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ERIFIMREFAR

BndE, F4E #e, KEW

"ZETPEZG KREE, B 650500; ZEMNER K, w2 561113

HWE  ANREAABEEMBSE 5K, RALER (Microsorum punctatum)f 185 K 7544, LBt T ARRBE &
IR AT . RS REERIR/IME(GGBS) i A H K B AR, N e IR ERE AR DU
T AREL 2 BILIMS. 1/2MS. 1/3MSHIM/AMS A3 A5 32 37 TE B 408 R A 3T Lo(3Y) IEAS R, BF ot TEHLEh I
FEL A A A TR 1 771 o L o R 8 St i A R AR NS B () 52T o 2 R RS B B — e B R, - LAMS. 1/2MS. 1/3MSH11/4MS
FEAR SRR IE B R M R RE, BEE, DAl Ao REHE S GGBs K B B Il TG Wi B k. & B
TR B33 91/2MS, JRIHFARTEMS+0.3 mg-L™" 6-BA+1.5 mg-L™" NAAR: 25 b K15, 60K 555 R 541°49.6;
S AU E S B N 1/AMS ]S 37238, I TE B K 3290 KI5, 4hffl T4 % 4 2041 910.0; 4 T4 7E 1/2MS+1.5 mg-L™
6-BA+0.1 mg-L™' NAAK: 3= 1] 5 HHGGBs, %5 %14593.3%, GGBSTE I 75 5 b (1 958 2 40632.0; 7E1/2MSH; 3%
H P GGBsH L 1 8w, B mZIN92%; WE A B MR IG HIE90% A o Z B S T R AR-S2 K -1 TR 0
YT 1AR-GGBs-gfl FAR2 M AR R, JLHZGGBsHIF=E, WK T AR A B B, iF A8 e e s i ke
FREAEMIMIN L E TR .

XA 2K, Tk, EHE, ATk, SREERRME
BREH, THE, BHEFE, KEW (2025). ERAIMEEEAR. B4R 60, 944-956.

B B (Microsorum punctatum)3f J& 7K Je & B (Poly- ANBRNAT N WA G, T E0R 2 H R 2R

podiaceae) 2 ik J& (Microsorum), F & 4345 T3 EH
M B R SNSRI, ARAET
DX R T Ak FA A% T _E B B A (b R 2 B R A A
HIIEZE 0143, 2000). KL E BHEY K 2 IR 5 i
MES, BAMRSRWEOE, 7TH T =N SR
Bsxtb (&S, 2009). Ji4b, AHIFERY, EikE &
Y RCUEEREMZ MR G, RPUETIAT
RALE P HIEAE KSR KJE (Dela Cruz et al., 2017).
VARG EHTH, B IAESICFE T IR
YR BN — 3, TRRE SRR TR, B
BV ZWR O K4, (AR 2 B IR R Bl s A
GREE, AWTTEYIRKE L ISR 4 T 2 R
(Aldea et al., 2016). #& X Fx B 28 fr 47 Bk B (Inter-
national Union for Conservation of Nature, IUCN)
flitt, FEDAFHI12 O00FM BRI, IR FETT A&
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Il K 466 X (IUCN, 2024). T 52 R 98 7 21K, 4=
Bk, BN R, HEAEMBCEIET
DL, BHEIF RN TEE W7 (Petchsri et al.,
2012).

Tk A A o JE E 24 A TR B BB AR (=
FEAR AT A AR R B R AR AR 2 2 B . =
R AR AR LS FRERKNE, FIENERE
K, G R AR AR T A AR
FETH ARG, MR T, 2 sE Rz
¥, TERGH — A7k TEBRH R &R JE AR 1)
Y, BT AR B (AT 5A K B 52K ) 56 A gl Sr A
f£(Banks, 1999). ML AN KB THTHE, F&
LR R, A R AS KRR 1001 S5
R(me S, 2018). MAEL 71k BB Bk T
RIS AS, AR R TR, BT AER T



NI A= e Ve USSR A A (I S S NE 2§
FAEP AN GRS R A AP B, Ak V2 ) A
A B RRAE, S BT B IR U 1R is i (Krieg
and Chambers, 2022). —fCRUE, BEHEMH T K
HIE LS AR B 26, LT A R B 5 B AN 8
Ho AR, EBEARRET I, 7R 1R
TR BRI R, R SRR S . B
53 DR 2% 0T 5 R R IE A 7 A R A8 AR o Bt
TR, PGS 0240 AT B 52 e 2148 M A S R0 2
55 R AAREIE D), M5 e EE AN A g S 5E K
(Yuetal., 2017). REmt, &E%E C@ET R
BRI R H R e . R
Ji VR fifs B A 4 € BROIR 74 (green globular bodies,
GGBs) & 4 ot B hE %, 152 Bk Y+ Rl
D sr 7Bk &R, Kb, il GGBs AT 44 5
JURA (B AR EE, 2021),
Somer%%(2010) fl Jang %5 (2019) % Bk 2R fic - 14
AR TE AT T, I 53 14 5 PR A Py B 5 mp
I AR B A IR AT U ok B2 B AT AR IR
BN AME LU S AR TE il AT JE el S T R
H % 2 7 75 (Korpelainen, 1994, 1995; Greer and
McCarthy, 2000; Ravi et al., 2014, 2015). AHF 77 i#
R ICR R, BELT HJE rAA  2OG BE P B
AR, FERAREE A A REMAT
fa; T GGBs IR T 5 58, R4k 1 11k
MR PR, st E T & w7k, W
NILETRIAEY BRI E R AR S E

1 EYE

A SZIGFT A R = B BIR TR AL BRI A H
BRAF AR A3, M RFILH LS EN
i (Microsorum punctatum (L.) Copel.), T20184E8
AW A E P EARFEHAMIE R T EE L
FEWF 5T H O (1S58 KM (102°4919"E, 24°50'36"N,
Alt. 1688 m)#57E. HUE ik B R FE I i T i1 22
PomsbE g . AR 1T 76-BARINAA, KB
(agar). JEHE(sucrose)FIMS i JIT A B4 9 R 2 Hr 4,
1 B AL 5 E A EARF R IMEA T, Fra b B
FRBNRIR E990.47%, HEHEN3%. 11 mol-L™' HCI
W pH{E %25.6-5.8, 1 & K #1123°C K 15 2573 %,

B EIRASMIESIR 945

# I (BRESRIR 1AL, P IR B4R IR ) .

2 IEFEMSSEFRFN

21 ZTEFRANEIRBTHEL
KA A AR I, PG 1 TR 1 O Py 7 T RS )
TR, 23T 3 mLICH ELE T, £0.1%7Hk
BB (W) TIETEA (A6, 8. 10411253 41), 1A
AW S, 7R, BN EA 2 5 KR )
JEAR AL IR, TERKIEBE4-61K. MR BT TR
TEAREY 7 ALY, 53 BIBONAR AT K B8 FR 2k, A
e it T HR AR 5 B e AR . 15 R)E 4EiT
T9 0, MEERM a R IR P T I H R O, LA
BUBARTE N A T ha e 1) .

2.2 Ak
DL [ 3 A B 72 3 2570 . 6-BAFINAA N [ 2 3t 47
Lo(3Y)IEA ke, HAA WHR, HiFR60K)E, SitiH
5 ORI E R RT S I E

RN E BTSRRI B A R, AR
HSOHS PG N 23 LU I T, 7 A R I A9 R
B,

EKB0K G, ARG A M, FAR
W RHEE N AR R, 7 AR R A K
MR EE,

| AR L(3*) IE A IR
Table 1 The orthogonal design Le(3*) of prothallus prolife-
ration

Factors
Levels ) . B C
A (basic medium) (mg-L""6-BA) (mg-L~ NAA)
MS 0.3 0.5
2 1/2MS 0.6 1.0
3 1/4MS 1.2 1.5

23 AFHER

20 JE R IG5 B — E ORI, RS, R BRI
TABREIRIE AR, 43%181.0 cm x 1.0 cmffi/h
JE A ], DAAS R 2R B ) B AR RS 7R R (MS L 1/2MS
1/3MSHI1/4AMS) 55 7515 T ATE 1. P SRie 47
FERAOR G M R IR R I = £ £91.0 mm (2-3 mL)
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HITC KSR T8 . BLASTON A i g i 7R 4
HIRINTEBOK BRI R, BRI FRE N — Bl
B, (GRS RRSER L. 60K, Giit4hfl 11k

24 FERFEHRRKME

W SRR R KA 23 1 I R 7R AR ECHE, /N0 35 DY
JAF R A, LL6-BAFINAAN R & 17 5¢ 4= 41
B R IR60K G, MEES it ak R IR/MA(GGBs)
(175 5 2 S 3G TH R A

2.5 GGBstE#kEESIIL

75T HIGGBs KA 1k 7 #| k2-31—Hl, T
MS. 1/2MSHI1/4AMSH; F73E . ¥ 7:60K )5, T4
GGBsHI i # . UhfFiEK H2—4 ), Hprtk
791.0-1.5 cmif, R ZIE100% . K570 E T B4
KT, SRIGHCFH AL E2R, B AR /N0 b
Wik FEE:, H0.1% % W RIE57 8 G, BRE
25 ViR K TR (R FA B Rz r (I (R 8 9 (IR 20-25°C,
AEXT IR E LI NT0%) o BB 3L B B 2 TH W5 /K PRAIE
BRI, MBI LR PR A KRS, 60K)54
THEF AR RSIE S

26 #EMAER

AL TCR AR RIS, BEGH; T A 0 A AT AR
S, A0, FH51%11.0 cm x 1.0 cmf R &
/NHEL;, GGBsi SR HUEA-2 4 11k, R4
50, MIM10%k; GGBsHH kA 51k, 415,
FH10NGGBs/M . LA E &SI A EE K, FTh
S 20 P A BE T B G ) B I DU A A b S (2
SETC B AR RBRAE) o

2.7 BR& G

B 9% 25 J5L B 45 I 1E (23£2)°C, 6 JE 1N 10/ ) e
147N BRI TE G IR SR EE 2736 pmol-m2-s™ 44
TR

2.8 GitigtR
FT 3345 FH Excel # At Ab 3 23 #7 .

15 Y (%)= (35 G HME A H /122 b A 1A 2
() x100

JR S8 R A O B R M
SHTHLE T 4 =500 R A BB O R
£

el

TR RS TE 2 = O R a4 K

At IR A=A T A S A B A AT

GGBs % 3 #(%)=(4: F GGBs ] 1 7 1A ¥t/ 1%
74 = 4) %100

GGBsHJH R M= M L a1 P 2

T AR 1 AR (% )= (s F T R B B A 7 i
#7) x100

3 HR5WIR

31 ZEGEAMEIRAFIEL

BEFPAEMS. 1/2MS. 1/3MSHI1/4MSE; 753 E ()71
i B T AN B & RN, 45 R K2, BodE B K
I [ 104080, BAR S A 2915 50% 75 4%, 2
TEARTG RGP R ER 2, FEARANEERITR
PR, KEK GBI 10080 5, BEE TG B M BRAK,
B R BB 2 KR N . WG 7RE288 R, 1/2MS
B E T RS, R R T R BOE H
Bragdk, w45 BN (A-D). T HF20K )5 1R
B &, BDP= AR A AR AR GA 410 B (E); 30K J5 &
G B AR Y, BEEE, DEEmMANELH, T,
N L ARARIE I (BEIF); 2145 K I 4 i 78 J5 30 4 Rl
A, Toivi H BUELIE (0 T4 PR RE, T 46 HIEAR, A
FORARE (B G); 70K JE MK 0T, HOGFR iE 8,
PR 3 B H I 22 SRR AR, D R i e s 3 (1
1H).

3.2 [ErHFiEE

BRI 25 WK, 29 1T B7R Ra>Re>Rc>Rb,
R 3AN R 0] i AR A B I A RN . EH T ZE A b 4
HTHn, B IR R AN R A B E R
(P<0.05), T 6-BAFINAAXS 5 IH- 44 58 5 TG 5 35 1tk 2
5 (P>0.05) . it — %) 1 75 LKA (1) 34N K kAT
Duncanf s, & 300 I 42 5 5 55 5508 e 5 oK 2
B B KA (MSHE 3£ 3E), H/KF2 (12MSH;
FRIHE)VHIK3 (1/AMSE; F258) B R 2 7 . il L
BOPME, 19 H0E G TR AR e R R A A N
AB;Cs, HIMS+0.3 mg-L™"6-BA+1.5 mg-L™" NAA.
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Table 2 Spore germination and growth status

B RIRASMUESIR 947

Basic medium Disinfection time (min)

Contamination rate (%)

Growth situation

MS 5
8
10
12

12MS 5
8

1/3MS 5

1/4AMS 5

10
12

100.00+0.00 a
74.67+0.04 b
55.33+0.02 ¢
32.00+0.02d

100.00+£0.00 a
74.67+0.04 b
50.67+0.02 ¢
22.00+0.03 d

100.00+£0.00 a
80.67+0.04 b
50.67+0.04 c
18.67+0.02 d

100.00£0.00 a
72.00£0.11 b
53.33+0.05 b
21.33+0.05¢

The spore germination time was second only
to 1/2MS, and the green flaky bodies were
partially aggregated on the surface of the me-
dium, and some were sparsely distributed or
even blank

The flaky bodies appeared first and were
widely distributed on the surface of the me-
dium. Some of them gathered into pieces,
which were green in color and stretched out in
shape

The flaky bodies were sparsely distributed on
the surface of the medium

Green spots appeared at the latest, and the
flakes were scattered on the surface of the me-
dium

FFIAF/ING FBF R R 22 57 .35 (P<0.05).

Different lowercase letters in the same column indicate significant differences at the 0.05 level.

.y
E |

B BTk

(A) 20K J5 LK R 857 (bar=2 cm); (B) 30K 5 fii-F il & (bar=2 cm); (C) 45K J5 /NFIIR AR TE i (bar=2 cm); (D) 70K J5 JR M-
R i (bar=2 cm); (E) 171 & (bar=50 um); (F) £2IR4ERT31(bar=100 um); (G) 31 R ARRT 1] (bar=100 um); (H) 0 JE 514

I (bar=50 pm)

Figure 1 Spore germination process

(A) Establishment of aseptic system (20 days) (bar=2 cm); (B) Germination of fertile spores (30 days) (bar=2 cm); (C) Pro-
thallus (45 days) (bar=2 cm); (D) Prothallus (70 days) (bar=2 cm); (E) Spore germination (bar=50 um); (F) Filamentous period
(bar=100 um); (G) Early lamellar period (bar=100 ym); (H) Cardioprothallus stage (bar=50 pm)
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£33 ALY A kB 45

Table 3 The orthogonal design Le(3*) result of prothallus proliferation

Number Factors Multiplication

A (basic medium) B (6-BA) C (NAA) D (error) coefficient

1 1 1 1 1 8.73+0.07

2 1 2 2 2 8.33+0.07

3 1 3 3 3 9.60+0.12

4 2 1 2 3 7.53+0.18

5 2 2 3 1 6.47+0.07

6 2 3 1 2 6.80+0.23

7 3 1 3 2 6.60+0.12

8 3 2 1 3 7.00+0.12

9 3 3 2 1 6.00£0.12
Ki 8.89 7.62 7.51 7.07
Multiplication K 6.93 7.29 7.29 7.24
coefficient Ks 6.53 7.56 7.56 7.04
R 2.36 0.33 0.27 0.20

K: P35 R: % K: Mean values; R: Range

¥ oy JE AN N Bk IR, 15K )5
PR IR, B AR R A 2 B (EI2A); 30K )5
JEI R AR ALK, bR, T A2 K (E2B);
A5K 5 JE R B — SR, TSR, 1%
F IR UAT BB R R A& (BI2C); 60K 5 JE 14 [4]
RN IR, AL RN, R4 A BT
AR, [FRA AR, PR giie, i sh5E
ZH0£9.5L I (K2D).

A SR X 7R 0.3 mg-L™ 6-BA+1.5 mg-L™
NAA AN [ J 2 %5 75 B AU AT IR 4k (1 % 3 T s
ffE w4505 IERCRI KL, MSKE 77 1 1
VAR e, HOPE R BT 7£9.81. HE— PRSI A,
Fr AU S5 A B HL OGRS 33 A SR e
T E S G R AR IEAR R (K4).

3.3 YaFEFES

T 34 5 35 7 B AR B 7RO R G JE R L TR, I A X
PR, BRLE, M AEK S(BI2E). fE5EIT
BCAR BT HE 3R 22 A 2 RS IR B[] BR T i A () K 1 2%,
AJ & B b 5 I 1 B 2 5 M (B 2F); 1 6 SR IH- 4 A=
KNP AR T-94T U0 % (BI2G), B 00  UUAR
R, bEaRe, JNE O, A R R B S0 A
TAAE(BI2H). B R IR AR, 46 2Rk W4+

I, TE IR RS IR B = K 5] 30 58 RS 1E
F o SEEe Rl BH, FeA R 77 B A0 14T i H
AW (E3), 1/4MS S35 4 T e K (15 9%
%,

TE1AMSE: FEEE R I TG K, 57720 K )5 7] L
J Ak P R T B S A, SRR AT B R AR
(K21); 60K )5, Jor=A a1k 2 H2-3nt, [Ff
AT H B 4h 74k, T A AT A Ak Sl 4 A 1) e A
(B2J); 90K J&, JE M b H B K s i 4h Al 14k,
AATIEIEGE, R IR 2 AR, BRELRE, I
TR 2 1850558k, P15k A4 R %0%1°410.0
(BI2K)o OB, B A e N I 3 R AT AR AR
B 7R(E2L), AEMREIE100%.

34 BFHIFEFGGBs/E
SEA A SR A5 R, ANIFIVR E (1 6-BAFINAATT
GGBs15 5 M 5200 (3£ 5), % m K FE 116-BAA
AR RINAALL A X GGBs 5 S XUR f i, 454
GGBs AL, 13 H % 5% T GGBshI 3N
1/2MS+1.5 mg-L™" 6-BA+0.1 mg-L™" NAA.

Wl TR iA G H I TR (E4A) B ik
B R B P R IR60K S5, TEM T A SE SRR ZE gl R
B BB 5 4y B s s NMA (4B, C), 4
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B2 Rk RS S

(A) ¥ B15K 5 [ JE - [l (bar=2 cm); (B) #:4:30K 5 5L 4 ] (bar=2 cm); (C) #4:45°K 5 fy 5 -4 ] (bar=2 cm); (D) #4:
60K 5 i 5 H{A [F] (bar=2 cm); (E) JiH{A(bar=500 pm); (F) #%T%%(bar=40 um); (G) JA&BHI YN 2% (bar=200 um); (H) 250 &
(bar=40 pm); (1) IH/KE; 720K & i) SR HH AR Rgh 17 f (bar=2 cm); (J) I/KIEFR60K J& i A M 47544 (bar=2 cm); (K) Jnsk
FEF290K J5 i R A AN 4 7 T4k (bar=2 cm); (L) I 7R 1 5% (bar=2 cm)

Figure 2 Proliferation of prothallus and induction of young sporophytes

(A) Prolobular mass was transferred after 15 days (bar=2 cm); (B) Prolobular mass was transferred after 30 days (bar=2 cm);
(C) Prolobular mass was transferred after 45 days (bar=2 cm); (D) Prolobular mass was transferred after 60 days (bar=2 cm);
(E) Gametophyte (bar=500 um); (F) Antheridium (bar=40 pym); (G) Local archegonium (bar=200 um); (H) Archegonium (bar=40
pum); (I) Prothallus and young sporophyte cultured with water after 20 days (bar=2 cm); (J) Prothallus and young sporophyte
cultured with water after 60 days (bar=2 cm); (K) Prothallus and young sporophyte cultured with water after 90 days (bar=2 cm);
(L) Sporophyte rooting culture (bar=2 cm)

Ra ARG IR0 i - 2 A 0 A S

Table 4 Effect of different culture media on weight increase of prothallus

Basic medium Fresh .W(.aigh.t before Fresh V\(eight after Multi.plication Multipljc?tion
multiplication (g) multiplication (g) weight (g) coefficient

MS 3.92+0.54 a 37.6910.77 a 33.77+0.47 a 9.81+0.62 a
1/2MS 4.17+0.61 a 30.72+0.98 b 26.55+0.83 b 6.36+£0.90 b
1/4MS 4.03+0.77 a 28.01£0.82 ¢ 23.98+0.37 ¢ 5.95+0.56 ¢

[FI A [F) /NG - BE R OR 2 57t 12 % (P<0.05)
Different lowercase letters in the same column indicate significant differences at the 0.05 level.
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9 JE o H e OB I b B I 5 9% R R AT B B 8 R
30K JG SRt ECIR /MA 71k N GGBs &4 (4D, E),
FERTH A B 5 ) 4l % BOIR NMA R N GGBs  (E4F);
H o3 TF A GGBAk 2 15 77, 1B W70 A H 4 7 7 1k
(KI4G, H).

3.5 GGBsHH #E#SIIL

75 FGGBs /MU I 15250 45 1 WLIK4, GGBsfE1/2MS
Rt BRI R E . K GGBsE RS HIHE
RrEFR b TR R 5 (K41, J), B 1/2MSE; IR HE

100 - A
90
80 b
70-
60
50
40-
30
20

104
0 [

MS 1/2MS 1/3MS  1/4MS

m Coefficient of sporophyte formation
B GGBs development rate of plantlets

B3 RETEHL LKA T 5 R4 @ HR /N (GGBs) &
AR
RIFVING 7 2 5 .35 (P<0.05).

Figure 3 Effects of different inorganic salt concentrations
on sporophyte induction and plantlet rate of green globular bo-
dies (GGBs) development

Different lowercase letters indicate significant differences at
the 0.05 level.

B4 FR30 KK KB 2 TR (K14K), B s 7 ARk
HHZ1N92%, H57rGGBs#uth . KIGGBsTE# il 2
T NG T4, R R VA TG T A5 IR . 51
B S A 5 gk 2R 1R FR60°K, it — P8 K (EI4L),
M IRETG Z2, KARGF. T REekE e, BiEsET
FH B RE R A KR o IRERAR F2 R, PRIR(25°C). R
1R(60%—70%)$53760°K, HUHFIA90% LA I-(KAM-P).

3.6 itig

3.6.1 ERMFINBERE

RIS AR v A A5 (A (B B AN B ) R AR 55 7 3K
#4724 (Hegde and D’Souza, 2000; Fernandez
and Revilla, 2003; Somer et al., 2010; Park et al.,
2020). 5B IR HIBC 71K B A TR A 23 AT T
A, ROy RUE TRt E A S R (Bertrand et al.,
1999; Fernandez and Revilla, 2003; Somer et al.,
2010; Jang et al., 2019); AWt5itat, HuislH
GGBsHEAT A 4 B HE AL Bk S 1 ) e v 28 1) 13-4 7 =X
(Yu et al., 2017; BXNAKEE, 2021). ARSMRE S, B
SR AR T A AN AR B (5K & Hi 45, 2020),
B ANAELT- 1 B SR AT RIS B, S G T e Ay
AR — RILFREEAE Y 0 0B, D P iR
FRAAT S A N AL B A W, AR
FEL 20 35 A W R B R A A (M TR £ ) RR 1
P (BRI 744), XA A= i J SRR AR 5 b 1R 0 AH L
NG AT AL TS B, B8k~ FAE

®/S AW AT TR X SR ERRMA (GGBs) i = MG B A 52

Table 5 Effects of different plant growth regulators concentrations on green globular bodies (GGBs) induction and proliferation

Plant growth regulators

No. = = Induction rate (%) Multiplication coefficient
6-BA (mg-L™") NAA (mg-L™)

CK 0 0 21.33+£0.03 g 2.63+1.43d
R1 0.5 0.1 76.67+0.03 cd 18.73£3.40 c
R2 0.5 0.6 64.67+0.08 de 20.60+3.64 bc
R3 0.5 1.2 49.33£0.01 f 19.40£2.50 bc
R4 1.0 0.1 80.00+0.04 bc 19.87+1.65 bc
R5 1.0 0.6 70.67+0.05 cde 13.73+2.32 ¢
R6 1.0 1.2 63.33+£0.05 e 19.134£1.92 be
R7 1.5 0.1 93.33+£0.03 a 32.00+3.30 a
R8 1.5 0.6 89.33+0.03 ab 28.20+2.66 ab
R9 1.5 1.2 65.33+£0.04 de 16.60+£3.17 c

CK: X IR /NG B4 7 % 3 . % (P<0.05).

CK: Control. Different lowercase letters in the same column indicate significant differences at the 0.05 level.
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B4 xf R AR g R ME I 5 K SR EERIR MR (GGB)E FE 1) i AE 5 54k

(A) L1 F 4k N #1 kHE 5 GGBs (bar=1 cm); (B) i F &K H 4t G ERCIR AN& (bar=1 mm); (C) #RCIR 25 4 55 H & (B BROIR /N A
(bar=1 mm); (D), (E) ZXakikIEE M IGCBsE &4 ((D) bar=1 mm; (E) (bar=1 cm); (F) GGBs¥ &k 7 & thi #21GGB
(bar=500 um); (G), (H) GGBssr fk i i 4 t1-{4((G) bar=5 mm; (H) bar=1 mm); (I) 7 #HARZ=E K HGGB (bar=1 cm); (J) GGB
7 (bar=1 cm); (K) GGB/ L (bar=1 cm); (L) }57%60K 5l FRLEMR (bar=1 cm); (M)=(P) &7 #&JI11L((M) bar=5 cm;
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(N)—(P) bars=3 cm). K-TRYIMLA KA A R(M), J5 2288 H 5 N RO R E 914 (N)-(P).

Figure 4 Green globular induction of sporophytes and regeneration and domestication of green globular body (GGB) plants of
Microsorum punctatum

(A) GGBs induced by sporophyte (bar=1 cm); (B) Spore grows green globular bodies (bar=1 mm); (C) Rhizomes isolated green
globules (bar=1 mm); (D), (E) GGBs polymer cultivated from e-green spheroids ((D) bar=1 mm; (E) bar=1 cm); (F) A single
GGB was isolated from GGBs polymer (bar=500 um); (G), (H) GGBs differentiated into young sporophytes ((G) bar=5 mm; (H)
bar=1 mm); (I) Sporophyte rhizomes grow GGB (bar=1 cm); (J) GGB multiplication (bar=1 cm); (K) GGB differentiate into
plantlets (bar=1 cm); (L) The sporophyte took root after 60 days of culture (bar=1 cm); (M)—(P) Sporophytic domestication ((M)
bar=5 cm; (N)—(P) bars=3 cm). Due to limited space for the domestication and growth of spores (M), they were later transferred
to larger compartments for domestication (N)—(P).
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3.6.2 GGBsHIERHIFR

GGBs &t — it 2 22 A 43 4 2H 2 1) R Ik 2 (0 0K IR 20
4, TEBAREAE T BRI 17 A 20 20455 3 T
Beo T HREZANDEMAL, BAGGBH LR AN
TR, BN R KRS 77 Bk SR A A7) 1) B 2 T A (Lin
et al., 2024). AW 71EH, GGBs% HZER ML) i
S 774 (Rybczynski et al., 2018). 1fij £ £ ', GGBs
AAE G IOR AR ZE 2% B2 B, A0 4 SRR IR 25705 [X 3
TEE R BRI ZER ML, XKML AR 75 L%
S S GGBs )77 4, 1£ Nephrolepsis exaltata Ul J%
Dryopteris aristata™ t 45 2L i& (Sanders et al.,
2011; Vasco et al., 2013).
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YR A — FhRe kg b, T @ A2 i 4 e
WFERIFR RS, MAARENEAERT); £
BB FRFAT S, LIRS 4 I R e i 4 i ) 2
oAU TE BT 2 23 456, GGBs I H A (1) — Fhiks
PREEHE « A =N, GGBsEE M 2L T = 4L 1 28 5
Bk 2% (protocorm like-bodies, PLBs) (Yu et al,
2017). PLBsi%f rije Rttt H 5 BHAH 204
HEUER:. B, GGBsE R A THVRZER B, #
MR FREEARN AR TSRS R AE,; R,
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MK RN
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7], B DA B AN E MS 85 77 B S R0 BRI 1) F A4
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MR B (BEARKEE, 2021). J R385 i B FA) e 2
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Rapid Propagation Technology of Microsorum punctatum in Vitro

Xiaoging Ge', Mengyao Li?, Hengyu Huang", Aili Zhang"
"Yunnan University of Traditional Chinese Medicine, Kunming 650500, China
2Guizhou Medical University, Anshun 561113, China

INTRODUCTION: The wild populations of Microsorum punctatum face endangerment due to habitat degradation and low
spore reproductive efficiency. Fern life cycles involve alternating gametophyte and sporophyte generations, where gameto-
phyte development and sporophyte transition represent critical bottlenecks in in vitro propagation, heavily influenced by en-
vironmental factors and culture conditions. Although asexual propagation techniques such as green globular bodies (GGBs)
have been successfully applied in some fern species, low sporophyte induction efficiency and proliferation challenges pers-
ist, hindering large-scale production. This study employed M. punctatum spores to systematically investigate sterile germi-
nation mechanisms, gametophyte proliferation, and sporophyte regeneration. A dual-pathway rapid propagation system was
established, integrating high-efficiency prothallus proliferation with GGBs induction, aiming to provide both theoretical in-
sights and practical solutions for conserving endangered fern resources and advancing industrial-scale cultivation.

RATIONALE: The unique alternation of generations life cycle in ferns, characterized by independent gametophyte sur-
vival, provides a theoretical framework for in vitro propagation. Studies have demonstrated that gametophyte homogeni-
zation culture and GGBs induction can overcome sporophyte regeneration barriers, while medium composition and phy-
tohormone ratios critically regulate developmental phase transitions. To address the challenges of low spore propagation
efficiency and habitat sensitivity in M. punctatum, this study leverages its gametophyte proliferation potential and rhizome
meristematic activity in sporophytes. By optimizing aseptic systems and induction conditions, as well as mimicking the
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natural fertilization microenvironment, a dual-path regeneration system integrating prothallus proliferation and GGB-based
propagation was established, laying a theoretical foundation for efficient conservation of endangered ferns.

RESULTS: Spore germination was optimally achieved in 1/2MS medium. Prothalli exhibited vigorous proliferation in MS
medium supplemented with 0.3 mg-L‘1 6-BA and 1.5 mg-L‘1 NAA, reaching a proliferation coefficient of 9.6 after 60 days
of culture. Fragmented prothalli transferred to 1/4MS medium with sterile water supplementation achieved a young spo-
rophyte induction coefficient of 10.0 following 90 day cultivation. GGBs were successfully induced from young sporo-
phytes in 1/2MS medium containing 1.5 mg-L™' 6-BA and 0.1 mg-L™" NAA, showing 93.3% induction efficiency and a
remarkable proliferation coefficient of 32.0. The GGB differentiation into plantlets was most efficient in 1/2MS medium,
yielding a conversion rate of 92%. Acclimatized plantlets demonstrated over 90% survival rate post-transplantation.

CONCLUSION: This study successfully established an efficient in vitro rapid propagation system for M. punctatum
spores. Optimization of sterilization duration and culture medium types significantly enhanced spore germination rates. A
prothallus culture protocol with a high proliferation coefficient was developed, overcoming bottlenecks in gametophyte
mass propagation. Liquid immersion-assisted fertilization technology enabled efficient induction of young sporophytes,
while the GGBs induction system markedly shortened the regeneration cycle. For the first time, a dual-pathway rapid
propagation strategy—*“prothallus proliferation-sporophyte induction” combined with “GGBs cyclic regeneration” was
proposed. The study demonstrated that the meristematic properties of M. punctatum GGBs are distinct from callus tissue,
providing a robust technical framework for the conservation of endangered ferns and industrial-scale seedling production.

Antheridia

Prothallus proliferation protocol: MS+0.3 mg-L-' 6-BA+1.5 mg-L~' NAA
GGBs induction: 1/2MS+1.5 mg-L~" 6-BA+0.1 mg-L-' NAA
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Sporophytes

Prothallus

Sporophytes
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Formation of antheridia, archegonia, and sporophyte production in Microsorum punctatum
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