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WE: [ B8] AR FEZEMNEELE JrGA30x 34k Juglans regia S Fr i B, AR A FARFR A LA ETEE L,
[ Fi& ] B AR AR (WT). JrGA3ox T £ A H#k (OF) AT Ak (RNAD) HRIBAMH, AAKRRSHK 5% BT
A% 8000 (PEG 8000) AT F 4028, KA T FMhia FHARAR | A A BTN T A B ELANKFE, W5 JrGA30x KB
#EINE, [£R] D250 %EAEE PCR BIE, JrGA30x & B feit R Atk P Rk 32 5F & MMk 12015, T
AR R AR MR 0345, QA REAR S, SEAEHRGOKRD. FRAKEFZTHARMEMK, TG
HBHAT K BEKT AR (P<0.05), @5 FARMMAL, FFia 0~28d 8, FTHMMKKHE BRI, SR
MK BRI, QDAILFE., TR ZREL> KT Fa A ey K 225 FTHREY, FHREAKRGAILFERFIKTH
AR, TREHARED THEDHA (P<0.05), BTHRHARGTEERESHELEEZH TERAIHARFF LR
Mk (P<0.05), OF FMit)s, SRAXMMERAR R _BREERRELES THARMMK, FTHHEKZFKTHA
M (P<0.05). @RAMNBEEFEEA DX AR LK AT P 20 LB FTHRAY, £FFia 14d 1A 5%
KA, B THHMEES TEHRARMMK, SR AMKRFIRTEF AR (P<0.05), [&# ] B rGA30x LB EiRYE
Mk ZH AT R K, fORAEAKG I, AASER . RANBEERS, AaRSHEKL TR, B 10 £ 1 428
KRR Hbk; JrGA3ox KA T Fmhid; A@ApE; Hid LR
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Abstract: [Objective] The objective is to study the gibberellin oxidase JrGA3ox gene, which is of great
significance for improvement, growth and development, and drought resistance of Juglans regia varieties.
[Method] J. regia wild-type (WT), JrGA3ox overexpression (OE) and interference (RNAi) plants were used
as experimental materials. Drought treatment with 5% PEG 8000 volume fraction was simulated to investigate
the plant phenotype, physiological and biochemical indexes and expression level of drought resistance gene
under drought stress, and clarify the drought resistance mechanism of JrGA43ox gene. [Result] (1) Real-time
fluorescent quantitative PCR verification showed that the expression level of JrGA4A30x gene in OE plants and

RNAI plants were 120 and 0.3 times that of WT plants, respectively. (2) Plant growth phenotype analysis
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showed that plant height and internode length of OE plants were significantly higher than those of WT plants,
while those of RNAI plants were significantly lower than those of WT plants (P<<0.05). (3) Compared with WT
plants, under drought stress for 0—28 days, RNAi plants showed better growth, while OE plants showed weaker
growth. (4) Stomatal opening and chlorophyll mass fraction decreased gradually with the extension of drought
stress time. Stomatal opening of RNAI plants were significantly lower than that of WT plants (P<<0.05), while
stomatal opening of OE plants were significantly higher than that of WT plants. The chlorophyll mass fraction
of RNAI plants were always significantly higher than that of OE plants and WT plants (P<<0.05). (5) After
drought stress, the mass molar concentration of reactive oxygen species and malondialdehyde in OE plants were
significantly higher than that in WT plants, while that in RNAi plants were significantly lower than that in WT
plants (P<<0.05). (6) The activity of antioxidant enzymes and expression level of related resistance genes firstly
increased and then decreased during the stress process, reaching their maximum value at 14 days of drought
stress, and those in RNAIi plants were significantly higher than those in WT plants, while those in OE plants
were significantly lower than those in WT plants (P<<0.05). [Conclusion] JrGA3ox gene in J. regia can
positively regulate plant height and internode length, and negatively regulate stomatal opening, photosynthesis,
antioxidant enzyme activity of plants, thus improving plant drought resistance. [Ch.10 fig. 1 tab. 28 ref.]
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Wbk Juglans regia X4 5AMk . JeBk, BIBEEF Juglandaceae $ABLIE Juglans F¥) . FZHAE N BB ARA
RHMEY XA TR, BB TP EAFE G I OR R, SCHS MR . BdE B 2019 4E i E
AR TR AR ot AR AT S AR 48.4%, e AL ST Y 56.10%, I H 2y 3564 t, IR
i ih 2900 J13RT0, SR A REE AL UERIEN,

Bidb = B, Rk R . ERHE AR O8N T R EE T R, KL AL,
FPEZ MR AR E R, R T 2R A EEN L R EZRER R, T2 5 2 AR
AL OGEER . RILIFE . diifoe . mYZz2IhaES 05, flk A SENLE, FlanEsE 1L
FEE . PR BEYR UL EACRE Y RGOk X HE S i, i, TRERASAET,
FERRA I AT B W bt TR ae 10, MMOtE6ER . Wi (MDA). i E5 LA (H,0,) . A
I AL (SOD) Mt E ALY (L (POD) 4 M ST R DT 5 55 1) = A PR AR, XHRLRR BT R VEPEAY
HAHRRERY,

RECHMFREN . YIRS R AR T 2 Wb f b R EEAEH, & (gibberellins,
GAs) RS HM N FEE R L EAEH, LFEFETHYMERES, Hik, FEEZNER. RSESES
SR K R A AN R EE . Hodh, 2-ODDs RN 2R K4 0 CHE R, ks
GA200x . GA3ox. GA2ox., GA3ox VE R G MBS 5 R G KRG —4, Tk GA20 ik h B A
AEWIEER GAL, TH T HEYIRNM R R, PREY: GA3ox fE#n B N RIX SR XA
GA1 K-, M2 A bk A KB, GA3ox B R W LR I+ Arabidopsis thaliana. £ K Zea mays.
Populus tomentosa “F Y)Y, Hoad FAE MR EA T E, BRIEIRTFAE, BT o3 2k 4 417
i, MR ERE . BAMREYW: WY IRNIRER AT ISR, DELLA 2R ER
B TORER T AR Z BIPA R, JREE R B RN DELLA & Gl 2R, HRhTha R
P TR R SE Y B, B SR A R E P ST . SR IT R, AtGA200x FEH Feik i 1, 5 FTL/DDF #%
SR F HAE R AE AR AT F2PET S W Populus tremula xP. alba HY) PtGA20ox LR 2k L, 5IEAY @
ZHE, EERRPURAE Y, WA Vitis vinifera B VwGA30x6, VvGA200x1, VvGA200x6, VvGA200x7
TGRS RARPCRMEY . HAT, KT GA30x FEH RIS T B AE R EE AR K . A K7
1, XFHUESEA YT R R

ARG LIAEHE JrGA3ox FER i 23k Je T VAR A A RE, 28 2R 2 —F% 8000 (PEG 8000) #4741 T
A AL, BRI AR T S0 S IR AR L . A AN TR R HLE] R IE R TR
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1.1

TR0 BB W VAR PROK 27 4 B A BT AR RS B R S B A A B AR AR AR (WT) A
JrGA3ox FEH i IR R (OE) ST HEAHME (RNAID), H 1 JrGA30x-OE £:H 4 H T PC1300-GFP fH# KA
AR, JrGA30ox-RNAi B K #F PTCK303 THL ik, #HiApith h RIBE X (kanmycin, Kan), F|HHE
i AR FF TR Agrobacterium tumefaciens W A% GV3103 /544 4 E 4f 19 35S::JrGA30x::GFP 1 3% ik 2 ik &
PTCK303-JrGA3ox THLEARFALBIAZ AR ET AE BRI IR, AEA) 07 e bR 0 18 & (hygromyein, Hyg)
AR5 T FH (A AL 55 0 R B A RUANE . JrGA3ox 1 FR RN K P BRI 2 Bk B & 4545, IR
B RS 2 AR Bk ARTS .
1.2 FHik
1.2.1  #Ak JrGA3ox MAMEALAR G 2835 A KA A Sr IR O MR P AE RURE MR . i FahpEbk . THRARMRAE
Driver&Kunivuki&McGranahan (DKW) 573D o F2H B2 (BE 3R 550 IRE R 25 €, BN 75%~80%,
JERETREE R 1 500~2 000 1x, YEHEJEIA K 16 h JERE/8 h AW 1535 14 d, B MRIAE KRS . bR Sty
KA. BEE 3 HAY A ER, B4l 3 B,
122 #Ak JrGA3ox ML AR B A3 A2 3 il e O PR P A RURE AR | o R MRk . T IR R ES 55 2
A, SR 2 AR S Y 55 12, HA KA BB TS 10 mg- L m| e T R (K-
IBA) 7ERRME A s 5% 7 d SR LA 052 40, MR R R ES Z RS (A S
DKW R FRILIRFLL N 50:46), HUE T 25 °C, JBJE 75%~80%, JEIAHREE 1 500~2 000 Ix, JEHEJEWI A 16 h
JERR/ h BEWE (AR = PSR 21~28 do ANEMIE UG, RATK M EARTS, veids it 5 A 1R
2 W RIZH | min 247, ¥R 2 HOK RIFA AL HErD [Jes  BEs 8 A0 2: 1 10RRUL)], 7eii
JE25°C oA, 1B 90% Ze A R YIMb = 9L 5%
123 HAAE ARG JrGA3ox AR ARxT Rk Eml e XAZPRER A= BUAR AR | o kA kR . THAE R A
KM RNA K7 & U RR RNA, 555158 cDNA, FI 52 ¢ 6 B PCR (RT-qPCR) il 5 M RRAA
JrGA3ox LR MAHX FRib i, Wl 34 EY¥HEE, B4 3 k.
124 FF 8 T AL JrGA3ox MM AR R IR  EHEA KRS a9k A BUAE PR . 3 RN
PR, THUAERR, JUETE DKW-5%PEG 8000 (AR HO! B Fe B b B0 T a8, T B 2= 5557 28 d,
R 14 d40M 1k, WEMERIEESZ, W8 3 RAEY¥EL, B4 3 .
12.5 T FMhid FTAM JrGA3ox AR AILAT  SRATE UM ENIE L, HCRP A BUAR PR | 3 FIBAHHE |
TR BIE 0~14 d IR —EBOt R, JRRFEHRIS SR Tt R T2, R AARRT, S
TRER RS, BT b, DG BRSSO, SRR E SR, B
i E 3 IRAEYER .
1.2.6 FF 8 FHM JrGA3ox AR R & 54 IR WA 0~14 d BB A BUAERE . 3 F A4
PR THAERRM A 2EAT S AR JE AU PUmk (NBT) M 3, 3- & FEBCE M (DAB) fb2e gt (b, kSR
SCHR [12] B 3 A FER, A 3 .
127 FF ¥ it T JrGA3ox MREMAR AP ISARNE 43T R 08 0~28 d AYEF A Al AE . i
FIRAEAR . T AR R A BRAR AR o FH PR V= B T 2 2R e 44 AL AR B vkl o 5 4 Ak
Yl IEE s TSRS B e i A SRS M s SRR L2 ik, SRR [12], e e A Ak
YIBEACEEEYE | 1SR BT B N R o RV I
12.8 FF W8 FHM JrGA3ox MBEARAD X 0 iE K W A A 57 43I 28 0~28 d i B A AU
PR, R AHMR . FAURIARM A AT PR SE ] RT-qPCR 20 M7, 73 B IR i 6 2 2% SCik [11] o @i
Primer 3 input 7EA M IHAR R LI DOGE =TI (G 1),
1.3 HIESHH

i ] SPSS 25 #E4T KB K 7 2208 (P<<0.05) ML H A5, FIFH GraphPad Prism 7 ¥/
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&£ 1 RT-qPCR 5|#
Table 1  Primers for RT-qPCR analysis

314 J¥31(5'—3") Hi 514 FF3(5'—3") &
Actin-F GCCGAACGGGAAATTGTC WE QJrPOD-R AGAGACGGTCGTTGAAGGAG  RT-gPCR
Actin-R AGAGATGGCTGGAAGAGG W QJrLEA-F CAGCATCACCGACGTTGATT RT-qPCR

QJrSOD-F TTGGAGCCACATATGAGCCA RT-qPCR OJrLEA-R TCAACAATATGCTGTGCGGC RT-qPCR

OJrSOD-R CCTGTCCTGCGTTGTTGAAA RT-gPCR OJrGAI -F TGTTCTGGTTGATTCGCACG RT-qPCR
OJrPOD-F TCAAGCGAAATAGAGGCCCA RT-qgPCR OJrGAI -R TAAGTGGCGACCTTTCCCAT RT-qgPCR
LR IEAT A

2 GEREpM
2.1 1%k JrGA3ox EERIAITEHKE KK

2.1.1  #Ak JrGA3ox AL #R 6 FA MRS XL AR 140

RIRERE . o FRIBARE . THARER JrGA30x FEPFIAH 120 | -

Xif %3k i UE AT RT-qPCR 40 M7 o K BF A A Bk 1) 100 |

JrGA3ox FERAIN FEh 5 U 1.0, 45550, i 5 8

& I8 FH AR AH N 3R 08 0 R T BT AR A R (P< *ﬁé 20

0.05), ERFARIAERRAY 120 f5. THLAEARIY) JrGA30x g 1S .

FEDUAR X FR Ik i o AR TP A BUAE AR, R B AR AL Lo r =

PRI 0.3 4%, 3 Mk Y PCR FHME %5 45 R 2 IR 8] 0.5 F ¢
PRI RS F 0] AR R A B 0 ” f;7
PEREBR (7 1) & k4 ¥
212 M JrGA3ox B4k 3 MM 6 £ 4 3 2 5t & SF *

M R BEHCEF AR AR AR . R IAAE IR . TR R R[N BT AR B 192 57 25 (P<0.05)
Bigt 14d, S5RFW . 3 FPRIER A RE S A KA B 1 HhkJrGA3ox HikAasT R ik &
BEZES (K 2A), Ho B A= RURRR A0 20k =N Figure 1 Relative expression of JrGA3ox in walnut plants

321 cm, 3 Mkt FkH AR E 20K 3.57, 347, 3.63 cm, 439 2B AR AR AR 111, 1.08 FI
L13 4%, B&Em TR AR (P<0.05). 3 BR T bRAOERE 2050 2.50, 2.80 F112.73 cm, W &ML T8
A RIA R (P<<0.05), 43912 BF 2R BUAE AR Y 0.78 . 0.87 F1 0.85 15 (&1 2B).  BF A= FUAR bk 8 - 245745 6] K hy
0.36 cm, 3 BRid FIRMMRAYTT R 2358 045, 043, 0.40 cm, W37 TEFAE RIMRR (P<<0.05), Z39J2
SPAERUAARAY 1.25. 119 A0 111 A%, 3 BRTHUAERR AT 20508 0.28. 0.31 F10.27 em, i Ik T A=
R RR (P<<0.05), 43 & B A A AR Y 0.78. 0.86 i1 0.35 £% (K] 2C). ZE LTk, JrGA3ox I IE I #5
MR AE R R T .

2.1.3 ML JrGA3ox TR E G 6 AW F ek oA XTI AR RIAEAR . i FRIBAEME . TR EAR
A (F 3A) JE TR AL, FRAFIRE D (B 3B). EFEE;FE 30 d BF, 3 A ikiE 225 8 % (P<<0.05),
it TR AE AR IR 2 VR R BT TR A R B AR AR BRI 1.85 . 1.89 %, THUAHARIR = W ARk = S A 1Al 4
SR E A IR R 0.66. 0.71 4%, EAEEE IR 60 d i, 1 Fe DA AR MR I 2 1 Wk s 39 10t 38 v T A A
PR (P<<0.05), 43l 2BFA BUAEPRDY 5.16. 1.61 £, T Homi bk i = B 0k i B )4 dnb 280K T B A AU A
B (P<<0.05), 752 R7 A FUAEARIY 0.64. 0.65 % (K 3C~D), && Lfrid, SEFAERIBMRA LD, 3354
FR . THCMRE B R KA T K A 2Rk (P<<0.05), #E—UEH] JrGA3ox FE IE P AE K AT .
2.2 #%#k JrGA3ox EERIES T 2 AB #9052

22,1 FF M JrGA3ox TR A R 6 %rm  BEHUE KRS — SO A RIAE AR | 2 IR A
PR THLRERE, 355 T DKW+5%PEG 8000 (IAFR4345) #5922k rh, WMEAEMRRA AR, 0d B, 3 FifERK
P AERROLRAF, M arRsk, T 2N 14 dBF, 3 FiAEAR AR B 22 5. S SRaB AR v & B 7% K
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Figure 2 Phenotypic changes of walnut JrGA43ox cultured in vitro
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Figure 3  Shape analysis of JrGA3ox positive greenhouse seedlings of walnut
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Figure 4 Phenotypic analysis of JrGA30x gene expression plants under drought stress

222 FFMia s JrGA3ox PR AILE A6 Hrm M ASILEMY S 1. RAZEEEY
JRA Ml , A YOE A VER SR AN, SRR PG AT TR0, I3 o 45 il LT R A A
FRAKE, X 2E T 3 MR SFLIT B T e, R ER: A T 2Want R, 3 FiE
PRI ALIF B W T . T 28 7~14 dBF, 3 R IE A bR 09 AFL T BE IR 28 35 1 1 T AR U R B
(P<<0.05), 7l 2RpA- RIMERRAY 1.82, 2.27 £ THUAEMR A SFLIF LR 2 il 25 (1K TP AR AR AR (P<<0.05),
G3J EE A HUAE R Y 0.82. 1.86 % (K] 5)o Zf LTIk, 7ET2Mria T THRmbE M SFLIF RN, Ko
ZEIE ARG
223 FFMiE A JrGA3ox FEMAR E B 2 F RIS YA A AT AR BE TS M A 8
B, Gl T % (05 ). EEA (H,0,) FIEH H % (-OH) %09, fEIE% K fd, L
RIS R R = TS BRAL T ah S . 4HYZ 8T 2R, O ERRIR, Bl E YR A
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Figure 5 Analysis of stomatal morphology of JrGA3ox positive walnut plants under drought stress
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0dRf, 3FMEMKY G - DAB, NBT Bl o & 225, BE&E Wi i i K, g (o /5 B S i
T, 14 d Bt FaAmpR gL R AR, TR K (8] 6A-1, B-1), XHEIEMTKEE (R
G ERR R, PGB, BE#N) e, Wl 14 dat, B RRIRR . o RIARIRR . TIRIRR Y
DAB Y0 IR BE(E 43 0 47.67% . 32.00% . 65.00%, Atk i & & T8 A B AR (P<0.05), JEHfA: Al
FEAREY 1.36 £, i e IAAT IR K B2 0 2 1K T A UM AR (P<<0.05), JEHF A= RUMIAR K 0.67 15 (K] 6A-2);
By AR RUREAR . 2T FIRAERE . THRAERRNT NBT KBE(E 5 5K 22.33% . 16.33%. 33.67%, THLark K (G
3 TR TR AR (P<<0.05), J2BFAERUAR KRG 1.50 %5 3o 2 0k Ml Bk K B (8 0 3% 0% T B A4 10 A Ak
(P<<0.05), s=BFA: RIFIRRAY 0.73 £ (18] 6B-2), HE— 255 T 538 T A [E I E 5 Hy0, K o - i 47
G, RUMEE T2 WHa R E TR, HyO, KX O; - BTt BE R EE T o, AERRSZ 06 P 48005 5 R B
HH, 0dl, BFAETUARPR HyO, A0S - T B SR MR BE 431l 2.56 . 63.37 pmol- g™, i3 FiAAHMKY H,0,
F1O3 - Jot 4k R IR W B2 4303 S 2,98 73.56 pumol-g ', T4 A BR (19 H,O, Fl O3 - JBT ik JBE /R e JBE 43 J31) 2.54
58.65 umol- g™, 3 FHAEFRMEI T E 25 . T 2MH0 14 d AR KE, 25 58% (P<0.05), HpAR
FERR . LR IRAEMR . THYAEARY HyO, I BE R VR BE 43 501 5.54. 8.40. 4.60 pmol-g™', i FRIKFHAK I
H,0, Joi 3 B RV B W 35 i T P A LA MR (P<<0.05), J2EFARURERRIY 1.52 £ T HRAi R o 2K T BF A= A
R (P<<0.05), JENFAERIAEAR Y 0.83 15 (K] 6A-3). 14 d BB A= TR BR . G SO PR . TI0AE AR Y
O; - R BE IR FE 430k 328.61, 352.11, 253.49 pmol-g ', i FaAMIFRAY O - ik B /R M J3E (3 25 v T8
A AU RR (P<<0.05), JERFAERUAEARAY 1.07 £%, THOAEMR 0358 T B A AR bR (P<<0.05), JEH7A4E AUAE bk
(4 0.77 £i5 (] 6B-3). Z¢ L Frik, BlE T FWre if R AR, 3 FhRERE 2 16 1k R E AR B MR B HAR I R
THeAftk . B A AR . bR, R TR BT R AR
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W%, B-1. NBTR AR A2 NBTYORKEM: A-3. T FMHa FO; FiE BERIKE .

B 6 FFAastbt JrGA3ox MMM &R FALF & L BT FF RIS HT
Figure 6 Analysis of grayscale reactive oxygen mass molar concentration in JrGA3ox positive walnut plants under drought stress
224 T FmasT A JrGA3ox MR R R 2 20 ®ra  MERER BT AR Bekk o B 2
H S AR TR A AR R A AR A . A KRR . TR AR AR R B A B T
W, S5 WR: 0di, 3 FMEbRMIM SR TR HERARE . BEE T 2PHan TR, R
BRI, TRME 7 d B A BUAR AR | S R IRAERR . TR R Ak R T 5 B 2.34
1.96, 2.76 mg-g'c SRFAERIMEMRAE L, i FRBMMR M SRR TR FCRAL, THRMEAE S . T2
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14 d B, HPAERIRE IR 5 0ok RO SR R B i o0 8025 S W 2, T H0AR AR Bl 2 v TP A AR AR (P<<0.05),
JEP A RUREARAY 1.60 15, T 50 21 d i, BpAE AR RE . o Feakaikk . TR IR B9 k4% 2 i o B
524 1.40, 1.10, 1.97 mg-g ' 2F FIBAHPRI G- K BT 40 BU B AE BRI 0.79 7%, b 2% T 7 A= AT
Bk (P<<0.05), THLMMEE A AURARAY 1.40 £%, W& TR AU (P<<0.05). 28 d i, i Fikmtk
M4 2 R Bk 0.65 merg !, K T HF A A AE 6
PR (P<<0.05), ZEFAERIFERAY 0.53 f%; THLrEpknt:

SETINEN 1 Tomg- ¢, REBTIEMME &
(P<0.05), JEHFERIMEREA 1.43 15 (B 7). 28 BT =
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