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Abstract; Chlorophyll content, photosynthetic parameters, and chlorophyll fluorescence parameters of
leaves of wild type and three transgenic lines with CINAC9 gene ( line CINAC9-5, CINAC9-6, and
CINAC9-13) of cultivar ‘ Niu 9717 of ground-grow chrysanthemum ( Chrysanthemum morifolium
Ramat.) under drought stress for 0—15 d were compared and analyzed. The results show that under
drought stress for 0—15 d, chlorophyll content in leaves of wild type and three transgenic lines with
CINAC9 gene shows a tendency to first increase and then decrease in general. Compared with drought
stress for O d, except initial fluorescence (F,) and non-photochemical quenching coefficient (g/N), the
decreasing ranges of chlorophyll content, net photosynthetic rate (Pn), stomatal conductance ( Gs),
transpiration rate ( Tr), water use efficiency ( WUE ), the maximum fluorescence ( F ), variable
fluorescence (F,), the maximum photochemical efficiency of PSII (F /F, ), potential photochemical
activity of PSIl (F,/F,), and photochemical quenching coefficient (gP) of leaves of three transgenic
lines with CINAC9Y gene under drought stress for 15 d are all smaller than those of leaves of wild type. In
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general, under drought stress for 15 d, chlorophyll content, Pn, Gs, Tr, WUE, F , F , F/F,,
F./F,, qP, and gN values of leaves of three transgenic lines with CINAC9 gene are significantly higher

than those of leaves of wild type, while their F value is significantly lower than that of leaves of wild
type. It is suggested that introduction of CINAC9 gene into cultivar ‘ Niu 9717’ of ground-grow
chrysanthemum can enhance tolerance of this cultivar to drought stress, in which, drought stress tolerance

of line CINAC9-5 and CINAC9-6 is relatively strong, while that of line CINAC9-13 is relatively weak, but

all of them are stronger than that of wild type.

Key words: cultivar ‘ Niu 9717’ of ground-grow chrysanthemum ( Chrysanthemum morifolium Ramat. ) ;
CINACY gene; drought stress; photosynthetic characteristics; chlorophyll fluorescence characteristics
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Table 1 Comparison on chlorophyll content in leaves of transgenic
cultivar ‘ Niu 9717’ of ground-grow chrysanthemum ( Chrysanthemum
morifolium Ramat.) with CINACY9 gene at different drought stress
times (X+SD)"

AR S B [ i 2R R A B/ (mg - g7')

FE Chlorophyll content in leaves at different drought stress times
Material®

0d 5d 10d 15d
WT 2.09+0.32¢  2.15£0.20b 1.90+0. 16¢ 1.55+0.22d
CINAC9-5  2.30+0.11a 2.25+0.27ab 2.33+0. 16bc 1. 98+0. 15b

CINAC9-6  2.20+0.21b 2.30+0.33ab 2.48+0.19a 2.11+0.21la
CINAC9-13 2.23+0.24b 2.31+0.17a 2.40+0.15b 1.74x0.2lc

V1RSI o AN T i NS R S OR 22 5 13 (P < 0.05) Different
lowercases in the same column indicate the significant difference
(P<0.05).

DWT, B2 % Wild type; CINACO-5, CINAC9-6, CINACO-13; ¥
CINACY H: k&R Transgenic lines with CINAC9 gene.
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Table 2 Comparison on photosynthetic parameters of leaves of transgenic cultivar ‘Niu 9717’ of ground-grow chrysanthemum ( Chrysanthemum
morifolium Ramat.) with CINACY gene at different drought stress times (X+SD)V

AN R RO AR/ (pmol + m ™2 - s7h)

IR st e T LS (mol = m ™2 - s7h)

B ) Net photosynthetic rate of leaves at different drought stress times Stomatal conductance of leaves at different drought stress times
Material

0d 5d 10d 15d 0d 5d 10d 15d
wT 6.62+0.21c  5.91+0.21d  4.45+0.25¢  2.47+0.16d 0.167+0.012b  0.169+0.003b  0.129+0.016¢c 0. 067+0.010d

CINACY9-5 8.54+0.15a  8.92+0.12a  7.57+0.17a  4.67+0. 24a
CINAC9-6  7.94+0.26b  8.05+0.15b  7.57+0.43a  4.37x0.21b
CINAC9-13  6.43+0.25cd 7.76+0.16¢c  5.57+0.36b  3.97=x0.43c

0.168+0.010b  0.172+0.017a  0.148+0.013a  0.115+0.014a
0.179+0.010a  0.157+0.006c  0.148+0.015a 0. 107+0. 012b
0.163+0.009bc 0.169+0.011b  0.137+0.017b 0. 087+0. 010¢

AR5 W B[R] i B ZE 1 R/ (mmol + m ™2 - 87!

ASTR] 5 Wy s 1) i - B 7K A3 R RC%/ (mmol - m™2 - s7)

FEER) » Transpiration rate of leaves at different drought stress times Water use efficiency of leaves at different drought stress times
Material

0d 5d 10d 15d 0d 5d 10d 15d
wT 2.34x0. 16¢ 2.13+0. 05b 1.86+0. 11¢ 1. 12+0. 13d 2.82+0.21b 2.77+0. 17¢ 2.39+0. 15¢ 2.20+0. 18ab

CINACY9-5 2.93+0. 06b 2.22+0.09b 2.52+0. 12b 1. 88+0. 04a 2.91+0.13ab  4.01+0. 15a 3.01+0. 30a 2.48+0. 24a
CINAC9-6 3.09+0. 09a 2.57+0. 08a 2.99+0. 04a 1. 76+0. 06b 2.57+0.17¢ 3.13+0. 14b 2.53+0.32b 2.48+0. 14a
CINAC9-13  2.17+0. 12d 1. 82+0. 06¢ 1.56+0. 17d 1.46+0.07c 2.97+0. 26a 3.13+0. 19b 2.53+0. 15b 2.48+0. 26a

D [ 5 s R ] /NG R R R 25 57 3 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05).
DWT, $4EH Wild type; CINAC9-5,CINACI—6,CINACO-13; #% CINACY JEK K F Transgenic lines with CINACY gene.

2.3 FTEMETHE CINACY ERZEHFRFH A
9717’ M F R ERW A S AL R

2.3.1 PFAMBRA(F,) RRRE(F,)FTER
R(F,)edx R R WA it e 5% CINACY 3 A
G S FP 4l 9717 M R F, F, AL F, (H L 3,
2 3 /I TS50 0~ 15 d, BRI 3 A%
CINACY BERMR R F, AH Y 2 Se B AR )E e i A2
fhjasi, B A FUFN CINACO-13 Rk &M H F.FF, {H
BRI A8 (L # CINACO-5 ¥R &M i F F
F,H A S SERAR S THE AR 3 CINACY-6 1

Rt F, MF(ES FBEAR—F m—BE A ARk
W TR 15 d,BAERN AP, (B3 (P<0.05)
T 3 AN CINACO SERBR R i Ht 5 F o F1FAE
BEMT 3 N CINACO FEH R R, 1EBA T 5
TR CINACO-6 tR R MR F, Al F, B K -
T EAEA DL K CINAC9-5 1 CINACO-13 BE&;
Hm R FoEHETEWE 0~15 d Bk LR EST
CINACO-5 ¥R &, M F o AEALTE T 58 %) B9
o THPAERIF CINACO - 13 ¥R &, 76 T 5t 5 191 9
AR TR A AURD CINACO-13 BR A



%3

X Bk, AF. TRMNA T CINACY ZEINEZ A i fl 41 9717 it ey K2R R POL AR Y HL AL 45

£3 FETEMEREH CINACI EREF S 4 9717 it
VBTSN (F,) BARIEHK(F,, ) FITTER N (F, ) BIELE (X+SD) Y
Table 3 Comparison on initial fluorescence ( F,), the maximum
fluorescence ( F,, ), and variable fluorescence ( F,) of leaves of
transgenic cultivar ‘ Niu 9717’ of ground-grow chrysanthemum
( Chrysanthemum morifolium Ramat.) with CINAC9 gene at different
drought stress times (X+SD) "

AR A A F, B

R F, value of leaves at different drought stress times
Material®

0d 5d 10d 15d
wT 206.5£7.7b  194.1x5.5a  200.6x3.9ab  248.6+4.3a
CINAC9-5 210.845.7b  191.6x3.7b  167.7x13.4c  203.5+7.0c
CINAC9-6 214.9+8.4a  195.9+3.5a  180.4x10.4b  217. 1%7. She
CINAC9-13  209.4+3.4b  190.0£2.0b  206.2+4.3a  224.3+6.6b

NGRS EL AT O AN

aEE F,, value of leaves at different drought stress times
Material®)

0d 5d 10 d 15d
wT 1 029.2+55.3bc 975.1+22.4b  923.6+37.3c  794. 6+69. 6d
CINAC9-5  1036.0+£23.8b 960.9+27.8¢c  937.9+58. 8bc 956. 7+38. 1b

CINAC9-6  1054.1+46.3a  998.9+56.2a 1 076.3+26.9a 986. 4+20. 8a
CINAC9-13 1013.7+10.4c  986.9+38. 5ab 956. 6+25.0b 841. 5+45. 6¢

AN TR a e ) F A

R F, value of leaves at different drought stress times
Material®

0d 5d 10d 15d
WT 822.7+58.2b  781.0£29.0b  723.0£19.8d 546.0+68.9d
CINAC9-5 825.3+69.5b  769.3+25.7¢  770.2+69.8b 753.2+37.3b

CINAC9-6
CINAC9-13

839.2+28.7a  803.0+46.1a  895.9+57.5a 769.2+37.6a
804.4+39.8c  796.9+51. 5ab  750.4+35.7¢c  617.2+28. 6¢

DS R E /NG TR R2Z 5 8% (P<0.05) Different
lowercases in the same column indicate the significant difference
(P<0.05).

DWT; B4E A Wild type; CINACO-5, CINAC9-6, CINAC9-13;
CINACY FEH Bk Z& Transgenic lines with CINAC9 gene.
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Table 4 Comparison on the maximum photochemical efficiency of PSII (F,/F ) and potential photochemical activity of PSII (F,/F_ ) of
leaves of transgenic cultivar ‘ Niu 9717’ of ground-grow chrysanthemum ( Chrysanthemum morifolium Ramat.) with CINAC9 gene at different

drought stress times (X+SD) "

R SSAE 1 F L/ F,, (6

TSk F L, Al

R F./F, value of leaves at different drought stress times F./F  value of leaves at different drought stress times
Material®

0d 5d 10d 15d 0d 5d 10d 15d
WT 0.799+0.032a  0.801x0.045¢  0.783+0.016¢  0.687+0.007¢  3.98+0.25a  4.02+0.13c¢  3.60+0.22¢  2.20+0. 19d
CINAC9-5  0.797+0.025b  0.801+0.027¢  0.821+0.022b  0.787+0.015a  3.91+0.28b  4.01+0.17cd 4.59+0.24b  3.70+0. 34a
CINAC9-6  0.796+0.048b  0.804+0.020b  0.832+0.034a  0.780+0.035ab 3.91+0.30b  4.10+0.26b  4.97+0.14a  3.54x0.23b
CINAC9-13 0.793+0.051c  0.808+0.009a 0.785+0.04lc  0.733+0.036c  3.84x0.15c¢ 4.19+0.11a  3.64+0.18c  2.75+0.26¢

D[] 5 Hp R ] (/NG i R 22 5 8 3 (P<0. 05) Different lowercases in the same column indicate the significant difference (P<0.05).
DWT. BfA4: % Wild type; CINAC9-5,CINACI—-6,CINACO-13: i CINACY FEH B R Transgenic lines with CINACY gene.
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PRZRM: [ gV B 5 2 W Tt 5 10 22 fk a3, CINAC9 -6
PRZANM F gN {H 2 5E T G BRIk e, T5
e 0 d,CINAC9—-6 Fll CINAC9-13 Bk & H gV {H
s TRMNE 5 4, B AE R R gV AR 5 E 0 d
WA ARG, T 3 AN CINACY JEPRBE 2 gV (B I
ATt T RbE 10 d, B AR 3 AN CINACY BEA

FRRM R gN (H3 T 200 5 d RFERRE &, i,
CINAC9-6 k2 1Y Fh M e K5 T il 15 d, B AR A
LK CINAC9-5 HI CINAC9-13 kBRI A ¢N {HET
B0 10 d B B THE, T CINAC9-6 Bk AR M F gN 15
WA FAR 3 A% CINACY FEPIRR R F gV (E8 %
TH AR

x5 ATETREMEMEE CINACY EEZMF R A 9717 M F U FEER RE (¢P) MU FEERRE (gN) HILLE (X2SD) Y
Table 5 Comparison on photochemical quenching coefficient (gP) and non-photochemical quenching coefficient (gN) of leaves of transgenic
cultivar ‘Niu 9717’ of ground-grow chrysanthemum ( Chrysanthemum morifolium Ramat.) with CINACY gene at different drought stress times

(X+SD)Y

AT E R gP (8

AN TS A R gV R

B gP value of leaves at different drought stress times gN value of leaves at different drought stress times
Material®

0d 5d 10d 15d 0d 5d 10d 15d
WT 0.657+0.042b 0.566+0.016bc 0.502+0.033d 0.488+0.036¢ 0.521x0.031c 0.476+0.014c 0.559+0.033¢c 0. 664+0. 027¢
CINAC9-5  0.644+0.035¢ 0.584+0.031b 0.554+0.037b 0.608+0.037ab 0.504+0.023d 0.536+0.033b 0.603+0.018b 0.723+0. 066a

CINAC9-6

0.668+0.016a 0.603+0.023a 0.574+0.029a 0.631+0.038a
CINAC9-13 0.652+0.027b 0.555+0.019¢ 0.533+0.031c 0.600+0. 028b

0.571+0.014a 0.583+0.022a 0.717+0.037a 0.681+0.016b
0.555+0.028b 0.571+0.045ab 0.591+0.012b 0. 718+0.011ab

D [F) 5 Fr AN Rl /NS FhE R s 22 5 53 (P<0. 05) Different lowercases in the same column indicate the significant difference ( P<0.05).
DWT, ¥FER Wild type; CINAC9-5,CINAC9-6,CINACI-13; %% CINACY HEN#KFR Transgenic lines with CINACY gene.
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