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Analysis of Differentially Expressed Genes Related to Photosynthesis
in Nostoc flagelliforme under Drought Stress

MA Xiaorong, LIANG Xinhua, ZHANG Zheng, HU Jinhong, ZHOU Sili, LIANG Wenyu"
(School of Life Sciences, Ningxia University, Yinchuan 750021, China)

Abstract: In this study, the colonies of N. flagelli forme with different water loss treatments were used
as the research material, and fully water-absorbent state was used as a control. High-throughput sequen-
cing and qRT-PCR techniques were used to detect the differential expression of photosynthesis-related
genes under drought stress, and the changes of photosynthetic pigments were also detected. The results
showed that: (1) 113 photosynthesis-related genes were differentially expressed under different degrees of
drought stress, and 44, 74 and 91 photosynthesis-related genes were differentially expressed in 30% , 75 %
and 100% dehydrated colonies, respectively. (2) The contents of phycobilin, chlorophyll and carotenoid
decreased gradually with the drought intensifies, the Rubisco activity increased at first and then decreased
but the activity of GAPDH decreased with the increase of drought stress. The results showed that N.
flagelli forme regulates photosynthetic activity through the differential expression of photosynthesis-relat-
ed genes to adapt to drought stress. The research provides reference value for further research on the
drought stress response mechanism of N. flagelli forme and lays a foundation for further understanding
of the photosynthetic mechanism of N. flagelli forme drought tolerance.
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Bl F B RS ZE Y e B L (R S LA R Y
W SCK o3 FRRRE K A3 T BE 1 FE i T R IR T 5 1
b 5 A M A G LA SR A N BE L TR A T &
S B PR ARG L 2 A S LR IR 25 DL 3 A R
BHY . BRI R Bl A Ak S A AL
R AN R DN e o G ol o) ST L (Y2 N EZ e i S

BERNAEFB R R, T R T ot bl
RACIEINAR G BT T B, LIS R A R S AR
TR 1 2 SR TE AS W IROK 1 AR v OB A T T R
WilaR LRGN e KPR (F,/F D8, 1f
WA FH AR R A X RS o Bl & S K 43 5 R W
WD A VR T RE WA PR R 55 . > & S e A4
584 KB A 1 S 1k o P W% AR A R 35
FAEWFEIN N K3 KK G T WK B R —
G RERNE OC F ORI 2 B G A TS kL B K AT LA
i % 2% B ¥ 6 A VR A 310 I 3 3 A o H At R 7
(Fe'" ,Mg”" ,Na",NO, , PO} .Cl ) M=% 8
TEEMB N, EEEARMEMREN. 25
SAEHMMEE A R T 2R EET  HiE T
S0 B ) A R R 2 80 50 A 1R A DG 1 B
E B FSvSe TS N AN B8 STED O B ok e (SN R
SEPE AT B R ng HLG A R A G B R R
AT R Y 25 R Rk ARk

i FIa A M AR N & 384 K R 7 AR 3L b A
RE T R A0 A, FEAE G 3R IR 25 5 ek R A R 1
BIL X A BB L 2B K % B R B & G
AR E R S 3 R 5 A 0 A A B R R
FRBEA TR MR, SR & S T 5 an &
PFF A WA B A VR AR 5 35 R 4n ] 25 4k L) 3 Ry
TR M AR IR, R AR BF 5 R FH R A R
FAR B A YE B 2E B0 & 3T R0 T 24 5 %Kik
fh 't G A B A DG 3k DR 3k 47 0 %8 R RT-PCR i
— M RS 25 S R GA AR IR G R
A O i T35 R A A T 0 O A AT TR AR R A ROk
ARG RE IR 22 5 R R LA, A TR AN IR R SR i 5 1Y
e o T L B E SR
1 MR IT
L1o#

Wk AT E B L0 A SR A K R SR T R
IR b FEZ 35 10 d, W€ J6 A 3 % & Rubisco 3
P 5B ARES K ST HO B R PR R SR AL T IE R AR
KRS G M RE S AT AR B, R SR KR 0% I RE A
X AL (A, 223 KK 4B 30 min, 60 min il 48

h G AR AR & 3 R K F8 0 30 0 YRR (B) 75 %60 Y
FEML (O FN 100 7 Y FEG (D), RRHALFE S 3 K.
1.2 7 &
1.2.1 RNARHEE DNAMUFXEHE K%
RNA #BCR A 07 . FE S B RNA i
oI5 A6 o A I SO, o RNA R FE 0 1R
48R JE 2 BR {RNA 54 mRNA, L mRNA Jy i
B, A5 BB — 4% cDNA B, Z85d ANTP S 5t A L4
4% cDNA #%, 4l fb BUEE cDNA LA K 80K it i 5 i
polyA JFZEHe M 5 45 3k L SR I AT i Be R/ 4, B
JEHEAT PCR 41 L RE AT S 4L 7 SO

it FHAZ% 1R 26 1 B AY (Quibit2. 0) ) 46 & = 1 1
SE SR SO FR B SCE 2 1 ng/p L, b5 22 5E 18
2100 A3 HFAX (Agilent 2100) % 3C 7 19 K /N BEFT
K, R qRT-PCR J5 8 4 A i BeAr & 10 i)
SC PR A R o LA A0 BE (U A R0 BE > 2 nmol/
L) o DUR PR SC% o ik B R AR EOR
1.2.2 Illumina HiSeq MEF R EZRERBFHE
3 38 & Illumina HiSeq PE150 Il /537 & % & 44 4
U B SCPE AT I e 3R AS JEL AR 5HiE o %) It s s A7
ZBRAF 1%k (adapter) B ELBE (reads) . 5Bk N(N &
738 TG i 2 B8R AR B B 9 R T 1026 19 reads FiI
FBRAE R & reads (B 3 i 2 {H Phred score <<5 )
B LA o R A 2 B BE Y 5000 DL ED B AR B 4R A
T 5 00 33 TR BUHE (clean reads) . #RJE LA A SEFEH
2H (http://genome. kazusa. or. jp/cyanobase/Nos-
toc flagelliforme CCNUNI) Vel 5 2% 5 N k17
FPFEHXE . LA P <20, 05 9ot & 1 AIAH ¢ 22 5 Kk
PR 7 36 A A
1.2.3 RAERBEXERM qRT-PCR 54 3w
It SR L N P v 7 228 1 0 o 2% SR Ol A A AR DG R [
4T QRT-PCR ¥6iiF, gRT-PCR 5 &8 5256 i (Vazyme)
VM AR R AT BR A w) Crb L R O 1R & e
BN E EAI A ChamQ Universal SYBR gPCR Master
Mix X &. H4E NCBI LB & # MK FKIEHAF
B . Primer Premier 5. 0 i&it H B3 H§ 59
(£ 1, AB %MK 16S rDNA 5]4# 16S-F 1 16S-R,
I Roche LightCycler480 %4 %¢ Yt 22 f# PCR AN #E AT I
N, PCR #3454 95 °C 10 min; 95 C 30 s360 C
1 min; 3 41 DMEIR, RHT 272 Jriklom ar by 5t
PRI A A X 3R 0K B B RN 3 IR A
1.2.4 EEBEFEQLN RER. FHEER.K
LIRS e S B AR S M k.

HEFR (PComg » mL ) =0. 1870D,,, —0. 0890D 5,
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Table 1 Gene function annotation and primer sequences
FE [ 44 F TrhE B GIR/ER S 51975

Gene name Functional annotation

’ . . Y
Primer name The sequence of primer(5'—3")

16SrDNA AR 16S-F GGGCTACACACGTACTACAAT
Pt Reference gene 16S-R TTACTAGCGATTCCTCCTTCAC
Psh27 &G 1 Psh27 A Psb27-F CTGTTTCTGGTCTTGGCTCTT
: Photosystem [l Psb27 protein Psv27-R TTTCGGGTACTGCACGATTT
PsaK JeFES T W3 X PsaK-F CCCAGGTCACTTTACCCAAA
a4 Photosystem | subunit X PsaK-R AGCGAATTGTCCGAGGAATAA
rap? 3-ME TR H I T A gap2-F TCATCACGACTATGACCACAAC
gap Glyceraldehyde 3-phosphate dehydrogenase gap2-R GCCAAACTTATCGTTCAACACC
Psbl Je&E 4 1 PsbL A PsbL-F AAACAGAATCCCCAGAACGA
R Photosystem [l PsbL protein PsbL-R ATGGTAGAAAGATCGCCCAA
PetE RN PetE-F CAGCTAAGGACGGCACTTTA
’ Plastocyanin PetE-R GGTTCGCAGTAGAAGGTGTAG
PsbX Yt R % 11 PsbX & 1 PsbX-F ATGACGCCTTCTTTAGCAAATT
5o Photosystem [l PsbX protein PsbX-R CGCTGAATTTTATCTTTTGGC
PsuB Je RS 1 PT00 MR RBENEERA A, PsaB-F GAATGGCAACGTGAACAAGG
a Photosystem [ P700 chlorophyll a apoprotein A, PsaB-R TGGGATGCGGACGAACA
Crw EE N CrtW-F TTGGTGATGTTCTTCGTGGTAG
7 Beta-carotene ketolase CrtW-R CGTGAACCAATGGGAGGTTAT
CRTISOS KA MR FHEG 5 CRTISO5-F ACATTAGCACCACCAGGTAAG
Carotenoid isomerase 5 CRTISO5-R CTGTCCAACCAGTACCTCTTAAA
DS S R R ARG ZDS-F GAAGTCAGAGGCACGAAAGT
b Zeta-carotene desaturase ZDS-R CACCTTGGGCAACTACTATACC
Pet] LK 6 Pet] -F CATCAATCTTATTAGCAGCCCAG
¢ Cytochrome c6 Pet]-R TTAGGACCAACGTGAGGATAGC
s . . + ) PetH-F TGCCGTTCTTGTCTAATCCTG
PetH BRAELEH-NADP ' B )i H Ferredoxin-NADP ™ reductase PetH-R ACTTACCGTCCCAATGCTCC

FEWER(APC,mg » mL~ ") = 0.1960D,, —
0.0410D g,

W4T ZE (PE.mg » mL ') =0. 1040D.;, —0. 253PC
—0. 088APC

BAHE A (w, %) =PC% +APCY% +PE%

M4 E 2 KW NS E S i
7535

et R a FH.Ca (pg » mL ') =16, 29 X
OD 5 —8. 54X 0D,

K PEFTEH.C (pgs mL7')=7.6X
(OD 5, —1.49X0D;,) .,
1.2.5 FEAIE T Rubisco 1 GAPDH & 14 Ul &

K 7R M B4 A W H R AT BR 23 W) X Rubisco i #

HEATINAE . 7E 340 nm WO A9 A8 Ak mT 1 5038 Ji A
LR Wy R Y U W e S
Rubisco I1ETE, 25 CH 1 mg 25 H 1 min Efk 1
nmol NADH, # A T H ¥k BE 1154 Rubisco i 1.

GAPDH ¥ P 52 >R JH 75 M B 86 A48 1 R BR
ERAR G e EE TN 340 nm 4 NAD-

PH J8/0 & 1155 GAPDH i ¥ . 5 mg 41212 145>
BRISAE 1 nmol B NADH & S —ANBE 71 5407
1.3 HiE4tE

TS5 56 B4 F SPSS Statistics 26. 0, Origin F
Excel #4177 20 Wik 5645 R ) 22 55 W5 IFE R,

2 R0

2.1 MEFEHEREEN

REA I 7 5080 s RS R I B IR R <20, 03 %0
I B B (K T 20 B0 B o5 B AR B Y T
FEAE 97 %6 LA B KT 30 MBREETE 93 % LA |, GC &%
R Y 45 %0 A2 AT )T RN B A
Witk . KRS 4 A B R RE A BEAT A G M A I, B
AR [] B AH O 22 5088 K F 0. 88, 26 W I ¥ Hi 3 7T &
FEA R EEE R HER AR,
2.2 FTEBETEXXEGEAAXERANER
rix

xR SET R T AT 22 5 %A 5
KEGG pathway &M & £ M7 00, B EE
26 AR AR A OGS (P <<0. 05) . 1% 113
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AZEFRRE G 2), PLIRKE 0% (A) I xf IR, 5K
R 30% B RFAERN 2T EFIE 44 4, %
KFETEN (O RFNAEMMZEFRBHEFILA
T4 RIKF 1000 (D) RZEEAAEH 2 5 Rk &
HAA 9114, B L%ﬂDﬂVﬁE%% A%
H 31 AE D, i Fr 8, B FE LIS N

8, O AEM A ZE RN 18. 2%, T IERH K
36 . HAAEM B 2R 81. 2% ;C FE A%
BA 21 A, A EH B2 5 56 28, 4%, T i &t
HA 53 A FeAERBZERRR 71.6%;D # I
PR 46 4> FOCEEH R 2E 55K 50.5% , T
FEH R 45 4 HEAER A ZE SRR 49.5%,

x2 TRARKERSEXAGIERBEXINERRE

Table 2 Differentially expressed photosynthesis-related genes from N. flagelli forme with different water loss

H K ID FEIH 2 R log log, . log, .1,/ A/ T FE P R
Gene ID Gene name 2(B/A) 2(C/ 8 2D/ 8 Up/Down Gene description

CO091_03928  CRTISOS 1.886 1 2.916 4 3.004 3 A KW H N FEFHE 5 Carotenoid isomerase 5

CO091_05771 Crtw 1.415 2 2.659 2 3.2385 A B-H % | K EHBERE Beta-carotene ketolase

CO0O91_00204 CruP 0.600 03 / / A T4 R EE lycopene cyclase

COO091_04679 PDS / / 0.475 76 4 15-Ji- J\ & & i 210 2 240 Fl 15-cis-phytoene desaturase

COO091_04720 CrtH / / 1.293 6 A F 4L & AU Prolycopene isomerase

. o _ JeZ G 1 PT00 M4 ZHIEE M A,

CO0O91_04602 PsaB 1.2216 0. 18716 0.666 05 4 Photosystem | P700 chlorophyll a apoprotein A,

CO091_03113 PsaK / 0.502 92 0.779 74 A HFE S T W X Photosystem | subunit X

< ) ) , Y6 & % 11 P680 J ity Dy

C0091_02476 PsvA 0.369 41 / 0.406 02 t Photosystem Il P680 reaction center D, protein

CO091_04701 Pet] / 2.000 2 2.405 7 A i 5,3 6 Cytochrome c6

CO0O91_06519 PsbH / 0.350 23 0.702 35 4 Yt %4 [l PsbH 4 [ Photosystem [ PsbH protein

COO091_04702 PetE / 0.325 49 0.555 26 A JEAA#E % Plastocyanin

CO091_02880 PsbX / 0.306 99 1.033 1 A FFE 4 1T PsbX & Photosystem [ PsbX protein

CO091_11277 PsbT / 0.241 33 0.639 71 A &G 1l PsbT 1 Photosystem [ PsbT protein

CO091_07431 Psb27 / 0.209 37 0.221 89 A Y Z G 1l Psb27 # 1 Photosystem [ Psb27 protein

COO091_04453 PsaE / / 0.266 65 A e F& 4 1 WAV Photosystem | subunit IV
4 . 4 :

CO091 03029  COX15 / / 0.749 87 A M @5 C LB RE A 1T T IE 15 .
Cytochrome c¢ oxidase assembly protein subunit 15
JeFR G 1 P680 Ll D, &I

. - y 2

CO091_06385 PsbD / ! 0.623 89 t Photosystem Il P680 reaction center D, protein
JEHRGE 1 PT00 M4k REIEEN A

< . . / - bl 2K H 1

C0091_04603 PsaA / / 0.594 88 t Photosystem [ P700 chlorophyll a apoprotein A,

CO091_05897 PetC / y 0.587 7 A ?ﬂ]ﬂ@ﬁ%‘}b&f B AW Cytochrome b6-f complex iron-sul-
fur subunit
&5 1 P680 L H ot D Photosyst II P680 reacti

CO091_05323 PsbD / 0.530 67 A KRR Sl L D, & £ Photosystem reaction
center D, protein

CO091_06833 PsaC / / 0.513 32 A Y FE 4 T WIHNT Photosystem [ subunit V[

COO091_04549 Psal / / 0.464 32 A WZ4 1 7 %X Photosystem | subunit X

COO091_04447 Psb28 / / 0.442 62 A Y Z 4 1113 kDa & 1 Photosystem [l 13 kDa protein
N ) bua S 2 A e . oy - -

CO091 05322 PsbC / y 0.507 36 A RS LP4§ -4 % 3% 5 & 11 Photosystem [[ CP43 chloro
phyll apoprotein
N S - 4 b . P4 . -

CO091_03856 PsbB / / 0. 488 53 A AL I CPAT 4 % 4 i # 11 Photosystem 11 CP47 chloro
phyll apoprotein

CO091_05753 PsbO / / 0.321 75 A HR G Hfﬁ’%skﬁﬁ 1 1 Photosystem [l oxygen-evolving enhan-
cer protein 1

CO091_05985 rbel / 0.639 86 1.215 A W W BR &R fk B K 4% Ribulose-bisphosphate carboxylase
large chain

CO091_05983 heS / 0.740 47 1.390 3 A @*E - @; 2 & 1t W% /I 5 Ribulose-bisphosphate carboxylase
small chain

COO91_04661 PRK / 0.213 18 0.247 18 4 T iR #% Wi i Phosphoribulokinase

CO0O91_05200 xfp 0.594 47 1.088 4 1.681 5 A SFME - 6- 1 AR i B i Fructose-6-phosphate ketolase

CO0O91_05909 rpe / / 0.584 41 A 3-1 R A% i 5 #) il Ribulose-phosphate 3-epimerase
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%3¢ 2 Continued Table 2

JE 1D EEAH logs e, gy, L/ I [H 7 R
Gene 1D Gene name 2(B/A) 2/ 2D/ A Up/Down Gene description
COO091_04287 FBP / / 0.327 99 A 1. 6-SF 4% —BE MR Fructose-1,6-bisphosphatase 1
COO091_06695 E.2.2.1.1 / / 0.273 81 A LT i transketolase
COO091_07008 fbaB / / 0.833 89 4 Sl W R EE 4 T 28 Fructose-bisphosphate aldolase class T
COO91_06769 chlH 0.903 6 0.551 99 1.107 5 A BB Y H Magnesium chelatase subunit H
CO091_05967 behM / 0.428 47 0.404 21 A BRIGUR ik O-H1 L 4% £ flf Magnesium-protoporphyrin O-methyl-
transferase
COO091_03164 hem H / 0.396 93 0.848 93 A BB A Ferrochelatase
CO091_03539 EARS / 0.328 81 0.407 92 A AR W-tRNA & W Gglutamyl-tRNA synthetase
CO091_06186 CobA / / 0. 645 22 A JRUN R B L5 B2 | Uroporphyrinogen [l methyltransferase
CO0O91_03826 BLVRA / / 0.515 07 A HB 4% £ A 5 Biliverdin reductase
COO091_04291 CobB / / 0.510 62 A It W R Wt i 45 i Cobyrinic acid diamide synthase
CO091_05393 CpeR / 0.401 11 0.566 95 A LR A C 14 Sk B 11 Phycoerythrin-associated linker protein
COO091_01509 cpcF / / 0.409 85 A W 24 % B B F 3% Phycocyanobilin lyase B subunit
COO091_04612 cpcG / / 0.384 78 4 R AR A% 0 % 32 8 19 Phycobilisome rod-core linker protein
CO091_02325 apcD / / 0.260 58 A W % 25 1 B Phycocyanin-B
CO091_04615 K 22221 1.979 1 2.088 5 2.354 3 A HEAT &% HEAT repeat
CO091_05392 Cy 0.589 01 0.520 48 A T % Calycin
CO091_04678 CrtB —0.316 89 / / v JNE T LL E A [ Phytoene synthase
CO091_05714 ZDS —0.510 04 —0.429 58 —0.532 97 v I N E LMW Zeta-carotene desaturase
CO091_08941 Psbl —0.414 59 —0.401 37 —0.303 12 v FFE % 11 Psbl & Photosystem [ Psbl protein
CO091_11275 PetM —0.462 4 / / v 40 i {5 R b6-f &2 A W3 7 Cytochrome b6-f complex subunit 7
CO091_03763 ATPF0A —0.483 5 —0.52513 —0.71171 v FREH %3z ATP Fff V3 a F-type H -transporting ATPase subunit a
CO091_03757  ATPF1G  —0.510 27 —0.379 37 —0.214 33 v F R H' 2 ATPase W4 v F-type H™ -transporting ATPase
subunit gamma
CO091_03762 ATPFOC  —0.527 97 —0.28557 —0.66576 v F# H' %2 ATP B3 ¢ F-type H' -transporting ATPase subunit ¢
CO091_03761 ATPFOB  —0.66087 —0.38062 —0.58215 v F# H' 452 ATP M3 b F-type II+*transporting ATPase subunit b
CO091_04988 PetA —0.2977 —0.184 98 / v i 6 5 40 € % £ Apocytochrome f
+ . ] _ +_ . . .
CO091_06533  ATPF1B  —0.303 63 —0.179 33 / v F R H 5432 ATPase W2 B F-type H' ~transporting ATPase
subunit beta
CO091_03760 ~ ATPFOB  —0.849 11 —0.63535 —0.874 74 v F 7 H' #3& ATPase W3 b F-type H' -transporting ATPase subunit b
kg f ransbort s
CO091 03759  ATPFA1 —0.5773 —0.41429 —0.489 08 v P& H" §eis ATP fE3E & F-type H -transporting ATPase
subunit delta
COO091_04552 PsaF / —0.216 93 —0.238 07 v JeF 4 T W3 Photosystem [ subunit [l
COO91_04989 PelC / —0. 9225 28 / y ?ﬂ]ﬂ@@?»bf}*[ A BRI Cytochrome b6-f complex iron-sul-
fur subunit
CO091_05649 PetB / —0.225 67 / v 4l il {4 % b6 cytochrome b6
CO091_04703 psbV / —0.278 79 / v JeZ 4 1 4 (5 % 550 Photosystem 1l cytochrome ¢550
COO91_04660 petH / —0.301 34 —0.345 17 v A H-NADP ' if 5 il Ferredoxin-NADP " reductase
NA Q, 5 b = . - o -
CO091_03598 psbP / —0.391 34  —0.604 04 V f‘tgﬁ 1L b S 4 3859 8 11 2 Photosystem Il oxygen-evolving en
ancer protein 2
CO091_06438 PsbU / —0.538 82 / v Y6 A% 1l PsbU A Photosystem [I PsbU protein
. ; . ) Ho RGN A5 % b559 W4 o
13 . —0 5 /
C0091_03645 PsbE / 054913 / v Photosystem [l cytochrome b559 subunit alpha
CO091_03825 PetF / / —0.229 1 v BAEIEH 1 Ferredoxin
CO091_03740 PsbL / —1.115 8 —1.023 3 v e F& G 1 PsbL 1 Photosystem Il PsbL protein
COO091_09004 PsbY / / —0.575 62 v £ 4 11 PsbY &4 Photosystem [[ PsbY protein
CO091_10290 CpeU / / —2.058 6 v JE 2 ¥4 LR 1 Bilin biosynthesis protein
CO091_04568 HemB —0.279 38 —0.21318 —0.398 75 v JIE ¢4 % 55 i Porphobilinogen synthase
CO091_ 01779 behE  —0.306 45 —0.380 71 —0.756 32 v S5 g X 55 0 i 3 4L B Magnesium-protoporphyrin X mono
methyl ester
CO091_04621 Hem(C —0.327 87 —0.416 06 —0.878 72 ¥ $2 W SL 0 5% 5 B8 Bydroxymethylbilane synthase
CO091_05107 HMOX  —0.338 —0.19385 —0.443 78 v MZE M4 # Heme oxygenase
CO091_04214 HemL — —0.34105 —0.240 54 / v B R Bo1-oF B R (B Glutamate 1-semialdehyde-amin

omutase
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%3¢ 2 Continued Table 2
M 1D M 4 Pk 108201 1) 1080, 108y, /T O RHER
Gene 1D Gene name Up/Down Gene description
COO091_04475 HemA —0.4123  —0.89371 —1.4661 v B & MWE-(RNA 5 Glutamyl-tRNA reductase
CO091_04226 cobA —0.472 72 —0.408 6 —0.909 74 v PRAN O S I H 56 5% B B Uroporphyrinogen [l methyltransferase
CO091_04100 chiH 0.570 97 0.497 1 0.659 28 v BEBC A B 3 H Magnesium chelatase subunit H
CO091_06713 chlL —0.60479 / / v Ezﬁzﬁ;zgfsfdnjn%ffoﬁ?{j%p%yhdc reductase subunit L
CO091_00302 cobl —0.657 15 / —0.607 25 v i 187 k-2~ F 5L 56 F2 BE Precorrin-2 methyltransferase
CO091_03837 chlP —0.308 74 —0.42341 —0.917 62 v M HL3A S5 Geranyl reductase
CO091_04273 cobH / —0.746 77  —0.966 51 v Tt o8 F B AL Precorrin-8X methylmutase
CO091_00702 cbiGH / —0.622 34 / v f{ﬁj:u‘ai:?};ﬁre’!—;‘oi?nﬂ;fiffﬁiﬁﬁielhﬂtransfﬂase
CO091 07185 cobl / —0.88857 —1.3948 v ?Zfﬁric” C5, 15-1 3 ¥ £ W§ Precorrin-6Y, C5, 15-methyl-
CO091_02674 CPOX / —0.239 06 —0.249 87 v By ) b ok I 40 fL B Coproporphyrinogen [l oxidase
CO091_03030 cyoE / —0.259 94 / v SR £ % X 3k 8 2L 5 B il Protoheme [X farnesyltransferase
CO091_00565 cobN / —0.449 71  —0.399 71 v Hi# A ¥ Cobaltochelatase
CO091_03568 chiB / / —0.236 34 v Izjgfﬁ;rfgfgeﬁfdn:n?ffoﬁ?f%p%yﬁlde reductase subunit B
CO091_06340 hemE / / —0.312 88 v SRUM oS B 2 B Uroporphyrinogen decarboxylase
CO091_06817 chiB / / —0.659 91 v U Al B R S X Adenosylcobinamide-phosphate synthase
CO091_03588 cobH / / —0.982 11 v I B -8 F 3L 1L Precorrin-8X methylmutase
CO091_00217 gap? —0.2779  —0.21455 —0.490 78 v 3B 1R HF I JBE AU glyceraldehyde-3-phosphate dehydrogenase
CO091_04476 glpX 0.405 9 0.212 52 0.398 29 v SBE-1.6- XA H [ Fructose-1.6-bisphosphatase Il
COO91_06512 TPI —0.498 84 —0.419 31 —0.787 67 v Wi R = Wi A Triosephosphate isomerase
CO091_07090 PGK / —0.345 69 / v W2 H MRS Phosphoglycerate kinase
CO091_03788 rpiA / —0.347 7 / v 5 R A% 5 Al A Ribose 5-phosphate isomerase A
CO091_02470 ppe / —0.268 15 / v 5 T 475 T TRV PR R AL B8 Phosphoenolpyruvate carboxylase
CO091_01238 cpeS —0.677 78 —1.0105 —2.066 v BELTHE A KA 33k 55 1 Phycoerythrin-associated linker protein
CO091_01512 cpeC —0.320 47 —0.446 58 —0.441 57 v ﬁﬁﬁ;‘lﬁi 9 T R B % 4 M Phycocyanin-associated  rod
CO091_01236 cpeD —0.714 19 —0.970 93 —2.017 1 v WELTHR A 1Y 335 28 1 Phycoerythrin-associated linker protein
CO091_01235 cpeC —0.723 24 —0.942 94 —1.695 v LT HR A I 33K 2 | Phycoerythrin-associated linker protein
CO091_01515 cpcB —0.2407  —0.218 24 / v W& 1 B Phycocyanin beta chain
COO91_01510 cpcE / —0.407 43 / v W K 2L IE 3% @ Phycocyanobilin lyase subunit alpha
CO091_03782 apcC / —0.479 15 —0.721 78 v B H A% 042 3k B 1 Phycobilisome core linker protein
CO091_01511 cpcD / —0.494 58 —0.551 66 v WK TR UM G B Phycocyanin-associated rod
CO091_03779 apcE / —0.165 08 / v BRI AZ 0 2 S B Phycobilisome core-membrane linker protein
COO091_01514 cpeA / —0.260 67 / v W% E 1 o« 5 Phycocyanin alpha chain
CO091_01239 cpeT / / —2.216 2 v CpeT 1 CpeT protein
CO091_05322 PsbC / —0.197 09 / ' ﬁﬁﬁp&ﬁgﬁjfrﬁﬁﬁ%ﬁ H Photosystem [l CP43 chloro-
CO091_03164 hemH —0.295 79 / / v BRHE A W Ferrochelatase
CO091_03539 EARS —0.436 94 / / v A HE W-tRNA & M Glutamyl-tRNA synthetase
CO091_06695 E.2.2.1.1 —0.271 51 / / v W[ Transketolase

VE ogy gy xy, B/A RIS A 5 logy ey, C/ A RIEHII LI s logypy a) D/A I TIG I, /" %R TR ER R

Note: logyp s, B/A expression ratios logy ¢/ a), C/A expression ratios logyyys,, D/A expression ratio. “/” show no significant difference
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31
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A RIKFEN 0V MRE R s B, RKR K 30 % IR :C. RAKFEN
75 YRR s DL K E 100 Y5 AL & s vs, HLEE: R
K1 TRPE T R3EEEMACEFRIEIER
A. Water loss 0% ; B. Water loss 30%; C. Water loss 75% ;
D. Water loss 100%; vs. Control; the same as below
Fig. 1 Differential expression genes related to

photosynthesis of N. flagelli forme under drought stress
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31 ®

3.1 FEMEWNEZZEXGEREREXERERE
A

JeA 6 F AL M SR FE SR R0 £ 2 R Bl
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I 17T 9 RS Pl s IR R sk 2 KA . R A
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APC e R R % oY, RS EM 12 5
AR 6 R & A W W3 R RS,
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20F
o 13 -
s T
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EE
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& 3
Q
X 9t
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' - NEi | ‘
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K2 AE TR T RSO E M RER 1 qRT-PCR 43 #r
Fig. 2 Analysis of qRT-PCR data of photosynthesis-related genes from N. flagelliforme under drought stress
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B3 TR0 T &SR 6 3R ik FEG TS A
PC. Phycocyanin; APC. Allophycocyanin; PE. Phycoerythrin
Fig. 3 Detection of pigment contents and enzyme activities of N. flagelli forme under drought stress
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