  48 



L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.5. IRAP profile of the D1 mutant, G1 mutants 
and C (control) plant of  Cryptocoryne xwillisii obtained 
with primer Sukula showing monomorphic bands. L: 100 
bp plus DNA ladder.  

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.6. IRAP profile of the D1 mutant, 
G1 mutants and C (control) plant of  
Cryptocoryne xwillisii obtained with primer 
LTR1 x LTR 6150 showing monomorphic 
bands. L: 100 bp plus DNA ladder.  

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.7. IRAP profile of the D1 mutant, G1 mutants 
and C (control) plant of  Cryptocoryne xwillisii obtained 
with primer LTR1 x LTR2  showing monomorphic bands. 
L: 100 bp plus DNA ladder.  

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.8. IRAP profile of the D1 mutant, 
G1 mutants and C (control) plant of  
Cryptocoryne xwillisii obtained with primer 
LTR1 x Nikita  showing monomorphic bands. 
L: 100 bp plus DNA ladder. 
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L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.9. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR1 x Sukula  
showing monomorphic bands. L: 100 bp plus DNA 
ladder. 

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.10. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 6150 x LTR 6149  
showing monomorphic bands. L: 100 bp plus DNA 
ladder. 

L        D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.11. IRAP profile of the D1 mutant, 
G1 mutants and C (control) plant of  
Cryptocoryne xwillisii obtained with primer 
LTR 6150 x LTR 2  showing monomorphic 
bands. L: 100 bp plus DNA ladder. 

L         D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.12. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 6150 x LTR 
Nikita  showing monomorphic bands. L: 100 bp plus 
DNA ladder. 
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L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.13. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne xwillisii 
obtained with primer LTR 6150 x LTR Sukula  showing 
monomorphic bands. L: 100 bp plus DNA ladder. 

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.14. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 6149 x LTR 
Nikita  showing monomorphic bands. L: 100 bp 
plus DNA ladder. 

Plate 4.4.3.15. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 6149 x LTR 
Sukula  showing monomorphic bands. L: 100 bp plus 
DNA ladder. 

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.16. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 2 x LTR Nikita  
showing monomorphic bands. L: 100 bp plus 
DNA ladder. 

51 



L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.17. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR 2 x LTR 
Sukula  showing monomorphic bands. L: 100 bp 
plus DNA ladder. 

L          D1       G1       G1       G1       C 

 1000 bp 

 500 bp 

Plate 4.4.3.18. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer LTR Nikita x LTR 
Sukula  showing monomorphic bands for G1 and 
C but no band for D1. L: 100 bp plus DNA 
ladder. 

500 bp 

 1000 bp 

225 bp 
320 bp 

L D1 C G1 G1 G1 

Plate 4.4.3.19. IRAP profile of the D1 mutant, G1 
mutants and C (control) plant of  Cryptocoryne 
xwillisii obtained with primer Nikita showing two 
polymorphic bands (arrows). L: 100 bp plus DNA 
ladder.  

L D1 

1000 bp 

500 bp 

G1 G1 G1 C 

300 bp 
240 bp 

Plate 4.4.3.20. IRAP profile of the D1 mutant, 
G1 mutants and C (control) plant of  
Cryptocoryne xwillisii Engler ex Baum obtained 
with primer LTR1 x LTR 6149 showing two 
polymorphic bands (arrows). L: 100 bp plus 
DNA ladder.  

52 




