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Abstract: [Objective]NAC (NAM, ATAF, CUC) gene, involved in a variety of metabolic activities in
plants, plays an important role in stress response. With the innovation of technology, the potential func-
tions of the NAC genes have been excavated continuously. However, there are few reports on the NAC
gene in Cerasus humilis, which has strong adaptability to various stresses. Therefore, this experiment
aims to identify the ChNAC gene and to clarify the structure and function of the gene by analyzing its
expression pattern under different conditions. [Methods]Based on the whole genome and transcriptome
data of C. humilis, combined with a variety of online websites, this study will identify and sort out the
NAC gene family of C. humilis. The evolutionary relationship, conserved motif, chromosome distribu-
tion, collinearity and promoter of the C. humilis NAC family genes were also analyzed. Taking Nongda
No. 4 as a material, 200 mmol - L"' NaCl solution and 20% PEG6000 solution were used to simulate salt
and drought stress, while 4 “C and 40 C treatments were conducted to simulate low and high tempera-
ture stress, and 25 ‘C treatment was used as control. Five biological replicates were set for each treat-
ment. After 48 hours, 3 leaves were collected from the middle of each plant, respectively. RNA samples

were sent to the company for transcriptome sequencing. Based on the transcriptome sequencing results,
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expression heat map of the CANAC genes were drawn after data screening. [Results]There are 76 mem-
bers in the NAC gene family of C. humilis. Most of the ChNAC genes encode basic amino acids. Most
of the ChNAC proteins are hydrophilic and unstable proteins. The ChNAC proteins are mostly located
in the nucleus, and the rest are located in the cytoplasm, endoplasmic reticulum, and vesicles. The pro-
portion of Alpha helix is 10.85%-45.05%; the proportion of extended strand is 9.69%-25.27%; the pro-
portion of B turn is 0% -9.65%; and the proportion of random coil is 38.29%-70.60%. ChNAC gene can
be divided into 17 subfamilies, mainly including OSNAC7, ANAC001, ONACO009 and other subfami-
lies. The number of CDS fragments of the ChNAC gene ranges from 1 to 8. Most ChNAC genes are
composed of motif 2, motif 8, motif 4, motif 5, motif 3, motif 6, motif 1 and motif 7. ChNAC gene
mostly exists in the Chr 5 chromosome, which has 19 family members. Eight pairs of ChNAC genes are
copied from large fragments of chromosome, among which three genes, including ChNACOI,
ChNAC20 and ChNAC64, are collinear with each other. The results of promoter analysis showed that
ChNAC gene may play roles in the growth and development, hormone regulation and stress response of
C. humilis. In short, the functions of ChNAC gene are diverse and it has different biological roles.
ChNAC gene also plays a great role in the growth and development of C. Aumilis. In order to study the
expression pattern of ChNAC gene under stress environment, naturally grown Nongda No. 4 seedlings
were used as the control, and the seedlings were treated with 200 mmol - L' NaCl solution or 20%
PEG6000 solution, at 4 C or 40 C to simulate salt stress, drought stress, low temperature stress and
high temperature stress, respectively. The expression of CANAC49 gene significantly increased under
the above stresses. Under salt stress, the expression of CANAC49 gene increased by 477 times com-
pared with the control, while the expression of ChNAC49 gene increased by 124 times under drought
stress compared with the control. Interestingly, the expression of CANAC49 gene increased by 28 times
under low temperature stress and its expression was up-regulated by 27.95 times under high tempera-
ture treatment. The expression of ChNAC64 gene decreased most with salt stress group by 14.29%, and
ChNAC17 gene’ s expression decreased most with drought stress group by 15.96%. The expression of
ChNACOI gene decreased most under high temperature stress, which was only 16.01% of that with con-
trol. The expression of CANACII gene decreased most under high temperature stress, which was only
26.14% of that with control. These genes may play important roles in the above four stress conditions
respectively, and may help C. humilis plants to maintain the normal growth and development under
stress environments. In particular, the expression of CANAC49 gene under salt, drought and low temper-
ature stresses had the highest amplitude, and the expression of CANAC49 gene under high temperature
stress was second, only next to that of CANACOS. 1t is speculated that it may also play an important role
in more stresses. [Conclusion] This study identified and analyzed the physical and chemical properties
and possible functions of 76 ChNAC genes, and identified the expression pattern of each ChNAC gene
under different stress conditions, which lays a theoretical foundation for further study on ChNAC genes.
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Table 1 Physicochemical properties of ChNAC
B R IR AR 53 LR AFaE EEKIEE WA E AL
Gene name Number of amino acids Molecular mass/ku Theoretical pI Instability index =~ RAVY SORT prediction
ChNACO1 258 29 428.40 9.12 47.87 -0.694 4 i1 #% Nuclear
ChNACO02 229 26 326.76 5.06 38.00 -0.494 AT Cytoplasmic
ChNACO03 302 34291.52 5.83 42.04 -0.861 4l L% Nuclear
ChNAC04 382 42 385.30 6.18 56.34 -0.649 4% Nuclear
ChNACO05 265 30261.12 9.14 56.34 -0.680 4% Nuclear
ChNACO06 296 34 078.33 8.09 62.96 -0.892 41 #% Nuclear
ChNACO07 206 23 530.06 5.05 50.91 -0.716 41 i 1% Nuclear
ChNACO8 201 22 862.38 5.97 54.77 -0.878 41 M % Nuclear
ChNAC09 389 43 622.59 5.76 46.46 -0.629 4fi 1 5 Cytoplasmic
ChNAC10 390 43 735.75 5.76 46.37 -0.616 4H 1% Nuclear
ChNACI11 253 28 825.26 5.48 48.54 -0.725 4fi 1 5 Cytoplasmic
ChNACI2 348 39 822.95 8.46 37.04 -0.676 4f M #% Nuclear
ChNACI3 290 33 389.76 6.33 46.43 -0.766 4H 1% Nuclear
ChNAC14 381 43 877.27 6.14 42.92 -0.781 4H M 1% Nuclear
ChNACI5 363 41 510.05 4.92 42.78 -0.826 4l 1% Nuclear
ChNACI16 350 39 320.13 8.09 42.81 -0.632 4l 1% Nuclear
ChNAC17 370 41 940.84 6.96 37.11 -0.708 4l 1% Nuclear
ChNACI8 298 34 146.74 9.02 32.51 -0.703 4 1% Nuclear
ChNAC19 318 35906.43 8.47 51.91 -0.858 4 1% Nuclear
ChNAC20 237 27 137.64 9.63 50.72 -0.811 4l % Nuclear
ChNAC21 387 42572.33 5.16 40.51 -0.606 41 #% Nuclear
ChNAC22 340 39 640.98 8.21 30.62 -0.632 41 #% Nuclear
ChNAC23 92 10 398.78 5.12 58.82 -0.436 4f e J5i Cytoplasmic
ChNAC24 558 62 298.82 5.32 40.43 -0.524 AT Cytoplasmic
ChNAC25 558 62 284.78 5.22 39.84 -0.523 4f 1 J5i Cytoplasmic
ChNAC26 222 24 308.61 4.38 58.19 -0.818 4l % Nuclear
ChNAC27 320 36 994.21 6.09 44.97 -0.831 41 i % Nuclear
ChNAC28 302 34291.52 5.83 42.04 -0.861 ML #% Nuclear
ChNAC29 185 21772.88 8.11 50.19 -0.742 4l il 5 Cytoplasmic
ChNAC30 218 25739.31 6.04 58.59 -0.767 4fi 1 5 Cytoplasmic
ChNAC31 468 54 597.37 7.21 48.64 -0.849 41 i % Nuclear
ChNAC32 457 53432.13 7.19 4823 -0.847 4fi 1 5 Cytoplasmic
ChNAC33 469 54 660.51 7.21 47.87 -0.828 P4 )i W Endoplasmic reticulum
ChNAC34 379 43 94531 4.67 61.67 -0.956 41 1% Nuclear
ChNAC35 353 39512.75 4.98 56.00 -0.905 4H 1% Nuclear
ChNAC36 467 52819.74 4.75 52.65 -0.735 4H 1% Nuclear
ChNAC37 467 52819.74 4.75 52.65 -0.735 #H 1% Nuclear
ChNAC38 396 43757.22 4.86 58.87 -0.768 4l 1% Nuclear
ChNAC39 425 47 814.15 4.88 54.79 -0.698 4 1% Nuclear
ChNAC40 590 66 030.16 4.52 28.75 ~0.547 ZH L 5 Cytoplasmic
ChNAC41 632 68 907.61 5.63 31.75 -0.781 4 1% Nuclear
ChNAC42 204 22310.46 4.28 44.32 -0.815 4l 1% Nuclear
ChNAC43 497 55356.46 4.73 52.02 -0.745 4 Hf1#% Nuclear
ChNAC44 201 22 033.19 4.28 46.53 -0.836 4 1% Nuclear
ChNAC45 425 47 814.15 4.88 54.79 -0.698 41 #% Nuclear
ChNAC46 333 38228.99 5.59 51.83 -0.959 4 i1 #% Nuclear
ChNAC47 414 47 418.05 5.61 43.55 -1.003 4 1A% Nuclear
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%1 (45 Table 1 (Continued)

B i SAIERR L AR 53 = e NVt E SEBKIEE WA E AL

Gene name Number of amino acids Molecular mass/ku Theoretical pI Instability index =~ RAVY SORT prediction
ChNAC48 346 38942.65 5.06 42.94 -0.560 4% Nuclear
ChNAC49 285 32143.59 6.32 61.33 -0.843 ML #% Nuclear
ChNACS50 335 38 522.04 4.95 56.94 -0.760 41 i #% Nuclear
ChNAC51 347 38 715.14 7.74 43.48 -0.937 41 #% Nuclear
ChNAC52 284 32 769.05 5.64 41.74 -0.675 41 t% Nuclear
ChNAC53 271 30 798.01 8.76 35.76 -0.530 411 5 Cytoplasmic
ChNAC54 306 35509.64 6.17 55.98 -0.806 4 fa % Nuclear
ChNACS55 577 65 360.69 4.90 46.12 -0.599 HEif Vesicles of secretory system
ChNAC56 432 48 123.89 458 36.43 -0.381 4f 15 Cytoplasmic
ChNAC57 351 39 435.07 5.01 31.38 -0.588 4H 1% Nuclear
ChNAC58 351 39 161.92 5.39 40.59 -0.541 #1l i #% Nuclear
ChNAC59 378 42 935.64 7.01 38.48 -0.952 Z % Nuclear
ChNAC60 166 17 968.3 5.79 52.16 -0.666 4l A% Nuclear
ChNAC61 306 34936.34 8.00 51.13 -0.829 4l A% Nuclear
ChNAC62 352 39567.18 6.61 46.52 -0.701 Yl A% Nuclear
ChNAC63 182 20939.42 6.44 49.07 -0.695 Y il Cytoplasmic
ChNAC64 262 29 584.17 7.96 53.75 -0.597 4% Nuclear
ChNAC65 854 95216.85 4.93 48.15 -0.824 4% Nuclear
ChNAC66 362 42 308.98 6.31 60.16 -0.953 iU #% Nuclear
ChNAC67 344 39 123.11 521 40.85 -0.822 YN Hfu% Nuclear
ChNAC68 437 49 328.48 6.35 35.52 -0.636 41 #% Nuclear
ChNAC69 483 53 683.97 6.98 46.65 -0.611 YA Cytoplasmic
ChNAC70 294 33023.53 6.08 32.62 -0.825 4% Nuclear
ChNAC71 321 36 523.06 6.01 41.05 -1.023 4% Nuclear
ChNAC72 454 51 744.89 6.41 49.40 -0.892 ML #% Nuclear
ChNAC73 363 40 353.33 7.78 46.51 -0.729 411 5 Cytoplasmic
ChNAC74 295 33935.43 7.04 41.89 -0.677 41 #% Nuclear
ChNAC75 373 41 068.51 8.45 38.98 -0.764 41 i #% Nuclear
ChNAC76 383 42910.39 8.23 41.37 -0.596 41 1% Nuclear
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#*2 ChNAC ZAK KL
Table 2 Secondary structure of ChNAC protein

o L 451] Ratio/% o LE A5 Ratio/%
SR 5 , B R % 5 5
Gonomme  0-UBIE HEIEE P AU Gononame  0-UBNE  EIEE piesn LA
o-helix  Extended strand  f-turn Random coil a-helix ~ Extended strand  f-turn Random coil

ChNACO1 10.85 18.99 5.81 64.34 ChNAC39 21.41 14.59 3.53 60.47
ChNACO02 18.34 23.14 4.80 53.71 ChNAC40 22.37 15.42 4.75 57.46
ChNACO03 11.59 17.88 2.98 67.55 ChNAC41 27.85 18.83 9.65 43.67
ChNACO04 18.06 14.40 3.40 64.14 ChNAC42 43.14 11.27 5.88 39.71
ChNACO5 16.98 17.74 3.02 62.26 ChNAC43 29.58 11.87 3.42 55.13
ChNACO06 16.55 13.51 2.03 67.91 ChNAC44 36.82 12.44 6.97 43.78
ChNACO07 20.39 14.56 3.88 61.17 ChNAC45 21.41 14.59 3.53 60.47
ChNACO08 23.38 10.95 3.48 62.19 ChNAC46 18.32 14.41 4.50 62.76
ChNAC09 22.88 13.62 4.63 58.87 ChNAC47 17.15 17.15 4.11 61.59
ChNAC10 23.59 15.13 5.13 56.15 ChNAC48 21.10 11.85 4.05 63.01
ChNACI1 15.02 16.60 3.16 65.22 ChNAC49 20.70 11.93 3.16 64.21
ChNACI12 23.28 15.80 4.02 56.90 ChNACS0 25.07 16.72 5.07 53.13
ChNAC13 24.83 10.34 3.79 61.03 ChNACS51 20.75 14.99 6.34 57.93
ChNAC14 22.57 15.75 4.46 57.22 ChNACS52 14.79 16.90 4.93 63.38
ChNACI15 21.76 17.63 6.89 53.72 ChNACS53 16.61 17.34 5.17 60.89
ChNACI16 16.57 16.00 4.86 62.57 ChNAC54 17.65 15.03 3.27 64.05
ChNAC17 25.68 12.97 4.59 56.76 ChNACS55 28.60 10.92 3.12 57.37
ChNAC18 18.79 12.08 3.02 66.11 ChNAC56 21.06 11.34 3.94 63.66
ChNAC19 15.72 23.90 6.60 53.77 ChNAC57 24.22 9.69 3.99 62.11
ChNAC20 19.83 17.30 422 58.65 ChNAC58 20.51 14.25 3.99 61.25
ChNAC21 18.35 15.25 4.39 62.02 ChNACS59 17.20 13.76 4.76 64.29
ChNAC22 17.94 17.06 2.65 62.35 ChNAC60 44.58 10.84 241 42.17
ChNAC23 26.09 20.65 0.00 53.26 ChNAC61 16.80 13.93 4.10 65.16
ChNAC24 17.56 11.65 2.51 68.28 ChNAC62 22.73 10.80 3.12 63.35
ChNAC25 23.30 13.62 3.94 59.14 ChNAC63 18.68 25.27 8.24 47.80
ChNAC26 45.05 11.71 4.95 38.29 ChNACo64 20.61 20.61 4.20 54.58
ChNAC27 19.38 13.12 2.81 64.69 ChNAC65 24.94 12.18 1.99 60.89
ChNAC28 12.58 17.88 3.64 65.89 ChNAC66 2431 14.09 3.87 57.73
ChNAC29 19.46 17.30 5.41 57.84 ChNAC67 14.53 11.92 3.20 70.35
ChNAC30 23.39 21.10 4.59 50.92 ChNAC68 27.23 13.50 4.81 54.46
ChNAC31 23.93 17.09 3.21 55.77 ChNAC69 16.98 9.73 2.69 70.60
ChNAC32 24.07 18.16 3.72 54.05 ChNAC70 13.95 19.73 7.82 58.50
ChNAC33 27.08 18.34 3.84 50.75 ChNAC71 18.69 19.00 7.17 55.14
ChNAC34 18.21 16.09 3.17 62.53 ChNAC72 24.45 10.57 4.63 60.35
ChNAC35 27.20 12.46 3.68 56.66 ChNACT73 13.50 14.60 2.75 69.15
ChNAC36 24.63 11.56 4.07 59.74 ChNAC74 15.93 15.93 2.03 66.10
ChNAC37 24.63 11.56 4.07 59.74 ChNAC75 19.03 13.94 3.49 63.54
ChNAC38 24.49 12.88 3.54 59.09 ChNAC76 20.37 14.62 4.18 60.84

FIY& YR (Chrd) E RGN AR5 />,NH 4  ChNAC49.ChNAC73-ChNAC75.ChNAC20-ChNACOI.
I ChNAC20-ChNACG64.ChNACO1-ChNAC64.ChNAC25-

N T D ChNAC JERIFEJe ik L4 ChNAC65. ChNAC27- ChNACG66, H: i ChNACOI .
&L, X CANAC FE K I Ah Y L 2R M BEAT TVEREFT ChNAC20 CRNACG64 3X 3 2% FE [A] /& B o SL 28 1,
30T G RRIH (B 4) , CANAC BRI KR AF/E 8 X #E LA b 8 X K AT fig A& b e €44 K v B R bl 1
o2k vk K . ChNACI2- ChNACO0S8. ChNACII- I .
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Fig.3 Chromosomal distribution of ChNAC gene

WONOo
<SS o
998 %590 8
222 33L <
>z £22zZ =
Q. S S5

ChNAC23

ChNAC22

RG24

4 ChNAC EFE#HZ1M4
Fig. 4 ChNAC gene collinearity



216 BN =2 Fa0%

9LOVNUD
SLOVNUD
YLOVNUD
ELOVNUD
CLOVNUD
[LOVNUD
0LOVNUD
69DVNUD
89DVNUD
LODVNUD
990VNUD
SOOVNUD
YOOVNUD
€9OVNUD
COOVNUD
T9DVNUD
09DVNUD
6SDVNUD
8SOVNUD
LSOVNUD
9SIOVNUD
SSOVNUD
YSOVNUD
E€SOVNUD
CSOVNUD
ISOVNUD
0SOVNUD
6VOVNUD
8YOVNUD
LYIVNUD
9PIVNUD
STOVNUD
PPOVNUD
EYOVNUD
TYOVNUD
IYOVNUD
0FOVNUD
6EDVNUD
8EDVNUD
LEOVNYUD
9EDVNUD
SEOVNUD
PEOVNUD
EEODVNUD
CEOVNUD
TEOVNUD
0EDOVNUD
6COVNUD
8CTOVNUD
LTOVNYUD
9COVNUD
STOVNUD
YCOVNUD
ECOVNUD
CCOVNUD
ITZOVNUD
0ZOVNUD
61DVNUD
SIDVNUD
LIDVNYUD
9IDVNUD
SIOVNUD
YIDVNUD
EIDVNUD
CIDVNUD
TTOVNUD
0TDVNUD
60DVNUD
80DVNUD
LOOVNUD
90DVNUD
SOOVNUD
YOOVNUD
€0OVNUD
COOVNUD
T0DVNYUD

y-rich stretch

2 CAT-box

Il O2-site

FEK 95 Gene ID

TGA-element
El5 ChNAC EEBHTFHH

Fig. 5 Promoter analysis of ChNAC gene

[_] TC-rich repeats

B MSA-like

B circadian

[ ARE

[ A-box

[ ABRE

] TCA-element
B L TR

I P-box

1 SUTR P
/1

[ TATA-box
] CAAT-box
1] GCN4 motif
B TGACG-motif
[1 RY-element

B HD-Zip |

(= = (= (=3 (=]
=%} =l <t N

140
120 —
100 —

Juowdd 1jowoldyo pqunN

EWA A B



2 TKEFE 5 B NAC B R ZOR I 4558 Je ik 7 217

CNACTI ChNACI13.ChNACS53.ChNACG63 B RN AE M Fr ih ik
ChNACSS ChNAC17.ChNAC66.ChNACG62 %5 1543 R 7E AR R 25
chacly o R IE B i, H . ChNACI7. ChNAC59. ChNACG6S %
ChaC49 I RN AE AR IR 22 Kk s ChNAC15 . ChNAC46 55 16 &
ChNAC20 IR 7E BAR Hh 1 3R 08 & B i s ChNAC36 ChNAC37 %5 10
ChNAC2S AN PR R R A 2 s . ChNAC23.
ChNACS7 ChNAC45.ChNAC47.ChNAC54 iX 4 N 3L R 1E iR 4
ChNAC3S L SRR E  HEN L T R AR AR B A A B P RIA
CHNACOS ChNAC [N R IL BIEANF AL A £ 7, RHAA
ChNACTI ) ChNAC 2t K 45 A A A K &K &, Bl ChNAC
ChNAC3] EEMGEEEZEN, RAEAFRMNEDSER,
CHNACG3 ChNAC B TEM A A KK E R REEBERIEH.
ChNACO05

27 KRENACERFAEIEEYIMNEFES THREER
S
X 60 > ChNAC 2 [K 75 il A ) ik & AT 70
Mr, g5 RERWHCE D AE 1A d, ChNACIS.
ChNAC65. ChNAC74 %5 40 A~ 5 K i R 15 & L i,
ChNAC24.ChNAC26.ChNAC27 %5 14 AL R 1) ik &
T F#%, ChNAC36.ChNAC37.ChNAC39 %5 6 M3 [K 1) 32
ik B AL B AT S ¥ 2 PR K fE R T B B da
ChNACOI.ChNAC03.ChNACI18 %% 38 AN [ [ ik &
i, ChNAC24. ChNAC11.ChNAC13 %5 13 P IE A 1)
Fik B T, ChNAC09.ChNAC10.ChNAC34 %59 3
1 (1) 208 & A BE AT f5 2 BE N OK s 7R s iR a
ChNACO08.ChNAC09.ChNACI0 %% 38 AN FE K 1) A &
I, ChNACO1.ChNACI3.ChNAC25 %5 19 AN K )
FiLE NBE. ChNAC41.ChNAC62.ChNAC63 iX 3 4
FEH (1 3R I8 B A0 H AT JE 22 BE AN K TR AR IR e
ChNAC24.ChNAC25.ChNAC35 %5 40 MR ) KB &
=, ChNACOI.ChNACO3 . ChNACI13 % 18 /N3 A [
FikE T, CANACIS.ChNAC63 1% 2 3 A () ik
BEMHERT G ERA K. 455, KEZHNACHRH LM
EEAETT R IE A R RS P AL 2 i, ik
MY4EFFED IR R AEKKE
TE W AR, — Se I R 1) Rk A B A AR AL
Ul : ChRNAC24 3 IR K ChNAC25 % IR ER IR e 2
(AT YR U SR AN Jo E R FIE AL BRI BT R R B R T R
Wik, ChNAC31 %K . ChNAC32 3£ [X F1 ChNAC33

ChNACS52
ChNACO04
ChNAC13
ChNAC61
ChNACI12
ChNACI15
ChNAC46
ChNAC42
ChNACO1
ChNACS55
ChNAC72
ChNACI18
ChNAC63
ChNAC14
ChNACS53
ChNACo64
ChNAC43
ChNAC27
ChNAC50
ChNACO06
ChNACI16
ChNAC48
ChNAC58
ChNAC35
ChNAC67
ChNAC02
ChNACO09
ChNAC10
ChNACS1
ChNAC65
ChNAC22
ChNAC76
ChNACS56
ChNAC74
ChNACO07
ChNAC44
ChNAC29
ChNAC30
ChNAC40
ChNAC60
ChNACI19
ChNAC39
ChNAC26
ChNAC?73
ChNAC75
ChNAC36

ANARRRRRYER

Eanyy

5 L]

JU

EanagRguERIuRN

ChNAC37

d-—csSes—=—a KT LR 4R FREEL LA
DI ChNAC49 B:H1E LR i TRz B W R Z
E6 AREI4AL+ ChNAC EFEFILEE o EIRHMATN, ChNAC49 B[R ik & 5 R0 AH EL

Fig. 6 Expression map of ChNAC gene in different tissues | iff] T 477 % ; fE AT 218 N, ChNAC49 R K 3%



218 3 L)

S 4

40 %

ChNACS50
ChNAC39
ChNAC36
ChNAC37
ChNAC42
ChNAC48
ChNACOL
ChNACO03
ChNAC26
ChNACI1
ChNACS8
ChNACI13
ChNACI5
ChNAC65
ChNAC74
ChNACO02
ChNAC63
ChNAC44
ChNACI8
ChNAC49
ChNACS5
ChNAC29
ChNAC30
ChNACO05
ChNAC40
ChNACO04
ChNAC46
ChNAC34
ChNAC76
ChNAC20
ChNAC21
ChNAC16
ChNAC33
ChNAC31
ChNAC32
ChNAC22
ChNAC72
ChNAC6!
ChNAC64
ChNAC27
ChNAC75
ChNACO09
ChNAC10
ChNACO08
ChNACS2
ChNAC38
ChNAC43
ChNAC24
ChNAC25
ChNAC67
ChNAC73
ChNAC62
ChNAC66
ChNACO06
ChNACI19
ChNAC4T
ChNACS56
ChNACS57
ChNAC35
ChNACST

1 AIGIEALEE (4 C); 2. Wi AR EE (40 C); 3. Bl F 4 HE(PEG6000);
4. FhAtFENaCD,

1. Low temperature treatment (4 C); 2. High temperature treatment
(40 C); 3. Simulated drought treatment (PEG6000); 4. Salt treatment
NaCl).

e 7 AEMBALIES ChNAC EEFRILE L

Fig. 7 Expression map of ChNAC gene under different

stress

EEEX A BT 124 5 EARIERE T,
ChNAC49 F:[H 5 xR AH L R ik & i 1 28 £«
ChNACO8 B:[RI7E =i i ie Rk & R RE &K,
SR AEE BT 70.6 5. CANAC49 3 PRI1E
e N RIAEMN LIEEMNR T CANACOS A, 5
S HRZHAHEL L B 7 27.95 % . ChNACG64 FE K 1E 2
Jo i R R IA BN FRIE R 2, (N R R
14.29% ; ChNAC17 B R FEAHL T 5 i RIS &1
N BRUE R %, X BR AL 15.96% ;s CRNACOT %
DRI F 30 B AE il P T 1) R PR IR e %2, RiB &
AN HE 2B 16.01% ; CRNACII R ) ik B AE =
T 3B R )R BRI R i 2, Rk B AU R R 1Y)
26.14%. Ut BIX JUAN R RIAE ok 4 FhobE T~ kK355
WE AR R RE A SRS R AR E KR
B I OCEE, o R B AT a5 A, PTRE SR
13 Fr 7% PR E o

3% i

LA YIE B0 BT B IR BR 2R J5 DR 2 i i
76 > NAC JE R R A% 7« ChNAC i PR 5 R R
AR T RRE S DY AZHE (12D H R (851 %,
R (1147 75 R (104)95% , 15 T~ A 57 B (72) W55, 2%
A okE , ChNAC K I B 7% 08 AR BT Al 470 F 42
/b, TR A T DR 2H A A R () v B SR 1) HL AR
PRAFIE I

Ooka Z5™ 1 AR HE NAC JE R (1) 45 7 5 1 B
I ARG AL FE I I NAC 2 K 5 43 N 17 2%, K
2% 2 F 7 A N NAC 2 R 55 1) 43 2K b
e EF AR T IR I NAC B HE A S|
% ChNAC K 543 N 17 AN, 45 0 1 AT &5
(1) ChNAC Z % i it 2B AN ], H D e AR mT Be A7 AE 22
Ft o Clercq % MIE W H 7 NAC2 W HL K 2 5 1
WAL I N B . Fujiwara 25 994A Jy ONAC003
WRFE R 2 5 AETR T . fKHE R Guit A i [R) U550
5 AT LAHED ChNAC S 3 MV A fr 225 DR T e LA AR
AT fE. NAM W% K NACL 3P i o i 3L RE 24
B E B 5 R T B &S R AR OB, | U HE
ChNACS52 %:[H . ChNAC62 £ [N . ChNAC68 = A v
— PP JLA, T REAE T ERZE R A R A
H. ATAF.AtNAC3 WIS 5L I (1 R B,
5 R JE M = 1 ChNAC &[], w] BELE RKZE 1 B 2
PUERHE T R A EEEA .



5234

TKEFE 5 B NAC B R ZOR I 4558 Je ik 7 219

JE BT A& RNA A BRG] 455 AT ah 5 5 1)
—BYDNA 751, & &4 RNA B A B 5 1 45 & A
R AR T 77 AR ST T 91, 22 BT T 45 H B DR B o
FEC LA 5 1) 3, 50 R BRI I 25 R IE , 2 R T
5, BB R [ FRIAFERE . KR BT ook 47 404
AT DL D L 98 7R Th RE Y. CANACG68 ChNAC72,
ChNAC76 %5 3 RFAE M 145 e AR H o4, #EI 3L
ARETEMR R FMA MK E R BEA EZEM
ChNACO03 ChNACOS %5 3 R A7 75 IR L3RGk Jo i, 32
7N IR 8 B IR AT B A A T 73R 08 B T kR
; ChNAC04 .ChNACO05 .ChNACO6 %L R &4 /3
H R FRIK VA RAE o, KT s e T 7 4
LT K s CRNACO3 . ChNAC72 %5 5& K (¥ F Fi 7T
PERFETTRESE S S 5 WA/ TR
J 5 O2-site F& — Rl A X 25 8 4% 45 5% (IAE et
ChNACO03.ChNACO4 . ChNACOS5 %5 3 PR AFAE X Fih J3
BN ol B IX SE L R AT e 2 5 FOK B 8 AR
A% s CANAC JE [ 13 3 H 2 A V2 1 B R
1 1 B 764 (TG A-elemet M 3 A4 K 21 % , P-box
i N % 25 2 5, TCA-elemet M) B 7K # BR 18 425,
ABRE Wi 3 i 7% % 8 4% , TGACG-motif Wi N 7 %1 iR
FE 5 U 42 O 575 10 2 R0 AR 2380 e A FH G A 4 7 22 R
16 LK B 3B 7 A B OKAE A, W ChNACO3.
ChNAC04.ChNACOS 3£ [K . Ja sl T/ #r 45 S % B
ChNAC K K RAE R TR AEK VKT HL 5
o Bl A 2 AN J7 1 X 5 H AR Rl i NAC 5 R 5K
TR (P TIE 9 45 SR AH — S,

MAE IR B A R S AL B g A
&3 265 T aE V25 BRI 5~ DTSSR A2 R 0t S I, 9
A2 B A5 NAC JE PR R X A I R v i o
HEME . PR — B E R Ee, f 5
N, NAC 7 ER a1 T4 ABAL &
15 GA SER U I A2, (2 X LR 10 A B, AT 32
R A I AR P s AT 2R A, ER A B T
I NATKCBS T B BTV PERE U R R
Ko F2E TP 38 0k 4 Rk 9 1B I8 %, i3
T HEAE EL s, ERR R IE A K R F 1, e8]
XoF b A8 T RR 2 NAC 5 58 R R B3R o 1)
BTN e, HET ORI AR X — S AR . W A R,
NAC F K] 3= B8 oo 15 35 B2 B R R 8 3l 1 I 3R
3K B A B, 1T RO FE P (R L L (38 AR
T2, — 2 NAC H %K 15 MYC-like Jo 14

ghihr AR E N R AE R, 53— NAC A F
AR AL AR DA G Rk, U ) I 52 2 41 51
By, 22k S FLOCH , T AR AR (T PR s
Wang 257 7E o 76 3T H 6 CANACO6 R it Rk, K
PLILAE T R il T RIA R T 5, R R ABA U
ThEL i TR R ERE. EEETEME T
PR G Z A —8. LHIE ChNAC49 FE A, 1
R IE T e (RIS R A R IR Y
K, fE R E N RIEE FREEANRT
ChNACOS FE R o HEW 7] G £ 5 2 (1) [l T [R)
KRR BB R X K2R BB 7 AT R A — b
COREEEENT. HAZEFEAEM A R ZE R R
IR o TR 2K R AT R i A b B SR AT i B A
fEY, U248 H ChNAC 2 [N 5 5 8 £ 17 72 3
e, NBRZEHTMEAEAR 85 B Ok, PR AN R
Flt CRNAC 2K F R (M 2R IA &, W15 0 i B Rk
PUPEMIRRZS i F

4 # B

EH AL T IR E I T T 76 AN BREE
NAC 2[R i il o1, B3 1 38 45144 R %% ChNAC
FERH R IERE I, K I ChNAC49 3 R 7 5% i kb 3
NRILE R AEE B3 m T I AL, 5 B AT
ChNAC49 FERIEAT 7 b , 55 & H PP B om 1 R 4= 5%
FERIPR R, 2 ChNAC JE R KR 1 Dh g S ik 25 e 1 81
WA,

2 E#k References:

(1] AR . P E AR 2R M. BT Rl B At 1979.

YU Dejun. Chinese fruit tree taxonomy[M]. Beijing: Agricultur-
al Press, 1979.

21  SRAEA, BIRS, GV L KRR RAR Rl R 2 (K1 7 3k e e 4
JEREFE T T, A E K AR, 2012(1): 45-47.

ZHANG Dongwei, JIA Tianhui, SHU Qiaosheng. Research prog-
ress and future research direction of Cerasus humilis[J]. Soil and
Water Conservation in China,2012(1):45-47.

3] R, ZEmetl, S, PER , Ry, KAk, R . B2

TERL AR AR Y a8 (R F STk i KL D). PR AT 2022,
44(1):104-110.
WU Yafang, LI Xiaoyan, GUO Jinli, LI Lianguo, LI Dongfang,
ZHANG Wei, SHAO Zhisheng. Research progress and applica-
tion prospect of cerasus humilis adaptation to abiotic stress[J].
Special Wild Economic Animal and Plant Research, 2022, 44
(1):104-110.

[4] SHINOZAKI K, YAMAGUCHI-SHINOZAKI K, SEKI M. Reg-

ulatory network of gene expression in the drought and cold



220 3 L)

4

e 403

(3]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

stress responses[J]. Current Opinion in Plant Biology, 2003, 6
(5):410-417.

SINGH K B,FOLEY R C,ONATE-SANCHEZ L. Transcription
factors in plant defense and stress responses[J]. Current Opinion
in Plant Biology,2002,5(5):430-436.

HUANG GT,MAS L,BAILP,ZHANG L,MA H,JIAP,LIU
J,ZHONG M, GUO Z F. Signal transduction during cold, salt,
and drought stresses in plants[J]. Molecular Biology Reports,
2012,39(2):969-987.

CHEN W J,ZHU T. Networks of transcription factors with roles
inenvironmental stress response[J]. Trends in Plant Science,
2004,9(12):591-596.

OOKA H,SATOH K, DOI K,NAGATA T,OTOMO Y, MURAK-
MI K, MATSUBARA K, OASTO N, KAWAI J, CARNINCI P,
HAYASHIZAKI Y, SUZUKI K, KOJIMA K, TAKAHARA Y,
YAMAMOTO K,KIKUCHI S. Comprehensive analysis of NAC
Family Genes in Oryza sativa and Arabidopsis thaliana[J]. Dna
Research,2003,10(6):239-247.

AIDA M, ISHIDA T, FUKAKI H, FUJISAWA H, TASAKA M.
Genes involved in organ separation in Arabidopsis: An analysis
of the cupshaped cotyledon mutant[J]. The Plant Cell, 1997, 9
(6):841-857.

SOUER E, VAN HOUWELINGEN A, KLOOS D, MOL 17,
KOES R. The no apical meristem gene of petunia is required for
pattern formation in embryos and flowers and is expressed at
meristem and primordia boundaries[J]. Cell, 1996, 85(2): 159-
170.

MR BL  HSRER, FEEE S . FEY NAC 4 5R 7 I 45 M T g
FAE A W gt JR ()], PE AERE A 24 4 2007, 27(9): 1915-
1920.

LIU Zhanji, SHAO Fengxia, TANG Guiying. The research prog-
ress of structure, function and regulation of plant NAC transcrip-
tion factors[J]. Acta Botanica Boreali-Occidentalia Sinica,2007,
27(9):1915-1920.

XIE Q, FRUGIS G, COLGAN D, CHUA N H. Arabidopsis
NACI transduces auxin signal downstream of TIR1 to promo-
telateral root development[J]. Genes & Development, 2000, 14
(23):3024-3036.

MAO CJ,HEJM,LIULN,DENG QM,YAO X F,LIU CM,
QIAO Y L,LI P,MING F. OsNAC?2 integrates auxin and cytoki-
nin pathways to modulate rice root development[J]. Plant Bio-
technology Journal, 2020, 18(2):429-442.

GUO Y F, GAN S S. At NAP, a NAC family transcription fac-
tor, has an important role in leaf senescence[J]. The Plant Jour-
nal,2006,46(4):601-612.

JENSEN M K, LINDEMOSE S, DE MASI F, REIMER ] J,
NIELSEN M, PERERA V, WORKMAN C T, TURCK F,
GRANT M R, MUNDY J, PETERSEN M, SKRIVER K.
ATAF1 transcription factor directly regulates abscisic acid bio-
synthetic gene NCED3 in Arabidopsis thaliana[J]. FEBS Open
Bi0,2013,3:321-327.

CHEN X, WANG Y F,LU B,LIJ,LUO L Q,LU S C,ZHANG
X,MA H,MING F. The NAC family transcription factor OsNAP
confers abiotic stress response through the ABA pathway[J].
Plant and Cell Physiology,2014,55(3):604-619.

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

HUHH,YOUJ,FANGY J,ZHU X Y,QI Z Y, XIONG L Z.
Characterization of transcription factor gene SNAC2 conferring
cold and salt tolerance in rice[J]. Plant Molecular Biology,2008,
67(1):169-181.

CHEN X,LU S C, WANG Y F, ZHANG X, LU B,LUO L Q,
XI D D,SHEN J B, MA H, MING F. OsNAC2 encoding a NAC
transcription factor that affects plant height through mediating
the gibberellic acid pathway in rice[J]. The Plant Journal, 2015,
82(2):302-314.

HE X J,MU R L, CAO W H, ZHANG Z G, ZHANG J S,
CHEN S Y. At NAC2, a transcription factor downstream of eth-
ylene and auxin signaling pathways, is involved in salt stress re-
sponse and lateral root development[J]. The Plant Journal, 2005,
44(6):903-916.

TRAN L P,NAKASHIMA K,SAKUMAY , SINPSON S D, FU-
JITA Y, MARUYAMA K, FUJITA M, SEKI M, SHINOZAKI
K, YAMAGUCHI- SHINOZAKI K. Isolation and functional
analysis of Arabidopsis stress in ducible NAC transcription fac-
tors that bind to a drought respon sive cis-element in the early re-
sponsive to dehydration stress 1 promoter[J]. The Plant Cell,
2004,16(9):2481-2498.

JEONG J S,KIM Y S, BAEK K H,JUNG H,HA S H,CHOIl Y
D,KIM M,REUZEAU C,KIM J K. Root-specific expression of
OsNACI10 improves drought tolerance and grain yield in rice un-
der field drought conditions[J]. Plant Physiology, 2010, 153(1):
185-197.

LUPL,CHENN Z,ANR,SU Z,QI B S, REN F, CHEN J,
WANG X C. A novel drought-inducible gene, ATAF1, encodes a
NAC family protein that negatively regulates the expression of
stress-responsive genes in Arabidopsis[J]. Plant Molecular Biolo-
gy»2007,63(2):289-305.

HAO Y J, WEI W, SONG Q X, CHEN H W, ZHANG Y Q,
WANG F,ZOU H F, GANG L, TIAN A G,ZHANG W K, MA
B,ZHANG J S, CHEN S Y. Soybean NAC transcription factors
promote abiotic stress tolerance and lateral root formation in
transgenic plants[J]. The Plant Journal,2011,68(2):302-313.
HEGEDUS D, YU M, BALDWIN D, GRUBER M, SHARPE
A, PARKIN I, WHITWILL S, LYDIATE D. Molecular charac-
terization of Brassica napus NAC domain transcriptional activa-
tors induced in response to biotic and abiotic stress[J]. Plant Mo-
lecular Biology,2003,53(3):383-397.

MAO X G,ZHANG HY,QIAN X Y,LI A,ZHAO G Y, JING
R L. TuNAC2,a NAC-type wheat transcription factor conferring
enhanced mult- iple abiotic stress tolerances in Arabidopsis[J].
Journal of Experimental Botany,2012,63(8):2933-2946.

DONG Z B, XU Z N, XU L, XU L, GALLI M, GALLAVOTTI
A, DOONER H K, CHUCK G. Necrotic upper tips] mimics
heat and drought stress and encodes a protoxylem-specific tran-
scription factor in maize[J]. Proceedings of the National Acade-
my of Sciences, 2020, 117(34):20908-20919.

PEREER . mRPE AR SINACT BRI B RE 43 HT[D]. Ze%
AR Ak RS, 2015.

LIANG Xiaoqing. Functional analysis of the tomato SINACI
gene under heat stress[D]. Tai” an: Shandong Agricultural Uni-

versity,2015.



L

23

TKEFE 5 B NAC B R ZOR I 4558 Je ik 7

221

(28]

[29]

[30]

(311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

LI M,CHEN R,JIANG Q Y,SUN X J,ZHANG H,HU Z. Gm-
NACO06,a NAC domain transcription factor enhances salt stress
tolerance in soybean[J]. Plant Molecular Biology,2021,105(3):
333-345.

ZHENG X N, CHEN B, LU G J, HAN B. Overexpression of a
NAC transcription factor enhances rice drought and salt toler-
ance[J]. Biochemical and Biophysical Research Communica-
tions,2009,379(4):985-989.

COLLINGE M, BOLLER T. Differential induction of two pota-
to genes, Stprx2 and StNAC in response to infection by Phy-
tophthora infestans and to wounding[J]. Plant Molecular Biolo-
gy,2001,46(5):521-529.

JENSEN M K, RUNG J H, GREGERSEN P L, GJETTING T,
FUGLSANG A T, HANSEN M, JOEHNK N, LYNGKJAER M
F, COLLINGE D B. The HvNAC6 transcription factor: a posi-
tive regulator of penetrationresistance in barley and Arabidopsis
[J]. Plant Molecular Biology,2007,65(1):137-150.
DELESSERT C, KAZAN K, WILSON I W, STRAETEN D V
D, MANNERS J, DENNIS E S, DOLFERUS R. The transcrip-
tion factor ATAF2 represses the expression of pathogenesis-relat-
ed genes in Arabidopsis[J]. The Plant Journal, 2005,43(5): 745-
757.

BUQY,JIANGHL,LICB,ZHAI Q Z,ZHANG J, WU X Y,
SUN J Q,XIE Q,LI CY. Role of the Arabidopsis thaliana NAC
transcription factors ANACO019 and ANACO55 in regulating jas-
monic acid-signaled defense responses[J]. Cell Research, 2008,
18(7):756-767.

LIN R M, ZHAO W S, MENG X B, WANG M, PENG Y L.
Rice gene OsNAC19 encodes a novel NAC-domain transcrip-
tion factor and responds to infection by Magnaporthe grisealJ].
Plant Science,2007,172(1):120-130.

REN T, QU F, MORRIS T J. HRT gene function requires inter-
ac-tion between a NAC protein and viral capsid protein to con-
fer resistance to turnip crinkle virus[J]. The Plant Cell, 2000, 12
(10):1917-1925.

SELTH L A, DOGRA S C,RASHEED M S, HEALY H, RAN-
DLES J W, REZAIAN M A. A NAC domainprotein interacts
with Tomato leaf curl virus replicationaccessory protein and en-
hances viral repli- cation[J]. The Plant Cell, 2005, 17(1): 311-
325.

WANG P F, YI S K, MU X P,ZHANG J C, DU J J. Chromo-
some- level genome assembly of Cerasus humilis using pacbio
and Hi-C technologies[J]. Frontiers in Genetics,2020,11:956.
KRG, SR, B ENE, 304 2, EMS RS S R
AWK AP2 FE KRS 2 5RIE . T HEYEM,
2022,20(7):2162-2169.

ZHANG Xiaoxu, GUO Caizhen, MU Xiaopeng, GUO Xiwen,
WANG Pengfei, WANG Zewen, CAO Qin, DU Junjie. Identifi-
cation and expression analysis of AP2 gene family in chinese
dwarf cherry [Cerasus humilis (Bge.) Sok][J]. Molecular Plant
Breeding,2022,20(7):2162-2169.

VEPESC IR 4E , TS TREE R AR MY, AT L, AR A L BR
7= DREB [R5 I % 5 5 43 M [J]. A AR 2 224K, 2020, 56
(3):413-422.

WANG Zewen , YANG Yiwei , WANG Pengfei , ZHANG

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Jiancheng, MU Xiaopeng, FU Hongbo, DU Junjie. Identifica-
tion and analysis of DREB gene family in Cerasus humilis[J].
Plant Physiology Journal,2020,56(3):413-422.
BAEEE, A, RS, BRI S, B LR, SR B, BRER
S, TN E, 2% A TR AL M RE S CMIL 2 K 5 % 5
Je A5 W38 2R IE 43 T [3]. ARk AP R 4R, 2022, 30(5) - 885-
895.

QIAN Zhenfeng, GU Shujie, ZHAO Xueting, RAO Xibing,
ZENG Dan, SHEN Qingqing, ZHANG Rongqgiong, CHEN
Shuying, HE Liliang, LI Fusheng. Identification and cold stress
expression analysis of CML gene family in Erianthus fulvus
based on transcriptome[J].Chinese journal of agricultural bio-
technology,2022,30(5): 885-895.

TUH, A, KRG R, X, R, 4 R bk
NAC JE K SO ) A R A 558 5 0 B [7]. SR 274, 2021, 38
(9):1444-1458.

KANG Chao, GUO Caihua, ZHANG Xuemeng, LIU Jinming,
YUAN Xing, QUAN Shaowen, NIU Jianxin. Genome- wide
identification and analysis of NAC gene family in walnut (Jug-
lans regia L.)[J]. Journal of Fruit Science, 2021, 38(9): 1444-
1458.

ST, AL ZE R WA, Fh i, KA, R L 167
A7 74 SRR 5 B4R (¥ 388 £ 2 4 1 2 BT[] R SE, 2018, 31
(1):5-11.

GUO Luqin, ZHAO Shihao, ZHU Huayu, HU Jianbin, SUN
Shouru, MA Changsheng, YANG Luming. The genetic diversity
analysis of 167 watermelon germplasms[J]. China Cucurbits and
Vegetables,2018,31(1):5-11.

ZHU T T, NEVO E, SUN D F, PENG J H. Phylogenetic analy-
ses unravel the evolutionary history of NAC proteins in plant[J].
Evolution,2012,66(6):1833-1848.

RERELS B H, 8 H P . PR HDNTL2 3 (R 1) o B AR
IBIIHTLI]. WA A KA 2R (B SRR RR) , 2015, 41(6)  602-
6009.

KANG Guijuan, LI Yu, ZENG Rizhong. Clone and expression
analysis on gene HbNTL?2 from Hevea brasiliensis Muell. Arg.[J].
Journal of Hunan Agricultural University (Natural Sciences),
2015,41(6):602-609.

FUJIWARA S, MITSUDA N. ANACO075, a putative regulator of
VASCULAR- RELATED NAC- DOMAINT7, is a repressor of
flowering[J]. Plant Biotechnology,2016,33(4):255-265.
RAMASWAMY M, NARAYANAN J, MANICKAVACHA-
GAM G, ATHIAPPAN S, ARUN M, GOMATHI R, RAM B.
Genome wide analysis of NAC gene family 'sequences' in sugar-
cane and its comparative phylogenetic relationship with rice, sor-
ghum, maize and Arabidopsis for prediction of stress associated
NAC genes[J]. Agri Gene,2017,3:1-11.

MUNIR N, CHEN Y K, CHEN X H,NAWAZ M A, IFTIKHAR
J,RIZWAN H M, SHEN X, LIN Y L, XU X H, LAI Z X. Ge-
nome- wide identification and comprehensive analyses of NAC
transcription factor gene family and expression patterns during
somatic embryogenesis in Dimocarpus longan Lour.[J]. Plant
Physiology and Biochemistry,2020,157:169-184.
LUXL,LANSR,GUYKM,YANG JH,ZHANGMF,HU Z Y.

Global expressions landscape of NAC transcription factor family



222 x® L)

4

e 403

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

and their responses to abiotic stresses in Citrullus lanatus[J].
Scientific Reports,2016,6:30574.

NIE G, YANG XY, YANG ZF,ZHONGM Y,ZHU Y Q,ZHOU
J, APPIAH C, LIAO Z C, FENG G Y, ZHANG X Q. Genome-
wide investigation of the NAC transcript factor family inperenni-
al ryegrass (Lolium perenne L.) and expression analysis under
various abiotic stressor[J]. Genomics,2020, 112(6):4224-4231.
SONG J,GAO Z H,HUO X M,SUNH L, XU Y S,SHI T, NI
Z J. Genome- wide identification of the auxin response factor
(ARF) gene family and expression analysis of its role associated
with pistil development in Japanese apricot (Prunus mume Sieb.
et Zucc.)[J]. Acta Physiologiae Plantarum,2015,37(8): 145.
CLERCQ I D, VERNEIRSSEN V, AKEN O V, VANDEPOELE
K, MURCHA M W, LAW S R, INZE A, NG S, IVANOVA A,
ROMBAUT D,COTTE B V D,JASPERS P,PEERY V D,KAN-
GASJARVIJ,WHELAN J,BREUSEGEM F V. The mem-brane-
bound NAC transcription factor ANACO13 functions in mito-
chondrial retrograde regulation of the oxidative stress response
in Arabidopsis[J]. The Plant Cell , 2013, 25(9) : 3472-3490.
AIDA M, ISHIDA T, FUAFAKI H, TASAKA M. Genes in-
volved in organ separation in Arabidopsis:an analysis of the cup-
shaped cotyledon mutant[J]. The Plant Cell,1997,9(6):841-857.
COLLINGE M, BOLLER T. Differential induction of two pota-
to genes, Stprx2 and StNAC, in response to infection by Phy-
tophthora infestans and to wounding[J]. 2001,46(5):521-529.
DRI SRAETIS  XUTH AL, ARG AE L UG, AR TS, B A . B IR
TMK 3[R 525 F 53 14 4 25 DX AL 5 5 S 3RaB 43 i [0]. SR W 2
#%,2021,38(10): 1668-1680.

SU Bingxi,ZHANG Shuting, LIU Pudong, LI Xiaofei, QI Feng,
LIN Yuling, LAI Zhongxiong. Genome-wide identification and
expression analysis of TMK gene family in Dimocarpus longan
Lour.[J]. Journal of Fruit Science,2021,38(10): 1668-1680.
WA R, BASCIR , RIGFS , (A, 25043 . 1 PP2C FERI X
HRE 558 B AR M), R 241, 2022, 39(4) : 532-547.
YANG Jie, CHEN Rong, HU Wenjuan, WU Qiaoling, TONG
Xiaonan, LI Xingtao. Identification and expression analysis of
PP2C gene family in Poncirus trifoliata[J]. Journal of Fruit Sci-
ence,2022,39(4):532-547.

R MG RS , A B AR , RIS, KR i, R, B
NDL, 15 Bk PEBP Jk D) 50 4 kDX 41 %5 5 Je bk TFL JE
RIZHRE A HT[T]. SRM 2441, 2020, 37(10) : 1443-1454.

TAN Bin, WEI Pengcheng, LI Huannan, LIAN Xiaodong,
CHEN Tanxing, ZHENG Xianbo, CHENG Jun, WANG Wei,
WANG Xiaobai, FENG Jiancan. Genome-wide identification of
PEBP gene family and functional analysis of TFL/ gene in
peach (Prunus persica)[J]. Journal of Fruit Science, 2020, 37
(10): 1443-1454.

RS 2R SRIGEAR , 5K SCEE, XU K 5P L P Ak fas-
ciclin K KA MG B 50 BT B md B[], Sp 224, 2020,37
(8):1144-1155.

ZHOU Wanying, QU Dong, ZHANG Xiaojuan, ZHANG Wen-
hui, LIU Yanfei, ZHANG Yu. Bioinformatics analysis and clon-
ing of fasciclin gene family in kiwifruit[J]. Journal of Fruit Sci-

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

ence,2020,37(8): 1144-1155.

Whid &, BEF5TE , VS, VP SOME, AR B R PG REH KR4
B PRI 4 58 S RIE ST [I]. R 2445 2022, 39(4) : 548-563.
CHEN Difei, WEI Xiuqing, XU Ling, XU Jiahui, ZENG Lihui.
Genome-wide identification and expression analysis of PG gene
family in wax apple [Syzygium samarangense (Bl.) Merr. et Per-
ry][J]. Journal of Fruit Science,2022,39(4):548-563.
LIUJ,CHENTY,YUAN Y,ZHOU J H,ZHAO Y Y,HUANG
L Q. Bioinformatics and expression analysis of NAC transcrip-
tion factor genes in Scutellaria baicalensis[J]. World Journal of
Traditional Chinese Medicine,2018,4(2):37-42.

LING L,SONG LL,WANG Y J,GUO C H. Genome-wide anal-
ysis and expression patterns of the NAC transcription factor fam-
ily in Medicago truncatula[J]. Physiology and Molecular Biolo-
gy of Plants: An International Journal of Functional Plant Biolo-
gy»2017,23(2):343-356.

SAIDI M N, MERGBY D, BRINI F. Identification and expres-
sion analysis of the NAC transcription factor family in durum
wheat (Triticum turgidum L. ssp. durum)[J]. Plant Physiology
and Biochemistry,2017,112:117-128.

ZHU J K. Abiotic stress signaling and responses in plants[J].
Cell,2016,167(2):313-324.

YANG R, DENG C, QUYANG B; YE Z. Molecular analysis of
two salt-responsive NAC-family genes and their expression analy-
sis in tomato[J]. Molecular Biology Reports,2011,38(2):857-863.
LIUQL,XUK D,ZHAO L J,PANY Z,JIANG B B,ZHANG
H Q,LIU G L. Overexpression of a novel chrysanthemum NAC
transcription factor gene enhances salt tolerance in tobacco[J].
Biotechnology Letters,2011,33(10):2073-2082.

Tk, B EAE . NAC #3t [5 1 7E A A J52 3F A8 490 3 v R
FI). EBAE,2019,35(12):144-151.

ZHANG Dan, MA Yuhua. The role of NAC transcription factors
in plant response to abiotic stress[J]. Biotechnology Bulletin,
2019,35(12): 144-151.

SONG SY,CHEN Y,CHEN J,DAI X Y,ZHANG W H. Physi-
ological mechanisms underlying OsNACS5- dependent tolerance
of rice plants to abiotic stress[J]. Planta,2011,234(2):331-345.
KNIGHT M R, KNIGHT H. Low-temperature perception lead-
ing to gene expression and cold tolerance in higher plants[J].
New Phytologist,2012,195(4):737-751.

GUAN Q M, YUE X L,ZENG H T,ZHU J H. The protein phos-
phatase RCF2 and its interacting partner NACO019 are critical for
heat stress - responsive gene regulation and thermotolerance in
Arabidopsis[J]. The Plant Cell,2014,26(1):438-453.
HUHH,DAIMQ,YAOJL,XIAOBZ,LI XH,ZHANGQF,
XIONG L Z. Overexpressing a NAM, ATAF, and CUC(NAC)
transcription factor enhances drought resistance and salt toler-
ance in rice[J]. Proceedings of the National Academy of Scienc-
es,2006,103(35):12987-12992.

WANG F, WANG J W, SUN L J, SONG X S. The molecular
cloning and functional characterization of ChANAC!,a NACtran-
scription factor in Cerasus humilis[J]. Plant Growth Regulation,
2019,89(3):331-343.



