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Abstract: Objective To explore the characteristics and expression patterns of the Sanqi (Panax notoginseng) DOG (PnDOG)
gene family, along with their regulatory mechanisms during after-ripening dormancy and germination. Methods Based on the
whole-genome and transcriptome data, the physicochemical properties, gene structure, phylogenetic relationships, conserved structural (CS)
domains, cis-acting elements and expression patterns of the PnDOG family were identified using bioinformatics tools. The
gibberellins (GA) and abscisic acid (ABA) hormones were applied to P. notoginseng seeds to examine the response of PnDOG gene
family to these exogenous hormones. Results PnDOG gene family contained 16 members, distributed unevenly on eight

chromosomes. All PnDOG genes contained exons that encoded proteins ranging from 216 to 514 amino acids. These proteins were
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classified as hydrophilic proteins, and subcellular localization predictions indicated that they were all localized in the nucleus.
Phylogenetic analysis classified PnDOG genes into three distinct subgroups, revealing structural differences among the members
of each subgroup. Covariance analysis indicated that tandem repeats were the primary contributors to the amplification of PnDOG
genes. Analysis of the promoter cis-acting elements revealed that the promoter region of PnDOG genes was enriched with hormone-
responsive and stress-responsive elements, while containing a smaller number of elements responsive to embryo development.
Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) analyses showed that PnDOG genes might play a role in
abiotic stress and hormone induction. Gene expression analysis and qRT-PCR analysis showed that PnDOG genes were expressed
in different tissueswith obvious tissue specificity. The expression levels of PuDOG genes were significantly different at different
after-ripening stages and under hormone (ABA, GA) treatments. PnDOGI and PnDOGI14 was highly expressed in seeds of P.
notoginseng, and induced strongly by hormone treatment. Moreover, their expression gradually decreased with the increase of
stratification time, suggesting that PnuDOGI and PnDOGI14 were hypothesized to be the key genes regulating after-ripening
dormancy in P. notoginseng seeds. Conclusion The results indicate that the elevated expression of most PnDOG genes may be
associated with seed after-ripening dormancy formation in P. notoginseng. These genes likely play a role in regulating the release
of seed dormancy during the after-ripening process by responding to hormonal signaling pathways.

Key words: Panax notoginseng (Burk.) F. H. Chen; seed dormancy; DOG gene family; expression pattern; exogenous hormone
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Table 2 Physicochemical characteristics of PnDOG genes in P. notoginseng
Hx5 ERARE FEREE WS FRE S a RIRE KR Nl 250 W41 6 Bl

Pno01G004771.t1 PnDOG1 216 24 925.24 5.98 93.47  -0.300 37.36 2 M #%
Pno01G007489.t1 PnDOG2 507 55 872.61 8.98 68.93  —0.509 59.35 41 A%
Pno01G008000.t1 PnDOG3 496 55 381.84 6.88 7462  -0.519 58.48 41 A%
Pno02G007914.t4 PnDOG4 363 41 091.56 6.17 83.66  —0.440 44.03 20 M #%
Pno02G013726.t1 PnDOG5 249 27 676.27 9.44 106.99 -0.074 52.06 41 i A%
Pno03G004716.t1 PnDOG6 252 29171.83 6.13 88.93  -0.298 30.50 20 M #%
Pno03G004717.t1 PnDOG7? 262 30 253.13 5.30 86.37  —0.559 52.15 41 A%
Pno03G005110.t1 PnDOGS 216 24 443.78 6.08 92.13 -0.363 43.71 2 i A%
Pno04G003467.t2 PnDOG9 363 41 025.71 8.29 83.06  —0.440 53.99 2 i A%
Pno05G003744.t1 PnDOG10 502 55 569.14 6.88 7472  -0.569 60.85 2 e 1%
Pno05G010846.t1 PnDOG11 242 28 063.71 5.13 79.46  —0.455 53.54 2 i A%
Pno05G015381.t2 PnDOG12 364 41 273.98 6.13 81.57 -0.434 51.52 2 e 1%
Pno08G014019.t1 PnDOG13 472 51 955.28 6.28 76.50 —0.468 47.68 2 i A%
Pno09G000525.t1 PnDOG14 514 56 998.55 6.84 73.68 —0.511 58.75 41 4%
Pno09G000831.t7 PnDOG15 447 49 581.27 7.81 64.49  -0.615 56.99 2 e 1%
Pno11G000430.t1 PnDOG16 357 39 487.61 9.24 86.50 —0.427 60.49 2 i A%

&3 PnDOG HRIEMRRANER - REHTN
Table 3 Secondary structure analysis of PnDOG

family members in P. notoginseng

EHAWR o-M25E/% B-55 /% JEAHBE/% To 1 N = i /%

PnDOG1 80.09 1.85 3.24 14.81
PnDOG2 53.65 0.79 6.51 39.05
PnDOG3 59.48 1.81 3.02 35.69
PnDOG4 66.12 1.65 4.13 28.10
PnDOG5 73.49 1.20 3.61 21.69
PnDOG6 75.00 1.59 3.17 20.24
PnDOG7 74.81 1.53 3.05 20.61
PnDOG8 70.83 0.93 3.70 24.54
PnDOG9 66.67 0.55 1.65 31.13
PnDOG10 56.18 0.40 3.59 39.84
PnDOG11 77.27 1.65 3.72 17.36
PnDOG12 65.66 0.82 2.20 31.32
PnDOG13 51.69 0.85 5.08 42.37
PnDOG14 52.72 1.36 5.25 40.66
PnDOG15 57.27 0.67 3.80 38.26
PnDOG16 66.11 0.56 3.08 30.25
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Fig. 1 Chromosome distribution (A) and collinearity relationship (B) of PnDOG gene family
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Fig. 2 Interspecific collinearity analysis of PnDOG gene family
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Table 4 Four pairs of repetitive event DOG genes and their K./K; ratio in P. notoginseng

FER 1 FEP 2 Ka Ks Ka/Ks
Pno03G004771.t1 Pno03G004717.11 0.716 532 27 NaN NaN
Pno01G007489.t1 Pno09G000831.t7 0.111 086 31 0.361 924 85 0.306 931 99
Pno01G008000.t1 Pno09G000525.t1 0.088 642 06 0.464 584 64 0.190 798 53
Pno02G007914.t4 Pno04G003467.t2 0.076 689 44 0.280 361 51 0.273 537 69

FA, I, MAESE KZE PnDOG # A, 114
PnDOG I S5 7 DOG KRR R SES % 2K

PnDOG EFERKREHRGFH LD
N S ANCEIMILEE ST DOG AR, 5
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WML R KGR — .. =BT e,
5 PnDOG #RFRIETEN S AtDOGI. SrDOGI
HE, o PnDOGI. PnDOG14 3R F ka5
KUK MsDOGI KA, FRIFIX 2 N5 K AT G 72
=B S ARIR B R R EEAEA . AL,
DOG] PR BA i FAe . i 514 55 2 F A H
(14431, PnDOG13 F PnDOGI2 %3y HIHE =L Ae AR
R, 74 PnDOG RN RLhmEk, £
B PnDOG BRI ZK G fgic 2 5 = L H A A B 1S
TR
4.3 PnDOG EEFRWRMBIINEHRLIE, HA
BETh R R B IE T IRER

Fh 78 R ABA XF DOGI FE K i # ik
HAIEREERE., DOGI # B i 5 W
ABA/GA T GA i R i 45 P RHRUOT . 40l
TR AN ABA KL ERFRF )5, AtDOGT BERI Kk |
W, FlPRHRFE BEINIR M), &5 B KFRTT 1, ABA
L FRFR IS, AR SoDOGI (32151401, A5 i 2
W3 K Glycine max #¥, ABA &b J5, 3 /4
GmDOGIL 3 FRIE L, 4 4 GmDOGIL %A
FKIETM, GA &H)5, 74 GmDOGIL 3R FE
EYRIAM, 5 GmDOGL &R N GA 4bH,
FKIEVI BN AR, =-EF 74N GA k)5,
X 8 A~ PnDOG J:HWN. GA #bH, He 7 4
PnDOG FEHFRIEHHL N, 14 PnDOG N %
X H I B . AT RE R R A B R B A BR
GmDOGL IR 52 i 0} 18 25 Wi AR A1E oK 56 B i) 3R
2 ABA b# 5, =t 6 > PnDOG BRI FRIE H I
W, 7N PnDOG FER 355 H LR - e i ABA
LA PnDOG %R 7T g 5 U ma I ARG SRR
DOG1 R BA MR Dife, TWE PnDOG %
I AT REZ B ABA IS 4% . S B o 52 K 30
DOGI %5 ABA fEF T IRHR % o P [7] 75
ThRENO), X segh BE W] PnDOG 3 K 5 FR A i
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AR RS A B, FLRT B I A X6 ABA
UM SO S R I S, BT S SRR
PRHR S B K -
AW =B RE R AT %€ 2 16 A~ PnDOG

FEH, IR G I RN ST A A A 8 S Y ththk
PnDOG #:R#EEHAINE T, Wid 216~514 MR
B, YIONEKMEEA, Y40 AL T R 2
MTdEZY . Rl PnDOG RF4rA 3
AN, AN R 5 B R S MR 2 . K
ZH PnDOG H R KGR 8 8 7 il & =+
B R R, v Re S H PR e R R 5 S
K. PnDOG FER F 5 B B A H R IR 57
P, KZH PnDOG HEFTER T & RIA T BE

5110 )5 BARIR T BOA 5%, ARATTHE Rl 7 )
FEHR ] RRIE I NI R G T S 5 AR IR AR R
Hr PnDOGI F1 PnDOGI14 W] G =L 7 5 8
PR IR ¥ ) 28 PnDOG RN o A F X4 PnDOG
B FRRHE AR A B G AT TP, SR
PnDOG 3[R Wi |57 8% 2% 1 2 Ff IR HIR 16 20 71 H
BLHIF F5 R R — B I8E, M IE B PrDOG
B Z AL = LRl 7 i B AR T B .
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