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Summary

Desert truffles are hypogeous edible fungi from the Ascomycetes group that grow in arid and semi-arid areas of the
Mediterranean region, including Iran. In addition to the economic role, they also play an important role in preserving and
maintaining the ecosystem of rangelands from an ecological point of view by preventing erosion and desertification. In this
study, the mycorrhizal association between the Terfezia claveryi Chatin (Cistaceae) with the perennial plant species Cistus
ladanifer, C. laurifolius, Helianthemum lippii, and H. almeriense was investigated. The results of this study showed the
mycorrhizal association as ect-endo mycorrhization with varying degrees of sheath development among the four investigated
plant species. Mycorrhization rate and the relative mycorrhizal dependency (RMD) for T. claveryi/H. lippii combination was
87% and 48.18%, followed H. almeriense with mycorrhization rate and relative mycorrhizal dependency 80% and 17.92%,
respectively. Growth parameters of the inoculated plants including plant height and weight, root height and weight, and shoot
height and weight were statistically significant compared to control plants. The mycorrhizal relationship of T. claveryi with
inoculated plant species was confirmed using Nested-polymerase chain reaction and specific primer pairs designed for this
species from the sequence of the internal transcribed space regions.
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Table 1. Locations of Terfezia claveryi and physico-chemical characteristics of soil in Fars province (Iran)

ol il jo SB SleonissSs 8 Sloogas 4 Terfezia claveryi s jslees slay Ko - Jgoz

Locality  Latitude Longitude Elevation (m) Host OM% CaCO03% Clay% Sand% Silt% EC pH

Lozuyeh 27055 53° 20 709 Helianthemum 23 47 21 29 50 043 82
95" N 78" E lippii

Lamerd 27°51° 53°21° 701 H. lippii/ 1.9 48 8.5 54 375 0.42 7.9
95" N 78" E H. salicifolium

Mohr 27°52 53° 20 638 H. lippii/ 1.8 46 9.5 52 385 043 8.1
95" N 78" E H. salicifolium

Beyram 27° 27 53035 1169 H. lippii/ 1.85 49 5.4 59.6 35 042 7.75
82" N 71"E H. salicifolium

Beyram 27027 53035 1165 H. lippii/ 1.84 49 135 49 375 051 7.89
72" N 60" E H. salicifolium

Chahvarz 27° 28 53034 1142 H. lippii/ 211 46 8.5 52 39.5 050 7.93
02" N 69" E H. salicifolium

Agoseh 27° 49 53025 642 H. lippii/ 1.35 49 10.5 51 385 0.48 7.6
34" N 34"E H. salicifolium

Arad 28° 43 53°58° 630 H. lippii 1.46 50 5.8 63.2 31 041 7.69
00" N 00" E

Ehsham 27° 27 53°19° 537 H. salicifolium 221 52 16.6 52.4 31 043 7.95
31" N 84" E

Beyram 27° 28 53°35° 989 H. lippii 1.78 54 1 68 31 0.446 7.78
64" N 29"E

Beyram 27° 28 53035 1084 H. salicifolium 2.35 48 7.46 65.31 2723 0451 738
45" N 271" E

Beyram 27° 28 53035 1091 H. salicifolium 131 63 7.8 63.2 29 0.4 7.85
17" N 30"E

Evaz 27° 47 53049 943 H. lippii/ 1.9 44 0.14 67.72 32.14 053 8.1
90" N 06" E H. salicifolium

Evaz 27° 46 53° 56 1033 H. lippii/ 2.35 45 0.14 69.72 30.14 047 7.83
43" N 95" E H. salicifolium

Kahnuyeh — 27°55° 53°20° 706 H. lippii 0.44 58 24 26.6 494 040 7.69
97" N T9"E

Evaz 27° 46 53048 944 H. lippii 0.79 57 8.86 62.74 28.4 0.42 8.1
37" N 26" E

Evaz 27° 46 53047 937 H. lippii 221 49 2.14 68.72 29.14 047 798
64" N 85" E

Mohr 27° 28 53035 1136 H. lippii 1.60 51 4.7 67.2 28.1 046 7.68
13" N 41"E

Chahvarz 27° 28 53°31° 968 H. lippii 0.54 62 34 62.6 34 041 7.75
03" N 70"E
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Fig. 1. Terfezia claveryi: a. Ascocarp, b. Section of ascocarp, ¢. Asci with ascospores, d. Surface of spores (SEM)
(Bars =30 pmincand5 pum in d).

ITSINTSA sla S;5lel L Terfezia claveryi a5 ITS al jlaid (lopss; LiiSly Joameo 5,989,580 J5 =¥ JS
T. claveryi slaaiges : 550 bglas . 55L ca> 100 S, :M

Fig. 2. Gel electrophoresis of PCR amplified products of Terfezia claveryi using primers ITS1/ITS4. Lane M: 100 bp
DNA ladder. Other lanes: T. claveryi specimens.
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ITS-IDNA 4>l golicsy, olols aulb iy

9 ITSL Silel cax 5l oolatwl b sonles lgie 4 diged 4w
Feefhe 390> ;0 3,00 PCR Jgame S g 355 ITS4
awlio 5l Jol> mls (V JS0) sl caws 4 5L s
05 SSb o 392 g0 Il sloosls b oads sl Jlgv slaosls
G gilS g5 0ols oL ;o BLASTN (goxiw LIl 5l oolazwl b
as’ ols las «(http://blast.ncbi.nlm.nih.gov/blast.cgi)

MN3512333.1 Terfezia honrubiae voucher AH{6030
- MN512332.1 Terfezia honrubiae voucher AH45976
HMD56217.1 Terfezia fanfani isolate tL7

51 lﬁ{ MW356872.1 Terfezia fanfani isolate 235
LT718219.1 Terfezia boudieri isolate Bl
OP458234.1 Terfezia boudieri voucher j371

74| | AF092096.1 Terfezia boudieri type 1

MK478856.1 Terfezia claveryi isolate JO6
MF940187.1 Terfezia claveryi voucher LBMB 8

0P458224.1 Terfezia claveryi voucher j592

’ MK610443.1 Terfezia claveryi isolate RUF-TC3

’ MK610442.1 Terfezia claveryi isolate RUF-TC2

. MK478817.1 Terfezia claveryi isolate RUF-TC1
o FN395015.1 Tirmania nivea voucher 4-2008/HHU
KJ947347.1 Tirmania nivea isolate FaqZ1
83| | OM439632.]1 Tirmania pinoyi isolate RU-TiPi-3
11 OM439630.1 Tirmania pinoyi isolate RU-TiPi-1

OM439631.1 Tirmania pinoyi isolate RU-TiPi-2

AY830851.1 Peziza ellipsospora voucher SOC 701

020

ITS a>b g5 cowmrcins, Goboly MEGA 7 580 5 51 oolizil b Jloio] arcion g, b ool 3 sl )ld o yo =¥ S

Peziza ellipsospora z 8 Jlg5 o ,1,S5 Vv laebl o o .05 SSb 5l oo 331 sla JIgs U of e Terfezia claveryi gladsges

el ool a8 5 das o ‘5?)15 09,5 Hloie &

Fig. 3. Maximum likelihood phylogram generated in MEGA 7 program from the alignment of internal transcribed spacer
(ITS) sequences of the Terfezia claveryi specimens along with the sequences obtained from the GeneBank. The bootstrap
value of 1000 repetitions was considered and Peziza ellipsospora was used as outgroup.
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455 ol sladiges Jlgs slvesls 5l anl,y Ll G BioEdit
sl BB sy ead (b ST cir cudge 5 slxl
ol ediges oled 3 Bae axdad 5l LaSS el ‘Sgl:v.)')‘

G5 olazsl Fel ok -
ITS-IDNA a>U 5liee g sbosls oz,
&lp olars! 5kl b IS Terfezia i sladiss
ST Jels 55kl e G .esle ol 31, T, claveryi 455
(FTeCl =5-TTCACCTTGTGTGGAACCCC -3') =4,
CtSy Sl Geizen 5 VY- udgills Cusdse |y
L (RTeCl = 5- GAGGCAAGTACAATCAATC -3')
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Ban a5 sluls jo oY oL 5l ean b 55kl
sl cazr FO- axhad o5 O 90 cnl 4 il o9
sleosls ulwl s T. claveryi 4is¥ oo auli sladaises DNA

(F US8) 00,8 o uSSITS axb Jlgs

s oy Jols ST i (slo Sy x5 sl s
ool JeSis g (6 pBlonin JoSis el emgd (glod ¢y j9temm
16555 il 55 iyl (¥ Jgam) Cosl o0d Laseiis yayls
iz el Lad 58T 5 59, ey slo ez (ST (o azdly

&ly FTECIURTECH ous b olasl o S5kl 5l solinal b onds iS5 Jpame ysdensl J5 —F JSCi
wolasl gla 55Tl Jol> il B Y ITSUITSA sges sl 55ETA Y o5k e V- + 5L :M Y Terfezia claveryi

T. claveryi ¢l y oo I, FTeCI/RTeCl

Fig. 4. Gel electrophoresis of PCR-amplified product using Terfezia claveryi specific primers FTeCl/RTeCl.
Lane M: 100 bp DNA ladder. Lane A: ITS1/1TS4 primer. Lane B: T. claveryi specific primers FTeCI/RTeCl.
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Sreaks (sl ey STy Camba 2al33l sl g el
oS5l 5 ITSUITSA ogos slo 55T 51 oolizul b 53,595
Sl Gl by, ol s eoliiul FTECIRTECH suis >l b
DNA b, el 92 5,05 5lresdy sl ey (2ST5 eonl nli

(O JS5) ol Gialil oS eS Ve e

sga> U T. claveryi obs, 5 cowlus

e Syl Ve 5l e

Sl 2551 5 loslsl, -
sai b slySll alolsnl, 5l Jol> @mls
aslas _olais) b 4 oud b FkT cas a8 ol olas
Slos oo 355 T claveryi aisS sladiges 311, o5L cax YO
s il 5 45 s slawisS Ko DNA Sl (5,55 5
o b 5T i ol 08,55 890 305 allne
oSy o T claveryi o935 DNA 51 ke glacdale b 50
Sy i al> o )0 S oy p 9398 Slreals (sl
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Fig. 5. Sensitivity of PCR with primers FTeCI/RTeCl using different concentrations of fruit body of Terfezia claveryi
DNA. Lane M: 100 bp DNA ladder.

sl Sjale lals o Terfezia claveryi obs, caz asdllhs ol j0 oo b 5kl cax slo S5y - Jaus
Table 2. Characteristics of primer pairs designed in this study to detect Terfezia claveryi in inoculated plants

Primer Direction GC% Melting Length (bp) Secondary Dimer
temperature structure
FTeCl Forward 50 59.35 20 No No
RTeCl Reverse 42.11 52.35 19 No No

olS sles (gl 0, S 1038 053095 5landy (sloyumiy uaSTy odd gimbe LS o Terfezia claveryi obs, -

J5 69y @b e YO Wl SO T claveryi b ooos Jiab T.claveryi Lo, sl 95,095 3l eudy (lo iy (ST

sals ol sl suil e 45 g0 10 w05 ol ;5T Sitle ol esis DNA b sl ooy il (blS o

(? J&w) ..\AL..: Cowd B ‘sal.v))‘ Sy90 9 C‘)M‘ Jald ul.QLf 9 T. CIaVeryi L: 0
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Fig. 6. Specific primer FTeCI/RTeCl amplified DNA of artificially inoculated plants. Lane M: 100 bp DNA ladder.
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H. lippii oL5 :(x ¥+ +) Terfezia claveryi L ool }chq ollS loaiy; 5l 5,5 ©eSuwg S Lawgs L;)la;.,wic -V s
H. almeriense oL «(c, d) H. lippii / T. claveryi .S 5 ;o Jolw J51o @ ann, 3505 ¢ M (@, D) (630,5500 8 9 (532,550
C. ladanifer oL5" (g, h) / T. claveryi H. almeriense <S55 ;o Jokw J51o s asy 3505 s e (&, T) (630,650 18 9 (5325550
C. laurifolius oLS" «(k, I) T. claveryi / C. ladanifer .S 5 ,o Jobw 3l a0 dus, 395 g O i, J) (5500 e § (S350

(0, p) C. laurifolius / T. claveryi .S ;5 ;o Jokw J5lo a0 ds; 3545 ¢ O d(M, N) (§ 32,5500 € § (62550
Fig. 7. Light microphotographs of Terfezia claveryi-plant mycorrhizal roots (400 x): (a, b) mycorrhizal and non-
mycorrhizal H. lippii, (c, d) T. claveryi x H. lippii root showing developed sheath, (e, f) mycorrhizal and non mycorrhizal
H. almeriense, (g, h) T.claveryi x H. almeriense root showing sheath, (i, j) mycorrhizal and non mycorrhizal T. claveryi
x C. ladanifer, (k, I) T. claveryi x C. ladanifer root showing sheath, (m, n) mycorrhizal and non mycorrhizal T. claveryi
x C. laurifolius, (o, p) T. claveryi x C. laurifolius root showing sheath.



33/YY
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Table 3. Mean plant fresh & dry weights; root fresh & dry weights; shoot fresh & dry weights; plant, root & shoot heights; and chlorophyll rate

Fresh Dry
. weight of Shoot Shoot
Combination  Treatment weight of eignt or - Root fresh  Root dry fresh dr Plant Root Shoot Chlorophyll  F RMD
entire entire weight weight ; Yy height height height content (%) (%)
lant (g) weight weight
plant (g) p g
Helianthemum M 275.35+1.12%  9.9+1.32% 10.43+1.1*%  1.96+1.4M  17.42+1.03*  7.94+1.19* 56.50+1.05*  23.40+1.42*  32.60+1.28* 10.35+0.9 NS 87 4818
lippii/
Terfezia claveryi NM 19.40+1.49* 513+1.19%  7.37+0.52* 1592016 15 08+1.33% 354+1.14*  47.30+2.49* 17.00+126%  28.90+1.28*  10.2040.61 - -
H. almeriens/ M 20.51#0.55N  7.14#0.45M  10.38+0.36*  2.7020.74M  10.13+1.1*  4.44+0.81N  42.90+1.9*  20.80+1.2N  21.60+1.32* 26.40+4.7N 80  17.92
T. claveryi
NM 17601390 0862048 goginggx 2162026 g igigges 30RO 50010 07%  17.8081.19M  16.60+1.11%  24.008581N - ;
Cistus ladanifer/ M 21.94+0.43* 8.03+0.56*  5.38+0.42MN  15440.93*  17.0020.63*  6.49+0.74*  3520+1.75*  17.50#0.75%*  17.40+1.2NS  42.83+2.03"S 65 2179
T. claveryi
NM 18.45+0.88* 6.28+0.44*  547+0.23NS  102+40.10*  12.58+0.7*  5.264#0.37*  28.38x1.58*  13.274#0.93*  14.61+1.07N  42.61+2.25 NS - -
C. laurifolius/ M 30.84+1.32M  8.86+0.56M  9.94+0.75N  1.92+0.45M  20.9+0.23*  6.94#0.64*  3520£0.54* 14.7020.73N  20.00£0.32*  37.63+2.54M 40 11.6
T. claveryi
NM 27.23+1680 (83046 ggqig75ns 1942023 ypa0i0 115 583+0.35*  3210£0.99% 14.70:069M  16.90+0.65%  38514234N - ;

&yl sme o *P < 0.05 . J 8 NM wons Sjake ol M g )ls ixe pae NS ¢ )las sllas —/+ 1 Sileo Jolis polie tad oSy il )ly 4525 3G
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