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Effect of Different Altitudes on the Contents of Plastid Pigment
and Related Genes Expression of Burley Tobacco

WANG Jing' , WANG Yanli', YANG Yongxia' , WU Wenhao?,
WANG Rui*, XIANG Bikun® ,XU Zicheng'"

(1 Tobacco College of Henan Agricultural University, Zhengzhou 450002, China;2 Enshi Branch of Hubei Province Tobacco Com-
pany, Enshi, Hubei 445000, China)

Abstract: Taking E’yan 1 as the material and selecting three altitudes which were the altitude of 1 560 m,1
200 m and 800 m,respectively,we investigated the difference of the contents of plastid pigment and related
genes expression of burley tobacco in Enshi at the fast grow stage and the mature stage. The results
showed that the contents of chlorophyll a, chlorophyll b and total chlorophyll in burley tobacco leaves at
medium altitude were the highest,and the content of total carotenoids at the fast grow stage among differ-
ent altitude had the same trend. The difference between medium altitude and other altitudes was significant
or very significant. The leaves of burley tobacco in high altitude had the higher content of total carotenoids
at the mature stage and the content of total carotenoids increased fast compared to fast grow stage. In medi-
um altitude planting area,the expression of chlorophyll synthesis genes at two growth stages and carote-
noid synthesis genes at fast grow stage were efficient, while the efficient expression of the genes related ca-
rotenoid synthesis at mature stage appeared in high altitude planting area. Medium altitude was more suit-
able for planting E” yan 1.
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WAFTEZE 5. A WE5E 3 B BE A ¥ 35 Tt & A0 ok Jit
il e T 08 B U i VA AR T g A AR .
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JFE S TEAR DG OC 2 . BV A R 5 DU A5 9 4 oy JEE L 17
AR IR Hb X (800~ 1 400 m) 4 I 4k 2 i
Gy MRPESE T AW IR )2 R o SO R - b v 2 A
W I o A A R R e, R A 2 N 6 600 ~
1700 m i 4 DX IO i o M B0R ) TS = R R
B, 800 g HAC s DX A I e R B ) SR e N &
SramBEcE . 1 300 moHEHRO X R AR, A O IK
o X S A ) AR 8 R i R R 2 T =
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TR ke D A X R R TR TR VA B R
AR IR AT I RO A 0 R S i R R B R AR X
Bt R E W TR R IX . e TRk
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1.1 R 58 R Ak 38 i& it

TR T b a5 T AE ) b 4 TR T A LB i B A
o 3 MR BE B 43 ] DR T 3L (800 m) | K ik
(1200 m) T 11 (1 560 m) . HEiR 5 APk 24 Hb
JU A = R A SR 1S A b S A
FEA — 0, BEARIE ) LR 1,

3 AR b - I8y B AR o b i A L
Ty, K WEHRE T 3 IRE K /NXTH AR 65 m?,
ATAREE 120 em>X 60 em, A 1250 2k FH 09 IE K53 391 Ky
TR HIE A A BB A5 B R 1. N = P,O; ¢
K,O=1: 1% 2, 256 i he > 15,70 % 5 & e
AT A R A TR b SR B AR BT AR 300 A
JIELF 50 0 B BR 4R B Ak i 7t . A T AR R T RS
A JE 30 d figaE NE it . HC At FH ) R B A R A it A
I T 7 R 44 4 IR b O 5T R AR A SR
7o i AR AR B AR BT [ 43 5020 5 A 12 H .
SHT7THMSH 3 H. FHEA IR A2 ik B 4b
PRI 5] — By AR 3 Bk BUh BRI 6 2 10 Sk
Z [ R R ECE TR T IR IR AR AT .

1.2 WMERNBMFE

1.2.1 RAEgEaERFERRELN BGE 22K
FH 0 F ) Trizol 352 BUE RNAMY BEALE] 432
M F A 8 cDNA, LI cDNA 2 #i #ix, Primer
Premier 5 84T P 1514 (£ 2), LA L25 (R A%
WA AREPFD AR Z R RT-PCR 2% K
It ZACHHE R OB L R A R IR RO . 45 5 R X
F9 45 FGH I % Bt il 44 Bk B2 DT RE DL 2% 3.

PCR & & #y: cDNA 2 1 pL.diH,0 (% & 7
AR 11 pL, BHEGIA R S I E 1.5 pL. &
Yekhi Taqmix K 15 pL. 44 PCR 1K & 4 30 pL,
RV FEJFA 94 CHUAEPE 5 min; 94 CAEPE 30 s;iR
KR ER ST T (22T AR 46 (47 *C~60 C);
72 ‘CHEfH 1 min; 35 PMEFF ;72 CEEAH 10 min, T 4
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Table 1 The soil fertilities of experimental fields in different altitudes

R 1 o HE 2% AR WA WA

Altitude/m OM/(g kg™ ") TN/ % AP/(mg « kg™ 1) AK/(mg -+ kg™ 1) AN/(mg * kg™ 1)
{4k Low altitude 5.90 23.50 0.27 26. 10 235.00 132.61
FrifE 4k Middle altitude 5. 80 24. 22 0. 34 24.10 210. 00 119. 25
Bk High altitude 5. 60 24,87 0.28 25.58 212.50 139. 98
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Table 2 The primer sequences and gene fragments amplified by PCR
- AI . “ I /7 I
% ﬁi% 5 #¥) %4 Primer sequence(5'-3")
Gene Accession No. IE 1] Forward JZ Ii] Reverse
L25 1.18908 GCTTTCTTCGTCCCATCA CCCCAAGTACCCTCGTAT
CAB AY219853. 1 ACTATGGTTGGGACACTGCT ACCTCCTGGGTAAATCTTGT
PDS AJ616742. 1 CCCTGACGAGCTTTCGATGC TTATCACAGGAACTCCCACT
PSY HM345582. 1 ATGGGACAGGATTCTTGGAT TTGCGGAGTTATGTGGGATG
ZEP JY284576 GAACTCGCCGTAAAGACTGG TGAAGCCGCAGGAGTGAAAG
ZDS JF975566. 1 TTGTTGATAGACGTGGAAAC ACACCGAGCACTGATATTGT
LCYe HQ993098. 1 GTCCTGCTGGTCTTGCTCTT GGAATGACAATGTCGCCCTC
LCYb X81787.1 TGGAAGGGTTAATCGGAAAC TGAGGGATGAACCAGACCAG
PAO AY492174.1 GGGCATTGAAAACTGGAAGA TTACTTGGCGATCAAAAATG
CLH EU294210 GTTGCAACCTGTCAGCAT TGGTGTCTGACTCGACTT
CCD1 KC747730 TGAAACTCCTCCTTTTAAGAAC CGCATCTAGATCTGGATTCTGC
CHL I AF014052 GGTGGAACCTGTTAGCCT TTGGGTCTGAATCGAAGT
*3 SERFEBRAHREHNERFEDER
Table 3 The gene encoding enzymes and the enzymes involved in plastid pigment anabolism
3" Gene fiff Enzyme ¢ Function
5 7t a/b A D a2/ b
CAB iﬁ;:giizift;/nb #if &R Chlorophyll a/b it £ 454 % H a/b  Encoding chlorophyll-binding protein a/b
PDS JVA TN 4L Z i 4 B Phytoene desaturase AL N AT ZE 7 i 8 N Z K% 1k Catalyzing the transformation from phytoene to {-carotene
PSY VAT L E A A Phytoene synthase KA E NEASBGEREEMREEF The important rate-limiting enzyme for carotenoid synthesis
" e . o BEARETF CUO LRI Y PRI ERRREE S PRI AT R E H T Catalyzing the epoxida-
ZEP R BFHI A Zeaxanthin epoxidase tion of zeaxanthin which is one of C (40) form of carotenoid and turning into violaxanthin
ZDS ¢ MR AEF Ccarotene desaturase A I PR F ML E ML Catalyzing the transformation from ¢-carotene to lycopene
, e . L . AL T ZI A, e, NI A B o # b K Catalyzing lycopene transformation and e-cycle for-
LCYe LT < SR Lycopene-e-cyclase mation,and the synthesis of o-carotene
. " o o ) AT ML RIE R B3 AT A B 918 b % Catalyzing lycopene transformation and B-cycle for-
Leye LT - ILHG Lycopene-feyclase mation,and the synthesis of -carotene
¥ o = ; _
PAO E%{gfﬁi a A Pheophorbide a mo 25 25 70 AR i 2 A2 v (0 G B PR 3 i The key rate-limiting enzyme for chlorophyll catabolism
- 2 . . I 25 3R K AR R A PR TR A I AL B I 4 3R 0 8 G — A B 4% 3R (L) Hydrolyzing chlorophyll to
CLH it 4% 8 Chlorophyllase chlorophyllido of carboxylic acids and phytol
cch1 K N RAEIA S H Carotenoid cleav-  A[ELRZ R Y N RIR W& B2 KRG G Y Catalyzing many carotenoid substrates
age dioxygenases turning into a number of natural bioactive compounds
DU IR AL 0 A 4 I R 5 BT £ R 3 3 CB 3 30 M9 58 — AN i RS (L I I AR Y
T s HAN [ 1 98 2 5 - A 2 20 % B B 1) {2 5 {5 S Tt is the first enzyme of the chlorophyll
CHLI HEE T3 A HF Mg-chelatase branches (branch of magnesium) of tetrapyrrole compounds biosynthesis controlling the synthesis
of chlorophyll,and its different subunits is involved in a reverse signal transduction from chloroplast
to the nucleus
CHH-A, mm i. d. X150 mm,5 pm, 3 [E Waters A A, Ji 8l
1.2.2 BREBREEWMUE RAMKER F T 5 AH A B S N B I R FREE R 1 D L s A

BURE I i R T A B AL B JS  MER AR I 0.2 g
MRRIERE BT 50 mL A% A F, R In A 25 mL
90 %% P TR I VL 5 AR 5 i IR A% 4 T R 7R D 2 IR
20 min, FF W48 WU 5 28 O S A HILIEE (0. 45
pm) 1L E . S A 1.5 mL AR 6 €0 535 A €55 53
i .

TAE % 4  Symmetry Cis 2 AH 8 35 4 (3. 9

B gk, W 0.5 mL/min, #EPEM:0~10
min(70% A+30% B),10~17 min(100% A),17~
30 min(90% A-+10% B). LLARJE Bk I £k 1 ik
GO A6 BE 2545 P47 10 min J5 Fahif ke . HEFE &
10 pL, B IPK 450 nm, AEE .
1.3 #HiEAE

K H Excel 2003, SPSS 19. 0 4 48 3+ 8 {4 #F 17
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Fig. 1 The test results of key genes related to
chlorophyll metabolism in different altitudes
H. High altitude; M. Middle altitude; L. Low altitude;

The same as below

R iR A B BRI TR R . A [E] T
PGB B A A B A CAB Y A vh i R 3R 38
R HE IR 5% 559 s PAO 1 CLH 323k 76 BE K3 LU
TR B0 B CHL T I CLH BRI &
T34 53 5 T PAO W32 8 9 55

2.1.2 XPEPMERHXBEENRZER ©H
B 2 A 5 mr AL IE K PSY.ZDS.LCYb,LCYe,
ZEP .CCD1 Y3 9 hy vh i #k 335 & i i » T PDS
V) B T R T R 2R GR B W 3 R . LV PDS Al
LCYb ¥ 45 AR T 45 3% 35 d5c vk vh il 3K 5 58 5 ZDS,
LCYe ZEP .CCD1 Wik It im B B Wi G 98 s PSY
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B2 RENER AR 4 b R A

O 5 I TR 1% ) 4 2R
Fig. 2 The test results of key genes related to

carotenoid metabolism in different altitudes
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Table 4 The multiple comparison of the relative expression quantity of key genes

related to chlorophyll metabolism in different altitudes

H:H Genes H:EF W Growth period

=4k High altitude

VPR Middle altitude K145 Low altitude

FE Y Fast growing stage

CAB S Mature stage

MEK Y Fast growing stage
CHLI S Mature stage

IE K 3] Fast growing stage
PAO B Mature stage

HE K Fast growing stage
CLH

S Mature stage

100. 00b 112. 50a 97.02b

95.45a 96. 82a 92. 76a
100. 00b 115. 79a 95. 13c

96. 46a 96. 18a 93. 66a
100. 00a 101. 24a 96. 32b
104. 51c¢ 112.28b 123.12a
100. 00c¢ 108. 96a 104. 08b
119. 76a 112.90b 108. 54¢

TE 0[] — 28 U1 A [5] e S50 A - A [] — 5 DR 50 A 0 2 38 1 AT 2 T LU TR — 47 P AN TRl 7 B 3R A [ 44 I 28 5 J 35 (P<0. 05) 5 3%

5.

Note: The multiple comparison of relative expression quantity refers to the comparison among different altitudes for same gene and same

growth stage;Different small letters in the same row mean significant difference at 0. 05 level among different altitudes. The same as in Table 5.
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The multiple comparison of the relative expression quantity of key genes

related to carotenoid metabolism in different altitudes

HH Genes HEFH Growth period B R High altitude g4k Middle altitude fK#4k Low altitude
IE K] Fast growing stage 100. 00c 135.90a 119. 27b
psy A Mature stage 165. 28¢ 195. 70a 190. 18b
IF K Fast growing stage 100. 00a 97. 76a 91. 45b
PDS M Mature stage 71.10b 45.62¢ 95. 56a
IE K] Fast growing stage 100. 00c¢ 144.70a 121.71b
ZDs JEHIW Mature stage 130. 66a 86. 49b 84.83b
HE K] Fast growing stage 100. 00c 177.01a 121.92b
Leye A Mature stage 104. 98b 87. 75¢ 167. 25a
IE K] Fast growing stage 100. 00b 120. 70a 68. 27¢
Leye BN Mature stage 103. 44a 94. 49b 92. 61b
IE K] Fast growing stage 100. 00c 131. 42a 120. 06b
ZEP UM Mature stage 132. 83a 104. 26b 4.89¢
IE K] Fast growing stage 100. 00c 148. 16a 136. 25b
CCD1
S Mature stage 208. 46a 166. 19b 93. 85¢

x6 FRBHRAMERGEZSENZERER

Table 6 The comparison of plastid pigment contents of burley tobacco leaves in different altitudes/(mg + g~ ')

I Fast growing stage

A Mature stage

JiH

ftem 1560 m 1200 m 800 m 1560 m 1200 m 800 m
42 a Chl a 6.715Bb 8.260Aa 6.294Bb 4.545Bb 5.957Aa 4. 354Bb
42 b Chl b 3.028Bb 3.974Aa 2.830Bb 2.249Bb 3.243Aa 2.101Bb
Q*Eﬁ?" N #& Beta-carotene 0. 837Bc 1.079Aa 1.024Ab 0.905Aa 0.850Aa 0.662Bb
3% % Lutein 0.714Ab 0.941Aa 0.777Aab 0.706Bb 0.775Aa 0.585Cc
¥ it Neoxanthin 0.180Bc 0.263Aa 0.211Bb 0.233Aa 0.228Aa 0.169Bb
#4345 Violaxanthin 0.134ABb 0.152Aa 0.114Bc 0.139Aa 0.090Bb 0.052Cc
2% % B Total chlorophyll 9.743Bb 12.234Aa 9.124Bb 6.794Bb 9.200Aa 6.454Bb
KW & B4 Total carotenoids 1. 866Bc 2.435Aa 2.126Bb 1.983Aa 1.944Aa 1. 469Bb
Chl a/Chl b 2.217Aa 2.081Aa 2.222Aa 2.021Aa 1.852Aa 2.086Aa
Car/Chl 0.191Ab 0.199Aab 0.235Aa 0.292Aa 0.211Bc 0.228Bb

e 01— A D 3 BRI /5 00 SR D LI 25 8 8% (P <0, 0L L (P<0.05),

Note: Different big and small letters after the three values of same growth stage in the same row mean significant difference at 0. 01 level and 0. 05 level among

different altitudes.
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