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Abstract: Objective To clarify the relationship between chloroplast genome characteristics and phylogeny of wild and
cultivated Ziziphus jujuba var. spinosa (ZS) and provide the basis for molecular identification of ZS. Methods In this study,
the whole-genome sequence of two different varieties of ZS was obtained using high-throughput sequencing technology. Its
structural and functional regions were annotated, and the coding preference, repeat sequence, contraction and expansion of the

IR region, nucleic acid polymorphism and molecular evolution were studied. Results The chloroplast genomes of both wild
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and cultivated ZS had typical tetrad structure, with full-length sequences of 161 343 and 161 601 bp, total GC content of 37.0%,
encoding 129 genes. There were 73 and 71 scattered repeats in wild and cultivated ZS, which were F type and P type,
respectively, and 89 and 91 simple repeat SSR loci were detected, respectively. The codon preference of the chloroplast genome
of wild and cultivated ZS was weak and tended to end in A/T base. Wild ZS had one more optimal codon than cultivated ZS.
The nucleotide polymorphism index (P;) value showed that there were two fragments with high variability in the wild ZS, rpoC2
gene and rpoB gene in the large single-copy region (LSC) region, and one fragment with high variability in cultivated ZS, atPA
gene in the LSC region. The contraction and expansion of IR region showed that JLB (LSC/IRb) region, JSB (IRb/SSC) region
and JSA (SSC/Ira) region had different degrees of gene variation and sequence contraction and expansion; Phylogenetic trees
showed that wild ZS was closely related to the reference sequence KU351660.1, and cultivated ZS was closely related to the
reference sequences KX266829.1 (Ziziphus jujuba ‘Junzao’), KU351660.1 (Ziziphus jujuba), KX266830.1, MF781071.1
(Ziziphus jujuba ‘Dongzao’). Conclusion The chloroplast genomes of wild and cultivated ZS are different in simple repeats,
IR contraction and expansion, the number of optimal codons, nucleic acid polymorphic fragments and phylogenetic trees, which
can be used to distinguish wild and cultivated ZS effectively by using different SSR loci, highly variable fragments and IR
genotype and provide a theoretical basis for molecular markers of wild and cultivated ZS.

Key words: chloroplast genome; Ziziphus jujuba var. spinosa (Bunge) Hu ex H. F. Chow.; wild; cultivated; sequence structure;

characteristic analysis
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PCR WINZE 51519, #H DNA ik EkiFiz4) 400
bp [F 4. Eid Qubit 4.0 (Thermo AF], %
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Table 1 Comparison of chloroplast genome of Z. jujuba var. spinosa

Byt 4K /bp LSCH: % /bp SSCK: /% /bp IRK ¥ /bp GC/%
¥4 (HL) 161 343 89 009 19 358 52976 37
i (SL) 161 601 89 287 19 356 52958 37

a s = Z
<X &
= .
e, - W ¥
P

E1 B4 A) S#HiE B) BEMHFEEEREEILE
Fig.1 Chloroplast genome profiles of wild (A) and cultivated (B) Z. jujuba var. spinosa
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Table 2 Gene composition of chloroplast genome of Ziziphus jujuba var. spinosa
F P ThE KRB B
FERIFRIL AR AN T 3 1Pps2. rps3. rps7. rps7. rps8. rpsll. rpsl2. rpsl2. rpsl4. rpsl5. rpsl6*. rpsis8.
rpsl9

rRNA rrn4.5~ rrnS< rrnl6. rrn23. rm23. rrnl6. rrnd. rrnd.5
2 WEAA R Y rpI33+ 1pl20. rpl36. rplld. rpll6. rpl22. rpl2s rpl2s rpl23< rpl23. rpl32

DNAK i RNA R A

rpoC2+ rpoCl~ rpoB. rpoA

tRNA trnH-GUG « trnK-UUU « trnQ-UUG « trnS-GCU « trnG-GCC* . trnR-UCU . trnC-
GCA trnD-GUC~ trnY-GUA~ trnE-UUC. trnT-GGU. trnG-UCC~ trnfM-CAU-

trnS-GGA « trnT-UGU .

CCA~ trnP-UGG-.

trnL-UAA « trnF-GAA « trnV-UAC . trnM-CAU « trnW-

trnl-CAU~ trnL-CAA~ trnV-GAC. trnl-GAU. trnA-UGC-. trnR-

ACG~ trnN-GUU- trnL-UAG

ATP &IV 3
NADH- it S B 7 7 3

atpA~ atpF**, atpH. atpl. atpE. atpB
ndhJ. ndhK. ndhC- ndhB ndhF- ndhD~ ndhG. ndhl. ndhA*. ndhH

HEER GRERVEE SN petN. petd. petL. petG. petB*. petD

6 RS AE
JE RGN I 5

MR R A S IR rbel

g Y

LIH-CoA-FRALMEII R aceD
FU R A cemA
E AR ClpP*
(HETavEPS NS infA
U M 5 3R B AR cesA
AT L A matK

RFTEE PRSP I AR

yefls yef2+ yef3+ yef4

psaB. psaA. psal. psaJ. psaC
psbA. psbK. psbl. psbM. psbD. psbC. psbZ. psbJ. psbF. psbL. psbE. psbB-
psbT psbN. psbH

HEH1TADINET, - H2INET.

*indicates one intron, ** indicates two introns.

LSC X R ER L, f 82 MERH, f
i 61 N H I gnid BRI AT 21 /> t(RNA BE[A]; SSC
IR HIIE R AR R, R 124, A EA R
)11 DIEFEAT TS (RNA FEFH; IR X EH 17 4
R, 6 MEEAmgmILER, 712 (RNA ZH,
4 N rRNA FEH
33 ERFRIFMHESR

THE BT AR IR R IR L - SR SE R 4] CDS 1%
7RI (2 3), RSCU H/MEN 0389, 5%
i 42 5 % Ser H) AGC 5% T kX N, RSCU #x 5
1.869, XfMNImi & R Leu i TTA; 1 61 N34
T, XGRS R Trp A1 Met [ 5 FH A B 1)
ity (RSCU=1); fEFTAZMFH, Jmidksz ik
Arg. SLEPR Leu M 2252 Ser MM FHER %,
B 6 Ao BPARRIRIR IR A SRS R A, WA

61 i1, JLFEgd 20 MR (K 2).
MRIER 3 Mg R, B A FR IR € RSCU B>
1 ERI T3 29 4, 28 ML AT S5, 14
PLG ghE. RIER 4 F13k 5 1450, B AR
AL H A RSCU=0.08 s RIEZE 1% 25 1,
FAERET OANL TR, 7ML A 4R 6 UL
C4R. 3 MU G 4iE; #IEmRE+H INLLT 4.
6 ML A LR TALLC R 3L G ER.
J& RSCU>1 Al ARSCU=0.08 P 2B 05 11
TE IR SRR TR R 20 I e R 3RS T, B 2E B
et GCA. GCT. TGT. GAA. TTT. GGT. CAT.
ATT. AAA. CTT. TTA. TTG. CCA. CAA. CGA.
TCT. GTT 17 M%7, Hf7 /LA 52
9NUAT 4521 ANEL G 4 AREF TRk tH GCA.
GCT. GAA. TTT. GGT. CAT. ATT. AAA. CTT.
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Table 3 Analysis of relative use of synonymous codons in chloroplast genome of Z. jujuba var. spinosa

AR FER T AR R S R Eh T AR R S
Phe TTT* 1.305 Thr ACT* 1.623
Leu TTC 0.695 Thr ACC 0.748
Leu TTA* 1.868 Thr ACA* 1.172
Leu TTG* 1.200 Thr ACG 0.457
Ser TCT* 1.702 Asn AAT* 1.510
Ser TCC 0.902 Asn AAC 0.490
Ser TCA* 1.207 Lys AAA* 1.526
Ser TCG 0.617 Lys AAG 0.474
Tyr TAT* 1.593 Ser AGT* 1.183
Tyr TAC 0.407 Ser AGC 0.389
Cys TGT* 1.495 Arg AGA* 1.812
Cys TGC 0.505 Arg AGG 0.635
Trp TGG 1.000 Val GTT* 1.410
Leu CTT* 1.264 Val GTC 0.504
Leu CTC 0.414 Val GTA* 1.510
Leu CTA 0.850 Val GTG 0.576
Leu CTG 0.406 Ala GCT* 1.829
Pro CCT* 1.501 Ala GCC 0.658
Pro cce 0.758 Ala GCA* 1.048
Pro CCA* 1.148 Ala GCG 0.465
Pro CCG 0.594 Asp GAT* 1.595
HIS CAT* 1.520 Asp GAC 0.405
HIS CAC 0.480 Glu GAA* 1.505
Arg CGT* 1.274 Glu GAG 0.495
Arg CGC 0.406 Gly GGT* 1.259
Arg CGA* 1.414 Gly GGC 0.449
Arg CGG 0.459 Gly GGA* 1.612
Ile ATT* 1.447 Gly GGG 0.680
Ile ATC 0.585 Gln CAA* 1.535
Ile ATA 0.968 Gln CAG 0.465
Met ATG 1.000

*% o~ RSCU>1 HI#S T,

* indicates codons with RSCU > 1.
TTG. CCA. CAA. CGA. CGT. TCT. GTT16 4
LT, 6 MLAZRE, 9N T 4R, 110
G 4R, WML, fERRErtaRREERI A,
T-LLA/T 25 o 0 bU 29 A B A A R R e A 25 B
T, H 1S NEETAFE, TGT. TTA N AR AEE
BEAMEN T CGT NI LA LT
34 BMEEERFS SSR 7#f

FE BT A RGBSR AR R R A, LA 3

144 NMFEEE P A, HABPATRA 73 41, RIGHR
AT AL 103 A F MEEFHIF 77 4P A
HE T, FARKI R B CRHEL T AL,
LRSI E] 180 4 SSR A7 f, HFAFRA 89 4>, Fkk:
TR 91 A~ Hp ik E T E R, H IR

REZTH, hWEESHERD (B 3-A). 25
FRA A/T I HLIE 5 5 730 6466 4™, AT/TA/TC
MBI E %A 13 1>, AAT/ATT/TTA ) 3 Bt &
H&H 4 1, ATAA/ATTG/CTTT/GAAA/TCAA/
TTTA/TTTC4 WL EE %A 71, TAAAT 5 HittH
HEA 1A &80t 4a k2 40 SSR AT 5 R 4 : A
[ R X, LR A 71 IX 3, JE R X 35k P 43+ 1) SSR
B % (B 3-B).
3.5 IR XiYdE. 35k o4

Wk B AE AR R A S NCBI &
( KU351660.1 ) . %4 # ( MF781071.1 ) . R &
(KX266830.1). FZFRI BRI (MT225404.1) %
FEHIAE (NC-037151.1) (SRR 20741 IR 14
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Table 4 Optimal codon analysis of coding region of wild Z. jujuba var. spinosa genes

s EACIRIE  IRRIAEE AR EAIATE  RRIE R

AR T #H RSCU #H RSCU ARSCU | W Wi T HH RscU # rscu oY
Ala GCA 6 1.143 14 0.789 0.3542 Pro CCC 4 1.067 7 0.6090 0.4580
Ala GCC 2 0.381 11 0.620 —-0.2387 Pro CCG 2 0.533 5 04350 0.098 5
Ala GCG 0 0 11 0.620 —-0.6197 Pro CCT 3 0.800 18 1.5650 —0.765 2
Ala GCT 13 2.476 35 1.972 0.504 4 Gln CAA 6 1.714 25 14710 0.243 7
Cys TGC 1 0.250 3 0.353 -0.1029 Gln CAG 1 0.286 9 0.5290 —0.243 7
Cys TGT 7 1.750 14 1.647 0.1029 Arg AGA 7 1.313 16 1.6550 —0.342 7
Asp GAC 5 0.769 10 0.500 0.269 2 Arg AGG 2 0.375 6 0.6210 —0.245 7
Asp GAT 8 1.231 30 1.500 -0.2692 Arg CGA 16 3.000 23 23790 0.620 7
Glu GAA 22 1.760 40 1.429 0.3314 Arg CGC 1 0.188 3 03100 —0.122 8
Glu GAG 3 0.240 16 0571 -0.3314 Arg CGG 3 0.563 5 05170 0.0453
Phe TTC 8 0.533 14  0.683 -0.1496 Arg CGT 3 0.563 5 05170 0.0453
Phe TTT 22 1.467 27 1.317 0.149 6 Ser AGC 1 0.200 0.194 0 0.006 5
Gly GGA 11 1.630 24 1.920 -0.2904 Ser AGT 8 1.600 16 1.5480 0.051 6
Gly GGC 4 0.593 8 0.640 —0.0474 Ser TCA 3 0.600 16 1.5480 —0.948 4
Gly GGG 4 0.593 8 0.640 —0.0474 Ser TCC 6 1.200 7 0.6770 0.522 6
Gly GGT 8 1.185 10 0.800 0.3852 Ser TCG 3 0.600 7 0.6770 —0.077 4
His CAC 1 0.333 6 0.923 —-0.5898 Ser TCT 9 1.800 14 13550 0.4452
His CAT 5 1.667 7 1.077 0.589 8 Thr ACA 4 0.800 23 1.5080 —0.708 2
Ile AUA 13 0.867 27 1.039 —-0.1718 Thr ACC 7 1.400 13 0.8530 0.547 5
Ile AUC 6 0.400 17 0.654 —-0.2538 Thr ACG 4 0.800 7 04590 0.3410
Ile ATT 26 1.733 34 1.308 0.4256 Thr ACT 5 1.000 18 1.1800 —0.180 3
Lys AAA 26 1.576 26 1.405 0.170 4 Val GTA 13 1.368 20 13560 0.012 5
Lys AAG 7 0.424 11 0.595 -0.1704 Val GTC 1 0.105 8 0.5420 —0.437 1
Leu CTA 5 0.556 9 0.701 -0.1457 Val GTG 2 0.211 9 0.6100 —0.399 7
Leu CTC 5 0.556 8 0.623 —-0.067 8 Val GTT 22 2316 22 14920 0.824 3
Leu CTG 2 0.222 9 0.701 -0.4791 Trp TGG 10 1.000 13 1.0000 0
Leu CTT 13 1.444 15 1.169 0.2756 Tyr TAC 3 0.375 5 02780 0.097 2
Leu TTA 19 2111 26 2.026 0.0851 Tyr TAT 13 1.625 31 1.7220 —-0.097 2
Leu TTG 10 1.111 10 0.779 0.3319 Asn AAC 9 0.900 11 0.5789 0.3211
Met AUG 21 1.000 29 1.000 0.000 0 Asn AAT 11 1.100 27 04211 -0.3211
Pro CCA 6 1.600 16 1.391 0.208 7
DL S T A R R IE T T
The bolded codons are the highly expressed codons.

x5 FIEREERRLDX &N BRL TN
Table 5 Optimal codon analysis of coding region of cultivated Z. jujuba var. spinosa genes
AR LT ,E%iﬁg ,,ﬁ%ﬁg ARSCU | &EM]R %137 ,Eﬁﬁ% ‘,ﬁ%ﬁ% ARSCU
$H RSCU #(H RSCU ¥H RSCU #¥H RsSCU

Ala GCA 6 11429 14 0.7887 0.3542 Asn AAC 10 09091 11 0.5789 0.3302
Ala GCC 2 03810 11 0.6197 -0.2387 Asn AAT 12 1.0909 27 14211 -0.3302
Ala GCG 0 0 11 06197 -0.6197 Pro CCA 6 15000 16 13913 0.108 7
Ala GCT 13 24762 35 19718 0.504 4 Pro CcccC 4 1.0000 7  0.6087 0.3913
Cys TGC 1 02857 3 03529 —0.0672 Pro CCG 2 05000 5 04348 0.065 2
Cys TGT 6 17143 14 1.6471 0.067 2 Pro CCT 4 1.0000 18 15652 —0.5652
Asp GAC 6 09231 10 0.5000 0.423 1 Gln CAA 4 1.6000 25 14706 0.129 4
Asp GAT 7 10769 30 15000 —0.4231 Gln CAG 1 04000 9 05294 -0.1294
GIT GAA 21 19091 40 1.4286 0.480 5 Arg AGA 6 12414 16 1.6552 04138
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£5 (8
ERIEER  RREENR ERIEER  RREENR
HHR BNT —————— — — ARSCU | @HER #T — — — — ARSCU
¥H RSCU #{H RSCU ¥H RSCU #(H RSCU
GIT GAG 1 00909 16 05714 —04805| Arg CGA 13 26897 23 23793 0.310 4
Phe TTC 9 05625 14 06829 —0.1204| Arg CGC 1 02069 3 03103 —0.1034

Phe TTT 23 14375 27 13171 0.120 4 Arg CGG 3 0.6207 5 05172 0.103 5
Gly GGA 12 17143 24 19200 -0.2057 Arg CGT 4 08276 5 05172 0.3104

Gly GGC 4 05714 8 0.6400 —0.068 6 Ser AGC 1 01935 2 01935 0.000 0
Gly GGG 5 0.7143 8 0.6400 0.074 3 Ser AGT 8 15484 16 15484 0.000 0
Gly GGT 7 1.0000 10 0.8000 0.200 0 Ser TCA 4 07742 16 15484 —0.7742
His CAC 1 03333 6 09231 —-0.58938 Ser TCC 5 09677 7 0.6774 0.290 3
His CAT 5 1.6667 7 1.0769 0.589 8 Ser TCG 3 05806 7 0.6774 —0.096 8
Ile ATA 14 09333 27 1.0385 -0.1052 Ser TCT 10 19355 14 13548 0.580 7
Ile ATC 5 03333 17 0.6538 —0.3205 Thr ACA 4 07619 23 15082 —0.7463
Ile ATT 26 1.7333 34 13077 0.4256 Thr ACC 6 1.1429 13 0.8525 0.290 4

Lys AAA 25 1.7241 26 14054 0.3187 Thr ACG 5 09524 7 04590 0.493 4
Lys AAG 4 02759 11 05946 03187 Thr ACT 6 1.1429 18 1.1803 —0.0374
LeT CTA 7 0.763 6 9 0.7013 0.062 3 Val GTA 14 14000 20 1.3559 0.044 1
LeT CTC 7 0.763 6 8 0.6234 0.140 2 Val GTC 1 0.1000 8 05424 04424
LeT CTG 2 02182 9 0.7013 —0.4831 Val GTG 3 03000 9 0.6102 —03102
LeT CTT 13 14182 15 1.1688 0.249 4 Val GTT 22 22000 22 14915 0.708 5
LeT TTA 18 19636 26 2.0260 —0.0624 Trp TGG 9 1.0000 13 1.0000 0.000 0
LeT TTG 8 08727 10 0.7792 0.093 5 Tyr TAC 4 04706 5 02778 0.192 8
Met ATG 19 1.0000 29 1.0000 0.000 0 Tyr TAT 13 15294 31 1.7222 —0.1928
Arg AGG 2 04138 6 0.6207 —0.2069

IR R BRSOy R R B R T
The bolded codons are the highly expressed codons.
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Fig. 2 RSCU value distribution of each encoded amino acid codon
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