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Abstract: Bok choy (Brassica campestris ssp. chinensis) is an important vegetable crop native to China and is also one
of the leafy vegetables favored by people in Hainan. The high temperature and intense sunlight in Hainan’s summer
greatly affect the normal growth and development of bok choy, reducing its yield and quality. At present, research on the
growth of bok choy under abiotic stress is mostly focused on heat tolerance, while study on the response of bok choy to
strong light stress is relatively scarce. To investigate the molecular regulatory mechanisms of bok choy in response to
strong light, this study used the variety ‘Aijiao Huang’ as the research object. We compared and analyzed the physio-
logical indicators, photosynthetic characteristics, and expression levels of response genes in the leaves of bok choy un-
der normal light [300 pmol/(m*s)] and strong light [1500 pmol/(m*-s)]. Under strong light, dry weight of bok choy sig-
nificantly increased, and the R/S ratio gradually increased from day 0 to day 10, followed by a significant decrease on
day 15. The chlorophyll content significantly decreased in the later stages. Pn, Tr, and Gs significantly increased on day
5 under strong light, and then gradually decreased, while Ci remained relatively stable. Using RNA-seq technology for
transcriptome sequencing, a total of 2324 differentially expressed genes (DEGs) were identified. GO and KEGG en-
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richment analyses revealed 14 DEGs related to photosynthesis and photoprotection mechanisms, and 6 DEGs associated
with antioxidant enzyme activity. § DEGs were selected for qRT-PCR validation, which were consistent with the tran-
scriptome sequencing results, confirming the reliability of the transcriptome analysis. Strong light had a certain impact
on the antioxidant enzyme activity of bok choy. During days 0-5, the activity of SOD, POD, and CAT was induced to
increase, while from days 5—15, the activity of SOD and POD gradually decreased, and CAT showed an upward trend. In
summary, bok choy may rapidly respond to photosynthesis-related mechanisms and regulate antioxidant enzyme activity
under strong light conditions, thereby alleviating the inhibitory effects of strong light on growth and enhancing the

seedlings adaptability to strong light.

Keywords: bok choy; strong light; physiological response; transcriptome analysis; gene mining

DOI: 10.3969/j.issn.1000-2561.2025.07.007

USRI AR KB N EERE RN 2
—, YK R R EE ST, EE R
e s R E AN, FA R T
BER R, 1 R SRR Y I M4 ((reactive oxygen
species, ROS ) & &4 R, SLIAEY) IEH AR &
FibkE, RASEGEE TR, e &
B EAERRAR R, PR AT R A S
PIRRRZEM T AT L) BB AR 2% | i AR e
/b ERR (chloroplast ) J&&t Y CEVE )
AR N, MR R SIEEEEY G
HEGT, S5HTEDNERKER . PLing .
2 — IR AT BRI GLKs JER s
HIPH SR % 8 T HHLREZE 35 1) S e i PR 110,
1 3RIE GLKs JEH Al FEE L AR I 356 A
AL, R (W) JEE
AR HSAR A, Otie S SBOER ST
Py, FHedxh PSIT A A o 2, g
RS N RSO EOCRESBIR PS 1T
LR SEREE ., DG SRR ab B55 RS MNTE
PSIFIPS I FAYZRHEARIEEE T, HI3h Lhea( light-h-

arvesting chlorophyll a/b binding proteins of photos-
ystem 1) FlI Lhcb ( light-harvesting chlorophyll a/b

binding proteins of photosystem Il ) Wi/ V%,

439 i Lhea F1 Lheb W22 5L N Gt , @it 5
MERER . RIS NRAMTEREORS TS,
JEREMRIC . eSS, LA SRR S AR S 1 55y T
KAV, SR R0, fElmdT b, MRk T
Lheh B2, #BSS S MM MO G AR 4 R & it
AT HE B S (0 B2 1 A 6 3R B A R AR KB IR
AUER B AT L, SRS A R A K
RAETFERELW, ST FRG R —RIE
ZRMAE PRI AE AR Al XA AL FE ISR AR ZE A
REMs . DA LRI ZEAL . TR T
JERRL R DL SAH G R FRIB R AS o 3K 263 HL | )

TIF 5 hy B A AR 00 7 SR ol T 100 3 0 A s o 2 At
TEBMENS AR, I E IR OGEE VR
P AL T v R A

TR AT E R SRR, R T R
TS, IR AE 22~26 CZ Al AHAER
BET, miEEGRS B0 SR
7R e, 2N B MR AE . /N SE ( Brassica
campestris ssp. chinensis ) J&+F /LR 25208 25 48
PR, MRRAZERRAZE . H3E. s,
PEFR O, SRR E W E R R . N
SR AN R BRI Z —, R 520 iR
SROGTEMR KRR Lsgm T/ IER K E
B, REART R,

BT, XA T A K iR
ZAETPAET A I, G T /I ST s G i
N ARG o AR5 LA e b X Fh RS )92 Y
AN ANE I S RS X%, R LED 16
P, ME NS R M RO E R AR b A AL
fitg 1% 1, FH RNA-seq #EATH6 SRy, ik 22 5
FIRILH I AT RETERE AT, FERG SRALK -
AIHTORIE T /N 13 AH S iy 356 PR EA TR 2B R 5T
DIHHRIE /N A 3238 5 6 B 4 F 0L, SA/NE SR
B 2R A R e AR

1 MR5FZE
1.1 ##

BN SR SRR ORI (W R TS R
F 720\ )o BEHUIR I B35 — B AT EH % T
RAMMIK/ DT (2 cmx2 emx2 em) W, &
R F R R, 25 CHER AN TR, 2d )5
P52 R LG, JERESRIE R 300 pmol/(m’-s),
YA 12 WG HR/12 h BARE IR 25 'C/18 C,
TR A (70£5) % Wit —Oo T, K/ NET B 2k
b NIy ot NP 5 1 < R o 9 o0 LB L



1596 o AE A F AR

% 46 &

SEHREREE K 300 pmol/(m?+s) (CK), HRIGALFRAY
YRR A 1500 umol/(mz's) (HL), HAbZAR
Fr—E.

12 FHik

1.2.1 HMtkAEHmEgnE B Sd&H S e
B, VR TS b R R T B4
BTHEA, 105 CRF 30 min, 75 CHET i
J 3 S b RN b R T B AR IR F=Hb R R
oy T HE /M AT

122 £ 4Fdmz ] SPAD-502 A%k
F A /N S 7SR AR S i (SPAD ),
TEBCRE R N L 1) R BCF 3~4 R 8 55 0 5 7
— 2, RS M R 3 NSRRI ERAL AT AR
FEPRINE o FEASRFPREE 3 IREE .

123 gméefsmz RHERE Li-Cor 2w
Li-6400 fE#EADE G, 7ER K EF 9: 00—11:
30 MEFEAR A E1al FECR 3~4 7 5E A ETT R
A HE (P, KILFE (Gy). UM BR
CO WFE (C;) FIZEIBHA (T,), ME Rt K
TR (25+1)°C, i Tl i % 5 5 A PR iR IR
F—2,

1.24 #AABEZEMNZ POCHAIE0.5.10.
15 d Ja gt i P h A B S I .
MR BT AL, ARG T80 Cuk
FEARAE . 1B (POD ) I 1 2R A B A i
EUI R, ALY LR (SOD ) TR A
Wpum: (NBT) Jtid JFE e, o Ak S b
(CAT) MR AN s o &

1.2.5 % RNA #2I cDNA L EMEFfn 5 1k
BOEHR 5 d AR -8/ 3 /R, BUR—
AL I RV, TG I K 3 AR B GER R

ZEHE) M BL i SR AR W HOR A IR v TR S5 %
T o FIFH RNA FEBGAH & 3 BUN et 7 2
RNA, HEah RNA I3RS 0 5 R L vk 40 H o6 B2
M S AEAE DNA 154% 5 R H NanoDrop 47
JEGRE TN AL TRV EE , FHIH Agilent 2100 £
Il RNA 5%tk ; RNA Bk 446 H i cDNA S,
JER 4% )5, FIH Illumina Novaseq X Plus 47
e I T

12,6 2 AZAReHiL RHA fastp BT
fastq #4301 raw reads PEATALERNTT ) LR
reads J53k15 clean reads, fifi ] HISAT2 %AF8 xL
S 0 A5 3 A 31 e BB S U R
HISAT2 fi He X455, FIH Stringtie Tk A,
It H RSEM IR R A T T A SR R ik &
FE A 22 5 2R I8 43 B 1 i AR A 5 DR 3R /KR
Hr 75 2 /% read counts Fidi, i H edgeR #4453
fr, X read counts #HFTHR#ELL ( normalization );
RGBT R A 3 (p value ) YTHE;
e i Z E IR ALIE, 155 FDR H (F 1%
RIA ), BT 2R HEA, ik FDR<0.05 H
lloga(FC)[>1 AYFER oy ik 2% 22 5 3L ( DEG ),
1.2.7 £ %k A FH qRT-PCR &3 #EHL 8 4%
2= RIRHE B AT SC I 2Ot E i PCR ( RT-
PCR) 550k, FJH Primer 5 #AF&ITHE &G 19,
SIFFILE 1, SRR () B
A PR B S s ) & XU 28 wlIR A RNA
PEAT R 5k . qRT-PCR 2 ¥ M : 95 C Wi At
5min; 95 CAsME 10 s, 55 CiBk 15s, 60 CHE
i1 30 s, 40 MEH, NWSHPHH GAPDH, & 3
WEYsEE A 3 R ERER, M 27 kit
FAN R IA

®1 AFERFZEEE gRT-PCR WIEMSI ¥ 55
Tab. 1 Primer sequences for qRT-PCR validation of differentially expressed genes

JE 1D I B Ems1 (5-3) RI519 (5-3)

Gene ID Gene name Forward primer (5'-3") Reverse primer (5'-3")
LOC103848938 GAPDH GACTGGAGAGGTGGAAGAGC ATCTCGTCGTAGGTTGCAGC
ncbi_103835863 LHCAG GCAGAGTGGAAAACGGACGA AGGAAGACTGCCATCGAGC
ncbi_103833106 LHCAS5 GACTCCTCAGCCGTCATCAC CGTCGAGGTAAGGAGGAGGT
ncbi_103865334 LHCB1.3 GAAGACCGTTGCCAAGCCA GTGTCCCAGCCGTAGTCTC
ncbi_103850280 CYP97C1 CTCACTCGCACCATCACCTC GGTAGATGGGTCCGTACTCG
ncbi_ 117126611 ZEP AGGAGAAGCGGGAGACAGTA AGGCGTTGCTCTGAATCTGA
ncbi_ 103871859 Z-1SO ACTCTCGTCCGTAGCACTCT TCCAAGGATAACGCCGAAGT
ncbi_ 103833353 NYC1 GGGCGATGGAAGTGATGAGT TCTTTCGCAACAGAGCCATGA
ncbi 117126229 psbA GCGGCTCCCTATTTAGTGCT ACCGTGAGCAGCTACAATGT
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Tab. 2 Impact of high-intensity light on biomass of bok choy

" - —
gkt imensiy  Toamenc - TE Wit
J(umol-m 25 1) day Dry weight/g R/S ratio

300 0 0.11£0.002¢  0.148+0.154°

5 1.09+0.05° 0.180+0.007°

10 2.62+0.38° 0.156+0.012°

15 3.09+0.07° 0.159+0.006°

1500 0 0.12+0.01¢ 0.146+0.008°

5 1.10+0.07¢ 0.154+0.010°

10 2.97+0.32° 0.194+0.002°

15 3.73+0.56" 0.172+0.003°

WS/ NG FhEFR R AR 22 7 B2 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference among treatments (P<0.05).
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HESEAR. hEk 3 A, IEHOLT/NASE SPAD
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MR, /NEARAEA R[] #Y Py G Ml T AZ LA
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RiF B ETHR, RBCThR R BRI,
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Tab. 3 Photosynthetic indices of bok choy leaves under high-intensity light

i B2

L ﬁﬁiﬁﬁmgifﬁi i Nl CO R R
/(umol-m s 1) days o/(pmol-m ~+s7) Ci/(umol-mol ™) T,/(mmol'm~-s™) Gy/(mol'm “-s™)
300 0 40.50+0.26° 15.03+1.32° 358.30+3.55° 0.64+0.03¢ 0.18+0.006°

5 42.30+0.98° 13.30+0.44° 344.44+16.59° 0.75+0.02¢ 0.19+0.004°

10 42.3740.31° 13.13+0.84° 373.19+14.24° 0.81+0.02¢ 0.20+0.002°

15 43.23+1.03" 9.76+1.15¢ 354.40+5.36° 0.74+0.02¢ 0.18+0.001°

1500 0 41.87+1.36° 15.41+1.19° 358.27+3.02° 0.66+0.03¢ 0.18+0.106°

5 38.80+0.66° 32.92+42.40° 347.62+21.94° 2.18+0.12° 0.33+0.023"

10 34.47+2.06° 27.55+1.69* 328.46+8.67° 1.87+0.03° 0.25+0.020°

15 31.93+1.08° 17.19+1.83° 320.86+19.53" 1.62+0.17° 0.15+0.010¢

E: FFIAR/NG PRSI 2E 53 2% (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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Tab. 4 Quality analysis of transcriptome sequencing of bok choy

i TR B AR A& T & He Above Q30 propo- GC &&=
Sample Raw reads Clean reads Clean reads propotion/% tion/% GC content/%
AJH-CK-1 38 612 000 38 457 708 99.60 93.52 47.66
AJH-CK-2 44 296 724 44 134 258 99.63 93.76 47.66
AJH-CK-3 40354 478 40 201 822 99.62 93.44 7.63
AJH-HL-1 39 184 148 39034918 99.62 93.60 47.86
AJH-HL-2 44 823 790 44 653 446 99.62 93.96 47.87
AJH-HL-3 45246 362 45096 626 99.67 93.51 47.86
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Fig. 1 Volcano plot of differentially expressed genes
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Fig. 2 Results of GO functional annotation analysis of differentially expressed genes
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Fig. 3 Bubble plot of KEGG enrichment pathways for differentially expressed genes
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Fig. 5 qRT-PCR analysis of differentially expressed genes
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Tab. 5 Effects of high-intensity light on antioxidant enzyme activity in bok choy
BB T AR AL AL I AR o AL T T LA SR P
Light intensity/(umol-m2-s™") Treatment days SOD activity/(U-g™") POD activity/(U-g™") CAT activity/(U-g™")
300 0 124.54+15.44° 385.474+20.81¢ 20.08+0.75¢
5 252.39+16.23°¢ 588.888+6.96° 24.36+0.88°¢
10 265.58+30.86° 581.359+13.58°¢ 17.89+0.46°
15 172.14+11.22¢ 520.016+32.09° 14.15£0.11°
1500 0 124.03+17.13¢ 387.618+13.83¢ 20.17+0.81¢
5 626.87+11.04° 695.244+9.50* 25.81+0.69°
10 357.49+28.35° 628.827+7.87° 34.71+1.04°
15 473.32+4.57° 675.396+4.36" 38.83+0.75°

T BB G ARG 5 B3R A B 22 5 3% (P<0.05 ).

Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05).
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