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Whole Genome Identification and Bioinformatics

Analysis of Maize P5CS Gene Family
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Abstract: A phylogenetic tree was constructed based on the PSCS gene family of 14 species, and the gene
structure, conserved motifs, and physicochemical properties of the PSCS family members of the model crop Arabidop-
sis thaliana and three closely related species of maize, sorghum, and rice were deeply analyzed. The alkali-tolerant
inbred line Zheng58 and the alkali—sensitive inbred line Chang7-2 were used as experimental materials to transcrip-
tion analysis data of the leaf and root for the seedlings under the stress of 200 mmol/L. NaCl or 100 mmol/L. Na,CO;
solution at stress 0 h, 1 and 3 days. The results showed that the P5CS family members of 14 species were divided in-
to two clades in the phylogenetic tree, which may be derived from at least two common ancestral genes. PSCS family
had similar gene structure and special gene characteristics. There were 3 members of the maize PSCS gene family,
which included ZmP5CS1, ZmP5CS2 and ZmP5CS3. Under saline—alkali stress, ZmP5CSI and ZmP5CS3 were
up—regulated, but ZmP5CS2 is down—regulated. They may respond to saline—alkali injury through different mecha-
nisms and participate in proline synthesis.
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1.1 FIERE B IRE
A FERG B 2SR HE P (1) 4 % X (CDS, Coding

DNA Sequence) 25 [ )74 FILBE R ZH T REAR Bk A LA
K JE < UL FE IF (Arabidopsis thaliana L) {5 Bk H
TAIR 10(https://www.arabidopsis.org/) ; £ K (Zea mays
L.). /K # (Oryza sativa 1.) . 5 5 (Sorghum bicolor L.).
T (Setaria italica 1.) . K7 (Hordeum vulgare 1.) /)N
# (Triticum aestivum L.) S HLIRIE /N (Triticum urar-
tu)  [FVHE /N (Triticum turgidum) ML 1L 2F 5 (Aegilops
tauschii) , —FEIGAN L (Brachypo diumdistachyon) .\ H.AE
KL (Spartina alternifloraLoise 1.) ./NEFET(Puccinel-
lia tenuiflora) B 7z (Chenopodium quinoa Willd.) . i 15
(Medicago truncatula)14 FAEY 0015 B 2K B Ensem-
bIPlants £X4& % (http://plants.ensembl.org/index.html) .
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TEAUNRI ST, PSCS S HE A 22 A= 45 A PR
MU, A5 PSCST A PSCS2 WA RLDL , H 8 Z 47
TE—E R IIRE ML, iR SR IT PSCS HE 1 7
BRI P R ZEARIL | K K PSCS SRR IR
44K ZmP5CS1 . ZmP5CS2 .ZmP5CS3 %% .

PAADL R I 4 DR 20 5080 12 R P> PSCS B
FIREREE 1R B K S 14 MEY) R B 79 T isOE
E<le #EA T4 BLASTp FUXT, 0 6 H [ P51 448 v 114
J¥51) 5 F F 7 H HMMSEARCH 3 g 9 PRk 3 5 E<
le, N EIRE U e B HE 91 P AR A AR T 25
¥ 38 0 2 81 5 45 A PEAM U3 JE (hitp://pfam.
xfam.org/) 1 Z5 R 3005 2., 0 DR A 1 2 T 4
B PSCS FED ZERAH R PR ST 4l A, e 2 oK
S 14 M) PSCS FER M
1.3 P5CS EE K& FHHE . L4 A E L K B 1E
W £&% 53 4

fifi F ExPASy(https://www.expasy.org/) TE - 15,
X K PSCS Jik K ZR 0 Y BIr A7 1 03 1A 5 8 1 1
17 (MW, Molecular weight) , B2 25 Hi, 55 (pl, isoelectric
point) A S ANER & PEHE B (LD A 0™ it AR L T
H. WoLFPSORT(https://www.genscript.com/wolf— psort.
htm])*F1 CELLO(http://cello.life.nctu.edu.tw/) >, X %
DRl 25 25 1 B0 I A0 M o R AT 00 [ B e ek
SignalP(http://www.cbs.dtu.dk/services/SignalP/) ™ , X
TR PSCS ZE[H R 2 P81 b 5 Rk B
FURAEAE B B BEATF00 . d5eJ {1 STRING 7
28 13 (https://string—db.org/) ", FEFT 4R VT FE A 1) T
SRR s gt R AR R 45
1.4 ZFILEARGEELE S

| MEGA7(https://www.megasoftware.net/) %X
PE2E4 T 2 e 5 e, 48 F 4R #2292 (N, neighbor—join-
ing) i FEALA ™ JHp  SROECE M IARARKAE Ll
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ST IR IT B R SEAEYIRY PSCS DA 5% 14
of {3 R SO RIS R 44K, 1 TBools $2 U 8+ I
72 000 bp J3* 51, M 1A 31 15 28 73 T H: Plant-
Care(http://bioinformatics.psb.ugent.be/webtools/plant -
care/html/) FEM I =A% FH ﬁﬁ:(CRE , cis—regulatory el-
ement)"””, i TBtools #1141 R Dy REAE L K 20 I Jig
ARIEAE ST RY S A, LDV 1 A Al T 08 3h
T XA AL
1.7 P5CSER KRR TFERF N1t

& H I 51 $E 28 MEME(http:/meme- suite.
org/tools/meme) W il 113 B Py 5L , JE PP i 5 R
BB N 10, HALH BN S 2™, {1 F TBtools # - 1]
PSSR, BUE E<1e”, T3 A B BLAST /740 £k
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BEDR X LM LA R e (K 3 SRR R, L
TBtools P & F Fy XoJ 49) il 1) 1470 e P ik DA ) 28
KEGAT AL
1.8 P5CS ERRRHWIEREEHNMINEES LS4

THRAZ TR [F] S (Ks) A [] S (Ka) B A0 % LA
M Ka/Ks {H , f# H TBtools #K {f: P - Ka/Ks_Calculator
FFUEAT Ka/Ks oo AR$GIA IR SCHEARIE , Ka/Ks>1.0
FER IE M, Ka/Ks<1.0 & n & A glifb ¥ £, Ka/
Ks=1.0 F/R RPERERE . AN, BURE AL ()R I 2250
T= Ks/2AX10°(\= 6.5x10°° , {CF RABHE Y 125 7
YA T F (Mya) TR,
1.9 EHEEMEZE TEDIES

DI R ok 22 B2 A8 58 FiLE 7-2 ik, Fil 7
MR LB 2= B EORDFR T . SRR/ N —
B FRLIRLS TC AR BT, 1T 0.19% TH IR IS W 7
10 min, REFP 7R FRTE FOK &) i S e A, O

TOLHER TR . B FR 400 16 hoG /8 h RIS AL
TR N 60% , T BE H (25+2) °C/(20+2) CR/E A
#6558 A 50 ~ 60 wmol/(m” - s), 1 1 & AY Hoa-
gland BEFRW . FELIET 2 30 1O, 6 FHERBhE
(200 mmol/L NaCl)S A i ¥ (100 mmol/L Na,COs)
XA AT . 2090 F 0 ho 1 d A3 d, FRECH
FIARA 25 mg, BEDFEARAL S 3 DS W E A
ST EIBAT A VR VR, i 4 80030 R i (Leaf under
salt stress, LS), £k I i T #2 (Root under salt stress,
RS) BB T I (Leaf under alkali stress, LA) A8iifri8
T HR(Root under alkali stress , RA)AE A, i F-80 °C
e iR
1.10 ZmP5CS ERE Kk TR

i JH EZ-10 & RNA /N S IBGGR] & [ A T A=)
TR (L9 B0 AT BRZA ], B618583] 42 UK 58 A1l
By 7-2 - FIAR A ) RNA, 3 i MightySeript 2 — 4%
cDNA & i Master Mix(gDNA digester) 5% 51805 &5
(R T A9 TR () e A7 BR 22 W, B639252] S e
A4S cDNA, 1E N qRT-PCR AUAR AR , DL K UBI
YERMNZSEA . TS H PrimerS.0 5631, 4 T4
Y TR B B A IR ARG MR 1), SEPOEE
T+ PCR JZ W 7£ ABI7500 5215} 9¢ )6 7 # PCR /X (Ap-
plied Biosystems) 1 #47 , IR A 2X SG Fast qPCR
Master Mix(Low Rox)[4E T A=) T.#2 (1) B A FR
/N, B639272]. qRT-PCR A WA 2 N 20 pl,
10 L 2XSG Fast qPCR Master Mix(Low Rox).0.4 L
/RS I(10 wmol/L) . 1 WL cDNA #EH A1 8.2 pL
TR RV 95 CHIAEME 3 min; 95 CAE M
305,60 CiR I 30 s, AT 40 MFER, Wi dE
PR T o R 24 T R AR R R ik i, Bk
FRIARR 38 B (P bR 28) 30

®1 AHRERSIWIIE

Table 1 List of the primers used in this study
BIE7E20N ElkZe2dl
Primer name Primer sequence

ZmUBI-2_F TGGTTGTGGCTTCGTTGGTT
ZmUBI-2_R GCTGCAGAAGAGTTTTGGGTACA
ZmP5CS1-RT-F CCTCTACAGCGGTCCACCTA
ZmP5CS1-RT-R CACTGTTTGAAGCCACGAGA
ZmP5CS2-RT-F ACGAGGTGATCCTTGTGA
ZmP5CS2-RT-R CATCCAGCTCCATCTGTG
ZmP5CS3-RT-F CCAAGCGATCCTCAGTCA
ZmP5CS3-RT-R TGCCACCTCTTCCAACAC
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R EAFHEY T Pscs%itlwseﬁkm , LAl
FAIT 20~ P5CS JE PR 5 1 51 19 28 B2 1y 5 AR Ay o
PSR A HL BLASTp S PFAM 25 #4387 15 K 25

IR P2 P i e 1 3 5ok PSCS RITE LN, fin 4% b
ZmP5CS1 . ZmP5CS2 1 ZmP5CS3, Lht 7 =ik o
HARVEY PSCS BERN G AN T - B 14, = 3
RLLER SRR ENE AR /) Mﬁ%\m
AT OREL 24 A NE BT 34, /INE
413 2).
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Table 2 Copy number of P5CS gene family in 14 crops including Zea mays L. A
S AR £ K URIIF K A [ # T PN N &
Gene name Zea mays L. Arabidopsis Oryza sativa L. Sorghum Setaria Hordeum Triticum
thaliana L. bicolor L. italica L. vulgare L. aestivum L.
P5CS1 2 1 1 1 1 1 2
P5CS2 1 1 1 1 1 1 2
Total 3 2 2 2 2 2 4
WRAFE  GREUREUNE  DIE RULCER RS MERE Wk B
Gene name Triticum Triticum Aegilops Brachypo Puccinellia Chenopodium Medicago
urartu turgidum tauschii diumdistachyon tenuiflora quinoa Willd. truncatula
P5CS1 1 1 1 1 1 1 3
P5CS2 1 2 1 1 1 0 0
Total 2 3 2 2 2 1 3

2.2 P5CSEREZRES FHFIE EU RS R
4 B ZE L T

HARIE ZmP5CS Fe PR ZRR 1) 73 TR E LA S ABAT]
TEAAE N B E , R ExPASy T EAHE IR Al
Kb PSCS FKIEA BRI MR 28 45
P, PSCS R HE R 2t it 14 46 224508 1 a2 3
AR PR (R 3). 7E ZmPSCS K, CDS ¥
H A BE AR TR R I [ R R K, P R Y
} 2 307 bp(Zm00001d010056), fi 55 1>~ 2 190 bp
(Zm00001d038358), X&KL G L 7t Bty 1) 28 Bk
MRACRTET1T ~ 769, i — W ZmP5CS 2 1 B
B AT 4> R AE 79.12 ~ 83.50 kD, 2% F P H:

o 3X BB AR o ) S5 HL RUE AL T 6.02 ~ 8.41, I
A KRR SR K PEFE BUGRAVY) A AT T 19 A SF- 245 <0,
UL ZmP5CS R 1 B BA KPR . AR
RN <34, 2] ZmP5CS FEE I HA —Efa
FETE S TR A T i S 5L DR GE TG AE 4 L PN 13 o7
B R HTEL WoLF b HEOL AR R 0 ZmP5CS
SR FEH WA EN, o &5 BN, AtPSCS FER )
7y A 2 L AE M 4% 4K | (chloroplast, chlo),
ZmP5CS K&K 1 7 ) 4= 7 5 57 7% 20 B2 2 (cytoplasm,
cyto) I, FEEHMATHE TR AR K & B R 58 ) 1 2o
P AT e A HEA LY DI BE

%3 P5CSERFKRAELEITFERPHI S FHHE

Table 3 Molecular characterization of PSCS gene families in Arabidopsts thaliana and maize

M ID BEHAAR Refk EORKE @EXKE DNASK SRy i Sl Ao B WA

Gene ID Gene name  Chr. (aa) (bp) (bp) NET (kD) pl FE ZFKME Subcellular

Protein length CDS length  DNA length Exon/intron ~ MW I GRAVY localization
AT2G39800 AtP5CS1 2 717 2154 5156 20/19 77.70 589 33,53 -0.072 chlo
AT3G55610 AtP5CS2 3 726 2181 5276 20/19 78.87 6.35  33.85 -0.092 chlo
Zm00001d038358 ZmP5CS1 6 730 2190 8158 19/18 79.12 6.02  31.67 -0.043 cyto
Zm00001d010056  ZmP5CS2 8 769 2307 10 884 19/20 83.50 6.23  29.12 -0.054 cyto
Zm00001d012391  ZmP5CS3 8 756 2268 7973 21/20 82.45 841  32.65 -0.085 cyto
050510455500 OsP5CS1 5 717 2151 7011 19/19 71.75 6.37  33.02 -0.060 cyto
050110848200 OsP5CS2 1 736 2208 9 866 20720 79.51 6.10 2335 -0.058 cyto
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45 Zm00001d012391 . WA il X ARASEH A A
PR ITH PSCS B R B 2 B RR 7 S HEA T LRI 3
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PEFIARRIME . 380, 456 3K 1 A LUE i, PSCS BE A
FIGAEAFVEY b i+ DR H RS FH TR, 3x 22 01
P5CS B KR [FIED i ml g kA= 1 JE K A2 1l
IE/ IV E XU N INTRE = Q2 AR g E R UE =3
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Note: Different color regions represent different branches of the evolutionary tree: the light gray and dark gray regions represent P5CSI and P5CS2

branches, respectively.
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Fig.2  Gene structures of P5CS of Arabidopsis, maize, rice and sorghum
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EHEEEWESAE 1920048 T KT
Zm00001d012391(ZmP5CS3) & 47 21 PN F 2 4h,
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A1 2 B VS A LA AR AL, X B kS JE ]
FIGAEAC AR o it —20 1 X S 5L A 7
SE D2 v (4 53 AT FIHES G B, A B K 1 GFF3 S
PRI T 2R A 5 I i S G E R 1) 7 R
158 IFHAT T 34 ZmP5CS JEH B AL B3 b . 45
IR, Zm00001d038358(ZmP5CS1) 5E {1 1E 6 5 G
tAE I, Zm00001d010056(ZmP5CS2)F1 Zm00001d0-
12391 WABEPUENTE 8 S YL itk | o A K H
ER 1 ZmP5CS HEDH 33X R AR i D e i o2 f it
TEELE,

2.5 X IER TS

B S R ] DL S I DR S Bl X S g A
PP TS A, SE TR RS R R . Ol T
P5CS 2 Ji% 3 I 1) i S IR LA S R TG SE L v] BE 2
55 e S0 A AR, 398 HCHE PR S 4y 5 A - (ATG) Y 1 3

FABEER A & LRIMTATTH o 45 R A&, JA 31X
WAL 3 2R TT AR T K B B
FINE I DR ARS8 I A ) R0 A ) Wi 7 225 A 5 ot v
2 KR RFITRH G SRR ERRFHEYIR
BLAE IO s o3 FE SR TR A% e T A i
e 07 S AR ) AR A R B R TT (] 3). ARE IR
A5 FITIFE s MYB o MYB S5 B0 s MYC o MYC 2%
A STRE Sy FAAR 5L 4 AR S TTAF s TCrich re-
peats A 57 A F1N e 8 T4 5 MBS Sy - 5 1 o0
s WUN-motif A8 30 ¥ T ; DRE core 15 F11
5 R A R R T 5 W box A LB 5 50 N G
8, 05 150 SR TTA s LTR AR I B G ; ABRE 2
56 7% 2 W) 137 TG 4 MeJA(CGTCA—-motif , TGACG—mo-
tif) A AR F B e W IT 1 s ERE O S0 BB oo 5
as—1 R 7K A7 R i iy 1 M= A FH G 4F 5 TAA(AuxRR-
core) MR Z M N ICHF ; GA(GARE-motif , P-box) A
HRFE 2N T 5 SA(TCA—element) S 7K A% & M L TG
{1 s TGA—element A M 85 2 e v Jo/ 5 Light respon-
siveness(AE—box . ATCT-motif . Box 4.G~=box . [=box .
MRE . Spl ., TCT-motif , GA—motif) J 36 Wi i JC F ;

2 000 bp DX 1 F T W00 4R A CAE FHOCE CAT-box o AR AR B ITIE
(CREs). 5, Br 2% WA TATA-box ,CAAT-box L]
AT2G39800 3|2443|1|ofo|o|ofo|f8f2]|1[2][2]|ofofo0]|o00]1 i1 | Kol | o I
AT3G55610 2|3 olof2|ojofo0]0O 0 [l | il o | o [ 0 ojijofo[1| [N
0s01g0848200 lofal1[2[ o[ ]0]0]o0 o[1]ofofofofof1]1] ol o [ o [22] o | |
050590455500 0/0/1 of1]{of1|0]0 a2 |4fa]o|o|ofofa]ofo]o ofo 0 E T .
SORBI_3003G356000 | 1 | 3 | 3 1/ojofojo|oO 3(o|3f3]ofojof1]|1fof0]0O of1]o0[2]o| (N
SORBI_3009G160100 | 0 | 2 o|1]o[1[1]o0 | NS o ofofof1]ofo]o]0 ojof1ofo| (.
Zm00001d010056 [ ]3] 2] oo o]o]o[]1][3]03]3]o]o]o]o|o|[a]o]7]0 ofo|ofo|o| (ENIEEEEN
Zm00001d012391 1 4 of1|of1[1]n S A o (o1 1 ]o][o]o olof1]ofo N
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Fig.3  Analysis of cis—acting regulatory elements in the P5CS gene promoter region of Arabidopsis, maize, rice and sorghum
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Fig.4 Sequence analysis of conserved bases of proline metabolism gene family members of Arabidopsis, maize, rice and sorghum
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Fig.5 Collinearity analysis of PSCS gene family among maize
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Fig.6  Collinearity analysis of PSCS gene family among maize, rice and sorghum
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Table 4  Evolutionary selection pressure of maize PSCS gene family

M 1 FHEH 2 A [r) LAz S [F] SLAR S 32 Ka/K HOEE ][]
s

Genel Gene2 Ka Ks T
ZmP5CS1 ZmP5CS2 0.05 0.29 0.17 22.60
ZmP5CS1 ZmP5CS3 0.19 1.00 0.19 77.14
ZmP5CS2 ZmP5CS3 0.17 1.15 0.15 88.24
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Fig.7 Protein interaction network of P5CS gene family in maize
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Table 5 The secondary structure of PSCS proteins in maize %
HEHBATR a-HRiE PSR L B4 AN B 1t
Protein name Alpha helix Extend strand Beta turn Random coil
ZmP5CS1 41.70 20.99 10.43 26.89
ZmP5CS2 41.41 22.66 9.77 26.17
ZmP5CS3 47.15 17.88 9.40 25.56
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Fig.8 Differential expression of PSCS gene family in maize under salt or alkali stress
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