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Abstract; The autophagy-related gene (ATG) family members were identified from the genome of cultivar
* Tunisia ° of Punica granatum Linn. by using the bioinformatics method, and their protein
physicochemical properties, chromosome location, gene structure, phylogeny, collinear relationship, and
expression pattern were analyzed. The results show that 58 ATG genes are identified from the genome of P.
granatum in total , which are located on 8 chromosomes. Fifty-eight ATG family members of P. granatum
can be divided into 6 sub-families. Three pairs of genes among 58 ATG genes of P. granaium have
collinear relationships; there are 45 and 41 pairs of collinear relationships between ATG gene family
members of P. granatum and those of Arabidopsis thaliana ( Linn.) Heynh. and Vitis vinifera Linn.
respectively. The mining of transcriptomic data shows that 5 genes namely PgVTIi2b-1, PgATGI1b-1,
PgATG8h-1, PgATG8c-2, and PgATG8c-3 are differentially expressed in response to ABA-alleviating

drought stress; under NaCl stress, 11 and 8 genes are differentially expressed in root and leaf of P.
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granatum , and PgATG6b, PgTORb, and PgATGIb-2 genes are all differentially expressed in root and
leaf of P. granatum. The real-time fluorescence quantitative PCR validation shows that the expression

patterns of ATG genes of P. granatum are basically consistent with the transcriptome result. The
comprehensive analysis result shows that PgVTII2b-1, PgATGIlb-1, PgATGSh-1, PgATG8c-2, and
PgATG8c-3 genes are involved in the response of leaf of P. granatum to ABA-alleviating drought stress,
while PgATG6b, PgTORb, and PgATGI1b-2 genes are simultaneously involved in the response of root and

leaf of P. granatum to NaCl stress.
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Y 6 BRAEAK AT NaCl rie Ab2E K 6 PRAEBRBEL
Iy oM 2 4, BE4H 3 Bk, NaCl A mtal k6 d(4 A 13
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WORAE 1 W, B 1 Ly T 4 A 13 Bk ity
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1] NaCl JBpie b PRZH RF 4B HECE 1 BT IR B U8
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AT -80 CUKA , FHTHEHL RNA

A BE &L CTAB 3570 $2 U RNA, fff A
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Jig H ok A SE 38, A PrimeScript RT reagent Kit
(Perfect Real Time) il & [ AW T# (K% ) AR
NG ) Wil A L cDNA . F]H Primer Premier 5.0 %X
PR RE SIS 1) (2 1) 1T qRT-PCR 4387, 514
P E A R0 A BR S A, 2 BB 4512 1Y
WS AE  PgActin NINS L, #4218 SYBR Premix Ex
Tag™ SR G (FAEY TR (CRE) ARA R B,
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Table 1 Primers used for real-time fluorescence quantitative PCR

FA Gene ERBIHFF(5'—3") Forward primer sequence (5'—3") S BIHF5(5'—3") Reverse primer sequence (5'—3")
PgATGIb-1 TCTCCCGGAAAGTGCTTGATG TCCCACCAGAACCACTACA
PgATGIb-2 CAGAGGACATTTCCCCTCAAG GGTGCTTCCACCAAAAGAAA
PgATGS5a GGCAGCTGGTGTTTCATTCA ACTTACAGTCCTCACCCAGC
PgATG5b GGCAGCTGGTGTTTCATTCAG ACTTACAGTCCTCACCCAGCT
PgATG6b CGCGATGTTCTTAGTGAGGCA ATACCTCCCCTCCAGTTCCTTAA
PgATGSc-3 CTTGTGCCAGGGGATTTGACT TCCTCGTCCTTGTGTTCCTC
PgATGSh—1 TGGTCAGTTCATCCACCTGTTAAG GCCAAAGGTCTTCTCAGTGCT
PgATGI8a-2 CAAGGTCAATGCAGGAACCC GGCACTGATAGAAGCTCCCATC
PgATGI8c—1 TGCAAACACGTCTGTCTTGGC TCCTGTAAGCGAGTCCCATCC
PgVTII2b-1 CTTTCGAGGAAGTGCTACGCA TTGCCACCAGAAGTCAGTCTTT
PgATla—4 GCTGAATTGGGCGTAGAAGG CTCCTTGTCGGGGTTGTACTC
PgTORb GATGTTACTCGTGCTGCCAG GAACGCATCCAAGACCCATCG
PgActin AGTCCTCTTCCAGCATCTC CACTGAGCACAATGTTTCCA

TEFF 40 Y, BEABESH 3 WER . KA 27 1505
25, LK BRI R AR X e ik 1
1.3 HIEGIT A E

FIH EXCEL 2010 #1 LinReg PCR #4143 452

B85 , I GraphPad Prism 8.0 #A4-AER
2 S RFnpHr
2.1 ABATG ERFGEEREHREBU SRS

38 57 BLASTx £ F1 CDD it i % 5 #1051 , %)
MU TE Y 58 AR ATG FE G i 51, 63 Hopk AT

B BREPE R T4 R (3R 2) RI] A1 ATG
GRS DA P 2 5 T 3% R 50 A R B 3K, A T 94 ~
3708 Z[], Hrf PgATGS5a 1) 44 i 1R 5% 3t 5 iy 22,
PgATG12 M Z LR IR BB /L . I S ) B
A>T B i N 10 550 ~413 118, Hif PgATGSa 1Y
PRS0 Bt i K, T PgATG12 B HLE AH X 43
F /DN, GBS 5 5 A pl 4.69 ~
pl 9.39, Hor 35 G0 01 Y FRIS S5 HL /N T pl 7,
Hoak 23 NG R BIE E S K Fpl 7, ZKIE
B AT E F] B T 30.41 ~ 70,17 ZIEH,AEF'
PgATG2  PgATG8c — 1 PgATGSc -2, PgATGSc -

W, PgATG10 Fll PgATG16 3% 6 SEIE AL B B AR B ?‘E’T%ﬂz

%2 BB ATG RERMKA R ELEE B

Table 2 Physicochemical properties of amino acid sequences encoded by ATG gene family members of Punica granatum Linn.
S GenBank 15 5 AL XN T R B () AR
Cene CenBank 1D Amino acid residue Theoretical relative The()retlhcal isoelectric Instability index

number molecular mass point (pl) ’

PgATGIb-1 XP_031375846.1 716 79 249 6.22 62.71
PgATGIb-2 XP_031397602.1 716 79 249 6.22 62.71
PgATG2 XP_031383096.1 847 93 292 5.67 39.25
PgATG3 XP_031380634.1 315 35 721 4.69 48.25
PgATG4 XP_031382439.1 468 51 358 5.47 50.59
PgATGS5a XP_031379987.1 3 708 413 118 5.75 44.19
PgATGSb XP_031379988.1 3 694 411 638 5.78 44.18
PgATGSc XP_031391463.1 363 41 071 4.85 46.04
PgATG6a XP_031376309.1 570 64 768 5.79 44.84
PgATG6b XP_031376311.1 551 62 640 5.62 43.58
PgATG6¢ XP_031376313.1 535 60 689 5.77 42.14
PgATG6d XP_031376314.1 516 58 499 5.67 43.75
PgATG7 XP_031397747.1 698 77 051 5.65 44.23
PgATGSc—1 XP_031376378.1 118 13 575 8.59 37.40
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R E Y PRI AHNT 73 o PRI AL A (pl) o
k Jel . ;{} =) NN \I‘L' 1=}
JE A GenBank % 55 Amino acid residue Theoretical relative Theoretical isoelectric Z:*%KE*E%&
Gene GenBank 1D . Instability index
number molecular mass point (pl)

PgATG8c-2 XP_031398161.1 136 15 363 8.83 31.59
PgATG8¢-3 XP_031398162.1 123 13918 8.78 32.12
PgATGSc—4 XP_031403138.1 124 14 140 7.88 43.21
PgATGS8c-5 XP_031403140.1 124 14 161 8.78 48.80
PgATGSh~1 XP_031396343.1 120 13 902 9.21 56.13
PgATGSh-2 XP_031380887.1 125 14 542 6.60 50.98
PgATGSi XP_031380663.1 119 13 686 8.80 52.94
PgATGY9 XP_031372526.1 901 103 084 6.03 49.73
PgATGI0 XP_031373088.1 234 26 533 4.71 38.45
PgATGl1a XP_031375421.1 1127 127 612 5.43 51.91
PgATGI11b XP_031382210.1 1127 127 612 5.43 51.91
PgATGlIc XP_031386579.1 1146 129 177 5.59 53.00
PgATGI2 XP_031399963.1 94 10 550 9.21 41.38
PgATGI3a XP_031386920.1 638 70 557 8.36 70.17
PgATG13b XP_031391077.1 595 65 787 8.55 67.17
PgATGI6 XP_031374591.1 458 51420 9.36 30.41
PgATGI18a~1 XP_031404689.1 430 47 158 7.64 55.65
PgATGI18a-2 XP_031407661.1 440 47 841 6.27 48.08
PgATG18a-3 XP_031384432.1 369 40 224 7.62 45.98
PgATGI18a—4 XP_031384433.1 331 36 063 6.83 42.84
PgATGI18c—1 XP_031375095.1 442 48 799 8.04 42.81
PgATG18c¢-2 XP_031375096.1 441 48 670 8.04 42.65
PgATG18¢-3 XP_031375097.1 430 47 563 7.62 43.02
PgATG18c—4 XP_031375098.1 417 45 921 7.15 45.57
PgATGI18f~-1 XP_031404379.1 984 106 713 5.79 55.75
PgATGI18f-2 XP_031404380.1 983 106 585 5.79 55.60
PgATGI18g XP_031385837.1 881 96 075 6.50 41.33
PgATGISh—1 XP_031399991.1 993 107 399 6.00 45.64
PgATGI8h-2 XP_031399992.1 992 107 243 5.96 45.51
PgATG20 XP_031397741.1 402 46 408 7.19 43.08
PgATGI01 XP_031388600.1 218 25 610 6.26 40.15
PgTORa XP_031383803.1 2 480 278 759 6.56 45.23
PgTORb XP_031383804.1 2472 278 003 6.56 45.23
PgTORc XP_031383805.1 2 471 277 916 6.56 45.16
PgVPS15 XP_031387749.1 1482 165 430 7.75 51.25
PgVPS34 XP_031401805.1 814 93 181 5.96 48.83
PgVTII2a XP_031386371.1 222 25 406 8.47 50.27
PgVTII2b-1 XP_031380089.1 220 24 831 9.39 49.98
PgVTII2b-2 XP_031375504.1 220 24 831 9.39 49.98
PgVTII2b-3 XP_031395214.1 220 24 677 9.35 44.82
PgATla~1 XP_031393841.1 326 35 351 4.90 44.74
PgATla-2 XP_031393842.1 325 35223 4.85 44.84
PgATla-3 XP_031393843.1 294 32 143 4.80 44.85
PgATla—4 XP_031376719.1 299 33 365 4.99 49.65
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Fig. 1 The chromosome location (A) and gene structure (B) of ATG gene family members of Punica granatum Linn.
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Fig. 2 Phylogenetic tree of ATG family members of Punica granatum Linn. and Arabidopsis thaliana ( Linn.) Heynh.
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granatum and A. thaliana, and the yellow lines are the collinear gene pairs between P. granatum and V. vinifera.
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Fig. 3 Collinearity analysis on ATG gene family members of Punica granatum Linn., Arabidopsis thaliana (Linn.) Heynh., and
Vitis vinifera Linn.
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Fig.4 The expression of differentially expressed genes in ATG gene family of Punica granatum Linn. under different abiotic stresses
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Fig. 5 Real-time fluorescence quantitative PCR ( qQRT-PCR) validation of some genes in ATG gene family of
Punica granatum Linn. under different abiotic stresses
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