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fhegee "2 AAR, R, HWAE!, mEs Ea? FRsY

YRYN T 22 R AR A oL, 22 RHE A B 5 ) SRR AN B RS N S, 1Y 518114
PRI K A A B 222 B, IR URIE 150030

WE & EM(Cibotium barometz) & —Fh 2 B i 5 I 25 FTBRAE Y, AR BHRAR 222 dilE sp 25008 0 IR A k). g
Xof & B IR B T AT SR ARET A BHIR ORI 5 R 2 P R R 2 M7 I « 5% i B PCRI AR B 5T 5E BRI Th RE 1 F 7 v,
MEFEEMNSERZZEARNBEBRTZ —. BHil, &EAMHCERIGEHARED, TEENANSERTH. Z0R
G A SR AL A P O 124N 5 I AE I N S 2R, @ TR R, e8NS R G Y. IRIE8H NS
FE I3 4 B 10N HLAER AL ICHE, F FH RefFinderfNormfinderk 457 1k Hi 5 £ N 2 5 K| CobUBC4RICbEF1A. St T W4T
SR E) K G I IR ZE I K K 3234281k, COEF1ARI COUBCA4R 1 Ei@ BN 3L o WF S8 WU 5 A% A 7K o 464t T L[]
(13235 24k 142 F CbUBC4 R COUBC281E N N S 54 1R, 38 3 A8 DU ML A48 473 R ZK A 2 A 1 — ke ket g J97 5 [ ) R ik AR AL,
HE— RS T COUBC4MI ChUBC 2812 g o« B A 45 R NG B A FIA LR FEF TRt 7R T &M S £ A .

XEiE @B, ARAYN, NSERE, IR, e
frigee, AR, Bk, BFE, ™EN, B2, ERE (2026). & BN 5%O6E EPCRMA SR 1) % 5N, #HY)%5

# 61, 300-312.

4 B (Cibotium barometz) % £ E AW Y),
FET MW H & BSR4 EMEiang et al., 2023),
T2 o A0 T A AT M DL RS I AT A A
X, AR TRRM DGR SR RS . &%
M2 R R ORI T AR R ), R EE ) B A
), AREEFMMEERFESE, 2012). & EBMMKR
RZRGEREAF W EM R R (hEZ )
PR BIOM R K h 22—, HRERER. AMFE &
TRIEIRAE TR, Ak AR B 2 A0 35 2 b B2 %
DR GBMIHLIRZNGRAE IR, B T 7 A2 41
LU AT AR B EMRRZ S WS m A, 24
JE B vk fE IR R R . BARRAMETS, RS
BB RAR HARRZEAEKENE, Iz % R™ &,
2 7 T If B 2 R AR R AR 28 7 e R 1) XL R 355
ARG AR B AR G B BEIE, TINRE A4 E
N LYIMEEERE, RIS T2 R T Bk HA 0
RORES IR (BT s B ElCHT M BT, HET N RS . HAT

Wk H #: 2025-03-15; 5% H #: 2025-07-29

KT & BMEHEHCH D, HEZEE SR
r(Kim et al., 2023; Zhang et al., 2023). #j#2%
(Chen et al., 2022). #%i4r 2 (Jiang et al., 2023)#l
FEARE AL 2 (K KRB, 2012) T & B Rl 75
WREEBMREEDT . REAEYE. LD E
o SRS B0y AU I8 B 5 7 TR TRk (Ji et al,
2023). & BA IR K AR 1R AT — AR AR
BE AR > TAEM RIS, AR R AR A KRR
FE AT ) A X 3R 52 2% 7 31 4544 (Qin et al., 2024),
RN FE LA SR A VR RS 4 1 2 B R AH 7 41

€ EPCR (quantitative polymerase chain reac-
tion, qPCR)Z201H £ K Jk Tl PCREIA I & H 1)
F T 58 B A A bRy 5 ERNAERDNA 471 3= B 1)
ST AEYEFFAR (Higuchi et al., 1992). Heid%(1996)
P H R EHEH T 52k 2% 2 2PCR (quantitative
real time polymerase chain reaction, qRT-PCR)$%

Ko PCREIARTVZ N FH T A Ay Bl 2= LT 72 (Valasek
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R Fe 0t - [ 5 L U B AR S A R AN B I

* @IRMEE . E-mail: changying@neau.edu.cn; duibian@126.com

© 0000 Chinese Bulletin of Botany



FhIERE S B SN 9O0E B PCR AZ R KIS MPET 301

and Repa, 2005), JFiZ P eI s, £l &4
AR ANIREE AR SR A 7 B A Ak, 72 & S AR 7K
Tk #k6: il (Botes et al., 2013; Coudray-Meunier et
al., 2015). k7% (Herbert et al., 2007). zh#¥%
I BRAE 4953 B 55 12 7 (Verdecchia et al., 2021; Dutta
et al., 2022; Magro et al., 20231444 i Fil % 5
(R BEE, 2019)5 U R #F 2 /E M. qRT-PCRE:
DT HERA PR 52 2R SRR L LR V8 R ARAF I 72
SR ZR SR, — M R R AS R AT AR v A Ak
2, FIHDFE & 1N S F (reference gene) & i
W F bR HEAL 77 7 (Huggett et al., 2005). ICGH
(Internal Control Genes for qRT-PCR normaliza-
tion)$2 fit 7 K& H T A M A e U A M) gRT-
PCREG I A 2 B I8 J & 4 5, (H AR it B
J () J@ P N 2 25k DR ) A OG5 JE.(Sang et al., 2018).
T 7 H FH i 2 22K EF (Elongation factor).
Tub (Tubulin). Act (Actin). UBC (Ubiquitin-conju-
gating enzyme). UBQ (Ubiquitin)flelF (Eukaryotic
initiation factor). PNZ3:RTEAY) AN A FALEAS [F]
W (VB EAEE Y IE) T A ReY — 1% 1A (Kozera
and Rapacz, 2013); HZSZIGAFH S5 m Ry
F A 2214 2 (Schmittgen and Zakrajsek, 2000).
Uk, ST T EAR IR i S PR 0 TR Al ) N 2k
EALFH T s A e 1 AL R 1 41 ) = B

A FE UL BIAN [F K B I 2 A8 5 AR
FIH qRT-PCREZ AR A [F] P 2 R FE 4% 28 B H 1)
FIEFLE, WASESFETE & NS 5L 51 P iR e 1
MiFaEME, DU S B A K Th R w T HR & i
ZIEH 5.

1 MH5ERE

1.1 XBHR

IEHCRNTT 22 BHE A G4 0T 7 O Il X B A 4 B4
(Cibotium barometz (L.) J.Sm.){EFk, S4EMIRIRZE
WAANTEG WS BN, LeMeAFE—A54E
SEMEHPRE. BOFEMRS-SMEMFEE.
YIFEHORZE A N TEF 12 &MY H, R
L35k A KA 4, BT, KB4 R
MYIF, FEEA2 mm, R REAZFEIIRRZE . #f
i 2 R IR R JE ORAFAE—80°CUKFE & H .

R A R BRI ARR 250, AT B AR K s 5 —
Uity AL ZARRE, SRR 56 RS X V) 1 A a3k AT 2% T A 2
PR R R S A K o IR R AE KM 1 6 B AR AR, H
KBS JITE 4B /AN EH BB 2 AN 0, 430
0. 2. 4. SFM6/NWEEA T /NP, i
KA —F A S B Z R, BREE TR, #
B R, 2050, 4. 12, 24F172/NF 8Lk
YT AN REASET (] SRR R 3N YR E A
FE i 2 R R AR A7 45

1.2 HELHEDNAFIERNAREZCDNAGRR

A FHAEL 4 225 (R 4 DNASR AR & (b o A xR B
R E R, Cat No.EE112-01) M\ 4 B4/ i
HHRHUDNA, FH AN N 2 2 8 5| W08 2805 . FF il
S RNAJRHCK FICTAB: (Gambino et al., 2008). fi
FHVR R MR B Ok K, NSRBI, 4018 I ¢
B APUEFIR . YT EEIFE A VLA
e S DUUE S0 B3R AT R R S RNA R B 7ok
Y6 (Thermo NanoDrop ONE )5 fIg b e e HL ik
Rl S RNAJK B . Al N SE B

P s B H A HE ARG R A ], Cat
No.RRO47A) & i cDNA, H 4 /5 25 B 34 7= i 4
VLA HEAT, AN S RNAF & N1 ug. 2211
cDNAJF W o A% IR B K W B 2045, FH T )5 4:qRT-
PCRSZ4 .

1.3 QRT-PCRECI

DA 25 R ZH DNACHASAR UF 52 5 I S 200K . S
DNA A 7 # IR g 7K # #% 3| qRT-PCR £ 5 1) Ct{&
(cycle threshold value) 11, Fric A55 (& LK E
H10%). M5SHI100 uL, 5900 uLTCHmREE KR &,
TN IRIEIRE], FRid 45 (E SR 10%); FEA
451100 pL, 5900 pLIAZIREE/KIR G, 787 iR iE
BE), FRILASS (8 LI E N10%); RKFR2S
(2 SCHIRBE 107115 (68 SCHIRE 7910%). 2219
WAl 2RI, LUIg(E SR E ) AR ALBR, #F 5okt B 1) Ct
AR

qRT-PCR s 5 % H 44 Bl ik, 5250 4 2% v ABI
QuantStudio 5. & M R EAAFIN20 uL, HFE10 pL
SYBRAM (At 5 & XS EME AR A AR A A, G
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BE v 9 ok & PCR TR W, AQ601-01), 1 uL
100 pmol-L IEf 514, 1 uL 100 pmol-L™" K [ 514,
1 UL, 7 LGB K. ROBFEFF: 94°CTAL 13074
94°CAs 1£5F), 60°CiE k3050, 401G .

FPrimer Premier 5.0%F & 11514, FIHQRT-
PCRG I w37 AL A 5 475 A0 7K 4 il 3 1) 356 ] 51 4 4 1)
N CbWAK3 ( IE 7] 5| #) 5'-GCCCTTCTTTCCAA-
CCCT-3'; x[f 5| #5-TCGCCCACTTTGCTGTAT-
3). CbWRKY3 (IE [ 5| #15-GTTTCTGGTGGT-
TTATCGG-3'; Jx [ 5| ¥ 5'-GGTTCCTTAGCCTT-
CTCAA-3') fll CbEIN3 ( IE [ 5| # 5'-ACATCCAG-
CAAACTATTCG-3"; Jx In] 5| #15-TTCTGTAGCCT-
TGACCATA-3"), kMR REEFF L.

1.4 HWELE
I Excel# 4+ . RefFinderflINormfinderf 4t (https:/

www_ciidirsinaloa.com.mx/RefFinder-master) i3t 17 %1
PEALFR . FI FAE 26 B4 ChiPlot (https://www.chiplot.
online/#Phylogenetic-Tree)%: fill /NS R FHTE A

2 GR511R

21 FEHSBRNARERN

AARESEBMRAR . HORZ(GIEI . A IR
I TG A HL . R CRE M) D (R
B ) A A 24 R A 104 2 A (]
1), FESLEG T RSB AR 1 AN K s AL 3 IR/ SPI
TH VR T 5 FHCTABYA TR B R F 5 LB RNA, 8 H
B 0 o FEE TR B R Ve R L AR S RNA ) 94
B TREMGEREEE, ORI 0 B = e
RNA, T 58 xS FgRT-PCRELL: . FME 46
RIS BT S RNAVE L OD2eo/ODggo L 1E

Bl &EBRAFHNE

(A) RHASTHE; (B) WA (C) 4t (D) MRAR; (BE) MARAIZEGH; (F) ZTim B4, (G) AURZE-EY; (H) HUIR

-G (1) HUIRZE-F A H. Bars=2 cm

Figure 1 The different tissues sampled from Cibotium barometz
(A) Immature sori; (B) Mature frond; (C) Young frond; (D) Root; (E) Stipe and rolled lamina; (F) Rhizome apical meristem;
(G) Rhizome-mature stage; (H) Rhizome-young developmental stage; (I) Rhizome-middle developmental stage. Bars=2 cm
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2.04-2.28, WK% }569.60-1 309.34 ng-uL™", i
TR IR H K S T A S RNA R K 4% 5 5 b 52 8, ok
DL BRI R (B12) . TS 4 B0 %A 5 S RNA
AT T fE SR,

M 11 12 13 14 15 16 17 18 19 20

B2 RFEFE A A RNAZ S S H kAR I
10 RAGAIFHE; 20 BB 30 40t 4: 1R %R; 51 HHW; 6: 2%
iy 70 W EH S 8 HUIRZE-RAM, 9 HUIRZE-4)E
W, 10: HRUOIRZE-FA M. 111570 IR RHLARA50. 2. 4. 8
A6/ NP . 16-2043 I LR B (15548 ) K MEAL PO 4.
12, 24F072/NBF/NFRE . M: DNA marker

Figure 2 Agarose gel electrophoresis assay of total RNA
extracted from different samples

1: Immature sori; 2: Mature frond; 3: Young frond; 4: Root; 5:
Stipe; 6: Rolled lamina; 7: Rhizome apical meristem; 8: Rhi-
zome-mature stage; 9: Rhizome-young developmental stage;
10: Rhizome-middle developmental stage. Samples 11-15
represent pinnules subjected to mechanical injury at 0, 2, 4,
8, and 16 h, respectively. Samples 16-20 indicate pinnules of
seedlings (1 year old) under waterlogging treatment at 0, 4,
12, 24, and 72 h, respectively. M: DNA marker

2.2 FEINSERESIPY EYEFB RSN
B R AR F AR SR, @ i
M) BRHDR ZH A HIE(Qin et al., 2024), Z
2 AN [A) $ 4 %E (KEGG. NR. Swiss-Prot. TrEMBL
HIPfam )X &5 DA 1) 3 S DR 304 =R (1 FPKMIY{H
(fragments per kilobase of exon model per million
mapped fragments), ik 124 0] /E R N S H
REFFHI(RT), OEH WHEYASIEEEF. Tub.
ACT. UBC. UBQFlelF. %43 K F|F Primer
premier 5.0 % 1T & qRT-PCR5 4 »

it b, #ERPCR ML FE o DNA R 5 DNA
PR H [ [ E I BE R R, BIX=X0%2" (X Em

PCR4E I KRG = MHE, Xo R mPCREESNHT R4
IR R, nERPCRIGHIEL). 1M SLhrPCR
JBLHT G R AR ML BIFRHE(E 2, TR R E R
SI(EIY AR AERE R YR R R B RIIR
&), TaqBFiEtE. PCRIMMGI K (B T FIEDTA) LA
FAIUEAEH R BE S5 R B o N T 360E IR G i 4
R 2 75 3% ] T qRT-PCRSZ K, | FH AR 156 25 4
PRSI0 HIAE R0 511G il 2, RIS R FE A o 28
K 455 51 ¥ IPCRM= W) 2 75 B R 1

FIFH qRT-PCRIEAT X & & 4 M, A 1R 3L
P AL I, BESRP 1 G I E90%—110% 2 [,
X AT 18 i 2% %N —3.6<k<—3.1. HEHEQPCRAG M )
CHH 5 xf B AR AR W FE 2 TR 26 PE R R, 8/ % i BE [
Sl 3l 28 B 7F G BKR, 43 il CPACT .
CbEF1A . CbelF4A3 . CbUBC4 . CbUBC28 .
CbUBQ11.1. CbaTub1.1R1CbBTub1 (3). FKHix
e 5L K] 51 W03 47 PCRAS 21 Y DNAF= P 5%5 B 1) 47 A
Lo I E (K4), REFIX SR, W]
T qRT-PCRSEZ5:

23 REBEREFTRBARPRENEEM
NTHAFSH NS ER 5t et, il L& EM
104~ 41 4L A7 1) e RNACA B AR, 3l i I e 3% &
cDNA, 5§ LAcDNAREIMR 1T qRT-PCRESS . 451
BoR, 10N AR 840 4 2 4L K i) CHE Y5 B AR [A]
(EI5A), HH1 CbEF1ARICHE I sh 6 Bl i/, H2
CbUBC4. CbUBC28#1CbUBQ11.1, ifi CbACT.
CbelF4A3. CbBTub1 1CbaTub1.1HICHE I FhTE
B4,
RefFinder& — £ & 1P/ qRT-PCRN 2 2 [A 12
ENEREAE(Xie et al., 2012), ¥ _EIRCHE S N %K
PG 13 2IBLL N 2 3L R 1% 4 B 10 2L AT )
SEMEHEA (KEI5B), YA AME B /IN R IR ) 2 2k R RS
SE o FasE MEHE AL T4 1) A 2 3, (K] 43 il & CbUBCA.
CbEF1A . CbUBC28 1 CbACT, i CbelF4A3 .
CbBTub1. CbUBQ11.1f1CbaTub1. 1HEL S )G . N
Tt —PRAE EIRN SR R E M, FINormfinder
TR 530 84 N S B R i Aa e AT HE P, ARe
e AT 41 N 2 5 R K28 & CbUBC4. CbEF1A.
CbACTAHICbUBC28 (KI5C). Kit,, #|FHqRT-PCRK:
4 BA 10 LR AL P AN BRI R 1A &, CbUBCH
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#®1 & BSIQRT-PCRIZE NS
Table 1 The candidate reference genes of Cibotium barometz for qRT-PCR

Primer symbol Base sequence (5'-3") I:r:gt(:wu?;;) templt\a/llfealttg:% (°C) cC p(iizze):ntage :#?ng;%?tigz)
CbUBQ11.1-F GGGAAAGCAACTGGAGGA 180 55.2 55.6 92.3
CbUBQ11.1-R  CGTGGATGTAACCGAGCA 55.3 55.6
CbaTub1.1-F CCTTGACCGCATTAGAAA 119 51.5 44.4 94.5
CbaTub1.1-R ACAACCGCTCCAACAGAA 53.9 50.0
CbBTub1-F AAGTTCTGGGAGGTGGTT 137 50.8 50.0 103.1
CbBTub1-R ACAGCCCTTGGAACATAG 49.9 50.0
CbEF1A-F CACCGTCATTGATGCTCC 108 53.0 50.0 98.8
CbEF1A-R AAGCCTCCCGTGGTAGAA 54.1 50.0
CbelF4A3-F TCCTCCCGAGTCCTTATT 137 49.6 50.0 100.9
CbelF4A3-R GCCACTCCCTTTCTACCA 50.3 50.0
CbACT-F GGCTGGATTCGCAGGTGA 133 59.6 61.1 109.7
CbACT-R ACGCTTGGACTGGGCTTC 58.0 61.1
CbUBC28-F TCCTGCTTTGACCATCTC 117 50.2 50.0 98.4
CbUBC28-R TTGGCTCTGTCAGTCTTGTA 50.9 45.0
CbUBC4-F CTTCCCTCCAGACTACCC 120 50.9 61.1 104.9
CbUBC4-R GGACTCCACTGCTCCTTC 51.5 61.1
CbBTub4-F ACATTGTCGGTTCACCAG 134 53.5 50.0 113.8
CbBTub4-R GGAAATCTAAGGCAGCAC 55.1 52.9
CbEFTUA-F GATGATGTTGCCGTCGTT 169 52.3 50.0 114.9
CbEFTUA-R TGGGATGGGTATGTTGGT 56.0 52.9
CbACT7-F CTGGCACCATACCTTCTA 132 55.2 50.0 87.9
CbACT7-R TGATTTGGGTCATCTTCT 53.6 38.8
CbUBC2-F AACCGTCCGTTTCATCTC 119 54.7 56.3 121.2
CbUBC2-R ATTGCAGCCACATCGTAT 52.9 44 .4

AN SIEE, HIKECbEF1IA. CbUBC28HI
CbACT.

24 REEFEEARLZERARREDRIZNIE
E

HARZER & EMBALTFMEMNR T, FXE&EM
HORZEMIBT AL 2 o BB BT 35 N S B R TEAS R K
B IEHAARAR ZE R RIE e, RILCbUBQT1.11H)
CHE 3 3h ¥ [l &% /N (IBD), 2 J5 # X /& CbEF1A.
CbUBC4FICbBTub 1. K841 P 5 Ik K4 *t & B AR
RZZ I CHE S ARefFinderik 4, 45 B Eor, FaE ik
HE 2 w41 N 2 3 K 53 ) ) CbEF1A. CbUBC4.
CbUBC28#1CbBTub1 (KI5E). [FFfHh, F|HNorm-

finder f 5 57 Xt 8> A 2 5 [H] (1 Ao e MR AT HE
N ARE TEHE A AT 4 [0 2 255 93 3 O CEF 1A
CbUBC4. CbBTub1F1CbUBC28 (KI5F). L, f£
BfF 0 BRI 25 rp A SR DA B 208 S B B 7 I
I AR, COEF1AR BN ZIER, Hikh
CbUBC4. CbUBC28FICbBTub1.

25 BREMETASERRENREM

A7 R 4 TR A M 0 B Y B R T R ILARGE . O T AR
KNS EEDEZ M SR A ENE, A 524
WAt s G TG A A S B I, BATTAEALL T B AR 1
AUKFERA, FFFED I B8 A 22
FEVE. TR S/ NI, S 2k DR X 2 () CHE I
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Cycle Cycle Cycle
0.50 | w07 y=-asos00s 25214 0.50 { % yeaasseakTe
0454 ] T 045 wl "
040" 0404 .
0.354 % IFERK 035+ ° ! gtoarpin” /
c 0.30 ¢ 0.30 1 g
% 0251 % 0.25 4 [
0.20 0.20 | /
0.15 / 0.15 A | |
0.10- / 0.10 4 /
001 CbaTub1.1 0'02 1 CbBTub1
T T T T T T T T T T T T T T T T T T
14 8 1216 20 24 28 32 3 14 8 1216 20 24 28 32 36

Cycle
B3  &BH NS I Y1 2

Cycle

HYAAR A RN=(R+N)—(R-n). R+nE IR SME TN ; R-nFRZNIELIE,; Ct{E(cycle threshold value)ZR R BIE TG4,

Ig(sample) & 7~ AR A FE 5 B0

Figure 3 Amplification plot of the reference gene in Cibotium barometz
The ordinate value is ARn=(R+n)—(R-n). R+n is the fluorescence emission of the product at each time point; R-n is the fluo-
rescence emission of the baseline; Ct value (cycle threshold value) means cycle threshold; Ig(sample) indicates the logarithmic

value of template concentration.

A K(EIBA, D)o F FH 2P0 AS [F] L VTFAL 84 A 2 2k [A]
TEAUBR A 1 F0 K HE B e T 1) e PE(¥leB, C, E, F),
SEREW, FoEtEHEA RT4 N S 2 R £ CbhUBC28,
CbUBC4. CbEF1AFICbUBQ11.1, 1fij CbelF4A3.
CbBTub1. CbACTHICbaTub1.1fiFaEVERY 2, #
& E%, CbUBC28F1CbUBC4 4 T KL 451475 Al
L SEMNEEE RS E = a5

R T P IR UE T 3G R N 2 5k DR AE S B R A
fRa e, 225 LR AR 4 Hh DR e AL A 25 5 R

JKCHE A8 AR b A A T, e AL ek 5 0 ) WA K
(WALL-ASSOCIATED KINASES)fMWRKYZ3:H
(Savatin et al., 2014; Goyal et al., 2023), DL K i »;
KB KIEIN3 (ETHYLENE INSENSITIVE 3)
(Zheng et al., 2023), ffiik 4 BAFEFHEIE 52
ok I ) [E) YR 3 R, R B QRT-PC R M ML 451455 1 7K
AL IR B X Se L R R IE AR . 5 SR R, Bk
W% S 4B COWAK3FICOWRKY3FH K FIA
W(ET), FTANE NSRRI — G K
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Figure 4 The melt curve plot of DNA products in the qRT-PCR assay for reference genes in Cibotium barometz

R0 2 A5 5 IR AR He S [N 1 B Al COEINSR 1K KT
T, BT AR NS DG AR 2.

26 g

MR ORI B PETT BRI L S, B RAE
TR E . IR BRI, BOT AT
AW RN TR D5 T (R AR, BERE SR e

B AR BRI AR KT, SURBZRAMA = 24 7 bkt 4 B A AR
REMIEYITE R BENFHEANPOE KRR, HY
FLORE NG SE RN AR, B A B 22 R4 1A
N BT AW = /O S ) R 1 A ]
qRT-PCRIZ i 7t 3 (K T BE i L A 7 v, HLAE AR 7= 5K
e IR . EREAERN S R R I R
qRT-PCREEEG b B 64, DR, #EF]HqRT-PCR

© 0000 Chinese Bulletin of Botany



FRIENESE: S&BRSL HOLE

>

28 - - 8-
24 L ¢ 3 . |
go] v getf B
g 20- ‘ ‘ d () . ‘g 6'
3 16 > 97
< Ee] 4
S 12- £
£ 3 3
(S % 14
0 © 0
ho A
(,’\ OCDP‘O \?A,‘\)‘O \)‘0\
D E
28 8 -
o 24 - z . z E § 7 4
3 2 221 y* E 6
> 0+ < cq‘)
3 6] £ 5
G 4 -
o 12- Z
s 3 3
(6] 44 qC) 14
0 © 0
ARk o a8 T eh
0‘,\) bgﬁ Oeoks \?1\)“ @(’

’\"o‘l et aa
G‘OE‘O‘\?@Q\) O‘\ K\

090“\ ? «“"\

& PCR W& ERF LR ALY 307

O =2 A A
® o N »
1 1 1 )

0.6

0.4

0.2
0

Gene stability by Normfinder ¢

LA SAPIA A
obeo % 30%6‘? W

[ G U §
o N »
1 1 J

0.8 1
0.6 -

.:
»
1

0.2 4

Gene stability by Normfinder =n

o

«P aCk ) ATTLSV RN
o ‘b&c’%ége‘? e

B5 4 EMNSEREKICHE (cycle threshold value) (A, D)FFasE HEiF (B, C, E, F)

(A)—~(C) 10NN ABER AL (D)—(F) AFKR BN HRHRR 2
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(A)—(C) Ten tissues; (D)-(F) Rhizomes at different developmental stages
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Identification and Evaluation of Reference Genes for Quantitative
Real-time Polymerase Chain Reaction in Cibotium barometz

Zhaoxuan Zhong1’2, Shaorong Zhoui, Meng Tang1, Lijun Chen'
Yuehong Yan', Ying Chang2 , Fengpan Wang1
"Key Laboratory of National Forestry and Grassland Administration for Orchid Conservation and Utilization, The Orchid
Conservation and Research Center of Shenzhen, Shenzhen 518114, China; ZCoIlege of Life Sciences,
Northeast Agricultural University, Harbin 150030, China

INTRODUCTION: Cibotium barometz is a medicinal fern species with high economic value, and Chinese people pro-
duce the traditional medicinal herb “Gou-ji” using its robust rhizome. To balance the conservation of wild plant resources
with the sustainable development of herbal medicine, much more effort is needed in scientific research on C. barometz,
which might be crucial to mitigate conflicts between wild resource protection and the development of the traditional
medicine industry. Quantitative real-time PCR (qRT-PCR) is a commonly used method for characterizing plant gene
molecular function, and an appropriate reference gene is pivotal for this technique. Currently, limited literature focuses
on the gene function studies for C. barometz, and few validated reference genes are available.

RATIONALE: Previous studies have demonstrated that the expression stability of reference genes is influenced by
multiple factors, including species, tissue type, developmental stage, stress treatment, and sequence specificity. Con-
sequently, distinct reference genes are required for different research subjects. When employing gRT-PCR to analyze
gene expression patterns in C. barometz tissues, it is essential to prevalidate the stability of reference genes within the
novel experimental system. This validation process ensures the accuracy and reliability of the experimental results by
maintaining proper data normalization.

RESULTS: In this study, 12 commonly used plant reference genes were identified as candidate genes from transcrip-
tome data of C. barometz rhizome. The amplification efficiency of candidate reference genes was calculated by the
template gradient dilution method, and eight pairs of reference gene primers with high amplification efficiency were
screened out. The cycle threshold values of these eight reference genes in ten tissues of C. barometz were measured
using the gqRT-PCR method; the software RefFinder and Normfinder determined that the best reference genes were
CbUBC4 and CbEF1A, respectively. Studying the gene expression patterns of C. barometz at different developmental
stages, it was suggested that CbEF1A and CbUBC4 should be used as optimal reference genes. The reference genes
CbUBC4 and CbUBC28 were recommended under mechanical injury and waterlogging conditions.

CONCLUSION: CbUBCH4, CbEF1A and CbUBC28 were validated as stable reference genes in C. barometz across
distinct experimental contexts, demonstrating their suitability for normalization in gene expression studies for gqRT-PCR
assays. From a methodological rigor perspective, we recommended that the stability of reference genes should be
evaluated prior to conducting qRT-PCR experiments, particularly when analyzing samples from diverse tissues or dis-
tinct developmental stages of a specific tissue.
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CbUBC4-F: 5'-CTTCCCTCCAGACTACCC-3'
™= CbUBC4-R: 5-GGACTCCACTGCTCCTTC-3'

CbEF1A-F: 5-CACCGTCATTGATGCTCC-3'
¥ CbEF1A-R: 5-AAGCCTCCCGTGGTAGAA-3’

% *}liv CbUBC28-F: 5-TCCTGCTTTGACCATCTC-3'
R L CbUBC28-R: 5-TTGGCTCTGTCAGTCTTGTA-3"

Identification and evaluation of reference genes in Cibotium barometz across distinct experimental contexts for
gRT-PCR assay. CbUBC4 and CbEF1A were validated as proper reference genes in various tissues and in the different
developmental stages of C. barometz, while CbUBC4 and CbUBC28 were recommended under mechanical injury and
waterlogging conditions.

Key words Cibotium barometz, different tissues, reference gene, rhizome, stability
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