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Abstract:
polyploid hairy roots and their plant regeneration, and determined the content of patchouli alcohol through artificial

In order to enhance the content of secondary metabolites patchouli alcohol in Pogostemon cablin, we induced

chromosome doubling with colchicine. The highest rate of polyploidy induction was more than 40% when hairy roots were
treated with 0.05% colchicine for 36 h. The obtained polyploid hairy roots formed adventitious shoots when cultured in an
MS medium with 6-BA 0.2 mg/L and NAA 0.1 mg/L for 60 d. Compared with the control diploid plants, the polyploid hairy
root-regenerated plants of P. cablin had more developed root systems, thicker stems, shorter internodes and longer, wider
and thicker leaves. Observation of the chromosome number in their root tip cells reveals that the obtained polyploid
regenerated plants were tetraploidy, with 128 (4n=128) chromosomes. The leaves contained around twice as many stomatal
guard cells and chloroplasts as the controls, but the stomatal density declined with increasing ploidy. The stomatal density
in diploid plants was around 1.67 times of that in polyploid plants. GC-MS analysis shows that the content of patchouli
alcholol in the hairy root-derived polyploid plants was about 4.25 mg/g dry weight, which was 2.3 times of that in diploid
plants. The present study demonstrates that polyploidization of hairy roots can stimulate the content of patchouli alcholol in
medicinal plant of P. cablin.

Keywords: Pogostemon cablin (Blanco) Benth, colchicines, polyploidy, plant regeneration
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Table 1 Effect of colchicine concentration and treatment time on induction rate of polyploid hairy roots in

P. cablin

Concentration of .
Treatment time (h)

. No. of survival No. of adventitious
No. of root tips

Induction rate of

colchicine (%) root tips shoots per root tips polyploidy (%)

12 40 40 22.0 0

24 40 40 21.3 0

0 36 40 40 19.8 0

48 40 40 20.6 0

12 40 36 20.0 5

i 24 40 40 17.0 10

36 40 36 17.3 40

48 40 40 13.5 10

12 40 36 16.5 0

24 40 36 154 10

o 36 40 28 17.3 20
48 40 24 16.7

12 40 24 134 0

24 40 20 11.6 10

02 36 40 20 13.0 15

48 40 16 13.0 0
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Fig. 1

Induction of polyploid hairy roots, its plant regeneration and ploidy identification in P. cablin. (A) Swollen

hairy roots after treated with colchicine for 36 hours. (B) Callus formation from colchicine-induced swollen root tips
of hairy roots after cultured for 15 days. (C) The adventitious buds from callus after 30 days. (D) Adventitious buds

from callus after 45 days. (E) Regenerated plants from calli of polyploid hairy roots after cultured for 60 days. (F)
Wild-type diploid plants. (G) Regenerated plants from polyploid hairy roots. (H) Roots of wild-type diploid. (I) Roots
of regenerated plants from polyploid hairy roots. (J) Leaves of diploid plants (left) and polyploid plants (right). (K)
Diploid chromosomes (2n=64). (L) Polyploid chromosomes (4n = 128). (M) Stomata of diploid plants (10x100). (N)
Stomata of polyploid plants (10 x 100). (O) Morphology of stomata guard cells in diploid plants. (P) Morphology of
stomata guard cells in polyploid plants. Bars in A—J of Fig. 1=2.5 cm, bars in K—P of Fig. 1=20 pm.
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Table 2 Number and its range of chloroplasts in stomata guard cells of polyploid hairy roots-regenerated

plants of P. cablin

No. of chloroplast per stomatal guard cell

Plant type Mean No. No. range
<20 21-25 26-30 31-35 36-40 41-45 46-50 >50

Control 9 90 1 0 0 0 0 0 2203190 1827
Diploid  f hai

iploid ~ from hairy o ¢ 3 2 0 0 0 0  21.69+1.86 1826
TO0tS
Polyploid from hai

olyploid ~ from ~hairy 0 0 2 19 49 28 2 43.6843.63 34-54

roots

®3 EBZREAERRBEERS —FAHRERHRFSILRIZHEBXNREZE LR
Table 3 Comparison of morphology of stomata guard cells and the stomata density between polyploid and

diploid plants of P. cablin

Stomata guard cell

Density of stomata

Plant type : 2
Longth (um) Width (pm) per mm
Control 34.354+2.52 22.27+1.49 38.93+4.49
Diploidy from hairy roots 33.10+2.98 21.82+1.46 39.81+4.57
Polyploidy from hairy roots 66.92+6.04 43.1244.75 23.89+4.90
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B2 IEfERREERBLEERT ETELN EEEAENTEN GC-MS Eif
Fig. 2 GC-MS analysis of patchouli alcohol in P. cablin. (A) Authentic patchouli alcohol. (B) Two-year-old wild
plants. ( C) Plants regenerated from diploid hairy roots. (D) Plants regenerated from polyploid hairy roots.

x4 TEBTENRNRZEFRBEERNT EEESIE/ GC-MSE
Table 4 GC-MS determination of patchouli alcohol content in polyploid hairy roots-regenerated plants of

P. cablin
Plant type Patchouli alcohol content (mg/g dry weight), mean of three measurements
2 year-old wild diploid plants 1.84+0.08
Diploid plants from hairy roots 1.98+0.13
Polyploid plants from hairy roots 4.25+0.24
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