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Chloroplast genome characteristics and molecular marker development of
4 species of Pennisetum

JIANG Zhuanzhuan, CHEN Hong, BAO Hongyan, DAI Yutong

(College of Life Science/The Province Key Laboratory of the Biodiversity Study and Ecology Conservation, Anging
Normal University, Anging 246133, Anhui, China)

Abstract: [Objective] The objective is to analyze the chloroplast genome characteristics of four published
plants in the genus Pennisetum, and to develop corresponding molecular markers. This will provide new
insights into the evolutionary and phylogenetic relationships of Pennisetum. [Method] Bioinformatics
methods were used to analyze the complete chloroplast genome sequences of four species of Pennisetum
published in the NCBI database. The analysis included repeat sequences, codon preferences, polymorphisms,
collinearity, and development of simple sequence repeat (SSR) molecular markers. [Result] The chloroplast
genome length and GC content of the 4 species of Pennisetum are relatively similar, with a low degree of codon
shift. Boundary expansion analysis indicates no significant contraction between different regions. Collinearity
analysis shows strong inter-species collinearity among the 4 species of Pennisetum. Phylogenetic analysis based
on chloroplast genome sequences reveals that P. flaccidum has the closest phylogenetic relationship with P.

glaucum, P. purpureum, and P. alopecuroides. 5 pairs of SSR molecular markers have high practicality in plant
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species within the genus Pennisetum. Specifically, primer SSR2 is expressed in both P. flaccidium and P.
alopecuroides; while primer SSR5 is specifically expressed in P. flaccidum. Additionally, SSR1, SSR3, and
SSR4 show high conservatism among all four species in this genus. [Conclusion] This study concludes that
the chloroplast genomes of these 4 species are relatively conserved; furthermore, it confirms that genetic
relationship between P. flaccidium is closest to those found in P. flaccidum, P. purpureum as well as P.
alopecuroides. SSR2 molecular markers are specifically expressed in both P. flaccidium and P. alopecuroides,
while SSR5 molecular markers are specifically expressed in P. flaccidum. [Ch,7 fig. 2 teb. 28 ref.]

Key words: Pennisetum; chloroplast genome; molecular marker; SSR

RIBHLE Pennisetum /2 RKAF} Poaceae ' —JS B E YR, HAEYIERZH, 046 | FARZHF4
s, Erpor A TR RO -, 2BRZY 140 A, 2805 FHEINN, R EE S ALY & POl
BAHEEMA, HApFafE g, BB Lr N E. E BT ZR AR 2 aE 2
EHRE P purpureum B F1—4F 5 LR B P. americanum VLN E AT FPRI 2222 #0118 i i
RIKSEAHY IR, BN 25X T T —FRHNF5E, (0 ARTE B 53 254518 .

1o SEATL) B I SRR T R AR/ Nl 72~217 kb BIREERR DNA, A4 130 N . SRR R 241 2
LI DU AR S5, 8 R AL & 1 K EH% DL IX (large single copy, LSC). 14~/NEi$s Il IX
(small single copy, SSC) LAK 1 % & [7]F & J¥51] (inverted repeat region, IR)!', FHEFREILHAL, nhsg
IRFE A A hE R, HARFREUIN . S50 17 5 DL P AR Sp 1 DRt it A R 40 5 9] i it 5 3646
INAEP s A A . FhE] OC R DU S aE vk B 2 L o FAEY R s & S O o hRic
R AV M A G AR 8 T B P94 7P 1 X (sequence characterized amplified regions,
SCAR)™"! | FEHLY" $4 £ &5 7 DNA(random amplified polymorphic DNA, RAPD)!'Y & ¥ 55 & J5 51 5 ic
(inter simple sequence repeat, ISSR)!' SEARiCEFE Y 9k 1Zis . Hid, M40k 8 i &2 741 (simple
sequence repeat, SSR) bric e ARG ARIC T i, Wadbric i eRiRFS, SEAT RN . AT Rl E] G
FEVS, CafeVr 2R g 1,

ARG 4 PR B R E AR AR S, R HLAEIE R A2 07k, XTI B SRR BE R 4 1Y
SRR T RAE AT RGEVEIT Y, THl I RE LT e HorG LR, BT Rt ko Finid,
AR FE RSB AR PRI ] G FR A S M RS8R 53 T B B A

1 MBS &*

11w

PHRLE A e 78 e AR ) AR 5T 5 AR S AR RO E S SR I AR 1 4 FOR R R A, 4
SR HE Y P. flaccidum . 4 P. glaucum . R IRBHE P. alopecuroides
1.2 FHiE
12,1 e R a2 TAG AR 58 [ E A W AR (S Bt (NCBI) £ 1 (www.nebinlm.
nih.gov\genome) HJR R R AEY M SRARIE R A5 B, KB 4 PR B R RAEY C & Al 58 8 1) i R 5L [N
IS, BIEHE (NC _057588.1), M4 (NC_057571.1), £ E (NC_036384.1). JREE (MN180104.1), fii
FHl CPGAVAS2 (http://47.96.249.172:16019/analyzer/home) Xif A< HF 55 VEHL ) 4 Ff ke 1y - 456 44 S5 DR 26 40
B, it OGDRAW (https:/chlorobox.mpimp golm.mpg.de/OGDraw.html) 7] #i4k .
122 AR ARARELE KT E /554 iz H Misa (https://webblast.ipk-gatersleben.de/misa/index.php)
Kzl SSR, HLEZAFR SSR (mono-nucleotide SSR), X A% iR SSR(di-nucleotide SSR), — 1% iR SSR (tri-
nucleotide SSR). iz F Reputer (https:/bibiserv.cebitec.uni-bielefeld.de/reputer )" 43 #1 & & & J¥ 51 (long
sequence repeat, LSR), [ [a] HL & (reverse repeats), IF [n] # & (forward repeats). [l 3 H & (palindromic
repeats), WHEIBITSEEKERL H 1000, H/NEE K 30, Hamming R 3,
123 »F R AR A ZE BT R 5 4 iz H CodonW il EMBOSS Explorer®” (http://emboss.toulouse.
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5 42 B X ) TLEGHEAT . R & 2R R N AR AE 5 70 FARie T & 3

inra.fr/cgi-bin/emboss/cusp) 1T % i F i far P 0 M1, THE H [R] %8 S 1 A% (relative synonymous
codon usage, RSCU), %1% F i M 148 %L (codon adaption index, CAI), %5611 &4 45 %L (Codon bias
index, CBI), %% F % (effective number of codon, Enc), A% F{# 45K (frequency of optical
codons, FOP), 2 ={ii[A] L& ¥ GC & (GC3s).

124 REFFEAY T £5F 94 iz A Launch Dnasp 6.0%", ¥ 3l % ¥ 70 B 4 FhAR 2 & & A 9 it
ERAR LA, A bt SRR R 2 2 (8] A% AT R A8 5 (nucleotide diversity, Pi), B #4~ 200 bp,
7 LT 4 600 bp. FEA A VISTA (https://genome.bl.gov/vista/index.shtml) #4751 LX), fii vk AR S5 B
B o s SR

125 vH2EAR A B4 LSC, SSCA» IR AR K541 FIH Rstudio ¥ 7£ £ #2 /5 IRscope™ 7 Hi b J5 i
F, il 4 FhR B R R AP SRR SE 419 LSC. SSC A IR X3l ST MiAk, S /s S [l A 4 ) 45 XSl )
W 595K

126 "t A ARAEEBES>HE 24K F G ME 12 Circoletto™ (http:/tools.batinfspire.
org/cirroletto) /3 #T 4 PR B R AL W) M SR AR FE R L p 3Lk o6 2, A B I SR L RN AE S % Ty
H) . fifi FH7E 2k T B Mulan (https://mulan.dcode.org) Xf 4 F R B 50 & FF 51, LA S N NCBI U4 i 3K A5 1Y
12 Fp KR A B HL 9 nb 2% K 3 A 4 [ K & Hordeum vulgare (MWO017635.1), 15 3% Sorghum bicolor
(NC_008602.1), 7 Secale cereale (NC_021761.1), % Setaria italica (KJ001642.1), M £ # Panicum
virgatum (NC_015990.1), 1% % Miscanthus transmorrisonensis (NC_035752.1), 3& ¥ Milium effusum
(NC_058911.1), F. 19 1% Miscanthus floridulus (NC_035750.1), /N Triticum aestivum (KC912694.1), e
Avena sativa (MG687313.1), £ K Zea mays (NC_001666.2) . ELIAT Yushania brevipaniculata (NC_043894.1)]
HEFTZ PR, BIEX SR 2 A5 P81 5 iz A MEGATL 3 R Gk

127 HFARRe T A BT BR R RE L P55

Mok fs g 5, & xF 4 FoR R v g G A L PR 241 (1) x1 FHRERHSW
SSR 13/ #5 | | Primer 3.0 (https://primer3.ut.ee/) % i1 Table I Primer used in this study
BI9. o SSR BLAALEAI LM, WEBE, HEIl TP masme-y) R I(5—3)
WiE, U TmEABE 60 C, 519K EE 20~25 ssp;  GAATGCAAGTCCTCCC  AATCATTTTGGCTGGC
bp YE RS, BEH S FF SSR 514 (3% 1), CTTAAA TGTTTT
Y vy . TGCTTCAATCGAGATC ~ CTACTAGAAGTGGCGA

1.2.8 DNA R 5 51489534 FIA CTABIL  ssk2 0 GTAAAA
RE 4 MR RSB AEY DNA, TR 50 uL A4 1 ssp3  ACACCGCTGCTTAATC  AAGGAAAGACACTTCA
R Z 4T PCR I, DNA 54 2 uL, Tag DNA % CCTTAG CGAGAA

e K AAGTCGAATCGTGAGC GGAGCCTTGGAATGGT
%ﬂi{t‘%@ 25 pL, hj‘:ﬁéﬂgﬂ( 18 uL, J:‘F{]J?F,I/I%% SSR4 CTATTA CTTAAC
2.5 0L, 76100 VAEHLE T, 4 3 pL PCR =M gqps  AGACTACTICTICTGG  CCCGGGCCTATTCGAG
RV 0.8% ROSREBREEIG L UK 40 min, SRJ5 IR areeAs AAC
FREE S BUGAGHAT IS, e m ik 2R RDO) A9
BHEABRA FMF

2 HEXRG M

2.1 MEREEEABRARKSHFE

4 T 2 e S R A 1 I g (AR L DR 2 359 A LR (1 DU R 254, 1M 138 119~1381 16 bp, GC &
h 38.6%. Fir, SSC X4, M 12384~12421bp, IR X Jy 44 576~44 676 bp, LSC X} 81 034~81 329
bp, 4 RIS IR 2 0] 45 X IR BEEAH 22 AN K, (HAAS (0 iy IX 2 4 R 2 IRl ek, A 129 176 bp,
HAR GRS X BE 5 HA 3 P AR 255, Af/IME 9 160 bp(3k 2).
22 MEGCEREANEERFIISH

SSR A4 Hr e R EK W] (K] 1A T 1B): 4 MY RAETE R IR ER . A . AR, REFEME
FAY SSR A S 43 5k 36, 34, 34 A 324, HIASHY SSR AV I Z . LSC JFH4r#ras S (K 1C 1 1D) &
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Table 2 Chloroplast genome characteristics of 4 species of Pennisetum
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£ /bp /% bp bp bp B~ B~ K JE/bp £ /op
SE 138 294 38.6 81299 12 419 44 576 86 52 126 240 12 054
ey 138 336 38.6 81329 12 421 44 586 85 45 129 176 9160
G 138 199 38.6 81 149 12 384 44 666 88 49 125 881 12318
REH 138 119 38.6 81034 12 409 44 676 84 47 126 031 12 088
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Figure 1 Number and length of short repeats and long repeats of the chloroplast genome sequence in 4 species of Pennisetum
23 EBTFRIFEST
& 2A BN : B TA03E I PEFEE0 N 0.156~0.160, TR REFFEFR M 0.363~0.368, 2B i 1
AN, AN E TR 55.77~56.18 1, B TIRAFHEA &, AR A 9 [R) SO A5 T AR R T
1 BB 85080, 41 AGA. UCU, GGA. CAA (& 2B). 1 UL 4 Fiid ¥ i+ 08 Ffm it A s, 3R
HENIRST
24 ZEMSH
AR L2 EE 5 (B 3) KW . 7746 6 DU F A AR 5 09 48 X8k (Pi>0.016), 43514 rps16.
trnT-GUU , rps4., ndh). petA/pbs] L) ndhF .
25 MEEEEABRY K
H A 4T Bl & B IR X A U4 (A 22 38/ o 4 DRl %) LSC-IRA 3% 2 55 #47 T psbA il
rps19 FER Z (8], I rps19 FE S LSC-IRA % 2 5 i HE 254 36~42 bp, T psbA fii T LSC-IRA 52 5 I .
XTI IS A, rps15 (0T IRA-SSC FYAS FAL, i IRA-SSC & A4 T ndhH 1)1 5t
26 HEMAMERZELZERNEE
FLZVE AT (K] 5A) 1R VR RS PR py L AR e ey, 35 99.94%, ZEIRZ, 4 99.02%, 1)
B, 4 98.91%. RIEHELM AZER (K SB) AT AL BL: RIS RES R, MR EBE NS
FOCRBGOE, RWIIET MR IE A SRS R 55 THYIE BN KB —3 .
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Figure 2 Statistics of codon usage bias (A) and relative synonymous codon usage (B) in chloroplast genomes sequence of 4 species of Pennisetum
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Figure 3 Nucleotide variability values (Pi) and the number of site discrepancy of the 4 species of Pennisetum
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Figure 4 Boundary analysis of chloroplast genome in 4 species of Pennisetum
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Figure 5 Collinearity analysis of 4 species of Pennisetum(A) and the phylogenetic tree of 16 plant species (B)
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Figure 6 Amplification results of primers in 4 species of Pennisetum
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=Ll T GGGATTACATCCCGAGTTATTGTGAAAAAAAAAANTAAAGAGGTTATGGA C [EL A CCRATATAGAAGGGGCCATAAACT[€GAGAGTCTTGACCAATTIGAAAGAT
Sl T GGGATTACATCCCGAGTTATTGTGAAAAAAAAAANTAAAGAGGT TATGGA i EalA CCATATAGAAGGGGCCATAAACTINGAGAGTCTTGACCAATT[§GAAAGAT
P AT GGGATTACATCCCGAGTTATTGTGAAAAAAAAAAINTAAAGAGGTTATGGA E LI CCRTATAGAAGGGGCCATAAACTNGAGAGTCTTGACCAAT TIGAAAGAT)
[Vl T GGGATTACATCCCGAGTTATTGTGAAAAAAAAAANTAAAGAGGTTATGGANNY A CCldTATAGAAGGGGCCATAAACT/EGAGAGTCTTGACCAAT THGAAAGAT
) 10 20 L 30 40 50 10 0, 30 40 N 50
IR A GTCAATATTCTCGCATTTATTGCTACHGCATTGTTCATTCTAGTTCC SEMCldT TTGGTGTAGT TGAAATAACEGAAT T[GAACTTGTTTGGTC[EAGT AR
(ﬁ“ﬁ AGTCAATATTCTCGCATTTATTGCTACIWGCATTGTTCATTCTAGTTCC [ ESllCleT TTGGTGTAGT TGAAATAAC[EGAAT TI\GAACT TGTTTGGTC[EAGT(AA[
L A G TCAATAT TCTCGCATTTATTGCTACEHGCATTGTTCATTCTAGTTCC] P A CleT TTGGTGTAGT TGAAATAAC[EGAAT T[EGAACT TGT TTGGTC[EAGT|AAK
L G TCAATATTCTCGCATTTATTGCTACKGCATTGTTCATTCTAGTTCC Y CE\ T T TGGTGTAGT TGAAATAACENGAAT T{GAACTTGTTTGGTCINAGT|A Al
B 0 70 80 90 0, e 0 80 90 100
* * % * * % * % ~ oy
Q> : ccnanarnoncioccaranierooiarasiianceac o ss Lo A2 cTo AN A A MBI AT AT ST R C AR TG G AR TR T T T CT T T
AT TCCTAAATTTTGRICCCATAT[MErGGIATAARIEAAGCAGTTTTTTT TN %é EGAARCTCAANCAAAMICATAAG NG TCTOARTGEAATCLT T TGCTTCT T
F AT TCCTARATTTTGRCCCATATOTGGRATAARINAAGCAGTTTTTT T TS Y A G GAAACT CAANCAAAMNCATAAMTGTCTCAATGGAATCTTTTCCTTCTTT
LA T TCCTAAATTTTGMCCCATATMATGGlEATAAENAAGCAGTTTT T T T Thil v : g g - 5
F p p p . 110 120 130 140 150
10 % 20 30 40 4 50 *kk Kk _kkk *_ kkk _k * Kk k% *
JEE G TTGTATCGACCCAGT[MGCTCACTAATTGATCTTTACGGTGTTTCTCTA] ST T T T T T TR T T(e T[ElelNA A TR T TR TINAAAA CC] [dcccldc
G TTGTATCGACCCAGT[MGCTCACTAATTGATCTTTACGGTGTTTCTCTA] [T TTTTT T T Ty T[Skden A TEYT T[SRNEl ThiA A A A C Cl Alefelel T[el
L &G TTGTATCGACCCAGT[YGCTCACTAATTGATCTTTACGGTGTTTCTCTA P TTTTTT TN T T Thlee A A TRV T TRl TINA A A A C CRY [dccclec
L UG T TG TATCGACCCAGTINGCTCACTAATTGATCTTTACGGTGSTTTCTCTA] P YAl T T T T T TN T T[€ T[6(3\A A TINT T[ohNE ThiA A A A CCl [:V\cccléc
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Figure 7 Comparative results of SSR sequence in 4 species of Pennisetum

2/~ SNP {if s5, 1fii SSR3 FI SSR4 7E 4 > Wy Bl v #4147 7 £ 4> B K% R 2 & MV &5 (single nucleotide
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B S (T TS B A S R LR e b, 7T DA 800 S5 5 PR 41 rh 254 EE AL B ), IR
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