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Study on key techniques for virus-free rapid propagation of Xinjiang

Zaohuang fig using apical meristem tissue culture

ZHANG Qiangian', ZENG Bin"", WANG Xinxing’, TANG Jing', Tajiguli- Alimu'

('College of Horticulture, Xinjiang Agricultural University, Urumgqi 830052, Xinjiang, China, *Xinjiang Senruiyva Fresh Technology Co.,
Ltd., Urumqi 830000, Xinjiang, China)

Abstract: [Objective] Xinjiang Zaohuang fig (Ficus carica L.) is a predominantly cultivated variety in
Atux, Xinjiang, prized for its thin-skinned, seedless fruit, tender flesh, sweet flavor, and high nutritional
and medicinal value, garnering widespread acclaim in both domestic and international markets. In re-
sponse to the severe viral disease affecting the Xinjiang Zaohuang fig and the urgent need to establish a
shoot tip culture system for virus elimination, efforts have been made to detoxify the fig through shoot
tip culture. The aim is to establish a shoot tip culture system for virus elimination in figs, providing tech-
nical support for further exploration of fig viral diseases and the cultivation of virus- free seedlings.
[Methods] The preliminary detection of virus types carried by fig seedlings was conducted using high-
throughput sequencing. The initial virus screening revealed that figs mainly harbor eight types of virus-
es, including FBV-1 (Fig badnavirus 1), FBV-2 (Fig badnavirus 2), and GBV (Grapevine badna FI vi-
rus). Shoot tip culture for virus elimination was performed on the detected viruses. The test materials
were tissue- cultured seedlings after three generations of subculture. Under a microscope in a clean

bench, the apical meristem tips were excised using a dissection needle, with a length of 0.8 to 1 mm. Af-
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ter excision, the tips were transferred to callus induction medium for callus induction culture. The medi-
um composition was: MS + 1.5 mg- L' TDZ + 0.1 mg- L' NAA. The study investigated the effects of
different concentration ratios of hormones such as 6-BA and NAA on apex induction to screen out the
optimal concentration for the apex tissue culture system. Finally, the detoxification effect of the apex
was detected using high-throughput sequencing. In the acquisition of explants, the innovation of this ex-
periment laid in initially subjecting the collected stem segments to primary subculture under sterile con-
ditions before taking shoot tips from the healthy tissue-cultured seedlings. This method not only signifi-
cantly reduced the contamination rate of the explants, but also decreased the workload of explant disin-
fection. The tissue-cultured seedlings thus cultivated provided ample raw materials for the shoot tip tis-
sue culture experiments. [Results] In the shoot tip induction experiment, the optimal medium type was
MS; the optimal concentration ratio for callus induction was MS + 1.5 mg-L"' TDZ + 0.1 mg-L"' NAA,
with an induction rate of 88.6%. The callus morphology was favorable, predominantly light green, and
the callus formation primarily occurred inside the explants in contact with the medium. The optimal con-
centration ratio for adventitious bud induction was MS + 2.0 mg-L" 6-BA + 0.05 mg- L' NAA, result-
ing in bright green adventitious buds with robust growth and a proliferation coefficient of 3.60. The opti-
mal concentration ratio for adventitious bud rooting induction was 1/2 MS + 1.0 mg-L"' IBA+ 0.5 mg-L"
NAA, achieving a rooting rate of 67.68%, with an average root number of 3.55. The root growth was ex-
cellent, with lateral and fibrous roots developing. After shoot tip detoxification, only three viruses
showed removal effects. FBV-1 had the best removal effect, with a detoxification rate of 52%, while
FBV-2 and GBV had detoxification rates of 43% and 50%, respectively. The detoxified seedlings
screened after detoxification detection underwent rooting and transplanting experiments. Fig tissue-cul-
tured seedlings that had undergone 40 days of rooting induction were acclimatized in a greenhouse for
10 days before being transplanted into nutrient pots. It was observed that a significant number of fig tis-
sue-cultured seedlings began to die 7 days after transplanting, with mortality increasing over time. After
30 days, the mortality rate stabilized, with a survival rate of 54.86%. The surviving plants grew well,
with an average plant height of about 9 cm and an average root length of about 7 cm. After 60 days, the
roots were robust, and the plant height increased to about 16 cm, with an average root length of about
11 cm, achieving full soil stabilization. By 70 days after transplanting, the average plant height was
about 19 cm, and the average root length was about 12 c¢cm. At this stage, the survival rate of the fig
seedlings was 44.34%, with overall robust growth. [Conclusion] In the acquisition of explants, the in-
novation of this experiment lies in initially subjecting the collected stem segments to primary subculture
under sterile conditions before taking shoot tips from the healthy tissue-cultured seedlings. This method
not only significantly reduces the contamination rate of the explants, but also decreases the workload of
explant disinfection. The tissue-cultured seedlings thus cultivated provide ample raw materials for the
shoot tip tissue culture experiments. Additionally, the successful acclimatization and transplantation of
detoxified seedlings have been achieved. Through proliferation and expansion, a large number of detoxi-
fied seedlings can be obtained in a relatively short period of time, thereby meeting the demands for
large scale production. However, this process requires a lengthy cultivation cycle as a foundation, sup-
plemented by a stringent inspection system to ensure the quality and health status of the detoxified seed-
lings.
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Fig. 1 Detection process of high-throughput sequencing technology
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Table 1 Types of fig virus for initial detection
T4 TR TG i L #
Virus name Virus proportion/%  Family
Fig badnavirus 1 0.027 Caulimoviridae
Fig badnavirus 2 0.023 Caulimoviridae
Grapevine badna FI virus ~ 0.016 Caulimoviridae
Duamitovirus hulu 1 0.312 Duamitovirus
Paris mitovirus 1 0.279 Mitovirus
Duamitovirus casa 1 0.130 Duamitovirus
Mitoviridae sp. 0.104 Mitoviridae
Duamitovirus soch 1 0.099 Duamitovirus

1.3 EHRERNRSEHRNEL

1.3.1 shHRER LS TES N IBET BN
L FH At )t B T T oy 1) 22 9 AR K R, K FE N 0.8~
1 mm, VI N5, 5 220 Pk B 56 35 72 L 1 3 72 i it
ITREFR AR TR A b 3 AN AR, BR0 10, X
3 MER, bRt 54t . & (2551 °C B
RIESIIR 14 hHREE R R 72240 H .

132 TDZ KBS aipe i 0%, EHKXH
MS 5 2 Ry Fe Al 7R 0k, R AE AR 0.1 mg - L
FINAACE LR . A T IR FT TDZ (R ) N i 44
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TR, R SPSS 26 AR AT 2 R WE T,
FH MK P<0.05.
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Wl o WNER 2 o, AR 3G 77 2k A B T i 20 4R 1 5
SRMAEREER. Hd, MSH IR TR &
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RGO BIR SR, AR AL S AR AT D) 14
AERER L EPERR (I 2-AD s HELZ R, 1/2 MS 84
FRE IS FRMRIR L, T RN 64.00% , 1%35 77 4
FEEENEGALAZ R AGER, FEEFTY)
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Table 2 Effect of different basal media on callus induction
we e O VAT ) R
Treatment Medium . . Inductivity/% Color Generating site
inoculation blocks

Al MS 30 86.40+0.98 a % NikEROEIRLE M GNP AR 1 Ak

Usually light green or dark green Internally and at the incision
A2 1/2MS 30 64.00£1.00 b KB4 A L ZR DY Ab S B 35 Ak (AL

Most are white flocculent The part of the incision close to the culture medium
A3 THEFEMS 30 45.97x1.59 ¢ £ NFEmE PZIBE GEslintE =i s

Sugar-free MS

mostly dark brown

The part of the incision close to the culture medium

W A= F A F NS FRREERAE P<0.05 KV EZEREZEH. .

Note: Different small letters in the same column represent significant difference at P<<0.05. The same below.

& 2

Fig. 2 Effects of different basal media on callus induction
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JEH2.0mg- L, 75 %N 66.10%, @5 2 £ ) 114k
IR IR AL (B 3-B5) s TDZ K JE N 3.0 mg- L
i, 05 2 s (B 3-B6) , G 5 T [, TDZ Ik
JEHN0.5 mg- L', BARIE SR, HEMGKEZ N
FE (B 3-B2) , WG 1 55 s AN I TDZ B, A W42 3 i
AR (E 3-BD.,

23 HEMEKETDHIXEGELIMETESF/
Al

RIS 25 RAR W, 6-BA WK EXT @ 440 L B
HRELW, WRAPR, N 6-BAKELIT,
AE F RS AEHN R 2R . 6-BA
WP 3.0 mg- LI, @A R A 3 A, AN 2F
BERAD, Pl 240 (K 4-C4) s 6-BARE N
1.5 mg- LI, @45 A 23 0 A5 DL Ao, AN e P 30
WEZ AR FKAFHERE, B0 2HS 0,5
41 (K 4-C1) . ¥hN2.0 mg- L' 6-BA Kb, A2 2
Bt it gt , KB it (1 4-C2) , AL AR S 2F
WL 6-BAWKE N2.5 mg- LI, R5E b
DU AR AR K U, B S B S, A SRR
HUOH (B 4-C3) . M 6-BA R EAR T 8 138 B F
B, AN E S RS A BDR S Z B R E R . A
EHLZ BEREAIESa, EEHIEERS. [
B AN 2R KA TS, RICAAMAE N, REAR s 3

&3 TDZ REXMTALRBGALAFFHEM

Table 3 Effects of TDZ concentration on callus induction in figs

Qb EE p(TDZ)/  p(NAA)/ A hifk HFHE B
Treatment (mg-L")  (mg-L')  Callus number  Inductivity/% Callus condition
Bl 0.0 0.0 0 - J& None
B2 0.5 0.1 12/30 45.24x1.15¢ F e, RAEY) P b SE I 57 3 (1 AL
White, only near the culture medium at the incision
B3 1.0 0.1 16/30 53.06£1.49 ¢ A, REEDI ARSI R IR B 1AL
White, only near the culture medium at the incision
B4 1.5 0.1 27/30 88.60+0.99 a LRGSR BRI D 48
Usually light green, the inside of the explant and the cuttings
B5 2.0 0.1 20/30 66.10+0.67 b ZONRER D, ZAEY) DAL ST 15 R L AL
Usually light green, often near the culture medium at the incision site
B6 3.0 0.1 15/30 50.38+0.86 d s, RAEY) b FEIT 55 75 3k 1AL

Brown, only near the culture medium at the incision

El3 TDZRENILIERBMGELFESHORMNE

Fig. 3 Effects of TDZ concentration on callus induction in figs
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Table 4 Effect of plant growth regulators on adventitious bud differentiation of figs

pCHEK 7D AR L% A .
hb¥ Th . fol h lators/( LD . . . . . ANTE BEIRIL
¢ concentration of plant growth regulators/(mg Proliferation Differentiation Rate of survival/ e .
Treatment Adventitious bud condition
6-BA NAA rate rate/% %
Co0 1.0 0.05 1.36+0.14d  26.29+0.98d 23.59+1.52d  HELE, R
Yellow-green, rarely
Cl 1.5 0.05 2274023 ¢ 4544x1.77c  38.19+2.57c T4k, E4l
Yellow-green, relatively thin
C2 2.0 0.05 3.6040.27a  83.214220a 75.25+1.74a  GELEE, RHDH:
Fresh green, relatively thick
C3 2.5 0.05 3.234025b  78.85+4.30b  71.75+3.01b  FELEE, RHDH:
Yellow-green, relatively thick
C4 3.0 0.05 1.37+030d  25.35£0.93d 22.91+1.91d  FE&kta, R

Yellow-green, rarely

-

| C3

4 FRHRTEFSUER
Fig. 4 Adventitious bud differentiation of fig

UOARIGIIN T — € R NAA, BARARINRAE  DIE, W 88 fo (Y 2 S B AR AR B R &

ACHAE L HBRINERCRE . B BET 3 KEAR. WK 5 K5 Fin, NS IBA F1NAA
TARANEFFEFREWRBER L AN20mg L' 6- B AEFWHSKERER AR RRISHE, Bty

BA +0.05 mg-L' NAA. bt (K 5-D1) s IBAWE N 0.5 mg- LB, AR MR 40
2.4 EPECETFIX R EFE RN B0, WA KA R (B 5-D2) s IBAWKE N 1.5 mg- L
EE M IBAWE A EmBUERMP S B RS R iR R e B B D, AR
&S5 IBA XA EFERAIFM
Table S EffectS of IBA on adventitious bud rooting
b IRk p(NAA)/ p(IBA)/ R PR EARSL
Treatment Medium (mg-L™") (mg-L" Rooting rate/% Average root number
D1 1/2MS 0.0 0.0 11.89+2.45d 1.914£0.51 b
D2 1/2MS 0.5 0.5 48.99+5.09 b 2.73+£2.09 ab
D3 1/2MS 0.5 1.0 67.68+6.02 a 3.55+1.60 a
D4 12MS 0.5 1.5 35.55+598 ¢ 2.00+0.98 ab

|
B 5 TNEFERER
Fig. 5 Adventitious bud rooting
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AIZRR /> (K 5-D4) s IBA WK FE A 1.0 mg- L, &
R EIE 67.68% , T HIHRE A 3.55, A A K AR
RAF, HA SR MAR AR (B 5-D3) . 7EAERBY
BB EAR R T sy, AR ERLE
FEMDIR , B EAE T 1/2 MS AT A A KRR
DRIt , 37 38 L B T A R A 58 2 AR RS 3 e d B 7R A
N 1/2MS+1.0 mg- L' IBA+0.5 mg-L"' NAA.

25 FEHERFRRBUR

251 RIERBLESCR PN 20 MR EE
) G B T I 5 420 v T ) sl AR AR ) 75 i e 2
THOLIG , R IAIAS (1) 8 Fei 5 R AT 3 Pl 25 o5 LL A7
T FEAK , 3222 FBV-1.FBV-2 fl GBV iX 3 Fi 5 7 .

EHE 6 W] N, FBV-1 (1) i B 20O e i, 5528 52%
FBV-2 1 GBV [ Jli £ 28 73 Jill 5 43%50% . HH ¥ 6
ATLAE H, % 7 FBV-1.FBV-2 f1 GBV iX 3 Fp 5
bl BAR AL, JL A 55 7 B #8J8 F B% 5 AN Venn (& AT EA
B TEAE SR ZE RN EE TR A TUAE ) 1286 B, 252
it BF 5 4 AT A 394 B, i 8 1 S S R A AR
VD873 Tl W JE TUAE IR 2R T B 41%.

252 MLAEWAAREIL BB G IR R
B 7 AT AE AR R RS K AE AR 2 40 d BOETE R
AW, TR=EYML10d 5B EEEFohd . HE
TRIED, ToAE R B EAERE AR T d S5 T 4G HIAE T
R BEER IR IL T 2, AR 30d 5, SR T

®6 FLRBEZKM
Table 6 Detoxification detection of figs

TR P 5 L R D i 7 L R B
Virus name Viral proportion (before detoxification) Viral proportion (after detoxification) Detoxification rate/%
Fig badnavirus 1 0.027 0.013 52
Fig badnavirus 2 0.023 0.013 43
Grapevine badna FI virus 0.016 0.008 50
Duamitovirus hulu 1 0.312 0.312 A i EE Not detoxified
Paris mitovirus 1 0.279 0.291 A MiEE Not detoxified
Duamitovirus casa 1 0.130 0.134 A MiEE Not detoxified
Mitoviridae sp. 0.104 0.107 A 2E Not detoxified
Duamitovirus soch 1 0.099 0.104 A i EE Not detoxified
1.00
g 075r
g B Duamitovirus_hulul
m 'g | Paris_mitovirus_1
HE =3 M Duamitovirus_casal
= 2 0.50 - B Mitoviridae_sp.
1) M Duamitovirus_sochl
Z.z M Fig_badnavirus_1 1286
% = F}ig_badnavlijruds_Z _
rapevine badna Fl virus
M 025+ 1% Others
0.00 Q

BT (Q) Wi )E (D
Before After

detoxification detoxification

El6 RAERBHHEMNFEMMEYIS Venn &

Fig. 6 Venn plot of relative abundance and microbial distribution of fig virus

x®7 BEEERER
Table 7 Rooting of detoxified seedlings

F£ AR (8] Transplanting time/d “EH4K 7 Average height/cm “FHHR K Average root length/cm G2 Rate of survival/%
7 3.92+1.35d 4.06+£0.32 ¢ 82.33t1.16 a

10 3.94+0.39d 4.46+0.67 ¢ 75.70+1.08 b

30 9.28+0.85 ¢ 7.38+0.66 b 54.86+2.24 ¢

60 16.88+1.31 b 11.20+1.20 a 47.98+£1.95d

70 19.10+1.32 a 12.22+0.79 a 44.34+1.18 ¢
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HETFaE , BUE RN 54.86% , 17 1E B R AE K R 4T,
PR 9 em, IR K 7 em; 60 d JE AR SRAEH: , B
i XK F 16 em, PR 11 om, Bk 3 58 4 [#]

A 30d
Transplanting for 30 days

A 60 d
Transplanting for 60 days

T HIESCE T s #3870 d B F 8RR 19 cm, F1Y
MR 12 em, BB 0 TC A6 S 1 AT 4k 4238 55 F - 2 15
SRR IR AR

BB 70d
Transplanting for 70 days

7 BREEERER
Fig. 7 Rooting of detoxified seedlings
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1199 B IO B, IE RE R S R T R R 1 R S
JiE 5 AT 9 P B 3 [ TG A8 SR 6 72 X [ & B da e 5 7
A R e S it B S
3.0 RERBIZEZRGSER

X B AR, AR T A= ik
SETERIHE T, T3 e ) 8 B AL I R AAE R —
& AR R IIBERS , ™ B S mE TAE R A =it
J&, iR A S B AR A R b R AR
M KR Z AR, 2R T H LRI
L TR AR

15 Y% 0] LT L ARG 7R v &0 R AR 3 TS Y1
SRR %, B AME RIS S G AR IR
AME PR TH B AR 51 S (175 G 855 77 JE S B o BT
ALK B AR 5| RS 175 G B TR TR I AR KR
BRI gy, DL N 5 S B A 5
BEAEA I8 LR T R T5 e, AR s TS
G DU AME AR BT W K B L T R 3k

BB S R, LA TR I K R, et B
EPR R AMEREE FRI R . R SN T B
Ja I AME AR 70% CBEREAT R R 5 1 min, FITC
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